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SOFTWARE FEATURE *
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VERSAT-S2D

* A computer program for static 2D plane-
strain finite element analyses of stress,
deformation, and soll-structure interaction,
e.g., soll/rockfill dams and slopes

» Easy to use with its advanced mesh-
generation, interactive windows and
Intuitive modelling technique.
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VERSAT-D2D L

* A computer program for 2D time-history
finite element analyses of earth
structures subjected to dynamic loads
from earthquakes, machine vibration,
waves or ice actions.

* Nonlinear hysteretic soll model, and
effective stress analysis with 3 models:

»VERSAT-sand model
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VERSAT-D2D

« Computing very efficiently with a
typical PC-run-time of 4 hours for a
model of 6000 elements and an
Input motion of 50 sec

 Significantly increase the
confidence limits of calculation by
running more comparable analyses
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VERSAT-P3D.loading

« Computing pile response (shear,
bending moment) subjected to
lateral loads for a single pile or
a pile group

vertical (axis-2)
z=39.0
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Xx=24.8
tran. hori. (axis x)
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VERSAT-P3D.stiffness

« Computing stiffness (static) and
Impedance (dynamic) for a
single pile, a large-diameter
caisson, or a pile group
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« Computing pile response subjected
to ground shaking (earthquake) for a
single pile or a pile group,

» Using the 3D finite element method

and a self-generated mesh, for -
P3D.all

» Using strain-compatible equivalent-
Inear method of analysis, for —

International
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P3D.all
- Bending Moments of the Caisson at the Till Surface
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Features of Our Software

Uses advanced .NET technology for
software development

Does not require a hardware key

Be run in any desktop or laptop computer
being connected to the Internet.

Cost significantly less to the user as a lump
sum purchase Is not required, and the
license Is granted on a yearly basis
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Geotechnical Calculation H

Ll b rary http://www.wutecgeo.com/geo-computing.aspx

* The library Is created to provide
geotechnical engineers easily accessible
and reliable solutions to some of the most
common geotechnical problems including
— Ground settlements due to solil consolidation,

— Consolidation time corresponding to certain
degree of consolidation,

— Static and dynamic soll pressures on retaining
walls,

— Calculation for mechanically stabilized earth
structures, lock blocks, retaining walls, etc.

10



o Geotechnical Calculation

Ll b rary http://www.wutecgeo.com/geo-computing.aspx

ional

 World-wide free access

Geotechnical Calculation Library (developing continues...)

Geotechnical calculation online library is created to provide geotechnical engineers easily accessible and

reliable solutions to some of the most common geotechnical problems including ground settlements from one-

dimensional soil consolidation (stresses calculated using the Boussinesq's equation), finite element solutions of

the Terzaghi's consolidation equation, static Coulomb's and dynamic Mononobe-Okabe soil pressure uniform loading
coefficients, simple design calculation for mechanically stabilized earth structures, lock block retaining walls, ¢ ¢ 4 ¢
and others. This library is developed under the supervision of Dr. Guoxi Wu, Ph.D., PEng. of BC, Canada

| Internat

ICa

drain
Ac

please go to HOME and accept limitation of liability before starting calculation...

The following applications are available as of August 20, 2012:

All calculations, including the finite element consolidation analysis, are carried out on the web server. A
computer is not required to run the program; instead only an Internet browser is needed to setup input and
display results.

Wutec Geotechn
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SITE RESPONSE ANALYSIS:

USING VERSAT-D2D

* Having problems with SHAKE or
FLAC for the assignment?

 VERSAT-D2D (1D module) can help you
deliver solutions in a simple but
consistent & unified manner.

Velocity time history, v,(t), at

outcrop of base soil or rock, then

Vo=2v, & 15=0
e . ]

at the boundary

| R
7= PpVs(V;- V), Where  Tg= PpVs(2v)- V)

v, = velocity of incident wave ~ = ppVilvovp)
vg= velocity of reflection wave Base soil or

v, = velocity at the boundary rock Py, Vs vo(t) is applied at the
1 = shear stress at boundary P boundary

outcropping input motion using:> The elastic base model with a viscous boundary

12
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SITE RESPONSE ANALYSIS: &

Step 1.

USING VERSAT-D2D

Model Setup and static analysis (30 minutes required)

Elevation mHERSAT—i’D model for anlaysis of
]

—— SUrhclaiii—+

level ground dynhamic response

« Specify soll
parameters including
Vsat (Vmoist above W-T-)
for determining initial
vertical stresses in
preparation for a
dynamic time-history
analysis

W.T.

13
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SITE RESPONSE ANALYSIS:

USING VERSAT-D2D

Step 2. Conduct a Dynamic Time-history Analysis
(60 minutes required)

* Specify parameters K, and m for soill
low-strain shear modulus, G, (or simply, G)

)m

o
Pa
— For cohesionless soils, Kg=21.7K, .., and m=0.5

— For linearly increase G with depth, m=1.0
— For constant G with depth, m=0

« Specify parameters (c, @ ) for soil shear strengths.

G=K,P,(

oot

14



SITE RESPONSE ANALYSIS:  #

e USING VERSAT-D2D
g Step 2 ... Material damping implied in a hysteresis loop
=
g Hysteretic damping ratio from a hyperbolic y — t curve (point A);
3 and apply the Masing-rule on a full unloading (from A to B) — reloading (from
it BtoA) loop:
=
— _ 1Wp _ 1% BRI I _ 2
4+ A= ATt Wg _n(1+Rfy) [1 Rfyln(1+ny)] T
=
c
: R — Gmax
(& L
0 ult » 30
wied 566 @ Yo A
8 g 20
O o
:6}' Shear Strain, v (%)
g -0.15 -0.1 -0.0 0.05 0.1 0.15
) — hysteresis loop

B
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SITE RESPONSE ANALYSIS:

USING VERSAT-D2D
Step 2: continued...
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« Specify modulus reduction factor - NN
R; to match the desired G/G,,,, |

and A curves, optional. e e AR

International

020 +— — A— — Upper bound f_or sand \ S
. g (Seed and Idriss, 1970) EQ
L4 S 1- — A — — Upper bound for clays \§§§ g:
pecify pore water pressure oo - A B —

0.001 0.010 0.100 1.000

parameters such as (N)g If Shear Svan (4

liquetaction is of concern. 2 ol o Moty
- Specify an acceleration time- N
history as input at the base. zlil
 Start the dynamic time-history /;é;f//*”
analysis using the option of o0 FmmEE = 1

G raVIty Off_ Shear Strain (%)

An Acceleration Time History at Firm-Ground (1:2475yr)
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SITE RESPONSE ANALYSIS:

USING VERSAT-D2D
 VERSAT-2D nonlinear hysteretic soil model

VA EC

/
‘lll
%) Ml ¢
0 a1
L L
s o
» _ h
o
< <
LU LU
% | Ir
Low dynamic pore High dynamic pore
water pressure water pressure
I I I I | T [ T [ T
SHEAR STRAIN ( decimal ) SHEAR STRAIN (decimal)

0.6

« Three pore water pressure = 1 - —

models i
 Martin-Finn-Seed model (MFS) | .

o
S

« Modified MFS Pore Water Pressure E | .\\ \ e L
Model E. =Me(g,'-U) é‘m 50, ah_ ( il s was
« Seed’s Pore Water Pressure Model g el 2‘/ /
1 VA
u /GVOI: EarCSin( %)29 ¢4 FINES CONTENT > 5%

12
015730 Modified Chinese Code Proposal (clay content = 5%) @

T N
I Marginal No
Liquefaction Liquefaction Liquefaction
justment Pan - American data =
Recommen ded |} Japanese data . ° °
By Workshop Chin(csc data & . a

0 10 20 30 40 50
Corrected Blow Count, (N))¢o

' Wutec Geotechnical International - -
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SITE RESPONSE ANALYSIS:

WUTE G

USING VERSAT-D2D
(C .
c Step 3: Process Results | -
o « The nonlinear hysteretic soil model
= . and an effective stress analysis, that
m Elevation (m) VERSAT-2D Results of Anlaysis: . .
c are built-ins of VERSAT-2D, can help
3 | wr you overcome problems related to
i | ColorLegend shear strains exceeding the limit of
k= - is st application, shear stress exceeding
— | the shear strength, & effect of dynamic
© rores pore water pressures. It can be done
9 L | in an efficient but consistent fashion.
: 1.110 1.2
% i 101011 | Bl
2 o = BT L
8 L ——— . <0.8 _g ' 0.4 1.00
(S 2 §0.4oo
) | |
) 0.0 0.200 -
E -25.0 ‘-20.0 -15.0 -10.0 -5.0 0o 5.0 1000 150 200 ‘25.0 30.0 0.000 ) j ! ! ! ! ! ! ! '

Period (sec)
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SITE RESPONSE ANALYSIS:
USING VERSAT-D2D

Comparison between SHAKE and VERSAT-1D at low-moderate level of

earthquake shaking: SHAKE equivalent linear approximation is able to produce very good
representation of true soil nonlinear hysteresis behavior

EL. 240- - -

21 Soil Layers
Thickness varies
from1to 0.4 m

EL. 228 --

8 Soil Layers
Thickness=1m

EL. 220- - -

30 Soil Layers
Thickness =1m

(-20,190)

EL 190 30

[ Z CCOMPACTZ:
[ “SAND & GRAVEL -

e ke T T

| VERY_STIFFIBARD -
[~ - CtAY&SIET ---

b — m e e e ———

g WLatEL

_Powerhouse
Base El. 232.2m

(20,190)
&

"elastic base" with V. =450 m/s

Spectral Acc. (g)

0.8
I = Response at Column Top (SHAKE, Outcrop)
1
=== Response at Column top (VERSAT 1D, Outcrop)
o = |nput Crustal Earthquake Motion (Outcrop)
' Response at Powerhouse Base (SHAKE, Within)
Response at Powerhouse Base (VERSAT 1D, Within)
== Response at Column Base (SHAKE, Within)
06 === Response at Column Base (VERSAT 1D,Within)
Average Response Spectra of
Input Outcrop Motions, and
05 Response Motions at
Different Elevations from
SHAKE and VERSAT-1D Soil
0.4 Column (2475-Year Crustal
Motions)
0.3
0.2
0.1
0.0
0.01 0.10 1.00

Period (s)
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VERSAT-2D Application Selected &

2023. Wu, G., Case History Studies of Lenihan and Austrian Dams under the 1989 Loma Prieta
Earthquake, Geo-congress-2023, Los Angeles, US

2020. BC Hydro, VERSAT-2D seismic design verification dynamic analyses of John Hart Dam
seismic upgrade - in construction 2023-2026

2016. BC Hydro, VERSAT-2D Seismic Stability And Deformation Analyses of WAC Bennett Dam
2014. BC Hydro, Dam Safety Upgrade of the Ruskin Dam Right Abutment

2013. BC Hydro, Dynamic Time-history Analyses of John Hart Middle Earthfill Dam on Over-
consolidated Silts with Cyclic Strain Softening

2009. BC Hydro , Dynamic Time-history Analyses of John Hart Middle and North Earthfill Dam,
Deficiency Investigation (DI) Report

2006. Golder Associates, Seismic upgrade design of the 3D box/pile foundations of the Pattullo
Bridge in British Columbia

2006. Golder Associates, Seismic design of the Hwy. 15 North Serpentine River Bridge in Surrey,
B.C. Proceedings of the 59th Canadian Geotechnical Conference, Vancouver, pp. 596-601.

2004. BGC Engineering, Dynamic analyses of Pueblo Viejo Mine Dam

2002. Metro Vancouver's First Narrows and Port Mann water supply crossings seismic
vulnerability assessment

2002. EBA Engineering, Design of the Russ Baker Way Overpass on liquefiable sand - Vancouver
Airport, Richmond, BC. Proceedings of the 6t International Conference on Short and Medium Span
Bridges, Vancouver

2001. EBA Engineering, Earthquake-deformation analyses of east abutment soil slope, Cleveland
Dam, Vancouver

2000. EBA Engineering, Geotechnical design of foundations for Skytrain Millennium Line,
Vancouver, Canada

1998. Klohn-Crippen Consultants, Earthquake analysis of L-L tailings dam in Highland Valley, B.C,,
Canada

20
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Uppel‘ San Ferﬂando Dam. VERSAT-2D application
under 1971 San Fernando earthquake

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

[375.0 [2] Hydraulic Fill

[370.0 Zone 7: [1] X23@1.57m & Y7@0.78 m [3] Clay Core

Reservoir level & phreatic line
[4] Upper Alluvium

365.0

[360.0 [5] Lower Alluvium
| Mat-6 [2]Above water
355.0

350.0
345.0
| [5] Zones 1,2,3: X100@3.0 m & Y20@1.0 m
340.0

335.0

BEDROCK

330.0

UL L L L ] ] ] ] ] ] ]

-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 10.0 20.0 30.0 400 50.0 60.0 700 80.0 90.0 100.0 110.0 120.0 130.0 140.0 150.0 160

1971 San Fernando Earthquake 0.6g at the dam site

Foundation: Alluvial sand, dense not liquefiable.

Dam: Hydraulic sand fill with an average (N,)s, = 14

Clayey core, reservoir and phreatic surface within the dam as shown.

