downloadVERSAZD 6 NHzy' LJ & & ¢ 2 NR
http://www.wutecgeo.com/documents/VERSZD 2016gwu.zip

February2017 AnalysisModel
- 2835 Nodes and 27(8lements Note: 678 nodes and 625 elements used in 2001 model in Wu (200
- subjected to 1971 San Fernando EQ Pacoima Record (PGA 0.6g) (Wu 2001)

[1] Rolled Fill

[380.0 . [2] Hydraulic Fill
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh
375.0 . [3] Clay Core
N1150

370.0 Zone 7: [1] X23@1.57m & Y7@0.78 m . [4] Upper Alluvium
365.0 [5] Lower Alluvium
550.0 . Mat-6 [2]Above water

Mat-7 [2] low stress zone
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Note: Feb. 2017 Computed displacements at Node points:
N1150 (0.77 mQ.52 m); N1962(2.72mp dnnY0 GAIK { SSRQa t2t az2RStT
N1150 (0.42 m0.44 m); N1962(2.54m0.50m) using Wu(2001) PWP Model:
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February 201 Analysis Results:
-CFOG2NJ 2F {IFSde !''AFAyad [AljdzsSTlI OlAz2Y

FoS against liquefaction
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February 2017 Analysis Results I
Horizontal (X) and Vert (Y) ground displacements (m)

1.5
]

EED 1
3800
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh

.().5

0

375.0

370.0

365.0

360.0 .'0-5

355.0 f

350.0

345.0 j

340.0

13350 SEEEEEEEEE e R EE e e e e

. Vert. Y-Displ. (m)
2

1.5
]

380 1
380.0

| USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh

375.0

0.5
w700 ]

- 0
365.0

1360.0

355.0

IBE.

350.0

1345.0

1340.0

1335.0

;'mi‘iuuuu
1330.0
N N .

-140.0-130.0-120.0-110.0-100.0-90.0 -80.0 -70.0 -60.0 -50.0 -40.0 -30.0 -20.0 -10.0 0.0 100 200 300 400 600 600 700 800 900 100.0 1100 120.0 130.0 140.0 150.0 160.0 170

19 February 2017 by Dr. G Wu 3




February2017 Analysis Results
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ATTACHMENTS

Procedures for making the finite element model used in the dynamic analysis of
the Upper San Fernando Dam,;

Step 0: Sketch on paper for five solil units

[1] Rolled Fill
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh

[2] Hydraulic Fill

Reservoir level & phreatic line Zone 7 [1] X23@1.57m & Y7@0.78 m [3] Clay Core
[4] Upper Alluvium
[5] Lower Alluvium

Mat-6 [2]Above water
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1. Make finite elements for 3 areas & SORT:;

(download VERSAID from: http://www.wutecgeo.com/documents/VERSAD_2016gwu.zip
(1). Start VERSATS t NP OSaaz2NJ oe a! OOSLIié¢ GSNXay

E WERSAT-2D STATIC AND DYNAMIC FINITE ELEMENT ANALYSIS OF CONTINUA
File SETTING DEFINE TOOLS VIEW MODIFY RUM HELP

& 7] O ore Y] | 4 | 3] w (NI 2 |1

(2). Change view optianVIEW=> Draw Marker for Node/Elem => Show Marker Only
(3). underSETTINE  B3FRn_Hilag gFilalzy R 8 NIBSF R lvidwlonlyca

USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh
Other Nodes (x, v)

Node 4 (-17 51,366) 5

Node 5 (-3.05,371.46) /VNG\ Zone 7: [1] X23@1.57m & Y7@0.78 m
Node 6 (3.05,371.46)

Node 8 (7 61,366) N4 8§ 'NON10(24 4,366) 2(50,366)
Node.9 (18,366)

=g

[2] Zones 5,6: X43@3.0 m & Y12@1.0

N13(81,354) 15(16

'N3(-48,354) 354)
Node.11(27,349)

ode.2(-138,354)

[5] Zones 1,2,3: X100@3.0 m & Y20@1.0 m

14(16;

ode.1(-138,334)

Note: The colored soil units (in previous slide) can be shown by doing the following:
VIEWModel View Options => Show X, y axis; Show Material color
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1. Make finite elements for 3 areas & SORT:

(4) UnderFlle,f 2 | IV? Y 2 FVRJQZf_l_nEVUéSF'ﬁdt A Element Distribution

(5). Make Area 1: 100 x 20 by: " side 1 swde?
() TOOLS> Draw finite element grid => enter: 100, 20, 0 =>  eclemem ' °
(b) Snap sequentially nodes:

