x '?\‘\x
. fi3 . I\
v-:’f"‘ | » — 1] \._‘
/ | ',»" » “ . A ;
g I', | ik \
& B A ¥
e — S -
A
4 o \/. Pom
\ \ .I..‘"‘\.’/

2D Liquefaction Analysis
for Bridge Abutment GTS I\)\

Geo-Technical analysis System New eXperience

Tutorial by Angel Francisco Martinez

Integrated Solver Optimized for the next generation 64-bit platform

4 Sy
\ Finite Element Solutions for Geotechnical Engineering MibAS




Introduction

Soil liquefaction is a phenomenon in which the strength and stiffness of a saturated
soil/sand is reduced by earthquake shaking or other rapid loading.

The pressures generated during large earthquake shaking can cause the liquefied
sand and excess water to force its way to the ground surface.

Soil particles can no longer support all the weight.

Bridges and large buildings constructed on pile foundations may lose support from the
adjacent soil and come to rest at a tilt after shaking.

Sloping ground and ground next to rivers and lakes may slide on a liquefied soil layer
('lateral spreading’).

2D Seismic Analysis Methods

» Pseudostatic Analysis
- Limit Equilibrium Method

+MIDAS Soilworks Mechanism of soil liquefaction
+Slide

. . Before During Unequal setflement due
* Numerically Based Analysis an earifiquoke onearthuoke to soil liquefaction

- Finite Element Method /\ after an earthquake
+ MIDAS GTS NX o - O sand
+ Quake/W . "- v
+ Plaxis ~

- Finite Difference Method
+ FLAC

http //www.cti. coJp/en/solutlon/cae/can/




Pseudostatic Analysis

Representation of the complex, transient, dynamics of earthquake shaking by a

single, constant, unidirectional load is crude.

Method has been shown to be unreliable for soils with significant pore pressure
buildup during cycling (i.e., not valid for liquefaction).

Cannot predict deformation.

Is only a relative index of slope stability

Outdated and should only be used for screening purposes.

More elaborate techniques are generally warranted and are rather easy to do
with modern computing software.

o

Search Method: Grid & Radius
Location: Secondary Dam, Section C-C, Downstream idas SoilWorks

Load Condition: Static, Steady-State Seepage

FS= 153

&

g & 8
Elevation ()




Advanced Numerical Methods

Based on finite difference or finite element techniques

Full dynamics modeled

Deformation can be estimated using elasto-plastic or other constitutive models
Required advanced training and Coding for FLAC models




2D Liquefaction Analysis of Bridge Abutment

GTS

Plane strain elements are used to
model both the ground conditions
and Abutment.

Pile elements are modeled as beam
elements and embedded in
Embankment, UBC Sand, and Soft
Rock layers.

Model the load in surrounding
ground generated by earthquake and Liquefaction Layer
evaluate dynamic behavior and
vibration effect of ground and
abutment. Soft Rock
Check the eigenvalue of ground
through Eigenvalue analysis, Analyze
ground dynamic behavior affected by Hard Rock
earthquake.

Starting Files Required: GTS NX 2D
liquefaction tutorial_start.gtb
Check Liquefied Layers

Embankment 1 Abutment

Embankment 2

Weathered Rock




Step 01 File > Open

<, Open

Lookin: |, UBC Seismic Analysis for Bidge foundation ~ & (¥ [ * [~

»

I Name Date modifiec [¥|Read Resuit File

e | practice 8/8/2017 11:5]
RecentPlaces g, |;quefaction Seismic Analysis for Bridge NTH UBC SAND final 8/7/2017 6:32
-‘ i €2 Liquefaction Seismic Analysis for Bridge NTH UBC SAND start 8/8/2017 10:2¢

Desktop

Libraries

H | Analvsis Case  Solution Tvoe  Resuits .
Main Menu > [y Analysis Setting s S|

Lo

File>Open... Computer
Double click ‘GTS NX @ Project Title Enginesr

2 D Network Desc,

Model Type Gravity Direction

liquefaction_start.gtb ) i
i) 3D @y

Main Menu >
Analysis > Setting >
Unit System>

Unit System

kN>m>s -~
) File name: Liquefaction Seismic Analysis for Bridge NTH UBC ! + N - ] [ITI - ] [SEC
Click [OK] . Files of type: GTS NX Files{" gts) v

Initial Parameters

@ 2D z

) Axisymmetric

< | m |

Gravity Acceleration(g) 9.806 mjfeect
Unit Weight of Water 9.80665  |Mjm3
Initial Temperature 0 [

Plane Strain Thickness




Step 02: Mesh> Material

Materials

Modulus of Unit  Unit Weight Cohesion Friction
Elasticity(E) Poisson’s Weight(Y) (Saturated) (9] Angle
Type [kN/m2] Ratio(v) [kN/m3] [kN/m3] [kN/m2] [P]
Embankment
Coulo
Liquefaction  UBC
Layer SAND

Weathered Mohr
Rock Coulomb

Mohr
Soft Rock Coulomb
Mohr

Coulomb
Pile Elastic 210,000,000 0.3

60,000
100,000 0.3
900,000 0.25

Abutment 21,000,000 0.18




Step 02: Mesh> Material > UBC

The Modified UBCSAND model is developed to simulate liquefaction phenomenon
using plastic theory based on explicit method for 2D effective stress state. It is
extended to enable implicit nonlinear analysis for 3D stress state based on the
constitutive models, 1

In elastic region, nonlinear elastic behavior can be simulated, elastic modulus
changes according to the effective pressure applied. In plastic region, the behavior
Is defined by three types of yield functions : shear (shear hardening),
compression (cap hardening), and pressure cut-off. In case of shear hardening,
soil densification effect can be taken into account by cyclic loading.

