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Introduction

The primary purpose of this tutorial is to demonstrate how to get started using MIDAS GTS NX,
to introduce the steps to run analysis, and to illustrate how to get results. This problem show
how to obtain stress changes in the ground beneath a round tank filled with a fluid. A direct
comparison will be done against Intro SIGMA/w Tutorial under same conditions.

When studying a problem that is symmetric
about a vertical axis, the three-dimensional
effects can be analyzed with a two-
dimensional finite element mesh.
Axisymmetric modeling in GTS NX for this
case considers the stresses in the X-Y plane as
well as the circumferential stresses.




Initial model dimensions

Figures show the corresponding problem

setup. The radius of the tank is 5 m and the
_ applied pressure is 40 kPa. The soil region is
38 m wide and 25 m high. The upper 5 m of

Axisymmetric

5 meter radius tank soil has different properties than the

Ground is 38 m wide, 25 m deep underlying 20 m.
2 layers
1. Uppersoil: E=3000 kPa and
Poisson’s ratio v = 0.45
2. Lower soil: E=4000 kPa and
Poisson’s ratio v = 0.45
40 Kpa pressure load

Symmetry Axis




Start Axisymetric File

[ New (Ctrl+N)
Create 3 new document

1. File> New
2. Axisymmetric

. Analysis Settin pod
3. Units kN, m, sec Y ?

Desc, | |

Model Type Gravity Direction

O3 OF]

il
@ Axisymmetric

Unit System

- 1O

Initial Parameters

Gravity Acceleration{g) 9.808 | mfsec?
Unit Weight of Water 9.80655 | kNjm?
Initial Temperature [T]

Plane Strain Thickness m




Materials and Properties

W Geev Mesh
@:} @:‘. %Comp. Prc

Define material properties of the 2 layers Materil Property "? S

1. Menu > Mesh > Material> Create> Isotropic > Elastic W Function.

2. Define upper and lower layers as shown Prop./Cove/Func
Menu > Mesh > Properties > Create > 2D > Axis Upper soil: E = 3000 kPa

ZY:;Tee;r:xis symmetric properties for the 2 layers Poisson’s ratio v = 0.43
y prop y Lower soil: E = 4000 kPa

Poisson’s ratio v = 0.45

Add/Medify Material >
Add/Maodify Property

No Name Sub-Type

1 upper soil Isotropic-Elastic
2 lowwer soil Isotropic-Elastic

Q- - - ‘

3 upper axis Axisymmetric
4 lower axis Axisymmetric

Material

2 Mame lower soil Color

I 1 Mame | upper soil | Color Create/Madify 2D Property

: odel Type | Elastic il [~]:
I Model Type Elastic - I Shell Plane Stress Plane Strain eogrid (20

Plot Only{2D) Gauging Shell

seneral
General  Time Dependent 3 Time Dependent

Elastic Modulus (E) s st Modius () kljm? D [1 | Neme |uppersol e—\ coor [ ]

Inc. of Elastic Modulus 0| kifm® Inc. of Elastic Modulus 0| knfmz Materizl 1: upper soi £

Shell Plane Stress Plane Strain eogrid(2D

Inc. of Elastic Modulus Ref, Height Inc. of Elastic Modulus Ref. Height

4] m
i ' i 0.45 Plot Only(20) Gauging Shell
Poisson's Ratio (Mu) . Poisson's Ratio (Nu) _
o eant (e [ =] 5 [1] ten cor [

Material 2: lower soil

Unit Weight (Gamma)




Geometry

Define the WORK GRID as a drawing plane with lines
spaced 1m apart to create rectangles

1. Menu>SHOW GRID

2. Menu > Define Grid > Width 1m, User Define 40 m
3. Menu>Geometry > Rectangle

4. Select the 2 corner method, set 15t Location as 0,0

press Apply
Set 2"d location as 38, 25

"1 Geometry

+ @0 @ |
&2 -
- X Rectangle

L 0

QQDO

Input One Corner

OQFE e 55 @ [Ey w0l

‘ iﬁi Show/Hide Grid b x l Eﬂe Define Grid l

Define Grid

Size

Width |

ber  {_) Automatic Setting
(®) User Defined

Location

®a Ol O Ox OwX

| |42 oK Cancel Apply

II‘IEL.It Diaﬁonallx OEEDSitE Corner
Locatiof] | 0] Location | 38, 23
Method |ABS x, v e

Method  |REL dx, dy

[IMake Face [ Make Face

Geometry Set |

=7 OK Cancel

Geometry Set | Geometry Set-1

Ok Cancel




Geometry

Draw additional lines to divide model into 4 segments
Menu>Geometry > Line
Draw a horizontal line from (0,20) to (38,20)
Draw a Vertical Line from (5,25) to (5,20)
Draw a Vertical Line from (10,25) to (10,0)
Geometry > Intersect > Select All > Apply

N b o)

Inent Stavt Locaton
e Locason

Metedd  ABS X,

Geomety Set | Geomeyy Set-]

=) o Cancel Apcity

@o 0
Irgat Ered Losaton
Location

Method  REL d, dy

Geometry Set | Geometry Set-1

o o Carcel Appty

y Geometry Geometry Mesh
+ @D ST ) © o [x]=

1, P2 R s 5 & T A
ETQ". 16 o= (1 e

Point & Cur Point & Curve

| /° Line Sl@ i e | X intersect

D El

Input End Location

Location |

Method  |REL dx, dy

Geometry Set | Geometry Set-1

& 0K Cancel

Intersect

k]

| E Selected 4 Curve(s)

Geametry Set |
= & oK Cancel




Mesh Size Control

Mesh Statitoe Analysis Set

mp. Prop. o IS Def.
/s / Hinge ~ || 1=+ ks Prop
Menu> Mesh > Size Control e e bt
Define Linear Grading 0.5m -> 2m from left to right s./Func. Control
Define Interval Length of 1m for the upper left corners
Define Interval Length of 2m for upper right corner

Define Integral length 0.5m for left horizontal lines

{ Size Control »

Size Control

Pont Ede  Custom
= Setectnd T Cbnect{s)
2} Selected 1 Obnect{s)
Muthod Linesr Gradng fength)

I j I Method | Interval Length v I
Start Length | 3

Mesh Size 1|m

Point Edge  Custom

[=] Selected 3 Object(s)

H Select Reverzed Object(s)