Nodel, N14, N15 and Node2 to create the grids below  gement
material no 0

[380.0
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh OK ‘ Cancel |
375.0 Other Nodes (x, y)
L Node 4 (-17.51,366) N5 N6
370.0 Node.5 (-3.05,371.46) Zone 7. [1] X23@1.57m & Y7@0.78 m
"Node.6 (3.05,371.46)
=550 Node.8 (7.61,366) N4 N8 NON10(24.4,366) N12(50,366)
: Node.9 (18,366)
360.0 [2] Zones 5.6: X43@3.0 m & Y12@1.0 m
1355.0 -
NoUS I RE S 1535 IGES TR 15(16:
1350.0 e
=15 | W
1345.0
1] ral k| ra Ol L
| 1] i, =
340.0
1335.0
ode 1(-138.534 14(16
330.0
325.0
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1. Make finite elements for 3 areas & SORT:
(6). Make Area 2. 43 x 12 by:
TOOLS> Draw finite element grid => enter: 43, 12, 0 ; Ol
Snap sequentiallgodes:
N3, N13, N12 and N4 to create the grids below

Element Distribution
side 1 side 2

No. of 43 12
element

Element
material no 0

[380.0
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh
575 0 OK | Cancel ‘
Other Nodes (x, v)
| Node 4 (-17 51,366) N5 N6
370.0 ‘Node_5 (-3.05,371.46) Zone 7: [1] X23@1.67m & Y7@0.78 m
Node 6 (3.05,371.46)
565 0 Node.8 (7.61,368) T 2(50,366)
‘Node_9 (18,366)
360.0 [2] Zones 5,6° X43@3.0 m & Y12@1.0 m.
o A L T N T N N W N N N
L A O N N N N N N N N
355.0 - NAE vy .
._.O'_at -1l T py, | E~11 )
3_50 O ALy DH A
g L I ETMN
1345.0
- ol o e . ] 0 i
340.0
1335.0
ode. 1(-138,334
1330.0

15(16:

14(16:
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1. Make finite elements for 3 areas & SORT

(7). Make Area 3: 23 x7 by: undfrSETTINGoadd | { CYdzLILIS NP RI Yof P3¢

TOOLS> Draw finite element grid => ent&3, 7, 0; OK
Snapsequentiallynodes

; Element Distribution
N4, N9, N&andN5to create the griddelow _ _
side 1 side 2

[380.0

USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh No. of 23 7
575 0 element

Other Nodes (X, v)

Node 4 (-17.51,366)
1370.0 Node 5 (-3.05,371.46) Zone 7: [1] X23@1.57m & Y7@0.78 m

Node 6 (3.05,371.46)
- Node 8 (7 61,366) 2(50,366)
365.0 Node.9 (18,366) Elemgnl
B material no 0
60.0 [2] Zones 5,6: X43@3.0 m & Y12@1.0 - I

i o A N N N N N N NN
L I L LA A AL L N N B NN N
355.0 z LR ,
e H(x1 ) =% - % 7 kG oMt iE-]] } 15(16:
1350 0 FLE.
I I

1345.0
| 1 €l i &
3400
00 Node 1(-138 334 14(16;
13300
P L] | ] | |
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(8). sort the Mesh undévlODIFY=> Clear duplicate nodes => Sort nodes (v)/element(h)
(9). UndefFilel H{ ! +9 a2 RESSE2&&ITGIa2F 8A & Oy 0S NBf



2. Make zone boundaries forming the Clay Core & SORT!

(1). underSETTINE BIFRuippér dam.lég

(2). underTOOLS> draw a line.. ; snap nodes N7 and N11 to create a line;
(3). again, draw a line from nodes N7 to N8;

(4). again, draw a line from nodes N10 to N11;

(5). sortthe Mesh undeMODIFY=> Clear duplicate nodes => Sort nodes (v)/elemé&nt(h
Total 2835 nodes, 2704 elements ;

mesh creation completed!
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3. Assign soil unit no. for all zones; Define soil parameters, Adjust D/S layer thickness,
Set RUNSs (layers, water tables, etc.), boundary, water loads (in RUN4)
(1). underTOOLS> Assign soil zones; snap nodes N7, N11, N10, N8; typaylore)
for the input box; refresh view to see blue zone (shown below)
(2). do the same for all other soil zones
(3). underFileZ { ! +9 Y2 RSH 4 tBrhpista feedNNy, if required.

i N )

pilo) Zone 7: X23@1.57m & Y7@0.78 m
iy
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........ Faltalls
AT T de. 1962
Zones 5,6: X43@3.0m & Y12@1.0m T S S S TS ara
Py yyrsyasIaNe '/./'/./'/./' BN N S S NSNS
.............. 7
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3. Assign soil unit no. for all zones; Define soil parameters, Adjust D/S layer thickness,

Set RUNSs (layers, water tables, etc.), boundary, water loads (in RUN4)

(4). do the same for all other satbnes (note: Use No. 6 for hydraulic fill above water)
underSETTING> loadd { C  a 2 Rahd reffesh diéw (witlshowMaterial coloron)

[380.0 [1] Rolled Fill
USF_2017: Dynamic Finite Element Analyses of the Upper San Fernando Dam Using a Finer Mesh
. [2] Hydraulic Fill

. [3] Clay Core
. [4] Upper Alluvium

[5] Lower Alluvium

[375.0

[370.0 Zone 7: [1] X23@1.57m & Y7@0.78 m
365 0
360 0

L . Mat-6 [2]Above water
365.0

[350.0

[345.0

[340.0

[335.0

(5). UndeDEFINE=> Input material parameters, as per table below [APPLY ALL]
(use Kg/3 and Kb/3 for static analysis; use the same parameters for No. 2 and No. 6)

Table 1. Soil stiffness and strength parameters of the Upper San Fernando Dam (Seed et al. 1973).

