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

Vertical drains are not
actually being modeled in
this tutorial, but the effect of
the vertical drains is modeled
using ‘Draining Function’.

An Embankment to be
constructed in two stages to
facilitate the excess pore
pressure dissipation.
Modeling of vertical drains
with 2m spacings will be done
and results are analyzed. The
middle zone shown in the
figure is the ground
improvement zone.

Starting Files Required:
Vertical Drains_2D_Start.gts

Embankment-2

Embankment-1

Silty Sand

Clay 1

Clay 2

Weathered Rock

Soft Rock

Left Zone

Middle Zone

Right Zone



Material Table-1

Silty Sand Weathered Soft Rock
Rock

Elastic Mohr Coulomb Mohr Coulomb Mohr Coulomb

Elastic Modulus (kN/m2) 10000 50000 150000 300000
Poisson’s Ratio 0.33 0.3 0.2 0.15
Unit Weight(kN/m3) 17 18

0.5 0.6

Unit Weight Saturated (kN/m3) 18 20 23
Initial Void Ratio 0.5 0.5 . 0.5

Drainage Parameters Drained

Permeability Coefficients (Kx, Ky, & 0.01728
Kz) (m/day)

Void Ratio Dependency on . . 0.5
Permeability (ck)

Cohesion (kN/m2)

Friction Angle (degrees)




Material Table-2

Modified Cam Clay Modified Cam Clay Modified Cam Modified Cam

Clay Clay

Elastic Modulus (kN/m2) 3450 7000 OCR 2.05 1
0.35 0.4 Slope of Consol Line (A) 0313 0.32
Unit Weight(kN/m3) 16 17 Slope of Over Consol Line 0.063
(k)

0.5 0.5 Slope of Critical State 1.113
Line (M)
Unit Weight Saturated 16 17 Allowable Tensile Stess 50
(kN/m3) (kN/m2)
1.76 1.5

Drainage Parameters Undrained (Effective  Undrained (Effective
Stiffness and Stiffness and
Effective Strength) Effective Strength)

Permeability Coefficients 0.001728 0.001728
(Kx, Ky, & Kz) (m/day)

Void Ratio Dependency 0.5 0.5
on Permeability (ck)




Property:
Plane Strain Elements

Properties

Name Type Subtype

Plane
Strain
Plane
Strain

Clay 1 Plane

g — Strain
Plane
Strain
Plane
Strain
Plane
Strain

Embankment 2D

Silty Sand 2D

Clay 2 2D
Weathered Rock 2D

Soft Rock 2D




Step 01-1
File > Open

Main Menu >
File>Open...

Double click ‘Vertical
Drains_2D_Start’.
Main Menu >
Analysis > Analysis
Case > Setting >

Unit System>
kN>m>Day

Click [OK].

Lookin: |, 28_2D Seismic Response Analysis of Bridge / v

i Name

-

~p €, GTS NX 2D Tutorials 28 _start

Recent Places

Desktop

=
Libraries

LY

Computer

@

o Er

Date modified Type
10/26/2014 4:26 PM  GTSNXD

«|

File name:

Files of type:

GTS NX Files("gts)

GT5 T

Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analysis Result

[V|Read Result File

Analysis Setting

Pt

Desc, |

Model Type
E)
@

Cl Axisymmetric

Unit System

Gravity Direction

@y

z

Initial Parameters  water Parameters

Gravity Acceleration(g)
Initial Temperature

Flane Strain Thickness

9.80665 | mfsec?
[ om




Step 01-2
File > Open

The Outline of the
geometry is already
modeled in the start
file as shown in the
picture.

Go to Geometry >
Point & Curve >
Intersect

Select all the curves
Click ‘OK’

Please use this
geometry to proceed
for consolidation
analysis.

ntersect

X~ WVertical Dr gt
o s e 55 Resul o
;i @ # g @@ (P Remove & Face/Edge EHJ M ) Frame to Sold
Loft Rotate % Sweep-Trandate i Attach || Extract Remove Manual | - ¥ Check Shape ~
Sokd Surace | Sokd Surface | Eeude o Super o = T
@ sweep || BUMior B Project Shape CPExplode || 48 Imprinted Object Maker~ (&) Check Dupicate
ai R e 4 Q@ 100 HE L IE e

=-[V/ @ Geometry Set-1
P Curve 48]

&8 Bedding Plane

8 Ewport Shape
< Mesh Control
W Mesh
[V {8 Default Mesh Set

2 Contact

2 Element Parameters

/7 Hinge

Count
Volme

@1 9.~ sasc 5 Aiceonenesm J{IEE = | RBIOBI S

Vertica Drains 20 Startats

Technology Co., Ltd. ALL RIGHTS RESERVED.

Technology Co., Ltd. ALL RIGHTS RESERVED.