End Lergth

Devision Number

Constant Parameter

Symeetng Seedg

Nene — SETESTESNT

Size Control e

Point Edge  Custom

1=2 Selected 1 Object(s)

H Select Reversed Object{s)

Method | Interval Length

Mesh Size Z




0#1

D
0 i 20->3D

€% Remesh
@pa0

Mesh Upper and Lower Domains

1. Menu> Mesh > Generate > 2D > Auto Area

2. Mesh lower 2 areas with 1m and lower axis property

3. Click>> and select quadrilateral and higher order Advanced Option X
elements. Click OK > Apply Merse Noces

alerance _0.0001
4. Mesh upper 3 areas with 1m and upper axis property ' S

Generate
| & 20 )

Element Size Growth Rate

Generate mesh(Face) X Fine Coarse

Min/Max Element Size

y
Small

2D Mesher

AnoFace Auto-fees  Map-Face Mapdver

Delaunay Mesher

Element Type
Quadrilateral

Higher-Order Element

AutoFace Auto-Area  Map-Face Map-Area

=] Selected 20 Edge(s)

Select Point(s)

Size Method
@ size (O Division <

[IMesh Inner Domain
Include Interior Edges

Property

3: upper axis




Boundary

Apply Boundary Conditions
1. Menu> Static/Slope Analysis>Boundary>Constraint

2. Select Auto>Apply Boundary

Constraint

Basic .ﬁ.d'uan::ed

Mame | Constraint-13

E Select Object{s)

Consider All Mesh Sets

Boundary Set | Boundary Set-1

G| | Ok Cancel




Apply Pressure Load

1. Menu> Static/Slope Analysis>Load>Pressure

2. Select Axisymmetric and apply 40kN/m2 load to upper
left nodes as shown.

2

Pressure

[ ——
Edge  Face | mcismmetric ]

Mame | Pressure-7

Object
Type 2D Element Edge

=] Selected 10 Object(s)

Direction
(®) Mormal
(D) Offset
Angle From Mormal
Magnitude
Uniformly Distributed Load

Base Function |None
[

PorPl |




Analysis Case

Create Static Analysis Case ‘ é ? SHtRG

1. Menu> Analysis>Analysis Case >General (General " Parametric Analysis
2. Select Linear Static Analysis Case
3. Activate All

4. Run Analysis > Press OK

Analysis Case

Add/Medify Analysis Case

iR Batch Analysis

Analysis Case Setting

Title | linear

Description | Analysis Control B
Solution Type | Linear Static 9 Output Control 2 Analysis

GTS NX Solver

Construckion Stage Set

Description

Analysis Case Model
All Sets Active Sets

=gl Mesh
Diefault Mash Set Default Mesh Set
lower left lower left
lower right lower right
upper left upper left
upper middle upper middle [] check on/off
upper right upper right
I'_'I % B'::unl::lar).r Condition I'_'I 3& Bt::l.lnl::lar).r Condition
&5 Boundary Set-1 &5 Boundary Set-1
I_—_I 3;15 Static Load I_—_I {\!3 Static Load
ng Load Set-1 % Load Set-1
= Z Contact Pair Z Cortact Pair




Post Processor o [ |jom| 2 42 [ [)s

Check Vertical Stresses SYY | B 150 Value Surface
1. Works Tree > Results > Stresses > S-YY

2. Right Click Legend > Color Type > Reverse
3. Activate Iso surface > Lower Part > Set to -5

ARISYM STRESS
Results Y, kim~2

Item

{5 Asisymmetric Element Stresses e, Min/Max Value... 9
g S- 7, Layout 3
!

3 4. v RGB
_ . Background 4 Gray

g 5-HOOQP 14, Auto-Range Repeat Two Colors
-] 5-XY S 9

{3 S-MAJOR PRINCIPAL (V) el ecet A1

-5 S-MIMOR. PRINCIPAL (V)
5] S-MAX SHEAR

g S5-VOM MISES Iso Surface
g SAFETY FACTOR Iso Value

|
39,99 || 5 0.05074

L
[JLock value while Result Changing

(®) Capped Style
(C) Upper Part (®) Lower Part

() surface Style

Add

Delete

Delete Al

Close




Results

Post Processor Result | Tooks

[¥] Nodal Average

Check Displacements (@] Elem. Cent. Result
1. Menu> Results>Show>Min/Max - tine' [F] Actusl Deformation

2. Works Tree > Results > Displacements > Total Show/Hide
3. Change units to mm : 9

"
Lo o flsec

! DISPLACEMENT

Results Max: 76,5338 TOTAL T, mm
+76.834
Itemn 0.4% 25 314
; . B !
=-f) linear — — E'?jﬁ?.?%
: . . ]
El--@ Linear Static 0 9%+63.2?5
=& Displacements e 08755

S:—§ TOTAL TRANSLATI...

B TX TRANSLATION (...
@ & TYTRANSLATIONC.
B TZ TRANSLATION (...
.[B TOTAL ROTATION (...
B RXROTATION (V)
B RY ROTATION (V)

M = s o on

<
Model Analysis  Results




Results

Post Processor

Check Horizontal Displacements
1. Menu> Results>Advanced>Cutting Diagram

2. Setto X direction
3. Draw vertical diagram by selecting 2 points (top and
bottom as shown)

On-Curve Diagram

MName | Diagram-2

Cutting Diagram Made
(®) Cutting Line () cutting Plane

Define Positions

Type |2—Point5 Line ~ |

Point 1 | 5000, 25000, 0

Point 2 | 5000, 0, 0

T 2 )

|:| Reverse

Lok || Cancel |[ Aoy |

&, probe @ LDF Sum

0 @ Multi Step Iso. |5 Cutting Diag. |
&), Extract L% Others ~
Advanced

DISPLACEMENT
T, mm




Results

Post Processor & probe @ LoF sum
Multi Step Iso. £ cutting Diag.

Graph Displacements :
- Extract] Others ~
1. Menu> Results>Advanced>Extract L E Admf:d

2. Set Type > Displacements / Results > TX Translation

3. Select nodes as shown > Click Table

4. Select depth and displacement columns, right click export to
excel to graph.

Lateral Displacement

fi .

