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Overview

Overview of Seepage-Slope Coupled Analysis

* Instability of a slope in unsaturated soils is closely related to rainfall. The slope instability increases with the
reduction in shear strength caused by the increase in water content in the unsaturated soils due to rainfall. Therefore,
the presence of negative pore water pressure and its magnitude are very important for the stability of an
unsaturated slope.

» Unlike common belief that slope failure under rainfall is attributed to global sliding in the slope due to an increase in pore
water pressure caused by a rise in the underground water level, research and failure cases mainly point to shallow slope fai
lure. It has been identified that a rise in underground water level under concentrated torrential rainfall is not significant. Rathe
r the wetting front due to seepage reaches the critical depth (wetting depth) causing the shallow slope failure.
Accordingly, stability analysis for the surface layer part in the slope due to rainfall seepage becomes necessary.

Rainfall

Absorption by vegetation
Seepage of rainfall

Surface runoff ';/
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[Schematic diagram of developing wetting front due to rainfall]




Overview

Rainfall boundary

/" groundwater
level

Potential saep
- g

face boundary P L

Flux boundary

*Transient

Assumes that the boundaries vary according to time. Generally, the ground is in
unsaturated status, and time is different for seepage to get into steady

state according to moisture content and porosity.

Nodal water head: water heads at nodes are specified (total

water head, pressure water head).

Nodal flux/Surface flux: water flow quantities at nodes or

surfaces are specified.

Review boundary based on seepage condition: when the Time =72 hrs
line of saturation is unknown.

Pressure Head = Om
Total Head = 40m

B Q@8 = o
—
—

® Arosw nods

=Specify Review boundary node (ex. ) =

<Application of Nodal Head({ex.)>




Overview

Sequential Seepage-Stress analysis and Slope stability analysis during the
construction stage process.

Seepage analysis and stress/slope analysis are independently performed, and
then pore water pressure can be reflected through the in the following stress
stage automatically.

[ ]

Steady flow analysis
X Unsteady flow analysis
Stress Stage ]_\

Stress analysis

Slope Stability
analysis

N




Overview

The following slope stability analysis methods can be used on the GTS NX.

« Strength Reduction Method (SRM): The strength reduction method gradually
decreases the shear strength and friction angle until the calculation does not
converge, and that point is considered to be the failure point of the slope.

Stress Analysis Method (SAM): This method first uses the finite element
method to perform stress analysis on the slope and the safety factor for each various
virtual slip surface, created from the assumptions of the limit equilibrium theory, is

calculated based on the stress analysis results
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Overview

STEP 01 Geometry Import
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00 Slope Stability

Overview

« 2D Slope Stability analysis during

rain

The stability of slopes is greatly
affected by ground water,

external loadings, earthquake, etc.
Shear stress inside the slope develops
due to the self weight

and external loadings like pore
pressure from rain accumulation. If
the shear stress exceeds the shear
strength, shear failure will take place.
Using the various proposed methods,
numerical analysis is performed to
check the stability, and appropriate

reinforcement is introduced.

Higher order elements will be used
for better accuracy, and the safety
factor will be examined to determine

the need for reinforcement.

FEM offers accurate approximate solutions that satisfy force equilibrium, compatibility,
constitutive equations and boundary conditions at each point of the slope, which enables
simulation of close to real failure shapes and reflect the site conditions to find the minimum
safety factor against failure. Moreover, failure planes need not be assumed in advance, and

the failure process can be automatically investigated.




02 Material for Soil and Structures

Weathered Soil Weathered Rock Bed Rock Nail
Material Isotropic Isotropic Isotropic Isotropic

Model Type Mohr-Coulomb Mohr-Coulomb Mohr-Coulomb Elastic

General
Elastic Modulus (E) (kN/m2) 36,500 150,000 1,850,000 20,0000,000
Poisson’s Ratio(v) 0.3 0.25 0.28 0.26
Unit Weight(r) (kN/m3) 18.5 21 24 78
Ko 1 1 1
Porous

Unit Weight(Saturated) (kN/m3) 19.5 22 25
Permeability Coe. (m/day) 0.504 0.00254 3.86e-005

Non-Linear
Friction Angle 20 25 38
Cohesion (kN/m2) 5 40




0 Material for Soil and Structures

General Porous  Nondinear Time Dependent
Unsaturated Properties it eight(Ssturated) [ H] o
Permeability Function Type: select ‘User-defined’ — medrat
and copy the data from the Excel sheet. st property neathered ock

Water Content Function: select ‘User-defined’ and copy the water content
data from the Excel sheet.

Add/Modify Unsaturated Function

A 1 B 1 I: 1 D 1 E 1 F 1

Weathered Soil Weathered Rock Soft Rock

Function Name Scale Factor Permeability Graph Option Water Content Graph Option Pressure F— Pressure

| weathered rock | | 1 | X-axis log scale [ Y-ands log scale X-axis log scale [ ¥-axis log scale Load K Ratio Load K Ratio Load K Ratio
(kM /m?) (kh/m®) (kM /m?)
Permeability Function Data 0/ 1.00E+D0 0 1.00E+D0 0 1.00E+00
001 1.00E+00| 001 1.00E+00| 0.01| 1.00E+00
00774 1.00E+00 00774 9.B0OE-01 00373 6.39E-01
0599 1.00E+00 0599 9.73E-01 0.139 3.51E-01
464 9.6I1E-01 464 963E-01 0518 1.B4E-01
359 2.14E-03 35.9 B.00E-01 153 9.46E-02]
278 5.15E-D6 278 1.75E-02 7.2 4.328E-02
26.8 1.64E-02
100| 3.74E-03
373 7.37E-04

Function Type |User Defined

Pressure

(kNI K Ratio

1
2 0.0100 1.0000
3 0.0774 0.9800
4 0.5990 0.9730
5
G

46400 0.9630
35.9000 0.8000

B M W W m dmom o m o e

Water Water Water

.01 0.1
Negativae Fosa-Foasensd Load
Content Content Content

W

Water Content Function Data

3.80E-01 05 0.35
Function Type | User Defined w . 3.79E-01 0.491 0.349]
| 3.74E-01 0.483 0.344

Pressure Water ~ ) | 3.65E-01 0.469 0.331
(KN/m*) Content ;oo )| 3.48E-01 0.456 0321
H )| 3.18E-01 0.434 0.311]
16.6000 0.4910 ;v | 2.85E-01 0342 0.299
27.6000 0.4830 2 0 | 235E-01 0.285
41.1000 0.4690 . | 1.98E-01 0.264
51.5000 0.4560 1.71E-01 024
§5.0000 04340 v 10 0159
0.14

Redraw Graph Ok 0132

1 0.1 1 10
Hagati-a Fase-Foaosusa (RN /m3)




0 3 Property for Soil and Structure

Weathered Soil

Property 2D

Model Type Plain Strain

Material Weathered Soil

Size (m)

Section Template

Weathered Rock Bed rock

2D 2D

Plain Strain Plain Strain

Weathered Rock Bed rock

Solid Round

D 0.025 (m

1D

Truss

Nail (Steel)

D=0.025




04 Construction Sequence

1. Initial state of dry slope
2. Rain
3. Reinforcement with Nails




0 7 Open Project

Overview

@ Main Menu > Open

@ Select 2D slope rain with nails
start

New
I Create a new docurment

1 L Open 1
1| '3 Open an existing document | |

U S R R S

Save
H Save the active document

—p Save As...
ﬁ Save the active document
with 2 new name

[ 2) D 2d slope rain with nails start

1




02 Inspect Material for Soil & Structures

Procedure

* You can inspect and modify

Geometry Mesh

r
| El I l—_f“ |_;"_;‘,Comp. Prop.
I . I .

e 1 :: 1 :: ¢.<' CSYS
jMaterial Property | ;

e o o

Static/Slope
Material / Property from start files

/7 Hinge ~
Function ~
Prop./CSys./Func.

$@el o=l sam ©

Add/Modify Material *

(1) Mesh > Prop. > Material

O select weathering soil material

and click modify to inspect
Mo Mame Type

weathered rock  Isotropic-Mohr-Coulomb I
Bed rock Isotropic-Mohr-Coulomb q

3 Weathering sail  IsotropicMohr-Coulomb

Nail IsotropicElastic

Material

Model Type

X

3 Mame | Weathering soil Calor :| v

Mohr-Coulomb - [ structure

General Pporous  Non-Linear Time Dependent

Elastic Modulus({E)

Inc. of Elastic Modulus

Inc. of Elastic Modulus Ref, Height
Poisson's Ratio{Mu)

Unit Weight{Gamma)

Initial Stress Parameters

Ko [ anisotropy HE




0 3 Inspect Property for Soil & Structures

p) DEBOT6 = - 7

* You can inspect and modify Geometry Mesh Static/Slope
Material / Property from start files ==

EJ} ID 'L:‘,Comp Prop.

- 'I’ |'-<‘, CSys /7 Hinge ~
aterial Prope
__’)_rtllhﬁ Function ~

Mesh > Prop. > Property
o Prop./CSys./Func.

Select nail property and click #’ .[% & & e [l Cm @ = J-*U
(2} modify to inspect

Add/Modify Property

Mo MName Type Sub-Type

1 weathered soil D Plane Strain

2 weathered rock D Plane Strain

3 bed rock D Plane Strain
pin}

4 Mail Truss

Section Template

Solid Round

D 0.025 [ m

Constitutive Behavior From Material v
Material 4: Nail v &

D Hinge Property _E

Cross Sectional Area(a) 0.0004508738 | m2
Torsional Constant 3.83495187e{|m~4
Torsional Stress Coeff, 0.0125 |m




04 Generate Mesh (2D Element)

) DeBEGh =0 - -

Geometry Mesh Static/Slope Analysis

oy 7 Def. Size (@R 1D

© Mesh > Generate > 2D > Auto - €l [zl P 1D
D"’ - e H= 62 prop ctrl. & 20 B 20->30

Area Material Property = Function = || Size ; --ﬁRemesh
= cirl. i=+iMatch Seed || @930

Prop./CSys./Func. Contral Generate

Seepage/Consolidati

Q Select Edge(s) > Select 25 edges
for “Soil layer” as highlighted in
the figure. (Include nails)

Generate mesh(Face)

o Input element Size : 1 AutoFace Auto-Area  Map-Face Map-Area

(1m between two nodes)

Selected 25 Edge(s) | -
h---------------
. Select P
O select Property : weathered soil ._______E_E_i"f}______
Size Method

I ®size () Division e

I————————————————J

() Input Mesh Set Name : soil
[IMesh Inner Domain

. . Include Interior Edges
Click on the >> icon to open

the Advanced Option Window

1 I
1] 1: weathered soil ~ I

I______________

Activate Higher Order Elements | meshsst | soi v |

Unckeck Register each set indep. | = .g|n3 ok || cancel || apply 1] 551
| S

o Click OK , then Click Apply (by
clicking apply, window keeps
HOE option on)

Advanced Option

Merge Nodes

Tolerance

Element Size Growth Rate
Fine Coarse

Min/Max Element Size

small

20 Mesher
Delaunay Mesher

Element Type
Tri+Quad

I. [] Higher-Order Element
[IMidside Nodes on Geometry

E Pattern Mesh
II] Register Each Mesh Independently

e i o ey




04 Generate Mesh (2D Element)

Procedure

Select Edge(s) > Select edges
for "Weathered Rock” as

highlighted in the figure.

