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Purpose of this Presentation

Discuss the state-of-the-art seismic SSI analysis of the concrete 

bridges on pile-foundations using the specialized ACS SASSI FEA 

software.ACS SASSI ⌐╟╢ ◖fi◒ꜞכ♩ ─ ⌐╟╢SSI ╩

⇔╕∆.

ACS SASSI is a specialized software applied largely in 

nuclear industry where seismic SSI analysis is required to be done in detail. 

Used in North America, Europe, Asia, South America and  Africa. In Japan 

used for nuclear projects by MHI, Toshiba, Hitachi-GE, Obayashi, Shimizu, 

Taisei, Takenaka, and others. ACS SASSI │ SSI ⅜ ≤↕╣╢

≢ ∆╢ ♁ⱨ♩≢⁸ ⁸ ⁸▪☺▪⁸ ⁸▪ⱨꜞ◌╛ ≢ ↄ─ ⱪ꜡
☺▼◒♩⌐ ↕╣≡™╕∆.

In Japan not much known by bridge seismic designers. Bridges have much 

lower design code requirements on seismic SSI analysis than nuclear 

structures (ASCE 4 standard). ─ ≢│ ─ ⌐ ═ SSI

─ │ ™⁹
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ACS SASSI has been used recently for seismic evaluation of large span 

concrete highway bridges in US, including New York City, Boston, Washington 

D.C. and many other places. ACS SASSI│New York , Ⱳ☻♩fi,꞉◦fi♩fi D.C─ ☻

Ɽfi◖fi◒ꜞכ♩ ─ ⌐ ™╠╣≡™╕∆.

The pile foundation ACS SASSI modeling captures the global dynamic SSI 

structure-pile-group-soil effects including both the wave scattering and inertial 

effects, but also include the local nonlinear SSI effectsin the vicinity of the 

piles due to local soil plasticity in the adjacent soil and at pile-soil interface. 
ACS SASSI ⸗♦ꜟ│ SSI - - ╩ ╖╕∆. ↓╣⌐│

≤ ╩ ╪≢⅔╡⁸ ⌐ ⇔√ ─ ⌐╟╢ SSI ╙ ╖╕
∆.

In addition, for the entire bridge structure, the site-specific effects of motion 

spatial variation (incoherency and wave passage) is included since it could 

largely affect bridge-pile seismic responses. ↕╠⌐, ≢│, - ─

⌐ ⅝ↄ ∆╢◘▬♩ ─ ─ ─ ▬fi◖ⱥ꜠fi◦⁸כ
╩ ⇔╕∆.

ACS SASSI Application to Bridges 
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1. Short Introduction to ACS SASSI Seismic SSI Analysis 

Methodology Applicable to Bridges 
ACS SASSI SSI ─

2. Specific Bridge-Pile Foundation SSI Modeling Aspects 
₁─ - SSI⸗♦ꜞfi◓─

3. Case Studies:  ◔כ☻☻♃♦▫

- FartecHighway Bridge SSI Analysisé in Europe 

- FukaeBridge Failure Review Including SSI Effectsé part of 

Hanshin Expressway in Kobe 

Presentation Content  
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Seismic Linearized SSI Analysis Problem 

Soil Deposit

Stiff /Rock Formation

Structure

Near Field Soil 

(Affected by SSI)

Variable Half-Space Layers 

plus Lysmer-Kuhlemeyer

Viscous Boundaries
Incident Waves

Control Motion

Kausel 

Transmitting 

Boundaries

Seismic SSI Analysis includes:

- Wave Propagation aspects

- Structural and Soil modeling

- Kinematic and Inertial effects

Far-Field Soil 

(Free-Field)

1. Short Introduction to ACS SASSI Seismic SSI 
Analysis Methodology Applicable to Bridges

ACS SASSI SSI ─
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Domain Formulation:

Interaction

Nodes

Complex Dynamic Stiffness

Complex Absolute Displacements

Complex Seismic

Load Vector

REMARK: All Excavated Soil nodes are interaction nodes 

(include exact equations of motion)

Complex Soil Impedance Terms

Flexible Volume (FV) Substructuring
ⱨ꜠◐◦ⱩꜟⱲꜞꜙכⱶ

1D 3D
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a) Structural Model                                             b) Excavated Volume

ACS SASSI SSI Model for MHI US-APWR NI

Standalone SSI RB Model

SSSI RB-TB Model

(Ghiocel, Yue, Fuyamaand Kitani, 2013)
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ACS SASSI NI Pile-Foundation SSI Model
ACS SASSI NI - SSI⸗♦ꜟ

Insert soft beams

(Nakai, 2004)
8
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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
⸗♦ꜟ ◖ⱥ꜠fi♩vs.▬fi◖ⱥ꜠fi♩

3D Wave Propagation Data-Based Model 

(Incoherent ðDatabase-Driven Adjusted 

Coherent) 

Includes real field records information, including 

implicitly motion field heterogeneity, random 

arrivals of different wave types under random 

incident angles.

