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The effect of geometrical imperfection on the axial buckling of unstiffened and
stiffened composite cylinders with and without cutout
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Although many researchers investigated the effect of geometrical imperfection on the buckling load of
Received 23 April 2017 unstiffened shells, the stiffened shells have not been studied yet. In this paper, the effects of geometrical
Accepted 06 June 2017 imperfection the buckling load of unstiffened and stiffened composite shell with and without cutout are

Available Online 20 July 2017 . - . . ; -
vaifavle Dniine 25 uly investigated. For this goal, several specimens are manufactured and tested. The mechanical properties of

fibers and resin matrix and volume fraction of fibers in the shell and the stiffeners are determined based
Geometrical Imperfection on the standard tests. Finally, the mechanical properties of each component are calculated by
Stiffened Composite Cylinder micromechanical relations. These properties are used for finite element modeling by ABAQUS
Opening package. Linear eigenvalue analysis and nonlinear RIKS method -which can consider the geometrical
ﬁﬁ‘ﬁﬁ;‘;‘g‘ﬁ'ﬂif“gﬁ imperfection- are used. FE results are validated in comparison with experimental tests. Using FE model,

v the effects of imperfection amplitude on the buckling behavior of unstiffened and stiffened shell with
and without cutout are studied. The results show that geometrical imperfections have more effect on the
buckling load of unstiffened shells in comparison with stiffened ones. Nevertheless, ignoring these
imperfections and using eigenvalue analysis overestimates the buckling load. This fact is further
evidence for shells without an opening. In perforated shells, the cutout itself represents an imperfection
that is much more significant than geometric imperfections.
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for 8 hours, (e) separating the mold from the specimen
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Fig. 4 A part of the shell which is burned to determine volume fraction
of fiber in the shell
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Fig. 5 A part of the rib (a) before and (b) after burning to determine
volume fraction of fiber in the stiffeners
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Table 3 Mechanical properties of shell and stiffeners
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Table 4 Geometrical properties of the specimens
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Fig. 6 A specimen prepared for buckling test
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Fig. 7 A finite element model
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Unstiffened Stiffened-C Stiffened-D
Fig. 9 The buckling shape of shells without cutout
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Fig. 10 The force-displacement diagram for unstiffened shell
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Table 5 Comparison of buckling load (kN) of shell without an opening
with the results of Ref [14]
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Fig. 8 Validating the finite element model in comparison with the
results of Ref [6]
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Table 6 Comparison of normalized buckling load of perforated shell
with the results of Ref [15] and [24]
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Table 7 Buckling load of shells without cutout (kN)
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Stiffened-C
Fig. 13 The buckling shape of shells with a cutout
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Fig. 11 The force-displacement diagram for stiffened shell type C
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Fig. 12 The force-displacement diagram for stiffened shell type D
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Fig. 16 Stiffened shell with kagome grid
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Table 8 Buckling load of shells with cutout (kN)
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Fig. 14 The force-displacement diagram for unstiffened shell with
opening
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Fig. 15 The force-displacement diagram for stiffened shell type C with
opening

S9525 Gl C ggr Sitie Goaing albmla—g 0 logei 15 JSTo

&JAJOMJ{)uwMUAL);l}x)OQAbJIlej)le
(_gtbdﬁ.w% 5 aS cas Q|536a ol =y J;ls Rl L_)MJLJ «.S‘L"")}‘
59 el 00ls lad 1) 055 5 0hg Slade Jdow jo el S (Sogis sl
s sl 00 plol ot el el o a5 wiitn b Jlagl Az
..»Sb_m oloul 059 )L_\.E.a Sl g Judos u.al C.:Lu uL.a Ls"“\"

b p et NS H plie 8 Joua @l 5 s (pien
Sl o5 WS len ams e bt |, So5iS (s aiwgy LiileS
ol i3l azlge Gaal3El b 1y Sl b WeaiiS gl ooe58l sl e
Aol St slading ohg Slyee )bl i

Wb (al g g s 1 -3-4
b oleaing 5l Yaons «Setin ojomels (sloding aio slospls

254



o) W%g&)ﬁoél)d&&:

S 39S Y932 9 b Hia)geels S 9 03w SldAIMGs 5 90 YL ja WIiR Yadi Hil

05 g 0 zd A @l 17 IS 59 Jyaz 50 00l &l

Gl alwg o FosiS aa glodiug BB 4T cuss
el 0l gy 51 iy Snis slbiagy oy b ojl5en « SogiS
292y &S Cunl ol e il Golo 35 JTews] ity gl (s dbas ol
P8 Gl palple WS (o0 Jee (qwaie (el Glgie 4 (So9aS
Ol 5 35 397y Al g (samy, Sae ¢ Fo525 sl (slaojlu Julos
oS 55 e alimde ool 1 opdle it SIS i ki (glylo Loatogy
Wy Sl e oole dag p (owais all I Gl plizen
oS Cusll « S loding ;o a5 Cwl o] cle ] St
el §7S2sS Scnd a |y Wil 5 sy gy wsie sloals
Ao azg BB ass s oo a5 ) Wl 6 N1 e 5 alee
@ Sl b e (Al Gl L (59985 e haiag ln oS
shlo gloarug 1o Lol sl o (2ol LSy ol b LuyE 5 pgloe 5k
S ok 2 62l Sl o3l SasS win laali 052y (So5iS
JB pals gl b a4 ol 5l (owaia pali ol Gl L Ll
ite Sl SasS watn (ali 6l o5 cul o cde koo gDl
i gt (a5 pabsde BB g e jlees (Slzu b (S09aS
] S (slboge S 4y o

S 5 4o -5
Soiin g 00l slodtng (LS (ot (ki Suenl g Sl allis cnl o
st (o Cesl 8513 B 0590 (50985 e 9 b (SujeslS
bl 1 cppizman el 0 o g a5l it aliylojl sladiges
5 s Sl Pl Y slaghilej] ST 4 g 35z e slas il
Plez omed 5l oolazul b dalsl jo sl odds cpsd 3280 D90 4
b Julos g0 5l goue Julow gl el ool ags gogume el o
Slde gy iz el 0ad oolitul Sy, (ot jas Julow g 0y ylade
) owaip (s (385 L5 50 Ulg Ll o)l (gl (Slowlons anj ol
oS Jelos 5l g s Sl poged B sl ey cnl ) ol
el 00l oolazwl

o5 ylaie o 3l oael Cws @y L1ileS sladge S 4y wdin a
A gl Al (S5 ca o a5 Cul oY Sl cpl je ol ool iy s
oAl @l @ 4z b g pelul (nl 2 09d et (0528 Slaed SWS
10% 555 cure by ojle (IS (LS 590 Jlez gl Al » ouoin
Lt hgy 45 ams e bt Lol gl el snd iy Caslied
O b RS g0 IS8 s s Sl )b Mg 00 & S0
ot o35 e U 5l ool s 4y gl &5 cend b s ol yles
S O9ES o ladtug lp haid gdge cpl Cenl Ay polis I iy
@ (SIS 357y (FosET Ll laatug o o5 1wl e gl
Sy a8 Ll 5l 0 aalys I8 506 2leS b p SB Lal SO lgie
ol 5l it e 4 el ol RS S B gla Sogas
sl AalS Sy g 9 oy HlMie gy @S Gl Dl el (pwiin
el

w0dds ooyl sgaze Lol Jaw cds 5l liseb] Jaa 5l e g sl o
Sl Egdge ol Cenl 0ad (puyp (pdin (A8 e () Ol S
O guls el odd Baod (F09aS (g g b St g 00le diugy

Sl b owiin pali (S)p coyd GRIPIL sl Billas o5 a0 o

255

e Al Gt (S5 calye Gl a4 aeg Gl b Sleess 9 Jgax

(S5 9k5)
Table 9 Buckling load variation of shell with geometric imperfection
amplitude (KN)
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Table 10 Buckling load variation of perforated shell with geometric
imperfection amplitude (kN)
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Fig. 18 Buckling load variation of perforated shell with geometric
imperfection amplitude
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