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» Embankment dam that we will analyze is 66.8 meters in Clay Core

height.
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Seismic Induced Damages

* Three types of damage may occur as a results from

earthquakes: Settlemen} -
?" .
* Cracking - X - N
-
* Sliding s i 5
* Post-earthquake internal erosion e b
i Dam Height ~
rd ke S
* Crest deformation is generally a good indicator of the ” v ~
damage level.
(Fell et al., 2000; Swaisgood, 1998) Soil
Bedrock
He and Rahje (2024)
Crest settlement
RS(%) = . X100
Dam height
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» Evaluation of horizontal and vertical
deformation mainly consists of three topics:

* To overcome the overtopping, freeboard
of the dam should be more than maximum
vertical displacement (static + dynamic)

« Maximum horizontal displacements must
be lower than the thickness of the filters

 To designate the amount of seismic
induced damages, they are classified by
studies in the literature

 Pells and Fell (2002)

* He and Rahje (2024)

Table |. Capacity relationships for earth dams proposed by Pells and Fell (2002)

Damage class Maximum longitudinal Maximum relative crest
o crack width (cm) settlement (%)

MNumber Description

0 No or slight < | =<0.03

I Minor -3 0.03-0.2

2 Moderate 3-8 0.2-0.5

3 Major 8-15 0.5-1.5

4 Severe 1550 |.5-5

5 Collapse =50 =5

Table 2. Mean and standard deviation of the relative settlement for the capacity relationships

Finc Median C (RS in %) Tinc
Minor —3.507 0.03 0.94
Moderate —0.777 0.46 0.99
Severe 0833 2.3 0.92

He and Rahje (2024)

PDE{RS] =




Material Properties

Power of
. Ref. Stress Internal . . -
3 y_sat ESOref Eoedref Eurref Failure . Dilatency Cohesion  GOref Threshold Permeability
Name ElkPa) v y(KN/MY) - m3)  (kpa) (kPa) (kPa) Ratio ressure  Level Friction )\ hsle (W) (kPa) (kPa)  Shear Strain (m/s)
(Pref) (kPa) Dependenc Angle (D) g
y
01A-ClayCore-HSS 40000 0.3 18 19 22000 22000 66000 0.9 100 0.95 18 0 40 64034.8 0.0004 3.00E-08
03A-FilterSand-HSS 45000 0.3 18 19 24750 24750 74250 0.9 100 0.6 35 3 0 134220 0.0075 0.0005
02A-FilterGravel-HSS 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 40 8 0 134220 0.0075 0.005
04A-GravelShell-HSS 60000 0.3 22 23 33000 33000 99000 0.9 100 0.5 35 8 20 134220 0.0075 0.005
05A-RipRap-HSS 65000 0.3 24 25 35750 35750 107250 0.9 100 0.5 45 13 0 134220 0.0075 0.1
06A-RiverAlluviums-HSS 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 44 12 0 134220 0.0075 0.01
01A-ClayCore-HSS(Saturated) 40000 0.3 18 19 22000 22000 66000 0.9 100 0.95 18 0 10 64034.8 0.0004 3.00E-08
03A-FilterSand-HSS(Saturated) 45000 0.3 18 19 24750 24750 74250 0.9 100 0.6 35 0 0 134220 0.0075 0.0005
02A-FilterGravel-HSS(Saturated) 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 40 8 0 134220 0.0075 0.005
04A-GravelShell-HSS(Saturated) 60000 0.3 22 23 33000 33000 99000 0.9 100 0.5 35 3 5 134220 0.0075 0.005
05A-RipRap-HSS(Saturated) 60000 0.3 24 25 33000 33000 99000 0.9 100 0.5 45 13 0 134220 0.0075 0.1
06A-RiverAlluviums-HSS(Saturated) 50000 0.3 20 21 27500 27500 82500 0.9 100 0.5 44 12 0 134220 0.0075 0.005
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Modeling an Earthfill Dam with Construction Stages

