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Purpose of This Presentation:

To disseminate results of some internal research projects done in GP 

Technologies for a better understanding of the incoherency effects on 

nuclear structure SSI and SSSI responses. 

To answer to the following important questions:                                                   

- What is the meaning of “incoherent motion”?                                                 

- How the foundation flexibility impact on the incoherent SSI methodology 

and in-structure responses?   

- How much can the foundation size influence incoherent responses?            

- How much can the seismic input directionality affect incoherent results?                                                     

- How much can incoherency influence SSSI effects for rock and soil sites? 

Discuss effects on ISRS, soil pressures, structural shear forces, and 

foundation wall bending moments, SSI relative displacement between 

neighboring buildings….

The ACS SASSI Version 3.0 code was used for all these studies.
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3D Rigid Body Soil Motion (Idealized)

1 D Wave Propagation Analytical Model 

(Coherent)

Vertically Propagating S and P waves (1D)

- No other waves types included

- No heterogeneity random orientation and 

arrivals included

- Results in a rigid body soil motion, even 

for large-size foundations 

3D Random Wave Field Soil Motion (Realistic)

Coherent vs. Incoherent Wave Propagation Models

3D Wave Propagation Data-Based Model 

(Incoherent – Database-Driven Adjusted 

Coherent) 

Includes real field records information, including 

implicitly motion field heterogeneity, random 

arrivals of different wave types under random 

incident angles.

ANIMATIONS
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The complex frequency response is computed as follows:

• Coherent SSI response:

•Incoherent SSI response:

Motion Incoherency Simulation in ACS SASSI

i c

s s g g g,0U ( ) H ( )*S ( )*H ( )*U ( )     

c

s s g g,0U ( ) H ( )*H ( )*U ( )    

Complex Fourier transform of relative 

spatial variations of soil motion at 

interaction nodes =  stochastic wave field

Structural transfer function given 

input at interaction nodes

Coherent ground transfer function at 

interface nodes given control motion

Incoherent ground transfer function 

given coherent ground motion and 

coherency model (random spatial variation 

in horizontal plane)

Complex Fourier transform 

of control motion

gS ( ) [ ( )][ ( )]{ }      

Eigenmodes of coherency kernel  (deterministic part)      Random phases (stochastic part)
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How Many Modes Do we Need to Consider ? 
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Basemat Flexibility Effects on RB Complex ISRS
HORIZONTAL

Rigid Mat Rigid Mat

Elastic Mat Elastic Mat

VERTICAL

HORIZONTAL VERTICAL

Elastic
is 65% (!)
up for
vertical

Elastic
is 20% 
up for
horizontal
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Cumulative Modal Contribution for 10 Modes 
2007 Abrahamson Rock Site Model
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Effects of Number of Incoherent Modes on ISRS
Elastic Basemat Corner – X Direction
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Motion Incoherency Differential Phasing Effects

Differential phasing

produces time and 

space lags and 

through these, 

amplitude variations

Greg Mertz’s example

with phasing effect on

Symmetric beam
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Symmetric Beam Subjected to Harmonic Motion at Supports

Zero Differential Phase 

180 Degree Differential Phase 

Mode  1

Mode  2

Greg’s Example on Differential Phasing Effects

Same Amplitude Harmonic Input

Time Lag



Effects of Zeroing Phases of Complex Responses in 

Frequency on Time Domain Responses

Fourier Transform Example

Original random wave motion

Zero-phase random wave motion



Effect of Zeroing Differential Phases at Lower-Mid Frequencies

Mode 1 Contribution

Freq    Part H Part V 

1 Hz    100%   98.2  

8 Hz     84%    67%

25 Hz      7%    21%

For dominant single mode situations (in lower frequency range), the neglect of the 

(differential) phases that produce random amplitude variations in space, basically changes 

the problem and departs from reality. 

kmx

k    … m

Differential Amplitude Variations due 

to Differential Random Phasing

At the lower frequencies, below 10 Hz, where a 

single mode (Mode 1) is governing, the zero-

phase assumption practically neglects the 

differential phase variations between motion 

components due to incoherency.

Single Mode “Zero-Phase” Motion

produces a “deterministic rigid body” motion

Single Mode “Non-Zero-Phase” Motion

produces a “random field” motion

k    … m
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Zero-Phases means No Differential Phasing

Non-Zero-Phases Means Differential Phasing 
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Incoherency Simulation With Zero-Phasing (Loss of Physics)

Incoherency Simulation With Random Phasing (No Loss of Physics)

ANIMATIONS
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Effects of Foundation Size on SSI Responses

ASCE 04-1998 and SRP 3.7.2 Requirements

SRP 3.7.2

0.0/10Hz

0.7/30Hz
for all 

foundation 

sizes
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HARD-ROCK SOIL

HORIZONTAL

VERTICAL
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(EPRI TR # 1015110, December 2007)

2007 Abrahamson Coherence for Hard-Rock and Soil Sites

420 ft x 330 ft
Reductions (75m):
At 10 Hz 20-40%?

At 20 Hz 50-70%?

Larger differential 

displacements for soils. 

