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& Edit Materia et

Mame: Concrete

Description: ' ' 9

Material Behaviors

Elastic

General Mechanical Thermal Electrical/Magnetic Other ."’.
Density

Distribution: Uniform v a8

[ Use temperature-dependent data I

Number of field variables: =

Data

OK Cancel

O Pgaze ()9



& Edit Materia b

Mame: Concrete

Description: - »

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic  Other K4l
Elastic
Type: | Isotropic 4 ¥ Suboptions

[JUse temperature-dependent data

-

Number of field variables: 0F
Moduli time scale (for viscoelasticity): | Long-term g

] No compression

[] No tension
Data
Young's Poisson’s
Modulus Ratio
0.15
oK Cancel
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& Section Manager hes

Name Type

Concrete Solid, Homogeneous

Create... Edit... Copy... Rename... Delete... Dismiss

dit Section x

Al
-

Name: Concrete

Type: Solid, Homogeneous

3
Material: Concrete e Lﬁ

Plane stress/strain thickness: |1

OK Cancel

i alaie (@ y25

sl 00 oolail prlane > 5l e 09y G g0 LAz LV

& Section Assignment age

Section Name (Type) Material Name Region
¢ Concrete (Solid, Homogeneous) Concrete (Picked)

Dismiss
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€9 3l Judosd el g3V bl gy o 1) S a5 slooge ooyl duad i Coro gl ALl 4 A L
iy ol 6l 090 ¥ s sy sl g 0ol (a5 ) O jgea a5 ol (Ferequancy) owslS )8

Ferequancy | Step: [ Initial M

Name: Ferequancy

Type: Frequency

Basic  Other

Description:
Procedure Nigeom Time Nigeom: Off

v Initial (Initial) NA.__ NA Eigensolver: @ Lanczos O Subspace O AMS

Number of eigenvalues requested: O All in frequency range
@ Value: 4

P Ferequancy Frequency OFF 0

2 hift (cycles/time)**2:
Create... Replace..| |Rename..| | Delete..| |Nigeom..| | Dismiss L] Frequency shift (cycles/time)
Acoustic-structural coupling where applicable:

@ Include O Exclude
[ Minimum frequency of interest (cycles/time):
[] Maximum frequency of interest (cycles/time):
Block size: @ Default O Value:
Maximum number of block Lanczos steps: @ Defauit O Value:
[] Use SIM-based linear dynamics procedures

[ Include residual modes

0K Cancel

%
2S SIMULIA
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Module: [2]Load Y| Modek [ Ferequancy || step: [ nitial -

Region: (Picked) [y
i By 7

= | v Base EEI Propagated frc

Initial Ferequancy

s
& E

Name: Base

Type:  Di Rotation
‘ Step: Initial

CSYS: (Global) [ A Dismiss

-, ;
5z @8Y
e o

M ur3

Note: The displacement value will be

maintained in subsequent steps.
0K Cancel

4= X/ Fill out the Edit Boundary Condition dialog 25 simuLia

S0 S BasS Jlos!



G iy %5 -
S 5 CPSAR 55 51 lall 5 5 sl o0 48,8 15 10 10 ¥l oz st obal o 0yl 6l

& Global Seeds
Sizing Controls
Approximate global size: 2

[ Curvature control

Maximum deviation factor (0.0 < h/L < 1.0): 0.1
(Approximate number of elements per circle: 8)

Minimum size control
(® By fraction of global size (0.0 < min < 1.0) | 0.1

(O By absolute value (0.0 < min < global size) 20.2

OK Apply Defaults . Cancel

Gy Sl s

g CAntrAle
> Viesn Lontrois

Element Shape
® Quad () Quad-dominated ) Tri

Technique Algorithm Options
A [ Minimize the mesh transition Q-
O Free |:|
(@) Structured .
O Sweep D
i Redefine Region Corners...
oK Defaults | Cancel |

GO0 0978 (pupnd



& Element Type X

Element Library Family

@ Standard O Explicit Plane Strain A

Geometric Order Pore Fluid/Stress

@ Linear (O Quadratic Thermal Electric v
Quad Tri

[ Reduced integration [] Incompatible modes

Element Controls

Hourglass stiffness: Use default Specif .

Viscosity: (®) Use default () Specify I:l
Second-order accuracy: () Yes @ No
Distortion control: (® Use default () Yes (O No

Length ratio: (8

Haurnlace cantenl (@) llea default () Frhancad () Ralay chiffnace () SHffnace () Viecane () Cambinad

CPS4R: A 4-node bilinear plane stress quadrilateral, reduced integration, hourglass control.

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

oK | ' Defaults | ' Cancel |

olell g5 ol




o3k Jukxi 9 Job iy y55 -

& Job Manager x
Name Model Type Status Write Input
Ferequancy Ferequancy Full Analysis Completed Data Check
Submit
eantimue
Manitor...
Results

Create... Edit... Copy... Rename... Delete... Dismiss

el Job iy s

ol ol ools lis aalsl jo giludas I Lol> ol



U, Magnitude
+1.038e+00
+9.511e-01
+8.647e-01
+7.782e-01
+6.917e-01
+6.053e-01
+5.188e-01
+4.323e-01
+3.45%-01
+2.594e-01
+1.729e-01
+8.647e-02
+0.000e+00

Freq = 3.0062 (cycles/time)

2
2S simuLia

Jsl 09

e Ve = Lils 3

Module:

S Visualization |  Model: [2 C:/Windows/system32/Ferequancy.odb [ a4 b B BHD

U, Magnitude

. +1.107e+00

] +1.014e+00
+9.222e-01
+8.300e-01
+7.378e-01
+6.455e-01
+5.533e-01
+4.611e-01
+3.68%e-01
+2.767e-01
+1.844e-01
+9.222e-02
+0.000e+00

: Ferequancy
Value = 2538.5 Freq = 8.0188 (cycles/tir

%
7S simuLiA
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Module:

o

= Visualization | Modek: |2 C:/Windows/system32/Ferequancy.odb KA b B BD

U, Magnitude
+1.000e+-00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e+00