WutecGeot
intemational
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under 1971 San Fernando earthquake

W Upper San Fernando Dam. versar-2p appiication @

©
(- : : :
o The dynamic analysis results are robust, consistent between
= e 2001 small model, and 2017 large model.
c
&= 2001 small model: 678 nodes and 625 elements
0 crest displacements: (4.9, -2.5) ft measured
wed (4.9,-2.4) ft computed by VERSAT
C "
:::-.;—; Edge displacements: (1.2, -1.4) ft measured

—_— _/ié/l _]r__ .I“"“':ﬂ_ \ T = (7.4,-1.3) ft computed by VERSAT 2017 Large model (2835 nodes and 2704
(4v] fT‘TWLF-- | H elements):
O 4 e = (2.72m, -0.4m) with Seed’s PWP Model
E a \{é/ 17 /f /r f{f INFEE P T (2.54m, -0.5m) with Wu (2001) PWP ,model
- — [ 111 s RN
o 370.0
0 [365 0 s o
= = i P e
(b i SEIsmmnr SEaE
o |-1IJD.IJ lD.D |1DIZI.D |EDD.D ISEID.EI
0 Horizontal Distance (Axis -X)
wed mic
g -85.0 -715.0 -65.0 -95.0 -45.0 -35.0 -25.0 -15.0 -5.0 5.0 15.0 250 35.0 450 95.0 65.0 75.0 85.0 95.0 105.0
Wu, G. 2001. Earthquake induced deformation analyses of the Upper San Fernando dam

_5 under the 1971 San Fernando earthquake. Canadian Geotechnical Journal, 38: 1-15.

iz Download Now 22



http://www.wutecgeo.com/downloads/Wu_2001CGJ_USF.pdf

Seismic Upgrade of BC Hydro Ruskin Dam: @
GRS VERSAT-2D application

x-displacements

. < 50 mm

« 8064 nodes 50 o 100 mm
e 7924 elements . e R
VERSAT-2D FINITE ELEMENT MODEL - 200 to 400 mm

Section J with cutoff wall upgrade
J61_C90 : x-displacemet range (Chi-Chi 90 0.7g) . 400 to 800 mm

800 to 1200 mm

International

> 1,200 mm

s wa o ame A s mm e
L0 ‘ ‘
VERSAT-2D Resullts: e BGSTNG SLOPE g
End-of-earthquake horizontal | orsperenamaers /

displacements (above),
and time histories of x-
displacements (right) under

;

i
i
Al

©
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c
c
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2

—— Chi Chi 00

. . . D —— Chi Chi 90 - J5

various Input ground motions. / —— Chi Chi 90 - reverse dir
0.25 / ﬁ Hector Mine 00 —

[ — Hector Mine 90
i Kocaeli 00
”Jj ) —— Kocaeli 90
0.00 - !

0.0 10.0 20.0 30.0 40.0 50.0 60.0 23

TIME (sec)
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WUTEC VERSAT-2D Model

IoNna

Simulation of progressive failure caused by earthquake:

[ |
- o Early stage of earthquake loading:
m 140.0 . .
c show deformations in red
- a
0 130.0 =T ﬁ i)
P i 1] E ﬁi : : L
| - Isisiaseis = HHHES i AR
— 1200 = ;
— I = :
m 110.0
[ 1| |
60.0 700 80.0 90.0 100.0 1100 1200 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0 210.0 2200
Later stage:
Liquefied upstream loose sand slope
L with very large deformations X
140.0 H
P
i i

60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0 1400 1500 160.0 1700 180.0 190.0 2000 2100 2200

' Wutec Geotechn
=

2010 John Hart Dam Deficiency Investigation:

WutecGeot

intemational
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F S 2010 John Hart Dam Deficiency Investigation: @
=S STAGE 1 DEFORMED SLOPE

Deformed Slope at end of quake
M1 - Lower Silt

. M2 - Loose Sand
. M3 - Dense Sand

International

e . M4 - densified ground
Original SI
M5 - Dense Sand (D/S) riginal Slope
Reservoir .- - .
400 . M6 - N/A — N

. M7 - Loose Sand Slough

—
o 1300 7
o — -,
: ] mEEii
NI
L =
wid RERE TaT0 — -
(@) - T [
= r=T—] o — it

0 L ‘_\_éﬁcx ‘_F;.Ta'— E.

- L~ v 1 1

tt = T B
ol MG T i N N I
o ol e o I e
|- 130.0 =
o = S ‘ ‘ ‘ £ -
m 100.0 110.0 120.0 130.0 140.0 it RIS i e 0 M o b Fof 20 — A==
i BEEZS EENEEEC,
o [I=
; ’/
‘_,.d‘
| A=
- o
Tt = =
[~
| A
ENE 25
= =

100.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 190.0 2000
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St ag e ZDeformed Slope at end of quake

M1 - Lower Silt
- Loose Sand
- Dense Sand

- densified ground

2010 John Hart Dam Deficiency Investigation:
Stage 2 and Stage 3 DEFORMED SLOPE, & final stable slope

WutecGeot
intemational

Original Slope
M5 - Dense Sand (D/S) 9 P
Reservoir - - - = =
140.0 . M6 - N/A - [T
-
-
- -
. M7 - Loose Sand Slough =
1300 T T
e
1
T T A
==
el - Deformed Slope at end of quake St ag e 3
e M1 - Lower Silt
EEEm
//
o= . M2 - Loose Sand
=
tt e . M3 - Dense Sand
[ L~
1~ /—J
EEE ‘ g . M4 - densified ground
T00.0 T10.0 200 T30.0 T40.0 T60.0 T60.0 T70.0 T80.0 T90.0 2001 M5 - Dense Sand (D/S) Original Slope
Reservoir em—== ==
T80 140.0 . M6 - N/A - T
-
: . M7 - Loose Sand Slough -
7 Reservoir level 139.5 m AT T e —=
e el e
Slope{.‘6° t 130.0 -
o e T 1
Slope6.6 __-"’")_F/ IIIIIIIIIIIIIIIIIIIIiIIIII
FEH A £
R 0 et T ==
130.0 TR LTI
S EEEEEc HE-
= o = L
- L~
- L~
Final stable slope i Eas= 26
I [ X /—J
st N I I s I I I I I I N
000 00 200 300 00 1500 16010 700 1800 1900 7001 T00.0 T10.0 7200 T30.0 T40.0 TE0.0 TE0.0 T70.0 TE0.0 T80.0 2001
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2013 John Hart Dam Seismic Performance Analyses
VERSAT-2D Dynamic Analyses