* Note - Implicit Method : Explicit methods calculate the state of a system at a later time from the state of the system at the
current time, while implicit methods find a solution by solving an equation involving both the current state of the system and the

later one.

9 Beaty, M. and Byrne, PM., “An effective stress model for predicting liquefaction behaviour of sand,” In Geotechnical earthquake engineering and soil dynamics II1,
Americal Society of Civil Engineers, Geotechnical Special Publication 75(1), 1998, pp. 766-777.

10 Puebla, H., Byrne, PM., and Phillips, R., “Analysis of CANLEX liquefaction embankments: protype and centrifuge models,” Canadian Geotechnical Journal, 34,
1997, pp 641-657.




Step 02: Mesh>

Model Type | Modified UBCSAND

Material > UBC

Drainage parameters

Structure

-General Porous | Non-Linear

The pore water pressure in stress analysis can be divided into

Unit Weight{Saturated)
Initial Void Ratio{eo)
[ Junsaturated Property

Drainage Parameters

normal state pore water pressure and abnormal state pore water
pressure - the excess pore water pressure generated between soil
particles due to external loading under undrained conditions. An
0.5 excess pore water pressure of nearly 0 is called the drainage
condition.

21 kMfm3

Undrained Material Type: Effective stiffness/effective

lUndrained[Eﬁective Stiffness/Effective Strength)

strength

]

(@) Undrained Poisson's Ratio

0.495 This is the most general case where the input stiffness parameters

and strength parameters are the parameters of the ground skeleton.

© skempton”s B Coefficient 0.97826087 Like drained analysis, GTS NX uses the input stiffness/strength

Seepage & Consoclidation Farameters
Permeablity Coefficients

parameters for undrained analysis. The disadvantage is that the
effective strength parameters in the undrained state are hard to
obtain through experimentation.

T x| W =

le-005  m/sec Undrained Poisson’s ratio and Skempton (B) coefficient are

le-005

[ | void Ratio Dependency of Permeability(ck)

Specific Storativity(Ss) 4.043230 1/m

parameters used to calculate the bulk modulus of elasticity for
water. The undrained Poisson’s ratio has a standard value of 0.495
with a compressibility of nearly ‘O (zero)' and the Skempton
coefficient expresses the saturation, with 1 meaning full saturation.




Step 02: Mesh> Material > UBC

Mame  ubcsand

Mode| Type | Modified UBCSAND

General | Porous | Mon-Linear

Description

Reference

Reference Pressure

In-situ horizontal stress at mid-
level of scil layer

Reference Pressure 100 kpym2

Elastic

() Linear Elastic @ Power Law
Elastic Shear Modulus Mumber (Kg,e) 1069

Elastic Shear Modulus Exponent{ne) 0.5

Plastic/Shear
Peak Friction Angle(¥3p)

Constant Volume Friction Angle(¥Ocv)
Cohesion(c)

Plastic Shear Modulus Number (Ka,p)
Plastic Shear Modulus Exponent{np)
Failure Ratio(Rf)

Post Liquefaction Calibration
Cydic Behavior

Soil Densification Calibration Factor

[T Plastic/Pressure Cutoff

Tensile Strength
[T plastic/cap
Cap Bulk. Modulus Murnber
Plastic Cap Modulus Exponent

Crver-Consolidation RatiofOCR)

Elastic (Power Law)

Elastic shear modulus number

Dimensionless

Elastic shear modulus exponent

Dimensioniess

Plastic / Shear

Peak Friction Angle

Failure parameter as in MC mode!

Constant Volume Friction Angle

Cohesion

Failure parameter as in MC model

Plastic shear modulus number

Dimensioniess

Plastic shear modulus exponent

Dimensionless

Failure ratio (qf / qa)

0.7~0.08 (< 1), decreasas with
increasing relative density

Post Liguefaction Calibration Factor

Residual shear modulus

Soil Densification Calibration Factor

Cyclic Behavior

Advanced parameters

Plastic/Pressure Cutoff (Tensile Strength)

Cap Bulk Modulus Number

Plastic Cap Modulus Exponent

Over Consolidation Ratio

Normal stress / Pre-overburden
pressure




Step 02: Mesh> Materials

Geometry Mesh

5
. @:: l_:‘,Comp. Prop. o
'{ CSYS 20 Equivelen

Material Property F‘;ﬂ Hiniction Intesface and

Main Menu Model > _ Prop./CSys./Func.
materials

[Create]>Select Isotropic.
ID ‘1", Name ‘Embankment’,
Model Type [Mohr

Coulomb]. — .
Enter the material %f
D 1 Name  Embankment jor |:| El

properties as shown.

Click [OK] Model Type |fobhr-Coulomb ~T] Fistructre
H General | porous | Non-inear | Time Dependent |

Click [Apply]. K

Similarly create the ERE Mo 4000 tonffm? [

materials for all the soil e 0 tonffn:

layers — Weathered Rock, o - ]

Liquefaction, Soft Rock, and S i : Add/Modify Material

bonf/mlo

Inc. of Elastic Modulus Ref. Height 00 m

Unit Weight (Gamma) 1.8
Ab Utment' Initial Stress Parameters Name Type Create...

