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Punposeofithis Psesentation

Discusshe stat®ftheart seismic SSI analysis of the conc
bridges opilefoundations using the specialized ACS SA.

softwarewcs sassi - | ofi-t oy — - |F{ ssI L
=3 A .

ACS SASSI is a specialized software applied largely In

nuclear industry where seismic SSI analysis Is required to be dol
Used in North America, Europe, Asia, South AmaficaahmdJapan
used for nuclear projects by MHI, ToshibaGHit&dhayashi, Shimizt

TaiseiTakenakaand otherscs sassi | ss| % <t
# A | sht#s 8 8 a On 8 g a h! od £ 09— K .
OVe ) r 14l = ™3 A.

In Japan not much known by bridge seismic designers. Bridges |
lower design code requirements on seismic SSI analysis than nt
structures (ASCE 4 standard). % | —~ - = ssi
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ACSSSASSIApplicationtocBricges

ACS SASSI has been usedntly faeismic evaluationanfje span
concret@dighway bridges in US, includinydikWityBoston, Washingt:

D.C. and many other plac&ssassi | New York, We. fi ,;: = fi s fi DC— @
Rfi «fie! 3. — N Y

The pile foundation AZ&SI modeling captures the global dynamic
structur@ilegroupsolileffects includibgth thevave scattering and inel
effectsbut also include tbeal nonline&SI effects the vicinity of the

piles due to local soil plasticity in the adjacent suiksod miterface.
ACS SASS| : o0 | SSl : L ooan.1d-|

s L odrmds - o - | ssi 'L g
A .

Inaddition, for the entire bridge structure;3peafie effectsrobtion
spatial variation (incoherandywavpassageasincluded sindecould

largely affebtidgepile selsmltesponses ke ], - —

-~ %0 A O — - —fi ¢ g7 fi o D8
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1. Shorintroductiond® AESASASSISeismic
Analysis Methodology AppllcabIeBt'aDIges

ACS SASSI
Seismitinearized SSBhadlys@fBro;blem Seismic SShAnalyisisiudes:

Structure - \Wave-Propagationaspects
- StructurandcSornodeling

Near Field Soill . : .
(Affected by SSI) - Kinematicranck: Inertial-effect
\ Control Motion
_______ ‘ . .
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_______ Soil Deposit / )4 ... Boundaries
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/ / Stiff /Rock Formation
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Variable Hafbpace Layer
plusLysmerKuhlemeyer Incident Waves
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FlexibleVolume {F\NSulbstructunng

h™ o Ki W= D¢

. + 1D , 3D
Interaction W 1 . g W 1
Nodes
1
+ _
Structure Excavated Soil
— FreeField Problem ——
é SSIProblem (Flexible Volume)
‘:;,_D Complex Dynamic Stiffness Comp|ex Seismic

Domain Formulation:

Complex Frequency C(W) LNJ (W) — Q(VT) ~ Load Vector

Complex Soil Impedance Terms \ Complex Absolute Displacements
gcﬁ ) Ciie _lxii‘/ Gm? ><IW ,;@U 'IQ >é. U XW
6 -Cu X, G Xt IdJ u XU X lH
g C 0 H T’ ,|[ 0

REMARK: All Excavated Soil nodes are interaction nodes
(include exact equations of motion)
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ACSSSASSSSI\Moddbr NMHILG3PWHRNI

-----

(Ghiocel_Yue_FuyarhandKitani 2017

StandalonecSSE RBiMaodel

x Y

Fi

SSSIF-RE'B'Model
a) Structural Model b) Excavated Volume
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ACSS3ASSIINIRHeundatiors SSIdedel

ACS SASSI NI - SSlz ¢ i
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Insert soft beams
(Nakgi2004)
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Coherenvs. Incoherent Wave Propagation Mod
X3 CA7 fi ) vs.mmfi € A7 fi J
3D Rigid:Body Saildvietion:=(ldealize8lp Random/Wave: Eiéld! Soili Matienli(Rea

