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Bond-slip properties of corrugated steel plate-rubber interface

WANG Wei', LIU Guoliang, LI Yu, ZHOU Qiang , CHEN Jie
(School of Civil Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: Due to the geometric advantages of corrugated steel plates, corrugated steel plates-rubber members

exhibit good seismic performance. The bond-slip property of their interface requires investigation. To study the

interface properties of corrugated steel plate and rubber, 6 specimens were designed for reciprocal loading tests,

considering bonding length, roughness, and loading mode effects. Analysis of the specimens' bonding properties

involve examining bonding failure processes, interfacial energy dissipation, strain distribution and influencing

factors. Results indicate that under reciprocal loads, bonding failure progresses through microslip, slip, failure,

curve decline and residual stages. Energy analysis reveals that the bond length's magnitude significantly affects the

interfacial energy dissipation. Reasonable control of roughness can improve the specimen interfacial energy

dissipation and improve the interfacial bonding performance. High loads on corrugated steel plates and rubber

members cause abrupt strain changes, with the wave ridge experiencing the most significant impact. Residual bond

slip under reciprocal loading is 29% lower than under monotone loading. The ultimate characteristic bond strength

of the corrugated steel plate-rubber specimens shows an increase and then a gradual decrease with the increase of

bond length and roughness; Formulas for calculating characteristic bond strength for these members are

established, with calculated values compared to experimental results showing a good coincidence.

Keywords: corrugated steel plate-rubber; reciprocalloading test; bond-slip property; strain distribution analysis;

characteristic bond strength formulas
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Fig.1 Diagram of corrugated steel plate-rubber specimens (Unit: mm)
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Table1 Parameters of corrugated steel plate-rubber

specimens
Specimen Bonding Roughness/ Loading mode
length/mm  mm

S-1 300 0.7 Push-out

S-2 200 0.7 Cycle

S-3 250 0.7 Cycle

S-4 300 0.7 Cycle

S-5 250 1.18 Cycle

S-6 250 0.416 Cycle
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Table 2 Mechanical properties of steel plate

Plate Thickness/mm Yield strength/MPa Peak strength/MPa
Q235 8 304 446

x3 BENFIERE

Table 3 Mechanical properties of rubber

Shore A hardness/degree ~ 0,/(kNm™)  E/MPa  6/%

70 19 2.68 330
Notes: o,—Tear strength; E—Modulus of elasticity; §—
Elongation at break.
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Fig.2 Loading device and measuring point distribution of corrugated

steel plate-rubber specimens (Unit: mm)
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plate-rubber specimens
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(e) Interface coherence
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Fig. 4 Typical failure modes of corrugated steel plate-rubber specimens
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(a) Interface damage state
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Fig.5 Interface damage diagram of corrugated steel

plate-rubber specimens
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Fig.6 Load P-slip S curves of corrugated steel plate-rubber specimens
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Table 4 Each characteristic load of corrugated steel plate-rubber specimens

Specimen P/kN P /KN P, /kN P,'/kN Py /kN Pp/kN P/kN P*/kN
S-1 — 2.27 — 33.20 — 26.68 — 2.38
S-2 -1.72 1.35 -13.71 12.94 -3.79 7.35 -1.36 1.82
S-3 -2.92 2.79 -26.14 29.83 -17.53 26.43 -1.45 1.75
S-4 -1.70 2.21 -25.71 30.46 -9.43 24.93 -1.21 1.45
S5 ~2.48 3.28 ~23.30 27.00 ~15.20 26.89 -1.91 1.94
S-6 -3.38 3.12 -25.80 28.36 -12.70 22.34 -2.23 1.93
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Fig.8 Calculation diagram of interface bonding energy consumption of

corrugated steel plate-rubber specimens
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Table 5 Average bond stress of corrugated steel plate-rubber specimens
Specimen 7, /kPa 7" /kPa 7, /kPa 7, /kPa Tp /kPa 7' /kPa 7, /kPa 7, /kPa
S-1 — 15.76 — 230.56 — 185.28 — 16.53
S-2 -17.92 14.06 -142.81 134.79 -39.48 76.56 -14.17 18.96
S-3 -24.33 23.25 -217.83 248.58 -146.08 220.25 -12.08 14.58
S-4 -11.81 15.35 -178.54 211.53 —65.49 173.13 -8.40 10.07
S-5 -20.67 27.33 -194.17 225.00 -126.67 224.08 -15.92 16.17
S-6 -28.17 26.00 -215.00 236.33 -105.83 186.17 -18.58 16.08
Notes: 74, 7,"—Microslip stress; 7, 7,*—Peak stress; ", 7p'—Destructive stress; 7,7, 7,"—Residual stress.
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Table 6 Calculation results of each characteristic bond strength of corrugated steel plate-rubber specimens
Specimen (1) /kPa (147 /kPa (7)) /kPa (7)) /kPa (mp7)'/kPa (mp")'/kPa (r,7)'/kPa (7.)'/kPa
S-2 -19.26 13.61 -136.43 140.34 -42.74 82.23 -14.50 20.12
S-3 -26.76 24.36 -194.43 244.34 -131.24 218.73 -11.36 15.24
S-4 -10.26 13.61 -157.43 223.34 -72.74 185.23 -8.80 11.26
S-5 -22.15 25.53 -187.64 241.30 -141.66 237.70 -15.91 17.18
S-6 -29.48 23.66 —-205.85 249.43 -120.85 199.82 -18.59 17.08

Notes: (747)', (r,")'—Calculated value of microslip strength; (7,,)’, (r,")’—Calculated value of peak strength; (), (7p*)'—Calculated value
of destructive strength; (,7)’, (7,")’—Calculated value of residual strength.

R7 RERE- SRS HERSEETEERSHE SR
Table 7 Comparison of calculated and test results of each characteristic bond strength of corrugated steel plate-
rubber specimens

Specimen (75)' /75 (w)/ (t)/rd (r)/m () ()’ (w)/m (&'
S-2 1.07 0.97 0.96 1.04 1.08 1.07 1.02 1.06

S-3 1.10 1.05 0.89 0.98 0.90 0.99 0.94 1.05

S-4 0.87 0.89 0.88 1.06 111 1.07 1.05 1.12

S-5 1.07 0.93 0.97 1.07 112 1.06 1.00 1.06

S-6 1.05 0.91 0.96 1.06 1.14 1.07 1.00 1.06

Average value 1.032 0.950 0.932 1.042 1.070 1.052 1.002 1.070
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