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Abstract: Based on the developed ratio of nano silica adhesive, 21 adhesive tensile specimens and 20 carbon
fiber reinforced composite (CFRP) laminate/steel plate double lap specimens cured at room temperature
were fabricated, and the tests of tensile mechanical indexes of adhesive and bearing capacity . interfacial
shear stress distribution, effective bonding length, bond-slip constitutive of the lap joint specimens were
carried out. The influence of the type and amount of curing agents on the bond behavior of CFRP lami-
nate/steel plate lap specimens were obtained. The results show that the tensile strength of nano-SiQO, ep-

oxy adhesives with different type and amount of curing agents cured at room temperature were GY34 (ad-
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hesive based on 1 : 2 compouding of condensed amine 105 and amino-terminated polyoxypropylene D230) >
GY35 (adhesive based on amino-terminated polyoxypropylene D230)>GY31 (adhesive based on condensed
amine 105)>GY2 (adhesive based on improved phenalkamine GR07)>GY33 (adhesive based on 1 : 1
compouding of condensed amine 105 and amino-terminated polyoxypropylene D230)>GY1 (adhesive based
on aromatic amine BD11 )>GY32 (adhesive based on 2 : 1 compouding of condensed amine 105 and amino-
terminated polyoxypropylene D230). The shear capacity of the CFRP plate/steel lap specimens were GY34-
S>GY31-S>GY35-S>GY2-S>GY33-S>GY1-S>GY32-S. The failure mode of CFRP/steel lap speci-
mens GY31-S.GY35-S.GY34-S were CFRP laminate delamination, because the bond strength of the inter-
face adhesive layer was greater than the interlaminar shear strength of the CFRP laminate. The effective
bonding length of the CFRP laminate/steel plate lap specimens were 50 — 80 mm. The bond-slip curves of
the CFRP-steel lap specimens glued by epoxy adhesives with four single curing agents were bilinear trian-
gular models. The bond-slip curve of the CFRP plate/steel plate joints glued by GY34 was a trilinear rec-
tangular trapezoid, interface toughness was improved.

Key words: CFRP laminate/steel plate double lap joint; nano-SiO, epoxy resin adhesive; curing agent;

room temperature; average shear strength; bond-slip constitutive
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Table 1 Mixing proportions of adhesives g
Adhesive Type of Curing Epoxy Nano- Thixotropic Defoaming
. . . Accelerator
No. curing agent agent resin SiO, agent agent
GY1 BD11 35.00 120. 00 0. 60 0. 70 3. 00 0. 50
GY2 GRO7 35.00 120. 00 0. 60 0.70 3.00 0. 50
GY31 105 35.00 120. 00 0. 60 0. 70 3. 00 0. 50
GY32 105+D230 23.33+11.67 120. 00 0. 60 0.70 3.00 0. 50
GY33 105+D230 17.50+17.50 120. 00 0. 60 0.70 3. 00 0. 50
GY34 105-+D230 11.67-+23. 33 120. 00 0. 60 0. 70 3. 00 0. 50
GY35 D230 35.50 120. 00 0. 60 0.70 3. 00 0.50
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Table 2 Material parameters of CFRP laminate and steel plate

Material parameter CFRP laminate Steel plate
Thickness/mm 1.4 12.0
Width/mm 50 50
Tensile strength/MPa 2263 514
Elasticity modulus/GPa 161. 2 206.0
Elongation at break/% 1. 65

1.2 KRt &
.21 JREER BL

52 8k 790 B A3 2 42 B ASTM D638-10( Stand-
ard test method for tensile properties of plastics)ifi
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Fig. 1
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Fig. 2 Size and strain gauge arrangement of CFRP laminate/steel plate double lap joint(size: mm)
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Fig. 3 Basic mechanical properties of seven kinds of adhesive tensile specimens
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Table 3 Effect of curing agent on test results of CFRP laminate/steel plate double lap joint specimens

D,/ mm P./kN p/MPa 7/MPa
Specimen Serial ) Failure
No. No. T,/mm Test Average Test Average Test Average Test Average mode
value value value value value value value value
GY1-1 1. 06 1. 10 58. 68 4. 89 11. 74 b/d
GY1-S GY1-2 1. 10 1. 13 1. 16 54. 37 59. 14 4.53 4.93 10. 87 11. 83 b/d
GY1-3 1. 06 1. 26 64. 36 5. 36 12. 87 b/d
GY2-S GY2-1 1.08 1. 39 78.22 80. 53 6.52 11. 17 d
1. 44 6. 71 11.50
GY2-2 1.12 1. 48 82. 83 6. 90 11. 83 b/d
GY31-1 1. 09 1. 96 100. 75 8. 40 12.59 b/d
GY31-S  GY31-2 1.13 1. 90 90. 25 102. 31 7.52 11. 28
2.11 8.53 12. 79
GY31-3 1.12 2.37 109. 73 9.14 13.72
GY31-4 1.11 2.21 108. 51 9. 04 13.56
GY32-1 1.11 0. 87 43.93 3. 66 c
GY32-S  GY32-2 1. 06 0. 89 0. 94 44.58 48. 97 3.72 4.08 c
GY32-3 1. 05 1. 07 58.40 4. 87 c
GY33-1 1.12 1. 33 . 70.95 75.43 5.91 a/b
1.43 6. 29
GY33-S  GY33-2 1.05 1.52 79.90 6. 66 b/d
GY34-1 1. 06 1. 67 95. 99 8. 00 12. 00 d
GY34-S  GY34-2 1.11 2.10 1. 90 118. 35 106. 89 9. 86 8.91 14. 79 13. 36
GY34-3 1.12 1.92 106. 34 8. 86 13. 29
GY35-1 1. 08 1.93 105. 90 8.83 15.13
GY35-S  GY35-2 1. 10 1. 58 1.71 90.13 95. 09 7.51 7.93 12. 88 13.59
GY35-3 1. 07 1.63 89. 25 7.44 12.75

Notes: D,,,,—Limit displacement, it represents variation of distance between Al and Bl point when specimens failed, as shown in Fig. 2;
P,..—Ultimate load; p—Average bond strength; £—Nominal shear stress. Failure mode:a indicates CFRP and adhesive debonding failure; b

indicates steel and adhesive debonding failure; c indicates cohesive failure of adhesive; d indicates CFRP delamination.
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Fig. 4 Typical interface failure mode of CFRP laminate/steel plate double lap joint specimens interface
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Bond-slip constitutive of CFRP laminate/steel plate double lap joint specimens
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Fig. 7 Effect of curing agent on the bond-slip constitutive
behavior of CFRP laminate/steel plate double lap

joint specimens interface
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Table 4 Comparison of parameters of the bond-slip constitutive of
CFRP laminate/steel plate double lap joint specimens interface

Parameter GY1-S GY2-S GY31-S GY34-S GY35-S
7;/MPa 14. 05 20. 22 23.21 22.89  28.42
0, /mm 0. 067 0.092 0. 093 0.080  0.100
dr/mm 0.160 0.092 0. 275 0.156  0.100

K/(MPa » mm™') 209.70
G¢/(MPa * mm) 1.124 0. 930 3.190 2. 660 1. 421

219.78  250.65 286.13 284.20

Notes:G—Interfacial {racture energy.
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GY2>GY33>GY1>GY32. & #3140l 5y &
7% 1 B BC AR R GY34-S™> GY31-S™> GY35-
S>GY2-S>GY33-S>GY1-S>GY32-S.
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