3D
E Selected 46 Curve(s)

Geometry Sg 4 ~metry Set-1
| [ m Cancel




Step 02
Mesh >
Material Definition

Mesh > Prop./Csys./Func.>
Material
Click on Create and select
Isotropic
Choose the model type as
Elastic
Give the name as
‘Embankment’
Input the value of Elastic
Modulus = 10000 kN/m2
Input Unit weight = 17 kN/m3
Input the poisson’s ratio=0.33
and K0=0.5
Go to Porous tab
Input Saturated unit weight =
18 kN/m3 and Initial void
ratio=0.5
10. Select Drained Conditions
11. Input permeability Coefficients
= 0.009 m/day
12. Click ‘OK’
Similarly define the inputs for
Silty Sand, Weathered Rock, Soft
Rock, Clay 1, and Clay 2 as per
Material Table 1&2.

@ Comp. Prop.

+, CSys
MateriafProperty P;'g Function -

Prop./CSys./Func.

/7 Hinge -

Material
jin] 5 Mame | Embankment

Color

x
—]

odel Type Elastic

General Porous  Thermal — Time Dependent

£

|:| Structure

| Elastic Modulus(E)

10000 kN,rmo.

Inc. of Elastic Modulus

Inc. of Elastic Modulus Ref. Height

Poisson's Ratio(v)

Unit Weight{y)

—
Initial Stress Parameters

Ko Determination

Automatic

(® Manual

|:| Anisotropy

Thermal Parameter

Thermal Coeffident

Molecular vapor diffusion coefficent
Thermal diffusion enhancement
Damping Ratio(For Dynamic)
Damping Ratio

[]safety Result{Mohr-Coulomb)
Cohesion(C)

Frictional Angle{d)

Tensile Strength

30

36

0

1e-006 | 1/[T]

mz/day

kRmz
[deq]
kfmz

Add/Modify Material *

Mo MName

Orthotropic
2D Equivalent
Interface and Pile

Import

Import from
Excel

Export to Excel

Renumber

Database

Close

Material

jin] 5 Mame | Embankment Color

8 | Elastic ~
Genera Thermal  Time Dependent

Unit Weight(Saturated)

Initial Void Ratio(eo)

[Junsaturated Property

Drainage Parameters

Drained

Undrained Poisson's Ratio
Skempton s B Coeffident
Seepage & Consolidation Parameters
Permeablity Coeffidents
| kx | ky | kz
0.003 | | 0.009 | mjda

| 0.009 | |

[ void Ratio Dependency of Permeability (ck)

Specific Storativity(Ss)




Step 03

Mesh >
Property Definition

Mesh > Prop./Csys./Func.>
Property

Click on Create and select 2D.
Choose the property type as
Plane Strain.

Give the name as ‘Embankment’
Select Embankment material in
the material dropdown menu.
Click ‘Apply’.

Now that the Embankment
Plane Strain property is defined.

Similarly define the property for
Silty Sand, Weathered Rock, Soft
Rock, Clay 1, and Clay 2 materials.

8. After defining all the properties,
click ‘Cancel’

| Add/Medify Property

Mo MName

Create/Modify 20 Property

Plot Only(20) 3 Gahs Axisymmetric
Shell Plane Stress Plane Strain Geogrid(2D)
s} ﬂ MName | Embankment | iolor ~

Material 5: Embankment v lE

) 1: Soft rock
Material CSys 2: Weathered rock
@ CSys

() angle

Sub-Type

10..
20...

£l
Other...

Import...

Renumber




Step 04-1
Mesh >

2D Mesh

o

Geometry Static/Slope Analysis Seepage/Consolidation Analysis

Ig.l, Lfl. [}, comp. Prop. ) % &3 Def. Size
+ e < esys /7 Hinge ~ || =+l 7 Prop Ctrl.
Material Property | . . Size Layer |
B# Function ~ Ctrl. Control i1 Match Seed

The objective is to generate a -
Fine mesh for the middle zone
and Moderate mesh for the left : _4
and right zones.

Select Point(s)

Size Method

Main Menu > Mesh > @siz= ODiision |9
Generate>2D> Auto Area e trer domen

Select Object Edges > [ Indude Interior Edges

Select the edges as Property

ShOWﬂ. El 5: Embankment v | [HE
Mesh Size > Element Size Meshset | Embankment-1 %
41:m' =@ nd oK Cancel 5 0 B
Property > Select R
‘Embankment’ Name >
‘Embankment-1’.

Click 'Apply' Size Method

Similarly select the top | @sze Opwisien
portion of embankment ' [JMesh Inner Domain
and generate a mesh with EAnclude Interior Edges
element size of 1Im and % —
name it as ‘Embankment-2]

CIiCk lAppIy' Mesh Set | Embankment- “ |
| B oK Apply || == | |

AutoFace Auto-Area  Map-Face Map-Area

= Selected 4 Edge(s)

Select Point(s)

~ | [HE




Step 04-2
Mesh >
2D Mesh

Generate mesh(Face)
Auto-Facg Auto-Area [Map-Face Map-Area
Si

The objective is to generate a |

Fine mesh for the middle zone E——

and Moderate mesh for the left ize Method

and right zones. ®szeOohison <
| [[JMesh Inner Domain

Indude Interior Edges

E elected 6 Edge(s
5

1. Select Object Edges >
Select the edges as _ % R
shown.

Mesh Size > Element Size
lllm = E]?l 0K Cancel
)

| thesh set | Sity Sand

Property > Select ‘Silty Sand’
Name > Silty Sand’.
Click ‘Apply’

Similarly mesh the Clay-1, Clay-2,
Weathered Rock and Soft Rock
Middle zones using 1m mesh size
and corresponding properties.