May affect SSSI..?
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Incoherency Effects on Multiple Mode SSI Responses

Seismic Motion Amplitude Shape ATF Amplitude Spectral Shape

Response 
Reduction Response 

Amplification

Remark:  For the above GMRS, the ISRS at the selected location will be dominated by              

the 10 Hz, 12 Hz and 17 Hz mode responses. The 5 Hz component will be much lower. 

Incoherent ISRS reductions will correspond to a mix of components in the 10-17 Hz range.

Simple judgement



48%
(20%)
(0%)

59%
(40%)
(22%)
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Effects of Random Phasing on ISRS for 

Large-Size 420 ft x 330 ft RB Complex

DIRECTION Y

“EXACT” Including Correct 

Phasing for All Fourier 

frequencies (5,700 up 60 Hz)

Zero-Phasing with

170 SSI Frequencies

SRP 3.7.2 ASCE 04-1998 for 300ft size

EPRI validated 

approaches significantly 

overestimate the

incoherent ISRS for

large-size foundation

10 Hz

25 Hz
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Effects of Incoherency on Basemat Bending

Coherent Incoherent

Remark: Incoherent bending 

moments are 130%-240% of 
coherent bending moments.
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“Soil”

“Rock”

Incoherent vs. Coherent Seismic SSSI Effects

700 ft

400 ft

Generic NPP SSSI Model 1

(55,000 nodes with 5,000 int. nodes, 

27,000 shells, 13000 solids, 11000 beams)

X

Y

Soil Profiles
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Seismic GMRS Surface Input for Soil and Rock Sites
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ABW Bldg. Coherent vs. Incoherent SSI and SSSI 

Effects for Roof Corner ISRS for Rock Site

X Y

Z
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ABW Bldg. Coherent vs. Incoherent SSI and SSSI 

Effects for Roof Corner ISRS for Soil Site

X Y

Z



SSI

SSSI
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ABW Bldg. Coherent vs. Incoherent SSI and SSSI ATF  

for Roof Corner ISRS for Rock and Soil Sites

Horizontal Vertical

Rock Site

Soil Site
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ABW Bldg. Coherent vs. Incoherent SSSI Simulated 

Responses for Roof Corner ISRS for Soil Site

X Y

Z

ANIMATIONS
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ABW Bldg. Coherent vs. Incoherent SSSI Effects on  

Bending Moments in Corner Walls Near RB Complex 

Rock Site Soil Site
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RB Complex Coherent vs. Incoherent SSSI Effects on

ISRS on Top of Internal Structure – Y and Z Directions

Rock Site

Soil Site

Horizontal Vertical
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RB Complex Coherent vs. Incoherent SSSI Effects on  

ISRS at Top Corner Near AB Bldg. for Soil Site

X Y

Z
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RB Complex Coherent vs. Incoherent SSSI Effects on  

Bending Moments in Corner Wall Near ABW Bldg. 

Rock Site Soil Site



Incoherent vs. Coherent Seismic SSSI Effects

Generic NPP SSSI Model 2

300 ft

(75,000 nodes with 11,000 int. 

nodes,45,000 solids, 11,000 shells)

X

Y

450 ft
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Compute relative 

displacements between 

NB and RB buildings:

Differential motion amplitude is 

twice larger for incoherent input
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Seismic SSSI Effects on the Adjacent NB ISRS 

X Y

Z

Roof Elevation
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SSSI reduction effects 

due to presence of 

deeply embedded RB



RB

NB

Seismic SSSI Effects on NB Basemat Pressures

SSI Pressures SSSI Pressures

SSSI Effects due to RB

SSSI Effects due to AB

SSSI Effects may increase severely 

seismic pressures on foundation walls 

and basemat. Suggestion to include local 

nonlinear soil behavior (only 2-3 iterations)
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Seismic SSSI Effects on Shear Forces in RB 
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Shear Force Diagram

Incoherent SSSI analysis 

provides the largest shear 

forces in RB structure
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αDy^2]Dx^2α2[(1D^2 

5.0
9.0

Y Y

X X

Rotated Axes

Global Axes

Abrahamson Radial vs. Directional Coherency Models

RADIAL DIRECTIONAL

Incoherency distance is
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EPRI AP1000 NI 

Stick Model Study

- Soil Site, Vs = 1,000 fps, 

CSDRS, AB2007Soil

- Rock Site, Vs = 6,000 fps, 

EPRIRockRS, AB2007Rock

ZPA

Rock

Soil ZPA

Motion directionality has 
limited influence on SSI  



Conclusions for Investigated Cases
• Incoherent motion describes a realistic, 3D random wave field motion.

• For realistic, elastic foundations, truncating the number of incoherent 

modes produces unconservative results in the high-frequency range.

• Zeroing the incoherent motion phasings produces overly conservative 

results  in mid-frequency range at the price of the loss of physics – spatial 

correlation between support motions is neglected. Not applicable to the 

multiple time history analysis of RCL system.

• SSSI effects are significant for soil sites and possibly non-negligible for 

rock sites. Affect ISRS, soil pressures, foundation wall bending. Affect less 

the shear forces in the structure.

• Incoherent SSI effects are larger or different than the coherent SSSI 

effects.

• Incoherency model directionality, radial vs. directional, produces less 

significant effects on SSI response. 35
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