GTSNX

Geo-Technical analysis System New eXperience

GTS NX

Heavy rainfall during deep excavation
nearby a river channel
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Note: The parameters in the example use assumed conditions.
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Water Pressure

GTS NX can consider water pressure that occurs from the defined water level of a model.
Water pressure is added as an edge pressure load for 2D problems and as a surface
pressure load for 3D problems.

The pressure size needed for calculating the water pressure is determined as
follows:

1. Same size as the pore pressure defined on the target edge/surface (Z
2. Hydrostatic pressure due to user input water level position, (Z

P=

ngX(Z water Level z coordinate) = 196'2(Kpa) = 196'2(KN/m2) I

River:-10m

___y_Phreaticline

MIDAS

Reference

water Level)

coordinate)

APPLIED FORCE
T, kM

Water Level:10m | -

|

I

I 1

Water=Density 1000 kg/m?3
Gravity Acceleration=9.81 kg/sec2 I

GTS NX_Analysis Reference_Chapter6_LoadConstraint
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Water Pressure

Stage 1

Embankment

Silty layer

Surface

Deep excavation area

Gravel

Existing dikes

Water level height (10m)




Explanation-2

Before stage 3 of excavation
Heavy rainfall 72 hours attack
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? o e b ¢l EHog® =/ ==
L Erame ta Soid 60 ch ;
L”_' = - “ Geometry Mesh Static/Slope Analysis
" Took New document
Options | X

General Geometry/Mesh/Connections Loads/B.C. Results

¢

(& General T ProjectTite =~ Engineer
-=| Applicatio
é] Li?;ns: Ll User Name User Desc.
éﬁ Unit Syste User Company MIDAS IT
TL DS, Temporary Foldex CATemph i : - -
& Materil 2| Auio Save Fils i Model Type Gravity Direction
@ E_mpv};msw_ Saving Duration(Sec) 1800 ‘ O30 -~y
I OIK Yiew 4 Window
t7: Snap
L. Guider (O Axisymmetric
) Geometry [
Jel lement Unit System
[ o | ni
waecd Pgrameter adjustment |
kN v . 'm vl v | | sec v
Initial Parameters Unlt: kN/m/-l/sec
Gravity Acceleration(g) 9.8 mfsec?
Initial Temperature 0 [
Plane Strain Thickness 1 m
Reset Reset All Customize Shortcut Key... Cancel Apply
OK Cancel




Import

. <2, Open CAD File... 7 7 X
. — WBHEQ: [T oIS NI_BESSFFI0_BEAW L | @ (T ¢ [
D Create a new document ~m CAD File... b ﬂ
cau Import the CAD file into 3 current project =8
Open
(=2 Open an existing document -
I } . DXF2D {Wimefranm}.._. _ =5
ok Import the DXF 2D file into 3 current project Sl X T
save I, =i ope.X_
Save the active docurmnent sl
H . DXF3D {ereframe}.._. :
Qﬂé Import the DXF 3D file into a current project -
__ Save As... -
e Descue ot | o (Wrefame)..
| & Import the DWG file into 2 current project
4 Import o
! I Import the selected file midas MxE...
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H Export the active document | GeoXD Heutral Format File(* .FPN)... O BB RIRR)
Import the Neutral File
Close GTS NX Neutral Format... SEMEES Erecsatin LGt optin... RasitAl
d Close the active document Open Neutral File
Import Nodal Results(™.txt)
Close All Import nodal results File
d Close all documents
| P Execute Mining Model Convert...
X Exit
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0
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Surface

P <

Surface merging

Selecting all

Solid Solid Surface
Boolean Divide
Booclean X

Fuse Sew Cut

Common Embed




Import excavation area

Hew
] Create @ new document

4. Open CAD File... e

. Import CAD File...
cau Import the CAD file into 3 current project

WRHEQ: | oM BERLIFIN_BEASHKEL V| @ ¥ v @~
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=8

Open
Lj_ Open an existing document

. DXF2D {wireframe)...
DEFE Import the DX¥F 2D file into 3 current project

Save
l I Save the active docurmnent DXF 3D (Wiref 3

QEE Import the DXF 3D file into a current project

A

SE

e Retaining wall. X_T
___ SaveAs... -

L

= 0 Save the active docurnent
with @ new name DWG (Wireframe)...

| @ Import the DWG file into 2 current project

— Pt
Import
H Import the selected fle

midas Mxt...
@ Import the midas MXT file.

EE
Export
H Export the active document . GeoXD Neutral Format File(* .FPN)...
Import the Neutral File
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Import Nodal Results(*. txt)
Close all Import nodal resutts File Length Unit of the Model(s) m v Import Option... Reset Al

7 -=“\| Close all documents

| P Execute Mining Model Convert...

K Exit




Imprint

Surface & Solid

Imprint X

Point Curve Imprint Auto

Target Object: All surfaces

4 Selected 8 Target Object(s)
&wj Selected 20 Tool Object(s)

Direction .