@ Input element Size : 2

(2 m between two nodes)

Generate meshiFace)

@ Select Property : Weathered Q

Face AUto-Area Map-Face Map-Area

Rock e S

L
: (=] Selected 23 Edge(s) H|

Input Mesh Set Name : Bl Select Point(s)
Weathered Rock "~ e""ﬂ"““d——————————-I

| T ) Division <
8 e |

[IMesh Inner Domain
Indude Interior Edges

| _P:pe:y____________}
window keeps Higher Order I 2| | 2: weathered rack LI
|

; |
Elements option on) Tl o |
: 1 1
@ @ | cnce) oo | 1>

O ciick Apply (by clicking apply,




04 Generate Mesh (2D Element)

Procedure

Select Edge(s) > Select edges
for “"Bed Rock” as highlighted

in the figure.

@ Input element Size : 3
(3 m between two nodes)

@ Select Property : Bed Rock

() Input Mesh Set Name : Bed
Rock

O ciick ok

Generate mesh(Face)

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

1 | Q Selected § Edge(s)

Select Point(s)

_.g,.z,n,u...,d.___________

| ®siz= Opivison <

-—— -
l_—e‘h Inner Domain
[ @Wiide Interior Edges
anﬂnty—————————————

3 || 3: bed rock ~| H&

Mesh Set | bed rock w |
= | lf.]?l oK Cancel >




04 Generate Mesh (Extract 1D Element)

Procedure

0 Mesh > Element > Extract

9 Select the TYPE: Edge(s) >
Select 10 edges for “nails” as
highlighted in the figure.

[3) Select Property : Nail

O Input Mesh Set Name : Nails

© Click OK

I8l Create I8 Modify Topo. @-E;t;c-tl FE Interface y
i i inge
I Delete [JH Parameters Ji] Divide -3 Pile/Pile Tip 1 f‘g'rt
nfinite
= modify [ connection @ Measure M Free Field

Elernent

Extract Element =

_GEwE_Y_Mash._________l

I= Selected 10 Object(s) [1

Type | Edge v

Orientation (Element Z-Axis)
| Beta Angle: 90 [deq] | «

— . —— -

e Ij| 4: Mail ~| |H

N e
Mesh Set

[Iregister Based-on Object Shape
[register Based-on Owner Shape

Register Based-on Owner Mesh Set

[ mail v |

= e' CK Cancel




0 5 Define Boundary Condition (Seepage)

Procedure

* Nodal Seepage will be defined.

@ Seepage Analysis >
Boundary > Nodal Head

@ select Target Edge(s) > Select
edges to define water level as
highlighted in the figure.

(Do not need to select Vertical
edges)

O value=0m
(4] Type: Pressure

Boundary Set: Nodal Initial

Seepage/Consolidation Analysis

ige Set
wiate Stage i Volume Data Export
to Set

Construction Stage

Dynamic Analysis

£6 Define Set
#% Constraint

Analysis Result Tools

% Change Prnpert” & Modal Head!

& Modal Flux

& Surface Flux
Boundary

S Review
HH Constraint Equation $= Water Level

seepage Boundarn

Modal Head  Review

Name | Modal Head-2

G-Ohiir“———————————l

Type OTotal | ® Pressurq

|:|Functior1 Mone
Direction: Global Y

[lif Total Head « Potential Head, thenQ =0

Boundary e| nodal initial

&= 2 oK

V|§

Apply

Cancel

Nodal Head: Initial Water Level

o




0 5 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynarmic Analysis Analysis Result Tools

Procedure o Sat

€6 Define Set &5 Change Property § Modal Head
* Review Boundary will be defined.

late Stage WM Volume Data Export || £ Constraint :-EEPTEWETM- & Nodal Flux
t Set

Construction Stage

HH Constraint Equatiu-n-ﬁTﬁEtEr-Level & Surface Flux
Boundary

@ Seepage Analysis >
Boundary > Review

9 Select Target Edge(s) Seepage Boundary

Modal Head ~ Review

© select top Surface edge

Mame | Review-2

s
Type |Edge ~ 1

. Il--------------'

Boundary Set: Review = Selected 15 Object(s) i

—8_F_ R R B R R _§ R R ¥ § N ¥ ]

= ————
IBOL.Ir'Idar\-' Set review xle

-
5] 0K Cancel Apply




0 5 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools

Procedure e Set &6 Define Set Y Change Property § Modal Head

* Surface Flux will be defined. late Stage WM Volume Data Export || #8% Constraint Sa8 Review & Nodal Flux

1 Set 8 Constraint Equation $= Water Level 1< Surface Fluxl
Construction Stage Boundary

@ Seepage Analysis >
Boundary > Surface Flux

Flux

Nodal Flux ~ Surface Flux

() Type: Edge Flux

Mame Surface Flux-2
—— e ———)

. Type Edge Fi ~
© Type: 2D Element Edge eL____ige_Li_______!
Select top edges e I e e e - ——
I Type 2D Element Edge A

|
© Value: 0.33 m”3/day/m~2 ?L LE___E'E:"Ed_“E_Ob_J'EC_t(S’___u

@) Turn on if q > Ksat, then Total AR R -
Head = Potential Head CFunction  Mone =E]
e‘-Fq->-KsaT, then Total Head ~ Potentia H-ea‘f

Boundary Set |rair1 v |58

= 48 oK Cancel Apply

If the rainfall intensity is larger than the absorption capability, the ground surface is in a saturated
state during rainfall, as if the groundwater level existed above the surface. Hence, the area of rainfall
needs to be changed to a water level line. Use the [If g > Ksat, then Total Head = Pressure Head]
option to automatically change the ground surface boundary from the existing rainfall intensity

inflow condition to a water level condition for analysis.
1-23




0 5 Define Boundary Condition (Ground)

Procedure

@ static / Slope Analysis >
Boundary > Constraint > Auto

() Boundary Set Name : Ground
Boundary

. —

Static/Slope Analysis

B8 (&

Define || Stage )
Contact|| Wizard ﬁn‘Lr_n Set

Contact Construction Stage

Seepage/Consolidation Analysis

&5 Define Set
ﬁ Constraint

Dynamic Analysis Result

%Change Property
=%, Slip circular surface
ﬁ Constraint Equation % Slip polygonal surface
Boundary

Analysis
(¥ Stage Set

Simulate Stage F= Water Level

Constraint

Basic Induanced Auto

Constraint-1

MName

Congzider All Mesh Sets

Select Object(s)

I Boundary Set  Ground Boundary -

E [ Ok ][ Cancel H Apply ]

¥ v ¥ VYYvVYVTY

.




06 Load Condition (Self Weight)

Procedure Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Resig Tools

@ static / Slope Analysis > % H‘\_ﬁ @ Stage Set &5 Define Set &5 Change Property "b E Wl fE e
Load > Self Weight E B, Simulate Stage || #8% Constraint = Slip circular surface £ Water Level %9 PN
Define || Stage o
Contact leagrd ﬂ Auto Set HH Constraint Equation T Slip polygonal surface nght v i

e Load Set Name : S/W Contact Construction Stage Boundary Load

Gravity
Gravity

Mame Gravity-1

Reference Object

Type [Ccordlnabe ]

Ref, CSys Global Rectangular  + .

Components

Gx V]

Gy -1

Gz V]

loadSet | SMW - . |

VYU u Y vy B

¥ ¥ EVEEERY

s of T Tl TR

., ]




0 7 Define Construction Stage (Create Stage Set)

Procedure

* 5 Construction stage will be

defined for this project.
@ static / Slope Analysis >
Construction Stage > Stage

Set

Stage Type > Stress — Seepage
Slope

Select Add
Select Created Stage Set

Select Define CS...

Static/Slope fysis

% ”&I (8 stage set |
&, Smulate Stage

Define || Stage _

Contact|| Wizard ﬂ Auto Set

Confact Construction 5tage

Seepage/Consolidation Analysis Dynamic Analysis

&5 Define Set
ﬁ Constraint

Boundary

%Change Property
=%, Slip circular surface
ﬁ Constraint Equation % Slip polygonal surface

F= Water Level

Construction Stage Set *

Stage Type : Stress-Seepage-Slope 1 ~

add 1

Modify

Mame | semi coupled

b Marme T Copy

el—————————————————————

Stress-Seep... Delete

1 Define C5...




8 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 1 Type : Seepage Steady Define Construction Stage

State
Construction Stage Set Name semi coupled °

——
-

o Activated Data : All Mesh Sets Stage ID 1: initial seepage = Move to Previous Move to Next Mew | Insert Delete

for initial state of ground (2D Stage Name | initial seepage | U S L

.. ---------------1
elements), and Nodal Initial e I Stage Type | Steady-State ar O Output Contral...

seepage boundary SetData ﬂuted'ﬂmz- = = eactivated Data

e =-E Mesh

- DefaultMesh Set
Select Save gy bed rock
B nails - @ weathred rock
% soil B 6 Boundary Condition
@ weathred rock E % nodal initial
=-8% Boundary Condition '
& Ground Boundary o e e ——
&% nodal initial E
% rain
58 review

Select New

Drop

Sort By ~ | Show Data Activate




8 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 2 Type : Stress
@ Activated Data : Boundary and
Load Sets for Ground

Boundary and Self Weight

Activate Clear Displacements
and SRM

Select Save

Select New

Define Censtruction Stage

Construction Stage Set Name

Stage ID 2 initial stress

semi coupled

-

L Mave to Previous

Stage Name | initial stress

-

Stage Typel Siress

~1

Set Data

Activated Data

Move to Mext

Deactivated Data

,————
OL e .

O Analysis Contral...

Insert

O Output Control...

=- @9 Mesh

@ bedrock

@9 nails
9 soil

@9 weathred rock
=& Boundary Condition
£ Ground Boundary
-8 nodal initial

% rain

58 review

=8k Static Load

Z Contact

@ Default Mesh Sete ¥

‘ .- Mesh

- T r L
_ Boundary Condition

I = Ground Boundary

b3k Static Load

I s

= Eo?ta ct

Drag & Drop

@ Mesh

&8 Boundary Condition
£k Static Load
-2 Contact

IJJ- [N Sp—— 1
I Clear Displacement |°
| Fstpe sty Gy

[ slope Stability (SaM)

~ | Show Data Activate w

————
° I save 1
- -

Delete

Close




8 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

o Stage 3 Type . Seepage Construction Stage Set Name semi coupled

Transient (rain) Stage ID 3: rain 1 = Mave to Previous Mave to Next 1 New I Insert

-
- e e

Smgel""e | rain 1 | Analysis Control
Activated Data : Boundary Sets stoge W Nrrargient o] ': T ?m:S;p- == ': e O Output Contral...

Rain and Review e ————— e ————
SetData Activated Data Deactivated Data

= @ Mesh | -Mash——————- —M————__I Time Step

Deactivate Data: Boundary Set @y DefaultMesh Set e & Boundary Condition = @ ST EYIEE L I e —————
@ bedrock &8 nodal initial ) =

nodal review @ nails S revi g Contact I| | | puaton [ 2i3

. |
o P S P YR LTS
Ser

. . @ weathred rock _
Click Time Step -£5 Boundary Condi Time 0] day
% Ground Boun (Example: 1, 3, 7, 14)

® step

Step Mumber 2=

2 days 2 Steps --£8 nodal initial
[Asave Result  []Log Scale

Save Result / Generate Step &8 rain
58 review
Z Contact e Generate Step
Select Save s Save Ste
(day) i

1.0000 |v |

Select New

rag & Drop

Sort By Show Data Activate




8 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 4 Type : Stress

Define Construction Stage

@) Check on Slope Stability SRM

Construction Stage Set Name semi coupled

L& & & ]
Stage ID & rainsrm 1 ~ : Mowve to Previous Move to Mext e - ﬁew_ _I Insert Delete

Stage Name | rain srm 1 O Analysis Contral...

