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Abstract: To understand the deterioration mechanism of CFRP/steel interface properties under extreme hot and humid

environment, 12 of CFRP/steel double lap specimens using Sika-30 adhesive were prepared. These specimens were

immersed in simulated seawater at 70 °C for different time for tensile shear test. The results show that the failure mode

of these specimens were less affected by the soaking time. The average shear strength of the CFRP/steel interfaces

increased first and then decreased with the soaking time. After soaking for 90 days, the average shear strength of the

CFRP/steel interfaces decreased by 35.6 % compared with that of unsoaked specimen.
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Table 1 Size and main mechanical indexes of steel
plate, CFRP plate and Sika-30

. . Tensile . .
.. Thickness/ Width/ Elasticity/ Elongation
Material strength/ .
mm mm GPa at break /%
MPa
Steel 12,0 50 514.0  206.00 -
CFRP 1.4 50 2263.0 161. 20 1.65
Sika—30 - 50 25.3 12.13 0.22
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Fig. 1 Size of CFRP/steel double lap specimen and layout of strain gauges(size: mm)
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Table 2 Sample parameters and test results of water bath test
Ultimate bearing capacity /kN Limit displacement/mm Bond strength/MPa Failure
Specimen

P, Average . Average T Average mode
25 "CSika30-1 126.94 .51 6.35 a/b
25 "CSika30-2 106. 32 111.76 .42 7.32 5.31 5.59 a
25 “CSika30-3 102.03 03 5.10 a/b
70 °C-30d-1 113.82 35 5.69 a/b
70 °C-30d-2 105. 21 129.78 .20 9.52 5.26 6.49 a/b

70 °C-30d-3 170. 33 12.00 8.51 a/b/c
70 °C-60 d-1 72.44 15 3.62 a/b
70 ‘C-60d-2 95.08 78.88 70 7.21 4.75 3.94 a
70 °C-60d-3 69.13 79 3.46 a/b
70 °C-90 d-1 86. 11 50 4.31 a/b
70 °C-90d-2 54.27 71.84 00 6.96 2.71 3.60 a/b
70 °C-90d-3 75.16 .37 3.76 a/b

Note: P,,—indicates ultimate tensile capacity ; D, —indicates limit displacement; t—indicates bond strength; a—indicates the CFRP layer

more mixed failure modes.
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Fig. 2 Failure modes of CFRP/steel interface

TER BRAL 7 T, 4 2R 1~ B0 BR A2 A% 43 5l
R 748K Od ) 9.52(K ¥ 30d4l) . 7.21 KK
60 d41).6.96 mmKI 90 d4). 5K OdAM L,
KW 30 d ALk PRI R B 1 i T 27 %, X vl B S

aaaaaaaaa

B N 30T LLE H K 0 d 4 3 AN 1 1 o7 28— 7
RO 4% o B E AL o AR G 1 — BobE s B & K T i
6] A 184 L 7K 98 30,6090 d 25 v i3 12 i 28— 7 it
2R 2 0] )i 25 7 W 1 R L X R AR SRR IR AR T
i T 24 Al i A% T 286 45 ) B A 1) 4 B 8 S0k i K v
i) S < 177 344 o

XoF 5 23 1 SF- 4 i B A 2k 2R AT G0t L 45 AR 4
A 111.22( K 0 d4l) (129.78 (/K ¥ 30 d 4l ) .
78.88( /K 60 d 4H ) .71.84 KN (/K ¥ 90 d 2H ). AH &%
Tk 0 d 4, KH 30 d 23 1 il 1 BR A 2k 42 T+ T
17% ,3X A Be 2t T 30 25 700 19 5 [ A0/ R 1 o T 2
g AR, B A K U B )R — 2P SR, K
60,90 d 2H 3 14 B 1 BR fir 2% 43 00 R BT 29%6
3690, fik 7 H K I e i R A 7 T R T

(c)60d dood

B4l a B A S Bory PERE S T G AR, KA 60
90 d ALK 1F B FRA B 20 50 R R T 400 RN 706, KW
A [H] {8 7K 3 A BEX A (9 A2 JE BE Tt 7= A T AN R

LA



760 FESE R A S I

527 %

180
— Sika-30-1
160 | Sika-30-2
Sika-30-3
140 F 70 °C30d-1
120 L 70 °C-30 d-2
—— 70 °C-30 d-3
£ 100 F-—— 70 °C-60 d-1
R - 70°C-60 d-2 4
& 80 s 70°C-60 d-3 47
60
40 ——70°C-90 d-1
20l --=-70°C-90 d-2
-------- 70 °C-90 d-3
0 2 4 6 8 10 12

Displacement/mm

3 e 2 o CFRP /8 XU e 4 far 4807 7% i 2k
Fig. 3 Load-displacement curves for CFRP/steel
double lap specimens during loading
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Fig. 4 Shear stress distribution of CFRP/steel bonding interfaces during loading
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Fig.5 Bond-slip constitutive curves for interfaces between CFRP and steel
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Table 3 Comparison of the bond slip constitutive
parameters of CFRP/ steel interface

o/ o/  K/MPa- G/(MPa+ G{/(MPa-
Parameter .

MPa  mm mm ) mm) mm)
25°CSika30  12.9 0.215 64. 100 1.935 1.387
70°C-30d  35.0 0.275 136.392 5.980 4.810
70°C-60d 17.0 0.120 146.665 2.210 1.020
70°C-90d  11.5 0.180 65. 000 0. 984 1.035

wh, H o A H A R 4L Y 2.05~3.04 F5, GH N
2.36~5.31%,GI{E }y 3.46~4.724% .
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Table 4 Theoretical calculation results of ultimate bearing capacity of CFRP/ steel interface

Specimen group Test/kN Xia model/kN Xia model/Test Xia model-A/kN Xia model-A/Test
25 ‘CSika30 111.76 89.68 0.80 90.21 0.81
70°C-30d 129.78 146. 58 1.13 148. 04 1.15
70°C-60d 78.88 67.86 0.86 77.36 0.98
70°C-90d 71.84 68. 34 0.95 77.92 1.08
W AP i Xia B850 A Xia-A #8350 1 b
3 &k

4 2L R TR BT, O L 9 5 0 KR 0
9% 16 T 45 5% 1 40 PR 0, T3 0E GO 0.5, & ]
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