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Review on buckling and post-buckling of stiffened composite panels

HU Yuanyuan', ZHANG Guijia' , CHEN Puhui', TONG Mingbo™" , WANG Fangli®
(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. College of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract: Composite stiffened panels are widely used in aircraft load-bearing components in the aerospace field
due to their excellent lightweight, high strength and high stiffness properties. With the continuous improvement of
material performance requirements, it is particularly important to have a deep understanding of the buckling and
post-buckling behavior of such structures. This article reviews the research progress on buckling and post-buckling
properties of composite stiffened panels, and systematically summarizes theoretical approach, finite element
simulation technology and experimental research methods. Studies have shown that the geometric parameters
(such as height and spacing of stiffeners) and lay-up sequence of stiffened panels significantly affect the buckling
performance. At the same time, considering material nonlinearity and geometric nonlinearity is crucial to accurately
predict post-buckling behavior. In addition, this article explores the key technical difficulties in predicting buckling
and post-buckling failure modes and loads of composite stiffened panels. By analyzing the limitations of existing
researches, this article points out possible future research directions, providing a theoretical basis and practical
guidance for buckling and post-buckling research on composite stiffened panels and their engineering applications.
Keywords: composite materials; stiffened panels; buckling and post-buckling; theoretical approach; finite ele-

ment; experiment
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| Engineering calculation method |

v

Calculate the equivalent stiffness and effective
slenderness ratio (L'/p) of stiffened plates based on
classical laminate theory and equivalent stiffness method

v

l

Short column area

Medium column

Long column area

)

(L'/p=20) area
! [ |
Damage Local buckling
of skin

!

Local buckling analysis
for rectangular laminates

4

Load-bearing capacity
determined by post-
buckling analysis

‘|’ Global
Local buckling buckling
of stiffener JI
l/ Load-bearing capacity
equals the global

Treat the flange or web of the
stiffener as long panel and
calculate the buckling load

buckling

1 TR R

Fig.1 Flowchart of engineering calculation method"!
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(b) 2W, Effective panel skin
Stringer upper flange
Lo 4 Stringer web
. Neutral axis
Lup flang
4 u ;  Stringer bottom flange
R (Average skin ! e
radius)
Thottom flange Dyop b,

W—Width of the shell; R—Radius of the shell; W,—Effective width;
b—Width of the stringer base; t,;,— Skin thickness; t,,—Web thickness;
Lup_nange—UDP flange thickness; fyotom_nange—Bottom flange thickness;
b,—Primary load-bearing region of the flange; by,,—Additional load-
bearing region of the flange; A—Length of the stringer; a,—Vertical
distance from the neutral axis to the bottom flange

2 HHGEEAEE: (a) X5 MBS (b) SRk ™
Fig. 2 Effective width approach: (a) Test curved panel cross section;

(b) Equivalent cross section'

21]
W

WA=l

w,—Distance between adjacent lower flanges of two stringers;
w,—Average distance between adjacent cap waists and adjacent lower
flanges; w;—Distance between adjacent cap waists of two stringers

3 IRRINATAR 3 FhSE AR e R

Fig.3 Three skin effective widths for omega-stiffened panel®
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Fig.4 Types of stiffeners for stiffened panels
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|Establishing the FEM of stiffened panel|

44 Nonlinear post-buckling analysis ](—

|Solving balanced equations |

N0| Convergence judgment |

Calculating the stress at the integration point]

No - .
Failure judgment

Yes

No
| Overall failure of the stiffened panel }7

Yes
End

An incremental step

New load increment;

FEM —Finite element model
&l 5 J s s i i R

Fig.5 Flowchart of post-buckling progressive damage analysis
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%1 Camanho F1 Matthews HJ#f 4 g i A By 0]

Table1 Material property reduction model of

Camanho and Matthews"”

Failure mode Degradation coefficient

Fiber tensile failure E‘li1 =0.07E1;
Fiber compression failure E‘li1 =0.14E;
ES, =02Exn

Matrix tensile/shear failure
GY,=02G12, G3; =0.2Gy3

E§, =04Exn

Matrix compression/shear failure
GY,=04G2, G, =0.4Gy3

Notes: E11 and E», are the elastic moduli in the fiber and matrix
directions; Gi» and Gy3 are the shear moduli; d stands for
degradation.

% 2 Chang 70 Lessard 4t #H4 eI R R Y
Table 2 Material property reduction model of
Chang and Lessard™"

Failure mode Degradation coefficient

Fiber fail 4=0,E4,=0,G4, =
iber failure E{, =0,E5,=0,G{,=0

Matrix failure Egz =0, Vgl -0

Fiber-matrix shear failure G‘lj2 =0, v‘liz =0, vgl =0

Notes: E?l and Egz are the elastic moduli in the fiber and matrix
directions after degradation; G‘;‘2 is the shear moduli after
degradation; v‘lj2 and v‘;l are poisson’s ratios after degradation.
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Fig. 6 Bilinear constitutive model™
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F—Force; T,—Shear load; T,—Compression load
K12 FEERA R BR B

Fig. 12 Schematic diagram of compression-shear test fixture
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Fig. 14 Buckling modes measured by digital image correlation (DIC):

(a) Before buckling; (b) Local buckling; (c) Local buckling; (d) Buckling

mode transition!™
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