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Purpose of this Presentation

Discuss the state-of-the-art seismic SS| analysis of the concrete
bridges on pile-foundations using the specialized ACS SASSI FEA

software. acs sassi - KAMBEEREO LY ) — FEOREIRMZ & 5 SSIHE R % 7
MLET.

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,

Taisel, Takenaka, and others. ACS SASSI (&t ESSIZ M@ ANE L ShEEFHD

HTERTHAFERAY I LT, &K B, 7O7. XK. 77U APBERTELDREFAHTO
D bMERSATHET.

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). s nig25% 5 ¢ 1L EF AR O AT ESSI#E
*EJ:ODDXD-I-g*‘j:{-&L\ 2
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ACS SASSI Application to Bridges

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 sASSIENew York, K& k>, 7+ ko D.COER
Roavy ) — FERERBOMBTECALSATLET.

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 effects in the vicinity of the

piles due to local soil plasticity in the adjacent soil and at pile-soil interface.

ACS SASSIMERETIILIZERMENSSIEEY-MEF-TRERMREZEAHFT. TNIZIFR
BRELEEBEMIREEATHEY .. MICHEELEZTIEOERICKSEMMMSERHESSIIRLEAF
ER

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. = iz, B2 2 kgL ClE, B-HOHE
IWERICKECHEST S0/ MREOHEROGEREOESY (oL ry— HERKER)
B EEELET. 3
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Presentation Content

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

ACS SASSITitESSIFMFEZDBRER BN

2. Specific Bridge-Pile Foundation SSI Modeling Aspects

B2 DE-HEBSSIET Y o5 DR
3. Case Studies: »—zz45+

- Fartec Highway Bridge SSI Analysis... in Europe
- Fukae Bridge Failure Review Including SSI Effects... part of
Hanshin Expressway in Kobe



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

ACS SASSITit=SSIEITFEDIBEER BN

Seismic Linearized SSI Analysis Problem  seismic SSI Analysis includes:
Structure - \Wave Propagation aspects
- Structural and Soil modeling

Near Field Soil : . .
(Affected by SS) - Kinematic and Inertial effects
L ControI.Motion
_______ n L / "
....... \ / \ ____ Far-Field Soil
--------------- Free-Field
_______ \ S /— — ‘ )
_______ / /
_______ ( T A &~ Kausel
_______ i Soil D " > /) ___— Transmitting
_______ oll Ueposi ... Boundaries
_______ S ~N
_______ ) / /
/ Stiff /Rock Formation
s 1 Y
Variable Half-Space Layers
plus Lysmer-Kuhlemeyer Incident Waves

Viscous Boundaries 5
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Flexible Volume (FV) Substructuring

JLXx TR a—LERHEE

Interaction . 1D . : 3D
W 1 — S W 1
Nodes
1
+ -
Structure Excavated Soil
— FreeField Problem ——
é SSIProblem (Flexible Volume)
‘:;,_D COFDp'GX Dynamic Stiffness Comp|ex Seismic

Complex Frequency
Domain Formulation:

sz) LNJ ((0) — Q((DK) " Load Vector

Complex Soil Impedance Terms
Cisi o C?i T Xi‘i/ _C?w T Xiw
-C..+X,, -C. +X
C. 0

Sl

\ Complex Absolute Displacements

CiSS (Ui \ | XiiUli+XiWU'W \
0 [Hu, l=Ix U +x_ U"
Czs kUSJ C O J

REMARK: All Excavated Soil nodes are interaction nodes

(include exact equations of motion)
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a) Structural Model
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Standalone SSI RB Model

SSSI RB-TB Model

ACS SASSI SS| Model for MHI US-APWR NI

(Ghiocel, ._Yue,_ Fuyama énd Kitani, 2013)

Y

b) Excavated Volume



ACS SASSI NI Pile-Foundation SSI Model

ACS SASSI NI #i-EHSSIETIL

ﬂm

-

Y

\\\N\ "”u

Insert soft beams
(Nakai, 2004)
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Coherent vs. Incoherent Wave Propagation Models
MEREEBETIVLEE aelLYbvs.ArabELY bk
3D Rigid Body Soil Motion (Idealized) 3D Random Wave Field Soil Motion (Realistic)