. [T T T T 7
) [T T
—f— [T 7 77
77 7 7

[/
[ [/ [/ [ [ [ ] v
11

S,P
1 D\Wave Propagation-AnalyticaliMoc 3D\Waveé RropagationtbBased\Model
(Coherent) (Incoherend Databas®riven’Adjusted

Colherent)

Vertically Propagating S and P waves
- No other waves types included Includeseal/field-records infarmation;incl
- No heterogeneity random orientation implicitly:motion field: heterageneity;rand
arrivals included arrivals of differentwavestypes under rar

- Results in a rigid body soil motion, e\ incidenangles.
for largsize foundations

ANIMATION 1



Modelingf Soil andsStructure Hysteretlc Behay

i

< —d oY o ©® z

Linearized HysteréticiModel Experimental HystereticcModel

0]
AW

Y

Frequency Domain Time Domain
Linearized Hysteretic Model Hysteretic Model

Comparative nonlinear SSI analysis results of the hybrid approat
t hter noidalioear timetegration approach showed a very good
matching.

The new nonlinear SSI approach can be used ttapedodnaccurate
nonlinear SSI analyses at a small fraction of the runtime of a tim
nonlinear SSI analysis, ab8utrdes the linear analysis runtime. -



Seismic Nonlinear SSl-Analyvlethodology

SS|
Base isolators are modeled as nonlinear spring elements.

ACS SASSOption NON) extentesl SASSHubstructurimgethodology
nonlinear SSI using an iterative equivalent linear procedure. Inclt
and springs.

Computational steps:

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

ACompute the local behavior of nonlinear elements in time don
on the local relative displacements, that is then used to calibr:
linearized hysteretic models associated to each nonlinear ele
complex frequency

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

Check convergence after new SSI iteration to stop or continue
11



ConcretsSheanvalbtnuctureSSIAnalysis

«fie' D — SS|

Elasticyvs!INonlinear 18t lterationwvsatiast dteratio

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

~—— ACS SASSI Elastic sooo|- ~ACS SASSIEQL 0.6 Reration 1
~—— ACS SASSIEQL 0.8 = KCS SASSI EQL 0.6 Heration 10
—— Backbone Curve | = Backbone Curve

Shear Force [Kips]
Shear Force [Kkips]

ACSSSASSHOptiotdNON"
[

2 | | | | | | \ = 1 : |
-3 2 - 0 1 2 3 4 2 4 0
Shear Strain o’ Shear Strain o’
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Nonlinears Springs fordviodeling: Bes@ators
am@vmrNMddetatBuerl@ S@diumm

" mmd” D 2D 8 n fsp-U
Baselsolators
SmakModerate ~
Sliding
-
Vo. Displacemen t
Displacem g nlinear gs, RG g

ACE SASS|EL=08

ANSYS NL
200
0.04
150 = |
100 0.02
50 E | \
g, ke
o
& §' | |
= 00.02
100
-150
-250

o X
Displacement ° : ‘ ¢ ° ti:ne

2016 COPYRIGHT GHIOCEL PREDICTIVE TECHNOLOGIES, INC. TOKYO PRESENTATION 13



2. Specifi@ridgePile Foundation <SSl
ModelingrAspeets. - - ssio o

Highway Bridge Model

Pile 2

Pile

14
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BridgePile Foundatiors S3llodeling

- SSlz ¢ i

il
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ACS3ASHier Rild-oundation/Models

ACS SASSI

SSIIModel Cap-andRile AdjacentSoil Excavation

W A A
1 O L

O
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LocalRid-oundator{Hexagort Sectign

[T 8

Node 1170 Node 1174
F
X y Node 1169
Node 1163 Node 1164 Node| 1168
Stress outputs:
Group 5, el
Group 3, el5 S
Group 7, el14
N
Rdispoutputs: Od{gR059 Node 1064
Node 31, 73, 115,
157, 199, 241,
283, 325, 367,
409, 451, 493, Node Node 640
535, 577, 725, 725
869, 1059, 1157,
1159, 1161, 1164,
1170
Node Node 348
367
Node 31 Node 12
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Local Hﬂiééqmmm SquareSection)