Step 04-3
Mesh >

2D Mesh

| Procedure | A

The objective is to generate a
Fine mesh for the middle zone
and Moderate mesh for the left Auto-Fece = MepTace [Jorhrea
and right zones. =2 Selected 8 Edge(s)

H Select Point(s)
Size Method

@size O Division(§P4

[IMesh Inner Domain
Include Interior Edges

Generate mesh(Face)

Select Object Edges >
Select the edges as
shown.

Mesh Size > Element Size roperty

‘1.5’m, E| 6 Silty Sand

(3 ’ .
Property > Select ‘Silty Sand veshset [ sty Sand fr sones &P Mesh
[v { Default Mesh Set

1 ’
Name > Silty Sand Far Zones’.| ‘=== o w0 % @ Embernkment
CIiCk lAppIy' [V @@ Embankment-2

[v {8 Silty Sand
[V i@ Clay1
Vi@ Clay2

i i - - [¥ { Weathered Rock
Similarly mesh the Clay-1, Clay-2, @0 e
Weathered Rock and Soft Rock | OB sty snatarzones
Far zones using 1.5m mesh size Wi Clay 1 Far Zones
. . [v i Clay 1 Far Zones-1
and Correspondlng propert'es. [ Clay 2 far Zones
¥ @ Clay 2 far Zones-1
[ { Weathered Rock Far Zones
[v { Weathered Rock Far Zones-1
[V @ Soft Rock Far Zones
[¥ { Soft Rock Far Zones-1




2$Additiona|
Information

The purpose of the

IS to provide the user a
better understanding of the
Graphic User Interface.

Let’s see how to check the
material and property that
was assigned to the Mesh
sets.

1. Select any mesh set.
2. Inthe Works tree >
Properties tab, we can
find the assigned
material and the
property to the mesh
set.

tree’ is not opened on
your PC, then right click
on the ‘Quick Access
Toolbar’ to enable it.

Additional information slide

OB rirge - o

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis

O HE= &R Revolve ||+ Transiate
@a g@ @ﬁ QI @foftw ()RTmt:t

oYl | P @5 e

Bedding || Sold Surface || Solid Surface || Extrude
?Sweep ﬂ|ﬁerr0r
T

Run Analysis Toolbar

FGalapiml e mis B% #MITe 0 DD e

D
@ MNew Works
-+, Coordinate System
L View Point
# Work Plane
- Datum
AE Material
HE Propery
VIR Geometry
.—’ Bedding Plane
-5 Export Shape
Gig: Mesh Control
=M EF Mesh
[V Default Mesh Set
-3 Weathered Rock Top
[ embankment 2

¥ & piles
- & Line Free Field
-2 Contact
-4 Elerent Parameters

<

Colo
~

If the ‘Properties Works

Model| Results

Properties
= Mesh Set
D 51
Name hard rock
Color [] Frcos7
Element Count 471
n

Property 5 : Hard Rock
Material 12 : Hard Rock
Mass

£
K

|| Advanced View Control
|I| Modeling Guider

|I| Node/Element Toolbar
|I| View Toolbar

|I| Selection Toolbar

|Z| Model
|Z| Analysis
|z| Resufts
|Z| Properties
(V] output
|I| Task Pane

Remove Manual

2 Imprinted Object
P i

4 ‘GTS NX 2D Tutorials 28_final_Linear Time History.gts

Output
> GTS NX 2020 (v1.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

> GTS NX 2020 (v1.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.




2$Additiona|
Information

ract 3 Interface /7 Hinge
11 Parameters vide -3 Pile/Pile Tip i Infinite
I.J Connection I Measure Mj{Free Field il Seepage cut Off
The purpose of the Element

Additional information slide

IS to provide the user a

better understanding of the = EYRA T Mucnsems ElGGR- I RBHEO® &

Graphic User Interface. S e — %
Node 1D i) 3D Other

Let’s see how to ‘change’ the
property when a incorrect
one was assigned to the
Mesh set. —
Go to Mesh > Element > 0 : Abutment
Parameters
Go to 2D.
In the dropdown menu,
select ‘Change Property’
Change the filter to
‘Basic’
Select the mesh set to
which property has to be
changed.
Select the correct
Property.
Click ‘OK’

:Change Property
= Selected 66 Object(s)

Select 2D-property from the below list.




Step 05

Seepage/Consolidation Analysis >
Load > Self Weight

| Force by Press. 4 Prestress 1 Comb. Set
_ ~ Moment yag Water Pressure L4 Initial Equilibrium Force €3 Contraction #) Table ~
bt oM Disp. & Beam Load §& Define Set £ prescribed strain

Main menu >
Seepage/Consolidation
Analysis > Load > Self
Weight Gravity

Make sure that ‘-1’ is Name | Gravity-2
inputted in the Gy
Component.
Enter the Load set
name as ‘SW’.
ClICk IOK' Components

Gx |

Gravity

Reference Ohject

Type Coordinate

Ref, CSys Global Rectangular | |...