Extract Results

Output Data
A B c

Height(m) Displacement (mm)
25 -1.58975
245 5.56149
24 9.08188
235 10.89
23 11.806
225 12 1667
22 12.0934
215 11.7002
21 11.0332
205 10,1263
20 8.96889
18 8.19253
18 7.36088
17 6.5885
16 5.86589
15 5.23269
14 4 66392
13 417227
12 373452
1 3.35315

311824 K 4 6 B

270397

242077

g15653

Analyss Set

Steps Resuts
|[unear StaticTx TRANSLATION (V)

1
2
3
4
5
§]
7
g
9

—

(@) 5tep
Nocial Resudts Extracton
(®) User Defined
| 1201 2406 251602524 301 M0 303%by2 39851
Sort X Y 2 [CJasoendng

() abs. Max

%-Displacement (mm)
Extrachon Positon in Semant

P = ]

[ R T S T = TR [ ) P U G OV U T o O O Py




Displacement and Stresses match exactly j — DIPLACEMENT

with results from SIGMA W tank tutorial . Max:76. +76.834
0.4%

'r}_é%e;+72'3”

e ’ ; o ¥67.794
ound tan = : ut Q,f/f+63.275
458,755
%

e -’.L+S4.236

2 =

20

18

10 Vertical settlement 6L M

Figure 6 shows the vertical settlements as a deformed mesh at a 20X exaggeration. The maximum
settlement 1s about 0.076 m (76 mm) under the center of the tank.

ARISYM STRESS Lateral Displacement
Round tank - 40 SV, kN2

Lateral displacemnt

— FO.05T
31.2%
~2.305

2%
23,505

2.3%

2.0%

2.1%

2.0%

25,861
28.216
30,572

0 — —t—t——1—
0004 -0.002 0000 0.002 0004 0008 0008 G010 001

X-Displacment () _ : »—— Symmetric axis

8

X-Displacement lmr)

Figure 7 Lateral displacement profile Figure 5 Vertical stress change contours

SIGMA/W Example File: SIGMA Tutorial.docx (pdf) (gsz) MIDAS GTS NX




Long term consolidation analysis
of water treatment tanks in soft clay

e

3D isometric view of tanks 2D side view of tanks in clay

PERFIL MODELACION

S Peso unitario | Es(MPa) Presion de
(m) total yt Valor e preconsolidacion|  OCR K (m/dia)
(kN/m3) [conservador (kPa)

125 16.7 21 1.6 322 3.6 5.6E-03
117 174 30 13 427 2.1 2.7E-02
5.5 15.0 26 23 453 1.7 1.7E-03
115 17.5 39 1.2 571 18 1.0E-03
4.5 172 77 1.0 644 1.7 7.8E-06
46? - - - 19.7 125 - - 16 - - 7.8E-06

Material table of clay layers

Material




3D Case Study: Tanks in Clay (Colombia)

Plane cut of layers Initial CS stage Stagel: Excavation

Stage?2: Installation Stage3: Reinforcement Staged4: Loads




3D Case Study: Tanks in Clay (Colombia)

10 year consolidation 20 year consolidation 50 year consolidation
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Seepage Thru Earth Embankment

e GTSNX

Geo-Technical analysis System New eXperience

=]

Angel Francisco Martinez

Application Engineer
MIDAS IT
Estados Unidos

Integrated Solver Optimized for the next generation 64-bit platform
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Introduction

The objective of the tutorial is look at the 2D flow through an embankment dam. This seepage
analysis is a common example and consequently most users will have a good idea as to what the
solution should look like. It shows how easy it is to find the downstream seepage outflow when
the dam has a homogenous material. The tutorial will also look at cases were a toe under-drain is
included and when the central core’s hydraulic conductivities are lowered.




Initial model dimensions

_ Figures show the corresponding problem

2D Steady State Seepage setup. The dam consists of a center core (4m
10m tall X 47m wide Dam wide at top, 8m wide at base), 2 shells and a

| : :
3 alYerSCOre toe drain on the right bottom corner. Water

2.  Shell level on left side is 8m.
3. ToeDrain
8 m water level on right side of
dam




Start Axisymetric File

[ New (Ctrl+N) o

Create 3 new document

1. File> New
2. 2D
3. Units kN, m, sec

Analysis Setting >

Desc, | |

Model Type Gravity Direction
Yy
@ z

() Axisymmetric

Unit System

o 10

Initial Parameters

Gravity Acceleration(g) 9.806 | mjsec
Unit Weight of Water 9.80665 | kMjm?
Initial Temperature [Tl

Plane Strain Thickness m




Materials

o Geometry | Mesh 8] core X10
‘E\:} E\:‘. &%, Comp. Prc @] core X100

Material Property ‘_E S ﬁ silt k function
Menu > Mesh > Material> Create> Isotropic = Function * 2 water content

. . . Prop./CSys./Func
Define General Fill material as shown for the General tab.
In the Porous tab, active Unsaturated Matric Suchion Kx jmvsec) 9 hairc Sucton (Pa VW (i)

e o . 01 100E-05 01 0449945
Property>ADD>Individual>User Defined and copy paste 014384489 8 96106 D 16237767 0 440683

0206913681 991L.06 0 25365500 0 449748

corresponding excel sheets. Press Ok 028763914 82 05 0 42013304 0 445447
42813324 9.69L.06 06851028 0 448799

Repeat for core 10X less and core 100X less materials 051584821 9.50E.06 LGN DA
0.BESBEE/Y 821606 18329807 0444321

1274205 #7296 08 29763514 D 437809

1 E328807 #.18E.06 48329302 0424379

& pArL 7 N 78475997 1 308415
28368508 /.30 06 5 54 & *
Name Type 31926002 6.10E 06 12.74275 (353926

g . 2066813681 020121

granular toe ... Isotropic-Elastic ° '152:394(1, "l,b.ﬂt Ob §c3 SE8183. 0.222667
general fil Isotropic-Elastic oty - ‘ 1847 ;?9‘ 292E.06 54 555048 0 183773
core %10 less Isotropic-Elastic 2 Name | general 8 [ : 11.288378 1.47TE-06 B3 5856879 D121
core 100 X less  Isotropic-Elastic 2D Equival 16.237767 5.55E 07 143 84459 0092188
retiel Type  Elastic 23.357215 1.58E-O7 23357215 0.072563

= 33508183 363E-08 379.26002 0056798
48.328302 7.28E-09 61584821 048704

3 69.51928 1.36E-00 1,000 0040648
Unit Weght (Saturs |
Material - 100

D 2 Mame general fill Caolor -
_ A unsaturated Property v tame 3 Rp— Wi Carsert Sugfie Oomen