ANIMATION 1
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Modeling of Soil and Structure Hysteretic Behavior
≤ ─ⱥ☻♥ꜞ◦☻ ⸗♦ꜟ

The new nonlinear SSI approach can be used to perform fast and accurate

nonlinear SSI analyses at a small fraction of the runtime of a time domain 

nonlinear SSI analysis, about 2-3 times the linear analysis runtime.

Comparative nonlinear SSI analysis results of the hybrid approach and 

the ñtrueò nonlinear time-integration approach showed a very good 

matching. 
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Frequency Domain                                            Time Domain 

Linearized Hysteretic Model                                Hysteretic Model

Linearized Hysteretic Model Experimental Hysteretic Model
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Seismic Nonlinear SSI Analysis Methodology
SSI

Base isolators are modeled as  nonlinear spring elements. 

ACS SASSI (Option NON) extended the SASSI substructuringmethodology to 

nonlinear SSI using an iterative equivalent linear procedure. Includes shells 

and springs.

Computational steps:

ÅFor the initial iteration, perform a linear SSI analysis using the initial elastic 
properties for the nonlinear elements

ÅCompute the local behavior of nonlinear elements in time domain based 
on the local relative displacements, that is then used to calibrate the local 
linearized hysteretic models associated to each nonlinear element in 
complex frequency

ÅPerform a new SSI analysis iteration using a fast SSI restart analysis in 
the complex frequency domain using the linearized hysteretic models 
computed in Step 2 for nonlinear elements

ÅCheck convergence after new SSI iteration to stop or continue.
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Concrete ShearwallStructure SSI Analysis
◖fi◒ꜞכ♩ ─SSI

Elastic vs. Nonlinear 1st Iteration vs. Last Iteration

ACS SASSI Option NON 
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Small-Moderate 
Sliding

Nonlinear Springs for Modeling Base-Isolators 
and/or Moderate Building Sliding
⁸כ♃כ꜠♁▬▪ ⌂ ╡╩⸗♦ꜟ ∆╢ ┌⌡

Base-Isolators
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Pile 
1

Pile 
3

Pile  2

Pile  4

Wall  
2

2. Specific Bridge-Pile Foundation SSI 

Modeling Aspects₁─ - SSI⸗♦ꜟ ─

Highway Bridge Model (Stiff)

14
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Highway Bridge Model (Flexible)

Bridge-Pile Foundation SSI Modeling
- SSI⸗♦ꜟ
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ACS SASSI Pier Pile-Foundation Models
ACS SASSI - ⸗♦ꜟ

SSI Model Cap and PilesAdjacent Soil Excavation

16
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Local Pile Foundation (Hexagon Section)
ꜟ◌כ꜡

Node 31

Node 1169

Node 12

Node 1174Node 1170

Node 1164Node 1163 Node 1168

Node 1064
Node 1059

Node 348

Node 640

Node 

367

Node 

725

Stress outputs:
Group 5, e1  
Group 3, e1-5
Group 7, e1-14

Rdispoutputs:
Node  31, 73, 115, 
157, 199, 241, 
283, 325, 367, 
409, 451, 493, 
535, 577, 725, 
869, 1059, 1157, 
1159, 1161, 1164, 
1170
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Node 4

Node 143

Node 3

Node 148

Node 144

Node 138Node 

137
Node 142

Node 123
Node 122

Node 51

Node 91

Node 52

Node 92

Stress outputs:
Group 5, e1  
Group 3, e1-5
Group 7, e1-14

Rdispoutputs:
Node  4, 10, 16, 
22, 28, 34, 40, 46, 
52, 58, 64, 70, 76, 
82, 92, 106, 122, 
131, 133, 135, 
138, 144

Local Pile Foundation (Square Section)
ꜟ◌כ꜡
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Node 3589

Node 3594

Node 3588

Node 3590

Node 3584

Node 3583

Node 3484Node 3479

Node 428Node 

513

Node 1932Node 

2017

Node 3060Node 

3145

Stress outputs:
Group 6, e1  
Group 4, e1-5
Group 8, e1-16

Rdispoutputs:
Node   137, 325, 
513, 701, 889, 
1077, 1265, 1453, 
1641, 1829, 2017, 
2205, 2393, 2581, 
2769, 2957, 3145, 
3289,3479, 3577, 
3579, 3581, 3584, 
3590

Local Pile Foundation Including Adjacent Soil
╩ ꜟ◌כ꜡╗
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Single Pile Modeling Using Solid Elements
♁ꜞ♇♪ ╩ ™√ ─ ⸗♦ꜟ

Friction

Pressure

Pile movement

Pile Section 

R

0.85R

Hexagon Shape Square Shape

Horizontal Motion 
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Tangential Spring

