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Development of Simplitfied Evaluation
Method for Buckl ing of Clircular
Cylindrical Shells under Shear Forces

Junji Okada® Koji Iwata®
Takuya Yamashita®, Kazuyuki Tsukimori®

Abstract

Since vessels and piping components of “BR plants are generally thin wall
structures, the prevention of buckling against under the seismic loadings is
important. In this paper, for the purpose of rationalizing the design method for
FBR' s components, a simplified evaluation method for the buckling of circular
cylindrical shells subjected to shear forces is presented in consideration of
material properties and initial shape imperfection effects.

In the first place, we express plasticity and initial shape imperfection effects
on buckling strength as the plasticity-reduction factor and the imperfection
reduction factor, respectively. Secondly, we derive inelastic buckling
equations both for bending and for shear buckling, by multiplying elastic
evaluation equations for each buckling mode by these factors.Finally we define
the equation which gives the smaller of the two as a simplified buckling
evaluation equation for buckling of cirecular cylindrical shells under shear
forces on the assumption that bending-shear interaction can be ignored. In this
process the way to lead a plasticity-reduction factor is based on Gerard's study
on the assumeption that the shell material properties are descrived by the
Ramberg-0sgood type stress-strain relation. And the imperfection reduction
factor is derived to represent the lower bound of available experimental results
(A=(R/t) (o ,/E)=0~0. 6, where R=radius, t=thickness, 0 ,=0. 2% proof stress,
E=Young’ s modulus) by use of shell parameter and material properties.

The following results were obtained.

(1) The simplified buckling evaluation methods are presented, taking into‘accqunt
~the effects of plasticity and initial shape imperfection by use of shell
parameter and material properties.

(2) 1t is confirmed that the evaluation method gives the lower confidence limit
of 95% of all the experimental results in the region of plastic buckling
(A=0~0.6).

* Structural Engineering Section, Systems and Components Division,
O-arai Engineering Center
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PNo. | MATERIAL [T (*C) E, kg/ma2 | v oy ke/mn2 |ty kg/mm2 [R,om [t,om] L, un [R 7t |L /R ] Qcr, kg IREF,
1} SUS304L |R.T. 20200 0. 266 31.69 18,30 250.0{ 3.0[1000.0| 83.3 4,0 19300( 1
2] SUssodL R.T. 200001 0. 266 80.08| = 17.37|250.0] 1.5] 250.0/ 166.17 1.0 187001 1
3] SUSS04L |R.T. 200001 0. 266 30. 08 17,371250.0] 1.5| 500.01] 166.7 2.0 14700] 1
4] SUS304L |[R.T. 200001 0. 266 30.08 17.871250.0] 1.5]1000.0] 166.7 4.0 8000) 1
5] SUS304L IR.T. 20130 0. 266 27. 66 15.971250.0] 1.2] 250.01 208. 3 1.0 11250 1
61 SUSS04L [R.T. 2013010. 266 217, 66 156.971250.0] 1.2| 500.01 208.3 2.0 88101 1
7| SUSSQ4L R, T. 201301 0. 266 27. 66 15.971260.0] 1,2[1000.0] 208. 8 4.0 47301 1
8] SUS304L |R.T. 18070{0. 266 30.10 17.381250.0] 1.0] 500.0] 250.0 2.0 6800 1
9| SUSsodl, (R.T. 190701 0. 266 30.10 17.38(250.0) 1,0] 500.0] 250.0 2.0 8180] 1

