
Structural damage during strong ground shaking is associated with 
both the seismic input energy and the ability of structural components 
to dissipate energy through viscous damping and inelastic cyclic 
response.  

 

This study utilizes effective cyclic energy spectrum (see 
Kalkan and Kunnath 2006) in conjunction with elastic modal 
properties of MDOF system (i.e., first three elastic modal 
periods and participation factors) to estimate dissipated 
energy in structures as combination of damping+hysteretic 
energies. The associated energy content of records  can be 
scaled to certain target energy level by intensity scaling of 
records. In this way, damaging energy content viz., effective 
cyclic energy of records, could be kept identical.  

 

The current spectral matching and spectral intensity based  
scaling procedures produce significant variability in 
predicting critical response parameters of MDOF systems. 
The objective of this study is therefore to develop a new, 
effective yet consistent ground motion scaling procedure 
while retaining its theoretical robustness and applicability. 
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SYNOPSIS STRUCTURAL DAMAGE 

 
Effective cyclic energy 
(ECE) defined as the 
peak-to-peak energy 
demand (sum of 
hysteretic and damping 
energies) imposed on a 
structure over an 
effective duration that is 
equivalent to the time 
between two zero-
crossings of the 
“effective velocity pulse”  

EFFECTIVE CYCLIC ENERGY 
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1994 Northridge Earthquake, California
Rinaldi Receiver Stn. (S49W)
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Correlation of SDOF 
oscillator inelastic 
response with computed 
ECE for near-fault forward 
directivity record of Rinaldi 
Rec. Stn. and fling record 
of Sakarya (Telastic = 1.0s, 
m = 4.0). 

Correlation between peak inelastic system displacement and ECE,                          
absolute input energy (EI), elastic peak displacement (dmax,e), and ratio of PGA 

to PGV (V/A) computed for bilinear hysteretic model having constant 
displacement ductility ratio of 6 at (a) T = 0.5s and (b) T = 3.0s. 
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Bin 
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GM-Bin: Mag.-Dist.-Soil 
Magnitude (Mw): 6.5 - 7.0 
Distance (km) : 5 - 10  
NEHRP Soil Class: D 

Seven records in two sets were selected 
 from an identical Mag.-Dist.-Soil Bin  

MODAL ENERGY DECOMPOSITION 

Energy input to MDOF 
system (i.e., ECE) can be 
estimated by summation of 
energies of the first few 
modes (generally up to two 
or three). 
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GROUND MOTION SETS 

All records were scaled so that their MDOF input 
effective cyclic energy contents become identical. 
ECE_MDOF of Newhall LA record is used as a proxy 
for Energy-Based-Scaling Procedure since its PSA 
spectrum is very close to  target design spectrum. 
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RESULTS BASED ON 6-STORY BUILDING NTH ANALYSES 

Intra-set comparisons of mean and dispersion of IDR profiles  
(Note: Dash lines denote dispersion, s ). 