Ko []Anisotropy HE Embankment Isotropic-Mohr-Coulomb Modify...
Weathered R...  Isotropic-Mohr-Coulomb
Thermal Parameter Soft Rock Isotropic-Mohr-Coulomb Copy
Thermal Coefficient Abutment IsotropicElastic
Steel Pipe File Isotropic-Elastic
Damping Ratio (For Dynamic) ubc sand Isotropic-Modified UBCSAND Import

Damping Ratio . e Import from

11

Delete




Step 03: Mesh> Property

Properties

Name

Embankment

Liquefaction
Layer
Weathered
Rock

Soft Rock

Abutment

Pile

Type
2D
2D
2D
2D

2D

1D

Subtype

Plane
Strain
Plane
Strain
Plane
Strain
Plane
Strain
Plane
Strain

Beam




Step 03: Mesh>

Main Menu Model >
Property

Click on [Add] > Select
[1D].

ID ‘7, Name ‘Pile’.
Element Type > [Beam].
Material > Steel’

Spacing 1.5m

Click-on ‘Sectional Library
Select [Pipe], D > Enter
‘0.5’'m, tw > enter ‘0.01’m.
Click [OK], Click [OK].
Repeat for 2D Plane Strain
soil layers

’

Property

Add/Medify Property

Name
Embankment
Clay
Weathered Rock
PTOT./CSys./Func. Soft Rock
5 Hard Rock
6 Abutment

Create/Modify 1D Prope

Embedded Truss

D 7 Mame  File

Material

[[] Taper

Cross Sectional Area(A)
Torsional Constant(Ix)
Torsional Stress Coeff,
Area Moment of Inertia(ly)
Area Moment of Inertia(lz)

Effective Shear ArealAy)

Effective Shear Area(az)

Shear Stress Coeffident(Gy)

Shear Stress Coefficient(Gz)

y Axis Variable

z Axis Variable

Sub-Type
Plane Strain
Plane Strain

Plat Cnly{10)
Embedded Beam

-
Color - E

[7: Steel

v/ (&

SectionH

0.0186987593

0.0011507216¢

0.0005753608:
0.0005753608.
0.0093493797-
0.0093493797-
0.0373828343

0.0373829343

Constant

Constant

0.254

Section
0.0186987595
0.0011507216¢

0.254
0.0005753608:
0.0005753608;
0.0093433797
0.0093493797
0.0373329343
0.0373829343

Stress...

Spacing

Section...

19 m

Pipe




Step 04 Mesh > 2D Mesh

Main Menu > Mesh >
Generate> 2D> Auto Area
Select Object Edges >
Select the edges as shown.
Mesh Size > Element Size
111'

Property > Select
‘Embankment’ Name >
‘Embankment’.

Click [Advanced Option].
Type [Triangle], Check-off
[Register Each Area
Independently].Click [OK].
Click [Apply].

Similarly create the mesh
sets for Liquefaction,
Weathered Rock, Soft
Rock, & Abutment.

]

» Auto-Area |Map-Face lMap—Area[

= Selected 22 Edge(s) ]

Select Point(s)

Size Method
@ Size () Division

T

[ Mesh Inner Domain
[¥]Indude Interior Edges

Property
1 [ 1: Embankment

Mesh Set Eimbankment'

J @

[ ok [ cancel ][ Apply

Advanced Option
[¥] Merge Nodes

Tolerance

Element Size Growth Rate
Fine Coarse

)

Min/Max Element Size

U
DS_N

2D Mesher

ILoop Mesher

Element Type

[ Triangle

|| Higher-Order Element

| Midside Nodes on Geometry

[V] pattern Mesh
[T Register Each Mesh Independently]

|-




Main Menu >
Mesh > Element
>Extract Element
From Geometry >
Select [Edge].
Select the 20
edges of the Pile
as shown.
PropertyID>‘7:
Pile’.

Mesh Set > Enter
name ‘Piles’.
Click [OK]

dx Delete [[g] Para

I Create [ Modify
H & modify [ Conne™®

Style ~ Backi

.|EE. Extract| |

3 E’]%Dt;a I Ini
: sk -:—- il
QIMeasure

Element

FEEIEE B Eh
|

Extract Element

Extract Element L . | S
Geometry m
{Edge v]
=2 Selected 20 Object(s)
__| Skip Duplicated Faces

Orientation (Element Z-Axis)
Beta Angle:r 90 [deqd] '

Mesh Set

|| Register Based-on Object Shape

|| Register Based-on Owner Shape

Regqister Based-on Owner Mesh Set

| ok || cancel || apply |




Step 06 Mesh >Element > Parameter

Main Menu Display >
Element Csys.

As can be seen the Element
Csys are not aligned in the
same direction. This will
result in wrong display of
results.

Main Menu > Mesh >
Element > Change Element
Parameter.

In Selection filter select
[1D]>> Change Cys.

“Base Element” select any
element whose Z axis is
parallel to Global X-axis
Select the “Pile” mesh set
from the works tree.

Click [OK].

