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Fluid-structural Interaction Analysis and Seismic
Evaluation of Bellows Type Expansion Joints
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Abstract: In this study, fluid-structural interaction analysis and seismic evaluation of the bellows used in
the plant field were conducted. The pressure used in the analysis was analyzed by applying the design
pressure of 1.6 MPa. The material of the bellows system is STS 304, and the safety factor is obtained in
comparison with the allowable stress. For the seismic analysis, the natural frequency of the bellows system
was obtained and the stability of the system was evaluated by static seismic analysis comparing the lowest
order natural frequency with the dominant frequency of 33 Hz. For the seismic analysis, the design
response spectrum was prepared and the maximum acceleration was applied to the static seismic analysis
and the stability of the entire system was confirmed. In seismic analysis, the maximum value of the
expansion joint’s stress value was about 9% to 11% when the seismic load was applied compared to the

general structural analysis.

Key Words : Fluid-structural analysis (FSI), Seismic evaluation, Bellows type expansion joint, Finite element

analysis.
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Table 1 Material properties of bellows

. . Yield Tensile
Description | Material Strength Strength
Bellows STS304 205MPa 520MPa

2@ ]

7500

(b) double type bellows
Fig. 1 3D modeling and FE model of bellows

A7 B7tE FPEA Fig 19 78s 29
FollA] T2 MRz Ay =& FE 1091

M, 84 F5 493917, B2 M2 9=Ms =
o} o = A7t 169256719 72,8417 A

TN A AAZAL Fig 20] EAF
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Table 2 Results of structural analysis for single type

bellows
Parts Deformation| Stress S.F.
. (mm) (MPa) |(safety factor)
support | support
Total 0.056 98.35 0.48(stable)
Bellows ring| 0.036 54.17 0.26(stable)
Holder 0.0002 0.086 [0.0004(stable)

Table 3 Results of structural analysis for double
type bellows

Parts IDeformation| ~ Stress S.F.

¢ (mm) (MPa) ((safety factor

) :‘e"m Bellows 0.061 120.21 | 0.59(stable)

= Bellows ring]  0.052 6224 | 0.20(stable)

Holder 0.049 7.61 0.004(stable)

(b) double type bellows Middle pipe| 0.049 48.42 0.24(stable)

Fig. 2 Boundary and loading condition of bellows

o] A% HAd §¥L& °F 984 MPaS UERAUS
B EAA S} WES= solzt AAFoIAE ¥
i oolA Ho gHo] Ts & F Ut Fig

3bye B4 WR2ezo iy AiE HoF
3 om Ho S-S °F 1202 MPae YN
Atk T MRz e Ao WP <F 0.056
mmE 2o, B W= e 9 0.06 mm
o HAdl WS JepT T "Rz F
z8)|4 ARE Table 1, 52 A2 =9 34 2
#E Table 20 ZtzF YERASITE 97]14 SE+
JIAAGTE oulatn o 4 (Dol g3t =&
g+ gkolth.

_Analysis stress
SF.= Yield stress M

(b) double type bellows
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Fig. 3 Stress distribution results of bellows AT gol 1 elstold MEexs
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(a) single type bellows
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[Pressure ; Max. 1.62MPa]

(b) double type bellows
Fig. 6 Pressure distribution results of bellows

(b) double type bellows
Fig. 4 Bellows  modeling  for  fluid-structural

interaction analysis

a) single type bellows

(b) double type bellows
Fig. 7 Stress distribution results of bellows for

Fig. 5 Mesh shape of bellows fluid-structural interaction analysis
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Table 4 Results of  fluid-structural interaction I At}

analysis for single type bellows Tables 4, 5= 7234 B F&-7= AAAH
AFE AYS [¢] Al wm Bl oW