—
| ]| 4"‘ || Basic

1) Importing a cross-section from .dxf file

2) Fine meshing the dam body with maximum of 3.5 mesh size

3) Coarse meshing the foundation with maximum of 18 mesh size
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Useful Tools for Modeling

Topo. Bibxtract JLInteface /7 Hinge -

[[IDwvide % Pile/Pie Tip M Infinite _J Fuid Boundary

% Modify [l Connection ] Measure M| Free Field gl Seepage Cut Off

Rename Copy Create Divide

- Select Object(s)
Sorting Order
Coordinate

Add/Modify Mesh Parameter by v (B Reclz:dngular 4
. 1st 2n ar
Show/Hide
Y o ¥ 7
Node 1D 2D 30 Other Dicolay Mod X
Izplay IVIoOE EF Mesh Set (Bounding Box)
Change Property o . D'SP"E!I’ GE () Min () Max
' Selected 244 Object( IRERERRERARY Order
ac) s) —— Transparency |
Select 2D-property from the below list. L wmegEEEEEE
7/ LU 777 Transform
Property L L ks T
] Delete
1 1: ClayCore ~ | | HE Starting Suffix Mumber
= OK || Cancel | Apply
4,5,6) After fast meshing, define material properties to the mesh sets  7,8) Select layers and merge 9) Select the layers and rename
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Layers are properly defined.

----- v (il Layer-001
----- v [ Layer-002
----- v Layer-003
..... v (3 Layer-004
----- v ( Layer-005
----- v (i Layer-006
----- v Layer-007
..... v ( Layer-003
..... v ( Layer-009
----- v (i Layer-010
----- v Layer-011
----- v Layer-012
----- v # Layer-013
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Auto Change of Saturated Material Parameters

Add/Medify Mesh Parameter

Mode 1D 2D 3D

Auto Change Property By Pore Pressure

] Selected 569 Object(s)

Mame | ClayCore

Saturated Property

57 | |57: ClayCore(Saturated)  ~ EIJ-.EI ;gr:;”t Parameters
:
Unsaturated Property ' ‘ ‘ EIH 2D
1: ClayCore o ----- Iﬂ Thickness
..... E Offset

-.[3] 2D Material Csys
----- f?r; End Releaze
EIE Saturate/Unsaturate
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Auto Change of Saturated Material Parameters

Define Construction Stage

Construction Stage Set Name Static ~ |
Stage ID ' 1: In-Situ v (2] | MovetoPrevious || MovetoNext |
Stage Mame | In-5itu | | Mew || Insert || Delete |
Stage Type |Stress V|
Set Data Activated Data Deactivated Data
'=-ffy Mesh = Mesh - Mesh
- Default Mesh Set 5 Default Mesh Set = &8 Boundary Condition
Foundation || Foundation : &b Static Load
Layer-001 EI% Boundary Condition o 1@ Combined Load Sets
Layer-002 -8 static_boundary .32 Contact
Layer-003 =gl Static Load
Layer-004 -2k Default Seff-Weight
layer005 || 1) Combined Load Sets
Layer006 || P 3 Contact
Layer-007
Layer-008
Layer-009
Layer-010
Layer-011
Layer-012
-~ Layer013
EI% Boundary Condition
&8 static_boundary
=gl Static Load
- 8ls Default Seff-Weight
----- 1) Combined Load Sets
..... 3 Contact
Sort By Mame ~ Show Data Activate ~

] Analysis Control...

] Dutput Contral...

Initial Condition
[]pefine water Level For Global

0 m Mone

[[Joefine water Level For Mesh Set

Input Water Level...

Sub Stage...

[] LOF.. | CopyToSpecificStage...

