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Experimental and numerical investigation of effects of stiffener in buckling
resistance of square laminated composites with circular hole

Taghi Shojaee, Bijan Mohammadi”, Reza Madoliat

Department of mechanical engineering, Iran University of Science and Technology, Tehran, Iran.
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Keywords Abstract

Buckling Using a stiffener is one of the ways to increase the buckling load capacity of the plate. However, to reduce the weight,
Orthogonal and symmetric the optimum design of the stiffener is necessary. In this study, buckling and post buckling behavior of composite
multi-layer plate plate with circular cut-out at its center with three types of stiffeners is investigated to achieve a plate with highest
St_lffenef resistant to axial loading as buckling load. The Planer stiffener is made in the form of a thin, square layer and is
Circular cutout attached around the opening. Two other stiffeners are named as Longitudinal and Ring types. These two stiffeners

Finite Element method are thin layers which are attached perpendicular to the compression loading direction and at hoop direction around

the openness, respectively. Plate and stiffeners are made as an orthogonal and symmetric layered composite. To
model the above items in the Ansys software, tensile and shear tests on composite specimens were performed in
accordance with international standards to achieve the required mechanical properties. Buckling behavior of plate
with stiffener is analyzed by finite element method and the results are consistent with experimental results. The
results of this research show that among the offered stiffeners, the plate with a longitudinal stiffener has maximum
buckling load in comparison to the weight and minimum ratio of the buckling load to the weight is related to the
ring stiffener.
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Fig. 6 Composite plate having circular hole with longitudinal
stiffener
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Fig. 9 shell 281 element with eight node with six degree of freedom
at each node
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Fig. 7 Composite plate having circular hole with planer stiffener
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Fig. 10 FE model of notched composite plate with longitudinal
stiffener
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Fig. 8 Composite plate having circular hole with ring stiffener
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Fig. 14 longitudinal stiffener at start and buckling moment of test
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Fig. 15 ring stiffener at start and buckling moment of test

Sl 0aS s b (5,5 (ileS alaxd o olanl alax) 15 JSCo

Godgazme b dguze lizl g,y 4 (g0ue (il Joe yo (6,135, (so0gaxe
2 P lalae plply tdlge askd ol 5l U3 U o8 b
Jowe Julow 5l Jeol> 00,5 jiileS Olahad sl oais Jlasl (goos (g5l Jow
oddosls Les 17 JI15 glo IS ;0 ouiiS 'y ais cll> du ,0 dgaza |32
Casds b andly oleS 5y5 JSK& 5ss 00 oo oablive a5 jglailen .l

e 18 J116 ldSs o o)28 ol asles o ouisS

Fig. 16 buckling mode of Notched laminate with planer stiffener
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Fig. 12 FE model of Notched composite plate with ring stiffener
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Fig. 13 planer stiffener at start and buckling moment of test
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Fig. 19 displacement-reaction Force of Notched laminates with planer
stiffener and different cut out with 12 and 18 mm diameter length
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Fig.17 buckling mode of Notched laminate with longitudinal
stiffener
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Fig. 18 buckling mode of Notched laminate with ring stiffener

Gl oS o 0d b Hlas g aVauz 5,5 iileS 18 JSC&

MiS T b 3ys slr il S 5 8 03esl ) Jels s
g Y Cuio g il Gl ol 4 Sglate iz 4Y g9 dw b Glazas
loas 4119 S 5 yiarkee 18 12 (sl lab oy 5055 S, L plaS o
Sod By R izmen 5 failie sy by IS0 4 6,135 50 U
15 T Slag g 545 ol it IS 455 sl S
D oV slass Byae N loges ol (slasaly 10 05T co o 4 ,la5 0,50 dg
Jislsisas oo o lis 1) sgame 152l (g5l am s FE g Sog28 jlad
@bl ol e dee 12 (S92 L a¥ Jlez 35 (xe 4 N4-D12
sxe 4 N4-D12-FE 5 &l o ools i aruns blas JSo & 9 0)25
Oiles dwgn Lol b g ol dgaome 2] (g5 0 559 nl Jelod @l
3l oals eols
IS5 4 Sk o3l e ool by (55l Jde (i3 ;0 &5 ek lea
2SSl lre 5 035y (0225 @l el dgase 2l 35 )0 alml>



U 9 el i85

AV Gl ) gaelS HileS o glie ) 0SS w983 3l (533 9 (2 )T S 2

oo BB Salds yie Jue 18 12 Fligu b goils oulicusi a¥ Cuin
]

oS g8 b 39 sl sue ldan 5 (278 a5l ) Jel> b
S L plas o g Y Cutn g il slawd 4 Sglae gz Y o5 g0 b Job
ool 00351 21 S 10 a5 ol oniiolnil 18 512 gl lad 4y SogiS
el 19 S asle Jlaged ol slosal,

7000

® N6-D12
B N6-DI8
A
6000 x  N8-D12 X
A N8DI8 X
5000 £ ... N6-D12-F 7
= 4000 N6-D18-F N
= — - —-N8-D12-F ok
E’ 3000 - - -- N8-D18-F .{/
X 4/ .....
2000 P
A
1000 o~
/
0 IIIIIIII | I T T T T T T T N 1 | I T T T T TR T N T 1 J
2
01 um) 0.3

Fig. 21 displacement-reaction Force of notched laminates with
longitudinal stiffener and different cut out with 12 and 18 mm diameter
length
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Fig. 22 displacement-reaction Force of buckling treatment of notched
plate with six layers with three different stiffeners
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Fig. 20 displacement-reaction Force of notched laminates with ring
stiffener and different cut out with 12 and 18 mm diameter length
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