Model Type Elastic ~ [structure Draeage Paranetens : - ' Citesijmt > idrasiggiic [rasina

Add/Modify Material

Porous Time Dependent Draned

Elastic Modulus (E) kNfm?2

Inc. of Elastic Modulus Kt jm2

Inc. of Elastic Modulus Ref. Height I:I Seepape & Consotdaton Parameters

m
Permeabity Coeficents

Poisson's Ratio (Mu) “ Ky ky
Unit Weight {Gamma) EI kfm= i

Initial Stress Parameters

Add/Medify Unsaturated Function
A=R—

Name Type
Indercius
Indvacuat
Indricual




Properties

1. Menu > Mesh > Properties > Create > 2D > Plain Strain
2. Create 4 2D Plain Strain properties for the layers

. . Prop./CSys./F
3. Match the name with the material property. 108 Cove/Fune

Add/Medify Property

Mame Sub-Type Create/Modify 20 Property

general fill P:ane Sh’a?n Plot Only(2D) Gaug  Axisymmetric
toe Plane Strain Shell Flane Stress Plane Strain Geogrid(2D)
10% Plane Strain 4

D EI Mame | general fill | Color :l i

Plane Strain
Material e I 2: general fil = I [

Material C5ys
(®) CSys Global Rectangular

() Angle 0| [deq]




Geometry

Q B 2® @ E) i
|% howfice ol i » l Bl Define Grid L

Define Grid

Define the WORK GRID as a drawing plane with lines
spaced 1m apart to create rectangles
1. Menu>SHOW GRID
2. Menu > Define Grid > Width 1m, User Define 55 m Size
3. Menu>Geometry > PolyLine width | 1|m
4. Select the ABS x,y method, set 1t Location as 0,0

Mumber () Automatic Setting

press Apply
Set End location as 23, 10 (®) User neﬁneQ

Location

o | @4 Ow Oxm Oxn O

clels £ 5 s S o ‘
04 ' Cancel

Location | 23,10 |

Point & C
H* |m e Method  |REL dx, dy o

_ [IMake Face [ Link Start and End Point
Line ot

Geometry Set |

D 0

Imput Start Location

Location

Method ABS x, v




Geometry

Input next location (4,0)
Input next location (20, -10)
Input next location (-47,0)
Press OK

PolyLine

D D

PolyLine

Location |

prin] 30 .

X, Ay i
. Input Next Location {RE to Stop)
[IMake Face [Link Start and End Point Location | 27,0

Method  REL dx, dy ~

[IMake Face []Link Start and End Paint

Geometry Set M

PolyLine &2 | Back Cancel Apply

i} D

Input Mext Location {RE to Stop)

Method | REL dx, dy ~

e [IMake Face []Link Start and End Paint

Geometry Set

&2 | Back oK Cancel




Geometry

Draw a Vertical Line Start (23,10) End (-2,10)

Draw a Vertical Line Start (27,10) End (-2,10)

Draw a Rectangle Start Corner (40,0) End Corner(10,-1)
Geometry > Intersect > Select All > Apply

2D D 2D 3D

a Input 5Start Location Input End Location

Location 23, 10 Location

Method |ABSx, v b Method |REL dx, dy

Line
20 3D

(3 coF
Input Start Location

Input End Location

Location

Location

Method
etho ABS %, ¥ Method  |REL dx, dy

Rectangle | Rectangle

2D

]

Input Diagonally Opposite Corner

Input One Corner

e |
I ¢
F

[0 -

Point & Cu

| [ Rectangle

Geometry Mesh S
) @ o 1 [X]@) ¢
58 - T A e
1@< h|E

Point & Curve

&'@ 8 cw dx Intersect

ntersect

30

| E Selected 7 Curve(s)

Geometry Set |

| [ oK Cancel

Location | Location |

Method |ABSx, ¥ Method  |REL dx, dy




Menu> Mesh > Generate > 2D > Auto Area

Mesh the Core with 0.5m size and General Fill Property
Repeat for Core for 10X less and 100X less property
Mesh the 2 Shells with 1m size and General Fill

Mesh Toe Drain with 1m size and Toe Property

MinFace MM Mapface Map-ves

(& Belected 4 £og0()
)] felect Pant(s)
058 < I

) Otvison

I IL
Lo s

A nchude Intener Edgen

Noperty

1| | U ganeral 4

28 (=3 Cm[E »>

AutoFace Auto-ea MapFace Map-Aes

[ Seecwd7Emeny) | e
[ %] Select Pontls)

) Drvision

[[IMesh tnner Doman
4 indude Interior Edges

— Mesh Sat Shel

: 5 20->3D
-
‘&20

€% Remesh
. kD)

Generate

o 7 ) o W))

Generate mesh(Face)

Auto-Face Auto-Area Map-Face Map-Area

(5] Selected 5 Edge(s) |
Select Point(s)

Size Method
@size (O Division [ <

[[]Mesh Inner Domain
Indude Interior Edges

Property
2: toe

| & 20 )

Mesh Set I Toe drain




Seepage Boundary

Apply Seepage Boundary Conditions

1. Menu> Seepage/Consolidation Analysis>Nodal Head
2. Select the left Edge, apply Total head 8m as shown
3. Select Toe Drain Nodes, apply Total head of Om

4. Select right Edge, apply Review boundary

0 \I % Nodal Headl

- Nodal Flux
& Surface Flux
Boundary

b4
.* T Nodal Head

Nodal Head Review

Name Nodal Head-2

Type Edge

[ Selected 1 Object(s)

Value

Type @Total  (OPressure

o [JFunction  None
Direction: Global Y
P [Jif Total Head < Potential Head, then Q =

0

SEEpAge bo

Boundary Set | head 8m

v| &

[
Nodal Head REViEWI
L

Name Review-1

Type  Edge

=2 Selected 1 Object(s)

Boundary Set ! review

@ Total () Pressure

I:‘Funcﬁon Mone I'D
Direction: Global Y

[)if Total Head < Potential Head, then Q =0

Boundary Set | toe base v| £




Analysis Case

Create 4 Seepage Steady State Analysis Cases 0 —
-;é E# Setting

Menu> Analysis>Analysis Case >General | o
Select Seepage Steady State Solution Type General “ Parametric Analysis
Create Case 1 and activate sets as shown. Press Apply
Create Case 2 and activate sets as shown. Press Ok

