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Abstract: Mixed-mode energy-based delamination growth criteria of laminated composites are summa-
rized after an extensive literature survey. Ten criteria of them are analyzed comprehensively based on
Reeder's research using 22 groups of test data from 11 kinds of materials. Evaluation results show that,
B-K criterion with three parameters and Power-Law criterion with four parameters are relatively better
considering the complexity of the expression and the prediction accuracy. This study contributes for the
choice of the proper criteria in the analysis of delamination growth behaviors in future.
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Tab.1 Mixed-mode delamination growth criteria expressed with energy release rate
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Tab.2 Materials used for evaluation of delamination growth criteria

ok SCHk B b I S 28 oy T2 8
Unidirectional tape
. Extracted,
D p [16] . N
C12K/R6376 Ref 7 Onset Insert SLB test Combinated
T800H /3900-2 Ref(1”] 6 Onset Insert Extracted ,
Two batches materials
IM7/977-2 Reft! 6 NL Insert Extracted
AS4/3501-6 Reft" 6 NL Insert Extracted
Reeder
T300/HS-160-REM  Ref"*’ 6 Max Insert Extracted, =
Only mean applied
T800/924, dry Ref?] 6 5 mm precrack Extracted, Mean only
40 mm crack ¢ from insert Less fiber bridging
T800/924, dry Ref?! 6 5 mm precrack Extracted, Mean only
60 mm crack ¢ from insert Less fiber bridging
T800/924, wet Ref?! 6 5 mm precrack Extracted, Mean only
60 mm crack ¢ after insert Less fiber bridging
E-glass/DGEBA [10] Tabulated,
16 plies(AE) Ref 6 AE Insert Mean and CV
E-glass/DGEBA [10] Tabulated,
’ NL Ins
16 plies(NL) Ref 6 nsert Mean and CV
E-glass/DGEBA [10] “o i Tabulated,
16 plies (5%) Ref 6 5% offset Insert Mean and CV
E-glass/DGEBA [10] Tabulated,
24 plies(AE) Ref 6 AE Insert Mean and CV
E-glass/DGEBA Tabulated,
fL1od NL Ins
24 plies(NL) Re 6 nsert Mean and CV
E-glass/DGEBA [16] o Tabulated,
24 plies (5%) Ref 6 5% offset Insert Mean and CV
Tabulated,
M7/5 [20] I M S
IM7/5260 Ref 5 ax Insert Mean and CV
AS4/3501-6 _ Tabulated,
fL2n 5 Ons Ins
Mathews, et al Re nset nsert SLB test Combinated
A EE
$4/PEEK Reft!! 5 NL Insert Extracted
Reeder
AS4/PEEK . B Tabulated,
Camanho, et al Ref 7 Insert Mean only
Woven Fabric
N Tabulated,
s M (23] S S , M
T300/934, AT Ref 6 Onset Insert arked Mean and SD
Reft?! 6 Onset Insert, Marked Tabulated,
T300/934, CM Mean and SD
Reft?! 6 Onset Insert, Marked Tabulated,
T300/934, CMV Mean and SD
, M S b
IM7/8552 Ref(2] 5 Onset Insert can and SD for DCB

and 4ENF only
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Tab.3 Goodness of fit of mixed-mode criteria

Goodness of fit (R*) Linear K: Power-Law Exp-Hac. Exp-K;/Ky Interaction Linear-Int. Bilinear B-K  LIBC

Unidirectional tape
C12K/R6376 0.970 0.949 0.999 0.976 0. 819 0. 985 0.997 0.999 0.991 0.990
T800H/3900-2 0.541 0.068 0.994 1. 000 0.752 0. 940 0.993 0.995 0.997 0.976
IM7/977-2 0.743 0.556 0.993 0.995 0.999 0. 944 0.999 1.000 0.998 0.991
AS4/3501-6, Reeder. 0.873 0.744  0.994 0.973 0.976 0.915 0.997  0.998 0.962 0.982
T300/HS-160-REM 0.944 0.799  0.999 0.991 0.997 0.996 0.999  0.999 0.999 0.958
T800/924, dry, 40 mm 0.332 0.573 0. 997 0.766 0. 354 0.916 1. 000 0.952 0.797 0.918
T800/924, dry, 60 mm 0.532 0.773 0.998 0.962 0. 446 0.997 0.999 0.996 0.974 0.978
T800/924, wet, 60 mm 0.892 0.981 0.995 0.992 0. 804 0.987 0.994 0.989 0.970 0.976
E-glass/DGEBA, 16, AE 0.678 0.464  0.985 0.998 0.996 0.911 0.985  0.998 0.999 0.959
E-glass/DGEBA, 16, NL 0.695 0.462  0.981 0.996 0.978 0.937 0.972  0.993 0.989 0.955
E-glass/DGEBA, 16, 5% 0.509 0.268 0. 964 0.949 0.903 0.909 0.935 0.973 0.933 0.869
E-glass/DGEBA, 24, AE 0.677 0.476 0.981 0.997 0. 988 0.921 0.968 0.997 0.992 0.976
E-glass/DGEBA, 24, NL 0.802 0.621 0.998 0. 989 0.991 0.964 0.999 0.998 0.998 0.946
E-glass/DGEBA, 24, 5% 0.980 0.912  1.000 0.997 0. 865 0.996 0.999 1.000 0.984 0.992
IM7/5260 0.930 0.885  0.999 0.988 0.922 0.998 0.999  0.999 0.997 0.968
AS4/3501-6, Mathews 0.963 0.985 1. 000 0.995 0. 866 0.999 1. 000 1.000 0.979 0.995
AS4/PEEK, Reeder 0.568 0.131 0. 945 0. 879 0. 648 0. 891 0.908 0.843 0.851 0.731
AS4/PEEK, Camanho 0.925 0.977 0.990 0. 985 0.963 0. 980 0. 989 0.984 0.957 0.978

Woven Fabric

T300/934, ATM 0.873 0.675  0.993 0. 950 0.931 0.970 0.987  0.970 0.944 0.873
T300/934, CM 0.978 0.887 0.995 0.979 0.995 0.984 0. 989 0.989 0.993 0.981
T300/934, CMV 0.907 0.789 0.979 0. 940 0.956 0.934 0.951 0.981 0.946 0.942
IM7/8552 0.991 0.987 1. 000 0.991 0. 852 0.995 0.999 0.998 0.998 0.996
Average 0.786 0.680 0.990 0.968 0. 864 0.958 0. 985 0.984 0.966 0.951
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