Stress(MPa) S.F.(safety factor) a7 Aefstel e Zi_—i ESEER

Parts o ra a0 FSI 292 A2ge HHAFEY FAAF 0.67)F
Adsiel B bdsiE AL BT 4 A

Total 98.35|117.0 |0.48(stable)|0.57(stable)
Bellows ring| 54.17 | 39.35 |0.26(stable)|0.19(stable)
Holder 0.086|0.156 | 0.0004 0.0007

o714 SA= TZ3 Y (structural analysis)= 2] ]
3, FSIE #%5-7% 9484 (fluid-structural

interaction analysis)S YER I Q1Th

Table 5 Results of  fluid-structural  interaction 3.3 LHZIEHA]
analysis for double type bellows

= g M-S 3
. Stress(MPa) S.F.(safety factor) 37] Yste] WA i 2do] it AEsiA e
SA | FSI SA FSI 3t 1 fFAFTFE 7T dHHO0E AR
Bellows [120.21{137.16] 0.59(stable) | 0.67(stable) do] HAa 1/4RA5F7 XAHe Au] A4
Bellows ring|62.24|43.62 | 0.20(stable) | 0.21(stable) T7Ee] Aglo] HE 33 HzE st AA A
Holder | 7.61 | 9.39 |0.004(stable)(0.046(stable)| &l 41-& F~a3tar, 33 Hz Wkl ASoll= X4
Middle pipe|48.42|45.76|0.24(stable) | 0.22(stable) Aol FHeksltta ddste T8 fxlsid S 9
gy
BAA Fig 6b)9 B4 WEezdAE g7 Fie 88 @A R R4 dsgad ngiad
Wz oz BEA AU 4P Jehjgon TR AHAE BT AR AHEHAE FAS
O e T mMzoxo] gtEgty Fos o L TdAdAe AARAS JUE A8t
162 MPas Rt fresis 2Aa 94 5 54
Mzezxs BF M2ez7l EAste FEAA
48 st 3 wAstgon ETYYe 7Y
g AFS Hidtde AS ¢ F dot
Fig. 72 fr&5-7& A4S B3t 4 &
YRE AnE =AY Aok FEzde T2
HeHs FUT FLEEAL HgsPom #F
2L FRAN HAYGL Rolse] f5
A Anes pz A dHsFon HALHE (a) single bellows(1st mode; 451.09 Hz, 2nd mode;
s Agstel AL FAAAG. Fig 7904 145 K2)
w4 R By Wz Ay g¥e 7 7%
117.0 MPa®} 1372 MPa2 YeRiITh Tx3)4 4
sheh wimstel Hjed WY FAsH A
AF SHREE AP L AT E AS &
T SATh Fig. 7(a)9 @A BR4-2=9 A5 723
4 Asts vimste] f5-72 Ao de

A ¥ oF 19% A= ZF71819.2H, Fig. 7(b)

o] B2 Wlgo =z AXsY Ay} B T2 (b) double bellows(1st mode; 181.52 Hz)
A Aol vlEte] oF 14% FUMEOE AS ¢ Fig. 8 Natural frequencies of bellows
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(b) double type bellows

Fig. 9 Boundary condition for seismic analysis
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(a) single type bellows

(b) double type bellows
Fig. 10 Stress distribution results of bellows for

seismic analysis

Table 6 Results of deformation for seismic analysis

Single bellows | Double bellows
Part SA Seismi'c SA Seismi'c
analysis analysis
Bellows 0.056 | 0.059 | 0.061 0.070
Bellows ring| 0.036 | 0.038 | 0.052 0.057
Holder 0.0002 | 0.001 | 0.049 0.052
Middle pipe - - 0.049 0.058




Table 7 Stress results of seismic analysis for single

type bellows

Stress(MPa) S.F.
Part SA Seismic SA Seismic
analysis analysis
Total 98.35 104.26 0.48 0.51
Bellows | 5417 | 5756 | 026 | 028
ring
Holder 0.086 0.433 0.0004 0.002

Table 8 Stress results of seismic analysis for double

type bellows

Stress(MPa) S.F.

Part

SA

Seismic
analysis

SA

Seismic
analysis

Bellows

120.21

128.85

0.59

0.63

Bellows ring

62.24

66.58

0.20

0.33

Holder

7.61

8.41

0.004

0.0041

Middle pipe| 48.42 51.42 0.24 0.25
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