Node 144

x y Node
137

Node 143

Stress outputs:
Group 5, el
Group 3, el5
Group 7, ell14

Rdispoutputs:
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
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Localﬂﬂiéé:mmrmpmnqmm INngrAdjacentcSo

—_— ﬂ w
,JL Node 3590 Node 3594
X ¥

Stress outputs: Node 3583 @ @® Node 3589
Group 6, el Noge 3584 Ndde 3588
Group 4, el5
Group 8, e116
Rdispoutputs:
Node 137, 325,
513, 701, 889,
1077, 1265, 1453, Node 347 ode 3484
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
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Single Plle I\/Iodellng Usmg SaliehElement

JdL ™./

HorizontalViMotion

13

Pile movemegt

Pressure

PilecSection 0.85R

o &

Hexagon:Shape SquaresShape




Pile-Soil Interface Moedeling Usmg QOpNG@N

ok o ' fi NONL ™y . afi 90 h vd ©—-

| s Normal > Axial Spring
Nonlineat Sp”néTangent H Tangent Spring

Tangential Spri Tangent V7 Tangent Spring

Square’RilenShape
Axial - EEE

.

LY.

A, .
-
- -
-
- -

Adjacent Perturbed Soll
Plasticity/Gapping using
Nonlinear Solids



AdjacentsSoll kocal Rlasticityiusing Nenline

SolidiElements .., 1wy _

~s K=0.1-0.5
Nonlinear Solids

/ K

e K=1.0
t=0.25- 1.0R ° Perturbed k= f (depth
Soil/Gap ax 0
GI = Gmax&—g
?‘Ref -



Pile Group/ModelingcincludingnNonlinear Sq

Horizontal/Motion

@ NonlineattSolids
A Closely /
spaced piles
O00O0O0
O O O O Ofs4r
- O @%o o|—
g 00000
OO0O0O0O0
Largely Q: ;lsnn;inearSoil
spaced piles -
9
O3
9




Pile Vertlcal Maotion

Includlﬁgppmg

44 5 -
Vertical\Motion
Tangential Spring
Ralft Slipping A (friction)
—
Tangentlal Springs /
Z >I
rel.
Nonllnear springs  0-0:0.02D disp
Axial Spring
A (pressure)
Axial Sprln ;
>
0.1D Z rel.

disp



Pile \erticallMation at Bottom
— — Do T

Vertical\Motion

} A  Soil Nonlinear Behavior
‘ —
|
} ,
EE EE EE 0.1D
W
NonlinearSolids

Nonlinear/Perturbed Soil
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3. Cass&tudies FartedHighway=Bridgeé S S
Aﬁlﬂ%ﬁ) ®®2¢°- hODwve©re. — SSI

ACS SASSI Bridge SSI Mode
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SeismicsSS Analysisputs

SSi ¢ D 7
Seismic Input Motion at Ground Surface:
ATl T | . —
/ \\\ oas i I.I e 1 i I I N I
C / \\ = | ol RN
/ N i £
/ I
Design Spectrum (0.259) Simulated Acceleration Input (0.25g)

Incoherent Motion:
2005%Abrahamson coherency model, witpassage/a=1,300m/s

Soll Layering:
Hard Soil: Vs=1,300m/s, Uniform Profile
Soft Soil: Vs=200m/s, Uniform Profile
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SSIRespondeocdtions
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PA and Force Profiles
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SSIResponsecAceelerationnEransfer functi