X Step: Ferequancy
Mode 3: Value = 4649.9 Freq= 10.853 (cycles/time)

2
2S simuLIA

Py O

5,2 VDY = bS8

Module:|: Visualization ~| Modek: [: C:/Windows/system32/Ferequancy.odb - Kdad P BFED

5 & U, Magnitude
3 +1.192e+400
+1.093e+00
+9.936e-01
+8.943e-01
+7.949e-01
+6.956e-01
+5.962e-01
+4.968e-01
+3.975e-01
+2.981e-01
+1.987e-01
+9.936e-02
+0.000e+00

7 X Step: Ferequancy
od| : Val

24,1 Freq = 15.855 (cycles/time)

>
2S simuLIiA

ool oge

55,2 VOIAYD = Luils )3
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1 18.88 19.27 %2.02
2 50.38 51.50 %2.17
3 68.19 67.56 %0.92
4 99.62 99.73 %0.11
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Module: |: Part M Modek |5 Dam+Reservior [ Part: [2 Reservior

%= [X] Edit the section sketch 75 simuLia

ol 48,8 a5 o 1y j5re olal



& Edit Materia s
Mame: Water
Description: [ '

P 4

Material Behaviors

Acoustic Medium

General Mechanical Thermal Electrical/Magnetic  Other i
Density
Distribution: | Uniform v &

[[] Use temperature-dependent data

-

Number of field variables: ‘ 03
Data
Mass
Density

+ I

0K Cancel
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# Edit Materia

Mame: Water

Description: . ?

Material Behaviors

Acoustic Medium

Density

General Mechanical Thermal Electrical/Magnetic  Other i

Acoustic Medium
Bulk Modulus ~ Volumetric Drag
[[] Use temperature-dependent data
Number of field variables: 0's

Data

Bulk Modulus
1 2000000000

0K Cancel
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Module: [Z[Property | Model: [~ Dam-Reservior || Part: [2 Resenvior ]

& Section Manager
Material

Name Type
Concrete

Solid, Homogeneous

Solid, Homogeneous

Concrete
Water

£ Edit Section

Name: Reservior

Type:  Solid, Homogeneous

Material: | Water v‘ [Pz

[ Plane stress/strain thickness: | 1

[Tox ] Cancel

55 simuLia

D3 sl ko s

Module: [% Assembly  |v|  Modek: 3 Dam-+Resenvior |~ step: [< Dynamic 4|

A

D& simuLIR
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ol
-

ol
ur

Name: Static

Type: Static, General

Basic Incrementation Other
Description:

Time period: | 1

Nigeom: On

Automatic stabilization: None 4

[ Include adiabatic heating effects

0K Cancel



&> Edit Step
Name: Dynamic
Type: Dynamic, Implicit

Basic  Incrementation Other

Description: |
Time period: .40
Nigeom: On

Application: | Analysis product default H

[J Include adiabatic heating effects

oK | ' Cancel |

4 Edit Step
Name: Dynamic
Type: Dynamic, Implicit
Basic Incrementation  Other
Type: @ Automatic ) Fixed
Maximum number of increments: | 10000
Initial Minimum
Increment size: | 0.02 | .4E-06 |
Maximum increment size: (@) Analysis application default
O Specify: |0 ]
Half-increment Residual
[] Suppress calculation
Note: May be automatically suppressed when application is not set to transient fidelity.
(® Analysis product default

Tolerance: O Specify scale factor: ’—I
sty [

oK | | Cancel

odd a3 )§ i o Selus Jodos



Mudul:]:—mumcnon M Modet: [ Dam+Reservior |~ step: [% Dynamic ™

| Name: Tie-Dam+Reservior

Create. | Type: Tie
§ Main surface: (Picked) [3
f Secondary surface: (Picked) [

Discretization method: | Analysis default ™
[J Exclude shell element thickness
Position Tolerance

@ Use computed default

O Specify distance:

Note: Nodes on the secondary surface that are
considered to be outside the position
tolerance will NOT be tied.

[ Adjust secondary surface initial position
[ Tie rotational DOFs if applicable

4= X Fill out the Edit Constraint dialog P’S simuLIiR

O § S iy yole iaS Huil Cay pa5

Module: [J interaction M| Mode: |3 Dam«Reservior | step:

i
2@
&=
1
GE

2 Dynamic v

& Interaction Property Manage X

Name Type

[ Acoustic impedance

Dismiss

Create... Copy... Rename... Delete...

£ Edit Interaction Property x
Name: Res+Down
Type  Acoustic impedance

Datatype: (O Impedance (@ Admittance
[] Use frequency-dependent data

Data
Admittance Admittance
(real) (imaginary)
1 1.83E-06 0
oK Cancel

17?5 smnuLIR
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Module: |e|meractiun Mod am+Reservior v Step: |+ Dynamic

4 Interaction Manager t Interaction

Name Initial Name: Res+Down
V' End-Res Type:  Acoustic impedance
¥ Res+Down C— Step:  Dynamic (Dynamic, Implicit)
Surface: (Picked) [y
Definition: @ Tabular O Nonreflecting

Acoustic impedance property: | Res+Down

Step procedure;  Dynamic, Implicit
Interaction type:  Acoustic impedance
Interaction status: Created in this step

Create... Copy.. Rename... Dismiss

4= X Fill out the Edit Interaction dialog D’S smimuLIR

O3 ey Crond SIS 0l iy

Module: 3 Interaction Modek: [2 Dam-Resenvior | step: [ Dynamic [~

& Interaction Manager & Edit Interaction

Name Initial Name: End-Res

v End-Res
v/ Res+Down - Step:  Dynamic (Dynamic, Implicit)

Type: Acoustic impedance

Surface: (Picked) [3
Definition: () Tabular @ Nonreflecting
Nonreflecting type: Planar

Step procedure:  Dynamic, Implicit
Interaction type:  Acoustic impedance
Interaction status: Created in this step

Create... Copy... | Rename... Delete... Dismiss

D?S simuLIA

4= [X| Fill out the Edit Interaction dialog

D350 e S (slyy S ) iy



Module: |2 Load M Modek: |2 Dam+Reservior | Step: |2 Initial ™

e Boundary Condition Manager X Boundary Condition
Name Initial Static Dynamic Edit... Base

v Base = ¢ ropasted  Propagated Rye=rs : Displacement/Rotation

v Up-Res Created : Initial
Move Right

: Base [y

(Global) 3 A

Boundary condition type:  Displacement/Rotation
Boundary condition status: Created in this step

Create... Copy.. Rename... Dismiss

Note: The displacement value will be
maintained in subsequent steps.

