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ABSTRACT

One way in which a comparison can be made between various reinforced concrete structures is to compare the
rate of energy absorption capacity. It is useful to use a well-known standard hysteretic rule as a benchmark for
comparisons. The concept of energy absorption efficiency with respect to an elasto-perfectly plastic (EPP)
system has been adopted. The normalized cumulative energy, cumulative plastic drift and energy response
spectra are used for the method. The previous study using the energy spectra developed by Chang and Mander
(1994) indicates the cumulative plastic demand for most earthquakes to be 0.1 rad., but a conservative upper
bound of 0.2 rad. could be expected for a maximum credible earthquake. From the present study, the energy

absorption efficiency in R.C. structures with respect to the EPP system may range in 30%-45% for most cases.
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Group I

1/3 Model Before Retrofit 0.0186 0.0016 0.015 1854
1/3 Model After Retrofit¢ 0.0186 0.0016 0.016 1321
Prototype Before Retrofit 0.0186 0.0011 0.014 2045
Prototype After Retrofit® 0.0186 0.0011 0.014 1791
Group I1

Conventional, CO 0.025 0.007 0.08 (0.08)" 1245
Renewable Hinge, RO (Virgin) 0.01 0.0081 0.096 (0.096)" 1245
Renewable Hinge, R1 (1* Repair) 0.01 0.0094 0.096 (0.05)° 1245
Precast 0.01 0.018 0.224 (0.224)* 1245

*Volumetric longitudinal steel ratio.
®Volumetric transverse steel ratio.

‘Beam-column joints were retrofitted

*Numbers in () is for lap-splice region.

T3 2. EPPSystem ol Uit 2EAEH ovA F+iEE.

FAA

Energy Absorption Efficiency n (%)

Z@F at 0.1 rad.

e p at0.2rad.

Group I
1/3 Model Before Retrofit

1/3 Model After Retrofit®
Prototype Before Retrofit
Prototype After Retrofit*
Group I

Conventional Detailing, CO
Renewable Hinge, RO (Virgin)
Renewable Hinge, R1 (1* Repair)

Precast

38
38
23
34

44
44
40
39

34
34
23b
30

44
42
40
39

*Beam-column joints were retrofitted.

*Premature bond/anchorage failure.
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(b) YA F4 87% 2AEF (Chang and Mander, 1994).

28 1. F2EY odlyx F+5H (Capacity) & 7% (Demand).
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() 1/3 MODEL PIER BEFORE RETROFIT

(b) 1/3 MODEL PIER AFTER RETROFIT
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