Gy |

Gz |

Spatial Distribution

Base Function |Mone

3
| Load Set S\ v| =k

=& 4 Cancel




Step 06
Seepage/Consolidation Analysis >
Boundary > Constraint

Main menu >
Seepage/Consolidation
Analysis > Boundary >
Constraint

In the Constraint tab,
go to ‘Auto’

Enter the boundary set
name as ‘Ground
Support’ and Click ‘OK’

Boundary Supports will be
automatically assigned to
the model

Constraint

Basic  Advanced Auto

Mame | Constraint-9

H Select Ghjecks)
Consider All Mesh Sets

=0

Boundary Set | ppo
G OK Cancel




Step 07
Seepage/Consolidation Analysis >
Boundary > Non-Consolidation

 $C Define Set [ Change Property ¢ Nodal Head =
£ Constraint S22 Review &3 Non ConSolidation
§H Constraint Equation 1= Water Level - Syrface Flux [L% From Results

Main menu >
Seepage/Consolidation
Analysis > Boundary > Hon Consoidation
Non Consolidation Name | Non Conslidation-3
Select all the elements Object

of the Embankment Type _|Element

Enter the boundary set 5] selected 306 Object(s)
name as ‘Embankment

Non Cons’ and Click
IOKI || oK Cancel

Meon Consclidation

Boundary Set | Embankment Mon Cons




Step 08
Seepage/Consolidation Analysis >
Boundary > Draining Condition

§¥ Define Set i% Change Property % Nodal <& Draining Condition
£ Constraint S22 Review @ Flux &Z Non ConSolidation f&) Table ~
§H Constraint Equation = Water Level % Surface Flux [1% From Results

Main menu >
Seepage/Consolidation
Analysis > Boundary > Draining Condition

Draining condition Mame Draining Condition-8 |
The drains should be Object Horizontal Spacing between the selected

applied in the middle Type  |MNode nodes is 2 m and the depth of node
PP d should h 2 selection is up to Clay-2 layer.
Zone ana snould reac Y

a depth of up to Clay-2 = 9 V\
Layer.

Draining Conditicn

(=] Selected 525 Object(s)

Hence select the nodes
with a spacing of 2m
horizontally as shown
in the picture.

Name the boundary set
as ‘2m Spacing’

Click ‘OK’




Step 09-1
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Contact|| Wizard B Auto Set

nstruction Stage

. @ |
_ nEL | pE‘:" P MR
aterial Property /‘/Hinge .
. Main menu > ]
Seepage/Consolidation
Analysis > Construction
Stage > Stage Set Construction Stage Set hd
Select the Stage type P
. . I
‘Consolidation’ s Add
Enter the Name ‘2m Stage Type |Consolidation Modify
Spacing’
Click ‘Add’ 1 2m Spacing o Consolidation Delete
Using the cursor click on

the generated | Define cs...!a

Construction Stage Set.
Click ‘Define CS’

Mo Mame Type Copy




Step 09-2

Seepage/Consolidation Analysis >

Construction Stage > Stage Set

Enter the Stage Name as
‘Initial’

Activate all the mesh sets
except ‘Embankment 1&2’.
Activate ‘Ground Support’
and also activate load set
ISWI

We need to activate water
level at origin level. Hence
enter 0 m as the ground
surface in current model is
at Origin level.

Enable ‘Clear
Displacement’

Click on ‘Time Step’

Enter duration of 1 day.
Enter Step number as 1.
Enable ‘Save Result’

Click on ‘Generate Step’
Click ‘OK’

Click ‘Save’

Click ‘New’

Define Construction Stage

Construction Stage Set Name

Stage ID 1: Inital
Stage Ma Inital

£

5 Move to Next

Stage Type Consolidation

SetData

= Mesh
§ Clay 1

§ Clay 1 Far Zones

 Clay 1 Far Zones-1

g Clay 2

§ Clay 2far Zones

g Clay 2far Zones-1

g Default Mesh Set

9 Embankment-1

3 Embankmert-2

3§ Sitty Sand

# Sitty Sand far zones

§ Sity Sand far zones-1

3§ Soft Rock

# Soft Rock Far Zones

# Soft Rock Far Zones-1

§ Weathered Rock

3 Weathered Rock Far Zo
3§ Weathered Rock Far Zo

Q Boundary Condition

% 2m Spacing

5 Embankment Non Co...

% Ground Supports

=8l Static Load

P gl SW

£

% Boundary Condition
-3k Static Load

L2 Contact

O Analysis Contral...

O Output Contral...

Initial Condition
Define Water Level For Global

Ijlm MNone e

|| Define Water Level For Mesh Set

Input Water Level...

Sub Stage...