Static/Slope Analysis

5682
@o@@ﬂ:ﬁ

Bedding

Geometry Mesh

e XX
0;':.7. ;‘,’ e 4 A/
S h|PDEBE e
Point & Curve Surface & Solid | Divide

Seepage/Consolidation Analysis Dynami

[@ z&“ @

Solld Surface || Solid Surface || Extru

DT s [ ITENEm Y

[N Create [§
dx Delete I

¥ Modify [y Connection (@] Meg
Elemant

] @ @ @l [[E] Parameters

:L: Show/Hide Element CSys

 Add/Modify Mesh Parameter

Change Element Parameters

4 Other

| |Change Csys

v Selected 40 Object(s)

(") Reverse Normal (X-Axis)
() Orientation (Element Z-Axis)

| Beta Angle: 90 [deg]

() Align with Neighbor 2D Element
@) Align 1D Base Element (Z, X-Axis)

= Selected 1 Object(s)

Property
7 7: Pile




Step 07 Mesh >Element > Create
Ground Surface Springc

5] Create || Modify Topo. B Extra

|l parameters  Jii] Divide

& Modify ] Con H1 Meas = —
ent
- o W% Ground Surface Spring

Element Create/Delete

Point Spring
Main Menu >Mesh > D n 3D Other  Delete E:E}Eiﬁfmg
Elastic Link

Element > Other> _
Ground Surface Sprlng Ground Surface Spring Interpolation
Select the 4 bottom I=2 Selected 4 Object(s) Grﬂu"ace Spring
ground layers as shown Ground Surface Spring Mass

Type the value of “2” for (®) Modulus of Subgrade Reaction

modulus of elasticity Modulus of elasticty coeff. a

coefficient () Damping Constant/Area RS
Click [Apply] B R OO0
Pplyj. Boundary Set ‘Q,:‘::agﬁ“““

Pt

o

APLATSIES
PAVATA "

FAY:

A
LA\

[ ]Fixed Bottom Condition

E| ¥ & Mesh fix bottom
W i Default Mesh Set
¥ & Abutment

W i Embankment 1
o @ Embankment 2 Mesh Set | Ground Surface Spring
I¥ @@ Liquefaction Layer
¥ i@ Weathered Rock
V& Soft Rock 208
v &3 Pile

=] Ground Surface Spring

., s
o P
LA

Property
9 9: Surface Spring

G &2 QK Cancel Apply




Modulus of Subgrade Reaction

The ‘Create Ground Surface Spring’ feature can generate automatically for dynamic analysis.

The modulus of subgrade reaction is calculated by equations in the ‘Create Ground Surface Spring’
feature.

Modulus of Vertical B. .5 o
Subgrade Reaction v =Ko 30) (ket /em”)

Modulus of Horizontal k, =k, (ﬁ )5

Subgrade Reaction (kgf /em’)

1
Where, £k, =§6-a-E0 =k,. B, =,/A‘_. B, = ,/_.4,, @

a : Estimated factor for Modulus of subgrade reaction (use between 2.0~4.0)

Add/Madiy Property e o Create/Momfy Other Propen_y RS | Create/Modity Other _PropityL e

= e B Do
Mo Hame Su-Type Creste | ¥ ‘ Point Spring Poirt Spring

45 Surface Spning_N... Point Spring r—- o
46 Surface Spring_N... Foint Spring [ Modky... )
47 Surface Spring N... Foint Spring Q’”

a8 Surface Spring_W., Paint Spring

49 Surface Spring_N... Foint Spring 1 Delete "
50 Surface Spring_N... Point Spring Type
151 Surface Spring_N.., Foint Spring mport., " Doy

52 Surface Spring_N... Foint Spring = g Propacty e i
53 Surface Spring_N.. Foint Spring _}_Rffu_l@k__ Froperties

54 Surface Spring ... Foint Spring

55 Surface Spring_N... Point Spring Speieig Constant .
56 Surfaca Spring_N... Foint Spring = X-Darection

s7 Surface Spring_N... Puint Spring

Mame Surface Spring_Node D Colkoe - - D Name Surface Spring Node ID  Color |

Unear Elastic - Type Linear Elashic N2

Fropartios

14905.657  w/m X-Directon 0 Bym

4 . B8189.9184 /
Y-Direction o wym Y-Darection W/m




Step 08 Analysis > General

Main Menu >
Analysis > General
Name ‘Eigen Value’,
Analysis Type >
Select [Eigenvalue].
Click-on Analysis
Control [ ].

Water Level 2m
Number of
Frequencies '30’.
Check ON:

Sturm Sequence
Check,

Max Negative Pore
Pressure (0), and
Allow Undrained
Behavior

Click [OK], Click [OK].

Add/Modify Analysis Case

Analysis Case Setting

Title Eigenvalue

Description

Solution Type Eigenvalue

Construction Stage Set

Analysis Case Model

= Mesh

& Contact Pair

ouction Stage Set-1

=y Mesh

] Embankm:
B Liquefacti|
i Pile I

@ SoftRock |

& Contact Pair

Analysis Control

Analysis Control

Genenal

Initsal Temperature
Iniial Tempersture By Value

Water Level
v Define Water Level 2

Define Water Level for Mesh Set

Eigenvectors

¥ Rumber of Modes

: ’0'1 l'aj

02

Frequancy Range of Interest

Lowest

Highest

Unit: [Cyclel’ sec

v | Sturm Sequence Check

Saturation Effects

Consider Fartially Saturated Effects for Stress Analyss e

Max. Negative Fora Prassure
¥ | Max. Negative Pore Prussure Limit

Undrained Condition
¥ | Allow Undrained Matenal Behavior

Mass Parameters
Couplad Mass Caloudation




Step 9 Analysis > Perform

F& Batch Analysis || ’ : ‘ ‘
& Modeling i@ @I

History Options
Qutput Probes
Analysis History Tools

(# Results

Main Menu > Analysis >
Perform...

