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and finite element analysis
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Summary

The non-axisymmetric crush tests were conducted for 11 mild steel cylinders with different

R/t ratios, and the obtained results were compared with the theoretical, numerical and other
- experimental results from various points of view. The conclusions can be summarized as
follows :

(1) The plastic buckling loads due to Gerard’s theory agree well with the maximum loads
obtained in the present experiments. .

(2) As for the relation between the radius-to-thickness ratio and the circumferential
wavenumber in the non-axisymmetric crushing mode, the validity of the existing solutions
given by one of authors was confirmed.

(3) Magee’s empirical formula for the mean crushing strength is in good agreement with
the present expermental results.

(4) The nonlinear finite element code developed in the previous report gave improved so-
lutions for the mean crushing stresses in comparison with the existing rigid-plastic solutions,
which are in good agreement with the experimental results except for the case of relatively
thick-walled cylinders.

(5) The actual complicated crushing processes accompanied with traveling hinge lines were
successfully simulated by the present finite element code.
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Fig.1 Stress-strain curves obtained
from uniaxial tensile test
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Table 1 Dimensions of test specimens

No. R/t Area

R t
(mm) (mm) (om2)

01 |57.21 |3.380 | 15.92 {1215

11 |56.94 |2.825 | 20.i5 {1010

21 156.45 | 1.811 [ 29.54 |677.8

31 |56.23 |1.434 | 39.21 |506.6

42 |56.09 |1.124 | 49.30 {386.1

51 |55.98 }0.970 |57.71 |341.1

61 |[55.92 }0.820 | 68.20 |288.1

71 |55.87 10.732 | 76.28 }257.1

81 }55.85 }0.657 | 85.01 |230.5

91 |55.81 |0.553 | 100.3 {193.9

101 }55.70 }0.309 }180.3 |108.1
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Fig.2 Crush test of a circular cylindrical shell
under axial loading
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Fig. 3 Axial load-shortening curves (experiments)
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Fig.4 Experimental crushing processes
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Table 2 Crush test results

-Omax

LLE n Omax om Sm
(kg/mm2) /oy (kg/mm2) 70y
01 | 3 35.95 1.407 | 17.84 ! 0.598
1 | 3 38.20 | 1.338 | 1640 ! 0.542
21 | 3 28.70 1 1.128 | 12.08 | 0.473.

31 § —~3 24.80 0.974 10221 0.400

42 4§ —3 25.50 [ 0.938 8.31 0.325
51 4 26.50 I 1.037 7.88 0.308
51 5—=4 24.10 0.943 6.85 0.272
71 5—4 25.71 1.006 6.95 0.272
81 6 —4 26.05 1.019 - 6.18 0.242
91 6-——.—4 26.06 1.018 5.22 0.204 .
101 7—5 21.76 1 0.851 3.25 0.127
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number and radius-to-thickness ratio
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Fig.7 Mean crushing stresses (experimental
results and empirical formulas)
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Fig.8 Axial load-shortening curves (finite element results)
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Fig.10 Calculated contours for lateral deflection in No. 81 test specimen

NI | -El ectronic Library Service



The Soci ety of Naval

304

Architects of Japan

AEBIRFELHRNE F160F

LT e e e RX
‘ l:,;,ai,'o'\\\s\“—?

RS ANY

i
'_‘[’ i1l I 0 O 0
11 1 . 11 17
nn N 1 T
n . - -
RNNNN - n
| X ]
2/1.=0 0.224 0.344
(a) No. 01(n=3)
R 0l 0§
0.098 0.293

§/L=0

(d) No. 81(n=8)

Fig. 11 Calculated crushing processes

0.534

i

"}
X}
50
0

o
KX

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BEBRROMEFERE T 5 EENHE (X0 2) 305