»
el

c
o S i) 3 m Core D(S dyke EI. 143.5m
150.0 Slurry ’ 4 i
= — Middle earthfill dam fill, M11
id : trench ;
m ?‘UrlejserVO”' o 7 = - - . 2 m drain/
' =i SS22S 1 m filter
C :
e 130.0
0 == e
e . - - -————-—SSSSSS===! EHEHE
: = X EEEEEEEEEE
© 100.0
(&)
c 90.0
= | | | | | | | | | |
-40.0 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
(&) . _
Q Horizontal Distance (m)
©
8
(&)
Q
whd
E

27



2013 John Hart Dam Seismic Performance Analyses @

WUSTEGC VERSAT-2D Dynamic Analyses

© A deformed cross section (with colored soil zones) computed from the S

g Tohoku MYG subduction motion Rt
8

- Gully Sand Section - Deformed Section (Displacement scale factor 1.0)

2 Elev. (m) Gully-s14P1_Myg009.DIS (114 sec)

- 150.0 ig 3

_— 140.0 == < SRR g

E 130.0 | : ZEEE: _25

.2 =ﬁﬁrﬁ =

=

o 100.0

(¢b) 90.0

whed I | I I I I | I I I

o -80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0

0 Horizontal Distance (m)

8 Finn W. D. Liam and Wu, Guoxi, 2013. Dynamic Analyses of an Earthfill Dam on

et Over-Consolidated Silt with Cyclic Strain Softening. Keynote Lecture, Seventh

~ International Conference on Case Histories in Geotechnical Engineering, Chicago,

; US, April 29 - May 4. Download Now

28
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2016 John Hart Dam Seismic Upgrade Ao

| VERSAT-2D Sensitivity Analyses

©
= : for JHT Middle Earthfill Dam:
] With till layer & zoning of the Silt from
c static shear stress ratios
o
-9! AN6692
: J 7
= £5263
= Hpen
o o0 3
IE § HES
L
Q |
2 0.0 200 00 60.0 80.0 100.0 1200 140.0 160.0 180.0
O
Q Gully_s24RC_P1Hual
Q) (assuming remolded shear
strengths in Silt)
8 _ , = SCSaToSESSESSSSSERESSsss T
wied ‘;,ﬂ-" = ULLL H + ;ﬁ":x . 20 m
é ' - AT 7 = 7 : ° °

4@&‘..’3% 29




T 2020 John Hart Dam Seismic Upgrade Final Design

WULEG: VERSAT-2D Dynamic Analyses (independent verifications to FLAC)

intemational

WUTEC:

VERSAT-2D Design Model of Middle Earthfill Dam (MED) - Model with 13417 Elements

Node 3409 (Slurry Wall)
(U/S Berm Crest) Node 3932 Node 5507 Node 6776 (Dyke)
Node 2703 (PPCW) Node 5958 Node 7121 (D/S Crest)
Node 1968 Node 7793
(U/S Berm Toe)
Node 1473 Node 8533 Node 11107
e ) Node 9918 (D/S Berm Crest)
" Reservoir water @ 1396 m - (EL. 112 Toe)

% Node 12289
(D/S Berm Toe)

e e e e e e e e e e e e e mmrmimmmmmmmmsmmsmsmmmemmee e

Elevation (m)

Element 9215
(LGS)

Distance (m)

VERSAT-2D Computed end-of-earthquake deformed dam configurations:

Water level water @ 139.6 m i e =1
[T380 — = !
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Elevation (m)

Elevation (m)
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VERSAT-2D Design Models of North Earthfill Dam (NED) Section N1 and Section N2

MNode #3982: Top of Slurry Cut-off Wall

Section N2

Node #2206: Toe of Upstream Slope

MNode #3562: Crest of Upstream Slope

Reservoir water @ 1396 m

1200

Section N1

_ 2020 John Hart Dam Seismic Upgrade Final Design

VERSAT-2D Dynamic Analyses (independent verifications to FLAC)

M39: Sheet Pile

MNode #2891: Tep of Slurry Cut-Off Wall

WutecGeot
intemational

Node #3183: Top of Jet Grout

Element #3982 and #3986: Jet Grout at EI.+ 141.25m
Element #3510 and #3914: Jet Groutat EL+ 140.25 m

CE Node #2640: Toe of Upstream Slope Node #3443: Crest of Downstream Slope
‘/E\ Elemengggsﬂgu;‘%gggn J%tGrDulg::E\ﬁéazﬂs.Bm
ran 1 ement #. an :Jet Grout at ElL+ b m
- Resarvoir wler @ 1386 m Elament #3620 and #3624 Jet Grout at £+ 137.25 m
— . Node #4111;
£ & Mid of Downstream Slope
—  [m@en Node #918: Toe of Upstream Slope
=
.9 THTR
‘(-6 %
5 [0 =: Element #3500 and #3504: Jet Grout at El.+136.25 m
uij i Element #3367 and #3371: Jet Grout at EL.+135.25 m
| i Element #3132 and #3136: Jet Groutat El.+132.5m
e Element #2847 and #2851: Jet Grout at E|.+129.75 m
170.0 -160.0 150.0 140.0 -130.0 -120.0 110.0 -100.0 -g0.0 -20.0 -10.0 0.0 -50.0 -00 =30.] -20.0 -10.0 1] 100 20 30 400 50.0 €00 70.0 8.
Distance (m)
Material Description: Legend:
v M1 : LGS for o, <200 kPa . Me : Jet Grout Wall
. ", . M1I M2 M3 M4 M5 Me M7 M8
. M2 LGS for o, > 200 kPa . M7 : Cut-off Slurry Wall
. M3 : Upstream Dense Silty Sand . M8 : Upstream Densified Zone . . . .
. M4 : Densified Zone, Above Water . M3 : Sheet pile
. M5 : Dense Silty Sand, Above Water

M6: Sheet Pile
Element #6279: Sheet pile at El. #139.25 m

Element #6287: Sheet pile at El. +135.25 m

Node #4339: Crest of Downstream Slope

Node #4710: Toe of Downstream Slope

800 70,0 E0.0 E00 400 300 200 0.0 00 0.0 200 300 200 50.0 50.0 70.0 30.0 50.0
Distance (m)

Material Description: Legend:

. M1 :Till . M5 : Proposed Berm (Rockfill or Sand and Gravel)

+ M2 :UpperSand - M7 :LGSforo, <200 kPa M1 M2 M3 M4 M5 M7 M8

. M3 :Sand to be densified . M8 : LGS fora, >200kPa . . . .

