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A Study on the Structural Stress Analysis of the Steel and the
GFRP Laminated Composite Cylindrical Shells with a
Stiffened Circular Cutout

Young-Shin Lee*and Sun-Young Song**

ABSTRACT

The stress distribution around the circular cutout of the isotropic steel(ANSI type 304) and the
GFRP laminated composite cylindrical shells subjected to axial compression are studied. The
experimental results are obtained and compared with finite element analysis. The axial
compressive loading is applied an universal testing machine(UTM) and the strains around the
cutout are measured by strain measuring system. The 8 strain gages are located along the center
line of cutout edge to circumferential direction of cylindrical shell. In areas in which steep strain
gradients are expected and ANSYS code is used in the finite element analysis. The strain
concentration factor is defined in this study to investigate the stress distribution around the cutout.
The stress characteristics of the stainless steel and the GFRP laminated composite cylindrical

shells with a stiffened cutout are obtained.
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Fig. 1. Geometry of the cylindrical shell with a circular cutout

Table 1. Dimensions of the specimens

- {unit: mm)

Material| ANSI type GFRP
Dimension 304 steel | Composite
Outer diameter 121.6 141.2
Inner diameter 118.4 138.8
Thickness (h) ‘ 1.6 1.2
Thickness of Stiffened area 32 2.0
Length © 3000 360.0
Circular cutout Radius (a) 30.0 350

Fig. 2. Construction of the stiffened circular cutout for the stain-
less steel cylindrical shell
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Fig. 7. FE model of the stainless steel cylindrical shell with a
unstiffened circular cutout

Table 2. Material properties of cylindrical shells

- . | ANSitype | GFRP
Properties Unit 304 steel | composite

Longitudinal ‘
Modulus (Ey) GPa 207 16.1
Transverse modulus (E;) | GPa 207 16.1
Longitudinal
Shear modulus(G») GPa 80 695
Longitudinal - | 0 | o2
Poisson’ s ratio{vyy)
Density (0) kg/m™ | 7860 1866
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Fig. 9. Variation of axial strain along § axis for the stainless
steel cylindrical shell with a unstiffened circular cutout
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