0K Cancel

4= X| Fill out the Edit Boundary Condition dialog 1775 sminuLIR

Méb.a Olfdu.i!w)u

Module: |3 Load “| Model: [ Dam+Reservior | step: [% Dynamic M

& Boundary Condition Manager S Edit Boundary Condition

P Initial Static Dynamic i Name:  Up-Res
L Created Propagated  Propagated ;  Acoustic pressure

Dynamic (Dynamic, Implicit)
Region: (Picked) [y

Method: | Specify magnitude

Step procedure: Dynamic, Implicit Distribution: | Uniform

Boundary condition type: Acoustic pressure Magnitude: |0

Boundary condition status: Created in this step

Amplitude: | (Instantaneous)
Create... Copy.. Rename... Dismiss

oK

4= X/ Fill out the Edit Boundary Condition dialog 75 simuLia

e Vb (50 Ll s iy



Module: [ Load M Modek: |2 Dam+Reservior |4 Step: i M

Static Dynamic

i
& Iy v ity [ Propguted

LIQ’ + Hydrostatic  Created Propagated
+ Tabas Created
=
R, o

& Edit Load

Name:  Gravity

Type:  Gravity

Step:  Static (Static, General)
Region: (Picked) [3

i) UL Step procedure: Static, General
"'j t Load type: Gravity
<= Load status:  Created in this step

Create... Copy.. Rename... Dismiss

4= X Fill out the Edit Load dialog

Distribution: | Uniform

Component 1: |0

Component 2: |-0.81
Amplitude: (Ramp)

OK

S sl (8L iy

Static Dynamic
v Gravity Created Propagated

v Hydrostatic Pmpagated

v/ Tabas Created

Step procedure: Static, General
Load type: Pressure
Load status: Created in this step

Create... Copy... Rename... Dismiss

4= X | Fill out the Edit Load dialog

4 Edit Load

Name:  Hydrostatic

Type  Pressure

Step:  Static (Static, General)
Region: (Picked) [y
Distribution: | Hydrostatic

Magnitude: | 888376

Amplitude: | (Ramp) %/ 2]

Zero pressure height: | 90.5582
Reference pressure height: 0

Note: The zero and reference pressure height

oK Cancel

S (sl Sobisly e jlad iy

pz‘ smauLiia

D?S simuLiA



Module: [2]Load

159
b=
ks
a ¥ Load Manager
) I
Y Name Static Dynamic
£, & v Gravity Created Propagated
! + Hydrostatic  Created
- o Tabas Move Right
R, oy ftivate
31, B'!v Vet ai
wn 4 Step procedure: Dynamic, lmplicit
Y :
. Loadtype:  Gravity

o Load status:  Created in this step

Create... Copy...

& X Fill out the Edit Load dialog

Rename...

& EditLoad

Name:  Tabas

Type:  Gravity

Step:  Dynamic (Dynamic, Implicit)
Region: (Picked) [3

Distribution:  Uniform o

Component 1: -9.81

Component 2: [0 |

Amplitude: | Tabas M R

oK | Cancel

17% smauLiA
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Module: 3 Visualization | Model: |3 C:/Windows/system32/Dam+Reservior.odb R R ) )

o & S, Mises
| (Avg: 75%) .

+1.764e+06
+1.622e+06
+1.480e+06
+1.338e+06
+1.196e+06

+1.054e+06
+9.125e+05
+7.706e+05
+6.288e+05
+4.869%e+05
+3.451e+05
+2.032e+05
+6.138e+04

25 simuLia

O30 9 S Jdo I (2,5

Module: [J Visualization 7| Modet: [2 C:/Windows/system32/Dam+Resenvior.odb |- Kd | B BD

LE, Max. In-Plane Principal

(Avg: 75%)
+6.100e-06
+4.081e-06
+2.062e-06
+4.370e-08
-1.975e-06
-3.994e-06
-6.013e-06
-8.031e-06
-1.005e-05
-1.207e-05
-1.409e-05
-1.611e-05
-1.813e-05

Y

Vi X Step: Dynamic
Increment 2000: Step Time = 40.00

p’S smimuLIR

O 3 S Je (1855 (o797



Module: |:Vlsuallzatmn M Model: |2 C:/Windows/system32/Dam+Reservior.odb Wad b FED

=§:_
= +9,484e+02 .
-3.356e+01
-1.016e+03
-1.998e+03
-2.97%e+03
-3.961e+03
-4.943e+03
-5.925e+03
-6.907e+03 ||
-7.889e+03 |
-8.871e+03
-9.853e+03 N
-1.084e+04 o
B I
3 A B
N ]
b
KE
&@F
'i ep: D
< ncremen 000: Step Time 40,00
2
DS simuLiA
Module: [2 Visualization ] Maodek: [3 C:/Windows/system32/Dam-Resenvior.odb | Wa b yED

RF, Magnitude
+1.259e+07
+1.154e+07
+1.04%e+07
+9.445e+06
+8.396e+06
+7.346e+06
+6.297e+06
+5.247e+06
+4.198e+06
+3.148e+-06
+2.099e+06
+1.04%9e+06
+0.000e+00

X Ste
N

D?S smnuLIR

O 9 S Jow b hp (9,5



Module: [J Visualization | Mode:

U, Magnitude
+4.153e-03
+3.807e-03
+3.461e-03
+3.115e-03
+2.76%9e-03
+2.423e-03
+2.076e-03
+1.730e-03
+1.384e-03
+1.038e-03
+6.922e-04
+3.461e-04
+0.000e+00

= C:/Windows/system32/Dam+Reservior.odb v

O g e Jao ol (2>

Module:

2 Visualization ™ Modgl;J:c:/w,ndows,fsystemaynam-Resemor.odb M

WA EBD

D’S smauLIA

a4 Db FED

Displacement

T T T T T T T T
0.10 E
0.05} B
0.00
-0.05| Al
-0.10F -
1 1 " 1 1 1 " 1 1 1
0. 5. 10 15. 20. 25. 30 35. 40
Time
I ——— U1 PI: DAM-1 N: 7 NSET U-TAJ-DAM
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S g 3o b s sildro -

Modu|=|: Part j Model: |E Dam-+ Reservior+ Soil-Support j Part: |§ Soil

H

4 [ Edit the section sketch 2 simuLia

Giladae (gl oals aid 5 a5 o S olsl



& Edit Materia X
MName: Soil
Description: ' .

g 7

Material Behaviors

Elastic

General Mechanical Thermal Electrical/Magnetic  Other i
Density

Distribution: | Uniform v &

[] Use temperature-dependent data

-

MNumber of field variables: 05
Data
Mass
Density

+ I

oK Cancel
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ala

S bdit Materia s
Mame: Soil
Description: [ '

P 4

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic  Other i
Elastic
Type: | Isotropic e ¥ Suboptions

[[] Use temperature-dependent data

-

Number of field variables: 03
Maoduli time scale (for viscoelasticity):  Long-term v

[] No compression

[] No tension
Data
Young's Poisson’s
Modulus Ratio
1 31027000000 0.15

oK ‘ Cancel

S Sl Slaseie — pllas iy a8



j Model: |EDam-vReservior+Soll-5uppurt j Pan;[?sml

H

Module: [ Property

. £ Section Manager
bs Name Type

1 Concrete Solid, Homogeneous
&

Homogeneous

Name: Soil

Type  Solid, Homogeneous

4, Ity

g & Edit Section
+

]

Materiak | Soil v &=

] Plane stress/strain thickness: |1

[Tox ] Cancel

P% sSiuLIR




S ol gy S8 oS S Tie 501, S g o cowsl Cond (pl 50 (35w g o (40,5 Tie p ogdle

Mndulzl:lnl:uctmn & Modek: [Z Dame+ Resenvior+Soil-Support ] Step: [Zinitial ]
o rymm—
= Name Type

| v TeramoR:s:rviw- Tie
1 I
o cd

& Name: Tie-DameSoil
& Type: Tie

. Main surface: Picked
o ’ (Picked) [3 o
L P Secondary surface: (Picked) [}
= (3
Discretization method: | Analysis default |
ap
X [ Exclude shell element thickness
+ / Position Tolerance
bt I 4 (® Use computed default
iR ;
O Specify distance:
vy A
LA, Note: Nodes on the secondary surface that are
B considered to be outside the pesition
= A, tolerance will NOT be tied.
[ Adjust secondary surface initial position
[A Tie rotational DOFs if applicable
oK Cancel
4= X Fill out the Edit Constraint dialog 25 simuLia
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Module: [Z Load | Model: [2 Dam+Reservior+ Soil-Support ~| Step: |2 Initial /]

|15 & Edit Boundary Condition S Boundary Condition Manage!
e Name:  Soil-Down Name Initial Static Dynamic Edit..
I Type:  Displacement/Rotation v Soi-Down  [CEEtZIMM Propagated  Propagated o
[ Step:  Initial ' Soil-LeftaRigh Created Propagated  Propagated
Move Right
. : v/ Up-Res Created 9
& By Region: (Picked) [} P
it 4 csvs: (Glebal) L3 L
R B tep procedure
iy 11}’ Boundary condition type:  Displacement/Rotation
L Boundary condition status: Created in this step
mn)\
R Create. Copy... Rename... 5 Dismiss
bar ) 1L

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel

4= |X| Fill out the Edit Boundary Condition dialog 25 stmuLin

Module: [7|Load M Modek |3 Dame+Reservior+Soil-Support | Step: [ Initial

& Edit Boundary Condition & Boundary Condition Manage!

Neme:  Soil-LeftRight Name Initial Static Dynamic
Type:  Displacement/Rotation v Soil-Down  Created Propagated  Propagated
Step:  Initial v Soil-LeftaRigH [S M Propagated  Propagated
Region: (Picked) [y ¥ Up-Res Created

CsYs: (Glebal) [y L

Hun

Ow Boundary condition type:  Displacement/Rotation
Ours Boundary condition status: Created in this step

Create... Copy... Rename... . Dismiss

Note: The displacement value will be
maintained in subsequent steps.

0K Cancel

4= X | Fill out the Edit Boundary Condition dialog D)S sSimmuLIR
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& Create Springs/Dashpots X
Name: |Vp
Connectivity Type

Connect two points

Connect points to ground (5tandard)

G

4= Edit Springs/Dashpots X

Name: Vp
Type:  Connect points to ground (Standard)
Region: Soil-Right-Left

Direction

Degree of freedom: | 1 4

Orientation: (Global) [y L

Property

[[] Spring stiffness: .

[4] Dashpot coefficient: | 1821.79

[ ok | | Cancel |



¢ Create Springs/Dashpots X
Name: Vs
Connectivity Type

Connect two points

Connect points to ground (Standard)

& Edit Springs/Dashpots X
Name: Vs
Type:  Connect points to ground (Standard)
Region: Soil-Right-Left
Direction
Degree of freedom: |2 M
Orientation: (Global) [» L
Property
[] Spring stiffness:

[] Dashpot coefficient: | 2016.5

OK Cancel

Module: [2 Load

L B
LENF
B Name:  Soil-Down
Type:  Displacement/Rotstion
32 Step:  Initial
&ty Region: (Picked) [}
E 4 Cs¥s: (Global) [y AL
R
[l:li 4‘.
2g 3
A,

Note: The displacement value will be
maintained in subsequent steps.

