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Buckling Mode Study of Small Diameter Pipes under
the Uniform Axial Compression

Hironori Kobayashi*', Hisayuki Yamaura*?,

Kiyokazu Kobatake'?, and Osamu Ueno**

It is well known that Euler’s elastic buckling occurs when long bars are compressed in
the axial direction. However, the plastic buckling or compressive failure will be occurred
as the length of the bars is shortened excessively in contrast with the cross-sectional size.
The objectives of this study are to obtain the load of the axial compressed buckling for

safety designs and to get the buckling modes.

The test specimens are cut out from the

commercial thin wall steel pipes, and both ends of the pipes are ground squarely. The pa-
rameters of the tests are the outside diameters, the wall thickness, the axial length and
the materials of JIS STPG 370 (mild steel) and JIS SUS 304 (stainless steel). The buck-
ling loads and buckling modes are discussed in comparison with the FEM analysis.

1 # B
BRHCGEGRTLAMTL, 445 -BEEEL 3
TEMAIONT WS, UL, #iAmE X8tz <
w5, fixoe—-rolEe, ERIBHZECA XD
550, REHOELEV. TS kpiRi, MEHOE
BT & 3 ETEROMEIRISER QWS ki8> <
EREWMELT, MEOEGHEE— F &BEHTCO L
T, HAT2L0TH 3, HROBWHEL SV - mT.
LTRERAEAERIL, NREOLE, AERCELMES %
52— 5 & L EEHMEGRRETY, bt s0@e—

FAEWREL, LARAMMKRT 702 5 ANASTRANT
ORI E B LI,

2 EBAE
2.1 HEak

HBekoME e LTk, EOETRAREMMFTSTPG3N
& BREEH R 7 v v A EHFSUSIUTPD (X'F,
SUS3ME T 2) OHROBEEEH L 72, ARk&Eom
TFE, FEELHETRICURL, TOmBm% &
BraAmno L TMicBEnTI LA, ol

REARSFBBINER W15728, 19974 6 H20AZT,

Contribution from National Fisheries University, No.1572, Received Jun. 20, 1997.

*1 KEAKPEKHAM (Graduate School, National Fisheries University).

*2 RERFEGFRBRTANGERBIFEME (Laboratory of Ocean Engineering Machineries, Department of
QOcean Mechanical Engineering, National Fisheries University).

*3 HBMHIEI (Training Ship Koyo-Maru, National Fisheries University).



66 ANBK - il - - B

LA CH BT 12, 3 HBER

R, Lidodsmptit by Licbok, B <
REGAITHT 3REFORBEWAT S DI, Inxd 31 RERRILEAPETRORE

SICERABICERE L TERFEI L bOEERIL 72, R R R EROMGERY, Chid, ¥XT
DRBEHE S PR WP BO L -2 LI DIETC
2.2 HEBSBEOAFHXR LERLTV S,

; 5 - 5 . STPG370, SUS3ME bic B TeERHDON 1 R &~
FAT, SRECULTRATETESBRCATL B g, comstsm2nm BIRE, 54 KHO

<BL 5 o g :
[BHBLG S B & EORHERIE L /2o TTIEHBRBROERHR s BRED bKEWC E D, COF | KEE—2 5

RBLOEREROTY T 2o FEBEREFTE Lro % 1 KRBTGS M A MERE:
BAEGHE 30,000kgf oy 3,
TH7 o2~ FREEE 450m/ min
FTRHI2o0R~Ny F e F— TAMBEAER  300m
E@oXxs s (B EFRAR 1002z

29, s000gl

25, !O?Ill
35, 4004gr

4. 6001¢¢ 4, 300kg!

10.200ke!

(kgf)
kgh)

Axial deformation (mm) Axial deformation (mm)
{a) Primary axisymmetric buckling(STPG370) (b} 4th axisymmetric buckling (STPG370)
28 $30kgs

[~

$ | g

2 |

| 13, 100kg!

g 10, 000kgq 19.000kgs

1.800xg!

