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Analysis of strain energy release rate based on virtual crack dosure techni que

LU Guofu " LIU Yong: ZHANG Chenglin
(' National Key Laboratory of Rotorcraft Aeromechanics »

Nanjing University of Aeronautics and Astronautics » Nanjing 210016, China)

Abstract . A three ~di mensional ( 3D) finite element (FE) model for calculating the strain energy release rate
(SERR) at the crack tip of composite lamnates was built up based on the virtual crack closure technique ( VCCT) -
The model involved effects on SERR computation by large rotation of the crack tip and variety of discrete ele ment
shapes - The method of SERR calculation at the crack tip was modified - When crack lengths were 15 mm and
35 mm,the SERRs of pure mode I and mode Il were computed with this model - The SERRs of pure mode [ are
207] /m*and 253] /m”. and the SERRs of pure mode Ilare 758] /m”and 1040J /m*. The predicted values agree
with experi mental data - At the same ti me > the mxed “mode SERRs of varied ratios R =( GH/GT+GH> with large
cracks were also computed - The error range bet ween predicted SERRs and experi mental date is 0. 4%to 11.4%.

This model can exactly calculate SERRs at the crack tip -

Keywords : virtual crack closure technique ;strain energy release rate ; composite lamnates ;finite ele ment analysis
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Fig-1 Three modes of delamination
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Fig -6 Sketch of crack tip with different length ele ments
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Fig-8 Geometry parameters of spec men and load states
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Fig-9 3Dfinite element model of composite laminates
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Table 1 FExperi nental values and calculated values of SERR

DCB ENF MMB (=35 mm)
Test type
¢=15mm  ¢=3%mm «=15mm «¢=3%mm R=0.25  R=0.50  R=0.75
Gy  258+12 26010 — - 228421 222412 1668
Experi ment al
e men Gy — - 742453 1002463 7747 225411 506423
values /(J »m %)
Gy - — - — — -
G, 207 253 1.7 214 229 185
Calculated
. Gy 0 0 1040 73.6 226 511
values /(J m %
Gy 0 0 0 0 0 0

Note : The ratio R was decided by ¢ (see Fig -§c)) in the analysis based on beamtheory -
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