0K Cancel

#= X Fill out the Edit Boundary Condition dialog

M Modek: [ Dam+Reservior+Soil-Dashport |  Step: |3 Initial Il

-
w~
Name Initial Static Dynamic

v Soit-Down  [EIUCIIE Propegated  Propagated

v Up-Res Created

Boundary condition type:  Displacement/Rotation
Boundary condition status: Created in this step

Create. Copy... Rename...
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As the forward directivity and fling effect characteristics of the near-fault ground motions, seismic
response of structures in the near field of a rupturing fault can be significantly different from those
observed in the far field. The unique characteristics of the near-fault ground motions can cause
considerable damage during an earthquake, This paper presents results of a study aimed at evaluating
the near-fault and far-fault ground motion effects on nonlinear dynamic response and seismic damage of
concrete gravity dams including dam-reservoir-foundation interaction. For this purpose, 10 as-recorded
earthquake records which display ground motions with an apparent velocity pulse are selected to
represent the near-fault ground motion characteristics. The earthquake ground motions recorded at the
same site from other events that the epicenter far away from the site are employed as the far-fault
ground motions. The Koyna gravity dam, which is selected as a numerical application, is subjected to a
set of as-recorded near-fault and far-fault strong ground motion records. The Concrete Damaged
Plasticity (CDP) model including the strain hardening or softening behavior is employed in nonlinear
analysis. Nonlinear dynamic response and seismic damage analyses of the selected concrete dam
subjected to both near-fault and far-fault ground motions are performed. Both local and global damage
indices are established as the response parameters. The results obtained from the analyses of the dam
subjected to each fault effect are compared with each other. It is seen from the analysis results that the
near-fault ground motions, which have significant influence on the dynamic response of dam-reservoir—
foundation systems, have the potential to cause more severe damage to the dam body than far-fault
ground motions.

@ 2013 Elsevier Ltd. All rights reserved.
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Table 1
Properties of selected near-fault and far-fault ground motions considered in this investigation.

oS LT 5o ool atle o g 35 ol e S Joe

No. Ground motion Earthquake

Distance to fault (km) Station location

M,, Comp. PGA (cm/s?) PGV (cm/s) PGV/PGA(s)

N O s W =

Near-fault
Far-fault
Near-fault
Far-fault
Near-fault
Far-fault
Near-fault

Near-fault

Near-fault
Far-fault
Near-fault
Far-fault
Near-fault
Far-fault
Near-fault
Far-fault
Near-fault
Far-fault

Northridge 1994 71
Northridge 1994 18.4
Northridge 1994 8.6
Northridge 1994 294
Northridge 1994 8.6
Northridge 1994 17.9
Imperial Valley 1979 5.2

Imperial Valle 1979 8.

Loma Prieta 1989 6.3
Loma Prieta 1989 227
Loma Prieta 1989 2.8
Loma Prieta 1989 16.9

Chi-Chi 1999 8.9
Chi-Chi 1999 32.0
Chi-Chi 1999 7.9
Chi-Chi 1999 37.2
Chi-Chi 1999 32
Chi-Chi 1999 311

Newhall, CA - Los Angeles County Fire #24279 6.7
Los Angeles, CA - Fire Station 108 #5314 6.7
Sylmar, CA - Jensen Filtration Plant #655 6.7
Warm Springs #24272 6.7
Los Angeles Reservoir #2141 6.7
Tarzana, CA - Cedar Hill #24436 53
El Centro, CA - Array Sta 5 #0952 6.5

Holtville, CA - Post Office #5055

Gilroy Array Sta 3 # 47381 6.5
Gilroy Array Sta 7 #57425 6.5
Corralitos, CA #57007 65
Coyote Lake Dam, CA #57217 6.5
Taichung, Taiwan #TCU050 76
llan, Taiwan #ILA067 76
Taichung, Taiwan #TCU072 76
Chiayi, Taiwan #CHY014 76
Taichung, Taiwan #TCU076 76
Chiayi, Taiwan #CHY086 76

360
35
22
90
64
90

230

90
90
90
285
90
90
90

90

578.20
576.93
560.30
221.20
317.6

365.30
360.37

24296

362.00
314.30
469.40
471.00
142.70
195.70
466.90
25490
336.10
201.60

94.70
29.75
7123
13.40
44.54
11.80
95.89

43.80
16.30
47.50
37.50
3240
11.40
70.80
2290
59.00
17.9

0.164
0.052
0.138
0.061
0.140
0.032
0.266

0.121
0.052
0.101
0.079
0.227
0.058
0.152
0.090
0.176
0.089

oilu slp oad 485 Jlai s sladl il

Sl ool a8 3 Ly o i Covo jghaie a3 Ao lel i)




2 13 14 15 1
12 13 14 15 15
213 14 15 15

"

|
|
01
i
{
10
0 1

- e
el B o s N A < ST i el = @ e ..1]:....1 = e
SRS R L / R
...... ¥ YRR i e B [ BRSSO ] <
BRI o e & L el e e LU S (O e
s = Rt O TR EE e N 5 00 S0 (N 0 o O =
...... M (| -
ccdechegcdodeioad © O L S (o i et Bl 5e

258 BR2°2988%%3 Sia R e o By
[6] uoneIBEoTY [oas7wa] Apaoes [w2] wawsoedsig

sl dlily 0,05, oloj = (plmle jloges



& Amplitude Manager & Edit Amplitude

Name Type Time Span Name: Imp-Near

Imp-Near Tabular Step Time

Type:  Tabular

Time span: | Step time
Smoothing: (®) Use solver default
O Specify:

Amplitude Data  Baseline Correction

Create... Copy... Rename... Delete... Dismiss

Time/Frequency

1 0 -0.001
2 0.005 -0.001
3 0.01 -0.001
4 0.015 -0.001
5 0.02 -0.001
6 0.025 -0.001
7 0.03 -0.001
8 0.035

0.04
0.045
0.05
0.055
0.06
0.065

oK

——No. 9—Near-fault
ﬂ ---------- No. 10—Far-fault

w

|
w

Displacement (cm)
(]

i
[o)]

o
w
D
©
-
N

15
Time (s)
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# Edit Materia

Mame: Concrete

Description:

Material Behaviors

Damping
Density
Elastic

Concrete Damaged Plasticity
Concrete Compression Damage

General Mechanical Thermal Electrical/Magnetic  Other

Concrete Damaged Plasticity

Plasticity ~Compressive Behavior  Tensile Behavior

[[]Use temperature-dependent data

-

Mumber of field variables: 0=
Data
Dilation ..
Angle Eccentricity fb0/fc0
1 EY 0.1 1.16
OK

0.67

Viscosity
Parameter

Cancel |
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stress -

7230000 0

14890747 | 5.81E-05
19337107 | 0.000166
22219095 | 0.000342
23698231 | 0.000578
24100000 | 0.000853
22641794 | 0.001483
20213640 | 0.002154
17732357 | 0.002827
15516332 | 0.00349
13630283 | 0.004137
12050554 | 0.004772
10730411 | 0.005396
9622959 | 0.00601
8687864 | 0.006617
7892336 | 0.007218
7210285 | 0.007814
6621092 | 0.008406
6108448 | 0.008995
5659395 | 0.00958
5263572 | 0.010164
4912638 | 0.010746
4599825 | 0.011326
4319601 | 0.011905
4067412 | 0.012482
3839482 | 0.013059
3632660 | 0.013634
3444297 | 0.014209
3272157 | 0.014783
3114338 | 0.015356
2969215 | 0.015929
2835391 | 0.016501
2711663 | 0.017073
2596985 | 0.017645
2490450 | 0.018216
2391261 | 0.018787
2298722 | 0.019358
2212216 | 0.019928
2131203 | 0.020498
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Compressive
Damage

0 0

0.026443 | 5.81E-05
0.05652 | 0.000166
0.096813 | 0.000342
0.14521 | 0.000578
0.197674 | 0.000853
0.313057 | 0.001483
0.42581 | 0.002154
0.526002 | 0.002827
0.610164 | 0.00349

0.678722 | 0.004137
0.733764 | 0.004772
0.777755 | 0.005396
0.812965 | 0.00601

0.841285 | 0.006617
0.864218 | 0.007218
0.882933 | 0.007814
0.898327 | 0.008406
0.911093 | 0.008995
0.921761 | 0.00958

0.930744 | 0.010164
0.93836 | 0.010746
0.944862 | 0.011326
0.950446 | 0.011905
0.955272 | 0.012482
0.959465 | 0.013059
0.963127 | 0.013634
0.966342 | 0.014209
0.969175 | 0.014783
0.971684 | 0.015356
0.973915 | 0.015929
0.975905 | 0.016501
0.977688 | 0.017073
0.97929 | 0.017645
0.980734 | 0.018216
0.982039 | 0.018787
0.983223 | 0.019358
0.984299 | 0.019928
0.98528 | 0.020498
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Tensile (CDP
stress

1072851 0
625757.8 | 0.000279
501381.5 | 0.000532
435110.9 | 0.000781
391953.3 | 0.001028
360824.5 | 0.001274

C};J, & S ‘-,"-‘:-'*'" g_)l :’ &

Tensile Damage

0 0
0.834408 | 0.000279
0.923069 | 0.000532
0.953019 | 0.000781
0.967359 | 0.001028
0.975546 | 0.001274




# Edit Materia

Mame: Concrete

Description:

Material Behaviors

Damping
Density
Elastic
Concrete Damaged Plasticity
Concrete Compression Damage v
General Mechanical Thermal Electrical/Magnetic Other ﬂ

Concrete Damaged Plasticity

Plasticity Compressive Behavior  Tensile Behavior

[[] Use strain-rate-dependent data ¥ Suboptions

[[] Use temperature-dependent data

Mumber of field variables: 0%

Data
Yield Inelastic A
Stress Strain

1 7230000 0

2 14890746.61 5.81149E-05

3 19337107.46 0.000166449

4 22219094.91 0.000342217

5 23698230.91 0.000578457

6 24100000 0.000853172

7 22641793.89 0.00148263

8 2021364017 0.002153898 v

oK  Cancel |

IBle s yo e s lasd jls, plais



# Edit Materia

Name: Concrete

Description:

Material Behaviors

Damping
Density
Elastic

Concrete Damaged Plasticity

Concrete Compressi
General Mechanica
Concrete Damaged PI

Plasticity Compres
[] Use strain-rate-de

[] Use temperature-
Number of field varia
Data
Yield
Stress
1 7230000
2 14890746.61
3 19337107.46
4 22219094.91
5 23693230.91
6 24100000
7 22641793.89
8 20213640.17

& Suboption Editor XL
Concrete Compression Damage
Tension recovery: ‘
[[] Use temperature-dependent data
Number of field variables: | 0'%
Data
Damage Inelastic
Parameter Strain
1 0 0
2 0.026443126 5.81149E-05
3 0.056519986 0.000166449
4 0.096812896 0.000342217
5 0.145209522 0.000578457
6 0.197674419 0.000853172
7 0.313056774 0.00148263
8 0.425810489 0.002153898
OK Cancel |
oK  Cancel |
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# Edit Materia

Mame: Concrete

Description:

Material Behaviors

Damping
Density
Elastic
Concrete Damaged Plasticity
Concrete Compression Damage v
General Mechanical Thermal Electrical/Magnetic Other ¥