Check —on ‘EigenValue’.
Click [OK].

All the messages during the Description
analysis will be shown in the
Output Window. Especially, one
needs to be very cautious about
warning messages, because
these messages indicate that the
analysis results may not be
correct. The model is
autom_atically saved_ before the ] check onjoff e ==
analysis. The result is saved as

binary file(*.TA*) in the same . LS5 1EM INFUJ

folder as the model. The detail . NUMBER OF THREADS : 4

analysis information is also » MAXIMUM MEMORY USAGE : 206 MB

saved in a text file(*.OUT). - AVAILABLE MEMORY  : 6262 MB
- TOTAL CPU TIME  : 2.683 sec
- WALL CLOCK TIME  : 1.498 sec
- TOTAL WARNINGS : 0

-

MIIFIFTTTTTTI




| Procedure |
w

Main Menu >
Result > Vibration

MODE
HUMBER

T1

T2

Step 10 Results > Vibration Mode

Mode Shape...

Results

Item
@ C\External Drive docs\gts mdgts nx ..

{ly Post Style
{15 Default Style

EigenValue Analysis Result T...
] Eigenvalue

2] MODE1 (FREQ=9.2477e-...

2] MODE 2 (FREQ=1.4420e+..

21 MODE 3 (FREQ=1.7714e+..

2] MODE 4 (FREQ=2.0123e+..
[-@f MODES (FREQ=2.2658e+..

Check the periods

of 1st and 6th

modes where

mass participation

is the largest.

Keep the record of
periods of 0.407
sec and 0.188 sec.

MODE
MUMBER

EIGENWVALUE

RADIANS

REAL EIGENW

CYCLES

PERIOD

2.375685e+002

1.541653e+001

1
2 453618e+0p0

1
407561 4e-001]

4 4523598e+002

2.112438e+001

287437 5e-0M1

4.780054e+002

2.186343e+001

2.873833e-0M1

T.7Z2640e+002

2.7785G4e+001

051e+000
Je+000
S28e+000

2.2505981e-0M1

8.250507e+002

2.875324e+0M1

4. 582587 e+00

2 182174e 001

1.111351e+003

3.333993e+001

3.306214e+00]

1.884583e-001




Step 11 Mesh > Element > Free Field

Free Field (Infinite boundary, Absorbent boundary)

Create Free Field

Line  Pplane

Element ID |

Target Object
Type |From Free-Edge

=] Select Element(s)

Property

@: Other Property

o

Mesh Set

| ine Free Field-1|

v

Create/Modify Other Property

Free Field

Free Field Type
Type

Width Factor
DOF

Eox B oY

oz

Mame |Other Property Color i

Line ~
Absorbent Boundary

Free Field

Absorbent Boundary

Mlrx  Hry Rz

Cancel

o ]

For the seismic analysis, users need to model infinite ground to eliminate the boundary effect
caused by reflection wave. Since it is not possible to model infinite ground, users can apply
Free Field Element at the boundary.

Absorbent Boundary : Enable to eliminate reflection wave at the ground boundary
Width Factor (Penalty Parameter) : In order to minimize the size effect of the model,
users have to input more than 104 This value will be multiplied by model width (In case
of 2D, this is plain strain thickness (unit width).

Buffer zone Region of interest Buffer zone

HE-

E
=

—IH

]
=

Main domain Free field

=

Seismic
wave

Free field

[ Schematic Overview of Free Field Element] [Free field effect (O), Abs orb reflection (O)]




Step 11 Mesh > Element > Free Fie

I8 create E gi} i W4
:JX Delete I@ i; >
= modiy U] 6

Element

Main Menu >Mesh >
Element > Free Field > ,
Select the 2 side

boundary nodes T TN
Select Property as P SR PR A e
Absorbent

Width Factor 1+el6
Click [Apply].

Create Free Feld

e Paoe e
- _

-

o !‘A'AVAVAVAVIK'I 'l'l |

B s Y a VA Y, }
ey A AT AT A R ]
WA A A A AT A A AV AV A AVAVAVAVAVAVAVATAYS " AR AT AT AT A A AT T AT AT AT AT AT AT ATATAT A A
[ :" N e S NN
R o N e P

3 4 K
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.

TATAS &
el

¢
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p AT AT AT A AT AR AR A F AR AR AT AT AL AR : S R R R s
A T ¥ ¥ g W T a T a TV N a P T e e AT A A A ¥ ¥y ¥ ¥y T a v a v a T aTaTaTa A A A ATATA S B
Yo N Y NN 1yvvvrv'vvvv17~rrv'1117x~l‘gqr."'.'i'x
T e AT
ATaAYAYAYATA
Create/Modly Other Property A
"""‘A‘L‘
A AT T YAV

5 ho EOATATATAGY '1t-' I

7 STATATATAVATYAY
ATYATLVL TV,

*4

Frae Fest




Step 11 Boundary for Free Field

Anahysis

Ttam

i’? History Output Probe
EI‘% Boundary Condition
E||_fc bottom fix

1. Tree Menu > Analysis =M Constraint .

> Boundary
Conditions >Bottom _
Fix > Constraint > Edit 8 i Obiet

. AVAVAVAVAVAVAVA Type  [Node v
Select the 2 Free Field VAY. B e ]

