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General Buckling Strength of Ring-Stiffened Cylindrical Shells under External Pressure and Effective Breadth of Ring-Stiffeners

by Takao Yoshikawa, Member

Kenshi Yoshimura, Student Member

Summary

Recently, we usually use the numerical method to calculate the buckling strength of plate and shell structure. But at early design
stage, we even now use the theoretical or some simplified formula to check the buckling strength.

For most of typical plate and shell structures, the precise formulas of buckling strength have been developed. For the general
buckling strength of ring-stiffened cylindrical shell under external pressure, the several formulas have been proposed, but the
accuracy of those are hardly adequate. In those formulas, the effective breadth of ring-stiffeners is introduced, but the exact value

has not been presented.

In this paper, the calculation procedure of effective breadth is developed based on mechanical consideration of pre-buckling
deformation, and the modified simplified formula of general buckling strength of ring-stiffened cylindrical shells under external
pressure is also proposed. The accuracy of proposed formula is confirmed by comparison with numerical results.

1. #

U o 7 R P RS LIRS A O KR 7 & o = B
EAF & L TIAK VBTN D0, Z OREEREREFHI B W)
TIEANEER T CTOEERELRERSMHET 5 Z ENE
BETHD,

SEERTTOU v 7 iR OBERIZIL, Fig. 1 IR
T Lo, OV 7 ONR O R EE AR L. @
U ¥ TR A8 LA AR RIS o TORER (2
JEEE) O2oB8H 5, TNETORFTIX, 2EEHENAEL
RNE Y UM OEE I RES LT, &
DIz JAREZEIC SOV TIEE < OIFFER 7 S, FEERW
Nt EEE R DR b IRE S T D, — 5, BFEEIC
DUWTIE, I D VT K o TESSREFmRARE I T
D03, 2 OFHI Tl ST E AR O U v U TR
xS DA EOME ISR B 0 | FEMRIE 2 0 A
DIFEERELH 252 LB MLN TN 5D,

WA, EEAROBANS, ZTNE TORFTRAROD

* SUNRFROEBE TR
ok UM RSP RERE T2
gooooooisoonoz2d

ST BRITERE L Y v SR OHEERB LS Z EIC L
ST, MABREEIREE TS0 kR e Shoo b 5,
ZD=0 GREHIHEMETY o T OB EE R ET DS
(T, EREEETREE ORI BUVMEEESNLE L 25 TS,
TR TIE Y v IR M R OREE BRI
SRR AR T D LA BAEL LT3 flighbs~Hik,
JA ST O R EL 5 KON O/ R 7 & fix o
INT RA—=ZIZxE LT ED K ITHNENZEACT D% FE
TEABRE SR EZ AWV TR, 2O E 1B I
DEERBEREIN TV DL EDROFEXOEK®SIT, BX
ORI OW T 5 & I ek & 0 BER WA IED
BHEXEZRRELEZ, 512, ZOADEL . AHREIE & o
FR DR % B R Lo AR ESERE ORI & Bz iR e T
% & &bz, FEMRHTRE SR & bl U C2 ONEE 2 Bk L7z,

(a) shell buckling
Fig.1

(b) general buckling

Buckling mode of ring stiffened cylinder®


RenPcA
テキストボックス
原稿受理　平成18年２月2日


254 H AR favEE T
2. 2FEEEFTMX L HRICEHT SHEKHAR

2.1 £EERBEFERXICONT

U > 7R R O SR EEIC W TR A KD Ty
HERIPE I ESWEREREARE L, bbb, EBEIIC
KT DR DF G &V T DOFEZMN 2 KD D
ARt EEIEN ET 552 Th b, %72, Kendrick 132
HGEBWERE Y » TRIORHER ORI TR L, A SO
JEE JR I B T = R L KB AR O TR R T CRIREEEE ) O
HEAX%ZE X2 C\Wb, —J. Flugge, Bordner, Becker 5%
U o 7wl M Rk 2 A S5 R D M ik & Bt 2 CIESEE )
ZRkw, F72. Ball iX Bordner Of#AY Kerndrick Ofif & B <
—HILHELTVD Y,