. M4 :Sand to be densified, Above Water

100.
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2020 John Hart Dam Seismic Upgrade Final Design

WUAEC: VERSAT-2D Dynamic Analyses (independent verifications to FLAC)

VERSAT-2D Design Model of Section M6 (transition from MED to Intake Dam)

Reservoir water @ 139.6 m

Node #5754: Crest of Upstream Slope

Node #4680: Toe of Upstream Slope

Node #5989: Top of Slurry Cutoff Wall

Element #8860: Slurry Cutoff Wall at El. +137.25 m
Element #6767: Slurry Cutoff Wall at EI. +121.5 m

International
g

-200.0 -180.0 -1600 -140.0 -120.0 -100.0

Material Description:

M1 : Peat and Organics
. M2 :US Sand and Gravel
M3 : DS Sand and Gravel
M4 : DS Sand and Gravel, Above Water
M5 : US Int. Sand and Silt
M6 : DS Int. Sand and Silt

Reference:
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-80.0

-60.0

M7
M8
M9
M10
M11
M12

-40.0 =200 0o 200 40.0 60.0

: Till

: Upper Silt and LGS for ¢',<200 kPa
: Slurry Cutoff Wall

: Upper Silt and LGS for o',z 200 kPa
: LGS for @', >= 350 kPa

: Lower Sand

80.0 100.0 120.0 1400 160.0 180.0 2000

Legend:
M1 M2 M3 M4 M5 M6
M7 M8 M9 M10 M11 M12

 BC Hydro, 2024. John Hart Dam Seismic Upgrade Project — Design Basis for Final Design, v. 2024.10
 BC Hydro, 2021. John Hart Dam Seismic Upgrade Project — Preliminary Design Summary Report, Oct. 2021

" Note: Construction of the seismic upgrade project started in 2023 and will take a few years to complete.

WutecGeot
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2020 John Hart Dam Seismic Upgrade Final Design

VERSAT-2D Dynamic Analyses for Seismic Displacements

VERSAT-2D Design Analysis Model of section through block 16 of the concrete main dam

AR
AR T LA

s M1 MZ M3 M4 M5E M6 M7 M3

M3 AM10 MI1 M12 M12 M14 M15 M16

T 1050 -0 050 S0 850 Eha TS0

: Sand & Gravel, D/S

: Densified Soil, no WT
: Existing Concrete

©
: e
° a0
- -
m 1350
S
£ |
e .
c B [
— i -
(W]

© -
9 et
: -1254 -1200 -1150
L
O
(0] . .
16 Material Description
Q e M1 :LowerGreySilt
(D e M2 :notused

e M3 : Sand & Gravel
(& e M4
2 e M5 : Densified Soil
= e M6
; e M7

e M8 : New Concrete

-1

0 G0 S50 S0 450 408 350 3D -HD -0 150 -We S 00 50 we 0 20 FH0 0 3D W0 450 0 550

e MS

e MI10
e M1l
e MI12
e M13
e M14
e MI15
e MI16

Distance (m)

: 20% New Concrete

: 20% Existing + 80% New

: Contact with Silt, in water

: not used

: Contact with Densified Soil, in water

: Contact with Densified Soil, above water

: Frictional Joint in existing concrete (M7) at El. 127 m
: Frictional Joint in base of Block 16 at El. 122 m

WutecGeot
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750 RIGID
T WALL

50

0.0

Seismic Soil Pressures: VERSAT-2D analysis

Ground deformations at the end of shaking
S27PHI32_1/10,000_%CPE

7487 soil element

SLOPE CREST DEFOMRATION:
2.5 M HORIZONTAL & 1.6 M DOWN

PRE-SHAKING
GROUND SURFACE

/

am

|

STRAIGHT REFERENCE LINE

|

0.0

5.0

10.0

15.0

200

250

300

350

40.0

Distance (m)

450

50.0

550

60.0

65.0

700

750

80.0

Wu, G. 2010. Seismic soil pressures on rigid walls with sloped backfills. Proceedings of the 5th
International Conference on Recent Advances in Geotechnical Earthquake Engineering and
Soil Dynamics, San Diego, California, US, May 24-29
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WUAECT Seismic Soil Pressures: VERSAT-2D analysis @

©

S Normalized total soil pressure, o ...,/ (0.5YH)

© 0 1 2 3 5 6 7 8
- 0

o

O

|- \ -

— 1 \ %& passive

e s

\- A _-_-'""‘""-- 2
n s failure line
#\ \ &= 40°
0.26¢

\\
~ ° passive
2 ] failure line
0.71g | A | ‘/ b= 32°
- 0.48 / 0.48¢ y:
0.26 E L _ ™~
G } ' 0.71g
. A j £

4 / / - ‘

Depth from top of wall, (m ) )

Horizontal backfills
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27° Sloped Backfills, &= 32°

A 27° Sloped Backfills, ®=40°




T e vew SErpentine River Bridge. versat-2p appiication @

©

c

O

wed

(C

c

-

(<))

wed

=

I

2

c

L

(&)

Q -50.0

wed

o 60.0

O | | | | | | | | |
o -90.0 -710.0 -50.0 -30.0 -10.0 10.0 30.0 50.0 70.0 90.0
(&) Hornzontal Distance (m)

ad:-’- « Single Span Bridge on Soft Soils (24 m long, 14 m wide)

; « 4716 nodes, 4572 elements, including bridge deck and abutment

walls (Source: 2006 59t Canadian Geotechnical Conference)
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WUAEC vew SEIPentine River Bridge. versar2p appiication =

©

o

e End-of-earthquake horizontal displacement contours

c

E EE;:"" fm) Miconrekl Britige Croesing: Permsnent Displacemients Under tie Design Earthquake

C i

— W00 - e e

— - Horizonial Displacement {mm)
g - niadh S G 4 S i, . > 75 mm

.E -::n-n = T “ ) TR
- B ﬁ . 0 &0 50 mm
8 e ﬂ -5 to 0 mm
b [ 40.0

@) 10 o -5 mm
8 i -15 o -10 mm
o &0 | ! i | . <-15 mm
2 a0 o S0 --Eﬂl] - -0 0.0 0 HOuD Pl o0 1100

é Horizomtal Distance {m)
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T ew SErpentine River Bridge. versat-2o application @

End-of-earthquake displacements of piles and bridge

pre-earthquake position

5 p— I e
| }End-of:earthguake position of brid
— ] S B — o

International

/ ° ] ° ] ) N
& / ] \\._PILES PLES., / Y, \
o -10 -10 \
N E / E
: -15 1 -15 ]
£ i
\; 20 P -20 ]
(& § / 5
0 4 g 25 g-zs
w 1]
wiend \ ]
o -35 35
o -40 -40
2 45 -45
-2000  -1000 0 1000-1000 0 1000 000 010 020 _010 000 0.101.()00 0, 1000 2000 3000-2000 -'1000 0 1000
; Pile Bending Moment (kN.m)Pile Shear (kN) Pile Displacements (m) Pile Displacements (m) Pile Bending Moment (kN.m) Pile Shear (kN)
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WULEG Hwy 49 Rem ed laliON. versaT-2D application

— - g (A% D LT

(© Landslide I ]

5 deformations » P '

] was Sl g T SEED TR

= observed on o

= one side of _ L

-E Hwy 49. . i :

= Driving piles 6340

E WaS SeleCted 00 E » E E Hogontal[)ista:;iue(Aﬁs- X;U ® % 95
-2 as ) i . - HYW 4904 Esituan River Slide Simulation - Lateral Ground Displacements

E remediation. feerp o (A D IS

A I T 5 5 '

= VERSAT-2D o0

° analysis was _ e

O carried out o i HH
O for pile .

