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Fatigue Behavior of Bonding Interface between CFRP Laminates and Steel
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Abstract: The fatigue experiments of carbon fiber reinforced polymer (CFRP) laminates-steel double lap joint
specimens were carried out. Considering the effects of load levels, the fatigue behaviors of the interface were analyzed.
Meantime, the applicability of the mean stress-number of cycle(S-N) curve and designed S-N curve based on mean
or local bond stress range were compared. The results show that the main failure modes of specimens under fatigue
load are steel-adhesive interface debonding or the mixed mode of steel-adhesive and CFRP laminate-adhesive interface
debonding. The slope variation trend of load-displacement curves at different load levels is roughly the same. The
interface damage starts from the load end with larger interfacial bond stress and gradually extends to the free end.
After expanding to a certain extent, the interface suddenly fails. Using a power function formula to predict fatigue
life of specimen, the fitting superiority of S-N curve based on mean bond stress range is more significant, and the
fatigue limit is 1.88 MPa. Finally, the designed S-N curve with 95% probability is given.
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Fig.1 Dimensions and test points of adhesive tensile
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Fig. 2 Stress-strain curves of araldite 420 and Q345qc
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Table 1 Properties of CFRP, adhesive and steel

Material parameter CFRP laminate Araldite 420 Q345qc

Young's modulus/GPa 161.2 2.4 206. 2
Yield strength/MPa 461. 1
Tensile strength/MPa 2263.0 30.5 565.0
Elongation at break/ % 1.7 4.1 31.5
Poisson's ratio 0.3 0.3
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Fig.3 Schematic view of CFRP laminate-steel double lap joint(size: mm)
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Table 2 Fatigue test results of specimens

Group Specimen Fatigue loading range/kN  Load level N/times P, /kN  Front failure mode Reverse failure mode
DC-1 131.09 d d
A DC-2 Static loading 122.35 d d
DC-3 124.17 d d
B DF-0. 15-1 1. 888-18. 880 0.15 10 100 000 a d+a
DF-0. 18-1 0.18 6 208 900 d+a a
C 2.266—-22.660
DF-0.18-2 0.18 2145831 a+b atc
DF-0. 2-1 0.20 1124 325 b+ a a
DF-0.2-2 0.20 5100 000 d—+a a
D 2.517-25.170
DF-0. 2-3 0.20 4128 004 a a
DF-0. 2-4 0.20 2 377 402 a a
DF-0. 3-1 0. 30 153 909 b+ a a
DF-0.3-2 0. 30 464 912 a+d a
E 3.775-37.750
DF-0.3-3 0.30 90 517 b+ a a
DF-0. 34 0.30 421 359 a a
DF-0.4-1 0.40 97 901 a+d b+a
F 5.035-50. 350
DF-0.4-2 0.40 65698 a a
DF-0.5-1 0.50 12 438 b+ a a
G 6.294-62. 940
DF-0.5-2 0.50 19115 b+ a a
H DF-0.6-1 7.552-75.520 0.60 6231 d a

Note: (a) Each specimen only lists the main failure mode, and the dominant failure mode is before “+". (b) The definition of the front and

reverse sides of the specimen is for convenience of expression only. (¢) The strain gauge G1—G6 side of the specimen is defined as the front side,

and the strain gauge G7—G12 side of the specimen is defined as the reverse side.
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Fig.5 Typical interface failure modes of fatigue specimens
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