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Abstract: Bonding interface is the weak link of carbon fiber reinforced polymer (CFRP) reinforced steel structure,
which is significantly affected by adhesive and temperature. In order to investigate the effect of temperature on the
interfacial properties of CFRP-steel bonded by a self-developed high-performance adhesive, 28 CFRP-steel double
lap specimens were prepared. The tensile shear tests of self-developed high-performance adhesive G3 and typical
commercial adhesive Sika30 were carried out at 7 ambient temperatures (-20°C, -5°C, 10°C, 25°C, 40°C, 55°C and
70°C). The failure mode, ultimate bearing capacity, load-displacement curve, interface shear stress and bond-slip
curve of the specimens were analyzed. The results show that the strength of the adhesive decreases and the tough-
ness increases with the increase of temperature. When the temperature is close to or exceeds the glass transition
temperature of the adhesive, the colloidal performance decreases sharply, and the failure mode of the lap joint
specimen changes from CFRP layer separation failure to steel-adhesive interface failure, and the interface perform-
ance decreases significantly. The low temperature performance of G3 specimen is comparable to that of Sika30

specimen, but the high temperature performance of G3 adhesive specimen is significantly better than that of Sika30
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adhesive specimen. The interface performance of the specimen at low temperature is significantly lower than that at

25°C. The adverse effects of brittleness of the reinforcement system at low temperature should be considered in the

steel structure strengthened with adhesive CFRP.

Keywords: bridge reinforcement; interface performance; high performance adhesive; ambient temperature;

bond-slip relationship
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Table1 Material parameters

. . . Glass
Tensile Elasticity ~ Elongation .
. conversion
Material strength/ modulus/ atbreak/
MPa GPa o temperature
T,/ C
G3 64.4 2.7 9.73 95
Sika30 30.3 11.4 1.62 62
CFRP 2657.0 180.0 1.70 —

Q345D 514.0 206.0 — —

Notes: CFRP—Carbon fiber
Sika30—Adhesive type.

reinforced  polymer; G3,
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Fig.2 Geometric dimensions and strain gauge arrangement
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Fig.3 Adhesive test
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Fig.5 Tensile stress-strain curves of adhesives at different

working temperatures
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Fig.6 Shear load-displacement curves of adhesives at different

operating temperatures
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Table 2 Tensile shear test results of CFRP-steel double lap specimens
Measuring Maximum displacement/mm Ultimate load/kN
Specimen . Failure mode
temperature/C Test value Mean value Test value Mean value
-20 8.0/7.3 7.7 68.5/69.3 68.9 d
-5 7.1/7.5 7.3 78.9/78.7 78.8 a+d
10 8.0/7.1 7.6 94.6/95.5 95.1 a
G3 25 7.9/8.0 8.0 97.9/98.4 98.2 a
40 8.2/9.3 8.8 119.1/120.4 119.8 a
55 8.3/10.2 9.3 128.3/128.2 128.3 a
70 9.6/11.5 10.6 144.9/147.4 146.2 a
-20 6.4/5.9 6.1 76.5/72.5 74.5 a
-5 7.8/7.4 7.6 83.6/83.7 83.7 a
10 7.0/7.2 7.1 88.5/85.7 87.1 a
Sika30 25 7.4/7.0 7.2 106.3/102.1 104.2 a
40 11.2/10.9 11.1 160.2/162.9 161.6 a
55 9.7/9.7 9.7 81.6/76.1 78.9 d
70 7.6/7.2 7.4 65.5/62.9 64.2 d

Notes: Failure mode: a— CFRP material damage; d—Failure of steel-adhesive interface.
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Fig. 7 Interface failure mode of the CFRP-steel double lap specimens
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Table 3 Constitutive parameters of CFRP-steel double lap specimens
Specimen T/C  P,/kN Tma/MPa  §;/mm S,/mm S/mm K/(MPa-mm™) Gy/(MPa-mm)
-20 68.5 (P,) 34.7 0.17 — 0.17 204.2 2.9
-5 78.7 (P,) 36.6 0.17 — 0.17 215.1 3.1
10 95.5 (P,) 38.1 0.17 — 0.17 223.9 3.2
G3 25 97.9(P,) 38.1 0.18 — 0.18 211.8 34
40 105.0 (0.88P,) 33.3 0.17 0.22 0.22 200.5 4.5
55 97.9(0.73P,) 32.8 0.17 0.25 0.33 198.4 6.7
70 114.1 (0.79P,) 32.6 0.18 0.27 0.39 184.7 7.8
-20 65.2 (0.9P,) 21.0 0.10 — 0.23 208.5 2.4
-5 60.0 (0.72P,) 24.3 0.08 — 0.21 289.6 2.6
10 68.2 (0.77P,) 31.2 0.10 — 0.17 316.9 2.7
Sika30 25 65.1(0.61P,) 35.4 0.10 — 0.29 343.8 5.1
40 85.7(0.72P,) 23.9 0.24 — 0.48 169.0 5.7
55 43.7 (0.54P,) 9.7 0.16 0.22 0.35 59.0 2.0
70 46.6 (0.74P,) 8.6 0.19 0.22 0.29 46.1 1.4

Notes: T—Test temperature; P,—Load corresponding to the peak shear stress; 7,,,,,—Peak shear stress; S;—Slip amount corresponding to
the peak shear stress; S,—Corresponding slip when the shear stress begins to decrease; S;—Limit slip; K—Interface stiffness;

Gi—Interfacial fracture energy.
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Fig. 12 Bond-slip relationship of CFRP-steel double lap specimens
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