© Select Save

eSiﬁgeT — ol O
N NN SN BN BN S S e e

SetData Activated Data Deactivated Data

Qutput Control...

0 Select New

= Mesh

[ Default Mesh Set
@9 bedrock

@ nails

[ soil

[ weathred rack
-85 Boundary Condition
55 Ground Boundary
5% nodalinitial
@ rain
- E8 review
-2 Contact
=8k Static Load

T sW

@ Mesh
8 Boundary Condition
sk Static Load

Z Contact

i Mesh

6 Boundary Condition

~ | Show Data Activate

O LDF...

[Jclear Displacement

| 15lope Stability(SRM)

[ slope Stability (5AM)




8 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

Construction Stage Set Mame semi coupled
@ Stage 5: Type : Stress

Stage ID 5: srm with nails w Mave to Previous Move to Mext Insert Delete

-

@ Activated Data : Nails mesh set Stage Name | stm with nais | Analysis Confral...

Stage Typel Siress vl Output Contral...

LR R R R R _§ _§ § &R & J

@) Activate SRM Set Data Activated Data Deactivated Data
= @ Mesh ‘ e sh = =

@ Default Mesh Set | & nails
() Select Save and Close @ bed rock e .8 Boundary Condition_ _
@ nails £l Static Load
@ soil . Z& Contact
@ weathred rock
£ Boundary Condition
88 Ground Bounda
g nodal initial i [ e
&8 rain ,D%af_ﬂiﬂ*a&ﬂﬁﬂt_e

Z? rf;ifw I 4 slope Stabilty(srm I
ontac e
=8k Static Load [ 5lope Stability(SAM)

Drag & Drop

Save Close 1

Sort By ~ | Show Data Activate




7 =
(ﬁ OE=H o &

@ Analysis > Analysis Case >
General

@ Title : Semi Coupled

© Solution Type : Construction
Stage

© select Construction Stage Set
Semi coupled

(s Analysis Control : Select Initial
Stage for Stress Analysis (2.
Initial Stress),

Check: Auto Consider Water
Pressure

o] Check Max Negative Pore
Pressure: 20kN/n”2

@ Output Control:
Check On: Strains

q Get}metrg,r Mesh

‘ é '13- Sefting

| General 'u' Parametric Analysis

Analysis Case

Static/Slope Analysis

Perform

=

GTS NX -

Seepage/Consolidation Analysis

B |

History Options
Qutput Probes
History

Dynamic Analysis Anialysis

@‘ Batch Analysis
& Modeling
& Results

Analysis Tools

Add/Modify Analysis Case

Analysis Cas NG e mm e e e

w Bnalysis Control

General Nonlinear Age

Title

1 semi coupled| 1

l------- /SO SO - -

————

Description

) -
Solution Typ }ansh'uctian Stage

o
Construction Stagd Ly T oD ———

Analysis Case Model

Qutput Control

Output Type  Qutput Option

Wirite Results of All Active Mesh Sets
Nodal Results
Displacement

Applied Load
Reaction Force
[ Grid Paint Force
Seepage
[veladty
[ Acceleration

Solve Each Load Set Independently Sorking

Mesh Set...
Mesh Set...
Mesh Set...

<=

Mesh Set...
Mesh Set...
Mesh Set...
Mesh Set...

Name

- malws Control ’ I Automatically Consider Water Pressure
0 Qutput Control

I———————

aniﬁal Stage

2Ziinitial stress vl
—— el

I Initial Stage for Stress Analysis
-
[ apply Ko Condition

= [ cut-Off Negative Effective Pressure

Active Sets

Initial Stress
[ Estimate Initial Stress of Activated Elements

Final Calculation Stage

Element Results (®)End Stage (O Middle Stage Linitial seepage

Force Mesh Set...
Mesh Set...
Mesh Set...

Mesh Set...

Specify Restart Stage
Restart Option
hriah.ﬁ
. Seepage
[ Ductiity

(®) save only User Specified Stages
Mesh Set... (O If not Converged, Save its Previous Stage

Mesh Set... (O 5ave All Stages

Initial Temperature

[iniitial Temperature By Value

Saturation Effects

[ consider Partially Saturated Effects for Stress Analysis

————————E—————————

r‘lax. Megative Pore Pressure I

Max. MNegative Pore Pressure Limit Ijl kM jm2 :

I-----------------T-‘Td

Cancel




70 Perform Analysis and Chéck Results

Procedure f,,(— DeHcige®=m- s ——
Iy $|
Geometry Mesk Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Anialysis

@ Analysis > Analysis > Perform s e e

=k ) 1 o Batch Analysis
‘-_ B4 setting g’ @ l@ Efl
9 Select OK é - Modeling
General E_g. Parametric Analysis | perform i History Options
= ) eSS Output Probes

Analysis Case Analysis History Tools

GTS NX Solver

Description

Chedk OnjfOff




7 7 Post Processing (Pre mode vs Post mode)

Procedure = AR E WO = Cmm; % Li, oo - Mg
= = 4 [ Vecto

@ After analysis, model view
will be converted to Post-
Mode automatically, can
back to Pre-Mode to change

model information.

@AII results will be represented
by graphic based output, table,
diagram and graph.

@Results are given by stages and
types of elements.

The results are set in order of
the stages.

The bottom of the results tab
lists the FOS for all the stages in
order.

| Item

&Y Deform - E Fil -

Results
. @ & Post-Mode 3 Diagram| XYZ Direction | il No Results

Results General

(&, probe

(5P LDF sum

Multi Step I@L‘, Cutting Diag.

@), Extract

L& others -
Advanced

Results

Item I
@ C\Users\a.martinez\Desktop\semi cou.
[l Post Style
¢ L[ Default Style
=-fi) semi coupled
22 initial seepage
. @2 INCR=1(LOAD=1.000)
9@ initial stress
- @ [2f INCR=1(LOAD=1.000)
2+ initial stress-SRM
. -2l INCR=132 (FOS=1.7008)
El@ rain 1
- @21 INCR=2 (TIME=1.000e+000)
- @21 INCR=3 (TIME=2.000e+000)
EI@' rain srm 1
@2 INCR=1(LOAD=1.000)
9@ rain srm 1-5RM
- @2 INCR=6 (FO5=1.0578)
EI@' srm with nails
@2 INCR=1(LOAD=1.000)
9@ srm with nails-SRM
ﬁ Z ¥l e LS R A A
= Safety Factor
1.70073 [initial stress-SREM : 1.




7 Post Processing

Multi Step Iso Surface

Output Datz @ Probe @ LDF 5um
Analysis Set semi coupled @ I'U'ILJHZI StED ISU‘. | l&“_‘l CL.IttII'Ig DHQ.

Procedu Result Category | Modal Seepage Results L .
Data PORE PRESSURE @’ Extract "("a Others

e S T o mremm oo Advanced

E@ Initial Seepage 25m Step: Data

=] INCR=1 (LOAD=1.000) ﬂiniﬁal seepage INCR=1 (LOAD=1.000):PORE PF @ Multi Step Iso.

. |rain 1:INCR=5 {TIME=1.000e +000):PORE PREY
E A Nodal Seepage Results Flrain 1:NCR=6 (TIME=2.000e-+000):PORE PREY

View lso Surface of Multi Step
@ Expand the results for semi I I

coupled and double click

Nodal Seepage > Pore Pressure
Select All Unselect All

to verify the Pore Stress dues to

Iso Value

change in Water Level.
NODAL SEEPAGH
PORE PRES |, kNm~™2

[ 125823776 | | 0] [ 153256502

Close

You can activate the water level s pu e ns

lines by using the Multi Step Iso

surface function and setting pore
pressure to 0 for each stage.
Click PLOT

HODAL SEEPAGE
PORE PRES , kNfm~2




7 7 Post Processing (Post mode)

» m|[d F"Eﬂ 2= & | Level3 (Narmal)

Procedure —

output

Inspect the changes in the model

@ by navigating the stages using y : EI Safety Factor
the bar on the bottom of the 1.70469 [Dry srm-SRM : INC..
model / above the output 1.07539 [rain srm 1-5RM : [N,
window. Press Right or Left key
on keyboard to go forward and
backward in the stages PLANE STRAIN STRAIN

E-MAX SHEAR. , None

respectably.

Inspect the slope stability results ' ’ — 0. @

for the last stage by selecting the . , °Ia'ug Min/Max Value...

Plane Strain Strains. .: , Layout

i Color T
The images shows max shear olor Type

Background 4

- T

Reset All

strains for the 1st 3 stages of the

analysis.

Right click the legend and select
AUTO RANGE to see results more
clearly.

You can create a video animation
of the stages by selecting Multi
Stage Animation > Select All
Stages > Play > Save
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Overview

STEP 01 Geometry Import

Y

STEP 02 Define Materials

Y

STEP 03 Mesh generation

STEP 04 Boundary Conditions

A\ 4

STEP 05 Load Conditions

Y

STEP 06 Define Construction Sequence

|

STEP 07 Analysis Case

|

STEP 08 Perform analysis and check result




02 Material for Soil and Structures

Material

Model Type

Elastic Modulus (E) (kN/mA2)
Poisson’s Ratio(v)

Unit Weight(r) (kN/m~3)

Ko

Unit Weight(Saturated) (kN/m~3)
Permeability Coe. (m/day)

Friction Angle
Cohesion (kN/m~2)

Weathered Soil Weathered Rock

Isotropic Isotropic

Mohr-Coulomb Mohr-Coulomb

General
40,000 150,000
0.3 0.25
18 21
1 1
Porous

19 22
0.504 0.00254

Non-Linear
21 25
9 40

Bed Rock

Isotropic

Mohr-Coulomb

1,850,000
0.28

24
1

25
3.86e-005

38

Geogrid

Orthotropic

Geogrid
Elastic Modulus 1
550000 kN/mA2

Elastic Modulus 2
475000 kN/mA~2

Shear Modulus
375000 kN/m”2
Weight
7 kN/m~3




0 3 Property for Soil and Structure

Weathered Soil

Property 3D

Model Type Solid

Material Weathered Soil

Size (m)

Weathered Rock

3D

Solid

Weathered Rock

Bed rock

Geogrid

2D

Geogrid

Geogrid

Thickness = 0.01




04 Construction Sequence

1. Initial state of dry slope
2. Rain
3. Reinforcement with geogrid




0 7 Open Project

Overview

@ Main Menu > Open

@ Select 3D Slope Stability
during Rain with geogrid start

New
I Create a new docurment

| [ Open |
1 '3 Open an existing document |

U S R R S

Save
H Save the active document

—p Save As...
ﬁ Save the active document
with 2 new name

D 3D Slope Stability during Rain with gecgrid 1




0 2 Inspect Material / Property for Soil & Structures

Procedure

* You can inspect and modify

I;( 7 D & B ﬁ@ - = = |
X Geometry Static/Slope
(e —
E.' '__il« | @Comp- Prop.
E"’ D‘" £ CSys

Material Properti 5 ,
B Function ~
—— = - lF*v!)p./CSys./Func.