. [T T 7 7 77
VA S S A
—A— [T T T 77
777 7

[/
[/ /[ ] ]
S,P

1 D Wave Propagation Analytical Model 3D Wave Propagation Data-Based Model

(Coherent) (Incoherent — Database-Driven Adjusted
Coherent)

Vertically Propagating S and P waves (1D)

- No other waves types included Includes real field records information, including

- No heterogeneity random orientation and  implicitly motion field heterogeneity, random

arrivals included arrivals of different wave types under random

- Results in a rigid body soil motion, even incident angles.

for large-size foundations
ANIMATION 1



Modeling of Soil and Structure Hysteretic Behavior
TIEHEEBEMOERT) DREHETIVE

Linearized Hysteretic Model Experimental Hysteretic Model

AW

Frequency Domain Time Domain
Linearized Hysteretic Model Hysteretic Model

Comparative nonlinear SSI analysis results of the hybrid approach and
the “true” nonlinear time-integration approach showed a very good
matching.

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.
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Seismic Nonlinear SSI Analysis Methodology

JE#R LSS = & AT F &
Base isolators are modeled as nonlinear spring elements.
ACS SASSI (Option NON) extended the SASSI substructuring methodology to
nonlinear SSI using an iterative equivalent linear procedure. Includes shells
and springs.

Computational steps:

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

» Compute 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

« Perform 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

» Check convergence after new SSl iteration to stop or continue.
11



Concrete Shearwall Structure SSI Analysis

QU8 1) — R R S Y D SSIARAT
Elastic vs. Nonlinear 18t lteration vs. Last Iteration

Panel 25 Shear Hysteresis Loop for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration  Panel 25 Shear Hysteresis Loop Iteration Compare for Equivalent Linear Factor = 0.8, Y Direction 0.6G RG160Y acceleration
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Nonlinear Springs for Modeling Base-Isolators
and/or Moderate Building Sliding

ERTAVL—4—. BELRRERYETTLLTZESRIEL

1000+

Base-lsolators

500~

Small-Moderate
Sliding

llllll
nnnnnnnn
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2. Specific Bridge-Pile Foundation SSI
Modeling Aspects &« nis-nzmssiz Lo

. Pile 2
Pile

14
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Bridge-Pile Foundation SSI Modeling

B-MERSSIETILE

Highway Bridge Model (Flexible)

il
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ACS SASSI Pier Pile-Foundation Models

ACS SASSI & fn-EEETIL

SSI Model Cap and Piles Adjacent Soil Excavation

W A A
1 O L

O

-
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Local Pile Foundation (Hexagon Section)
O—A LA (RAREHE)

Node 1170 Node 1174
-

x Y Node 1169
Node 1163 Node 1164 Node| 1168

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

Node(1059

Rdisp outputs: Node 1064

Node 31, 73, 115,

157, 199, 241,
283, 325, 367,
409, 451, 493, Node Node 640
535, 577, 725, 795
869, 1059, 1157,
1159, 1161, 1164,
1170
Node Node 348
367
Node 31 Node 12
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Local Pile Foundation (Square Section)
O—A)LinERE (EARE)

Node 144

L Node 148

x y Node
137

Node 143

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

Rdisp outputs:
Node 4, 10, 16,
22,28, 34, 40, 46,
52, 58, 64, 70, 76,
82,92, 106, 122, Node
131, 133, 135, Node 91
138, 144

Node 52

Node 4 Node 3

18
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Local Pile Foundation Including Adjacent Soil

FltiEZEL 0 —h LA

,JL Node 3590 Node 3594
X ¥
Stress outputs: Node 3583 @ I :I @® Node 3589

Group 6, el Nogde 3584 Ndde 3588
Group 4, el-5
Group 8, el-16

Rdisp outputs:

Node 137, 325,

513, 701, 889 \
7 1265 1 ode 3484

1077, 1265, 1453, Node 347

1641, 1829, 2017,

2205, 2393, 2581,

2769, 2957, 3145, Node Node 3060
3289,3479, 3577, 45
3579, 3581, 3584,
3590
Node Node 1932
2017
Node ode 428
513

19
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Single Pile Modeling Using Solid Elements

YD)y FERZRV:E

—DMETIVIE

Horizontal Motion

N

Pile movemen;

Pile Section
R

Pressure

vy

Y

Hexagon Shape

A

Square Shape



Pile-Soil Interface Modeling Using Option NON

73> NONZEZRAWE=R-T4M 22— —XDETIVIE

| | Normal > Axial Spring
Nonlinear Springs X Tangent H  Tangent Spring

Tangential Spring 7 TangentV = Tangent Spring
Square Pile Shape

AUEL £ 3 £

N 7Z7/M

LY.