Concrete Damaged Plasticity

Plasticity Compressive Behavior Tensile Behavior

Type: | Strain v ¥ Suboptions

[] Use strain-rate-dependent data
[[] Use temperature-dependent data

-

Mumber of field variables: 05

Data
Yield Cracking
Stress Strain
1 1072851.341 0
2 625757.8419 0.00027908
3 501381.4839 0.000532454
4  435110.8728 0.000781199
5 391953.2503 0.001028103
6 3608245231 0.001274048
oK Cancel
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# Edit Materia

Name: Concrete

Description:

Material Behaviors

Damping ~
Density

Elastic & Suboption Editor X

Concrete Compres Concrete Tension Damage
General Mechani Type: | Strain ’v
Compression recovery: | 1
Concrete Damaged F 2 o
[] Use temperature-dependent data
Plasticity Cor'npr_ Number of field variables: l 0% _ _
Type: Strain Data ¥ Suboptions
[[] Use strain-rate-d Damage Cracking
[[] Use temperature Parameter Strain
1 0 0
Number of field var
2 0.834408002 0.00027908
_ Data | 3 0.923068521 0.000532454 i
Yield 4  0.953018847 0.000781199
Stress 5 0.967358576 0.001028103
1 1072851341 16 0975546449 0.001274048
2 625757.8419
3 501381.43839
4  435110.8728
5 391953.2503 oK ] i Cancel ]
6 360824.5231
oK Cancel |
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Table 1
Properties of selected near-fault and far-fault ground motions considered in this investigation.
No. Ground motion Earthquake Distance to fault (km) Station location M,, Comp. PGA (cm/s*) PGV (cm/s) PGV[PGA (s)
1 Near-fault Northridge 1994 71 Newhall, CA - Los Angeles County Fire #24279 6.7 360 578.20 94.70 0.164
2 Far-fault Northridge 1994 18.4 Los Angeles, CA - Fire Station 108 #5314 6.7 35 576.93 29.75 0.052
3 Near-fault Northridge 1994 3.6 Sylmar, CA - Jensen Filtration Plant #655 67 22 560.30 77.23 0.138
4 Far-fault Northridge 1994 294 Warm Springs #24272 6.7 90 221.20 13.40 0.061
5 Near-fault Northridge 1994 3.6 Los Angeles Reservoir #2141 6.7 64 317.6 4454 0.140
6 Far-fault Northridge 1994 17.9 Tarzana, CA - Cedar Hill #24436 53 90 365.30 11.80 0.032
7 Near-fault Imperial Valley 1979 5.2 El Centro, CA — Array Sta 5 #0952 6.5 230 360.37 95.89 0.266
8 Far-fault Imperial Valley 1979 21.7 El Centro, CA - Array Sta 13 #5059 6.5 230 131.07 12.70 0.096
9 Near-fault Imperial Valley 1979 8.8 Holtville, CA - Post Office #5055 6.5 225 242.96 51.90 0.214
10  Far-fault Imperial Valley 1979 21.8 Superstition Mtn, CA - Camera Site #0286 6.5 135 182.19 8.65 0.047
11 Near-fault Loma Prieta 1989 6.3 Gilroy Array Sta 3 # 47381 6.5 90 362.00 43.80 0.121
[ 12 Far-fault Loma Prieta 1989 22.7 Gilroy Array Sta 7 #57425 6.5 90 314.30 16.30 0.052]
13 Near-fault Loma Prieta 1989 2.8 Corralitos, CA #57007 6.5 90 469.40 4750 0.101
14 Far-fault Loma Prieta 1989 16.9 Coyote Lake Dam, CA #57217 6.5 285 471.00 37.50 0.079
15 Near-fault Chi-Chi 1999 89 Taichung, Taiwan #TCUO50 76 90 142.70 3240 0.227
16  Far-fault Chi-Chi 1999 32.0 [lan, Taiwan #ILAO67 76 90 195.70 1140 0.058
17 Near-fault Chi-Chi 1999 79 Taichung, Taiwan #TCUQ72 76 90  466.90 70.80 0.152
18  Far-fault Chi-Chi 1999 37.2 Chiayi, Taiwan #CHY014 7.6 0 254.90 2290 0.090
19 Near-fault Chi-Chi 1999 3.2 Taichung, Taiwan #TCUQ76 76 90 33610 59.00 0.176
20 Far-fault Chi-Chi 1999 31.1 Chiayi, Taiwan #CHY086 7.6 0 201.60 179 0.089
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@0, ail; el oK ! (@) Mag L
) Imperial Valley-06 | El Centro Array #7 | 0.593 6.5 0.361 0.506
v Irpinia, Italy-01 Sturno 0.249 6.9 0.668 1.209
Y Superstition Hills-02 | Parachute Test Site | 0.489 6.5 1.075 0.614
¥ Loma Prieta Saratoga - Aloha 0.5 6.9 0.62 0.601
0 Erzican, Turkey Erzincan 0.479 6.7 0.823 0.627
4 Cape Mendocino Petrolia 0.597 7.0 0.527 0.503
\f Landers Lucerne 0.709 7.3 0.328 0.423
A Northridge-01 Rinaldi;zce”ing 0972 | 67 | 0.728 | 0308
q Northridge-01 Sylm\";rie'WOhve 0622 | 67 | 0772 | 0.483
A Kocaeli, Turkey [zmit 0.224 7.5 0.586 1.339
A Chi-Chi, Taiwan TCU065 0.834 7.6 1.129 0.36
‘Y Chi-Chi, Taiwan TCU102 0.276 7.6 1.401 1.09
Y Duzce, Turkey Duzce 0.335 7.1 0.695 0.898
‘¥ Gazli, USSR Karakyr 0.606 6.8 0.431 0.495
\o Imperial Valley-06 Bonds Corner 0.574 6.5 0.477 0.501
\F Imperial Valley-06 Chihuahua 0.256 6.5 0.579 1.158
\Y Loma Prieta BRAN 0.467 6.9 0.45 0.643
A Northridge-01 LA- %&“lveda 0772 | 67 | 0595 | 0389
' Loma Prieta Corralitos 0.661 | 6.93 0.475 0.453
v Kocaeli, Turkey Yermica 0.281 | 7.51 1.294 1.067
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W, iy et ol @) Mag e
\ Northridge Beverly Hills - Mulhol 0.313 6.7 0.189 0.958
Y Northridge Canyon Country-WLC 0.41 6.7 0.566 0.731
Y Duzce, Turkey Bolu 0.714 7.1 0.543 0.42
f Hector Mine Hector 0.263 7.1 0.607 1.14
N Imperial Valley Delta 0.239 6.5 0.625 1.26
7 Imperial Valley El Centro Array #11 0.132 6.5 0.448 2.272
Y Kobe, Japan Nishi-Akashi 0.509 6.9 0.487 0.59
A Kobe, Japan Shin-Osaka 0.238 6.9 0.744 1.26
A Kocaeli, Turkey Duzce 0.325 7.5 1.001 0.923
). Kocaeli, Turkey Arcelik 0.218 7.5 0.304 1.382
AR Landers Yermo Fire Station 0.226 7.3 0.897 1.327
\Y Landers Coolwater 0.28 7.3 0.425 1.071
VY Loma Prieta Capitola 0.514 6.9 0.489 0.584
‘Y Loma Prieta Gilroy Array #3 0.334 6.9 0.272 0.898
) Manyjil, Iran Abbar 0.552 7.4 0.314 0.543
\F Superstition Hills El Centro Imp. Co. 0.376 6.5 0.664 0.797
VY Superstition Hills Poe Road (temp) 0.466 6.5 0.478 0.643
VA Chi-Chi, Taiwan CHY101 0.338 7.6 1.042 0.887
'4 San Fernando LA - Hollywood Stor 0.012 6.6 1.395 27.272
A Friuli, Italy Tolmezzo 0.344 6.5 0.395 0.874
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Bonds Corner d3; -

