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Sub-scale Bellows Internal Pressure Buckling Test (II) Report

Kazuyuki Tsukimori*, Koji Iwata*,
Akira Imazu*, Yuji Ohoka**,
Shigeki Kohe** and Takashi Shimakawa**

Abstract

There is an idea of the application of piping expansion joints to
main piping systems of Large-scale FBRs as one of the cost reduction
measures. The internal pressure buckling test of bellows is one of the
important items of the FBR piping expansion joints feasibility study.

In PNC the internal pressure buckling test is going on in order to

establish the analytical method and rules for the internal pressure

buckling of bellows.

In this report the buckling test results of the series of the
sub-scale bellows (12B, 7 ~30 convolutions) subjected to internal
pressure are described, which were obtained during 1986 FY. The
followings are the main results.

(1) The root bulge occurred in the region between 7 and 10 convolutions
and the column squirm occurred in the region between 15 and 30
convolutions. The simple plastic hinge mechanism predicts the
critical pressure well in the former region and the simple column
squirm analysis in the latter.

(2) The initial bending angle of bellows affected the critical pressure
badly only in the case of the column squirm. The buckling pressure
of bellows must be estimated taking the bending deformation into

consideration.

* Structural Eungineering Section, Oarai Engineering Center, PNC.

*% Kawasakl Heavy Industries, Ltd.
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a = 2.0 : il E
fiu @ 11120 OflifE/ S H EEK
N b ¥
q ! v ¥F
Fig.5 =155 Fig.5 —4 PEIMAL KR T 3fliE a=03L LTHES O
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p1 = 5 Sy (19 F3FEVY) (5.2)
pz = --—rm—tz--Sy (EreF Ikt ) (5.3)
4H* + ¢ R
t R
H [

Sy : BpRIGH
O Xk HEYEo 5 44 1 7EE

12B~Xo—X, t=0.5mm_

_ 27 fiu C5.4)
0.6095 (N?x19.505+ 11780) '
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12BN -2, t=0.8mm

2r fiu

Por = 0,624 (N?x 19.505 + 19334) (8.5)
12B~Xo— X, t= 1.0mm
_ 27 fiu —
Per = 05631 (N?x19.505 +30828) ‘
eetT 27 fiu { 2H 27 fiu }
PO . M T + :
P l—p!"/psll d ( dp ) Pso _py) (57)

fiu : Ro—=xXD1 UM O/ TEH
py : No—=XBHNERL > THRENET ZED
Pso : NB—XPHIEI & » T BIT BIEN
dp 1 NB—-XEyFRE

ChoDR& D ~o~ XOEIBREECH L, ROFHEZL 3,

@ WWEAZCES, 2765470~ FHEIRL, BREEDCEILEOKREEIRSNS,

W=y 4 70— FIEILEODIE OB AIEDN, ILEOKEREZT O,

@ 37684 THOW— NP4 TANBITTHILEKI 300 ¢ x 0.5t DREECIE, 1014
o ISILDEICFRET 5 EFE L oh B,

@ PRhEGIT £ BEEBENOBETE, 1LEOE V35 45 4 THRBICEAS A, ILED
DIgvv— b S o BIBDEE, Blbhiiv, v— kNS Ohsa5 68 4 7I0GBET B
SRITHEG 300 ¢ % 0.5t DI0LDYT — 2 T3, BT LDOBBI2—6—1d/v— kv os 4 S
DE—=FEZRLIOIEXL, BFZ2AMGLALBBI2-6-2323 5748 4 7DE—FEW 12
LA LS, BEEEICEZEREL, LbiC84kg/ cm? TH - 720
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Table 2 -1 Specification of Tested Bellows and Test Parameters

KBURURBR N 4 -5 —&

BB21 |BB21 |BBI2 |BB12 |BBI2 | BB12 [BB12 | BB12 | BB12 | BB12 | BB12 | BB12 | BB12 | BB12 | BB12 | BB12 | BB12
2 B | -1-1]| —2-1
-1-2| -2-2| -1-1| -1-2| -2-1} -2-2| -3-1| -3-2| -4 -5 -6-1] ~6-2] -7 -8 -9-1| —9-2[ =10
& N B
di (mm) | 545 | 545 | 301 {301 301 | 301 301 | 301 300.4 | 300 | 301 | 301 301 301 300.4 | 300.4 | 300.4
i |22
t (mm) 1 1 05 | 05 05| 05 05| 05 0.8 1.0 05| 05 | 05 0.5 0.8 0.8 0.8
th =
H (mm) 30 30 175 | 175 175 | 17.5 175 | 175 | 175 | 17.5| 175 175 | 175! 175 | 175 | 17.5| 175
E v ¥F
q (mm) 25 25 16 16 16 16 16 16 i6 16 16 16 16 16 16 16 16
il 54
N 12 20 7 7 20 20 30 30 7 7 10 10 15 25 20 20 30
#1108k 2= 1
(B) - - - 1.85 | - 529 | - 7.86 | - - - 262 | - - - 3.200 -
61 EFEENES O O O O @& O O O