10] SUSS04L |IR.T. 190701 0. 266 30. 10 _17.38]250.0] 1.0/1000.01 250.0 4.0 41001 1
11] SUS304L |[R.T. 19530 0. 266 24,19 13.971250.0| 0.8(1000.0] 312. 5 4.0 23101 1
12| STEEL(*1) |R.T. 204081 0. 300 30. 40 17.55|160.4] 0.8] 150.4] 188.0 1.0 57471 2
13| STEEL(*1) [R.T. 204081 0. 300 30. 40 17.55]1150.41 0.8| 150.41] 188.0 1.0 54711 2
14|STEEL(*1) R.T. 198981 0. 300 23.68 13.671150.0] 1.0] 150.0] 150.0 1.0 64431 2
15 |STEEL (%1) |R.T. 198981 0. 800 23. 68 13.67(150.0] 1.0] 150.0] 150.0 1.0 63471 2
16 | STEEL (*1) |R.T. 204081 0. 300 28.99 16.731150.0) 1.2 150.0/ 125.0 1.0 9694 2
17|STEEL(*1) |R.T. 2040810, 300 28. 99 16.73(150.0] 1.2] 150.0} 125.0 1.0 92901 2
18 |STEEL(#2) |R.T. 193881 0. 300 42,42 24.491150.0| 1.0/ 150.0/ 150.0 1.0 81751 2
19|STEEL(#2) |R.T. 19388 10. 300 42.42 24.49] 150,01 1.0] 150.0] 150.0 1.0 87521 2
20 ] STEEL(%2) (R.T. 19898 | 0, 300 36. 41 21.021150,01 1.2) 150.0f 125.0 1.0 94061 2
21|STEEL(*2) |R.T. 198980, 300 36. 41 21.02]150.0| 1.2] 150.0]125.0 1.0 10329] 2
221STEEL(%2) [R.T. 1989810. 300 36. 41 21.02]151.2| 1.2] 110.4]126.0 0.7 11284 2
23| STEEL(#2) [R.T. 193881 0. 300 42. 42 24.49[151.0] 1.0] 110.2]151.0 0.7 92941 2
24 |STEEL(¥2) [R.T. 19898 0. 300 36. 41 21.021154.8] 1.2| 185.8) 129.0 1.2 101831 2
25} STEEL(#2) IR.T. 19388 0. 300 42. 42 24.4911565.01 1.0] 186.0( 155.0 1.2 8546 ] 2
26| SUS304 |R.T. 215001 0. 00 30.70 17.721400.0] 4.0{ 400.0/ 100.0 1.0 871914 3
271 SUS304 500 176001 0. 300 18. 90 10.91]400.0] 4.0 400.01( 100.0 1.0 580771 3
28] SUSS04 IR.T. 217001 0. 800 29. 40 16,97 500.0| 3.0} 500.0] 166.7 1.0 72901] 3
29| Sus304 |S00 - 169001 0. 300 16. 20 9.35]500.0| 3.0/ 500.0) 166.7 1.0 420721 3
30§ SUS304 |S500 15700 0. 300 15. 10 8.72]1500.0] 2.5{ 500,01 200.0 1.0 31090) 3
31] Sus304 |[R.T. 189001 0. 300 26. 00 15.01(500.0] 1.2] 500.0{ 416. 7 1.0 14137] 3
32| SUS304 |R.T. 18900 0. 300 26.00 15.011600.0] 1.2] 500.01 416.7 1.0 14137] 3
33 SUS804 |500 15600 0. 300 15.70 9.06]500.0) 1.2]| 500.0] 416.7 1.0 10463] 3
34] SUS304 |500 15600 0. 300 15.70 9.06)500.0( .1.2] 500.0] 416.7 1.0 9606 3
35] STEEL |IR.T. 19900 0. 200 18. 30 10, 571 150.0] 1.0] 712.0] 150.0 4,1 1723] 4
36] STEEL " |R.T. 19900 0. 300 18. 30 10.571150.0| 1.0] 575.01 150.0 3.8 25381 4
37] STEEL |R.T. 19909 0. 300 18. 30 10,871 150.0] 1.0l 275.0| 150.0 1.8 52171 4

%] MILD STEEL
%2 STRUCTURAL STEEL(with some strain-hardening)

REFERENCES
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2 G.D.Galletly and‘ J.Blachut;Plastic buckling of short vertical shells subjected to
horizontal edge shear loads, Journal of Pressure Vessel Technology, Yol. 107, May (1985).

3 §8.Matsuura, H. Nakamura, Y. Savada, S. 0giso, M. Suzuki and Y. Ooka;Shear buckling of 304S.S. cylinders
having radius-to-thickness ratio of 100 thru 400 transverse shearing loads, SMiRT10(1989).
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Fig.3- 1 Comparison of stress-strain curves of Ramberg-0sgood type with material
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Fig.3- 2 Plasticity-reduction factors(»n ) versus shell parameter(R/t) for axial
compressive buckling.
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Fig.3- 3 Plasticity-reduction factors(n.) versus A for axial compressive
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Fig.3- 4 Plasticity-reduction factors(z.) versus A for shear buckling.
(o ,/E=0.0005)
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Fig.3- 5 Bending factors(y) versus o ,/E.
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Fig.3- 9 The evaluation results by the present method for inelastic buckling

vithout imperfection-reduction factor{(a ).

0.6

97€-16 0TT6ENL INd



B -

O - 3
1 oM e Ne ~_E A *
W m e
M PNC
/\ GALLETLY
@ CRIEPI
[J HANGAI
0 R . . ) '
0 0.2 0.4

A=(ocy/E)(R/ 1)

Fig.3-10 The evaluation results by the present method for inelastic buckling

vith average imperfection-reduction factor(a ..).
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Fig.3-11 Cumulative probabilities versus evaluation results by the present

method for inelastic buckling.

9%¢-16 OT¥6NL ONd




- —EE&-

o O . yS
N . -.%0@0 AE {E , :
o 1 Ay ﬁA |
>
(¢h)
x: L
(&) N PNC
@)
2\ GALLETLY
€ CRIEPI
(3 RANGAT
0 ] . R ]
0 0.2 0.4 0.6
A=(oy/E)-(R/1)
Fig.3-12 The evaluation results by the present method for inelastic buckling

with imperfection-reduction factor(a).
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Fig.3-13 The evaluation results by the present method for inelastic buckling

vith imperfection-reduction factor(a).
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Fig.3-14 Comparison between the critical stress by existing methods and by the

present method for bending buckling. (o ,/E=0.0015,L/R=4.0)
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Comparison between the critical stress by existing methods and by the
present method for shear buckling. (o +/E=0.0015,L/R=1.0)
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