A, .
-
- -
-
- -

Adjacent Perturbed Soil
Plasticity/Gapping using
Nonlinear Solids



Adjacent Soil Local Plasticity Using Nonlinear
Solid Elements sswvy v rzssmur-motaose

Nonlinear Solids
(@B .
/ K

t=0.25-1.0R  Perturbed

K=0.1-0.5

max

Soll/lGap

K=1.0

k = f(depth)



Pile Group Modeling Including Nonlinear Soil
ERELEZETCMHETILE

Horizontal Motion

@ Nonlinear Solids
A Closely /
spaced piles
Q0000
O OO O34
- O @%o o|—
g 00000
O00O0O0
Largely Q: ;lsnn;inearSoil
spaced piles -
O3
%
9




Pile Vertical Motion Including Slipping

IARNYZECHMDEEE—>a Y

Raft Slipping

Vertical Motion

Axial Sprlngs

Tangentlal Springs

Nonllnear Springs

Tangential Spring

A (friction)
——
/ )
0.01-0.02p ~rek
disp
Axial Spring
A (pressure)
'; >
0.1D Z rel.

disp



Pile Vertical Motion at Bottom
ESOMDEEE— 3 Y

Vertical Motion

A Soil Nonlinear Behavior

—

0.1D

|

|

1
L
g
a»
i.d

N Aaa
PANNNA N
AN AN
EANANN N

Nonlinear Solids

Nonlinear/Perturbed Soil
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3. Case Studies: Fartec Highway Bridge SSI

Analysis +—zz57. o7—7vommEBEOSSIHEI

Aﬁ] W W Es ]L& Brid
ge SSI Model
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Seismic SSI Analysis Inputs
SSITEAERDANT—4

Seismic Input Motion at Ground Surface:

i | s | . —
/ \\\ oas i I.I e 1 i I I N I
C / \\ = R ol RN
/ N i "
/ Rininf
/ A
Design Spectrum (0.25g) Simulated Acceleration Input (0.259)
Incoherent Motion:

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

Soil Layering:
Hard Soil: Vs=1,300m/s, Uniform Profile
Soft Soil: Vs=200m/s, Uniform Profile
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SSI| Response Locations

> » SSI,;.ET\%{&E ?ﬁ-' 03

o > i'i"':—i‘."r 237 T 1241

ISRS Locations g s

1377 === 1381
@
5086 """-"
112 Famid16

4840

Pier
Middle

PA and Force Profiles
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SSI Response Acceleration Transfer Functions
SSIIGEIEE R ER

Amplitude

10
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Fartec Model - ATF
at Elevation 8.90 (Node 05083) -- Direction X

at Elevation 8.90 (Node 05083) -- Direction Y

Fartec Model - ATF

*

¢
®

T

TFI-Coherent(Hard Soil)
TFU-Coherent(Hard Soil)|
TFI-Coherent(Soft Soil)
TFU-Coherent(Hard Soil)
TFl-Incoherent(Hard Soil) 6
TFU-Incoherent(Hard Sgil
TFl-Incoherent(Soft Soil
TFU-Incoherent(Hard Sqij

=

=

Longitudinal o

mplituce

Node 5083

25

4
@

TFl-Coherent(Hard Soil)
TFU-Coherent{Hard Soil)
TFI-Coherent{Soft Soil)
TFU-Coherent{Hard Sail)
TFEIncoherent{Hard Soi
TFU-IncoherentiHard Soi
TFl-incoherent{Soft Soil

"

TFI-Coherent(Hard Soil)|
*  TFU-Coherent(Hard Soif)
TFI-Coherent(Soft Soil)
4  TFU-Coherent(Hard Soil)
TFl-Incoherent(Hard Soif)
@  TFU-Incoherent(Hard S9i
TFl-Incoherent(Soft Soil
B TFU-Incoherent(Hard Sgi

TFU-Incoherent(Hard Sgi

Fartec Model - ATF
at Elevation 8.90 (Node 05083) - Direction Z

e

) 10
i (Hz)