Axial deformation (mm) Axial deformation (mm)

(c) Primary non-axisymmetric buckling(SUS304) (d) 4th non-axisymmetric buckling(SUS304)

Fig. 1. Relationship between the axial compressive load and the axial deformation
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Tablel. Shape species and buckling load
Matenial Diameter  Thickness Height Buckling Load

(z2) (=) (z2) (kgf)

STPG370 48.68 3.56 38.60 26,300
STPG370 48.68 3.54 37.70 26,500
STPG370 48.69 355 7185 26,400
STPGI70 48.69 355 70.60 26,600
STPG370 48.60 3.70 106.45 24,600
STPGI70 48.60 3.70 106.65 24,500
STPGIN0 48.60 3.70 149.30 24,300
STPG3I0 48.60 3.70 144.30 24,200
STPGIT0 4868 3.58 174.50 27,000
STPGI70 48.69 357 175.30 27,000
STPGI0 6042 3.29 38.40 29,200
STPG370 60.43 332 39.20 29,300
STPGII0 60.42 3.27 64.25 30,800
STPG310 6042 3.33 63.80 31.200
STPG370 60.50 .20 106.75 30,100
STPG370 60.50 3.20 106.35 30,200
STPG370 60.50 320 106.60 30,100
STPG370 60.50 3.20 143.80 29,700
STPG370 60.50 3.20 148.10 29,800
STPG3IT0 60.67 3.09 174.55 21,800
STPG3T0 60.60 3.09 173.80 22,600
SUS304 48.73 2.03 37.78 16,600
SUSIM 48.70 203 37.60 12,600
SUS3M 48.74 203 70.55 13,900
SUS3IM 48.70 203 71.70 13,760
SUS304 48.60 200 109.00 12,600
SuUSIM 48.60 2.00 106.30 13,200
SUS304 48.60 2.00 106.50 13.200
SUS304 48.60 200 106.60 13.600
SUS304 48.60 200 146.30 12,700
SUS304 48.60 2.00 147.50 13.100
SUS304 48.66 2,03 176.00 13,600
SUS304 48,76 203 173.15 12,700
SUS304 48.45 234 37.8% 24,700
SUS304 48.74 2.76 38.05 24 400
SUS304 48.74 285 7335 23.800
SUS304 48.74 281 7340 27,700
SUSIC4 48.60 3.00 105.25 21.800
SUSI4 48,60 3.00 105.40 23,400
SUSIH 48.60 300 105.20 25,700
SUS3I04 48.60 3.00 108.50 21,900
SUS3I4 48.60 3.00 14200 24,100
SUS3IH4 48.60 3.00 150.10 23.100
SUS3I4 48.76 2.80 174.25 23,800
SUS3M4 48.78 284 175.70 23.900
SUS304 6042 3.29 38.40 29,200
SUS304 60.43 3.32 3920 29,300
SUS304 60.42 327 64.25 30,800
5US304 60.42 333 63.80 31,200
SUS304 60.50 300 101.20 25,800
SUSIN 60.50 3.00 98.50 23500
SUS304 60.50 300 166.70 26000
SUS304 60.50 300 104.30 25,300
SUS304 60.50 3.00 152.00 23.800
SUS304 60.50 3.00 140.60 25.200
SUS3M4 60.32 2.89 173.60 29400
SUS304 30.34 2,82 174.50 25.200
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(@) Primary axial buckling (b} Secondary axial buckling

{¢) Tertiary axial buckling {d Fourth axial buckling

(e} Fifth axial buckling (f) Mixed modes of axisymmetric and

non-axisymmetric buckling

Fig. 2, Relationship of buckling modes (STPG370)
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(@) Primary axial buckling {b} Secondary axial buckling

(¢} Tertiary axial buckling (d Fourth axial buckling

{e) Fifth axial buckling

Fig. 3. Relationship of buckling modes (SUS304)
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Buckling Stress © {(kgf/mm?)
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Fig. 4. Relationship between buckling stress and length“radius



NOBFOEREER 7

Fig. 5. Divide of elements
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