#6185y om B 4 ]

Mesh
Material / Property from start files
a7 Hinge ~

(1) Mesh > Prop. > Material or

Property

Material
Select geogrid material and

s

Add/Medify Material bY D 4 MName | geogrid 2d

| Color

_v

click modify to inspect

No Mame Type Creste.. | ™ Model Type | Geogrid

Isotropic-Mohr-Coulomb
Bed rock Izotropic-Mohr-Coulomb
Weathering sail  Isotropic-Mohr-Coulomb Copy

geogrid 2d Orthotropic-Geogrid ejete

Select geogrid property and weathered rack

Madify... Parameterl  parameter2

click modify to inspect
Elastic Modulus(E1)

Elastic Modulus(E2)

Shear Modulus(G12)

Create/Modify 2D Property

Geogrid(2D)

Add/Medify Property

i Structure

550000 | kijm2
475000 | knjm2

375000 | kNjm?2

Mame | geogrid

| Color l:l hd

Mo Mame Sub-Type
1 sail Salid

2 weathered rock Salid
3

bed rock Salid

4 geogrid Geogrid(20)

Material

Thickness

4; geogrid 2d | £

),




0 3 Geometry works (Create or Import from Excel)

) Geometry Mesh Static/Slope Analysis Se
» @@ O XX|8 o0 ““"0
(1) GeorrTetry > Surface Solid > SAao g -4 80 @ a
Bedding Plane - Beddlng
T e e R A B @@@%ﬂ Plane

=== |
Point & Curve Surface & Solg.
A B

@ select Import > Excel file

1" Bedding Plane Wizard 1[m]
Bore Hole data 3D Slope _ Bore Tk oo b2 bba
Stability” Bedding Plane | Location 10,5,60 10,55,60 35,27 50

Bedding Plane Name | Sheetl plane Depth

= Borehales Information 1 1 plane 1 420
e Xand Y 10 Boreholes Location 1 2 plane 2 36.0

Mame bb1 Location 5 3 plane 3 480

Define Bedding Flane...

O ciick ok

Depth
(m)
2|plano 2 36.0000
3|plano 3 46.0000
4

Plane Name

W

[« [+ |\bb1 £b02 {bb3 Lbb4 Abb5 7 Name

add Modify Delete I import

[p——| e . Bore hole data 3d slope stability

B . T T e———

b yavis ¥-Axis |

bb4
60, 5, 60




¥ -
' Geometry Mesh Static
. N
+ @O Xx|8.

@ Geometry > Surface Solid > e & & - P A I&'
Box 06 e =il @:Q

Point & Curve

@ Enter dimensions as shown

3D

s

9 Click Preview, Click OK Origin Pt. [OF]

Width X [WX]

Width ¥ [WY]

Height [H]

r-----

Make Solid ® ces

wes

Geometry Set

o

L@ ,_el N oK,

Cancel




0 3 Geometry works

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis

— N o — =
)P e XX |0&eH=
(1) Se:'):\etry > Surface Divide > :j?" g i :; gj E g g g g BE'IEL%Q Soud Surﬁ:lce ﬁ kﬁe
oli Plane

Point & Curve Surface & Solid Boolean Divide

@ Target: 1 Solid Box Divide Salid X

(<) Dividing tools: 3 surfaces By Surface
Click OK o

L f_ Selected 1Ta_5|et Sulldu l

@ Delete 2 geometries shown by Dividing Tools

selecting and pressing DELETE |® 5]  Selected 3Tool Surface(s) Ie

on keyboard —————————————————d

{_) 3 Points Plane

() Dividing Plane
¥

Delete Object

Geometry(Box(2))
Geometry(Box(5))




4 Generate Mesh (3D Element)

Procedure

Mesh > Generate > 3D > Auto
solid

Select object > Select solid for
“Soil layer” as highlighted in

the figure.

Input element Size : 3
(3m between two nodes)

Select Hybrid mesh

Select Property : soil

Input Mesh Set Name : soil

Click on the >> icon to open
the Advanced Option Window

Activate Higher Order Elements
Click OK , then Click Apply (by

clicking apply, window keeps
HOE option on)

f’(_a!

Geometry Mesh

@:} E“” + CSys

Material Property F2 Function ~

Prop./CSys./Func.

Ul ode =

~», = 5
Static/Slope Analysis

o) 5 Def. Size

H o0 Prop Ctrl.

gfﬁ_ 1=+ Match Seed
Confrol

Seepage/Consolidati

|& 1D 20530
#
& 20

= (i Remesh
30 1

-(inerate

Advanced Option
[Jinterior Edge/Paint
Select Interior Edge(s)
Select Interior Point{s)

Register Each Mesh Independently

Consider Imprinting Shape on Face

5

Merge Nodes

Tolerance

0.0001

Element Size Growth Rate
Fine

Coarse

- — -
I [ Higher-Order Element I
e [ T T S T S

Generate mesh(Solid)

[ Geometry Proximity
Pattern Mesh
Register Each Mesh Independently

Auto-Solid  Map-Solid 2D->3D

Selected 1 Object(s)

|
|[E

Size Method

| ®size

() Division
() Automatic

Mare

| Hybrid Mesher

pwarss 1 O

Match Adjacent Faces

Less

_-—
3| <l

10

7.27

Mesh Set

=

e

iy
|| oK Cancel -ADDIY I -ﬁ
|

1-47




04 Generate Mesh (3D Element)

() D=BdEe=-n~- -

Geometry Mesh Static/Slope Analysis Seepage/Consolidati

O Mesh > Generate > 3D > Auto €l [zl oz 5 Def. szc (@) @ 10
I:‘J DJ . CSys =+l 42 prop Cm_amn 20230

solid Material Property B Function ~ || Size , , == mmfigr Remesh
— . 1=+iMatch Seed |J\gp 3D ?

Prop./CSys./Func. Contral = Generate

O select object > Select solid for
“"weathered rock” as highlighted
in the figure.

elnput element Size : 5
(5m between two nodes)

O select Hybrid mesh
O select Property : weathered rock

0 Input Mesh Set Name :
weathered rock

Activate Higher Order Elements

should still be on.

O click Apply

e‘ {I= Selected 1 Object(s)

Generate mesh(Solid)

Auto-Selid  Map-Solid  2D->3D

Ve T ————

- i ¥
Dowson o
() Automatic

Mare

|!-I_ybrid Mesher

Match Adjacent Faces

Property

I 2 IE weathered rock

Mesh Set | waethered rock

'




04 Generate Mesh (3D Element)

POELEL L LGN

0 Mesh > Generate > 3D > Auto
solid

@ select object > Select solid for
“Bed rock” as highlighted in the

figure.

e Input element Size : 7
(7 m between two nodes)

O select Hybrid mesh
O select Property : bed rock
0 Input Mesh Set Name : bed rock

Activate Higher Order Elements
should still be on.

o Click OK

Geometry Mesh

@:} E“” + CSys

Material Property F2 Function ~

Prop./CSys./Func.

Static/Slope Analysis

oy 5 Def. Size a

=+ "{E" Prop Ctrl.

Size 5

cirl, 1= Match Seed
Control

Seepage/Consolidati

# 1D
/ - fy 20->30

= m=figt Remesh
L."ED 1

-ﬁnemte

Generate mesh(5olid)

Auto-Solid | Map-Solid 203D

Selected 1 Object(s) i

Size Method

o
o I 23
() Division 10

O Automatic e

Mare Less 7.27

|H'ybrid Mesher

= M-amdj?o?nﬁaarg‘

Property

I : 3: bed rock e‘l'

Mesh Set | bed rock| p |

5] @




04 Extract Mesh (2D Element)

Procedure

0 Mesh > Element > Extract

(2] Type: Geometry > Face

e Re activate solid
geometries >Select object >
Select top faces as shown

O select Property : geogrid

() Input Mesh Set Name : geogrid

O Click oK

I8l Create [5 Modify Tupn.@-_Ex-t_r;_c:l JE Interface
O¢ Delete [[E Parameters  Ji] Divide 3 Pile/Pile Tip |
IS Modify [ Connection [} Measure M| Free Field

Elernent

l-- Face
0 -~

Extract Element

Geometry Mesh

L = Selected 2 Object(s)
[ skip Duplicated Faces

Crientation (Element Z-Axis)
Betz Angle: 90 [deqg] Ly

...,w_____a.____,

4|  4: geoqrid

Mesh Set
[Jregister Based-on Object Shape

[Jregister Based-on Owner Shape
Register Based-on Owner Mesh Set

| geogrid e
e I-OK--.! Cancel I Apply I




0 5 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
Procedure

ige Set Define Set Change Prope Nodal Head I
* Nodal Seepage will be defined. . ) % % 9 a P rt” L e——
wiate Stage i Volume Data Export || £% Constraint S Review ~& Nodal Flux
to Set

HH Constraint Equation $= Water Level < Syrface Flux
. Construction Stage
@ Seepage Analysis >

Boundary > Nodal Head

Boundary

Nodal Head: Initial Water Level

@ select Target Face > Select top
face of bottom solid to define

water level as highlighted in

Seepage Boundary

Modal Head  Review

. Mame | Modal Head-2 |
the figure.
DbJect

Face
@ Value=0m

I Selected 1 Object(s)

--------------ﬂ
© Type: Pressure

|'u'a|ue | 0l m |

e Boundary Set: Nodal Initial Type Orotal °

Pressur

|:|Fur1ctior| Maone ~ FG
Direction: Global Z

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

Boundary Set | Tnitial| v| =

=1 oK




0 5 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynarmic Analysis Analysis Result Tools

Procedure e Set €6 Define Set %Change Property E Modal Head

* Review Boundary will be defined.  [zte Stage M Volume Data Export || #5% Constraint :-F"-EF{-EWE?JT -& Nodal Flux

1 Set HH Constraint Equatiu-n-ﬁTﬁEtEr-Level - Surface Flux
Construction Stage Boundary

@ Seepage Analysis >

Boundary > Review

Seepage Boundary

9 Select Target Face(s)

Modal Head Review

© select top 2 faces of slope

Mame | Review-2

Object
(4] Boundary Set: Review -

P o .

—h--------------.‘

(s ) Selected 2 Object(s)

e —————————

Boundary Sej - |-F'.e-vi;\l- D -a.j@




0 5 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools

Procedure e Set &6 Define Set Y Change Property § Modal Head

* Surface Flux will be defined. late Stage W# Volume Data Export || £ Constraint sl review @) - nodal Fuux

1 Set 8 Constraint Equation T= Water Level 1< Surface Fluxl
Construction Stage Boundary
@ Seepage Analysis > Elux

Boundary > Surface Flux
Modal Flux  Surface Flux

Mame | Surface Flux-1 |

eType: Face Flux e e
°= Type Face Flux ~

eType: Surface '__Db.i»?.:t_______________

)
= Selected 2 Object(s) !

S |

Select top faces of slope I Type Surface

©) Value: 0.35m”3/day/m*2

N
@) Turn on if q > Ksat, then Total e‘ L""al_“E____ mejdayim>_ 1

Head = Potential Head
|:|Function MNone e }_Q

I
e I ifg = Ksat, then Total Head = Potential Head I

Boundary Set | rain intensity| v| =5

2| 2 Ok Cancel Apply

If the rainfall intensity is larger than the absorption capability, the ground surface is in a saturated
state during rainfall, as if the groundwater level existed above the surface. Hence, the area of rainfall
needs to be changed to a water level line. Use the [If g > Ksat, then Total Head = Pressure Head]
option to automatically change the ground surface boundary from the existing rainfall intensiﬁy
inflow condition to a water level condition for analysis. -53




0 5 Define Boundary Condition (Ground)

Procedure Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Result

@ static / Slope Analysis > 4 (i stage set iQLDEﬂE—SEE— P Change Property

& . # . 1 P . . k. 4
Boundary > Constraint > Auto sl ey Simulate Stage —_C_DIEtEIE_ = Slip circular surface §= Water Level

Contact!| Wizard BB Auto Set §H Constraint Equation % Slip polygonal surface
Contact Construction Stage Boundary

() Boundary Set Name : Ground
Boundary Constraint

Basic Induanced Auto

Mame Constraint-1

H Select Object(s)

Congzider All Mesh Sets

. —

I Boundary Set  Ground Boundary -

@ [ 0K, ][ Cancel H Apply i




06 Load Condition (Self Weight)

Procedure

@ static / Slope Analysis >
Load > Self Weight

e Load Set Name : S/W

Static/Slope Analysis

% H ;: A2 stage Set

& Simulate Stage
Define || Stage )
Contact|| Wizard ﬁ Auto Set

Contact Construction Stage

Seepage/Consolidation Analysis

Dynamic Analysis Analysis Resig ) Tools

% Change Property

'ﬁ PR
%Shp circular surface  ¥= Water Level %‘J - H;IJ (28 ﬁ

BH Constraint Equation 22 Slip polygonal surface nght F o 1
Boundary === Jload

&5 Define Set

% Constraint

Gravity 5
Gravity

Mame Gravity-1

Reference Object

Type [Coordlnabe ]

Ref. C5ys Global Rectangular  + .