BfER & B BRI —% Lic,

(2) FFEFEE— YRt 2 B REREE
Z - ARLOBERIOWTIE, EE0o— AR BREHD
BITFRERDIZIEZ LI DTH DT & RFETH L,

(3) FHEZGHOERR & LTI, Magee 50

NERDERRER L BIFIC—8 LT,
(4) Fi#RCHR LRV ERERSEN = — ek
FE LT EEWEMEY, NEOMENELZL S
Bz, EREELIEFCIBLTEY, BED
RISBHEERRARATAE L UBr T % L A BE S hicfga &
Z 10

(5) MAkwr, FRERBINC X » BEEH S,
Bte vo sS4 voBEk Y EROEHRIERE
SR RETER L,

¥R, SHROBEL LT, BAEC L 3HEHED
R, FRERELDAOBEEROEE, SWRTEN, T
BIBITAN DR 72 8 2 BT 5 2 LN TE B,

Ny

O

£ X

D #F-H: EABEOBERLER &N (Fo
5)—BEMTE % 20 5 A &% O SE fr i
BEe— F—, BRERELRNE L1548
(1983), 353.

2) #HF:AEROFHEENE T 5 —£2, H
TEMRELME, 1575 (1985), 435.

3 JFH - BH - LK BEEROBEEEXEEIE
TEYial-vav, HRAERFELRIE, &
158 %5 (1985), 559.

4) I -SH - H  BEEROGEEERECH
TREBME (20 D—ABEZBE RIS
BBRETYEE T REEMRELRLE,
5 158 5 (1986), 435.

5) S. P.Timoshenko, J. M. Gere : Theory of
Elastic Stability, 2nd Ed., MaGraw-Hill
(1961).

6) G.Gerard : Compressive and Torsional Buckl-
ing of Thin Walled Cylinders in the Yield
Region, NACA, TN 3726 (1956).

D

)

9)

10)

11)

12)

13)

14)

15)

16)

17)

S. C. Batterman : Plastic Buckling of Axially
Compressed Cylindrical Shells, AIAA J.,
Vol.3, No.2 (1965), 316.

L. H.Sobel and S. Z. Newman : Plastic Buckl-
ing of Cylindrical Shells under Axial Com-
pression, J. of Pressure Vessel and Techno-
logy, Transactions of the ASME, Vol.102
(1980), 40.

N« #H - S BBEEZO—RTEMEER v
fav—-YaV, YIialv—vagv (XY I a
V=¥ g VSRR, 855%, 825 (1986), 40.
W. H.Horton, S.C.Bailey and A.M.Edwa-
rds : Nonsymmetric Buckle Patterns in Pro-
gressive Plastic Buckling, Proc. Soc. Exp.
Stress Anal.,, Vol.23, No.2 (1986), 433.

Y. Yoshimura : On the Mechanism of Buckl-
ing of a Circular Cylindrical Shell under
Axia] Compression, NACA, TM 1390 (1955).
W3t - I HAREOM B ER & (o
D—FPRAGEREF AL BREMEO > 3
2 V=¥ g v—, BEBEBR¥ELARTE, £ 152
5 (1982), 441.

H.F. Mahmood and A.Paluszny : Axial Col-
lapse of Thin Wall Cylindrical Column, S.
A.E. paper, No.840727 (1984).

C.L.Magee and P. H. Thornton : Design Con-
siderations in Energy Absorption by Struc-
tura] Collapse, S.A.E. paper, No. 780434
(1978).

A.Pugsley and M.Macaulay : The Large
Scale Crumpling of Thin Cylindrical Col-
umns, Quart. J. Mech. and Appl. Math.
Vol. 13, Pt.1 (1960), 1.

A.A.Ezra and R.J.Fay : An Assessment of
Energy Absorbing Devices for Prospective
Use in Aircraft Impact Simulations, Dynamic
Response of Structures(ed. by G. Hermann
and N. Perrone), Pergamon Press Inc. (1972),
225.

W. Johnson, P.D.Soden and S.T.S. Al-Has-
sani : Inextensional Collapse of Thin-Walled
Tubes under Axial Compression, J. of Strain.
Analysis, Vol.12, No.4 Q977), 317.

NI | -El ectronic Library Service



