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Purpose of This Presentation:

Present an overview of the seismic SSI effects on the NPP 

structures in the light of the recent US practice trends based 

on ASCE 4-16 and 43-19 standards and USNRC SRP 3.7.1 

and 3.7.2. regulatory guidance. 

Illustrate key SSI modeling issues showing relevant case 

studies. 
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Part 1Presentation Content

1. Why is seismic SSI analysis is so important for NPP design? 

2. Past and Present Seismic SSI Analysis 

3. Seismic Motion Component Phasing and Spatial Variations

4. Seismic SSSI Effects on ISRS and Soil Pressures

5. Other SSI Modeling Aspects Not Addressed in this Overview

6. Seismic SSI and SSSI Sensitivity Studies for Coherent and 

Incoherent Motions

7. Key US NRC regulatory requirements for seismic SSI analysis, 

including those applicable to DES/SMR.
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1. Why is seismic SSI analysis is so    

important for the NPP design? 
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Response Spectra, Node 18, x-Direction
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5% Damped AP1000 Top of SB - X Direction
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SSI Effects on Nuclear Structures on Rock Sites
EPRI AP1000 Stick 5% Damping ISRS at Top of SCV

NO SSI/FIXED-BASE

INCOHERENT SSI

COHERENT SSI

(EPRI  TR# 1015111, Nov 2007)

New SSI models 

and approaches 

are required.

Today we will talk

many aspects and

details of these 

new aspects.
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ASCE 4-16 standard states that ñfor all sites that have a soil 

shear-wave velocity of less than 8000 fps or 2430 m/s at a 

shear-strain of 0.0001 %or smaller regardless of the 

frequency content of the free-field motion.ò 

Also, ñWhen ground motion incoherency effects are 

considered, SSI analysis shall be performed regardless of the 

stiffness of the supporting soil or rock below the foundation.ò

ASCE 4-16 Standard Requirements for 

Considering SSI Analysis of NPP Structures
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Typical RB BasematSSI Response for COHERENT Inputs

Typical RB BasematSSI Response for INCOHERENT Inputs
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- Seismic SSI effects affect largely both the ISRS amplitudes  

and the maximum structural forces in nuclear structures

- Seismic SSI effects reduce the structure accelerations and 

inertial forces, may increase the foundation deformation, 

especially if the motion spatial variation is included. 

- Motion incoherency reduces high-frequency ISRS amplitudes, 

but could increase ISRS for narrow bands in the mid frequency 

range (torsional modes).

- Differential soil motions due to incoherency (3D random wave 

propagation) could increase the foundation wall and basemat

bending moments, and the differential input motions at the 

piping/equipment supports.

Remarks on Why SSI Effects are Important
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2. Past and Present Seismic SSI 

Analysis 
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PAST EXPERIENCE: 

- Low Frequency Inputs (Long-Wavelength)

- Soil Sites

- Stick Models with Rigid Mats

-Input Soil Motion as Rigid Body Motion 

(Coherent, 1D Propagation of S and P Waves)

Is sufficiently accurate? Noé..

PRESENT EXPERIENCE: 

- Low and High Frequency Inputs (Long-and Short 

Wavelengths)

- Soil and Rock Sites

- Finite Element Models, Stick for Preliminary

- Input Soil Motions as Rigid Body (Coherent) and 

Elastic Body Wave Motion (Incoherent, 3D Waves)

Past vs. Present Seismic SSI Analysis Concept

Stick

Rigid Mat

FEM

Flexible Mat

SOIL SITES

Low Frequency Input/

Long-Wavelength

ROCK SITES

High Frequency/

Short-Wavelength

PAST PRESENT
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Past Soil Site SSI to Present Rock Site SSI.
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REMARKS:

- If DCD (baseline design) uses only LF inputs, the SSI evaluation for HF 

inputs will show many ISRS outliers in the HF range.

- Global structural forces are much larger for LF inputs than HF inputs. 

However, for the high-frequency localwall vibration responses, i.e.  the o-p 

moments and forces, the HF might be much larger... 

Global

Response
Local

Response

Seismic Inputs With Different Frequency Content



Failure of Equivalent Static Method for High-Frequency.