SSI

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

12 T 7 T
TFI-Coherent(Hard Soil) TFI-Coherent(Hard Soil)|
*  TFU-Coherent(Hard Soil) *  TFU-Coherent(Hard Soif)
TFI-Coherent(Soft Soil) TFI-Coherent(Soft Soil)
#  TFU-Coherent(Hard Soil) 4  TFU-Coherent(Hard Soil)
TFl-Incoherent(Hard Soil)| 6 TFl-Incoherent(Hard Soif)
10~ @  TFU-Incoherent(Hard Sdi) @  TFU-Incoherent(Hard Sgil)
TFl-Incoherent(Soft Soil TFl-Incoherent(Soft Soil
B TFU-Incoherent(Hard Sqif) B TFU-Incoherent(Hard Sqif)
5L L SN S P N e

thgitudinal | o

mplituce

Amplitude

TFI-Coherent{Hard Soil)
#  TFU-Coherent(Hard Soll)| : \
TFI-Coherent{Soft Soil) /o A ral, (S R
# TFU-Coherent{Hard Soll)| g p
TFkIncoherent{Hard Soi
@  TFU-Incoherent{Hard Sqgi
7 TFl-Incoherant{Soft Soil
0 : Soaaseass - B  TFU-Incoherent(Hard Sgi

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

"

e

25

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
I TFl-Incoherent(Soft Soil

2
N I | 55 68 3 B TFU-Incoherent(Hard Sqil)
1.5 ;

Amplitude

Vertical

0.5

29
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SSIResponsecAceeleration Resp@mecira

SSI el ) i

Fartec Bridge Model with Hard Soil -- SRSS -- 5% Damping Fartec Bridge Model with Hard Soil -- SRSS -- 5% Damping
at Elevation 8.90 (Node 5083) - Direction X at Elevation 8.90 (Node 5083) — Direction ¥

Coherent

Cot‘lerent
45 'g:r:glggmuunelm_l lgl:;r';lgfsmwuem I
3 P T S [ A —
4 B
35 N 25+
5 Longitudinal - s .l Transverse
5 5 :
;E 2 5 S i = E
o S
© [+
§ 2o i b B e i g 1.5
15 ~
1 =
1
— Coherent |
05
s a0 of InCoherer
10’ 10' Sam pIEE i 10" ‘10“ 10°
Fre Fartec Bridge Model with Hard Soil - SRSS -- 5% Damping ey (Hz)
at Elevation 8.90 (Node 5083) -- Direction Z
o ‘ f ‘ ‘ Cor‘mrenl

Mean of Incohereni
Samples

0.6

Nodes5083-

o
~

Vertical

o
2]

Acceleration (g)

02

01 4 g TS0 SO : FERTUCUS SO0 N 06 SO - [ : b

30
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SSIMaximumi AcceleriationcRroateRiersSidé

SSI K. DO eml 8 O )
FARTEC Bridge Model - Side Pile 1

Maximum Acceleration -- Direction Y

FARTEC Bridge Model -- Side Pile 1
Maximum Acceleration -- Direction X
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SSIiMaximumiPisplacemeént{RrofilecattRied

SSI Ke h O mai ® O
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SIFResponse’ZPAoProfile iat Pier Side

SSI

FARTEC Bridge Model -- Side Pile 2
Forces for FX

| ——
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w——= Coherent (Hard Soil)

Ry T R
Willrp | === Coherent (Soft Soil)
i1 ([ /| === Incoherent (Mean, Hard Soil)
o 11 (&1L L (| == Incoherent (Mean, Soft Soil)
N e Incoherent (Samples, Hard Soil)
GBE G e Incoherent (Samples, %aﬂ Soil) |
B I " 8 ‘1|o‘ 12 1\‘4 ’1|6 "1ia
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FARTEC Bridge Model --

8 O wm)
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SSIResponse”ZPAoRrofil @ Side’ 2

SSI  ZPAK. h O wmi 8 O )

FARTEC Bridge Model -- Side Pile 2
Moment for MXX
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Comparsoniof SShAnalysisiandiDesign
AnalysisFResults Using Euroeade 8

a2 A sSl < Eurocode8 & ™y
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X-Input (Long) S3| AnaIyS|s dnddzurecode

SSI < 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%
) f; 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

SSI < Eurocode8
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