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Bond behavior study on interface between steel plate and bonded
concrete under hydrothermal environment
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Abstract: The interface performance between steel plate and concrete is the key to strengthened concrete
structure. Firstly, a total of 27 specimens for steel plate bonded concrete under hydrothermal environment
were carried out in this study. The accelerated hydrothermal aging was conducted in 5 days, 10 days and
15 days, respectively. Then, the double- shear test was performed to obtain the ultimate load, strain
distribution and relationship of load-displacement during the shear failure process on steel plate-concrete
interface. After long term temperature and humidity coupling, the durability of the steel plate-concrete
interface was studied. Considering the analysis of bond failure mode, loading process and the relative
displacement evolution on bonding interface, the expression of shear stress and slip was proposed, which

was related to temperature and humidity. Finally, the bond-slip constitutive model was established in
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consideration of the temperature and humidity. The numerical simulation results were in good agreement

with the experimental results.

Keywords: bonded steel plate; hydrothermal environment; durability; bond-slip constitutive model
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Table 1 Measured mechanical property of concrete
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MPa GPa MPa MPa o i
425 33.0 28.4 2.45 0.23  1X10°°
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Table 2 Mechanical property of steel plate

A R /mm IR/ MPa HiHISRE/MPa K%/ %

Q235B 3 285 440 35.5
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Table 3 Mechanical property of epoxy resin
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Fig.2 Manufacturing process of bonded steel plate
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Fig.3 Double-shear specimens placed in the high and low

temperature hydrothermal environment box
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Table 4 Test groupings

W1 ) B E A
ik R X 4=

WEs &1 Hif 1] /d
E RT3 S 0 S1~S3-8°C /78 % RH-0d
25°C/

Al 5 S1~83-25°C /85 % RH-5d
85 % RH

Bl 5 S1~83-25°C /95 % RH-5d
25°C/

B2 10 S1~83-25°C /95 % RH-10d
95 % RH

B3 15 S1~83-25°C /95 % RH-15d
60°C/

Cl1 5 S1~83-60°C /85 % RH-5d
85 % RH

D1 5 S1~S3-60°C /95 % RH-5d
60°C/

D2 10 S1~S3-60°C /95 % RH-10d
95%RH

D3 15 S1~S3-60°C /95 % RH-15d
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Fig. 4 Test equipment and loading
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Fig. 5 Measurement point arrangement of strain
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Fig. 6 The failure pattern of specimens
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Table S Test results
Bt R A5 AR W AW /d - BRR A8 /kN Po/kN  BTUDRT 558 BE 7./ MPa K25 58 B A X AR (R / %6

S1-8°C/78%RH-0d  8°C/78%RH 0 71 70.93 3. 694

S S2-8°C /78 % RH-0d  8°C/78%RH 0 70. 21 70. 93 3. 694
S3-8°C/78%RH-0d  8°C/78%RH 0 71.58 70.93 3. 694
S1-25°C /85 % RH-5d  25°C /85 % RH 5 76.18 76. 24 3.971

Al S2-25°C /85 % RH-5d  25°C /85 % RH 5 74.51 76. 24 3.971 7.49
S3-25°C /85 % RH-5d  25°C /85 % RH 5 78.03 76. 24 3.971
S1-25°C /95 % RH-5d  25°C /95 % RH 5 77.65 76.01 3.959

Bl S2-25°C /95 % RH-5d  25°C /95 % RH 5 72.02 76.01 3.959 7.16
83-25°C /95 % RH-5d  25°C /95 %RH 5 78. 36 76.01 3.959
S1-60°C /85 % RH-5d  60°C /85 % RH 5 66 65. 88 3.431

C1 S2-60°C /85 % RH-5d  60°C /85 % RH 5 64. 30 65. 88 3.431 —7.12
83-60°C /85 % RH-5d  60°C /85 % RH 5 67.43 65. 88 3.431
S1-60°C /95 % RH-5d  60°C /95 % RH 5 66. 35 65.12 3.392

D1 $2-60°C /95 % RH-5d  60°C /95 % RH 5 64.31 65.12 3.392 —8.19
S3-60°C /95 % RH-5d  60°C /95 % RH 5 64.7 65.12 3.392
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Iy G5 X 5 AR B AW /d - WA /KN Po/kN BYUIKE S5 3R BE 7./ MPa R 2558 BEAH X AR (L 3/ %
S1-25°C /95 % RH-10d 25°C /95 % RH 10 73.12 73.48 3. 827
B2 S2-25°C /95 % RH-10d 25°C /95 % RH 10 74.97 73.48 3.827 3. 60
S3-25°C /95 % RH-10d  25°C /95 %RH 10 72.35 73.48 3. 827
S1-60°C /95 % RH-10d  60°C /95 % RH 10 64. 95 64.67 3. 368
D2 S2-60°C /95 % RH-10d 60°C /95 % RH 10 63.61 64.67 3. 368 —8.83
S3-60°C /95 % RH-10d 60°C /95 % RH 10 65. 45 64.67 3. 368
S1-25°C /95 % RH-15d 25°C /95 % RH 15 72.04 72.04 3.752
B3 S2-25°C /95 % RH-15d 25°C /95 % RH 15 71.97 72.04 3.752 1.56
S3-25°C /95 % RH-15d 25°C /95 % RH 15 72.11 72.04 3.752
S1-60°C /95 % RH-15d 60°C /95 % RH 15 63. 60 64.32 3. 350
D3 S2-60°C /95 % RH-15d 60°C /95 %RH 15 64. 96 64. 32 3.350 —9.32
S3-60°C /95 % RH-15d 60°C /95 % RH 15 64. 40 64.32 3. 350
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Fig. 7 Local shear stress distribution between steel

plate and concrete
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