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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

Although many researchers investigated the effect of geometrical imperfection on the buckling load of
unstiffened shells, the stiffened shells have not been studied yet. In this paper, the effects of geometrical
imperfection the buckling load of unstiffened and stiffened composite shell with and without cutout are
investigated. For this goal, several specimens are manufactured and tested. The mechanical properties of
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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,

4 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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Fig. 6 A specimen prepared for buckling test
UileS s plosil oolel aiges 6 S

250


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.33.5
https://mme.modares.ac.ir/article-15-5451-en.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.7.33.5]

o) wm&ég,_s)yoéI)CJLbuh

S S 0933 9 b (S )940lS Suuiao 9 03w (SLBAIIGy (5 970 YiLeS p3 W IiD Yadis HiI

055 0ydlS 225 ol @l ST 4 il et Al gy ojlul &S
g5 e gl 050 el 1 qin (al 055 raghy o iyl 6]
B 4 gy Sl fin T5 OLE 51 sl g i b 5 00505
2l i s Koo shaghy 0 o [6lwlessas g | paie
Sl 00,5 Bl gy Colses 5% oo b g jiileS 050 (o ,loz ol
Slr 1y S ey g Jsl 050 5l (oS5 055 el 0 (oS (1]
L oge tul cupd eizren 59 ol 485 )5 4 s okl iy
oabs pols iagy o 1] cul a3 ke s ateg culis 20%
el o a5 gy S LlaS 030 L4z ooads) bl g swain
Cwoles 01 pln g Oless 090 Jlez 2 ln Jlosl oo Sal ool
il e i ol i b ial 2 odle sl 00 il atuogy
30 a5 Sl S8 4 Y el odd gy g owdid el 4 dwgy
Loy o9 GRS Ojgo @ Gl ads) laoge o5 (o3)lse
ooliinl 3,90 (gt LAl iy ai (sl (o slooge il laoaniS iy i

S e )l

dgazxo bl Joo (i )l —4-3
ol 58 wdae g o5 Sladllae )l saw] Cans a4 gl awslie I i
@ wgue Ll Jao @l o g Coo ) pliebl jslaie 4 i
o e Lkl Galize cVlie o ot &l @S L Jae ol 5l Jols
el

S g9y p 2y 5 e adlas S 2015 Lo o XK
Spoi ol 5o L] sls plmil S0028 e eole ujemelS sladiag
5 (Lal 53855 I 53 (9w oy jlade o 5l (228 Cend ploxil p ogdle
Sy el oals oolaiul (pwiin jali (235 i o L) (Sl Jo 58
S 9 85 8 oolitul 3550 paw g Jol Slasge (pwoin (al iy e
) K Lags o A mls 5 Jgar ad o, Cwles 20%
Ol il oolitul sgame Gyloll Joe 5l edel cns @ s b avslis
Sade J> (sl 4z ool slul Jaw a5 aas oo olis aslie ol aes
el slozel BB Sy (b2 é S sln 4z g 059

@l 5l e (ali gledae como Sl plaebl sl wcnl 2 ogdle
Sl 5l aslllas cpl 5o Conl ond osliiul 5 [6] LL 5 (i,a Liegh
OleS 5 owdid Al oo @it polae I g o colaill WS,
b4 S ol dm g (Szu b el 0ad (o 2 (B joeelS o0l diwgy
Joe b anslie cul oud @) 8 IS 0 Lali e dlws Slmu
Slg e pols Joe a5 amd e lis [6] g o ol 5 yol> dgame yLol!
S Ll | i a5 il slaojladl Ol 1 s> 4

2l 5l SoeiS g5l Jae 15 0ol sl Juw coe i liebsl (sl
o3l au allie ol ;5 [15] conl oty ool 2002 Jlo o 5,5 allis
Sl b Sl ok aslllas (S059mlS wingy (ln (mye (50945 AliSe
el 00D Sy (SO925 g Alwg S b & S ool Cews 4
ol [24] 4 [15] palie gl b awlis o 1, yol> Jos mbs 6 Jgox

