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Predicting the Compressive Strength of Thin-walled Composite Structure

Sung Joon Kim*, Donggeon Lee*

ABSTRACT

The initial buckling of thin walled structures does not result in immediate failure. This post
buckling capability is used to achieve light weight design, and final failure of thin walled
structure is called crippling. To predict the failure load, empirical methods are often used for
thin walled structures in design stage. But empirical method accuracy depend on geometry. In

this study, experimental, empirical and numerical study of the crippling behavior of I-section
beam made of carbon-epoxy are performed. The progressive failure analysis model to simulate
the crippling failure is evaluated using the test results. In this study, commercial software
LS-DYNA is utilized to compute the collapse load of composite specimen. Six kinds of specimens

were tested in axial compression where correlation between analytical and experimental results
has performed. From the results, we have partially conclude that the flange width-to-thickness
ratio is found to influence the accuracy of empirical and numerical method.
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Fig 1. Form of local buckling of various section
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Table 1. T700G/2510 laminate properties

50/40/10 25/50/25 10/80/10

Layup

Pi ; i i
roperty B-basis| Mean |B-basis| Mean |B-basis| Mean

F,,, [MPa| 5426 | 7102 | 4192 | 5488 | 2765 | 362.0

cu

E |GPa - 66.95 - 44.33 - 29.23

€ o 8104.6 9456.4 9459.5
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Fig 4. Normalized crippling data for the one
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Table 3. Material properties of CFRP lamina

Properties Values
E  (GPa) 146.1
E, (GPa) 7.7
Gy, (GPa) 3.6
Vi 0.355

Oy (MPa) 2551.8
o (MPa) 945.2
% (MPa) 36.7
%% (MPa) 156.1
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Fig 6. Specimen configuration and

size
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Table 4. Layup pattern and dimension 200,000
Specimen Layup ttmm) | b(mm) | L(mm) 150,000
Al [45/-45/0/90]s 1.472 30.0 100.0 Z
8 100,000
A2 [45/-45/0/90)s | 1.472 30.0] 2000 o
A3 [45/-45/0/90]2s 1.472 30.0 300.0 50,000
B1 [45/-45/0/9014s 2.944 30.0 100.0 J\
0
B2 [45/-45/0/9014s 2.944 30.0 200.0 00 10 2.0 3.0 4.0 5.0 6.0
Displacement (mm)
B3 [45/-45/0/90] 2.944 30.0 300.0 . .
° Fig 9. Force—displacement curve for
A3 specimen
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Fig 10. Force—-displacement curve for
B1 specimen
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Fig 11. Force—-displacement curve for
B2 specimen
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Fig 12. Force-displacement curve for
B3 specimen
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Fig 13. Crippling strength v.s. L/t for
A1~ A3 specimens
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Fig 14. Crippling strength v.s. L/t for
B1~B3 specimens
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Fig 15. Comparison of crippling strength
between test and empirical equation for
A1~A3 specimens
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Fig 16. Comparison of crippling strength
between test and empirical equation for
B1~B3 specims
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Table 5. Summary of test and numerical analysis TPttt AP S o83 AYEE A= 9
results =0 A WHo] folatxul vl LEE |
N Aol AR tha Wojhe & & Atk
SR | Test g | M| TR enaa e wye agal W gaw
dZo] 7heshut A4kAIZRe] ol AgHT F
Al 20.4 72,482 66,686 1.09 ZE9 z7] AO)AL S PsE AL = AY
A2 204 | 68721 61,068 1.13 29 olgsle 7hoEAl S-S SalEln A
A3 204 | 65534 57,688 1.14 & gAste dAdAE FAEHAHd HHEE
BI | 102 198545 | 212750 093 Zgste Aol AR wygolgty AdHEn. &
B2 | 102 184449 | 183007 1.01 drel Ads A w2 5 SEA A
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(a) Failure mode of test

(b) Failure mode of numerical model

Fig 17. Comparison of failure mode between
test and numerical model
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