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ABSTRACT
The stress distribution around the cutout of composite cylindrical shells with a circular or elliptical
reinforced cutout subjected to axial compression or tension is studied by asymptotic method.
Analytical solutions used a Donnell type orthotropic shell theory are presented by the defined stress
concentration factor and are compared to experimental results. The experiment used the universal
testing machine (UTM), strain gage and fixtures designed/manufactured for axial tension test of a
cylindrical shell is carried and the composite material used in the experiment is plain weave glass

fiber reinforced plastic (GFRP).
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Fig. 1
shell with a cutout (p= 1/R)
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Fig. 2 Experimental setup for a axial tension

Coordinate systems for the cylindrical test of the cylindrical shell with a reinforced

elliptical cutout

—212—



Stress Resultant

SCF™ = ominal Membrane Stress Resultant 9a)
SCF* = % Nominal Me?rtlll-;saiecgt]r%l:s Resultant (9b)
SCF = SCF™ + SCF* (9¢)
Table 2= 93 AFHE 2= 9454 AN¥UAR Table 1 Dimensions of the specimens.
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Table 2 Material properties of cylindrical

shells,
Cutout
Properties Unit
Circular | Elliptical
Longitudinal
P . .2

modulus (E1) GPa 16.1 %
Transverse
modulus (Ez) GPa 161 262
Longitudinal shear
modulus (Gi2) GPa 695 49
Poisson’s ratio _ 026 012
(vi2

oA $HATASFE EEEQ e #QT
A £ FHSHAE ] HHAYEEY AT
o SR AMAHY FFE 2AY ATR £
oA e Ao EAFTAFE APAA < 3, o]
MM dF 4o]n ol e AN =
EHQ AAE oldHoz MFR B ¥
T 4 e A8 A% Wl watA ol
TP vnH F AFGT Y4 5 U
a2y, 3AdAE ol&dt A¥AAT vig &

A5 Bole AT B 4 31on o EWEH S

—213—



Ao A Ro g Bl

Fig. 4= 27 e©93 N75s z2e EgAs
L340l Y AF3NFT S WS ZAgd g &
HAFASFE Uehdd. 893 MATRe Auge
45mn, Y72 32moln] BFR-e] kAL 55mm,
DNHE L L2moldt. 4529 T t=22mol1 B
A 7 f=46m=Z 27 ALY AT g
A$Eg EAA § =24, a3, 23R
o) 9 TR HeLut} Fo} AojAE ) ¥
Zadd. 17 948 M7 g 3$-9) o3}
AR B3¢ Uqig Adds gA=z A3 9%
Ao Qg A 3433 @ AolE R}, 21 4
R AY NTRY Hes) FUYY A= nHE
o},

4. ZE

2 =82 2% 9% 2 g3 AFRE Z:e
EgdAs 45420 W §5E AAY A4, A
TRFH ¢ D= SHAFE oled Wi
A3 oz AR AAE ZE AFYE
2 3L distyd X4 d SYAFASF
2 Jepdidd. weEkA oed e 488 92
T AR

D 9% 35S g 4% Ad ¢35 6
=00% A G = n] F§-3-=AdE-o] AujF ot

2) TR 229 8IS E 2EHA AoAE
0183l EFAY 75 AolAe Rz AJFAYE
A= Q3 Rt A BAh

3 AFR EGOAY $8HIAFASFE B =84
A k| olgsAAxts & g F

4) R ENE A5 FAXAE A=
< FHAdAe F ZAEHY BERAsdae
Aol "g 3t

4 =

Fig. 3  Comparison of stress concentration
factors on the cylindrical shell with a reinforced
circular cutout from analytical and experimental
results at 8 =90°
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Fig. 4 Comparison of stress concentration
factors on the composite cylindrical shell with
an one-step elliptical reinforced cutout from
analytical and experimental results at 6 =90°
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