Clear Displaces 5

Time Step

| Duration 1

= da\ﬂ

(® User Defined Step

| Step Number 1

0

saveResult [ JLlogs

1.0000

Sort By MName ~

Activate

() Auto Time Step
Initial Time Step
Auto

Ratio of Max Time Step ko Initial

Sawe Step

Last Increment
11

Generate Step 1 0
Load
I

Save Step
]
> [ | ]

Max. Pore Pressure Changes per Step

0 |day

1 | knfm?

5

Close:




Step 09-2
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Steps Contd..

‘Vertical Drains’

16. Click ‘Time Step’

Construction)

Click ‘OK’
Click ‘Save’
Click ‘New’

14. Enter the Stage Name as

15. Activate the ‘2m Spacing
boundary condition

17. Enter duration as 10 days
(10 days of vertical Drain

Enter Step Number as 5
Enable ‘Save result’
Click ‘Generate Step’

Define Construction Stage

Construction Stage Set Mame 2m Spacing

Move to Next

Stage ID 4 B} Vertical Drains
Stage Mame Vertical Drains

S
Stage Type Consolidation

Set Data

Delete

Er 1
E- 1 Clay 1
Clay 1 Far Zones
Clay 1 Far Zones-1
Clay 2
Clay 2far Zones
Clay 2 far Zones-1
Defautt Mesh Set
Embankment-1
Embankment-2

Sitty Sand far zones

Silty Sand far zones-1 ‘
Soft Rock

Soft Rock Far Zonesfl
Soft Rock Far Zong$-1

Weathered Rock
Weathered Ro;(ar Zo

% 2m Spacing

£6 Embankment Non Co...
@ Ground Supports
=3l Static Load

L sk sw

£

Silty Sand ’

Sort By Mame w

Show Data

Activate

Time Step

Duration

(®) User Defined Step

19 ez el

. Load
iv]
4.0000
6.0000

8.0000
10.0000

() Auto Time Step
Tnitial Time Step
Auto 0 |day
Ma:. Pare Pressure Changes per Step
1 | kM
Ratio of Max Time Step ko Initial
5

Save Step

Last Increment
Close

O Analysis Contral...

O Output Contral...
Initial Condition
[JDefine Water Level For Global
0m MNone

[ befine Water Level For Mesh Set

Input Water Level...

Sub Stage...

O LDF...

[ Clear Displacement




Step 09-2
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Steps Contd..

24,

25.

Enter the Stage Name as
‘Embankment-1’
Activate ‘Embankment-1’
mesh set and also
activate ‘Embankment
Non Cons’ boundary set.
Click ‘Time Step’

Enter Duration as 5 days.
Enter Step Number as 1.
Enable ‘Save Result’
Click ‘Generate Step’
Click ‘OK’

Click ‘Save’

Click ‘New’

Define Construction Stage

Construction Stage Set Mame 2m Spacing

Stage ID A Embankment-1
Stage MName mbankment-1 I

——

Stage Type Consolidation

Set Data

Move to Next

Delete

_;& Mesh

Clay 1

Clay 1 Far Zones
Clay 1 Far Zones-1
Clay 2 % Static Load
Clay 2far Zones 8 Contact
Clay 2far Zones-1
Default Mesh Set
Embankmert-2

Silty Sand

Silty Sand far zones

Sitty Sand far zones-1
Soft Rock

Soft Rock Far Zones
Soft Rock Far Zones-1
Weathered Rock
Weathered Rock Far Zo
Weathered Rock Far Zo
; undary Condition

@ 2m Spacing

% Embankmert Non Co...
% Ground Supports

D % Static Load

-8l sw

<

Sort By Mame w

Show Data Activate

Time Step
I Duration
(®) User Defined Step
p Mumber

. ] save Result]| [JLo
Generate Stey .

Load

s Factor

Save Step

L

=

() Auto Time Step
Initial Time Step
Auto 0 |day
Max, Pare Pressure Changes per Step
1 [kMfm?
Ratio of Max Time Step ko Initial
5
Save Step

31 ast Increment
ciose

O Analysis Contral...

[l Output Control...
Initial Condition
[ befine Water Level For Global

0|m MNone
[ pefine Water Level For Mesh Set

Input Water Level. ..

Sub Stage...

O

[ clear Displacement




Step 09-2
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Steps Contd..

34.

35.
36.

37.
38.
39.
40.
41.
42.

Enter the Stage Name as
‘Leave Period-1’

Click ‘Time Step’

Enter Duration as 30
days.

Enter Step Number as 10.
Enable ‘Save Result’
Click ‘Generate Step’
Click ‘OK’

Click ‘Save’

Click ‘New’

Define Construction Stage
Construction Stage Set Mame

Stage ID 4: | eave Period-

/]

2m Spacing

Move to Next

Stage MNami Leave Period-1

Insert Delete

Stage Type Consolidation

SetData

Activated Data

Time Step...