Analysis Case

Analysis Case Settin
Y ‘ Title | Case 2 Dam with toe drain|

Title | Case 1 Homogenous Daml |
Description

Description |
I Solution Type Seepage(Steady-state) I
I Solution Type Seepage(Steady-state) I 9
Canstruction Skage Set

Conskruction Stage Set

Analysis Case Model

Analysis Case Model
all Sets
Active Set

all sets
=y Mesh
[ 100X % Default Mesh Set

= Mesh .
Default Mesh Set I 10X Shall

100X
L i .y Defauit Mesh Set Shell 2

Default Mesh Set Shell 2
g Shell core

5 i [y Shell 2 toe drai
Shell 2 =88 Boundary Condition Hy tos drain
? core

cone &8 head &m )
i toe drain &5 review - toe drain B

=58 Boundary Condition - 3% Contact Pair =58 Boundary Condtion :
&8 head 8m % head 3m % toe base
55 review -8 review 2 Contact Pair
58 toe base B toe base




Analysis Case

Create 4 Seepage Steady State Analysis Cases 0

Menu> Analysis>Analysis Case >General

Select Seepage Steady State Solution Type
Create Case 3 and activate sets as shown. Press Apply Analysis Case
Create Case 4 and activate sets as shown. Press Ok

-—h )
-_é E# Setting
\General 2% parametric Analysis

Analysis Case Setting Analysis Case Setting

Title | Case 3 Core with 10% less| Title | Case 4 Core with 100X less

Description | | Description |

|Snlutic:n Type Seepage(Steady-state) I 6 ISnIuﬁnn Type Seepage(Steady-state) I
Conskruckion Skage Set

Analysis Case Model Analysis Case Model
All Sets Activ

EI@ Mesh “Ep M J EI% esh

LLI L 100X By 100X
LLS Leiiil=re 10 Defautt Mesh Set
Default Mesh Set Shell

Default Mesh Set Shell
Shell Shell 2 hel hell 2
Shell 2 (i toe drain )
caore IZ—]‘.‘%Q Boundary Condition Shell 2 i toe drain
toe drain % head 8m ELis
&5 review toe drain

3 Contact Pair




Run Analysis

Run all 4 iR Batch Anatysns

1. Menu > Analysis > Perform Petformlé Modelin ]

2. Select All & Results
3. Press OK Analysis

GTS MX Sohver

Mame Type Drescription

Case 1 Homogen | Seepage(sStea
Case 2 Damwith t| Seepage(Stea
Case 3 Core with | Seepage(Stea

12
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Check On/Off




& probe @ Lo
| Multi Step Iso. | £ cu
Check the Total Head and water level for Case 1 @), Extract %ot
1. Results > Nodal Seepage > Total Head Advanced
2. Results > Nodal Seepage > Pore Pressure § P Muiti Step Iso.

3. Results>Advanced>Multi Step Iso>Pore Pressure>0

Post Processor

MO TIPAGT
TOTEL NEAD | v

Results
Itemn . 36T
.| Diagram-1 B e modey andoo s
o fly Post Style i A .
[ Default Style (= N g i e
=-fi] Case 1 Homogenous Dam i s
2] Seepage(Steady-state)

=2 INCR=1 (LOAD=1.000)

E| <Al Modal Seepage Resu..
T — A SempugeiSrendy-state): 02 =1 (LOAD=1, 0007

.. #1 PORE PRESSURE ..

D

=-[ly Post Style
| Lf® Default Style —
Elﬁ Case 1 Homogenous Dam
| B Seepage(Steady-state) GAE S, o2 i
=27 IMCR=1 (LOAD=1.000) al .

E| A Modal Seepage Resu..

- .l TOTAL HEAD

Al PORE PRESSURE ..
W | pORE PRESSURE

33709803




Post Processor % probe @0
| Multi Step Iso. | £ cu

Check the Total Head and water level for Case 2 @), Extract %ot

1. Results > Nodal Seepage > Total Head Advanced

2. Results > Nodal Seepage > Pore Pressure d@ Mutti Step Iso.

3. Results>Advanced>Multi Step Iso>Pore Pressure>0

Results

Itemn
-[7 |ty Diagram-1
|_‘_| Q Post Style

(1§ Default Style wdyssSet  Cam | Fomoproslam v
[—]--ﬁ Case 1 Homogenous Dam

Result Categary =
2] Seepage(Steady-state) Data Immm ¥ I
B- @ INCR=1 (LOAD=1.000) )
E| -' Modal Seepage Resu., " L L > sm? = 2
“ R EA SempageiStendy-state): 02 =1 (LOAD=1, 0007
-' PORE PRESSURE ..

Mukti Step e Surface

Cutut Deta

 HHEE 3
P 14 O
y o o

Item D
E| r!. Post Style

& Default Style

E| ﬁ Case 1 Homogenous Dam

LB @ Seepage(Steady-state)

B F,g_’f INCR=1 (LOAD=1.000)

E| -. MNodal Seepage Resu..
P - TOTAL HEAD
;. PORE PRESSURE ..
¥ | PORE PRESSURE




& probe @ Lo
| Multi Step Iso. | £ cu
Check the Total Head and water level for Case 3 @), Extract %ot
1. Results > Nodal Seepage > Total Head Advanced
2. Results > Nodal Seepage > Pore Pressure d@ Mutti Step Iso.

3. Results>Advanced>Multi Step Iso>Pore Pressure>0

Post Processor

Results
TOTAL HEAD , m

e s
R , B.0%
¢ i.[ by Diagram-1 1047720 WAk Step e Suface

= Q, Post Style o A b
(1§ Default Style L PR

EI"@ Case 1 Homogenous Dam
2] Seepage(Steady-state)
-] INCR=1 (LOAD=1.000)

E| <Al Modal Seepage Resu..
= [ SempageiSrendy-statn): 02 =1 (LOAD=1, 0007

Al PORE PRESSURE ..

Item D
5[l Post Style
| Lf® Default Style
Eﬁ Case 1 Homogenous Dam
E@ Seepage(Steady-state) .
=21 INCR=1 (LOAD=1.000) et
E|;. Modal Seepage Resu.. e
- L.l TOTAL HEAD
;. PORE PRESSURE ..