Components

Gx V]

Gy -1

Gz V]

loadSet | SMW - . I

- TR T T




0 7 Define Construction Stage (Create Stage Set)

Procedure

* 5 Construction stage will be

defined for this project.
@ static / Slope Analysis >
Construction Stage > Stage

Set

(2] Stage Type > Stress — Seepage
Slope

o Select Add
@ Select Created Stage Set

Select Define CS...

Static/Slope fysis

% ”&I (8 stage set |
&, Smulate Stage

Define || Stage _

Contact|| Wizard ﬂ Auto Set

Confact Construction 5tage

Seepage/Consolidation Analysis Dynamic Analysis

&5 Define Set
ﬁ Constraint

Boundary

%Change Property
=%, Slip circular surface
ﬁ Constraint Equation % Slip polygonal surface

F= Water Level

Construction Stage Set *

Stage Type : Stress-Seepage-Slope 1 ~

add 1

Modify

Mame | semi coupled

b Marme T Copy

el—————————————————————

Stress-Seep... Delete

1 Define C5...




08 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 1 Type : Seepage Steady
State

Define Construction Stage

Construction Stage Set Name Rain intensity

-

1: Initial seepage = Maove to Previous

@) Activated Data : All Mesh Sets Stage ID

for initial state of ground (2D

Move to Mext

Stage Mame | Initial seepage |

——— -
r 1
I Stage Type | Steady-State ~

Set Data IEEWEEH [t —————— _| Deactivated Data

elements), and Nodal Initial

seepage boundary

-y Mesh -y Mesh

B9 Default Mesh Set o] bed rack -8 Boundary Condition
© Select Save so § Contact

-y weathered rock
-$§ Boundary Condition

@ Select New . 88 Inital
&5 Boundary Set-1
% Initial
% Review
£ rain intensity
Caontact

Drag & Drop

Sort By ~ | Show Data Activate ~

Mew 1

e -

O
O

Insert Delete
Analysis Control...

Qutput Contral...




08 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

Construction Stage Set Name Rain intensity

@ Stage 2 Type : Stress
- —— -
Stage ID 2: Initial stress = Mave to Previous Move to Next e I nNew

| [ Analysis Contral...

Insert Delete

@ Activated Data : Boundary and Stage Name | Initial stress

—— -
O Output Contral...

Load Sets for Ground stage Type N stress ~ 1

Boundary and Self Weight Set Data Activated Data
.8 Mesh
) ) g
© Activate Clear Displacements %8 Boundary Set-1

: % Static Load

and SRM : T sw
| = Contact
]%&Boundary[:ondrtlon e T e

O select Save €6 Boundary Set-1
% Initial

Deactivated Data

% Review IEl- R/ —— ]
. -~ &§ rain intensity [ Clear Displacement |
sl Static Load I

Lo Esor o

@ Select New

Drag & Droy

| Show Data Activate ~
I Save J Close




8 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

o Stage 3 Type . Seepage Construction Stage Set Name Rain intensity
Transient (rain) StageID | 3:Rainday 1 = Move to Previous Move to Next i- New || Insert Delete :

-l
Analysis Contral...

Stage lame | Rain day 1 |

|
Activated Data : Boundary Sets Stage % D rorient o ': il rmesen.. '; e O Output Contral...

H H —-—— ) - ol
Rain and Review Set Dats Activated Data Deactivated Data

@ Mesh ‘ 1&&——————— o Time Step X

Default Mesh Set e @ Boundary Condition @ Boundary Condition

Geogrid 1 % Review : i % Initial | - - P
nodal review bed rock I % rain intensiy Z Contact I Duration 25 day
soil LZ Cortact I I (®) User Defined Step

weathered rock e e e e o) I O User

g 'Q Boundary Condition Time 0 day
(Example: 1, 3, 7, 14)

Deactivate Data: Boundary Set

Click Time Step
@ step

2 dayS 1 Steps Step Number 15

Save Result / Generate Step Msave Resut  [Jlog Scale

e Generate Step
Select Save \_/ save St
-

Select New

Drag & Drop

~ | Show Data Activate i




8 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 4 Type : Stress

@) Check on Slope Stability SRM

© Select Save

0 Select New

Define Construction Stage

Construction Stage Set Mame Rain intensity

= Move to Previous

Stage ID 4: 5rm after day 1 rain ~

Stage Mame | Srm after day 1rain
I 1
ebge Type ¢ | Stress ~|1

L R R B R
Set Data

Move to Next Insert

Analysis Conirol,..

Output Contral...

Deactivated Data

Activated Data
[=-f Mesh
g Default Mesh Set

Geogrid

bed rock

soil

[y weathered rock
E—J§Q Boundary Condition
-85 Boundary Set-1
% Initial

% Review

88 rain intensity
= Contact

=gk Static Load

% Boundary Condition
= Contact
&

Static Load

j& Mesh

% Boundary Condition
2 Contact
&

Static Load

O LDF...

[Jclear Displacement

~ | Show Data Activate

| save |

Delete

Close




8 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

Construction Stage Set Name

@ Stage 5: Type : Stress
Stage ID

5: Srm with Geogrid

Rain intensity

= Move to Previous

-

@ Activated Data : geogrid mesh

set
SetData

e;mgeTypel Stress
el

Stage Name | 5rm with Geogrid
_______.___._______‘1

N |

Activated Data

'=-§% Mesh

Default Mesh Set

Geogrid

bed rock

s0il

weathered rock

E—]@ Boundary Condition
% Boundary Set-1

28 Initial

% Review

28 rain intensity

0 Activate SRM

0 Select Save and Close

=8l Static Load

(=

sl Static Load
i3 Contact

Drag & Drop

% Geogrid
ungary Condmion

Move to Next

Deactivated Data

Boundary Condition
-2l Static Load
-2 Contact

Vi Wesh
I

Sort By

~ | Show Data Activate

Insert Delete

Analysiz Control...

Output Control...

O LDF...
] Clear Displacement e
o=—===
I Slope Stability (S

(TS ——

Save Close |l
- . . e e




@) DeBdda-=n- GTS NX -

@ Analysis > Analysis Case >
General

@ Title : Semi Coupled 3d

© Solution Type : Construction
Stage

© select Construction Stage Set
Rain intensity

(s Analysis Control : Select Initial
Stage for Stress Analysis (2.
Initial Stress),

Check: Auto Consider Water
Pressure

o] Check Max Negative Pore
Pressure: 20kN/n”2

@ Output Control:
Check On: Strains

R
q ) Geometry Mesh

RE H
i ‘-:é 'iH-Setting

1| General 'y' Parametric Analysis

Analysis Case

Static/Slope Analysis Seepage/Consolidation Analysis

B |

History Options
Qutput Probes
History

Dynamic Analysis Anialysis

@ % Batch Analysis

& Modeling
& Results
Analysis

Perform

Tools

Add/Modify Analysis Case

Analysis Control

General Nonlinear Age

Analysis Cas'eg ——
Title fiemi Coupled 3d I

l-------l /SO SO - -

Description

T I Analysis Control ) I Automatically Consider Water Pressure I

|} NN N . —
Solution Type! onstruction Stage

-—
Construction Stage Set o.Rain intensity l’

Analysis Case Model

Qutput Control

Output Type  Qutput Option

aniﬁal Stage

I Initial Stage for Stress Analysis 2Ziinitial stress ~ I
e L e
[ apply K0 Condition

[ cut-Off Negative Effective Pressure

Output Control Fa I
e o o -
Active Sets

Initial Stress
[ Estimate Initial Stress of Activated Elements

Final Calculation Stage

Wirite Results of All Active Mesh Sets

Nodal Results
Displacement
Applied Load
Reaction Force
[ Grid Paint Force
Seepage
[veladty
[ Acceleration

Solve Each Load Set Independenty

Mesh Set...
Mesh Set...
Mesh Set... f
Mesh Set...
Mesh Set...
Mesh Set...

Sarking

Element Results (®)End Stage (O Middle Stage Linitial seepage

Force Mesh Set...
Mesh Set...
Mesh Set...

Mesh Set...

Spedfy Restart Stage
l Restart Option
-——
status
Seepage
[ Ductiity

(®) save only User Specified Stages
(O If not Converged, Save its Previous Stage
(O 5ave All Stages

Mesh Set...
Mesh Set...

Mesh Set...

Initial Temperature

[iniitial Temperature By Value

Saturation Effects

[ consider Partially Saturated Effects for Stress Analysis

————————E—————————

r‘lax. Megative Pore Pressure I

Max. MNegative Pore Pressure Limit Ijl kM jm2 :

h----------------r_cd




70 Perform Analysis and Chéck Results

Procedure f,,(— DeHcige®=m- s ——
Iy $|
Geometry Mesk Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Anialysis

@ Analysis > Analysis > Perform s e e

=k ) 1 o Batch Analysis
‘-_ B4 setting g’ @ l@ Efl
9 Select OK é - Modeling
General E_g. Parametric Analysis | perform i History Options
= ) eSS Output Probes

Analysis Case Analysis History Tools

GTS NX Solver

Description

Chedk OnjfOff




7 7 Post Processing (Pre mode vs Post mode)

% BB cnm]

.Resu":s@ & Post-Mode

@ After analysis, model view
will be converted to Post-
Mode automatically, can
back to Pre-Mode to change

model information.

@AII results will be represented
by graphic based output, table,
diagram and graph.

@Results are given by stages and
types of elements.

The results are set in order of
the stages.

The bottom of the results tab
lists the FOS for all the stages in
order.

[%) ContoE @) smooth -
A Vecta™=—i& Deform -
[ Diagram|{|XYZ Direction

Results General

ﬁ Edge Type
E Fil -
~ |l Mo Resutts

(&, probe

(5P LDF sum

Multi Step I@L‘, Cutting Diag.

@), Extract

L& others -
Advanced

Results

@ I‘:cem

- fi8 Default Style
=i €5

-2 Initial seepage

-] INCR=1 (LOAD=1.000)
9@' Initial stress

-] INCR=1 (LOAD=1.000)
=2 Initial stress-SRM

-] INCR=6 (FOS=1.4000)
=-2f Rain day 1

-2 INCR=1 (TIME=2.000e+000)
=-[2f Srm after day 1 rain

-2 INCR=1 (LOAD=1.000)
=2 Srm after day 1 rain-SRM
-] INCR=4 (FOS=1.1125)
-2 Srm with Geogrid

-] INCR=1 (LOAD=1.000)
=2 Srm with Geogrid-SRM

i R 5 (B0 2500)

5 Safety Factor
1.4 [Initial stress-5RM : INCR.
1.1125 [Srm after day 1 rain-.,
1.25 [Srm with Geogrid-5R..,




7 Post Processing (Post mode)

Multi Step |so Surface
’ (&, probe (P LDF sum

Qutput Data
wapsset [a v [ Multi Step Iso. | £ Cutting Diag.