(8) design.

2 E340

tgt(zgl\lground Disp. (mm)
<100 Maximum Shear in piles = (414, -508 ) kN
100 to 200 Maximum Moment in Piles = 3414 kN.m

> 1000
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-~ Lenithan and Austrian Dams under the 1989 Loma Prieta Earthquake
WUTEC VERSAT-2D Dynamic Analyses

1. The 1989 October 17

Loma Prieta EQ. _
g ¢ B Loma Prieta earthquake

- - %, -

L gmhan 63?“”’ \ B N
‘ H: ,“"ﬁf& J /,{_,d “J; - (101 JEtals _. '~
Mg T “Anderson Dam

fault rupture zone (Mw
6.93)

2. Ground motion recording

International

K

vy
¥, wh
o 2 2 - "C
& TN

stations (the Lexington
station and the Corralitos

station) and

~
2

PN Loy s “"‘”?“ = W 3. Austrian Dam in California
I3 5 PR o . .

Y RN A with a horizontal PGA 0.55-
0.6 g (Harder et al. 1998)

P ‘ \ . - 7/" . >
% T 5 3 B & 3 / A
Ve eion, Oa Vel 2100 TN, SNIE” gl 1

S 7V 4 t / A 7 :
1 ' o »
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Wu, Guoxi. 2023. Case History Studies of Lenihan and Austrian Dams under the 1989
- Loma Prieta Earthquake. In Proceeding Geo-congress 2023 in Los Angeles, USA, March.

WutecGeot
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Lenthan and Austrian Dams under the 1989 Loma Prieta Earthquake
VERSAT-2D Dynamic Analyses

WutecGeot
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Austrian Dam under the 1989 Loma Prieta Earthquake

m)

Elevation (i

ELEVATION (feet)

360 P-6 360
350 1.5:1 above El. 341.4 m P-51| El 342.9 m 350
340 2 5:) 25, P-4 340
330 |rP-3 p.2 330
320 Res. El. ~ 312.1m 3:4 “Pervious"” 3:7 | P-1 320
v e [
310 e s —— P . 7. M.  zone 310
300 3.3 "Impervious” zone TN i .57 300
290 N k o — A 290
280 - . - = 280
270 Cutoff trenches with Gravel drains 270
260 grout curtains 260
1080 rLOMA PRIETA EARTHQUAKE MAXIMUM CROSS SECTION Shear deformations
1060 |- !\? Surface water due to =
_;--\\ r Damages by the earthquake:
1040 | Py AN T ) . .
§ !  Rise of PWPin P-1, P-6, P-2, and P-3. PWP heads increased
1020 = P- . .
N ¢ 15.2 m in P-6 and 16.8 m in P-1 two days after the EQ
1000 :——h‘*‘~\:=_____;_:_\:‘_“_--::.&.,__ICT | . . . . g
.. ~* « Standpipe in piezometer P-1 significantly deformed at El. 291-
i P-1
980 |- H = . . .
oo ;/ """"""""""""""""""""""""""""""" BB ] 293 m), suggesting earthquake induced internal movements
et S, R B :
260 7 - due to lateral spreading (Harder et al. 1998)
940 LSEPTEMBER | octoBer | NOvEMBER | DECEMBER | JANUARY | FEBRUARY

1989 1990
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7= Lenthan and Austrian Dams under the 1989 Loma Prieta Earthquake @c@
WUTEC VERSAT-2D Dynamic Analyses

g  Dynamic total stress analysis of Austrian Dam using VERSAT—clay model
o "1 A generic soil clement ' Elem-1128 Shear stress-strain response of
E 150 14— shear stress 1,,,.= 0. S, = 180 kPa 200 «— AYf—>
c o] 2 1 ’ saturated dam fills in constant
— ol NE . .
Q shear stress amplitude cyclic (sine
cC ’ E ’ g 2nd 3@ 4ucycle .
— 0 1 2 Cyelic: S0 Wave) |Oad|ng:
——shear stress: 100 kPa -100 4 #
— 100 ——shear stress: 150 kPa . 1 I
S N s | 1] (a) for a generic soil element at
T | (a) Shear strain, v (% 20 (b) Shear strain, v (%
: EUU-UE -(:II] ::Tn {[:j: E}fl :-‘U-I.I.I tljtl . {]-.1 { l]I.-] ﬂ-ft tl-.-l three StreSS |eve|S’
e .
(& 250 250 1 (b) for soil element 1128 under the
QD 200 Elem-1128 200 | 2écycle  Elem-4082
H b . .
o) 0 150 | N 0.1g input accelerations;
d’ 100 : 100 E_:‘ .
O) R e — 0 { 7 (c) for soil element 1128 under
. 3 b cycle 2 o | é \
8 .50 E 50 é 1#t cycle O . 3g
whd 100 1 £ 100 1 & )
E - 10 | (d) for soil element 4082 under
O sy @ sarsmngen the 0.3g input accelerations.
-0.5 0.5 1.5 2.5 35 4.5 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
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7= Lenthan and Austrian Dams under the 1989 Loma Prieta Earthquake
WUTEC VERSAT-2D Dynamic Analyses

— : : For dynamic analyses of Austrian Dam:

g Austrian Dam under the 1989 Loma Prieta Earthquake » Itis appropriate to linearly scale up recorded motions
o * Measured dam crest  settlement ~0.76 m at Lexington station (on left abutment of Lenihan

— « Computed crest settlement by VERSAT-2D: 0.70-0.77 m Dam) by a factor of 1.36. Study by Boulanger (2019)
[ used recorded motions at Corralitos station.

d ded t tC lit tat

cC * My study suggested that the total stress envelope (c-
3 @) approach be avoided whenever possible and be
i’ - excluded if large vertical input accelerations are

c 2 ° present.