Results £33

& probe @ Lo
| Multi Step Iso. | £ cu
Check the Total Head and water level for Case 4 @), Extract %ot
1. Results > Nodal Seepage > Total Head Advanced
2. Results > Nodal Seepage > Pore Pressure § P Muiti Step Iso.

3. Results>Advanced>Multi Step Iso>Pore Pressure>0

Post Processor

Results

Itemn

. [Tty Diagram-1

- iy Post Style

[ Default Style

EI"@ Case 1 Homogenous Dam

2] Seepage(Steady-state)
E@ INCR=1 (LOAD=1.000)

W | TOTAL HEAD

E|,"_' MNodal Seepage Resu..

Ttem D
5[l Post Style
| Lf® Default Style
Elﬁ Case 1 Homogenous Dam
| B Seepage(Steady-state)
: =27 IMCR=1 (LOAD=1.000)
E|'.-_l MNodal Seepage Resu..
- .l TOTAL HEAD
Al PORE PRESSURE ..
‘-_l PORE PRESSURE

Al PORE PRESSURE ..
[P e

POREPREY , k"2

<

TV, JCCrwat
TOTAL HEAD , m
Mubti Step e Surface

Cutut Deta

Aralysis Set

A SempugeiSrendy-state): 02 =1 (LOAD=1, 0007




Total Head and Pore Pressure distribution match SEEPW tutorial. Shown here are Case 1 and Case 4 results.

Homogeneous dam with downstream speeage face

Homogeneous dam with downstream speeage face

Pore-Water Pressure

[ <-40--20kPa
[0 -20-0kPa

[0 0-20kPa

[J 20-40kPa
[0 40 - 60 kPa
260 kPa

Core conductivity 100x less than shell
Core conductivity 100x less than shell - - i

; Pore-Water Preysiure

| Bl £-80- 60 WP

| 020 20 kPa

| O <40 --20 xPa
0 20-0kPa

| T 0-20%Fa

| £ 20 - 40 kPa

| £} 40 - 80 kP
W 260 kPe




3D Case Study: CS of Dam(S. Korea)

Construction stage analysis of dam
reflecting full water level
hydrostatic pressure

0% oy =
b \y'“ 3
AL AR v
AR AR AR -
ORIV
o h
y“ ‘;‘ AT




Stage 4: Vertical deflection

AN L
LN SRV AT AT S

R NN AT N
A 5

e

AT ATAT SN AV ATV YA

3 'A’a.v,-%p"t"&t' w4
A e VAN LA

Stage 5: Hydrostatic

S R AVAVATAAV, LAV

pressure




3D Case Study: CS of Dam(S. Korea) & GS EsC

HYDRAULIC
NODAL SEEPAGE HYD GRAD-RSLT ,
TOTAL HEAD , m G756

-ﬁ§;/°+6.081
o

Stage 5: Hydraulic Gradient

NODAL SEEPAGE
FLOW RATE , m”"3/sec

G027
20,141
0.2%
G 5e.+0.101
= 0,073
0.4%
0 59,+0.053
5,.+0.039

SEJgg g:_FE)wPaths Stage 5: Flow Rate




Strength Reduction Stability Comparison
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Introduction

+

Introduction Stability by strength reduction is a procedure where the factor of safety is obtained
by weakening the soil in steps in an elastic-plastic finite element analysis until the slope “fails”.
The factor of safety is deemed to be the factor by which the soil strength needs to be reduced to
reach failure (Dawson et al., 1999; Griffiths and Lane, 1999). Numerically, the failure occurs when
it is no longer possible to obtain a converged solution. The finite element equations for a stress-
strain formulation are in essence equations of equilibrium. Not being able to obtain a converged
solution therefore infers the system is beyond the point of limiting equilibrium. An alternative
way to define “failure” is the point at which the deformations become excessive.

In the Strength Reduction method, the soil strength is artificially reduced, and so there is a need
to redistribute the stresses. This can be done by the Stress Redistribution algorithm, and so this
option can be indirectly used to do a Strength Reduction stability analysis.




Initial model dimensions

_ Figures show the corresponding problem setup.
It illustrates how a Strength Reduction Method
2D Strength Reduction Method analysis can be done with MIDAS GTS NX. In
Analysis addition, the results are compared as the soil
20m tall X 51m wide X 10 m Slope . .
1 layer strength is reduced in stages. For each stage, the
4 materials factor of safety is obtained for the new material.
) 1; Each strength reduction analysis uses the
1.4 previous analysis as its initial conditions. Lastly,

15 the results are compared to a SLOPEW tutorial.




Start Axisymetric File

[ New (Ctrl+N) o

Create 3 new document

1. File> New
2. 2D
3. Units kN, m, sec

Analysis Setting >

Desc, | |

Model Type Gravity Direction
Yy
@ z

() Axisymmetric

Unit System

o 10

Initial Parameters

Gravity Acceleration(g) 9.806 | mjsec
Unit Weight of Water 9.80665 | kMjm?
Initial Temperature [Tl

Plane Strain Thickness m




Materials
o Geometry Mesh

lel, [x]. = comp. Prc
. . Material Property s )
1. Menu > Mesh > Material> Create> Isotropic>Mohr Coulomb Function

. . . Prop./CSys./Func
2. Define 6 materials as shown in the General tab

3. Define Non linear properties as shown in table Name Cohesion Eriction
: : Angle
Add/Maodify Material Q >

e — Create.. |~ In situ 5 28

in situ Isotropic-Mohr-Coulomb lsotropic
grf1.2 Izotropic-Mohr-Coulomb
Orthotro)
srf 1.3 Isotropic-Mohr-Coulomb . H S R F 1 . 2 4 . 1 7 2 3 . 9
srfi4 Isotropic-Mohr-Coulomb 2D Equiva
arf 1.5 Izotropic-Mohr-Coulomb Interface z

srf 1.6 Isotropic-Mohr-Coulomb Tmport S R F 1 . 3 3 a 85 2 2 . 24

Material >
SRF 1.4 : )
D 1 Mame Color _ o 3 57 20 8

Model Type  Mohr-Coulomb A [structure SRF 15 3 33 19 52
| Porous Mon-linear Time Dependent

Elastic Modulus (E) 10000 | kifm2 9 SRF 16 32 1878

Inc. of Elastic Modulus kM fm2 ‘ Material

Inc. of Elastic Modulus Ref, Height |

Poisson's Ratio (Mu)

Unit Weight (Gamma)

‘ Model Type | Mohr-Coulomb ~ [struct

General Poroume Dependent

Cohesion (C)
Inc. of Cohesion
Inc. of Cohesion Ref. Height

Frictional Angle (Phi)




Properties

1. Menu > Mesh > Properties > Create > 2D > Plain Strain
2. Create 6 2D Plain Strain properties for the layers

. . Prop./CSys./F
3. Match the name with the material property. 108 Cove/Fune

Add/Medify Property

Create/Modify 20 Prope
Sub-Type " perty

Plane Strain Plot Only({20) Galgi ) Axisymmetric
Flane Strain Shell Plane Stress Flane Strain ' Geogrid(20)

Plane Strain
arf 1.4

Flane Strain
srf 1.5 Flane Strain D Name |ir1 sit | Color :l Lot

srf 1.6 Flane Strain
Material 9 I 1z in situ ~ IT-’_'E_.