Clear Displacement
Clear Strain

[ slope Stability(SRM)

[ slope stability(sam)

By adding the layers step by step,

we define the construction stages

T R T Y Y N T YT T TN T T O Y .. S TN YT T T T T T Y N U N T Y T T O O T T 0 O SO 4

Define Construction Stage

Construction Stage Set Mame ~ |
Stage ID |a: Construction Stage-7 ~ |% | Move to Previous || Mowve to Mext |
Stage Name | Construction Stage-7 | | Mew || Insert || Delete |
Stage Type ‘Stress v|
Set Data Activated Data Deactivated Data
‘= f@p Mesh =@ Mesh [y Mesh
f#§ Default Mesh Set ﬂ Layer-007 % Boundary Condition
Foundation % Boundary Condition % Static Load
Layer-001 &l Static Load [} Combined Load Sets
Layer-002 -0} Combined Load Sets “.- 3R Cortact
Layer-003 L3 Contact
Layer-004
Layer-005
Layer-006
Layer-007
Layer-008
Layer-003
Layer-010
Layer-011
Layer-012
- Layer-013
El% Boundary Condition
% static_boundary
=&l Static Load
% Default Seff-Weight
-y Combined Load Sets
8 Contact
Sort By Mame - Show Data Activate w
———— T DN | ~cntl 5 ARl ||

O Analysis Control. ..

] Output Contral...
Initial Condition
[ Define Water Level For Global

0 m MNore [ one

[ Define Water Level For Mesh Set

Input Water Level. ..

Sub Stage...

[J LOF.. | CopyToSpedificStage...

] clear Displacement
Clear Strain

[ slope Stability (SRM)

[ slope Stability(SAM)
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Results

DISPLACEMENT
TY, m

-2.18532e-02
14.4%
-4.96245e-02

-7.73964e-02
13.2%
-1.05168=-01
11.9%
-1.532940e-01
13.5%
-1.60711e-01
7 7%
-1.88483e-01
3.0%
-2.16254e-01
2.8%
-2.44026e-01
2.3%
-2.71798e-01
2.3%
--2.9956%9e-01
1.1%
-3.27341e-01

0.0290

B 66 IRmO

DISPLACEMENT
Y, m

Analyses | Maximum Horizontal

-3.35306e-02
20.0%

-7.46306e-02
16.3% °

-1.15731e-01

-1.566318-01 O I l I l l
11.5%

-1.97931e-01
10.5%

-2.39031e-01
4.7%

-2.601531e-01
3.8%

-321E51e-01
2.8% E

-3.62331e-01 n O
2.3%

-4.05431e-01
21%

-4.44531e-01
Construction

-4.85631e-01

0.06

Impoundme
nt

0.05

B 0 IR ImW O F _ B 0 IR IRmWO@F

DISPLACEMEMNT

Maximum Vertical
Deformation (m)

0.49

0.035
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Challenges in Dynamic Stability

The projectis in a seismically active zone.
Recommended PGA value in Seismic Hazard Analysis

Report was 0.78.

Initial design of the dam had no benches and slopes
were too steep. Thus, factor of safety in pseudo-static

method is lower than 1.

We lowered the steepness of the slopes and put a
bench in the middle of it. It effected the dynamic

stability greatly.

Static methods cannot capture
oscillatory nature of earthquake
ground motion, so dynamic
analysis in a finite element
software assess the seismic
performance of the slopes better

than limit-equilibrium methods.

0.856

| w047
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Dynamic Analysis

Sloshing Medium

The water in the reservoir can be
interpreted directly with a sloshing
medium material and can be meshed

easily as other materials.

Matenal

ID 17 Mame

Inviscid

Bulk Modulus (k)

Unit Weight{y)

Color

2200000

9.80665

I |

kM fm2

kM fm 2

B Generate mesh(Face)

Auto-Face Auto-Area | MapFace Map-Area

= Selected 16 Edge(s)
Select Point(s)

[«]Include Interior Edges

Property
| 10| 10: water

Mesh Set | Auto-Mesh (Planar Area)

| OK || Cancel || Apply || >> |
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Sloshing Fluid Boundaries

T Delete [[H] Parameters

Elerner

ey | e | P

e = | REI W@

[ilDwvide % Ppile/Pile Tip i Infinite
I Modify [] connection [} Measure pg{Free Field gl Seepage cut Off

Create Fluid

Line  Plane

Element ID
Target O

Boundary

bject

Type | From Free-Edge

Select Element(s)

11: Free Surface

12: F5I Surface

FSI (Fluid Structure Interaction) Boundar

Do not forget to close other meshes while defining fluid boundaries!!