Deactivated Data

=89 Mesh
g Clay 1
g Clay 1 Far Zones
g Clay 1 Far Zones-1
g Clay 2
F Clay 2far Zones
9 Clay 2 far Zones-1
g Default Mesh Set
g Embankment-1
g Embankmert-2
F Silty Sand
g Silty Sand far zones
g Silty Sand far zones-1
§ Soft Rock
g Soft Rock Far Zones
3§ Soft Rock Far Zones-1
3 Weathered Rock
Weathered Rock Far Zo
9 Weathered Rock Far Zo
undary Condition
% 2m Spacing
5 Embankment Non Co...
5 Ground Supports
=3k Static Load
Ccshosw

-£6

£

Mesh
% Boundary Condition
sk Static Load

Time Step

| Duration

(®) User Defined Step

Step Mumber |

3 8 }5ave Result| [JLog

6.0000

X
ﬁ:dayé
37

| Generatestegig o ) |

) Load
d

9.0000

12.0000

15.0000

18.0000

21.0000

e

Show Data

24.0000

Activate | () auto Time Step

Initial Time Step
Auto
Max, Pore Pressure Changes per

F.atio of Max Time Step to Initial

Save Step

O Analysis Control...

O Qutput Contral...
Initial Condition
[ befine Water Level For Global

0|m MNaone
[ befine Water Level For Mesh Set

Input Water Level. ..

Sub Stage...

O LDF...

[ clear Displacement

0 |day

Step
1 |kMfmz




Step 09-2
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Steps Contd..

43. Enter stage name as
‘Embankment 2’

44. Activate ‘Embankment 2’
mesh set.

45. Click ‘Time Step’

46. Enter Duration as 3 days.

47. Enter step number as 1.

48. Enable ‘Save Result’

49. Click ‘Generate Step’

50. Click ‘OK’

51. Click ‘Save’

52. Click ‘New’

Define Construction Stage

Construction Stage Set Name 2m Spacing

Move to Mext

Stage ID 5: Embakment-2
Stage Na@ Embakment-2 I
Stage Type Consclidation

SetData

Delete

= @ Mesh

Clay 1

Clay 1 Far Zones Bo 0
Clay 1 Far Zones-1 = StEmc Load
Clay 2 Z Cortact
Clay 2far Zones

Clay 2far Zones-1

Defautt Mesh Sat

Embankmert-1

Silty Sand

Silty Sand far zones

Silty Sand far zones-1

Soft Rock

Soft Rock Far Zones

Soft Rock Far Zones-1

Weathered Rock

Weathered Rock Far Zo

Weathered Rock Far Zo

&5 Boundary Condition

&8 2m Spacing

sg Embankmert Mon Co...
&8 Ground Supports

U 3}’- Static Load

-8k W

<

bt Show Data Activate

Time Step

Duration

(®) User Defined Step
Step Mumber @
: [ save Result
Generate StefV L O

Load

e Factor

Save Step

v

r

(O Auto Time Step
Initial Time Step
Auto 0 |day
Max. Pore Pressure Changes per Step
1 |kMfmz
F.atio of Max Time Step to Initial
5
Save Step

ast Increment

Ao ]| cose

[l Analysis Contral...
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Step 09-2
Seepage/Consolidation Analysis >
Construction Stage > Stage Set

Steps Contd..

53.

54.
55.

56.
57.

58.
59.
60.
61.

Enter stage name as
‘Leave Period-2’

Click ‘Time Step’

Enter Duration as 200
days.

Enter Step Number as 10
Enable ‘Save Result’ and
‘Log Scale’

Click ‘Generate Step’
Click ‘OK’

Click ‘Save’

Click ‘Close’

Define Construction Stage

Construction Stage Set Name

Stage ID

Stage Nal

Stage Type

SetData

6: Leave Period-2

2m Spacing

: Maove to Previous Move to Next

Leave Period-2 I

| New Delete

Consolidation

Activated Data

~ Time Shep 5 4

Deactivated Data

<

‘=5 Mesh

Clay 1

Clay 1 Far Zones

Clay 1 Far Zones-1

Clay 2

Clay 2far Zones

Clay 2 far Zones-1
Defautt Mesh Set
Embankment-1
Embankmert-2

Sitty Sand

Sitty Sand far zones

Sitty Sand far zones-1
Soft Rock

Soft Rock Far Zones
Soft Rock Far Zones-1
Weathered Rock
Weathered Rock Far Zo
Weathered Rock Far Zo

—3$ Boundary Condition
&8 2m Spacing
6 Embankment Mon Co...
% Ground Supports
=8l Static Load
o .skosw

Mesh

Boundary Condition
: % Static Load

S& Boundary Condition
&y Static Load

Sort By

Name ~

Show Data

Time Step

| Duration

(®) User Defined Step

og S
- 581

1.6530

14.8760
26.4460
41.3220
59.5040
80.9920
105.785

(O Auto Time Step
Initial Time Step
Auto 0 |day

IMax, Pare Pressure Changes per Skep
1 [kMfmz
Fuatio of Max Time Skep ko Initial

Sawe Step

O Analysis Contral...

O Output Control...
Initial Condition
[ pefine water Level For Global

0lm None
[ pefine Water Level For Mesh Set
Input Water Level...

Sub Stage...

O LDF...

