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Influence of Transient Hygroscopic Stresses on the
Critical Loads of a
Hollow Orthotropic Circular Cylinder Loaded by External Pressure

Chang-Bum Chung”

ABSTRACT

The stability of equilibrium of an orthotropic cylindrical shell subjected to external pressure in a
hygrothermal environment is investigated. This problem is solved by using simultaneously the
benchmark solution for buckling and the solution for boundary-layer transient hygroscopic stress
derived from the three-dimensional elasticity. Globally, the hygroscopic boundary-layer and tem-
perature distribution were found to have a negligible influence on the critical load.
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Fig. 1. Cylindrical Shell under Constant Boundary Concentra-
tions of Moisture
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Table 1. Hygroscopic Effects on the Critical Pressure for
Graphite/Epoxy Orthotropic Composite Shell with Cir-
cumferential Reinforcement, 1/ =10

Critical Pressure, p=pn/{E2h)
Moisture Concentrations : initial, at =0 Cp=0.1,
ati>0:Cy(at n)=1.0, G (at p)=1.5
Capped Ends (M=241)

(m:cr) r2/ry | Time(days) | With Moisture Effects) Without Moisture Effects
! 02576
s | so 02576 02576
3 02576 (=2, m=1)
! 02347
005 | 1LIST 50 0.2347 0.2347
0 0.2346 {n=2, m=2)
! 0.1978
1251 %0 01978 0.1978
co 0.1976 (n=2, m=3)
I 0.2576
05| 50 03576 02576
o 02576 (n=2, m=1)
I 02347
50 LS| 50 02347 02347
© 02346 (n=2, m=2)
! 0.1976
125 50 0.1976 0.1978
o 0.1976 (n=2, m=3)
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Table 2. Hygroscopic Effects on the Critical Pressure for
Graphite/Epoxy Orthotropic Composite Shell with Cir-
cumferential Reinforcement, /=10, n=5.0m

Critical Pressure, p=pr’l{Eh)
Moisture Concentrations : initial, at t=0 : Cy=0.1,
att>0: Gylat n)=0.2, Glat p)=1.5
Capped Ends (M=241)

ra/ry | Time (days) | With Moisture Effects} Without Moisture Effects
125 I 0.1978

50 0.1978 0.1978 (n=2, m=3)

o 0.1978

Table 3. Thermal Effects on the Critical Pressure for
Graphite/Epoxy Orthotropic Composite Shell with Cir-
cumferential Reinforcement, /=10

Critical Pressure, p=pr’l(E.h")

Moisture Concentrations : initial, at t=0 : 7p=0.0°C,
at t>0 : Ty{at r)=50.0 °C, Tolat r)=5.0°C,
Thermal Diffusivity : k=0.112x 10" m%/s
Capped Ends {M=241)

(mgier) r2/ry | Time(days) |With Moisture Effects] Without Moisture Effects
1.05 1 0.2576
50 0.2576 0.2576 (n=2, m=1)
o 0.2576
30 1.25 1 0.1977
50 0.1977 0.1978 (n=2, m=3)
o0 0.1977
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