MiIDAS
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Sloshing Fluid Boundaries

Sleshing Constraint

Basic

Sloshing Constraint

Boundary Set

= &

Sloshing constraint will simulate our long reservoir.

MiIDAS
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Eigenvalue Analysis

« Modify Topo. BiiExtract T Interface /7 Hinge -

¢ Delete [[H Parameters [ Divide  -E Pile/Pile Tip g Infinite ol Fluid Boundary
= Modify [] Connection ] Measure p|Free Field gl Seepage Cut Off
Element

Boundary conditions for eigenvalue analysis

Element Create/Delete

i~ | ﬁ' ] 1 b 3D Other pelete

|E Selected 1 Object(s) |

Ground Surface Spring
(®) Modulus of Subgrade Reaction

Modulus of elasticty coeff. a 2
(") Damping Constant/Area

Compliant Base

Boundary Option
All Sides

Only Bottom

Damping
Damping Ratio

14: Surface Spring_Mode ID 43¢~ HE

Mesh Set Ground Surface Spring w

=

= Ok Cancel Apply

DOLSAR 4
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Eigenvalue Analysis

Results of Eigenvalue Analysis

PERCENTAGE MODAL EFFECTIVE MASS

REAL EIGENVALUES

MODE MODE GENERALIZED | GEMERALLIZED ORTHOGONALIMTY DAMPING ERROR
NUMBER T1 T2 T3 R R2 R3 NUMBER EIGENVALUE RADIANS CYCLES PREIOD MASS STIFFNESS LOSS RATIO MEASURE

1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1 6.477510e-03 ¢.0482528e-02 1.280926e-02 7.806850e+01 1.000000e+00 6.477621e-03 0.000000e+00 2.107892e-04 3.92528%e-05
2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 2 3.933161e-02 1.883220e-01 3.156352e-02 3.168174e+01 1.000000e+00 3.933165e-02 4.758566e-10 1.548666e-04 3.250301e-05
3 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3 9.487437e-02 3.080168e-01 4.90F240e-02 2.035884e+01 1.000000e+00 9.487430e-02 2.430585e-10 1.081781e-04 2.458075e-05
4 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 4 1.637171e-01 4.046187e-01 6.4359723e-02 1.552862e+01 1.000000e+00 1.637171e-01 1.271763e-10 T.212051e-05 1.056370e-04
) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3 2.468043e-01 4.5957945e-01 7.906730e-02 1.264745e+01 1.000000e+00 2.4620428e-01 &.116836e-11 4.7284516e-05 8.520322e-05
& 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 6 3.333725e-01 o 77 384 3e-01 9.189356e-02 1.088215e+01 1.000000e+00 3.333726e-01 4.904206e-11 3.255636e-05 1.7856599e-04
7 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 7 4.2565965e-01 §.52454 3e-01 1.038413e-01 9.630077e+00 1.000000e+00 4.256966e-01 3.017255e-11 2.241015e-05 1.578177e-04
8 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% i 2.238857e-01 T.238755e-01 1.152084e-01 6.679525e+00 1.000000e+00 2.239857e-01 1.681045e-11 1.607212e-05 3.354021e-04
g 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%; 9 6.238210e-01 7.858234e-1 1.257043e-01 7.955178e+00 1.000000e+00 6.238210e-01 1.322364e-11 1.362615%e-05 5.912413e-04
10 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 10 7.343063e-01 8.569168e-01 1.363825e-01 7.332317e+00 1.000000e+00 7.343063e-01 &.821860e-12 ©¢.362906e-06 5. 244250e-04
11 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 11 &.o76922e-01 59.261168e-01 1.4735961e-01 6.784442e+00 1.000000e+00 ©.576922e-01 S.472428e-12 7.852095e-06 8.9179759e-04
12 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 12|  9.831250e-01| ©9.915266e-01| 1.578064e-01| 6.336880e+00| 1.000000e+00| 9.831250e-01 4106715e-12| 6.004980e-06| 5.845631e-04
13 0.00%, 0.00%, 0.00%, 0.00%, 0.00% 0.00% 13 1.126190e+00 1.062163e+00 1.690485e-01 5.915463e+00 1.000000e+00 1.126190e+00 2.941838e-12 9.393423e-06 g§.544407e-04
14 0 00% 0 00% 0 00% 0 00% 0 .00% 0.00% 14 1.266284e+00 1.125293e+00 1.790960e-01 5.563599e+00 1.000000e+00 1.266284e+00 1.515885e-12 3.575154e-06 8.893130e-04
15 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 15|  1.439023e+00| 1.199593e+00| 1.909211e-01| 5237765e+00| 1.000000e+00 1.439023e+00 0.000000e+00| 1.677534e-06| 6.730900e-04
16 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 16 1.636861e+00 1.275353e+00 2.0368226e-1 4.911046e+00 1.000000e+00 1.636851e+00 0.000000e+00 1.805273e-06 6.076087e-04
17 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 17| 1.745193e+00| 1.321058e+00| 2.102528e-01| 4.756178e+00| 1.000000e+00| 1.745193e+00 0.000000e+00| 1.795591e-06| 8.392700e-04
18 0 00% 0 00% 0 00% 0 00% 0 00% 0.00% 18 1.952566e+00 1.3597343e+00 2.223840e-01 4 496525e+00 1.000000e+00 1.952566e+00 0.000000e+00 6.240470e-08 3.428258e-04
0.00% 0.00% 0.00% 0.00% 19|  2.156935e+00| 1.46B651e-00| 2.337430e-01 4.278202e+00| 1.000000e-00| 2.156935e-00 0.000000e+00| 2.020236e-08| 2.641093e-04