4

m § 20

. i

c < @ e St B

L

(&

Q

wied /Pfe earthquake Mat 1 Dam Fill (drained)

o dam surface

0 Pre earthquake mesh £ Pre earthquake mesh .Mat 2 Rocks

vertical line Pcccs=as: = ESsE=sEEeccoN vertical line
: == ZESE - a am Lres

(D - <171 -i—: é% :’”‘#_ET l .Mt3D Crest

o s '__ 5= e : .Mat 4 Gravel strip drain

2 e SR : Mat 5 Dam Fill-undrained

> - e

‘Ir.'f‘":.':;}f‘”'::;f'iz,“,';”;'h;‘-'.“-’,'“',‘”';‘-"-'."-’,'”',‘”'r‘."-' '''''''''''''''''''''''''' :.'I‘}-:,jfg,},‘

WGI (Wutec Geotechnical International). 2022. Finite Element Dynamic Analyses of Austrian Dam.
Engineering Report No. WGI-220224 (100 pages) hitp://wutecgeo.com/publication.aspx
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EC VERSAT-2D Dynamic Analyses

Lenihan Dam under the 1989 Loma Prieta Earthquake

Elevation, ¥ (m)
210.0

200.0
(1900 Water Level in 1989

Dam Crest Elevation 205.1 m {673') o

Full Reservair

Elevation 179.8 m (590°)

°
\3‘3&3[/

\ Element 4470 \
L] [ ]
LY

Zone 4 -

180.

Element EIBQ

1140.0 |

-160.0-140.0-120.0-100.0-80.0 -60.0 -400 -200 0.0 200 400 600 800 1000 120.0 1<

Horizontal Distance, X {m)

L 100 m ;
0 o

=<

O

LEGEND

mm Zone 1 - Upstream Shell
Zone 2U - Upper Core

Zone 2L - Lower Core

Undrained shear strength S,-ratio

~ Lenthan and Austrian Dams under the 1989 Loma Prieta Earthquake

Sipinn "‘3.*"

WGI (Wutec Geotechnical International). 2022. Case Study of Lenihan Dam under the 1989 Loma Prieta
Earthquake. Engineering Report No. WGI-220301 (100 pages) http://wutecgeo.com/publication.aspx

WutecGeot

intemational

Recorded accelerations on dam abutment
bedrock had horizontal PGAs of 0.44q;
Recorded accelerations on dam crest had
a horizontal PGA of 0.45g

Measured dam crest settlement ~ 0.25 m

Undrained shear strength in Zone 2L.:

=
o
]

Boulanger (2019)

=--B-- Average of 3 DSS tests (SCVWD 2012)
from all soil elements in saturated Zone 2L

0.4 -

03

B — — —
S,=c+0o' tan(¥)

0.2 - (used in this study

i Ko=0o'x/cly
0,1 L] L] L] 1 L] L] L] 1 L] L] L] 1 L] L] L] 1
0.4 0.5 0.6 0.7 0.8

Zone 2L

0.9
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-~ Lenithan and Austrian Dams under the 1989 Loma Prieta Earthquake
WUTEC" VERSAT-2D Dynamic Analyses

WutecGeot
intermational

© Lenihan Dam under the 1989 Loma Prieta Earthquake|Z
g « Measured dam crest settlement ~0.25 m S el L p g T
. § ------- DIS-X at the dam crest
= « Computed by VERSAT-2D: 0.47g, 0.25-0.35 m 2 IS et the dam creat
m a ——-DIS-X at node-7943 (D/S)
: .Shear Strain (%)
[220.0
S 0.5 0 5 10 15 20 25 30
0 in .1'0 Time, (s)
wied : 2.5 ] I
c 1—Input bedrock Acc-X 5
— = 2 ] —Computed Acc-X at dam crest
= 1 © 1989 measured at dam crest
‘_g § 1.5 ] ]\
(] 4
- N Rl
| | : | | [ | | Tg W W \\
-160.0 -140.0 -120.0 -100.0 -80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.( 8 0 5 vﬁ
DIS-X (m) =3
. m°2 0 —— e
0.1 0.01 0.10 Period (s) 1.00 10.00

Node-7943

0
=]
-0.1

0.2

For dynamic analyses of Lenihan dam:
» Itis appropriate for using cross-section W-W' to
s predict realistic dam displacements under the
N Lanaa s 1989 Loma Prieta earthquake.
o0 G T R it » Studies by Hadidi et al. 2014 & Dawson and

| | 1 | | | | | 1 | ; | | | Mejia 2021 appear to have significantly

-160.0 -140.0 -120.0 -100.0 -80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 140 underpredmted the dam Crest Settlement

' Wutec Geotechn

WGI (Wutec Geotechnical International). 2022. Case Study of Lenihan Dam under the 1989 Loma Prieta 45
Earthquake. Engineering Report No. WGI-220301 (100 pages) http://wutecgeo.com/publication.aspx
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WUTEC A Brid ge Seismic U PO rade: versat-2p Application [

©

c

.‘g VERSAT-P3D MODEL OF PIER 4 CAISSON
© - Longitudinal to Bridge Alignment

=

2 VERSAT-P3D Model - Longitudinal

E vertical [ axis-z )

_ Z=5955 Y-Symmetric Line

©

9

E cais;sun of Pier #4

S «" e
2 o
8 Fraser River

o $ahiths

o Marine clayey silt to silty clay l

2 w=T0 0 thar;/ ll)lt;lnl;,lel ISalnclis,I Gr;vells at tlhe base

=
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A Bridge Seismic Upgrade: &

VERSAT-2D Application

WUTEC

|
m 1.20E+07 -
: LO n g |tu d | n a| PIER 4 HORIZONTAL STIFFNESS - Longitudinal
-
VERSAT-P3D Results: Horizontal
o 1.00E+07 . .
o — - . " g ’
whd £ son o *
m EB.OOE+06 e ot : ..- LA s um c o - -
- oo oeo T e e e e e = T = e R S e T oo —
5 ST EE LR et titrness I ime-nistory o 1er
2 [ + O 0-& [] - O - .
= A . + m * . s 03 LY ]
% - te oo? U % . . U "
. - © §.00E+06 S B S =
£ * : o & o . LN - = = -
Q : e T C two direct :
@ .
s - ~ olEW Qi@ alsson 1IN two airections:
S 4.00E+06 = CITNS - EQ2 (475-yr)
: 5 OLEW - EQL for Case 1
] + OLEW - EQ1 for Case 2 - -
A - - - RECOMMENDED Average - ong itudinal
|
m 0.00E+00 : : : : : : : : : |
o 0 5 10 15 20 25 30 35 40 45 50 - I ransve rse
 — Time in Shaking (sec)
o 14000000 -
0 Transverse PIER 4 HORIZONTAL STIFFNESS - Transverse
.y 12000000
(@) :
0 £ 10000000 =
pza
< AC
o \; K ’ ‘
X [ ] N ° o ° ° + . alm + [ ]
X 8000000 F= = "m & = = 4= == = ~c === --- . 2o o -a-. --------- e E-u-
@ as e i . L) ] .
[} + .
3) c s
:‘E + P
0 @ 6000000
E} o CITEW - EQ5(475-yr)
c
v < = OLNS-EQ8 (475-yr)
: 5 4000000 OLNS-EQ8forCasel  |—
I
+ OLNS - EQ8 for Case 2
= = RECOMMENDED Average
2000000
0 . . . . . . . . . ,
0 5 10 15 20 25 30 35 40 45 50