TFI-Coherent(Hard Soil)|
%  TFU-Coherent(Hard Soil)
TFI-Coherent(Soft Soil)
4  TFU-Coherent(Hard Soil)
TFl-Incoherent(Hard Soil)
@  TFU-Incoherent(Hard Sqily
2n TFl-Incoherent(Soft Soil
TFU-Incoherent(Hard Sqily

Amplitude

0

Vertical

0

Freguency (Hz)
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SSI Response Acceleration Response Spectra

45

Acceleration (g)
. N «®
[4,] N w w (4,1 +a

=y

0.5
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Fartec Bridge Model with Hard Soil -- SRSS -- 5% Damping

at Elevation 8.90 (Node 5083) - Direction X

Coherent
Mean of Incoherent]
Samples

Acceleration (g)

25

N

=y
w

Fartec Bridge Model with Hard Soil -- SRSS -- 5% Damping

at Elevation 8.90 (Node 5083) — Direction ¥

m— Coherent

e Mean of Incoherer

Fre

Node 5083

Acceleration (g)

Coherent

Mean of Incoherent

Samples

Transverse

p 10°
Fartec Bridge Model with Hard Soil - SRSS -- 5% Damping
at Elevation 8.90 (Node 5083) -- Direction Z
T T T T
: : A Coherent

0.6

0.5

o
~

o
2]

02

0.1

Mean of Incohereni
Samples

Frequency (Hz)

ey (Hz)

Vertical
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SSI Maximum Acceleration Profile at Pier Side 1

SSIRKIMEETOT 7 ()b, HBHYA F1

Maximum Acceleration -- Direction Y

FARTEC Bridge Model -- Side Pile 1
Maximum Acceleration -- Direction X
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SSI Maximum Displacement Profile at Pier Side 1

SSIRAZEMTAT 74 )L, BHIYA K1

FARTEC Bridge Model -- Side Pile 1 FARTEC Bridge Model - Side Pile 1
Maximum Displacement -- Direction X Maximum Displacement -- Direction Y
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S| Response ZPA Profile at Pier Side

SSIIGZEZPAT7 A 74 )L, ¥BHIYA K2

FARTEC Bridge Model -- Side Pile 2
Forces for FX

| ——

FARTEC Bridge Model -- Side Pile 2

. A : . ~ Shear Forces
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SSI Response ZPA Profile at Pier Side 2
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FARTEC Bridge Model -- Side Pile 2
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Comparison of SSI Analysis and Design

Analysis Results Using Eurocode 8
AJL Ay SSIEH £EurocodeS®E MM BRI R

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

X7 [[- A 7ISSIfZ#T & Eurocode8
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X-Input (Long) SSI Analysis and Eurocode 8

X7 [[- A 7ISSIfZ#T & Eurocode8
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X-Input (Long) SSI Analysis and Eurocode 8

X7 [[- A 7ISSIfZ#T & Eurocode8

Table 1. Stress comparison for earthquake loading in X direction

. . % INCREASE o 0% 1mcrease
Pier | Stuctural | o I pEsion | SPA- | (spA vARto | com | NCOH | Ncon MEAN
position | element VAR DESIGN) _MEAN to COH)
Pier M3 18247 | 20194 10.7% 19660 | 18226 -7.3%
. column V2 3088 3412 10.5% 3354 3140 -6.4%
ng M3 1394 1518 8.9% 573 1747 204.9%
Pile V2 1064 1172 10.2% 90 573 536.7%
N 4753 5318 11.9% 334 3204 886.2%
Pier M3 11700 | 11718 0.2% 11970 8430 -29.6%
Vg |colmn [ V2 1482 1484 0.1% 1527 1075 -29.6%
) fle X M3 663 664 0.2% 314 1420 352.2%
Pile V2 545 546 0.2% 27 588 2077.8%
N 2874 2880 0.2% 200 2870 1335.0%




Y-Input (Long) SSI Analysis and Eurocode 8

YA R - A FISSIfEHT & Eurocode8
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Y-Input (Long) SSI Analysis and Eurocode 8

YA R - A FISSIfEHT & Eurocode8
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Y-Input (Long) SSI Analysis and Eurocode 8

YA - A SSIf#E#T & Eurocode8

Table 2. Stress comparison for earthquake loading in Y direction

. . % INCREASE - %% ncrease
Pier | Structural | o o N pEston | SPAS | (sPA VARt | cor | NCOHE_ | (ovcoH MEAN

position | element VAR DESIGN) _MEAN to COH)