Procedure Resit ategory B, EBxtract 1% Others ~

T Advanced
E-2] Initial Seepage 25m Step: Data
. £+ INCR=1(LOAD=1.000) []Initial seepage INCR =1 (LOAD=1.000):PORE P @ Multi Step Iso.
_-_. Modal Seepage Results WEsin day 1:INCR=1 (TIME=2.000e+000):PORE] . )
View lso Surface of Multi Step

@ Expand the results for Rain and I I
double click '

Nodal Seepage > Pore Pressure

) P 2t | Select Al ‘ ‘ Unselect Al MODAL SEEPAGE
Head to verify the Pore Stress SN PORE PRES HEAD , m

dues to change in Water Level. ) : SN Tso value

[ 232582993 ] | 0] [ 19.840827 |

You can activate the water level

lines by using the Multi Step Iso
surface function and setting pore
pressure to 0 for each stage.
Click PLOT

MODAL SEEPAGE
PORE PRES HEAD , m




7 7 Post Processing (Post mode)

» m|[d F"Eﬂ 2= & | Level3 (Narmal)

Procedure

®

Inspect the changes in the model
by navigating the stages using
the bar on the bottom of the
model / above the output
window. Press Right or Left key
on keyboard to go forward and
backward in the stages

respectably.

Inspect the slope stability results
for the last stage by selecting the
Plane Strain Strains.

The images shows max shear
strains for the 1st 3 stages of the

analysis.

Right click the legend and select
AUTO RANGE to see results more
clearly.

You can create a video animation
of the stages by selecting Multi
Stage Animation > Select All
Stages > Play > Save

=-[sg] Safety Factor
1.4 [Initial stress-5RM @ INCR.
.[58] 1.1125 [Srm after day 1 rain-..
.[5g] 1.25 [Srm with Geogrid-SR...

SOLID STRAIN
E-MAX SHEAR

Min/Max Value...

Layout

Color Type
Background

v EE=ETTTT

Reset All
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Overview

STEP 07

STEP 02

STEP 03

STEP 04

STEP 05

STEP 06

STEP 07

STEP 08

Geometry Import

A

y

Define Materials

A

y

Mesh generation

Boundary Conditions

A

y

Load Conditions

Dam stability during drawdown (SAM 2D)

y

Define Construction Sequence

|

Analysis Case

|

Perform analysis

and check result




02 Material for Soil and Structures

Material

Model Type

Elastic Modulus (E) (kN/m2)

Poisson’s Ratio(v)

Inc. Of Elastic Modulus (kN/m3)

Inc. Of Elastic Modulus Ref. Height (m)
Unit Weight(r) (kN/m3)

Unit Weight(Saturated) (kN/m3)
Permeability Coe. (m/day)
Unsaturated Property

Friction Angle
Cohesion (kN/m2)

Mohr-Coulomb

Core Fill

Isotropic Isotropic

Mohr-Coulomb
General
4,500 21,000

0.35 0.33
300
30
16
Porous

18
0.0001
Core

Non-Linear

19
11

Subsoil

Isotropic

Mohr-Coulomb

50,000
0.3




2 Material for Soil and Structures

General Porous Mon-Llinear Time Dependent

Unsaturated Properties Uit eiht(saurate) o

Permeability Function Type: select ‘User-defined ﬁawmdaaﬁ:{m} o
and copy the data from the Excel sheet. nestursted Property Subso

Water Content Function: select ‘User-defined’ and copy the water content
data from the Excel sheet. Core Fill Subzoll

Pressure K Rati Pressure K Rati Pressure
(] (]

{kn/m®) {kh/m?) {kn/m®)

(1] 1 (1] 1 (1] 1

K Ratio

Add/Maodify Unsaturated Function

Function Mame Scale Factor Permeability Graph Option Water Content Graph Option g g LD g s dnies

|C0re| | |1 | ] x-ais | e [Jv-ais | [ - | e [Jv-anish | 3.1623| 0.5813576 1.2743| 0.9938483 21.544| (0.09093
-axis log scale -axis log scale -axis log scale -axis log scale 10| 0.2856904 nerel nerE e ELE| TTTiiE

N . 31623 0109149 69519 09926483]  77428| 9.24E07

Permeability Function Data

i 100| 0.0365977|  16.238| o9szom28|  1111.1] 7.79E08

1Y 316.23| o.oo7s08s|  27.807| o.5s29ess|  4B4lE| 3.81E09

e — : 71423 0oo21088|  sa.sa7| o.ose7es3 27826| 419611

(kNIm=) K Ratio : 1000 0.0011344| 20691 o.0015964|  105830| 202612
: 3162.3| 9935605  423.28| 3.274E0s

10000| 6.623E06 526.32| 6.641E05

Function Type |User Defined

1.0000 1.0000 .
31623 05314 . 31623| 3.829E07 1128.2| 1.627E05

1
2
2
4 10.0000 0.2857 - 65541| 5.455E-08 2636.7| 3.174E-06
5]
6

31.6230 01091 : x 100000| 2.173E08 6158.5| 5.161E07
100.0000 0.0366

.1 10 100
¥agativa Foza-Fra * WC Ratio

Water Content Function Data Core Fill Subsoil

Function Type |User Defined Pressu;e WC Ratio Pressu;e WC Ratio Pressu;e
(kN/m") (kN/m") (kN/m")
0 035 0 0.41 0 039

0.1 0.35 6.0154| 040781 3.3133| 038782

0.45 0.349 13,558 0.3857 £.267| 0.3208%
0.1000 10.387| 0.34377 27.392| 0.38077 143| 03377
0.4500 42573 033148 33893 033772 186 02806
10.3870 . 20 0.321 48565 0.28515 224| 02234
425730 127.01| 0.31103 £0| 0.25308 26.2| 0.1663
80.0000 : : T fagative Poco-Pranmmsa (KR/REY 200 0.299 80| ©.22151 33.622| 0.12028
268.06 0.281 100| 0.21309 £2.574| 0.075188
800 0.248 0.16303 100| 0.061047
2048.2| 0.19439 0.11765 352.28| 0.035115

WC Ratio

Pressure Water
(kM/m=) Content

Redraw Graph




0 3 Property for Soil and Stracture

Subsoil

Property 2D 2D 2D

Model Type Plain Strain Plain Strain Plain Strain

Material Core Fill Subsoil




04 Construction Sequence

1. Initial Full Dam
2. Rapid Drawdown
3. Low Filled Dam




0 7 Open Project

Procedure

@ Main Menu > Open

@ Select 2D Dam stability start

New
I Create a new docurment

1 L Open 1
1| '3 Open an existing document | |

U S R R S

Save
H Save the active document

—p Save As...
ﬁ Save the active document
with 2 new name

© [ 2d dam stability start




02 Generate Mesh (2D Element)

Procedure

0 Mesh > Generate > 2D > Auto -
Area

Q Select Edge(s) > Select 4 edges
for “core” as highlighted in the
figure.

e Input element Size : 4
(4 m between two nodes)

O select Property : core

(5 ) Input Mesh Set Name : core
Click on the >> icon to open
the Advanced Option Window

@ Element Type: Triangle
Activate Higher Order Elements

o Click OK , then Click Apply (by

clicking apply, window keeps

HOE option on)

= _

’{(‘ﬁ' Ledoge == =
: Geometry Static/Slope Analysis

], [Z. oz 0 Def. Sz (@) # 1D_

D"’ - e H= 62 prop ctrl. & 20 B 20->30

Material Property = Function = || Size ; --ﬁ
— cirl. i=+iMatch Seed || @930

Control

Mesh Seepage/Consolidati

Remesh

Prop./CSys./Func. Generate

Advanced Option X

0.0001

Generate mesh(Face)
] Merge Nodes

AutoFace Auto-Area MapFace Map-Area Tolerance

-
1 | E Selected 4 Edge(s) | : Element Size Growth Rate

T ————————— - Fine Coarse

Select Point(s) .
= e A
: @ size (O Division < :

[CImesh Inner Domain Sl
Indude Interior Edges

Min/Maox Element Size

2D Mesher

o R e e e s e o o

1: Core o '@ e

|
e o o o o o o o e e

Delaunay Mesher w

P Ty e e o

Mesh Set | core

Triangle
I ng

=] ] oK

|

|

Higher-Order Element |
-y

e

[IMidside Nodes on Geometry

Cancel 1
-

Pattern Mesh
Register Each Mesh Independently




02 Generate Mesh (2D Element)

Procedure !;?a. De@dde=-m- -
: Mesh Static/Slope Analysis Seepage/Consolidati

Geometry

Select Edge(s) > Select edges o 4
P I . = 7 ,3 Def. Size §1D_
for “Fill” as highlighted in the D D + C5ys Ft 49 prop ol rhyls {# 20->3D

i Material Property = Function = || Size ; --ﬁRemesh
figure. = cirl. i=+iMatch Seed || @930

Prop./CSys./Func. Contral Generate

@ Input element Size : 5
(5 m between two nodes)

Generate mesh(Face) Y

@) Select Property : Fill
gto—Face Auto-Area  Map-Face Map-Area

@ nput Mesh Set Name : Fill =2 Selected 6 Edge(s) I

1

Tl il ————— -

e@ size (O Division <1
(5 Click Apply (by clicking apply, ________EI__J

. . [ Mesh Inner Domain
window keeps Higher Order D Incude Interior Edges

Elements option on) —

|
en ) 8] y

Mesh Set fill ~

=it E.f,e CK Cancel I>:>




04 Generate Mesh (2D Element)

PRELLEL LECEe,

Select Edge(s) > Select edges
for “subsoil” as highlighted in
the figure.

@ Input element Size : 7
(7 m between two nodes)
@ Select Property : subsoil

() Input Mesh Set Name : subsoil

© Click OK

Static/Slope Analysis Seepage/Consolidati
§ 1D

Geometry
], [Z. o) 5 Def. Size P 1D_
D"‘f E“" < Oy =+ o0 Prop Ctrl. & 20 B 20->30

Material Property = Function = || Size ; --ﬁRemesh
= cirl. i=+iMatch Seed || @930

Control

Mesh

Prop./CSys./Func. Generate

Generate mesh(Face) X

R0 e 02 LS e el ALSE e

IG5 Selected 8 Edge(s _!

i Select Point(s)
I——hm—————————-
@size (O Division <

G B B B N B B N B B S e
[ Mesh Inner Domain

V] Indude Interior Edges

*ﬂrm---------r
3] [3: subsoi ME 1

'e.____________.
“esh Set I subsoil v |°

E@ R [k |[Concdl [Py ][> [L




0 3 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
Procedure [(em—————

1ge Set Define Set Change Prope Nodal Head !
* Nodal Seepage will be defined. . $ % - P rt” L e——

wlate Stage M Volume Data Export || £ Constraint S Review ~& Nodal Flux

to Set HH Constraint Equation $= Water Level < Syrface Flux
Construction Stage Boundary