RB Complex IS Shear Force Comparisons

13

CSDRS Soil, LF input

SSRS Rock, Max. Accel, HF Input 

(Similar to GDA Approach?)

SSRS Rock, Time-Varying Accel., 

HF Input
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(Ghiocel et al., 2010)
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Remarks for Computing Seismic Demands and 

ISRS for High-Frequency SSI Problems

The use of maximum structural acceleration (ZPA) distribution is 

inappropriate for the high-frequency inputs. 

- Global shear forces are grossly overestimated. Local effects, 

including out-of-plane wall and floor vibration high-frequency 

modes, are underestimated.

- For computing seismic loads need to use time-varying 

acceleration distribution on structure for all time steps, not only 

the maximum acceleration values, and envelope results at the 

end.
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- Kinematic SSI or wave scattering effects are much larger for 

DES and SMR (up to 140ft embedment) than for the typical 

traditional NI structures with shallow embedment (up to 40ft  

embedment) that are dominated by Inertial SSI effects.

- Seismic SSI responses of SMR should be more sensitive to the 

variations in soil properties and seismic wave propagation in the 

vicinity of the DES or SMR structures. 

What is particular to SSI Analysis of DES/SMR? 

15

Traditional RB SMR



Effects of Kinematic SSI for Embedded SMR

140 ft Embedment 40 ft Embedment

16

Ground Surface

REMARKS:
- For 140 ft embedment kinematic SSI is dominant, 80-90% below surface, and about 50% above surface

- For 40 ft embedment the kinematic SSI much less significant, only 20-30% below surface and 

less than 10 % above surface. 

Overall Displacement wrtBasematCenter

Ground Surface
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3. Seismic Motion Component Phasing 
and Spatial Variations

A. Seismic Motion Component Phasing

B. Spatial Variation in Vertical and Horizontal Directions
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Current practice:

- Seismic motion components are uncorrelated over the entire 

duration of the intense part of the motion

- To avoid including artificial phasing effects in the numerically 

generated spectrum compatible acceleration motion components, 

the use of the ñseedò records is recommended.

- To eliminate the seismic motion random phasing effects (within 

component and between components), a number of five sets of 

acceleration inputs are recommended.

A. Seismic Motion Component Phasing (Local)
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(SRSS rule neglects

correlation effects)

CORNER COLUMN PROBLEM

Principal Axes of

Motion are variable 

in time (Kubo and 

Penzien,1982)

(Agnastopoulos, 1981, 

Der Kiureghian, 1984)

High Correlation!

A. Seismic Motion Component Phasing Effects



WithinMotion Component Phasing Effects

Higher Elevation

20

Same GRS Input
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BetweenMotion Component Phasing Effects
1995 Kobe Earthquake Acceleration Components
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Same GRS InputKobe

Nahanni

Northridge 

Top of RCV
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- The use of five sets of inputs is an important requirement to 

avoid the motion component random phasing effects

- The motion phasing SSI effects are more significant for the 

refined FE models that have many closely-spaced vibration 

modes than for simple stick models as used in the past.

- The largest motion component phasing effects was noted on 

the contact soil pressure area.

Remarks Seismic Motion Component Phasing
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Current practice:

- Seismic motion varies largely with depth, especially for soil sites. 

- Wave composition is based on the vertically propagating S and B 

body waves assuming 1D soil deposit models

- Nonlinear hysteretic behavior of the soil layers affects the 

seismic wave propagation. 

- Equivalent-linear soil models (SHAKE) are acceptable for 

performing the site response analysis.

B. Seismic Motion Spatial Variation (Global)

B1. Soil Motion Variation with Depth
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Site Response for A Typical Soil Site

Bedrock Input 

at 500ft Depth
Vs and D 

Profiles



Maximum Acceleration and Shear Strain

For 0.15g and 0.50g Scaled Inputs Using SHAKE 

(EQL) and DEEPSOIL (NON)
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Computed Soil Motion RS at Surface and 100ft 

Depth For 0.15g and 0.50g Scaled Inputs Using 

SHAKE (EQL) and DEEPSOIL (NON)
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