Elements : M| AVAVA VA VAV VAV VAV VA VA VA A Vi
DOF Symmetric Plane | VAVAVAVAVAVAVAVAVAVAVAVAVAVAY(IN

Delete the Ground
L ININININININININININ -
. VaVaAVAVAVAVAVAVAVAVAVA M M1y [Tz X V
Surface S pring INONNISININNN/N ININNINININN INONININA/
VANANNNNNINN/N \/ b VAVAVAVAVAVAVAVAN
SSININININININININININ [Crx [CIry [[]Rz INININININININININTTNTNININ
PAVAVAVAVAVAVAVAVAVAV [ Anti-symmetric NINININININISTINININININININT S
EAVAVAVAVAVAVAVAVAY / S
|7 ,yAvAvAVAVAVAVAVf NNININININININININININT
OORRKR) OXRRKKIHIOL
WAVAVAVAVAV, < B AVAVAVAVAVAVAVAVAVAYY
SOCRAAUORRYN Boundary Set | [RTETINDY o AVAVAVAVAVAVAVAVAVAS A%
; A AVAVAVAVAVAY, VAVAVAVAVAVAVAVAVAVAYA!
j \7 U
=448 History Output Probe AV AVAVAVAVAVAYA = AVAVAVAVAVAVAVAVAVAVAV/
— . SV AVAVAVAVAVAVAVAY, l OK Apply VAVAVAVAVAVAVAVAVAVAVAVA
=-s8 Boundary Condition \RAVAYAVAVAVAVAVAVAVA AVAVAVAVAVAVAVAVAVAV/
5O bottom fi % AVAVAVAVAVAVAVAVAVAY : : VAVAVAVAVAVAVAWAVAV/
B-L ottom Tix By WAVAVAVAVAVAVAVAVAVAY, TAVAVAVAVAVAVAVAVAVA! 2

=M< Constraint 7
£ Constraint-1

~ Constraint

Name Constraint-1
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Step 12 Dynamic Analysis > Ground Acceleration

) 028 o
@ @dd nalysis Dynamic Analysis

Geometry Ground Acceleration

3 1 -
I_E-lc‘ @ < C % befne Set =|% Growund Acceleration
S -l B Response Spectrum &l
Material Property F= Fu ‘ — | Kame Ground Acoelerstion_3
- ] T Ground Acceleration] i [ m

Functon | Hachunobe

Return to the Pre Mode 1 Y= Y Scate Facr

Main Menu > Dynamic _ 'W el T

Analysis> Load > i e S—

Ground Acceleration TR 9 e
Data

Activate X direction Name Type Add Time Function
. . Hachinohe Time Function Norm, Acc. Add Time Sinusoidal
and click icon

Modify/Show 12 Direction
Add Time Functions o e
Tj[vf fun-:!:cn Data Type

. he History Load Functicn -
Copy Paste function S———
from Excel tome Normolzed Accelerabon v

Type Hachinohe in N M Sealing Self Weght Graph Optson

P Scale Factor 1 X-axis Log Scole
Name | o ‘
‘ S Y-24s Log Scale 12| |1 Cament

Click OK OK. T

Prop./CSys./Funq

mic Load Set  Seismic Funciton

00620

0.1240| 00040
01880 0.0057
02480 00073
03100 00068
03720, 0.0043]
04340 00028
04960 00005

[ jo]e]o o |o]a o |-

07440 |

@ Original Consider

Description




Step 13 Construction Stage

Static/Slope Analysis Seepage/Consolidation Analysis Dy

ﬁ " :‘ I ﬂsmge Set
2ge Volume Data Export

Define Stage,
Contact || Wieard S Auto Set

Contact Construction Stage

Main Menu > Static /
i s .

SIOpe Ana,IySIS Construction Stage 5et ﬂ

Construction Stage >

Stage Set Name Liquefaction I Add

Name: quuefa ction Stage Type [Stress—Nonlinear Time History hd Modify

Stage Type > Stress —
Nonlinear Time History N ame Ly (="

Click > Add Liguefaction  Stress-MNonlinear Time History !]
Select “Liquefaction || Define Cs...
Set”” from Table '

Click > Define CS




Step 13 Construction Stage

Construction Stage St Name

Stage D |1 Inital = | ¢ rmsTﬂ—TM';

Stage Name  InRial

Stage name: Initial
Stage Type: Stress
Drag and Drop all data ———— -
sets except Ground — intial Condition

Actvated Deta Deactvated Data

Surface Springs from Set - p— —— V| Define ister Level For Global

. : 2 m [None v [
Data to Activated Data i Ao Koot & Bouury Comikon | -
& Dafault Mesh Set Defaut Mesh Set & Static Load —

& Embarkment 1 Embankment 1 R Contact
Set Water Level to 2m - e N 0

H B FreeField  Free Field
Clear Displacement s S B e v

B Liquetacson Layer b Fie
Save > NeW & Pis iy SoftRock ¥ Cear Displocement
Soft Rock # Waathsred Rock
Weathered Rock - &% Boundary Condtion

= & Boundary Condition & bottom fx

&8 botiom fix R Contact
& Static Load & Sustic Load
E4 Load Set) & Load Set!