0.00% 0.00% 0.00% 0.00% e 2D MEE024aedly 1.000000e+00| 2.385573e+00 2.326833e-12|  1.573288e-07| 2.746702e-04

0.00% 0.00% 0.00% 3380 21 6.08587 Te+00 2.845325e+00 4.526476e-01 2.208248e+00 | 1.000000e+00 G.08587Te+00 3.326867e-11 4.956208e-02 1.276823e-07

0.00% 0.00% 0.00% 0.62% 22 1.4571894e+01 3.617321e+00 6.073455e-01 1.E45%?e+l}l} 1.000000e+00 1.457194e+01 1.348566e-11 4.991681e-02 1.556809e-07

0.00% 0.00% 0.00% 15.73% A r T Te+ Sracige+UU 0. e 1 USe-U SalfsZe+00 1.000000e+00 1.579911e+01 1.8203381e-10 4 995618e-02 1.4064159e-07

0.00% 0.00% 0.00% 12 B0% 24 1.852498e+01 4.418708e+00 T.032593e-01 1.421551e+00 1.000000e+00 1.8952498e+01 2.465676e-12 4.8023228e-02 T.207454e-028

0.00% 0.00% 0.00% 28 34% 25 2.24982Te+1 4.743234e+00 7.549091e-01 1.324663e+00 1.000000e+00 2.245827e+1 2.395308e-12 4.908887Te-02 o.223417e-028

0.00% 0.00% 0.00% 3.46% 26 2.338672e+1 4.837223e+00 7.69867%e-01 1.258924e+00 1.000000e+00 2.335872e+01 2.880728e-11 4.984335e-02 1.107506e-07

0.00% 0.00% 0.00% 3 240 27 2.3679597e+01 4.886714e+00 T.7774456e-01 1.285769e+00 1.000000e+00 2. 367959 7e+01 2.663863e-10 4.9090346e-02 2.430857e-08

0.00% 0.00% 0.00% 0.01% 28 2.767312e+01 5.260524e+00 8.372385e-01 1.194403e+00 1.000000e+00 2.767312e+01 2. 7ed4245e-10 4 59507 0e-02 1.204253e-07

0.00% 0.00% 0.00% 0.04% 29 3.275437e+01 o.723144e+00 9.108666e-01 1.0897856e+00 1.000000e+00 3.275437e+01 9.5265872e-11 4.9095820e-02 6.407128e-028