Time in Shaking (sec) 47




T e A CAISSON Stud Y . VERSAT-P3D Application @

point of interest

g Vs (m/s) Depth (m) 0
:g 78 Water Level 2
© 88
: .
= Steel 103 VERSAT-P3D Results: Bending moments at the
'E' Reinforced 116 Marine SILT till surface (source: 7th GeoChina Conference in Beijing)
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Figure 3 A Drilled-Shaft Embedded in

Marine Silts and Till-Like Soils 48




WUAEC

International

©
Ig
c
c
O
D
whd
(@)
D
O
3]
D
whd
2

VERSAT-P3D Verification Study

Normalized horizontal stiffness of single piles
12
Ep/Es=1000, p=0.4, A=5%, L/d=15
this study for d=0.3 m, standard 8x24 grid w ith Y max=26m
+ this study for d=0.3 m, 9x18 grid for high frequency, equal spacing 0.5 m
— — — —this study for d=0.76 m, standard 8x24 grid w ith Y max=68m
X this study for d=0.76 m, 9x18 grid for high frequency, equal spacing 1.5 m

-
o
!

(00]
|

- = Kaynia and Kausel (1982)
——— Wu and Finn (1997a)

N
el

Normalized Stiffness, Kyy/Esd
(@)]

N
|

O I I I I I I I I I 1
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Dimensionless frequency, ag = w.d/Vs

Note: The results are not affected by element size vs. pile
size (Source: 2007 60" Canadian Geotechnical Conference)
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VERSAT-P3D Verification Study

Normalized vertical stiffness of single piles

30
Ep/Es=1000, py=0.4, A=5%, L/d=15
o 29 - this study for d=0.3 m, standard 8x24 grid w ith Y max=26m
_\"“N +  this study for d=0.3 m, 9x18 grid for high frequency, equal spacing 0.5 m
~ 20 - — — — —this study for d=0.76 m, standard 8x24 grid w ith Y max=68m
% x  this study for d=0.76 m, 9x18 grid for high frequency, equal spacing 1.5 m
FZ 15 |  — — Kayniaand Kausel (1982)
w
§e, o
o W X F I I
N ? — — = - - )u- ++ 4 4+
S 10 _-S_+ ——— hh&x%x&xh
£
o
= 5
0 T | 1 | | 1 |

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Dimensionless frequency, ag = w.d/V,

Note: The results are not affected by element
size vs. pile size
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VERSAT-P3D Verification Study

2x2 pile group: Horizontal stiffness
The results are reliable over high-frequency range
3
2x2 Group: Ep/Es=1000, s/d=5, L/d=15
this study for d=0.3 m, standard 1028 grid with Ymax=27.5 m
+ this study for d=0.3 m, 11x22 grid for high frequency, equal spacing 0.5 m
=— — = this study for d=0.76 m, standard 10x28 grid with Ymax=72 m
| X this study for d=0.76 m, 11x22 grid for high frequency, equal spacng 1.5 m

52 - — == aynia and Kausel (1982)
= Wu and Finn (1997a)
G
©
o
L
o
=
2
O

0 I I | I | I 1 | |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Dimensionless frequency, ap = w.d/V;

1.0
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e VERSAT-P3D Verification Study &

© « 2x2 pile group: vertical stiffness
c : :
o) « Theresults are reliable over high-frequency range
-
©
c 7
3 2xX2 Group: Ep/Es=1000, s/d=5, L/d=15
E 6 1 this study for d=0.3 m, standard 10x28 grid with Ymax=27.5 m
— + this study for d=0.3 m, 11x22 grid for high frequency, equal spacing 0.5 m
9 A = == = this study for d=0.76 m, standard 10x28 grid with Ymax=72 m
— N this study for d=0.76 m, 11x22 grid for high frequency, equal spacing 1.5 m
g o 4 A e == Kaynia and Kausel (1982) / \
[ 3] E
c ©
- i
0 s
- ®
O
o
(&
0 -1 I I 1 | | | I | |
"s 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
; Dimensionless frequency, a5 = w.d/V,

52




e VERSAT-P3D Verification Study &

" « 2x2 pile group: Horizontal and vertical damping
c : :
o « Theresults are reliable over high-frequency range
e
C
E 12
Q 11 - 2X2 Group: Ep/Es=1000, s/d=5, L/d=15
whed — — — this study for d=0.3 m, standard 10:28 grid with Yma>x=27.5 m
= bl e e Sy o 40 78 S oS o i Vi S T
— 9 ® this stud;fur d=0.76 m, 11x22 grid for high frequency, equal spacing 1.5 m
= = = aynia and Kausel (1982)
E < 8 — — — d=0.3 m standard \
O g /
N E ?
E 2 6 vertical
o]
3 O 5
9 < 4
o
g g 3 —
0O —
o 2
(&) 1 horizontal
0 0 ] | I ] | I I | I
'5' 0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0
; Dimensionless frequency, a; = w.d/V,
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VERSAT-P3D Verification Study

« Analysis of Full-scale Tests (Huang et al., ASCE 2001)

* Quasi-3D finite element model used for the analysis of a
3x4 PC pile group

vertical ( axis - 2)
2=39.0

International

72

c Line

y=77.2

Xx=24.8
tran. hori. (axis x)

. Wutec Geotechnical




S VERSAT-P3D Verification Study

© * Analysis of Full-scale Tests:
S « Comparison of pile deflection profile versus depth for
e pile groups
: Deflection, mm Deflection, mm
E -20 0 20 40 60 80 -10 0 10 20 30 40 50 60 70
E Compyted using o . g7 Computed using 0.7

VERS{ T-PSD\b. o i VER;SAT—PSD _/.,'/"

5 - ; 5 \‘9.;,}"

| | 5
l - l -.[
.,1._ b ._/',
T 1 o

0 1 10 {1 7
' {0

| PC Pile Group -7122 kN L

g Measured ;-
15 1 15 1 p Bored Pile Group -10948 kN
—— P8, P9, P13 Measured

------ P4, P6, P12 2 B
20 e —-—--P3, P5, P11 20 4. —-—--B8§, B9

P1, P2, P10 i - B6,BI10

" Wutec Geotechnical
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G. Wu, Ph.D., P.Eng.
Wutec Geotechnical International
302 — 7063 Hall Avenue

Burnaby, B.C., Canada, V5E 0A5

Email: info@wutecgeo.com
Website: http://www.wutecgeo.com
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