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Pressure hulls of submerged structures are generally designed as circular cylinders, spheres or cones with form of axisymmetric
shell of revolution to withstand the high external pressure of deep ocean, The compressive buckling (implosion) due to
hydrostatic pressure is the main concern of structural design of pressure hull and many design codes are provided for it It is
well=known that the buckling behavior of thin shell of revolution is very sensitive to the initial geometric imperfections introduced
during the construction process of cutting and welding, Hence, the theoretical solutions for thin shells with perfect geometry
often provide much higher buckling pressures than the measured data in tests or real structures and more precise structural
analysis techniques are prerequisite for the safe design of pressure hulls, So this paper dealt with various buckling pressure
estimation technigues for unstiffened circular cylinder under hydrostatic pressure conditions, The empirical design equations,
eigenvalue analysis technique for critical pressure and collapse behaviors of thin cylindrical shells by the incremental nonlinear
FE analysis were applied, Finally all the obtained results were compared with those of the pressure chamber test for the
aluminium models, The pros and cons of each techniques were discussed and the most rational approach for the implosion of
circular cylinder was recommended,
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Fig. 1 Collapse pressure estimation process

2.2 e a1 49

M
2 5| sICt A" ZY2 Table

I 22 oz Mu{ol|Ao H5Rlof 2|5t 21
0

e TASIUCL YF0lE e AL6061-T6E HEE 52

iy

S
X=X
=

A2zt %I\gu{ of

co=2 X =
2ot Alel & 20| A0{EX

10iM 22l 371X ZF/(C1A,

C2A, C3A)Z MZfsICt MztE ZHES| x|+E ot st

A ASst 1 Zukse| gaxlg

Safety
valve cap

140kgfem S

Fig. 2 Pressure chamber test

Table 10i| LIERHRAC} (Cho,

Digital
pressure
Air P i
releasing
valve e
T . _’Dead end

| Water |
filing/ == A
| discharge’ \

{ pump

K
Valve /
no.1

Hgh | \ne.2
pressure
pump

set—up

268

CetiEMelsi=R2% M54 # X35 20174 6€



D,

1 \
[ Y A
'\ Model }-.1_0-{ \ \_End Plug

-~

Fig. 3 Shape and particulars of test model

Table 1 Dimension and imperfections of cylinders

ScantlinMOdel C1A C2A C3A
t (mm) 0.69 (0.7)" | 0.71 (0.7)" | 0.72 (0.7)
L (mm) 120 145 170
D, (mm) | 47.3 (47.4)"| 47.4 (47.4)"| 47.6 (47.4)

()" : Nominal values, D,: QOutside diameter
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Fig. 4 Hardening data for AL6061-T6

Table 2 Material characteristics of AL6061-T6

Material constants Values
Young’s modulus £ 68.9 GPa
Poisson's ratio v 0.3
Density p 2,700 kg/m®
Yield strength o, 298.6 MPa
Tensile strength o, 329.6 MPa
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P,,, - von Mises” buckling pressure

Py - Windenburg and Trilling’s buckling pressure
t  Wall thickness of circular cylindrical shell

E : Young's modulus, v : Poisson’s ratio

! : Length of cylinder, » : Radius of cylinder

n =2  Number of lobes
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Fig. 5 FE models of test cylinders
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Fig. 6 Buckling pressures and corresponding buckling
modes of C2A model
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Fig. 8 Comparison of collapsed shapes between

chamber test and nonlinear numerical

analysis (C3A model)
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Table 3 Comparison of assumed imperfection & max.
measured error (percentage to thickness)

Model |Assumed imperfection| Max. measured error
C1A 18.1% 14.5%
C2A 15.4% 14.1%
C3A 8.1% 13.9%
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Fig. 10 Change of collapse pressures according to
initial imperfection

Table 4 Comparison of collapse pressures (Lobe=3)
Model Py Py Py Py Pr
C1A 1.91 1.89 2.93 2.36 2.33
C2A 1.84 1.67 2.30 1.92 1.93
C3A 1.82 1.48 2.00 1.78 1.79

(Unit: MPa)

0471,

Py, - Von Mises’ buckling pressures

Py, - Windenburg and Trilling’s buckling pressures

Py, ' Buckling pressure obtained from eigenvalue analysis
Py, : Collapse pressure by nonlinear incremental analysis
P, : Pressure chamber test results
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