@ Seepage Analysis >

Boundary > Nodal Head

Seepage Boundarn
- ' Nodal Head: Initial Water Level

Modal Head  Review

Mame | Modal Head-1 |

@ select Target Edge(s) > Select

biect
, °.____________,
edges to define water level as l"ﬂx _ e________j

highlighted in the figure. iQ@r——3=5525 i

l-.............r
I vale 25| m 1
———— i_ Y -
e Value = 25 m Type Priﬁ_l _|OPressure °
[JFunction | MNaone =]

e Type Total Direction: Global Y
[Jif Total Head < Potential Head, then Q@ =0

5) Boundary Set: 25m eoundary set [25m V&

== oK Cancel Apply

- N 4» vyﬂA TANAYY,
'AV'A‘VAVLVAVAVAVA"AVA‘A"A‘




0 3 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
Procedure

1ge Set Define Set Change Prope Nodal Head !
* Nodal Seepage will be defined. . $ % . ’ rt” L

wlate Stage M Volume Data Export || £ Constraint S Review ~& Nodal Flux

to Set HH Constraint Equation $= Water Level < Syrface Flux

@ Seepage Analysis > Lonsiuchion Stang Boundary

Boundary > Nodal Head

Seepage Boundary

Nodal Head: Final Water Level

Nodal Head  Review

Name | Modal Head-2 |

@ select Target Edge(s) > Select Obiect
e e o

edges to define water level as Y. Edge

i3
T N N -

highlighted in the figure. Q===

-.............r

Value mo |

Type (@) Total (") Pressure
@ Value=5m ! ! °

|:| Function MNone I'D

Direction: Global
© Type: Total
Oif Total Head < Potential Head, then Q@ =0

e Boundary Set: 5m Boundary Setenl V|

B @ 0K Cancel Apply

)ﬂ b A‘QV I\ A"AVAV IS5 ;
a MVAVAYA"AVAVAVA‘FAVAVAVA‘




0 3 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynamic Analysis Analysis Result Tools
Procedure

1ge Set Define Set Change Prope Nodal Head !
* Nodal Seepage will be defined. . $ % - P rt” L e——

wlate Stage M Volume Data Export || £ Constraint S Review ~& Nodal Flux
to Set

Construction Stage

HH Constraint Equation $= Water Level < Syrface Flux
@ Seepage Analysis > Boundary

Boundary > Nodal Head Seepage Boundan

Nodal Head | Review Nodal Head: Draw down function

Seepage Boundary Function

Name | Modal Head-3

9 Select Target Edge(s) > Select Object

Time
-

Value
o (day)
edges to define water level as I Edge

0.0000 | 25.0000
T N BN B N B BN BN N BN B .

highlighted in the figure. |°E' X T A LT

10.0000 5.0000
l-.............r
I value 1| ml
@ Value=1m ————— ' >
Type I ® rotal I O Pressure e
A

©Q Type: Total I EArunction |rapid | =

Cirection: Global ¥
==

e Function: Rapld Lif}l’obl Head < Potential Head, then Q = Ue

Description
-

Create a function for drawn

Boundary Set | rapid V| =

down as shown in table
= |42 oK Cancel Apply
G Turn on if Total Head < Pressu
re Head, then Q =0

As the water level changes with time (rapid drawdown), suction can occur and the seepage flow can be reversed. If the wa
ter level falls suddenly in dams, the descending water level speed is generally faster than the seepage speed within the bo
dy. To simulate these real conditions, the head boundary conditions need to change automatically according to the water,




0 3 Define Boundary Condition (Seepage)

Seepage/Consolidation Analysis Dynarmic Analysis Analysis Result Tools

Procedure o Sat

€6 Define Set &5 Change Property § Modal Head
* Review Boundary will be defined.

late Stage WM Volume Data Export || £ Constraint :-EEPTEWETM- & Nodal Flux
1 Set HH Constraint Equatiu-n-ﬁTﬁEtEr-Level - Surface Flux
Construction Stage

Boundary
@ Seepage Analysis >

Boundary > Review

@ select Target Edge(s)

Seepage Boundary

Nodal Head Review

© select edges as shown

MName | Review-1 |

e . l-ﬂje--Ege--------v--
Boundary Set: Review ﬁ

= Selected 2 Object(s) |

=8 N _ N _F_ T N _§ N _F_ ¥ _§_ N _§ J

B(i_mdary Set | review : 1 °
- —— - wl

w
-
@- [a]:4 Cancel Apply




04 Define Boundary Condition (Ground)

Procedure Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Result

@ static / Slope Analysis > 4 (i stage set iQLDEﬂE—SEE— P Change Property

& . # . 1 P . . k. 4
Boundary > Constraint > Auto sl ey Simulate Stage __C_cun_stElic_ = Slip circular surface §= Water Level

Contact!| Wizard BB Auto Set §H Constraint Equation % Slip polygonal surface
Contact Construction Stage Boundary

() Boundary Set Name : Ground
Boundary Constraint

Basic Induanced Auto

Mame Constraint-1

H Select Object(s)

Congzider All Mesh Sets

Q- :

I Boundary Set  Ground Boundary

H@ [ oc [ cancel ][ apoy ]




0 5 Define Boundary Condition (SAM)

Procedure Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Result
k [H] ¥
@ static / Slope Analysis > % Hm [ Stage Set &5 Define Set e |%£hinge_Pr2Dgrtl_l

Boundary > Slip circular Jor o & Simulate Stage || % Constraint ﬁ&;slip circular surface | T= Water Level
efine e e ——
surface Coatact || iy BB Auto Set 5 Constraint Equation T 5Ip polygonal urtace
Contact Construction Stage Boundary

@) Create 8 X 8 grid on left side Slip Surface

. slip Circular Surface g
of dam similar to LEM as plrafersuac: [SeRdvomdlsrfacs

ShOWn. MName | Slip Surface-2 | Unit:  m

Grid Range

Grid Points Defined

e Create radius tangent 1 Reference Point X1 Reference Point Y1
rectangle on left side of dam : Reference Point %2 Reference Point Y2
as shown with 10 radius I Reference Point X3 Reference Point Y3 w

increments dum, of Centers(X) | 8 2| Num. of Centers(Y) | 8 =

Radius Range

(4] Boundary Set Name : sam left @_)M?ETQ_TEEEE"E{CEE_ ——

Radius Tangent line Defined

| Left | Right

| Up x[-wsosy [-10355 x| -125]v| 30|

Mumber of Radius Increment

|

| - .

I | Down |—89.245,|\f |-2?.?69,| X | 14.50?1| " | 12.6842l|
|

|

o S e S A O v e e e e
(C) Method using Length and Range of Radius
Length of Initial Circular Radios
Increment For Circle Radius

Mumnber of Increments For Circle Radius

[ e e e e e
IBoundary Set v B9

= " S ===

—
0K Cancel Apply




5 Define Boundary Condition (SAM)

Procedure

@ static / Slope Analysis >
Boundary > Slip circular

surface

L2) Create 10 X 10 grid on left
side of dam similar to LEM as

shown.

@) Create radius tangent
rectangle on left side of dam
as shown with 10 radius

increments

(4] Boundary Set Name : sam
right

Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Result

% H L (B Stage Set &5 Define Set |%£hinge_l3r2pirtl_l
& & Simulate Stage || % Constraint e ﬁ&;slip circular surface | T= Water Level

Define || Stage i ) I e T Vo T T e e T e

Contact!| Wizard BB Auto Set §H Constraint Equation 145 Slp polygonal surtace

Contact Construction Stage Boundary

Slip Surface

Slip Circular Surface  slip Polygonal Surface

Name | Slip Circular Surface-4

Grid Range

Reference Point X1 | 37.19239| Reference Point ¥ 1 | 77.84585

|
: Reference Point X2 Reference Point Y2
|

| = I: =
I Mum, of Centers(x) | 10 = Mum, of Centers(Y) | 10 =

1

1

1

Reference Point X3 m Reference Point Y3 |
1

1

o

Radius Range

(® Method using Tangent Line of Cirde

-
Radius Tangent line Defined 1

| Left | Right i
|

|

| Uy | 25 |y | 3o| ¥ | 101.1921| v |4.?3?1e|

Mumber of Radius Increment

|
|
: | Dawn  x |—16.861(|\f |9.?1098'| X |88.?494| ¥ |-25.s41:|
|
|

o] o e o o o O
(O Method using Length and Range of Radius
Length of Initial Circular Radius
Increment For Circle Radius

Mumber of Increments For Circle Radius

1 Boundary Set |sam right | ~ ° £
——

oK Cancel _’Apply




06 Load Condition (Self Weight)

Procedure Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Resig Tools

@ static / Slope Analysis > % H& @ Stage Set &5 Define Set &5 Change Property "b E Wl fE e

Load > Self Weight & Simulate Stage || #2% Constraint %, Slip crcular surface ¥ Water Level %9 PR LR

Define || Stage "
Contact Wizgr,j ﬂﬂutn Set 8 Constraint Equation T Slip polygonal surface nght F i

Contact Construction Stage Boundary Load

e Load Set Name : S/W

Gravity
Gravity

Mame Gravity-1

Reference Object

Type [Ccordlnabe ]

Ref. C5ys Global Rectangular  + .

Components

Gx V]
Gy -1

Gz V]

loadSet | SMW - . I




0 7 Define Construction Stage (Create Stage Set)

Procedure

* 6 Construction stage will be
defined for this project.

Static/Slope fysis Seepage/Consolidation Analysis Dynamic Analysis Analysis Result
@ static / Slope Analysis > =2 rorozoz

L g i ;
Construction Stage > Stage % H m‘.& Stage st & Define Set %Change Property
Simulate Stage || £ Constraint = Slip circular surface §= Water Level
Set
Define || Stage

Contact!| Wizard BB Auto Set §H Constraint Equation % Slip polygonal surface
Contact Construction Stage Boundary

2 Stage Type > Stress — Seepage

Slope )
Construction Stage Set >

Select Add Name [ semi coupled dam - add |

@ Select Created Stage Set 9= TYpe |5tr"ESS'5"3"E':"E“E'"E'El':"l:le I R Maodify

e' Mame Type Copy

. Ammmmmmmmmmmmmmmmmmmm.mnx
e Select Define CS... | semi coupled dam Stress-Seep... I Delete

e e e o e o e e i e | e
i

° I Define C5... I




08 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 1 Type : Seepage Steady Define Construction Stage
State

Construction Stage Set Name semi coupled dam °

o Activated Data : All Mesh Sets Stage ID 1: Initial Seepage 25m = Move to Previous Move to Next - New Insert

for initial state of ground (2D Stage Name | Initial Seepage 25m | | Analysis Contral...

eee r
elements), and Nodal Initial Stage Type | Steady-State [l Output Control...

25m and review seepage

boundary

9 Select Save

‘E| Qg Boundary Condition
P € g
Select New Pl

—-g-c:ﬁad—s———_

% ground boundary

&5 rapid

5 sam left rapid

55 sam right full
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08 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

Construction Stage Set Mame semi coupled dam

@ Stage 2 Type : Stress P —

Stage ID 2: Full dam FOS ~ Move to Previous Move to Next e I new Insert Delete

. Stage Name | Full dam FOS Analysis Contral...
@ Activated Data : Ground Jracemros | - = -

. | O
. tage T ~ Qutput Contral...
Boundary, SAM right and Self e’ geTypeylstess v 1
Weight SetData Activated Data Deactivated Data

[ Mesh

iy Default Mesh Set e e Ty DO o e e

@® Check on Clear Displacement ) core - ground boundary !
i @ sam right

and Slope Stability SAM 3 fil- Static Load

o £ e e e e e

-

Select Save
O LDF...

Clear Displacement |
] slope Stability{sRM) 1 e
Select New g i I siope stabiity(sany |1

w w Data

rag & Drop




8 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

o Stage 3 Type . Seepage Construction Stage Set Name semi coupled dam

Transient (rapid draw down) Stage ID

-

3: Rapid Drawdown = Mave to Previous Move to Next R -! Insert Delete
-

LR B |
Stage lgmas | Rapid Drawdown Analysis Contral...

O
. . e ) e e e e e
© Activated Data: Boundary Sets Stage T2 h’ — S : e m Output Contral. .