0.00% 0.00% 0.00% 003% 30 3.431491e+01 o.807693e+00 9.323126e-1 1.072602e+00 1.000000e+00 3.431491e+01 3.954521e-11 4.908261e-02 2.59805938e-08
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Choosing and Defining a Dynamic Load Input

|
Results -- Selected-Record -- Response Spectra -- Tabas, Iran SPEELrum . Dynamic Anahysis Thermal Analysis Analysis Result Tools

gca'ﬁ:j | s Time Varying Static 1™ Load to Mass M Seismic Data Generator L4 Artficial Earthquake [Dynam|C AnaIyS|S]
P ecord is | Rach, nactrum, 4% Dynamic Nodal 48 Train Dynamic Load Table || {4 Dynamic Load Data Generator
Record Sequence Number: 143 W RotD30 - _ _ 4 Material Evaluator - ] .
Earthquake Name: Tabas, Iran Gegmetric, & Table - 2 Free Field Anaysis > [Ground Acceleration]
Station Mame: Tabas mean - = -
Result ID: 1 Scaled Ground Acceleration X III Time F|:|'._'i|'||:_| Function _ . . .
Scale Factor: 0.6895768¢ Spectra: > [Time Forcing Function]
Scaled Spectra : Sel dR | B Geometric Ground Acceleration Name Type Data Tvoe " Add Time Function | ) | <8 L
mean +
10.00 RSM143 H1 Time : Add Time Sinusaoidal - o o
stdev Hame Tabas Iran Al R5M143 H ime Function Marm. Acc, Modify /Show > Ad d TI m e F u n Ct I O n]
Scaled % Direction eI v Time Function Morm. Acc. B
Spectra: Function RSMN143_H1 RSNZ79_H1 Time Function Morm, Acc. Delete
B Geometric RSMTFM_H2 Time Function Morm, Acg
1,00+ seome Scale Factor | : RSN775_V TmeFuncton  Nomgle. and copy/paste the
stday Arrival Time | 0 | sec Fy »
m H31 i j ° °
o []¥ Direction SeleCted aCCe|erat|On't|me
m 0.10 4 o H= Function RSM143_V e _ _
v Time History Load Function X
u - e : history recordin
] Time Function Data Type y g .
M SRSS Arrival Time | 0| sec Name 15N143 H1 Normalized Acceleration v
0.01 + M RotD50 [ ]z Direction Import oL thauake Scaling Self Weight Graph Option
M RotbB166 Function Mone (Constant) @ . ®) Scale Factor 1 9.80865 | mjsect ] !ﬂm:s Log Scale
B Sesrmean Scale Fackor 1 Time Value O Max. Value . g []¥-axis Log Scale
- (sec) (g)
0.00 - Arrival Time 0| sec A o
0.01 0.10 1.00 10.00 0| 0.0065083 n-e
_ 0.02  0.0065139 .
Period (sec) Dynamic Load Set | Tabas Iran H1 . 0.04  0.0065429 0.4 I ;
0.06 0.0065985 0.3 E ]
| OK || Cancel || Apply 0.08  0.0065243 0.2
0.1 0.0063879 -1
ngawest2.berkeley.edu o2 ooty |4
0.14  0.0066078 | :l l
0.16  0.0062201 s '
0.18  0.0058871 iy
0.2 0.0061952 -0.5%
0.22 0.0053434 ¥ 0.6
Bazeline Correction —n.7
@ Driginal |:::| Cnnsjder 0l F 4 & A 110 12 14 "I':Iii'n: 1A 20 a2 24 26 28 a0 32 a4
Description | Tabas Iran, 9/16/1978, H1 K, || Cancel | Apply

DOLSAR 4

ENGINEERING



Boundary Conditions for Dynamic Analysis

Free field conditions should be applied to the sides to simulate the infinite ground.

