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otests have been performed on adhesively bonded si ap joints of carbon fiber

Abstract: The experimea; s
reinforced polymer(CFRP)\¢pmposite laminates with different lap lengths and sta sequences. The relevant me-

chanical responses and damage behaviors were observed during the test proce

built, in which the intralaminar damage was captured using the continu

Finite element (FE) models were

from 3D Hashin damage criteria, and the delamination of CFRP ﬁ aminates as well as the failure of adhe-
d

sive were simulated by cohesive zone model (CZM). The nu rl%

iction is in a good agreement with the exper-

imental results, which validates the numerical modeling stragegy.YThe effect of lap length and stacking sequence on

the bonding strength and damage behaviors was investig XSr adhesively bonded joints with single-lap and double-
lap configurations. The optimization con[iguratioi Beined using the numerical simulation for adhesively bond-

ed joint of CFRP composite laminates. The results ‘show that the ultimate failure load rises with the increase of the

lap length for both single-lap and double-lap configurations, and it finally tends to be a stable value. The failure
modes of the joints gradually transform from the shear failure within adhesive film to the delamination within lami-
nates adjacent to the ahesive film. The bonding strength and failure modes also change as the stacking sequence va-

ries, and the optimal stacking sequence is obtained as [05/90; ], by comparing and analysing three stacking se-
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quences. When the lap length varies in the range of 5—20 mm, the optimum is obtained as 17 mm for single-lap config-
uration, and that value is 19. 3 mm in the double-lap case. Compared with joint with the lap length of 20 mm, the bonding

strengths of adhesively bonding single-lap and double-lap joints are increased by 13. 26 % and 0. 43% , respectively.
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Table 1 Mec oproperties of LJM-170 adhesive film
Property > Value
E/MPa gf//n 3400
G/ @ 3400
31.5
Pa 36.5
GS /(\I mm~ ') 0.9
, GY/(Nemm 1) 1.0 p@

Notes: E, G—Elastic moduli in tension and s \\JQ r—Failure

strengths in tension and shear; GY—Toug n tension; G¢,
GY—Toughness in shear.

Rz 2 T300/7901 Bk &F 4 1goe

B C}. ZES
Table 2 Mechanic, ties of T300/7901 carbon fiber
relnforc%({/pgl n (CFRP) composite laminate

Property (\r‘ﬂ\%’))z/qlue Property Value
E11/MPa W 125000 || Ko/(N+mm~?) 100000
F?o E Q‘I 11300 K./(Nemm *) 100000
3 MPa 5430 o/MPa 28.5
o Pa 3980 7/MPa 35.5
12, Vi3 0. 30 (}E/(N'mmfl) 0. 34
Vs 0.42 GS, GE/(Nemm™ 1) 0.38
X'/MPA 2000
X./MPa 1100
Y./MPa 80
Y./MPa 280
S/MPa 120

Notes: E; (i=1, 2, 3)~—Young’s modulus in the i direction; G
(i=1, 2, 3)—Shear modulus in the i-j plane; v; (i=1, 2, 3)—
Poisson’s ratio in the i-j plane; X, X. and Y., Y.—Tensile and
compressive strengths in the 1 and 2 directions; S—Shear strength;
K., K,—Stiffness components in tension and shear; o, ¢ —Failure

strengths in tension and shear.
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Table 3 Specimens for adhesively bonded single-lap joints of T300/7901 CFRP composite laminates

Experiment Label Lap length/mm Specimen numbers Stacking sequence
A-SLJ-5 5 4 [45/0/—45/9015s

. A-SLJ-10 10 4 [45/0/—45/90]3s
A-SLJ-15 15 4 [45/0/—45/90]ss
A-SLJ-20 20 4 [45/0/—45/9013s
A-SLJ-10 10 4 [45/0/—45/90]3s

2 B-SLJ-10 10 4 [90/45/—45/0]3s
C-SLJ-10 10 4 [05/905 Jos

Notes: A, B and C—Stacking sequences; SL.J— Single-lap joint.
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of CFRP composite laminates with different lap lengths
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of CFRP composite laminates with different stacking sequences
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Table 4 « and B values of adhesively bonded joints of CFRP composite laminates with different lap lengths

Lap type Lap length/mm a B o1/ MPa 7./ MPa
5 0 1. 0000 52.00 37. 44
10 0.0215 785 87.33 31. 44
SLI 15 0.2315 @85 102. 56 24.61
20 0. 2350 @ 7650 104. 11 18. 74
5 0.2619 \) 0.7381 91. 56 32.96
10 0. 4877 é> 0.5123 174. 00 31.32
LI 15 0. 0. 3104 227.78 27.33
20 0. 2540 247.78 22.29
Notes: SLJ—Single-lap joint; DLJ—Double-lap j oL Failure degree of delamination within laminates adjacent to adhesive f{ilm; p—Shear
failure degree of adhesive film; o) — Strengt on; 71— Lap shear strength.
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