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Abstract: Based on the classical laminated plate theory and the cohesive zone model, a theoretical model for general
delamination cracked laminates was established for crack propagation of pure mode II ENF specimens. Compared with the
conventional beam theory, the proposed model fully considered the softening process of the cohesive zone and introduced
the nonlinear behavior of ENF specimens before failure. The predicted failure load is smaller than that under the beam
theory and closer to the experimental data in literatures. Compared with the beam theory with only fracture toughness

considered, the proposed model can simultaneously analyze the influences of the interface strength, the fracture toughness
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and the initial interface stiffness on the load-displacement curves in ENF tests. The results show that, the interface strength
mainly affects the mechanical behavior of specimens before failure, but has no influence on crack propagation. The fracture
toughness is the main parameter affecting crack propagation, and the initial interface stiffness only affects the linear elastic
loading stage. The cohesive zone length increases with the fracture toughness and decreases with the interface strength. The
effect of the interface strength on the cohesive zone length is more obvious than that of the fracture toughness. When the

adhesive zone tip reaches the half length of the specimen, the adhesive zone length will decrease to a certain extent.
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Fig. 1 Microelement stress analysis of the cohesive zone of the laminates
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Fig.2 The bilinear constitutive model for the cohesive zone



518 MO % % M h 2022 4F A5 43 %

1, T 22 SR, ARSCESE T8 — B2 R L E A EUZ S AR RIS AR, A0 4% =438
g3 2 (D) AL IR A, 3 (2) 45 AP 5C R DR 3R XA SR ME AL 4545 LR G i B Jin 4
BRI A AR R SR A, rTHRAz LAE e T3 R A TR A

2 ENF i 2ad ot

BOMZYH, QA 3 Ji7s, ENF R 9 3 52 1] SC20 R, A AP (e R At = B T PR3 i ) T e g iz 7
Hh, BUET ENF 80 i i) 70 22RO 2 i A R 2 1) R Y e (181 3 AR B2k ). e, S ksl T B2y
J, e A N ARAIE ENF 3089 1R R R 2 P BLJCEE i ARXHE RS, BRI (3) Hhd, = 0. 99 I EOR,
ENF 07 B8 )2 500D 56 T o 1o (W80 ) X AR, (A5 LR AR A4 (A0 25l 0 E AR ). PRIk, 455X (1) ~
(3), ENF 8 F 280y J s il 77 A ml 1oy 1k

— ———= = A y—— —2Bj;— = 2br,

dx dx T T i (4)
d2M|+d2M2_B d3Au D dtw T

dxz | d2 ' ae e Ty

T, Ave, Biis, Diis B Z AR RIS | R RIS K25 i )

3 ENF il L RF B mdis ol
Fig. 3 The ENF specimen geometry and loading conditions
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Fig. 4 The loading softening stage of the ENF specimen
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Table | Mechanical properties of the ENF specimen!"®!

mechanical properties of the HTA6376/C composite single layer plate
E1=120 GPa Ex» =Ex=105GPa G =G13=5.25GPa G23=3.48 GPa vi2 =v1370.3 v23=0.51

fracture properties of the interfacial cohesive zone

G1=0.26 N/mm G11=1.002 N/mm =30 MPa 7,=60 MPa Kinitial—1 x 10 GPa/mm  KiNitdl=] x 10’ GPa/mm

%2 ENF L

Table2 Geometric dimensions of the ENF specimen®

specimen effective length 2L / mm specimen width 5 / mm specimen thickness 2k / mm initial crack length ap / mm
100 20 3.1 35
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Fig. 5 Comparison of the proposed model with the experimental results'* and the beam theory prediction
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Fig. 6 Influences of the interfacial strength on load-displacement curves of Fig. 7 Influences of the fracture toughness on load-displacement curves of

the ENF specimen the ENF specimen
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Fig. 8 Influences of the initial stiffness of the mode I interfaces: (a) load-displacement curves; (b) T-S constitutive relationships of the mode Il crack
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Fig. 9 Variation tendencies of the cohesive zone length of the mode Il crack with the crack growth
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Fig. 10 Influences of interface parameters on the cohesive zone length of the mode Il crack
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