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Abstract: The Park-Ang double parameter seismic damage model has been widely used due to the
consideration of first exceedance failure and cumulative damage failure in terms of defining the structural damage
under earthquake. However, it does not consider the differences between structural failures with different
displacement amplitudes. Based on past experimental research, the damage properties of the reinforced concrete
columns under different displacement amplitudes were mainly analyzed, and the relationship between the
structure damage and the structural energy dissipation was studied. Past experiments indicated the specimens
scarcely failed during the elastic stage, but failed when more energy obsorbed during the developing and fail stage.
In this study, effective energy dissipation is proposed instead of using hysteric energy dissipation when describing
the cause of structural damage during the inelastic stage. It is suggested that the hysteric energy dissipation during
the non-elastic stage is termed as the effective energy dissipation that causes structure failure. Based on the
assumption of effective energe dissipation, the effective energy dissipation factor is introduced and a modified

Park-Ang double-parameter seismic damage model is proposed. The proposed model is verified by the test data of
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21groups of reinforced concrete columns.With the same dissipated energy, the effective energy dissipation factor

is proved to show the differences between the structural failures led by different displacement amplitudes. The

Definition of the effective energy dissipation factor is thusly explicit, the double parameter seismic damage model

is improved with higher computational accuracy and less discreteness, it also tell the failure differences between

the reinforced concrete columns under different displacement amplitudes and evaluate the damage level of the RC

structure well.
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Table 1 The destruction features of RC columns under

constant amplitude cycle loading
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Table3 Damage index of column specimens for Park-Ang model
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Table 4 Comparison of the TP-3 damage index calculating result

IEJAH Sp/mm Sy/mm e E/(kN * m) O,/kN O /Sy STE D; Dn
TP-3-1 18.30 148.90 0.027 3.63 84.81 0.123 0.008 0.131 0.142
TP-3-2 35.76 148.90 0.044 9.78 84.81 0.240 0.034 0.274 0311
TP-3-3 53.72 148.90 0.054 15.29 84.81 0.361 0.066 0.403 0.513
TP-3-4 71.76 148.90 0.061 18.48 84.81 0.482 0.090 0.529 0.732
TP-3-5 90.32 148.90 0.067 13.24 84.81 0.607 0.070 0.658 0.926

JIIE= RS 90.32 148.90 0.067 60.42 84.81 0.607 0.319*% 0.875 0.926
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Table 5 Comparison of the RC column damage index calculating result

——— —
ST SR mm e BRI AN RV 6B
SREE/MPa JBREE/MPa M3 EE/MPa

TP-1 400%x400 1245 35.9 D13/363 D6/368 1.58 0.57 157 0.949 1.084
TP-2 400%x400 1245 35.7 D13/363 D6/368 1.58 0.57 157 0.803 0.875
TP-3 400%x400 1245 343 D13/363 D6/368 1.58 0.57 157 0.873 0.926
TP-10 400%x400 1450 21.0 D10/377 D6/376 1.07 0.77 160 0.814 0.889
TP-11 400%x400 1450 20.6 D13/367 D6/376 0.95 0.77 160 1.004 1.100
TP-12 400%x400 1450 20.3 D16/364 D6/376 0.99 0.77 160 1.099 1.218
TP-13 400%x400 1450 21.0 D13/375 D6/376 0.95 0.77 160 0.888 0.975
TP-14 400%x400 1450 23.6 D13/367 D6/376 0.95 0.77 160 0.797 0.860
TP-15 400%x400 1450 24.6 D13/367 D6/376 0.95 0.77 160 1.056 1.160
TP-16 400%x400 1450 23.5 D13/367 D6/376 0.95 0.77 160 1.117 1.252
TP-17 400%x400 1450 24.0 D13/367 D6/376 0.95 0.77 160 0.775 0.717
TP-27 400%x400 950 30.0 D13/374 D6/363 1.58 0.79 150 0.803 0.892
TP-28 400%x400 1150 30.8 D13/374 D6/363 1.58 0.79 150 1.050 1.160
TP-29 400%x400 1350 294 D13/372 D6/363 1.58 0.79 150 0.655 0.685
TP-30 400x400 1350 31.1 D16/374 D6/363 1.49 0.79 150 0.665 0.719
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