[ clear Displacement




Step 10
Analysis >
General

Main Menu > Analysis >
General

Select solution type as
‘Construction Stage’.
Enter the title as ‘2m
Spacing Analysis Case’
Select ‘2m spacing’
construction stage set.
Open Analysis Control.
Enable ‘Automatic
Consider water Pressure’
Enable ‘Initial Stage’ and
‘Cut-Off Negative Effective
Pressure’

Enable ‘Estimate Initial
Stress of Activated
Elements’

Enable ‘Estimate Initial
Configuration of Activated
Nodes’.

10. Click ‘OK’

1. Click ‘OK

Dynamic Analysis Therrmal Anabysis

Add/Moedify Analysis Case

Analysis Case Setting

Title | 2m Spacing Analysis Cas

| 5

| Analysis Contral

Description |
Solution Type Construction Stagd 2
Construction Stage Set 2m Spacing 4

Analysis Case Mode!
All Sets == ==

Solve Each Load Set Independently Sorking Name

~ Qutput Control (e

~

Active Sets

Analysis Control

General Nonlinear Age

Water Pressure
Automatically Consider Water Pressure

Initial Stage
Initial Stage for Stress Analyss LiInital
[ apply K0 Condition

Cut-Off Negative Effective Pressure

Initial Stress
Estimate Initial Stress of Activated Elements

Final Calculation Stage
(O Middle Stage

(® End Stage 1:Inital

Specify Restart Stage

Restart Option
(®) 5ave only User Specified Stages
(O save All Stages

Initial Temperature

[ 1nitial Temperature By Value

[ 1nitial Temperature By Load Set

Saturation Effects
[ consider Partially Saturated Effects for Stress Analysis

Max. Negative Pore Pressure

Max. Negative Pore Pressure Limit

Initial Configuration 9

Estimate Initial Configuration of Activated Modes
| ok || cancel

L



2$Additiona|
Information

Estimate Initial Stress of Activated Elements

In order to calculate the initial stress of ground,
GTS NX perform Linear Analysis even if nonlinear
material is assigned to the elements. In this case,
it can result in, sometimes, over-estimating the
soil behavior (large displacement). Initial Stress
Options can eliminate this problem especially for
newly activated elements which are to simulate a
fill-up ground such as backfill and embankment.

[
Psssaavey.

[Without Initial Stress Option : Horizontal Displacement : B4mm]

[With Initial Stress Option : Horizontal Displacement : 30mm]

Estimate Initial Configuration of Activated Nodes

During construction, the newly activated
nodes(elements) can be set to the position
considering deformed shape in the previous stage.
Following is the example of staged embankment
to compare the settlement distribution between
with and without applying the option.

[With option ¥s Without option]




Step 11
Analysis >
Perform

Main Menu > Analysis >
Perform... Hitory
Check—on 2m Spacing Analysis Output Probes
Case’. —
Click [OK].

GTS MX Sohver

¥AII the messages during the @ | Name. |
analysis will be shown in the 2m Spacing Analysis ... Construction Stage
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 Q

the analysis. The detail analysis [ check onjoff

information is also saved in a text
file(*.OUT).




Step 12-1
Settlement

Post Works Tree > Leave
Period-2 (last Step)>
Displacements > Ty
Translation

[&)% | £~ 1 neneroy A0 IR 1vHed £
‘I[V)IEPL»QCEMENT

ym

T INCR=2 (TIME=2.10...

[ INCR=3 (TIME=2.40... +0.01423511
B2, 5%
Eﬂn?ses?gz
o
-0.16757102
5

” 0.25547405

0.34937707
2.8%

. ] INCR=10 (TIME=45...
£ Embakment-2
¢ @ BT INCR=1 (TIME=4.80...
B[ Leave Period-2
o 21 INCR=1 (TIME=4.96...
T INCR=2 (TIME=5.46..
BT INCR=3 (TIM
BT INCR=4 (TIME=
T INCR=5 (TIME=/
2 INCR=6 (TIME=
BT INCR=T (TIME=
T INCR=8 (TIM
BT INCR=9 (TIM
BT INCR=10 (TIME=2.1..
22T INCR=11 (TIME=24...
=&} Displacements

B TXY TRANSL...
B TVZTRANSL...
B TZXTRANSL..,
- TOTAL ROTA...
- RXROTATIO...

g RY ROTATIO... [DATA] 2m Spacing Analysis Case, Leave Period-2, INCR=11 [TIME=2.480e+002), [UNIT] KM, m
RZ ROTATIO...




