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Purpose of Presentation:

To investigate the effects of base isolation on seismic SSI 

response of a typical NI complex under coherent and incoherent 

motions using probabilistic and deterministic SSI analyses and 

different base-isolation systems, LRBs and HVDs.

The probabilistic and  deterministic SSI analyses follow the 

recommendations of the ASCE 4-16 standard.



Thepresentationillustrateskeyresultsof a seriesof studies,donein

twoprojectphases,in2015(LRBs)andin2019(HVDs)toinvestigate

1) Effects of the base-isolation against no base-isolation for              

rock sites and soil sites, 

2) EffectsofmotionincoherencyonSSIresponses

3) ProbabilisticSSIvs. deterministicSSIanalysis

4) Comparison of SSI responses for 3D HVD base-isolators against 

the 2D LRB base-isolators.

5) Concluding remarks

Seismic SSI Studies with Base-Isolation 
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Soil Layering: Seismic Input:
SOIL: Uniform with Vs = 1000 fps RG1.60 Input with 0.30g

ROCK: Uniform with Vs = 6000 fps

1.6m Diameter LRBs

General  Massing Rule 

Hysteretic Model

1. Effects of Seismic Base-Isolation on ISRS

for Soil and Rock Sites and Coherent Motion

2015 Studies
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Modelling of the Hysteretic LRB Isolators
By computingiterativelythe SSIresponsecoupledwithan evaluationthe local

nonlinearspringbehaviourin timedomainforthesimultaneousX,Y andZ inputs

basedonwhichtheequivalent-linearspringisdetermined.

LRB Base-Isolator 

Hysteresis Loop

Elastic



Bottom Base 

Corner

Top Base

Center

ISRS for NI Complex With and Without Isolators

2020 Copyright of Ghiocel Predictive Technologies. NRC/DOE NPH Meeting, October 20-22, 2020

6

Z-DirectionX-Direction

Rock Site

Bottom Slab

Below Isolators

Top Slab

Above Isolators
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Bottom Base

Corner

Top Base

Center

Bottom Slab

Below Isolators

Top Slab

Above Isolators

Z-DirectionX-Direction

ISRS for NI Complex Withand Without Isolators
Soil Site



Top BasematISRS With and Without Isolators

Rock Site Soil Site

Z-Direction

X-Direction
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High-ElevationHorizontal ISRS With Isolators                             

for Rock and Soil Sites
Location 1 Location 2
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IncoherentSeismicInput:

- Forthecomparativecoherentvs. incoherentdeterministicSSIanalysis

study,auniformsoildepositwithaVsof2,000fpswasconsidered.

- The incoherentmotionwas definedbasedon the Abrahamson

coherencefunctionforsoilsites(Abrahamson,2007).

- Additionally,an apparenttravelingwavevelocityof 6,000 fps was

includedtosimulatewavepassageeffectsinX-longitudinaldirection.

- For the incoherentSSI analysis,the rigorousstochasticsimulation

approach(withno phaseadjustment)basedon an accurateMonte

Carlosoilmotionwavefieldsimulationswasused.

- Severalincoherentseismicwavefieldsweresimulated.

2. Effects of Motion Incoherency on ISRS 
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Extreme Incoherency  conditions were used.



Coherent and Incoherent SSI Responses

Coherent Accelerations Incoherent Accelerations
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Horizontal and Vertical ISRS at Top of IS

Horizontal Vertical
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Coherent

Incoherent

Extreme incoherency  

conditions were applied



Effects of Motion Incoherency on Relative 

Displacements at NI Complex Critical Locations

Reference Location is Top Base Slab Center
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Horizontal Vertical



3. Probabilistic vs. Deterministic SSI Responses

Probabilistic Soil Layering

Z-DirectionX-Direction

Probabilistic UHRS Input

D profileVs Profile
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Damping Shear Modulus

Probabilistic Soil Material Curves

Vs Ratios for LB, BE and UB Soils Vs LB, BE and UB Profiles

Deterministic Soil Profiles
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Probabilistic-Deterministic ISRS for NI Complex

Y-Direction X-Direction

Z-Direction

Top Base Center
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Probabilistic-Deterministic ISRS for NI Complex

Y-Direction X-Direction

Z-Direction

Top of IS
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18

- Probabilistic SSI analysis results are larger than Deterministic 

SSI analysis results for the coherent inputs. 

- Probabilistic SSI analysis produces significantly larger ISRS 

amplifications for the higher frequency modes.

- Motion incoherency increases significantly the ISRS and the 

relative displacements within the NI complex. 

For the coherent-incoherent comparisons, extreme         

incoherency and wave passage, to evaluate the upper bound 

effects due to the motion spatial variation.

Some Remarks from 2015 Studies:
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3D HVD is a new ACS SASSI element

Spring Stiffness

HVD Stiffness

3D Springs 

3D HV Dampers

(Kostarev et. al., 2018)

4. Frequency-Dependent 3D HVD isolators

2019 StudiesGERB 3D BCS

(Nawrotzkiet al., 2018)



3-Node HVD Element is Based on 4-Parameter 

Maxwell Model
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Node 1

Node 2

Node 3 Node 3ô

3D HVD

(Nawrotzki, Kostarev et al, 2018)
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Analytical vs. Experimental Frequency 

Dependent HVD Stiffnesses

(Kostarev et. al., 2018)



Comparative Coherent vs. Incoherent ISRS         

for No Isolators vs. HVD and LRB Isolators

Y-Direction X-Direction

Top Base Slab Center
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Comparative Coherent vs. Incoherent Mean ISRS         

for No Isolators vs. HVD and LRB Isolators

Z-Direction Y-Direction

Top of IS near Center
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Comparative Coherent vs. Incoherent Mean ISRS         

for No Isolators vs. HVD and LRB Isolators

Z-Direction Y-Direction

Top of IS near Edge
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Coherent Rel. Displacements wrt to Bottom Slab

RVC Support

Location

Z-Direction 

Y-DirectionX-Direction 
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Simulation 10