Pier M2 4683 4791 2.3% 4087 4213 3.1%

Side | column | V3 1461 1494 2.3% 1394 1283 -8.0%
pier o M2 383 903 1.7% 327 1380 322.0%
He V3 596 604 1.3% 107 720 572.9%

Pier M2 10913 | 10942 0.3% 6890 6676 3.1%

Mid column V3 2562 2569 0.3% 1737 1548 -10.9%
pier ol M2 1689 1691 0.1% 342 1534 348.5%
V3 944 946 0.2% 110 640 431.8%




Z-Input (Long) SSI Analysis and Eurocode 8

Z 7 R- A SSIfEHT & Eurocode8
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Z-Input (Long) SSI Analysis and Eurocode 8

Z A R- A 1SSIfEEHT & Eurocode8
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Z-Input (Long) SSI Analysis and Eurocode 8

Z A R- A\ 1SSIfEEHT & Eurocode8

Table 3. Stress comparison for earthquake loading in Z direction

. , % INCREASE , % Increase
Pler | Structural | o I pESIGN | SPA- | (sPA VARt | cor | NCOH_ | iNncon MEAN
position | element VAR DESIGN) _MEAN to COH)
Pier N 1538 1538 0.0% 20 2325 183.5%
Side column V2 2 2 0.0% 10 1503 14930.0%
pier pile N 707 707 0.0% 250 1230 392.0%
V2 13 13 0.0% 5 2960 59100.0%
Pier N 1643 1643 0.0% 660 2206 234.2%
Mid column V2 1 1 0.0% 2 130 6400.0%
pier pile N 683 683 0.0% 345 1480 329.0%
V2 14 14 0.0% 8 3420 42650.0%




Coherent and Incoherent Instant
Bridge Acceleration Deformed Shape
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Motion Incoherency Effects on Concrete Bridges

OV ) —MEBIZKTASA oLV —DEE

This study shows that the effects of motion incoherency and wave passage can
increase the maximum forces in the bridge pier columns and piles by up to 200

or even more In the transverse direction. ##s = cld. 41 > abE LYo —EHERER
DIMBIZ& YIEBEDOEBRHA L HIZHD BB HRDORAD HH200%~500%HEH0 L 7.

It should be noted that the SSI effects are highly amplified due to motion spatial
variation in horizontal direction, i.e. motion incoherency, that creates random
differential phasing between neighbor building motions. kEsm ot EREEDZE
B(A2aELYY—)ITE > TSSIMBARE CHBIBS Mz, 1vaE—LUME. BET2EMO
REICS Y LRSS RESES.

Design analysis has deficiency since its neglects the dynamic SSI effects due
to the differential seismic soil motions produced by the motion spatial variation.
The vertical input motion induces SSI effects which are much larger for the SSI

analysis than Design analysis. szat#zif ©l&. #hERIEEOEEICHET 5 HBRESIC &
ZEMSSIHREEZEZBLTHELT. T+ THS. EEAHAOHMERANMNSSIHREEE L, SSI
BT CILREHEIT L U L XA M ICKEHSSIHEEERL TS,
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Fukae Bridge Failure at 1995 Kobe Earthquake

1995F EER &R E THIR L = RIIE
Failed Bridge Indicates Large Transverse Seismic Shear Force Loads
BIRL I IBOHF I\ B I= S o TR E LU AM A A AEHEIMD > 12 EADAY &
7. N

47
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Fukae Bridge Location in Kobe, Japan
RIIBDIEG
Recorded locations at MOTOYAMA and HIGASHI at about 10-15m Depths

’A’\ HIGH GROUND

oSk Hanshﬁxpressway
O
\A\“
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Normal and Parallel Motion Components of Kobe 1995
Earthquake (FN and FP) izs5m/ksrmoks
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Motoyama

After Syngros, 2004)
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Kobe 1995 Quake Records at Different Locations
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Section A-A of the Kobe Soil Profile

A-ABEO@HBEHEE IO 7 ()L
Recorded locations at MOTOYAMA and HIGASHI at about 10-15m Depths