R Contact

Sort By |Name Show Data Acthvate

RO R




Step 13 Construction Stage

Stage name: Time History
Stage Type: Time History
Drag and Drop Dynamic Load
“Artificial”’ to Activated Data
Time Step > Define Time
Step > Time Duration: 15s >
Time Increment > 0.062
>Add
Analysis Control > General >
Activate Undrained Behavior
Analysis Control > General >
Dynamic > Damping Method
Select Calculate from Modal
Damping, and Select Period
[sec]

Enter the periods for 0.407s and

0.188s from previous eigenvalue

analysis.

Enter 0.05 in Damping Ratio for

both Mode 1 and 2

Click [OK] > [Save] > [OK]

Define Construction Stage

o

aa

o
& Mesh
& Boundary Conditon
R Contact

52 Seismic Funcito

- @ Mesh
& Abutmen
& Default Mesh Sat
& Embankment 1
& Embankment 2
& Free Fisld
& Ground Surface Spring
® Liquefacson Layer
i rie
i SofiRock
% Woathered Rock
& Boundary Conditon
&5 bottom fix
& Stasc Load
£ Losd Set
R Contact
=48 Dynam Load
€0 Seismic Funciton

Analysis Control

Cenersi | pynanve | Honlnear

Intisl Streas
Estimate Inbal Stress of Activeted Elements

Undrainmed Condtson
¥ | Allow Undrained Matecial Behavior

Analysis Control

G sl Dynamic

Damping Defintion
Damping Method

v ‘lu

Insert o )
Analysis Control,
Initial Condition
Deactivated Data

& Maan
£8 Boundary Condition ) Han v
3k Statc Load
X Cantact

Define Time Step o
Nam=

Define Water Level For Global

Define Water Level For Mash Set

Time Duration

Time Increment

Intermediate

Output{Every N Time !

No Name Time Duration  Tane Increment  Inter. Output

Jamping Method

Damping
Direct Modal
Mass and Stiffness Coeffidents
Damping Type

(@ Mass Stiffness Proportional

Stiffness
Proportional

Mass

Proportional
(7) Direct Specification 0 0

1.05599753 0.0020
Mode 1 Mode
R i =1u 8= g - - _‘

@ Calculate from Modal Damping
Coefficients Calculation

@) Period [sed] 0.407 0.188

Damoing Batio 0.03 0,05




Step 14 Analysis Stage

Analysis > Case > General
Title: Liquefaction CS
Solution Type: Construction | e im=ces
Stage > Liquefaction ———
Analysis Control > pexriner 1 | | b um——
General > Set as shown e

Conmrucion Stage Sec e ST
Ok > Ok v htus [ege for Srees Anefyse

Anahpss Case Mode'
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v M Necxtwe Fore Fresmre L
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Step 15 Analysis > Perform

GTS NX Sclver

Main Menu > Analysis >
Perform...

Check —on ‘CS’ only.
Click [OK].

All the messages during the analysis will
be shown in the Output Window.
Especially, one needs to be very
cautious about warning messages,
because these messages indicate that
the analysis results may not be correct.
The model is automatically saved
before the analysis. The result is saved
as binary file(*.TA*) in the same folder
as the model. The detail analysis [ Stop Execution! |
information is also saved in a text
file(*.OUT).

GTS NX Solver

Please wait! GTS NX Solver is running...

; - - - =
4 E‘ Seismic Analysis for Bridge NTH UBC SAND final <

Qutput

> TIME=1.8070e+001, INCREMENT=2016 ( 90.35%), ITERATION= 1, ERROR NORMS: P( 4.92E-011/ 1.0E-003) W( 1.86E-018/ 1.0E-006) COMVERGED
= - RESULT SUMMARY

> MAXIMUM TRAMSLATION : -1.7713E-002(T1:179), MAXIMUM ROTATION : 9.6655E-005(R3:17)

> MAXIMUM STRESS : -3.4825E+007(1D:2856), 3.6082E+004(2D:816), 0.0000E+000(3D:0)

> TIME=1.8080e+001, INCREMENT=2017 ( 90.40%), ITERATION= 0, ERROR NORMS: P{ 2.22E-009/ 1.0E-003) W( 8.66E-003/ 1.0E-006)




Step 16 Results > Displacements

Post Works Tree > Time
History> Absolute Max >
Relative Displacement >
Total

Results

Item
-2 INCR=240 (TIME=1...
2] INCR=241 (TIME=1...
2] INCR=242 (TIME=1..
-2 MIN
-2 MAX
=2 ABSOLUTE MAX
ﬁ' Displacemnents
Eﬁ' Relative Displac...
B lomLReLe,
- T RELATIVE.
B TV RELATIVE.
B TZ RELATIVE..
& TOTAL RELA..
B RXRELATIVE..
B RV RELATIVE..
B RZ RELATIVE..
+-#7 Grid Forces

REL DISPLACEMENT
TOTAL T, mm

+13.35
4.8%
+12.23
3.8%
3.5%




Step 16 Results > Beam Element Forces

BEAM FORCE
SRTAL FORCE | kM

+33.14
4.3%
~ -54,88
. . 4.3%

-142.90

Post Works Tree > Time
History > Absolute Max
> Beam Force Element>
Axial Force

Results

Item
=2 ABSOLUTE MAX
Eﬂ--ﬁ' Displacements AP
- Relative Displac...
- #p» Grid Forces EENDING MINT ¥ , ki
- dﬁbf Reactions +71.82
F- ﬁ' Velocities '
- Relative Velociti...
ﬁ' Accelerations
- ﬁ' Relative Acceler..
- ﬁ.a Spring Elerment ..
--f g Beam Element F..
g
—fa SHEAR FGF‘.
-fia SHEAR FOR...
-—fa TORQUE
—fa BENDING M..
&L BENDING M.,