Strength parameters Stiffness parameters®

Soil Unit weight _

unit Soil material (KN/m?) ¢’ (kPa) o () Komax K, Ky

1 Rolled fill 22.0 1245 25 52 1128 2821
2 Hydraulic fill 19.2 0 37 30 651 1630
3 Clay core 19.2 0 37 1 651 1630
4 Upper alluvium 20.3 0 37 40 868 2170
5 Lower alluvium 20.3 0 37 110 2387 6000

*Modulus exponents (m = n = 0.5) were used for all soil units.
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3. Assign soil unit no. for all zones; Define soil parameters, Adjust D/S layer thickness,

SetRUNSs (layers, water tables, etchoundary, waterloads (in RUN4)

(6). RUN1: unddpEFINE =setup static analysis => Add a layer: 1000 elements; repe
F2Nd pnn panpT 'tt[, FYyR 9-L¢ {9¢!'tT

Apply No of Elements in a Layer (construction/excavation)

no. of elements in layer1= 1000
no. of elements in layer2= 500
no. of elements in layer3= 509

0 RUN 1 model:

355.0

350.0

345.0

70,0 B - Add a layer l Delete a layer ]

|||||||||||||||||||||||

A () g L B P e P B O G O B G Y ) ) G I (U P gy S PO SRy Py S8 PP RES IS Rps)

(7).underDEFINE =setup static analysis =9f A O1 d¢b92 w! bg¢ G2 :
(see USF -EINAL.sta for more details on sequence of static analysis, RUN 1, 2, 3, ¢
8).ref 2 R asqu{)\(MuB{qmvl)\difQYﬂe a
UnderTOOLS B ld4aA3dy 062dzyRENB XT ayl L) (g2
Ffaz2z R2 (62 &aa ozdzleNJ\s OGFNBS | ¢

1
EFIIFIEY .Y E AN NEY g hla }d o ola
UL £ ] TN =5 lh, DS 1 I

Vil

355.0
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™

[
[«5]
=5
]
Iy

5
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=

+B54) 15(16:
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g
&
-~
I
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345.0

7
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]
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[\

S
o]
il

340.0

335.0

de 1(-13 N14(16
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3. Assign soilnit no. for all zones; Define soil parameteradjust D/S layethickness,
Set RUN¢layers, water tables, etc.), boundary, water loads (in RUN4)
(9). In RUN4, apply water loads on the model surface under the reservoir
note: pressure values = 9.81 x water head from reservoir to the surface.
(a). underTOOLS=Apply distributed load, snaps nodes N2, N3, and enter two press
gl tdzSa 2F ampcd®né GKIFIO y2N¥YIE (02 GKS

660 f&az2 FT2NI boX bn gAGK Gmpcdné | yF
600 P Ffaz2z F2NI bnX bmnty AGK dodpdmE
WSTNBAK @OASe 6AUOK GakKzg (2R @SO02NI

Node 4 (-17.51,366)
370.0 Node 5 (3.05.371.46)
Node 6 (3.05,371.46)
"Node.8 (7.61,366)

365.0

Node.9 (18,366)
T
[2] Zones 5.6: X43@3.0 m & Y12@1.0 m e = iy
I W Wl Vel il A T |
I e Vel Wk Wl Wl vl FFq T
3550 -l W El [o Bl o ¥l KRN | L4 "’1\ \\ 'I
NUUE . S T30, OJH T |“\\'. lJI"'F] Hr‘é@é&

350.0

345.0

340.0

335.0

ode.1(-138,334)

(10)underFilez {! +9 Y2 RSH 4 RNAL&aT § 2 NBlF Ré FT2NJ w!



4. Final Check & RUNN{zy LJ- & & ¢ 2 Nt requiretl forpreparing & model)
(1). Check model RUNS:
reloadd S G G A YUSF_Mddél. By G
refresh@A S g G A 0K G{ K2 K2 & SONEdzy ORI NXE2di G2ENEE &
YR G{ K26k 6&{(ifSNg E>X & [EAaé¢ hb

Note: RUNnly applieghe water table (blue line in the figure below) in 4 increments.

19 February 2017 by Dr. G Wu 15