Step 12-2
Settlement vs Time Graph

Results > Advanced
Extract

Select the result type as
‘Displacement’

Select Ty translation
Select the node using the
cursor at the ground
surface (below the
embankment’

Click Table

Consolidation Analysis

| &, probe (9 LDF sum

& Mutti st . 1™ Cutting Diag.
Extract % Others ~

Advanced

Dynamic Analysis

Thermal Analysis Analysis Result .

| [¥] Legend Nodal Average
Value [”] Elem. Cent. Result
[7] Cont. Line [7] Actual Deformation

SHUW/iae

Extract Results

Output Data

Analysis Set | 2m Spacdng Analysis Caseg-
Result Type | Displacements

Results TY TRAMSLATION (V) @

Step: Results

Inital:INCR=1 (LOAD=1.000):TY TRANSLAT
Vertical Drains:INCR =1 (TIME=2.000e+300"
Vertical Drains:INCR =2 {TIME=4.000e+000
Vertical Drains:INCR =3 (TIME=6,000e+000"
Vertical Drains:INCR =4 (TIME=8.000e +100"
Vertical Drains:INCR =5 (TIME=1.000e+101
| Fmhankment-1:TNCR =1 {TTMF=1. 500 +011

< >

Select Al Unselect Al

Order

(@ 5tep () Node/Element

Object
(@) Node Element

Nodal Results Extraction
{®) User Defined

Select Object | 103746 |

Sort X ¥ Z | [ascending

(CiMaximum () Minimum () Abs., Max
Only Show Node /Element

Extraction Position in Element |

= @=d==




Step 12-2
Settlement vs Time Graph

Steps Contd..

1.728000e+005||
3.456000e+005
5.184000e+005|
591zuuue+u |
| 8.640000e-005|
|
|

|

|

|

|

6. Select the ‘Step’ and
‘Ty translation’
columns from the

table.

Right click using the S Seonanie] Sipeine s nde) —
cursor and select the : N e | —— ol o ~.
‘ ) - QUSRI 1472000-00c Y Label vt N
Show graph’. | <200020¢ 00 | IS | me] AN
Enter the ‘Settlement’ 5“'"9_ D'E'j‘-*--- 10 L@ -
in the Y-label. ' i
Enter the graph title riext nde g > x4 e
as ‘Settlement vs
time’

Click ‘OK’

A graph can be seen
on your screen.

Cof~| || & |k ieg

| Graph Type Graph Type Example
|

Graph View

@ (@@ | @ (@@ | @@ @@

A A A A A A A A A

1.571480e+007|
1.842820e+007 |
2.142720e+007|

Settlement Vs Time




Step 13

Excess Pore Pressure vs Time Graph

Select the result type as
‘Plane Strain Stresses’
Select ‘Excess Pore
Pressure’

Let’s get maximum
excess pore pressure in
model at each time
increment. Hence select
‘Abs Max’

Click Table

Select the ‘Step’ and
‘Abs Max’ columns from
the table.

Right click using the
cursor and select the
‘Show graph’.

Enter the ‘Excess pore
pressure’ in the Y-label.
Enter the graph title as
‘Excess Pore Pressure
vs time’

Click ‘OK’

A graph can be seen on
your screen.

Extract Results

Qutput Data

Analysis Set | 2m Spacing Analysis Co

Result Type  |Plane Strain Stresses

EXCESSIVE PORE STRESS ~

Inital:INCR.=1 (LOAD=1.000):EXCESSIVE PC A
Vertical Drains:INCR.=1 (TIME=2.000e +000]
Vertical Drains:INCR =2 (TIME=4.000e +000]
Vertical Drains:INCR =3 (TIME=6.000e +000,
Vertical Drains:INCR =4 (TIME=8.000e +000,
Vertical Drains:INCR.=5 (TIME=1.000e+001
Fmhankment-1:TNCR =1 (TTMF =1. 5= +0011
>

A LRRISIRRE]

Select All Unselect All

Order

(®)5tep (O Mode Element

Object
® Node (O Element

MNodal Results Extraction
(O User Defined

Select Object

X

(O Maximum () Minimu

[l only Show Node/Element

Extraction Position i

=] 4@ Close

7

ool alafa]a)aafs

1.728000e+005

3.456000e+005

5.184000e+005

6.912000e+005

8.640000e+005

1.296000e+006

1.555200e+006

1.814400e+006

2.073600e+006

2.332800e+006

2.552000e+006

2.851200e+006

Sorting Dialog...
le Dialog...

Show Graph...

Export to Excel

7.717420e+006

5.288350e+006

1.114480e+007

1.328700e+007

1.571480e+007

1.842820e+007

2.142720e+007

EXcess Pore Pressure vs Time

Graph View

Graph Type Graph Type Example

Simple ling (x-axdis: index)

¥ Label (Index)
Step

f Label (Value)

‘ I Excess Pore Pressure
L

Graph Title

Excess Pore Pressure vs Time] |

o
Index 0 Index 1

Index

3

o paroeE e T S




Happy Modeling




CERTIFICATION TASK

GTS NX Certification task for participants involves
submission of file (.docx or .pdf) with :

* Generating the model as shown in tutorial.

* Settlement vs Time — Graph Picture

* Excess Pore Pressure vs Time — Graph Picture
* Short summary of model creation, and results.

Note: Please enter the name and the country same as you entered in the
previous submissions. In case of any name discrepancies among the
submissions, the participants will be awarded Zero.

KINDLY SUBMIT YOUR FINAL RESULTS IN THE PROVIDED WORD FILE FORMAT.
The name of the word file should follow “YOUR NAME_COUNTRY.docx/.pdf” format.