B
ECHEARE

[xl Create [ Modify Topo. BiExtract T Interface /7 Hinge ~
¢ Delete [[H Parameters  [[1] Divide
= Modify [.] Connection Ef] Measur

Create Free Field

n o Infinite bl Fluid Boundary
gll seepage cut Off

e R LT

Line  Plane

Element ID 44580
Target Object
Type |From Free-Edge e

=

Selected 29 Object(s)

13: Free Field Fixed Base o
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Boundary Conditions for Dynamic Analysis

Fixed boundary conditions for bottom are used for this analysis.

A &y Oz | % | vz |

o

|:|F'.x |:|R5-I |:|F‘.z

[ ] anti-Symmetric

Boundary Set |ﬁxed_bnttnm V|
oK Cancdl | Apply |

\ Caution: Bottom node of free field elements have to be fixed! /
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Preparation of Dynamic Step of Construction Stages

Define Construction Stage et

Tabas Iran H1 o

Construction Stage Set Mame

The steps before the dynamic step is identical to

the static analysis.

Here we add additional mesh sets and boundary
conditions for sloshing material and SRM for post-

earthquake slope stability check.

Stage ID
Stage Mame

Stage Type

Let Data

16: Tabas-Iran-H1

e |
[=]

Mowve to Previous

Mowve to Next

Tabas-Iran-H1

Monlinear Time History o

Mew Insert

Delete

Time Step...

- @ Default Mesh Set

- fi#3 F5l Suface
-3 Foundation
{8y Free Field Fixed
- Free Suface
[y Layer-001
9 Layer-002
[y Layer-003
9 Layer-004

Activated Data

Deactivated Data

% Boundany Condition for SRM)
! 56 SRM_inclusion
E % sm_boundany
3R Combined Load Sets

------ &5 Boundary Condiion

-y Combined Load Sets

2B Dynamic Load

Analysis Control...

Qutput Contral...

Initial Condition
[ ] Define water Level For Global

0m Mone
[ ] Define Water Level For Mesh Set

Input Water Level...

Slope Stability(SRM)

S 1an

(@9 Layer-005

@y Layer-006

) Layer 007

) Layer e

iy Layer00s

-y Layer010

.y Layer011

i Layer012

i Layer013

[y Water

... eigenvalue_springs
EI% Boundary Condition
-85 SRM_inclusion

- % eigenvalue_fixed bott ...

20 Fixed hottom b
£ >

@ Cymamic Load
2D Tabas Iran H1

Activate e Save Close

Sort By Mame W Show Data
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Defining SRM Inclusion & Post-Earthquake SRM Analysis

After SRM Inclusion zone has been X | | Analysis Control
. . . . eneral amic Monlinear Slope Stability(SRM)
defined; SRM tick in the dynamic R ——
[ Analysis Control...
H : . o ime 0| sec
construction Stage anaIySIS OpthnS Output Contral... =
General Initial Condition
S h ou Id be a Ctivated . Nome T ER— [ ] Define Water Level For Global Modify
Object 0jm NS N Delets
. . : [ ] Define Water Level For Mesh Set onlinear parameters
Later on, in analysis control the latest = e onneerpene =
second of the acceleration-time soundory et | SN Maximum Nuber ofHerations =z
g Stiffness Update Scheme Full Mewton-Raphson o
history should be written to check Intermediate Output Request  |Last Tieration y
Convergence Criteria [ Error Tolerance
slope stability with post-earthquake [l oisplacement(u) 0.01
[ Load(F) 0.01
stresses. [ worki) R
Safety Factor
Initial Safety Factaor 0.5
Increment of Safety Factor 0.1
Resolution of Safety Factor 0.005
[ ] safety Factor Function " Pﬂ|
Advanced Monlinear Parameters...
Save Close Ol Cannel
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Results of Dynamic Analysis

The displacement results can be selected for both directions and can be easily read by probe selection, node by node.