Material CSys
(@) CSys Global Rectangular ~

() Angle 0| [deq]

Mame
in situ
srf 1.2
srf 1.3

]

BHEBBBEB




Geometry

Define the WORK GRID as a drawing plane with lines

| % Show/Hide Grid i

spaced 1m apart to create rectangles

1. Menu>SHOW GRID

2. Menu > Define Grid > Width 1m, User Define 55 m
3. Menu>Geometry > PolyLine

4. Select the ABS x,y method, set 1t Location as 0,0

press Apply
Set End location as 0, 20

lede =

0 & e o

Point & C
* |m e npu EXT Locaion (%] Dl:l_:'

Line W Location

Method  |REL dx, dy

20 D
[ IMake Face [ ]Link Start and End Point

Imput Start Location

Method |ABS x, y ¢ | Back oK, Cancel

Location Geometry Set | v|

Define Grid
Size
Width

Mumber

Location

(® Al

Q@ E-inie 2% @ E)wling

x lEﬂe Define Grid L

1|m

D Automatic Setting

(®) User Define

O O O3 O49

Ok

Cancel




Geometry

Input next location (15,0)
Input next location (20, -10)
Input next location (16, 0)
Input next location (0, -10)
Input next location (-51, 0)
Press OK

PolyLine

20 3D

PolyLine

20 3D

Input Mext Location (RB to Stop)

Location |

Method  |REL dx, dy

Input Next Location (RB to Stop)

Location

Method  |REL dx, dy

| Ty Lnne

20 3D

ext Location o Stop)

| npu
g Location
{ Method |REL dx, dy

PolyLine

0 3D

e | Input Mext Location (RE to Stop)

Location |

Method  |REL dx, dy

| PalyLine

20

Input Mext Location (RE to Stop)

Location |

Method  |REL dx, dy

[IMake Face []Link Start and End Point

Geometry Set | v

Back oK Cancel Apply




1D
0 ;20 i 20->30
@30 €% Remesh

Generate
Menu> Mesh > Generate > 2D > Auto Area Snerd
Advanced Option X l @ 2D (F7)

Mesh with 1m size and in situ Property

. . [ Merge Modes
Select >> Advance Option and activate Higher Order Tolerance
Element Element Size Growth Rate

Repeat meshing same area with the remaining materials Fi”; Coarse

Min/Max Element Size

Small

Generate mesh(Face)

Auto-Face Auto-Area MapFace Map-Area

2D Mesher
= Selected 11 Edge(s) Delaunay Mesher
e H Select Point(s)
Element Type

Size Method Tri+Quad

l (@) size () Division 1 l <
l [+ Higher-Order Element I
[“IMesh Inner Domain Midside Modes on Geometry

= )
Indude Interior Edges Pattern Mesh

Property Register Each Mesh Independently

[ 1i]ltinst MEE

MeshSet | insitu ~| - Mesh
E @ | ok || canc
3

4




Boundary

3
Change Property
i 1= Water Level

Apply Seepage Boundary Conditions & Sip craubrsurface o
. . o &Y Table -
1. Menu> Static > Slope > Boundary > Constrain > Auto i Constraint Equation 1% Sip polygonal surface

2. Menu> Static > Slope > Load > Self Weight> Gy Houndary

Constraint

PE—
Basic Advance{ Auto
E—

Mame | Constraint

H Select Gbject(s)

Caonsider All Mesh Sets

Boundary Set | Boundary Set-1 -
Gravity

= | OK Cancel 72 0P O O P P ) 2 N 0 P T 4 1 R P OO
Gravity

Mame | Gravity

Reference Object

Type Coordinate

Ref. CSys Global Rectangular  ~ | |...

Components

Spatial Distribution

o Base Function | None

Load Set Load Set-1




Construction Stages

Create Construction Stage Analysis

1. Menu> Static/Slope > Construction Stage> Stage Set
2. Select Stress Solution Type > Define CS

3. Create Stage 1 and activate sets as shown. Press Save > New
4. Create Stage 2 and activate sets as shown. Press Save > New

o Static/Slope Analysis
o " : Esfage set]

Deﬁne

Contact

Seepage/Consolidat

&, Simulate Stage W Volurr

Stage =
Contact|| Wizard B Auto Set

Construction Stage

Construction Stage Set

x

Construction Stage Set Name

Construction Stage Set-1

| sweeD  tinsiw

L= I Move to Previous

Stage Mame | in sity

Stage Type | stress

SetData

e

N (|aen

Move to Next

Activated Data

eactivated Data

' Mesh

- 39 Boundary Condition
% 1.2 pground

S5 1.4paround

_@ Mesh
@ ground

@ Boundary Condition
5 Boundary Set-1
- % Static Load

sls Load Set-1

@ Boundary Condition
% Static Load

13

tage Type |Stress

Insert
Mo Mame

u GrzlEsEn| i1 Construction Stage Set-1

(2

O Output Contt
Initial Condition
[l Define water Level F
0| m  None
[ befine water Level F
Input Water Ley

] LoC

Clear Displacement

[ slope stability(SRM)
[Jslope Stability(SAM) ~ tion Stage

Corstrucson Sage Set Neme

Stage 1D 2 vl

Stage Mave | it 5
Stage Troe  Syem

SetData Actvated Data
W v
£5 Bourdary Condtion
B e Load
R Cortact

Define CS...