Fukae
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Computed Surface Motions Near Fukae Bridge
HE SN RBORE. FIEED
1D Nonlinear Convolutions Using SHAKE Methodology — as SOIL Module
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Equivalent-Linear Soil Vs and Damping Profiles
EMiETLEOVsEFETO I 7ML
1D Deconvolution-Nonlinear Convolutions Using the SOIL Module
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Final Fukae Bridge Transverse Acceleration Input
JMA Acceleration Used As Input Record in the SOIL Module
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Final Fukae Bridge Transverse Input Acceleration
RiIHE HWEREIAN (EXTGM)
Final Acceleration Computed Using EQUAKE with Input Seed Record from SOIL
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ACS SASSI SSI Model for the Fukae Bridge

ACS SASSI FIBSSIETIL

20,250

Fukae Bridge Model
Developed by Terrabyte
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1 Pier SSI Model of Fukae Bridge
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1 Pier SSI Model of Fukae Bridge

j\ I BE—1BHISSITETIL

Cap and Piles Adjacent Sail
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Pier and Pile Relative Displacements Under

Coherent Input wrt Free-Field Motion in Y-Direction
BHEMOMBRES YAMDOMERIZESOELY FAA

Kobe Bridge Model (Pier Beams, Pier)

Kobe Bridge Model (Pile Beams, Right Side)
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Acceleration RS Under Y-Input (Transverse)
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Pier Shear Force and Moment Under Coherent
Y-Input (Transverse) =i imnes—so b, vsmoacLyr

Forces for Kobe Model (Pier Beams) )\ jj Moments for Kobe Model (Pier Beams)
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Edge Pile Axial and Shear Forces Under

Coherent Y-Input ssonomsmneeimn, vsmoaeLor
A
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Mid and Edge Pile Shear Forces Under

Coherent Y-Input «::suomowimn. vamoaers ras
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Mid and Edge Pile Moments Under
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Acceleration (g)

Acceleration RS at Top and Ground Levels

Under Coherent and Incoherent Y-Inputs
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Acceleration RS at Top and Ground Levels
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Relative Displacements wrt Free-Field Motion
Under Coherent and Incoherent Y-Inputs
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Relative Displacements wrt Free-Field Motion
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Pier Shear Force Under Coherent and
Incoherent Y-Input =umcimnomws cervreroaeryr
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Pier Moment Under Coherent and
Incoherent Y-Input =im=— x> rows
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Pier Bending Moment Under Y-Input
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Edge Pile Axial Force Under Coherent and
Incoherent Y-Input :=imomsmnoms

Forces for Kobe Model (Pile Beams)
Left Side - FX
]

___________

__________________________

L -

________________________

Elevation {m)

—@— Incoherent (Mean)

. | — — Samples

_12 | |
0 2000 4000 6000 a000 10000 12000 14000 16000
Force

74

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. TOKYO PRESENTATION



Edge Pile Axial Force Under Y-Input
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Edge Pile Axial Force Under Coherent and
Incoherent Y-Input :«mousmnomws
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Edge Pile Shear Force Under Y-Input
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Edge Pile Moment Under Coherent and
Incoherent Y-lnput ssnoe—»o rors
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Edge Pile Moment Under Y-Input
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Acceleration of Fukae Bridge Under Coherent
and Incoherent Y-Inputs
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Relative Displacements of Fukae Bridge Under
Coherent and Incoherent Y-Inputs
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Conclusions of Fukae Bridge Failure

EIIBERER A T4 #5iR

- The SSI effects combined with the significant motion spatial
variations due to non-vertically propagating waves produced
much larger seismic loads than originally expected by bridge
designers. ssumsi. AEAROLEDT HERIEELEH LI0Ic, BREF
EQLHNOBWELY LALKES HHEFRELE L.

- The bridge pier shear failure was “helped” by the local shear
deformation introduced slightly above the pier base by the
different phasing of the base motion and the structure vibratory
motion due to the motion spatial variation (incoherency and

wave passage). DL AR, BHEROD L EICE LBt AMERIC
FOTHRELEMEROEBOLEE (A VI LY — DR EBEBEREBDR)ICL >THE
BREBORE & BEMOEDORMOMENELY . CORMEAMERMNE L.
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Fukae Bridge After Failure ACS SASSI SSI Analysis
Explains Pier Shear Failure

83
2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. TOKYO PRESENTATION



Thank You !

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. TOKYO PRESENTATION

84



