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Nonlinear soil behavior in cyclic loading 
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Equivalent Linear Site Response  
Iteration i : Estimate characteristic level of strain �char

i 

( )tγ t

Characteristic  
strain amplitude  

for transient motion,  

i.e. �char= 2/3 �max 

�max �char 

Iteration i +1: Select G/Gmax and � consistent with �char
i 

Iterate until 
convergence 
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(Schnabel et al, 1972) 
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Nonlinear soil behavior in cyclic loading 

Resonance column test 

How well does modH predict large strains? 

modH 



Elastic-perfectly-plastic (EPP) simulating laboratory experiments 
(e.g. Roten et al., 2014; Tarboda et al., 2013) 
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(e.g. Afacan, Brandenberg & Stewart, 2013) 

Plasticity models calibrated for strength 

τf 



Direct simple shear test (from Ladd & Edgers, 1972) 

Hybrid stress-strain model: Strength 



Darendeli (2001) Ladd (1991), Mayne et al (1996, 1998) 
Vardanega & Bolton (2011) 

Nonlinear optimization to 
achieve smoothness 

VS profile 

Nonlinear site-specific response = function of Vs 

⌧HY (�) = w(�)⇥ ⌧MKZ(�) + [1� w(�)]⇥ ⌧µKZ(�)

Ladd & Edgers, 1972 
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Cybershake Profile 



Response Spectra: Scale Factor 1.0 
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Site-Specific Profile 
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Response Spectra: Scale Factor 1.0 











Response Spectral Ratios 





Cybershake / Site-Specific EQL spectral ratio 
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Cybershake LN / Site-Specific NL (1.0) 



Cybershake LN / Site-Specific NL (0.5) 



Cybershake LN / Site-Specific NL (0.25) 