223 o Gl 1) 0l ooliitul Juw omo g 28 anglie (plaeo e
W 3o Eou g b 414

oA..'L@Jxﬁkga.\sj&)qd’b}?bd)leuiwaqabjwéwba

251

2R L

Fig. 7 A finite element model
ou A dgaze lall Joe 7 S8l

Gl a4 (Sl ST Sy By 55 s, (el el oizg Slaie I
oibe ol o a8 b 5l (e B 0,5 o0 S5 a1 (bl b) b (s
9 e Slsiee ey cnl 5l esliiul bisuled (e 1) 95 oo 5lL0
s 5o s3m5 oanlin | IS e il (Bly A5 sloplane
ol Sysm plail ) oSy Sl el 31 asliial L g, () g5
Sl 55,5 Joo 5 S oy Bls oyt Sbld aian Lol
S5 ol Gl ol las gl sl jo ols 5 T ojle cwais

el oads )l (a8 g (s o 55 0 gl (puiin pali (385

ewip il Jloel -3-3
ouh 48,5, 50 adgl cwain s Jlasl gl b9y aw (waSLT 5o 5
1301 el

Jo 5l esal Cows @ glasge JSo by waie el e (1

SHge 4 gwdid adi (b ol o pilS 8 Ll b ohg ke
Dy iy (leS i slaoge iy S 5 ) (s e

Sl o 5l sl s a4 gl wl 5 el G a5 (2

5055 ojlad (3,5 aieie alons & ek 90 & ol 55 (3

a5 6090 (slp a5 ol o slgrien Tl5le 5 Slaiue Cend o
oAl i sl Jol eyl et el (owaie al 330 54
90 Jold cwdin (mii diuym by, ool o @y 4o [30] ses sslixul
Slade Jo 5l eolazwl b JT syl ojle (2ileS lasge Canse ail o Julos
ol g e plml Judo aen j0 55 e BT 0gd se Creetd o%g
iy 4y S 350 S8 sty 45 il S5 5,5 & s Lo Lol
odal Cewd 4y (2leS slaoge | oS 5 cpgd Judod 10 (perw i ioles
Sybiee Jlosl oile a4 (pwiin ali (lgie 4 oy ke Juloo |

el s sl Wil e Sl 5oy LS slasge Sl
Gy aS sl ools slpiny H8le 5 Slainns .l )5 oage 4y cwdin
Gy watin lade Ll ail cubs ooy wr Jlel oo batuy
asls by (b g o558 [30] 1% 1,8 eolitul 890 Wb cwdin Lais

! Static Riks
2 ABAQUS Documentation

7 oolais 17 095 1396 juo (w30 SilSo i


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.33.5
https://mme.modares.ac.ir/article-15-5451-en.html

[ Downloaded from mme.modares.ac.ir on 2024-03-29 |

[ DOR: 20.1001.1.10275940.1396.17.7.33.5]

o) wm&é,,_s)yoél)‘élb&c

S O3S Y932 9 b Hia)geels Suiio 9 03w Sl AIgs 5 I9Fe YL ja WIiR Yadi il

o aig, 5l diges o] sl aaly lbaiges plo b g pSoite S
Ay JB g ghlaie WS pl Gol> ragh jo bl osd co gyl alins
ol ool Bld Judow adg, 50 55 diged ol gl g, ol 5l el

Shodel Cass @ ololamg s Jloges 34 o dlamdle aS 43S Lo
slocws Glmbgys Jloges Ll oyl ol o G sgame Ll >
ol loges cocd T 5l e g aad adgl slisul S sl Loges (o2
99 0% Sl )y oz 5l @laSn) S92y Slde 4 gadge (nl 005
stz FB plule o8 b (558 1 0 S, opl Cenladiges )b
b logei jo adsl glisdl olml o plmle Gren a5 clils wialy>
5 oy 055 Sl 0 & oK, (ol bl 5,8 I Ll 555 e
osdse (S Ll 5 bl s wiwgy O 51 ey

b e g,y 5l edel Cand 4 @l &S Jb 0 aS el axg B
o 5 easl sy Sl Sl 5o 28 @l b Jpid HB s

Unstiffened Stiffened-C Stiffened-D
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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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amplitude
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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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