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Purpose:

To present a overview of the seismic SSI effects
nuclear structures based on many SSI analysis r
accumulated over last ten years from a variety of
projects and internal studies (published or unpuk

From a myriad of factors influencing seismic SSI
this presentation focusesomnme relevant factibast
more recently attracted attention of the nuclear
engineering community for the new build design:s

DISCLAIMER: Some remarks reflect our experie
not necessarily an industry consensus

2018 Copyright of Ghiocel Predictive Technologies, Inc., USNRC Presentation, Session 1, Nov 15, 2018 2



Content:

Why Is seismic SSI ana@important for NPP design?
Basic Seismic SSI Analysis Methods and Models
Past and Present Seismic SSI Analysis

Seismic SSI Motion Phasing and Spatial Variations
Seismic SSSI Effects on ISRS and Soil Pressures
Case Studies for Evaluation of Seismic SSI and SSS|

S - R A o

Other Important SSI Modeling Aspects Not Addresse
Overview

8. Concluding Remarks

2018 Copyright of Ghiocel Predictive Technologies, Inc., USNRC Presentation, Session 1, Nov 15, 2018 3



1. Whys seismic-Sahalysis: so
important for NPP-design?
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SSI Effects for Nuclear Structures on Soll ¢
EPRI'AP1000 Stick 5% Damping ISRS at Top of S(
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SSI Effects on Nuclear Structures on Rock
EPRI'AP1000 Stick 5% Damping ISRS at Top of S(
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ASCE 46 Standard Requirements for
Considering SSlrAnalysis of NPP Structur

ASCE 46 standard statesthdt or a | | SI t €
sheaiwave velocity of less than 8000 fps or 2430 m/s a
sheaistrain of 0.0001d¥smaller regardless of the

frequency content of theffreee | d mot i on. C

A | sAthen griound motion incoherency effects are

considered, SSI analysis shall be performed regardless
stiffness of the supporting soil or rock below the founde
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Remarks on ' Why SSl-Effects are Importa

Seismic SSI effects affect largely both the ISRS ampl
and the maximum structural forces Iin nuclear structur

Seismic SSI effects reduce the structure acceleration
Inertial forces, but increase the foundation deformatio
especially if the motion spatial variation is included.

Motion incoherency reduces thedagiency ISRS
amplitudes, but still could increase ISRS for narrow b
the midrequency range (torsional modes).

Differential soil motions due to incoherency (3D randc
propagation) could increase the foundation bending
and possibly the differential motions at the piping/equ
supports.
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2. Basic Seismic-SSlAnalysis
Models:and Methods
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SASSBubstructurinddses 3D1D:SSIMode

Computational Aspects:

1) Solve Erdéed Motion[(1D)

2) Solve Erdeld-Soihimpedance)(1D)
3) Assembly-SSI:System-and Solve (:

Structure

3D Structure

Control Motion

_______ T FarField Soil
_______ \ (FreeField)
_______ )

Kausel
_______ 1D Sl / Transmitting
N\ Boundaries
_______ Soil Deposit < \

Be rock/HalS ace Formatlon
202 /V// 7 // 222 72
Buffer Layers plus Seismicsoilimotions andrsoil impedances

LysmeKuhlemeyer forithe: excavated soilcare:computéd FAST
Viscous Boundaries from' 1D frefield-analysis
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3. Pastiand Present Seismic SSI Analy
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Past vs. Present Seismic SSI AnaIyS|s con
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PAST EXPERIENCE: | PRESENT EXPERIENCE:
- Low Frequency Inputs (Wagelength) - Low and High Frequency Inputsghdrighort
- Soll Sites Wavelengths)
- Stick Models with Rigid Mats - Soil and Rock Sites
-Input Soil Motion as Rigid Body Motion - Finite Element Models, Stick for Preliminar

(Coherent, 1D Propagation of S and P Wav: - Input Soil Motions as Rigid Body (Coheren
| s sufficiently accElastic BodyWave Motion (Incoherent, 3D\
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Past Soil Site SSI to Present Rock Site S

Seismic Inputs With Different Frequency Content

Seismic Inputs

A
Rock Structural Modes
) Soil ‘
[®)
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& Global Loca|
< Response < Response
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1] : | :
L x T > >
2 7 20 30 Hz 2Hz /Hz 20 Hz 30 Hz
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REMARKS:
- If DCD (baseline design) uses only LF inputs, the SSI evaluatior

iInputs will show many ISRS outliers in the HF range.

- Globastructural forces are much larger for LF inputs than HF inp
However, for the kiglguenclpcalwall vibration responses, 1.e.-fihe «
moments and forces, the HF might be much larger...
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FewrRemarks fonComputihgsSelsmicddeme
and ISR Sofot iHhfrequency SSIrEreblems

The use of maximum structural acceleration (ZPA) distl
iInappropriate for the firgguency inputs.

- Global shear forces are grossly overestimated. Local
coming from the higgguency modes are underestimatec

- For computing seismic loads need to use-taeyimge
acceleration distribution for all time steps, not only the |
acceleration values. Envelope results at the end.
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4. Seismic SS| Motion Component Phasir
and Spatial Variations

A. Seismic Motion Component Phasing

B. Spatial Variation in Vertical and Horizontal Directiol
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A. Seismic Motiono.Component Phasing

Current practice:

- Seismic motion components are uncorrelated over the
duration of the intense part of the motion

- To avoid including artificial phasing effects in the nume
generated spectrum compatible acceleration motion cor
the use of the Nseedo rec

- To eliminate the seismic motion random phasing effect
component and between components), a number of five
acceleration inputs are recommended.
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A. Seismic Motion:Component Phasing Effe
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Remarks Seismic:Motion Component Phas

- The use of five sets of inputs Is an important requirem
avoid the motion component random phasing effects

- The motion phasing SSI effects are more significant fc
refined FE models that have many-s(msedyl vibration
modes than for simple stick models as used in the pasit

- The largest motion component phasing effects was nc
the contact soll pressure area.

ANIMATION 1
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B. Seismic Motion Spatial Variation

B1l. Soil Motion Variation with Depth
B2. Soil Motion Variation in Horizontal Pla
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B1. Soll Motion-Variation with:Depth

Current practice:
- Seismic motion varies largely with depth, especially for

- Wave composition is based on the vertically propagatir
body waves assuming 1D soll deposit models

- Nonlinear hysteretic behavior of the soll layers affects 1
seismic wave propagation.

- Equivaleninear soil models (SHAKE) are acceptable fo
performing the site response analysis.
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