S, Mises

(Avg: 75%) .
+2.293e+08
+1.518e+08
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Bonds Corner

Displacement (cm)

Time (s)

R EVE A
BRAN d3;

S, Mises
(Avg: 75%)
+1.488e+08
+1.000e+08
+6.726e+07
+4.522e+07
+3.040e+07
+2.044e+07
+1.374e+07
+9.23%+06
+6.211e+06
+4.176e+06
+2.808e+06
+1.888e+06
+1.269e+06
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+5.737e+05
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+1.743e+05 H
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S, Mises
(Avg: 75%) .
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+1.017e+07
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+4.935e+06
+3.437e+06
+2.394e+06
+1.667e+06
+1.161e+06
+8.087e+05
+5.632e+05
+3.922e+05
+2.732e+05
+1.903e+05
+1.325e+05
+9.22%+04
+6.427e+04

PE, Max. In-Plane Principal

(Avg: 75%)

|
1

_.'_A}.-A _l Sapdais

1
)
V
'
7
)
\

Y | PE Pla j T Tl

o o

Semdly 5,



FTrrrrrrrrTrTrTd

syl ol

¢

| AN N A T

a5 2>



Chihuahua

Displacement (cm)

Time (s)

Corralitos dy; -

S, Mises
(Avg: 75%)
+1.294e+08
+8.755e+07
+5.926e+07
+4.011e+407
+2.714e+07
+1.837e+07
+1.243e+07
+8.416e+06
+5.6962+06
+3.8552+06
+2.609e+06
+1.766e+06
+1.195e+06
+8.090e+05
+5.475e+05
+3.706e+05
+2.508e+05
+1.6982+05
+1.149e+05
+7.776e+04
.263e+04
3.562e+04
< 2.411e+04
zl-s $€4: | Dynamic
1.1 ent 7999: Step Time = 39.98
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Duzce A3y -

S, Mises

(Avg: 75%) .
+3.111e407
+2.168e+07
+1.512e407
+1.054e+07
+7.3462+06
+5.121e+06
+3.570e+06
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Duzce
200

100

Displacement (cm)

0 5 10 15 20 25 30

Time (s)

do g Sl s
El Centro Arrey d3y; -

S, Mises
(Avg: 75%)

+3.332e+07
+2.382e+07
+1.703e+07
+1.217e+07
+8.699% 406
+6.218e+406
+4.4442+4-06
+3.177e+06
+2.271e+06
+1.623e+4-06
+1.160e+06
+8.293e+4-05
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+4.237e+05
+3.029+05
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4.039%9e+04

2.887e+04
- 2.064e+04

1.47%e 684 | Dynamic
zl-ogggh%,e ent 7374: Step Time = 36.85
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Erzincan A3y -

S, Mises

(Avg: 75%) .
+3.262e+07
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Displacement (cm)

S, Mises
(Avg: 75%)
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Karakyr dy; -

S, Mises

(Avg: 75%) .
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S, Mises
(Avg: 75%)
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Displacement (cm)
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(Avg: 75%)
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Petrolia oy -

S, Mises

(Avg: 75%) .
.745e+07
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.550e+07
. 761407
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Petrolia
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Displacement (cm)

Time (s)

S b ol loges
Rinaldi Receiving Sta 38y -

S, Mises
(Avg: 75%)

+3.052e+07
+2.190e+07
+1.571e4-07
+1.127e+07
+8.088e4-06
+5.803e+06
+4.163e+4-06
+2.987e+06
+2.143e4-06
+1.538e+06
+1.103e+-06
+7.915e+05
+5.679e+05
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+2.923e+405
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+1.505e+405
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+7.747e+04
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.988e+04
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Saratoga A3y -

S, Mises

(Avg: 75%) .
+5.269e+07
+3.695e+07
+2.591e+07
+1.817e+07
+1.274e+07
+8.937e+06
+6.267e+06
+4.395e+06
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+2.161e+06
+1.516e+06
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+7.454e+05
+5.228e+05
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+1.803e+05
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+8.866e+04
+6.218e+04
4.360e+04
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Saratoga

Displacement (cm)

Time (s)

do g Sl s
Sturno a3}

S, Mises
(Avg: 75%)
.110e+08
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.078e+07
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