Fho AR IR SIRFOLEM L L bz, MEOENETH
U ¥ 7R M RS O EE BRI AR LTV D, EhIC
Bryant®id > =L & U > 7 OMHMEBE LT ERE S <
v, HEINOXEITFEF—FLE () RERELTVD, Zh
b OREERTIRNT I G | JE 7 17 00 e B ) &
K, EEEND b/ S R A HTmEEE ROIE, £
DEAEBITH Y 2 2 FEEE T3 K OV I o HEEE &
25,

_Et i

_ +Ele(n2—1)
R(2 4 212-1)n? + 2f

4 (1)
RR2L,

A=mR/L. L ; Mok, Ly ; U 7TH
. R MO, Ry ; ARG Z G A TAITRM O ik
WAL E DL, E 5 Yo 73t ROWIE. n ; J&J510m
DPEERH, 1, s ADEEZEZE L) > 7 ORI ToH
5, (1) o 1 HIEEENET 2RO 55 5
UYLV 7/ DFENEEZ D ENTE D, ARUTEBNT,
I, DR OB L 22 DR OV > Z7Zxt3 2 B 2hiE
b, MIEFEIZFHAE T E LR, #HEEXDOREN & E D,

)-»-L?
— e

2.2 APEIZDONT

MRk DV > 7Nk T D EME b, ICDONWT, SFH, BAS
1385 %< 0V IR fE RO SR EEERBR 2 £ LT, %
DREEEES & —BT 5 L5 CEED, ZWH L, 2t~
3t LOREREZBTND D, L LARNE, YIIREKICZLS
JEEEEN DK TORELED TNDD BED TIEEES
EBxLHE, SFH, BAOPRELEADEOEEZ (1) K
RALUCTRDIZEFEENINSTEDLEE 2D, Fio, Ak
AR OB ERE T REWEO LD TH Y  FZ)
i b, DFEEICZ DFBE AN DHRE TIER, £/, Pulos”
LITARIEE LTLS6JR #REL TN D, = OHIRIE,
Fig2 \o/R T K D CHMNEEZZIT D Y v F i E sk O L0

PR B35

2006476 H

ETEIEE

b, =1.56vRt

1 I
Fig.2 Concept of effective breadth 1.56+/ R¢

Sl FRICE R W B2 52T 2[R OERIR L FEIC 2 5
ZEERAWTRDTE LD THY G HEHRORF
FENCAEST LT U v T HNLE T O TR ILEA DIE A
KE 5,

S DI KEFBIXY v TR OWTE IR & BT~ & &
LT, b= er(l—l.ZM/\/E)%iE@liﬁk LTHRELT
W5 8,

KRBT, T LROALZIE b, & A EHETRE O FFC
WARA L CROTEEEND, EOREOREEZH/ LTS
Dk FEM RN & OIS K 0 Ji~Te, Helic 72 3FAM =0
ELTE, LY IERERFMRE B2 oD Q) XE AT,
FpbH BROF L5y & UCH 2 A BN L 7= Mises O
MRS O EHEE R E RV, El2fiimsod 558 LT,
HHTRAS D BEFRIVE 1, 2> B3RS DI O & LT ol
it (Wb EAT 1) 2B U2 DEHWT, BIRESE
SREDOHEENE LTV 5,