Axial 

Spring

Nonlinear Springs
Normal  Axial Spring
Tangent H

Tangent V

Tangent Spring
Tangent  Spring

Pile-Soil Interface Modeling Using Option NON
○ⱪ◦ꜛfiNON╩ ™√ - ▬fi♃כⱨ▼כ☻─⸗♦ꜟ

Square Pile Shape

Adjacent Perturbed Soil 

Plasticity/Gapping using 

Nonlinear Solids
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Adjacent Soil Local Plasticity Using Nonlinear 

Solid Elements ♁ꜞ♇♪ ╩ ™√ ─

t

Rt 0.125.0 -=

Local
lG

Perturbed 

Soil/Gap

G, 

k

fLRe

K=0.1-0.5      

K=1.0 

maxkGGl =

( )depthfk=
n

f

l
L

X
GG

ö
ö

÷

õ

æ
æ

ç

å
=

Re

max

5.0~n

Nonlinear Solids
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Pile Group Modeling Including Nonlinear Soil
╩ ╗ ⸗♦ꜟ

Closely 

spaced piles

Largely 

spaced piles

Horizontal Motion 

Nonlinear Solids
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Raft Slipping

Tangential Springs

0.01-0.02D Z rel. 
disp

Tangential Spring 

(friction)

Axial Spring 

(pressure)

0.1D

Nonlinear Springs

Axial Springs

Z rel. 
disp

Vertical Motion 

Pile Vertical Motion Including Slipping
∆═╡╩ ╗ ─ fiꜛ◦כ⸗
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3-4R 3-4R

Nonlinear/Perturbed Soil

0.1D

Soil Nonlinear Behavior

Vertical Motion 

Nonlinear Solids

Pile Vertical Motion at Bottom
─ ─ fiꜛ◦כ⸗
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3. Case Studies: FartecHighway Bridge SSI 

Analysis ▫♦♃☻☻כ◔ ⱨ□כ♥♇◒ ─SSI

ACS SASSI Bridge SSI Model
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Seismic SSI Analysis Inputs
SSI ─ ♃כ♦

Seismic Input Motion at Ground Surface:

Soil Layering:

Design Spectrum (0.25g) Simulated Acceleration Input (0.25g)

Incoherent Motion:  
2005 Abrahamson coherency model, with wave passage  Va=1,300m/s 

Hard Soil: Vs=1,300m/s, Uniform Profile

Soft Soil: Vs=200m/s, Uniform Profile
27
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Pier
Side 1

Side 2

Pier
Middle

5052

5103

12411237

5122

13111307

5119

12761272

5116

5125

13461342
5113

13811377

5020

14511447

5086
14161412

5083

4840
Pier
Side 2

SSI Response Locations
SSI

ISRS Locations

ZPA and Force Profiles
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SSI Response Acceleration Transfer Functions
SSI

Longitudinal Transverse

Vertical

Node 5083
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SOFT

SSI Response Acceleration Response Spectra
SSI ☻Ɑ◒♩ꜟ

Longitudinal Transverse

Vertical

Node 5083
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SSI Maximum Acceleration Profile at Pier Side 1
SSI ⱪ꜡ⱨ□▬ꜟ⁸ ◘▬♪

Longitudinal Transverse

Vertical

Pier

Side 1
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SSI Maximum Displacement  Profile at Pier Side 1
SSI ⱪ꜡ⱨ□▬ꜟ⁸ ◘▬♪

Longitudinal Transverse

Vertical

Pier

Side 1
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SSI Response ZPA Profile at Pier Side 2
SSI ZPAⱪ꜡ⱨ□▬ꜟ⁸ ◘▬♪

Axial Force Longitudinal
Shear Forces

Transverse
Shear Force

Pier

Side 2
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SSI Response ZPA Profile at Pier Side 2
SSI ZPAⱪ꜡ⱨ□▬ꜟ⁸ ◘▬♪

Bending Moment
Transverse Plane

Bending Moment
Longitudinal Plane
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Comparison of SSI Analysis and Design 

Analysis Results Using Eurocode 8
SSI ≤Eurocode8 ╩ ™√

Design Model

SSI Model

(Contiu, Ghiocel, Cretu, 2014)
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X-Input (Long) SSI Analysis and Eurocode 8
X - SSI ≤Eurocode8

Side Pier Mid Pier 
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X-Input (Long) SSI Analysis and Eurocode 8
X - SSI ≤Eurocode8

Side Pier Mid Pier 
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X-Input (Long) SSI Analysis and Eurocode 8
X - SSI ≤Eurocode8
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Y-Input (Long) SSI Analysis and Eurocode 8
Y - SSI ≤Eurocode8

Side Pier Mid Pier 

39

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC.  TOKYO PRESENTATION


