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Data-Data measured by gauges for structures 
bj t d t i i i d l dsubjected to seismic or wind load.

• The curve is nonlinear.  
• What is the physical reason for it?  The nonlinearity can 

be due to plastic deformation, fracture, or other causes.p
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A realistic material modelA realistic material model

• We need a realistic material model in 
order to investigate the characteristics of g
data spectrum.
Material model (constitutive equations) forMaterial model (constitutive equations) for 
plastic deformation should be used in the 
analysisanalysis.



Plasticity: Difference between nonlinear elastic and 
l i d f i b b d d i l diplastic deformations can be observed during unloading.

• A36 steel, εy = 0.0012
• Change of 1.2 mm in a 1m bar, 

beyond that -> plastic range
• To measure strain:To measure strain: 

changein length
original length

ε =

• Measure the change in two 
marked lines on the specimen 
(caliper)

• Extensometer, 10^-4 accuracy
• Strain gauges,10^-6 accuracy
• Small strain dε = dεe + dεp• Small strain dεij = dε ij + dεp

ij
• Small strain (infinitesimal) < 5%

Large strain (finite strain) > 5%



Hysteresis energy dissipationHysteresis, energy dissipation



Comparison between FFT and HHTComparison between FFT and HHT
• Traditional data analysis (FFT): Linear andTraditional data analysis (FFT):  Linear and 

stationary
• HHT (Hilbert-Huang Transformation) adaptive• HHT (Hilbert-Huang Transformation) adaptive 

analysis : Spectral analysis for nonlinear and 
nonstationary datanonstationary data.

• FFT: ji t
jx(t) a e ω= κ∑ j
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Special characteristics can be better identified:Special characteristics can be better identified:
* Broadening of spectral peak serves as an 
indication that the load has over strained theindication that the load has over-strained the 
structure.
* F d hifti* Frequency downshifting serves as an 
indication that the structure had softened or 
i ld dyielded.

Example: One story structure subjected to shear 
harmonic loading g

0F(t) F Sin t= ω



Linear (F0=90 kN, ω=8π rad/s, ke=350,000 kN/m, kp=100,000 kN/m, 
c=350 kNs/m, ry=400 kN)c 350 kNs/m, ry 400 kN)
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FESP
MESP

Time-frequency analysis-Hilbert Spectrum
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Bilinear (F0=130 kN, ω=8π rad/s, ke=350,000 kN/m, kp=100,000 kN/m, 
c=350 kNs/m, ry=400 kN)c 350 kNs/m, ry 400 kN)
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Time-frequency analysis-Hilbert Spectrum
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The lower right figure shows Hilbert• The lower right figure shows Hilbert 
spectrum, plotting frequency vs time. It 
shows wavelet when plastic strain occurs.

• Integration of this figure wrt time gives theIntegration of this figure wrt time gives the 
figure on the lower left, plotting energy vs 
frequency Red line shows Hilbertfrequency. Red line shows Hilbert 
spectrum, while green line shows Fourier 
spectrum.


