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Buckling of Cans of Foods and Drinks under the Action of

Uniform Axial Compression®'

Kiyokazu Kobatake'’ and Hisayuki Yamaura®?

If a cylindrical shell or a can of foods or drinks is uniformly compressed in the axia-

1 direction, buckling symmetrical with respect to the axis of the cylinder or buckling of

several lobes along the circumference may occur at a certain value of the compressive loa-
d. When buckling begins, it is required to consider the strain of the middle surface in the
circumferential direction and also bending of the cylidrical shell. Critical loads and mo-
des of the buckling of the cans are studied experimentally and analytically.

The obtained results seem to be applicable to the protection of the cans in the proces-
s of transportation and storage, and also to the reduction of volume of the empty cans

for recvcling.
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Photographs of cylindrical shells buckling
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Table 1 Clasification of the test specimens

2P CAN Steel

Materials Configurations
3P(4) 3P(B)
C . C;
- -
3P CAN| Tin Free
Steel
e,
] |":_|—'
2P(4) 2P(B)
Tin Free . .

Table 2 Allowance

of nominal inner diameter and height of cans

(nn)

Allowance

Inside

+0.1 at the Diameter of less than 83.3

Diameter

£ 0.2 at the Diameter of longer than 98.9

Height

+0.5
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(a) In the case of 3P(A) can (&) In the case of 2P(A) can

(b) In the case of 3P(B) can (d) In the case of 2P{(B) can

Fig. 3 Relationship between the axial compressive load and the axial deformation of symmetrical buckling
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(b) Buckling of 2P(A) ecan at the second stage (d) Buckling of 2P(B) can

Fig. 4 Photographs of non-symmetrical bucklings of each type can
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Fig. 5 Comparison between test data and experimental equations of 3P can

&'E\so_ T T p—

£ | —o— 3P CAN :

= O 2P CAN :
20}

|

& | B

&

o i

£

~ 10

s |

m

'260' — '3(')0' — '460
Radious /Wall Thickness a_/h

Fig. 6 Comparison of buckling stresses between 3P can and 2P can



124 M@ « i)

4 HHRR u=Asinn@+cosmax/~¢
v =DBcosn@ sinmax/¢ o o o (4)
4.1 B@AHEKX"-Y w=Csinn@sinmrax/ £
Mz nichHEE—2 v rdiMb>12 & &, &L MG > = LORERE MR E LT,
u, v, whFig. TokSicET5E L, EEEN%E w=0
+rItEBIEIT B, AR MiMb BN, Q diw/dx* =0
EEe—2 v MR, By 2 vORUMNERIZHL, Fig. EL, R@WERQ)IALTMra/0=2¢8L&,
10y 5 ) E N kX &5,
a=h'/12 a’
6=Ne 1-»D/E h A+ i5tw) 4 p2EN L 0y
EBC L, MERBROLHHERXRAL %55, 4"“;'»”[0 S Lt ot = At et = a1

+ Cln + an(n* + 23] = 9
A+ B ? - -
140 3 _ vaw, L—» ot A+ Ball + afn? + (2= W) + €[l — N + a(M + nt)] = 0
a:' 2 906 Gaz T 2 g =0
1+ 3 a(l — ») a% o dw oo e e (5)

+ + =
2 3
o aa,,z TR T Tho IHORDOFHOTHNEO LBE, HFELT
+"[aaa'+aaa'+“azxaa+°(l ’)a:*]‘“s“a='° a't ¢ EBATOANKOWMEIEHRET S &,
- gs 2V & v ¢=Nx 1-v)H/Eh = R/S (6
“az'*’—“'a—aa‘z
_“[aaa""(z az’aa'*' '6:‘+a60‘+2aaa:‘:0‘ =0

s e es e (3)

v AO—FDWEEERAICE 3L, RB) DM

ROELHIBLIENTED, TR = VR

A, WA mEOEY, HAMHEIC2 nB@O¥E
ICHNEhBEEELTV 3,

Fig. 7 Definition of the axes and deformation

(a) Forces (b) Moments

Fig. 8 Definition of forces and moments
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Fig. 10 Relationship between the axial compre-
ssive load and the axial deformation
of symmetrical buckling

Table 3 Comparison of buckling stresses between test data and analysis

Test No. Configurations Diameter Wall

Height m n Buckling Load

of Cans Thickness Test Analysis
(an) (en) (on) (kef) (kef)
1 3P(A) 74.4 0.26 112.6 15 7 1530 5,579
2 3P(B) 52.8 0.22 104.1 19 8 765 3,819
3 2P(A) 66.0 0.21 120.4 20 7 720 3,596
4 2P (B) 66.0 0.10 166.8 1 3 200 1,782
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(a) Buckling in radious direction

(b) Buckling in axial direction

Fig. 11 Photographs of cylindrical shells buckling
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(a) Compressive load in radious direction vs. deformation

(b) Compressive load in axial direction vs. deformation

Fig. 12 Relationship between the axial compressive load and the axial deformation

of symmetrical buckling
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