- [r———— |
. Set Data Activated Data Deactivated Data
Deactivate Data: Boundary Set = e

25m

rapid

sh | e S ——

L t Time Ste| x
Default Mesh Set -5 Boundary Candtian &5 Boundary Condtion I —— i -

core | 1

fill Ig Contact I ouration 10 [+ day]

|
i I I B | RO TR S :
subsoil |

Click Time Step o I
10 days 2 Steps Time o] dayl
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Select Save 1 e Save Result [ Log Scale

S S

Time
Select New Step (day) Save Step

5.0000 v
10.0000 v

Drag & Droy I

| showData  [al °




08 Define Construction Stage (Drag & Drop)

Procedure

o Stage 4 Type : Stress Define Construction Stage

Construction Stage Set Mame semi coupled dam

@ Activated Data : Boundary Sets

4: Rapid FOS = Move to Previous

sam left Stage ID

Deactivate Data: Boundary Set Stage Name [ Rapid FOS |

-
° stage Type I stress Y1

SetData Activated Data e

sam right

Check on Slope Stability SAM

and SRM : £ Boundary Condition

I
]

% sam left
L

(1 PR ——

Default Mesh Set

= 'Q Boundary Conditi

% 5m

% ground boundal

% rapid

% review
% sam left

% sam right

=8k Static Load

0 Select Save

e Select New

Drag & Drop

Maove to Next

Deactivated Data

§ Mesh I
% Boundary Condition 1
% sam right 1
R e e s e B

% Static Load

L8 B B |
I Mew 1

Sort By ~ | Show Data All

Insert
| ===y

O Analysis Control...

O Output Contral...

[l LDF...
A Degleerent,
| Elsiope Stability(srm)
I [Aslope Stabilty(SAM)

0r-——--
I s 1

Delete

Close




08 Define Construction Stage (Drag & Drop)

Procedure

@ Stage 5 Type : Seepage Steady Define Construction Stage

State
Construction Stage Set Mame semi coupled dam

Yy

o Activated Data : Seepage Stage ID 5: Steady 5m level A= Mave to Previous Mave to Next

boundary 5m Stage Mame | Steady 5m level |

—— -
r 1
I Stage TYpe | Steady-State sl |

Deactivate Data: Seepage

boundary rapid SetData PP O P e P O [ e

o= T @ Ve

Default Mesh Set % Boundary Condition B% Boundary Condition

£ 5m 58 rapid

e Select Save
2 Cortact

°Se|ect New i S | E .

Contact

drag & Drop

~ | Show Data Al

Mew 1

e ——

a
|

Insert Delete

Analysis Control...

Qutput Contral...




08 Define Construction Stage (Drag & Drop)

Procedure Define Construction Stage

@ Stage 6: Type : Stress

@ Activated Data : sam right

Deactivate Data: sam left

O Activate slope stability SAM
and SRM

0 Select Save and Close

Construction Stage Set Mame semi coupled dam

Stage ID 6: Steady 5m level FOS = Move to Previous Mave to Mext

Stage Name | Steady 5m level FOS
1

Ptage Type | Eirees I |

Set Data Activated Data Deactivated Data

Defaul Mesh Set a % Boundary Conditio
core % i &5 sam left 1
fill _ '%'St?t'c'fo? ————— " '%'Sﬁﬁc'tcﬂ I
fil-1 L3 Contact -3 Contact

subsoil

&8 ground boundary
% rapid

§£ review

25 sam left

% sam right

D % Static Load

& Drop

~ | Show Data All

Insert Delete

Analysis Control...

Output Control...

O LDF...

[ clear Displacement
BTslope Stability (SRM) |
| Slope Stability (SAM) I

° oo m———
Save Close |




9 Analysis Case

Lu

LT LELY GTS X -

o Analysis > Analysis Case > q Get}metrg,r Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Anialysis

General ‘ é Iig' =i @ % Batch Analysis |@ Erl
& Modeling 4

| General Iu-FJ'ammetrlr: Analysis || Perform History Options
@ Title : Semi Coupled Dam - S Results Output Probes

Analysis Case Analysis History

© Solution Type : Construction

Add/Modify Analysis Case

Stage Analysis Casee- ————— General Nonlinear Age

emi Coupled Dam| I F i —— l Waber Pressure

Title

-—— -
Description | I Analysis Control .Autumatlml\y Consider Water Pressure
. alysis Lontrol
Q Select Construction Stage Set -—————-|
Solution Type nstruction Stage I Output Control Initial Stage
. A ———— [ ——————_ [] Initial Stage for Stress Analysis 2:Full dam FOS -

Semi coupled dam Construction Stage cot e |. i o e ul dam 1
°'__________ __I:Imtvmcnndmm__________.-

Analysis Case Model [[] cut-Off Negative Effective Pressure

(s Analysis Control : Select Initial Active Sets

Initial Stress

Stage for Stress Analysis (2 [JEstimate Initial Stress of Activated Elements
Qutput Control

Full Dam FOS), Final Calculation Stage

Output Type  Qutput Option (®) End Stage (O viddle Stage 1:Initial Seepage 25m
Check: Auto Consider Water [ vinte Resuits of All Actve Mesh Sets

Pressure Modal Results Element Results Specify Restart Stage
Displacement Mesh Set... Force Mesh Set... Restart Option
Applied Load Mesh Set... Mesh Set... (®) 5ave only User Spedfied Stages
. [“]Reaction Force Mesh Set... Mesh Set... () If not Converged, Save ite Previous Stage
O check off Max Negative Pore . "I' -1 '
[ Grid Paint Force Mesh Set... Status Mesh Set... () save All Stages
Seepage Mesh Set... [Aseepage Mesh Set...

[veladty Mesh Set... [JDuctiity Mesh Set...
[J acceleration Mesh Set... [ tnitial Temperature By Value

@ Output Control: Saturation Effects
[ consider Partially Saturated Effects for Stress Analysis
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Initial Temperature

Max. Negative Pore Pressure
Yy

[ 1Max. Negative Pore Pressure Limit 0 | khjmz

Solve Each Load Set Independantly sorting Hame [[] Estimate Initial Configuration or Activated Nodes
T

Cancel [ 2




70 Perform Analysis and Check Results

Procedure Eﬁ DeBcge == = GTS NX -
Iy I
Geometry Mesk Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Anialysis

@ Analysis > Analysis > Perform s e e

=k ) 1 o Batch Analysis
‘-_ B4 setting g’ @ l@ lEfl
9 Select OK é - Modeling <
General E_g. Parametric Analysis | perform i History Options
= ) eSS Output Probes

Analysis Case Analysis History Tools

GTS NX Solver

Description

Chedk OnjfOff




7 7 Post Processing (Pre mode vs Post mode)

% SEEicnmp

@ After analysis, model view
will be converted to Post-
Mode automatically, can
back to Pre-Mode to change

model information.

@AII results will be represented
by graphic based output, table,
diagram and graph.

@Results are given by stages and
types of elements.

The results are set in order of
the stages.

The bottom of the results tab
lists the FOS for all the stages in
order.

Results similar to plaxis dam
drawdown tutorial for

corresponding water levels

BN @ Post Mode
‘ Item Results

N

Results

Item

[%2 Contoyc jij) Smoath ~ i Edage Type (&, probe (5P LDF sum
A Vector =& Deform ~ B Fil - Multi Step I@L‘, Cutting Diag.
[ Diagram| X¥Z Direction | ffff No Resutts "5/ (@), Extract L% Others ~

General Advanced

@ C:\Use@.ymartinez\Desktop\semi coupled analysis\D..

E& Po le

g Default Style
=il Semi Coupled Dam

E@ Initial Seepage 25m

F_,z INCR=1 (LOAD=1.000)
=] Full dam FOS
m- 2 INCR=2 (LOAD=1.000)
=-2] Rapid Drawdown

EI"@ Rapid FOS

521 INCR=1 (LOAD=1.000)
H--@ Rapid FO5-5RM

21 INCR=6 (FOS=1.1094)
-2 Steady 5 m level

21 INCR=1 (LOAD=1.000)
=-2] Steady 5 m level FOS
.21 INCR=1 (LOAD=1.000)
=-2] Steady 5 m level FOS-SRM
i = =1 7053

@ INCR=1 (TIME=35.000e+000)
-] INCR=2 (TIME=1.000e+001)

Jul [m]

Figure 7.18 Safety factors for different situations

ety Factor

1.76492 [Full darm FO5: INCR=2 (LOAD=1.0...
gl 1.1116 [Rapid FOS: INCR=1 (LOAD=1.000]]
5| 1.10638 [Rapid FO5-5RM : INCR=6 (FO5=1.1.,
F| 2.11383 [Steady 3 m level FOS: INCR=1 (LO...
gl 1.70625 [Steady 5 m level FOS-5RM @ INCR=..




NODAL SEEPAGE
Results

PORE PRES HEAD , m
Full level B
@ ChlUsers\a.martinez\Desktophsemi coupled al
= Postie

. .fi Default Style
=] ﬂ Semi Coupled Dam
E| @ Initial Seepage 25m
! Eg INCR=1 (LOAD=1.000)
E| Al Nodal Seepage Results

@ Expand the seepage results and

PORE PRESSURE HEAD
double click
Multi Step Iso Surface *
Nodal Seepage > Pore Pressure
Qutput Data

Head to verify the Pore Stress

Analysis Set Semi Coupled Dam ~ Draw down
dues to change in Water Level.

Result Category | Modal Seepage Results w

MNODAL SEEPAGE
PORE PRES HEAD ,

Data PORE PRESSURE HEAD ~
@ You can activate the water level
Step: Data
llnes by USIng the MU|tI Step ISO ZInIhaISeeeZSm INCR 1 (LOAD=1.000):PO
. . M Rapid Drawdown 1 (TIME=5.000e+000
surface function and setting pore [Z|Rapid Drawdouwn: INCR= 2 (TIME=1.000e+001)
[“lsteady 5 m level:INCR =1 (LOAD =1.000):PORE

pressure head to 0 for each stage.

Click PLOT
o
& probe @ Lo sum R
. Iso Value '

.@ Multi Step Iso. |k ‘ = Cutting Diag. . LOW Ievel

@ Extract _% Others - @ [ -28.3868383 | | 0] [ s4g65422 |

Advanced
Close




7 Post Processing

@ Seepage ™

Procedu B2 saM

@ Inspect the slope stability results
for the last stage by selecting the
Plane Strain Strains.

Click on Results > Special Post >
SAM.

@ Select Stage Full Dam and click
MIN
@ Select Stage Rapid FOS and click

MIN

Select Stage for Steady 5m FOS
and click MIN

History =
Special Post

Slope Stability FOS Result

Analysis Case Semi Coupled Dam ~

—
Step —|—Full dam FOS : INCR=2 (LOAD=1.000) w |

—— - .
Boundary Set sam right -

Boundary Set Label

Drawing Option
Font Size 2 ~|  Line Thickness 1E Colar . ~

Safety Factor

*0(m) Yo(m) Radius(m}) Safety Factor  #
46.050378 77.894865 60.835345 15,198
46.050378 77.894865 63,479956 6.162
46.050378 77.894865 66,123528 3.9743
46.050378 77.894865 68.767062 27962
46.050378 77.894865 71.410558 2.2566
45.050378 77.894865 74.054016 1952
45,050378 77.894865 75.697435 1.7568
46.050378 77.894865 79.340818 3.1747
46.050378 77.894865 §1.984164 3.9049
46.050378 77.894865 84627472 4.2872
45951956 72826131 55998868 14.886
45.951955 72.825131 58.642438 6.1024
45,951955 72.825131 51,285971 4.0163
45,951955 72.825131 53,929465 29272
45951956 72826131 66,572921 2,289
45951956 72826131 5921634 19518
45951956 72826131 71859721 1765 w
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