_Et A
Pe= R (n2+22/2—1 n2+22)2

E_ 0 Ran=l) ELG -1

— (2)
120-v?) R n*+42/2-1  RRIL,

+

FEBIZ RN T AT T, 358 O — AD3BR%E L7 s Rl DO
MR 268 A 5 8 C & 2 Bk Bk O FERCT BRI FEM fibir =~
275 N AXIS-BUCK? 2 IV T\ 5, R TIE. Fig 3 1R
TR RE ., 2 #HiNOMA#ESERENNTKY 7% 3
BHET, FHE1YVUTHELZ 10 EBHETET UL TWD,
B L LCiE, RARENLZ 1k 5 & S, AR5 <2
B Z R Uiz, WEITE A E & L o5 M i rm i
VY 3 2 JE e B & AR OARE DI AE S & T 5, 72
B, AT 07T LAOMHTREEICE L CiE, #ion T ciE
N v 7N RO SRESEE TV, B X ORIk LS



SMEZ ST DY 74T k00 A B0 & 2 B 5 D58 255

L

3|

|
AL RRARARALY
sy |

|

Fig.3  Model for axisymmetrical analysis

Table.1 Principal particulars of models
series 1 series 2
Length of cylinder 2.0D 2.0D

Radius of cylinder (D/2)] 150mm 490mm

Thickness of shell 2.3mm 7.5mm

Ring space 50mm 163mm

Thickness of ring 2.5mm 8.2mm
Ring height 0~14mm [23~38mm
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Fig4 Accuracy of general buckling pressure using proposed
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Table.2 Effective Breadth (series 1)

Effective breadth
” Ring |Calculated| By using
nu;‘k’; height | by Marc. | Ea. (4) | b/B, [156/Rt/B| 3t/B,
(mm) | Bi(mm) b.'(mm)
5 6 18.5 20.3 1.10 1.57 0.37
n:
(L=1.0D) 8 175 20.3 1.16 1.65 0.39
10 16.2 20.3 1.25 1.79 0.43
8 19.9 23.2 1.16 1.45 0.35
n=4
(L=1.5D) 10 20.0 23.2 1.16 1.45 0.35
12 180 23.2 1.29 1.61 0.38
10 220 26.7 1.21 1.32 0.31
n=3
(L=2.0D) 12 214 26.7 1.24 1.35 0.32
14 20.1 26.7 1.33 1.44 0.34
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Table.3 Estimated Collapse Pressure by using Equation (2)

(for series 1 cylinders)

Estimsted collapse pressure
, By using Eq. (2)
Wave hzlizﬁt FEM Resuzlt Substituting b,'
number (mm) | P(kef/mm®) P. (kef/mm?) (P./P)
n=5 6 0.88 0.94 1.07
(L=1.0D) 8 1.37 1.59 1.16
10 1.92 2.52 1.31
n=4 8 0.96 1.03 1.08
(L=1.5D) 10 1.43 1.64 1.15
12 1.96 2.46 1.26
n=3 10 0.94 1.01 1.08
(L=2.0D) 12 1.31 1.46 1.12
14 1.74 2.05 1.18
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Table.4 Comparison between Estimated Collapse Pressure

by using Equation (5) and FEM Result

Estimsted collapse pressure

W Ring FEM By using
Model nu;‘t’;r height | Result | Ea. (8) | P,/P

(mm) |P(kgf/mm?) Pb(kgf/mmz)
=5 6 0.88 0.89 1.01
_ 8 1.37 1.38 1.01
(L=1.0D) 10 1.92 1.90 0.99
sories| n=a 8 0.96 0.99 1.03
1 |=1.50)—10 1.43 1.48 1.04
' 12 1.96 2.02 1.03
=3 10 0.94 0.98 1.05
_ 12 1.31 1.38 1.06
(L=2.0D) 14 1.74 1.85 1.06
=5 28 1.49 1.48 0.99
(L=1.5D)|—33 1.94 1.89 0.97
38 2.38 2.25 0.95
ceries| n=a 28 1.09 1.12 1.04
2 |(=1.50)—33 1.46 1.51 1.04
' 38 1.86 1.92 1.03
=3 28 0.98 1.00 1.02
_ 33 1.21 1.24 1.03
(L=1.5D) 38 1.48 1.53 1.04
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