DISPLACEMENT
Ta, m
+5.06411e-01
14.6%
+3.8327%e-01
9,7%
+3.25291e-01

l 6.1%
+2.70317e-01
o

' =]
l. +2.19118e-01
oY
+1.72911e-01
5.8%:
+1.25740e-01
=]

5.83%:

+.59535e-02
AR )

Min:-0.317258

DISPLACEMEMT
T, m
+7.52060e-02
23.7%
+1.6678%e-02
32.6%
-8.12232e-03

l 11.7%
-3.80222e-02

l 7.7%
) e L "7 126348-02
0.7674 « . %, =

¥ in:-0,539004 <

-1.06635:-01
B, 7%

-1.50851e-01
B el

-2,16105e-01

- - = g 2'2°"l.' e
0.0832 < e e L, 29239%e-01

!
!
i

DOLSAR

ENGINEERING




Evaluation of the Results

Relative Settlement
In table on the top, evaluation according to Pells - (%)

and Fell (2002) is given. It only gives thresholds

and related damage states of the dam.

End of
Construction

Impoundment

Tabas Iran H1
Tabas Iran H2
Loma Prieta H1
Loma Prieta H2
Northridge H1
Northridge H2
Tabas Iran H1
Tabas Iran H2
Loma Prieta H1
Loma Prieta H2
Northridge H1
Northridge H2

0.54
0.38
1.07
0.27
0.21
0.21
0.75
0.77
1.08
0.54
0.27
0.43

0.78
0.55
1.56
0.39
0.31
0.31
1.09
1.12
1.57
0.78
0.39
0.63

Major
Major
Severe
Moderate
Moderate
Moderate
Major
Major
Severe
Major
Moderate

Major

Rathje (2024) was used and they use a
probabilistic approach to calculate the damage

states and gives an occurrence probability.

End of
Construction

Impoundment

Tabas Iran H1
Tabas Iran H2
Loma Prieta H1
Loma Prieta H2
Northridge H1
Northridge H2
Tabas Iran H1
Tabas Iran H2
Loma Prieta H1
Loma Prieta H2
Northridge H1
Northridge H2

0.54
0.38
1.07
0.27
0.21
0.21
0.75
0.77
1.08
0.54
0.27
0.43

0.78
0.55
1.56
0.39
0.31
0.31
1.09
1.12
1.57
0.78
0.39
0.63

1.00
1.00
1.00
1.00
0.99
0.99
1.00
1.00
1.00
1.00
1.00
1.00

0.71 0.12
0.57 0.06
0.89 0.34
0.44 0.03
0.34 0.01
0.34 0.01
0.81 0.21
0.82 0.22
0.89 0.34
0.71 0.12
0.44 0.03
0.62 0.08
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Results of SRM

DISPLACEMENT
TOTAL T, m

+2.66%41e+01
L.5%
E+2.4469?E+Dl
4.5%
+2.22452e+01

4.5%
+2.00205e+01
i

The SRM involves modelling

o
+1.77963e+01
o

subsurface materials as elastic-

perfectly-plastic materials, while

simultaneously reducing strengths

by a strength reduction factor, R.

C
C —_— Safety Factor Graph
a R " , F.S. After Earthquake
_ _ _ Analysis Type Earthquake !
{¢} Analysis Case Tabas-Iran-H1_SRM-[Time-32.98] Graph Type Maximum Diplacement vs Safety Factor w with SRM
tan

taﬂ(¢d] — Maximum Diplacement vs Safety Factor Tabas H1 2.75
R Tabas H2 3.2

7 o . End of Loma Prieta H1 2.1

3 - Construction Loma Prieta H2 2.5
FOS = Rmﬂx _— Cape Mendocino H1 3.05
“:i Cape Mendocino H2 2.8

s 27

- Tabas H1 2.9

1 Tabas H2 2.5

1 Loma Prieta H1 3.4

Impoundment
. Loma Prieta H2 3
0.0000e+00 5.UDUlIZI~E+EI{I- l.DUl.’.I':}E-H.’.I-l I.EGG':}E-I-ﬂl E.Clﬂll}:]e+ﬂ1 E.EEH}:]E‘-I-DI S.E}DIDF&D] Cape Mendocino H1 28
Maximum Diplacement (mi)

i Cape Mendocino H2 2.65
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