 —

tew
[
O

Intal Condton

Deactivates Data
[ ] et wraner Lave #

. tarn
&5 Boundary Coodtion ore
£ S Lowd

2 c [[Joetee waser Levet ¥
ontact

ot Wemr 1w

O
DC‘-:U Desplacerrent



Construction Stages

Continue Stages

1. Create Stage 3 and activate sets as shown. Press Save > New
2. Create Stage 4 and activate sets as shown. Press Save > New

Construction Stage Set Name Construction Stage Set-1

Y

Stage ID 3: 1.2 e Move to Previous Mowe to Next Inser

-

Stage Mame [ 1,2 [l Analysis

Stage Type | stress U Output!
Initial Condition

[ Define Water Le

SetData i Deactivated Data

0| m INe
[Jpefine water Le
Input Wate

Default Mesh St O LDF...

5 around )
E| % Boundary Condition
% 1.2 pground Slope Stability (SRM

Construction Stage Set Name Construction Stage Set-1

Stage ID 4:1.3 = Mave to Previous Move to Next Insert

-

Stage Mame | 1.3 | O Analysis ¢

Stage Type |stress v 0 Output
Initial Condition

SetData i i
[ pefine water Ley
= =] Mesh =
: n

@ 12 I 0 Mar

Boundary Condition [Joefine water Ley

%
£k Static Load

A
Contact Input Water

Default Mesh Set
ground

E| % Boundary Condition — .
- -8 1.2pground Slope Stability (SRM




Construction Stages

Continue Stages

Create Stage 5 and activate sets as
shown. Press Save > New

Create Stage 6 and activate sets as
shown. Press Save > New

Create Stage 7 and activate sets as
shown. Press Save > Close

w

Activated Data

Deactivated Data

Jefault Mesh Set
jround

dary Condition
.2 pground

R RV

% Boundary Condition
i-5l Static Load
R Cortact

% BOLII"IdEIr)’ Condition
gl static Load
iR Contact

—

15

L

Activated Data

Deactivated Data

1

12

1.3

1.4

1.5

16

Jefault Mesh Set
jround

dary Condition
1.2 pground

% BOLIHdEII’)' Condition

% Static Load

... 52 Contact

% BOLIHdEI’)' Condition

% Static Load

... 5 Contact

18

L

O Analysis

J Output ¢
Initial Condition

[]Define Water Ler

0|m 'Ng

[]pefine Water Ler

Input Wate

Analysis |

Il Output ¢
Initial Condition

[]pefine Water Les

0 Mo

[ pefine Water Les

Input Wate

Activated Data

Deactivated Data

L

Jefault Mesh Set
round

dary Condition
.2 paround

% Boundary Condition
-5l Static Load
w32 Contact

T@ Mesh

15

@ Boundary Condition

s;_,l, Static Load
Z Contact

Analysis C

| Output Ct
Initial Condition

[ Define water Leve

0 Mo

[ Define Water Leve

Input Water

| LDF...

[ |Clear Displacement

Slope Stability (SRM)




Analysis Case

E# Setting
Create and Run CS Case \General 3% Parametric Analysis

1. Menu > Analysis > General Analysis Case
2. Create Construction Case = _

Analysis Control > Initialize Stress > In situ (Stage 1) ,g' % BatCh.AnaNS's
3. Menu > Analysis > Perform e !per&,rml"% Modeing|

4. Press OK & Results
Analysis

Add/Medify Analysis Case
Analysis Case Setting GTS N Soiver

Title | =

Description | Analysis Contral

Solution Type Construction Stage Qutput Control

Construction Stage Set Construction Stage Set-1 Va

Analysiz Case Model

Active Sets

Analysis Control

General  Monlinear Age

Water Pressure

[] automatically Consider Water Pressure

Initial Stage for Stress Analysis

[ apply K0 Condition
[ cut-0ff Megative Effective Pressure




: ’ GTS

. . . . Initial 1.5625
Results > initial srm > Plane Strain Strains > E-equivalent
Repeat for all other cases 1.2 SRM 1.2906

1.3 SRM  1.1945
1.4 SRM  1.1062
1.5 SRM  1.0297
1063), [UNIT] K, m 1.6 SRM  1.0156

: Safety Factor
1.2%062 [1.2-5RM : INCR..
El 149453 3-SR .
i.{gg 1.5625 5 A

[aTA ] c M, INCR (uear) mom .5-3RM, INCR=S (FO5: 2973, [UMIT] kM, m

my 1,3-5RM, INCR=H (FOS=1,1945), [UNIT] kN, m

s, 1.6-5RM, DNCR=S (FO5«1.01%6), [UNIT] N, m



Compare Results to SLOPEW Tutorial

. Safety Factor
1.29062 [1.2-5RM : INCR..

Results match SLOPEW tutorial. Shown here are FOS for all 6 cases. 5 1.19453 [1.3-SRM : INCR..
[g8 1.10625 [14-SRM : INCR..
1,563 .[5 1.02969 [1.5-5RM : INCR..

: INCR..

040
S

60




Compare Results to SLOPEW Tutorial

Results match SLOPEW tutorial. Compare Shear Stresses for In Situ case

Max Shear Stress

B 0-10kPa

O 10-20kPa
O 20-30kPa
O 30-40 kPa
[0 40- 50 kPa
[J 50 - 60 kPa
0 60-70 kPa
O 70 - 80 kPa
O 80-90kPa
E 90 - 100 kPa

PLAME STRAIN STRESS
S-MAX SHEAR , kRfm=2
—+07,287
2% a3 470




3D Case Study: Slope Stability (Colombia) |, {.'\;

INAfuIizranc

Construction stage excavation of
slope for housing hydroelectric
dam machinery

Initial Condition Final Excavation




3D Case Study: Slope Stability (Colombia) |, [, )\,

Displacement Contours




3D Case Study: Slope Stability (Colombia) |, 1, )"

Initial

Failure Iso Surfaces Final Excavation

Condition




Conclusions

Comparison between GTS NX and Geostudio 2D Suite gives
comparable results for the different kinds of analysis.

GTS NX can additionally jump to 3D case from 2D starting file, but
only practical for symmetrical cases.

GTS NX has geometry modeling features and CAD compatibility that
make it easy to create analysis cases for complex 3D problems.

GTS NX allows coupled (stress — seepage — slope — seismic) analysis
that would require multiple models in different platforms of
Geostudio.
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MIDAS GTS NX TRANSITION FOR AMEC: 3D
FINITE ELEMENT ANALYSIS

AMEC SESSION: COMPARING 2-D AND 3-D FOR A RETAINING WALL
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