9¢1-L.8 0T¥6NL-ONd
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Table 3-—-1 Applied Deformation of Internal Pressure Buckling Tests
N EE BEJE SRER A 4 25 64T

T.P Mo 4L (deg) | 72 F ax— 226 (mm)
BB12—-3~—2 7.86 110
BB12—-6-1 = =
BB12-6-2 2.62 36.5
BB12 -7 - =
BB12-8 = =
BB12-9-1 = =
BB12-9-2 3.20 44.7
BB10-10 = -

o g s
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Table 3-2 Applied Deformation of Bellows Spring Constants Tests
N A R RERERIR L1 foF 44 0 4

. il D2~ % BUER; i 2~ A SRR 0
Al SR {4 15
o (mm) 0 (deg) o (mm)

BB12-3-2 = 5.38 75.0
BB12-6-1 3.0 1.72 24.0
BB12-17 5.0 2.15 30.0
BB12-8 8.0 5.38 75.0
BB12-9-1 4.0 2.15 30.0
BB12-10 6.0 3.00 42.0




Table 4 -1 Results of Buckling Test

BESBRER—BX
&t B & | EB12-3-2 |BB12-6-1| BB12-6-2 | BB12~7 "BB12-8 BBi2-9-1 1 BB12-9-2 | BB12-10
BARE
(mm) 301 301 301 301 301 300.4 300.4 300.4
2| | E '
(mm) _ 0.5 0.5 0.5 0.5 0.5 0.8 0.8 0.8
=
(mm) 17.5 17.5 17.5 17.5 17.5 17.5 17.5 17.5
® EwF
(mm) 16 16 16 16 1A 16 16 16
i £
30 10 10 15 25 20 20 30
R oA B 7.866F - #hiJ’ 2.628F = e — ghiy 3.2 & -
EEEH
(kg/cm*g) 1.9 8.3~8.4 8.4 7.1 4.2 15.2 12.7 12.3
EE€—F 2 F A W— bru a5 A a 3 &4 I 3 A 2 F A 2 T .k a5 A

921-L.8 OTV76NL—-ONd
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Teble 4 -2 Axial Spring Rate

e~ 2 7 B ERES R
bens | s i [ 10K ETMA CamF 0| 61T EIMA (9 928
W el e Ktest Kcal Ktest —
t N | (kg mm) | (kg.”mm) /E’{'E;I (kg "mm) | — "Kcal
Ph12-6-1 0.5 10 14.4 14.5 0.99 11.7 1.23
BB 12-7 0.5 | 15 9.3 9.65 0.96 7.79 1.19
BB12 -8 0.5 25—“* 4.6 5.80 0.79 4.67 0.99
BB12-9-1 0.8 20 23.9 28.8 0.83 23.2 1.03
BB 12-10 0.8 30 16.6 19.2 0.86 15.9 1.04
Teble 4-—-3 Axial Spring Rate
i/ 25 $EUERES 5
; f Tl | IR ETMA (AFSTER) | 3H5EE ETMA (ZZi~Fik)
al IR (& B RS Rt Kcal Ktest Kcal Ktest -~
t N | (kg *mm_| (kg *mm / (kg *mm
/deg) /deg) Kcal /deg) ,/Kcal
BB12-3-2 | 0.5 30 918 1,075 0.85 867 1.06
BB12-6-1 0.5 10 2,530 3,224 0.78 2,601 0.97
BB12-17 0.5 15 1,813 2,150 0.84 1,734 1.056
BB12-8 0.5 25 925 1,290 0.72 1,040 0.89
BB12-9-1 0.8 20 4,036 6,404 0.63 5,168 0.78
BB12-10 0.8 30 2,919 4,269 0.68 3,445 0.85
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Table 4 -4 Results of Tensile Test
~N o — O G iRVEREE Y

) W) BT | 02 B | IR & | U] K0 | MERIMERE
&M | L o o
(mm)| No (kg /mm*) | (kg/mm?)| (%)| (%)]| (kg/mm?)
Al 22.8 62.2 69.9 | 36.8 19,900
SUS 0.5
3 0 A2 20.3 60.1 71.6 | 46.0 19,900
0.8 B2 22.9 58.9 71.9 1 49.5 19,900

(Fl8HE 1.4x10 7% sec™!)
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