Hmmmmmmmm




Step 16 Results > Accelerations

I8, rrobe @107 sum

gmh Stap 50, \_!(1"‘111 0G0

ﬁ Exbisct 'Z% Others =
Adancon

@) Exract
View Razulr Values of Some

Extract Results

CLLLLLrttl

Post Works Tree >
Time History >
Absolute Max >

Il 1

Qutput Dats

Relative Accelerations
> Total

Results > Extract >
Relative Acc TX >
nodes 19, 129, 849 >
Table > Graph

=2 ABSOLUTE MAX

Analyms Set [ -

Rendt Type | Hdwbve Acceleraiony 2%

Rewss TXRELATIVE ACCEERATION( v/

Step; Reauts

¥ sesrsc . INCR = L (TIVE=S. 2008 Q02:TX REL
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o seemc: NCR w3 (TIME = 1.460e-00 1< TX REL

o Sl NCR =4 (TIVE = 24800 00 11 TX REL
' seorsCINCR =5 (TIME=32. 100 00 1:TX REL
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7 e DICR =7 (TVE =S W% N1 TY BF)

‘ m »

:J\UAUAV 4 "vﬁyﬂvmuhvﬁ A

LEELELLS LR LU R R G U G L S AL L R UAUCLLLAL

--ﬁ Displacements
--ﬁ Relative Displaceme
--14%' Grid Forces

--’4%' Reactions

--ﬁ Velocities

--ﬁ Relative Velacities
--ﬁ Accelerations

=-&F Relative Acceleratiol

@ Steo A oy stage BCRIE
Nodal Remits Extracsen TOTAL T, mfsec™2
& Uyer Defirned

15 15505

i TX RELATIVE ACCELERAILO..
& TY RELATIVE ACCELERATIO..
& TZ RELATIVE ACCELERATIO..
& TOTAL RELATIVE ANGULAR.
- RX RELATIVE ACCELERATIO.
& RY RELATIVE ACCELERATIO..
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Step 16 Results > Excessive Pore Stress

Extract Results

Oupet Data

)
Analyws Set o Y
- rRCR=1 (M ! 1 366000 K‘:‘_
Resik Typs | Fi0e Siras Sueaass ENCR2 (71| 20060000 062 |
CRCR=1 (T | 3 3000006 202 |
Reasts EXCESSIE FORE STRESS SR (] Seoecoe e

YIRS (T1 | § 3000¢Ce-062 |
H ERCRSE (1| € 000062 | Soeting Dialog..
Post Works Tree > Time Sup: Awats e a Eymatiedy
H 7| ntisl:INCR=1 (LOAD=1 $0): EXCESSIVE # PECRE (] §9050S00-062 | U
History > Absolute Max > B e MR (TIME<8 2008 OO rce | | KPCRES (1] 8 9900GOu.te2 | Show Graph.
V! sammic TCR=2 (TIME=1. 240s PR 8 (| 1 384000201

Plane Strain Stresses > 7 marreeSUCH=) (TOME=3, 0400 001} XCE | | WREE1) (| 1 160081

' e IR (TOME=2.4808-001 1 EXC W NCR=AZ (| 1200000001 |

Excessive Pore Stress g U ettt S W | IR

Expoct to Eace

wRCR=11 L | 13900000 001
RCETYS (| 15000000 201

Results > Extract > Excess SRR 1 98060801 |

Unmesect Al wRECR=11 ¢ | 1| 13800w-201

Pore Stress > Abs Max > = = nll'F"l-'": mevm:
Table > Graph

sarex
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Step 16 Results > UBC Sand Results

N

UBCSAND RESULTS
PORE PRESSIURE RATIO |

= Pore Pressure Ratio (PPR)
- The ratio of excessive pore pressure change and the initial effective pressure

PPR:_‘ﬂPw — Pr’m‘r_-pcmmj

T T
_p it p it

Excessive Pore Pressure Change

Initial Effective Prassure

Current Effective Pressure

= Normalized Max Stress Ratio

- The ratic of mobilized friction angle and the peak friction angle

- When the Max stress ratio is reached, the mobilized friction angle is close to the
peak friction angle, liquefaction is triggered (1 = Liguefaction)

&, Mobilized Friction Angle
i, Peak Friction Angle

UBUSAND RESUL IS
£ B INCR=20 (TI ME=2.000=-001] NORMALIZED MAX STRESS RATIO |

Eﬁ Displace ments
i) (& Relative Displacements
Fd‘-ﬁ' Gnd Forces
[ P Reactions
Fﬁdu Soning Element Forces
i) £ Plane Strain Forces
Fﬁ;ﬂ Spnng Elemient Stresses
(5] Plane Strain Stresses
;= ) ;
) @) UBCSAMD Recuite
] PORE PRESSURE RATIC
) MNORMALIZED MAX STRESS RATIG
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Questions?

Global Help Desk
http://globalsupport.midasuser.com/helpdesk/