T N g - ] Pl
Q Select Tool Direction

O 2 Points Vector X Y Z

© Direction of Shortest Path Line

B | ok || Cance Tool Object: Excavation zone

Shortest path line selected
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Delete curves

Madel * 1 X

Ttem D Color Stepl.Excavation curves
(#) CATEMP\GTS NX 2D_TESEZEES..

-+, Coordinate System
----- A View Point
w-#f Work Plane ' ~ Z =
- Datum . —
&-[E Material
#-HE Property
[—_‘|---|7® Geometry
;r'@ Geometry Set-1 1
- [P Curve [20]
EF@ Surface [1]
P@ Face(Explodet)(1) 1 L 1

gl Bedding Plane
s e Step2. DELETE
-5 Wesh Control
-V [ Mesh Delete Object X
- Contact
I.:
E

M Element Parameters Geometryliing}
-/ Hinge Geometry(Line)

Model | Analysis Results Geometryﬂ.!ne)
) Geometry(Line)
Geometry(Line)
Geometry(Line)
Geometry(Line)
Geometry(Line(Explode 1)) {
Geometry(Line(Explode 1)) [
Geometry(Line(Explode 1)) f
Geometry(Line(Explode 1))
Geometry(Line(Explode 1)) f
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Soil Layer Distribution

Water Pressure

Embankment

Water level height (10m) Existing dikes o Gravel
e - Deep excavation area Surface

Silty layer
Rive

MIDAS Note: The parameters in the example use assumed conditions.




Property Import

/7 Hinge - @ BE X
« v o « GTS.. > GTSNX_IENXS%5701_B24% 620 TaSs. 286 TEnEE. P
Prop./CSys./Func. _ SaEE-  FAESE o- O @
v E e
Add/Modify Property X M5 &osey | X
) - HEEREE ots nx EEES
No Name Type Sub-Type Create |~ | > - FHENEE i;f‘éf;’;;gig
ERNART ..
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Copy =
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Delete > g TR3D (\\mic °
I Import > sx B (\\midas
’ R AVANT01 Ba49 6 2d TEBREZEEE TEREETAZITE MAT&PROP gt | GTS NX Files(*.gts)
Renumber s
Import Property from Other Project X
Boae Property List Selected List
LEREE
2: ¥ -HEUS
< | s | ZREBERR
44818
All s:3AER
ST 6:Interface Propert
Import all of properties
| | |
Numbering Type
(O Keep ID.(If ID. already exist will be replaced)
O New ID. StartID : 1=

: [I] Cancel
MIDAS Note: The parameters in the example use assumed conditions.




Excavation area — Stage 1 -1

Mesh size: 1/ Prop: Silty layer

Generals

Geometry set: Excav 1_Soill Mesh set: Excavl_Soill

—_— e |
l 1

Geometric features are automatically hidden during mesh generation

EF@ Mesh
. Wi Default Mesh Set

. B _soilf
MibAS a(



e e Excavation area —Stage 2 -2

V8 BEFE1 _soilt

~ M B2 sl . e
B & B3 sl Mesh size: 1/ Prop: Silty sand layer

Mesh set: Excav2_Soil2

Geometry set: Excav2_Soil2

Y Y Y Y Y Y Y I

Geometry set: Excav3_soil3 Mesh set: Excav3_Soil3




t.l-r i Mash
- [~ [&F Default Mesh Set

P Excav area — Stage 3 -3

. EE3_soill

| L[V E8 BIE3 soil2 . . ]
B§ 2=mE o2 Mesh size: 1/ Prop: Weathered soil

Geometry set: Excav3_Soil2 Mesh set: Excav3_Soil2

(T T o 1 i

Geometry set: Excav4_Soil2 Mesh set: Excav 4_Soil2




Riverbank area

Separated mesh set

Embankment-mesh size: 1

Gravel-mesh size:1

INEEE NN

Existing dike-mesh size:1

/




Soil Layer

Silty layer_Soill_Mesh size:1

Water Pressure
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Retaining Wall-1D Beam

I&l Create IS Modify Topo 3E Interface /7 Hinge -

Ty Delete [JH] Parameters [l Divide -5 Pile/Pile Tip i Infinite bl Fluid Boundary
& Modify [J connection B Measure p§|Free Field gll Seepage cut Off
Element

Extracting 1D element to retaining wall

Tick on to view the property shape of BEAM

=-HB Property
& 1D[4]
[0, HE-HES (Truss) (Not Us.. 2
..... M~ EEZE (Beam) (Mot Use_ 3
o H_HEIE ool (ZE24m. 10
1

& 222 @eam)
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Raft foundation-1D Beam

Isl Create [ Modify Topo JE Interface /7 Hinge -

D¢ Delete [[H Parameters [l Divide  .§ Pile/Pile Tip i Infinite wll Fluid Boundary
% Modify [J connection @] Measure pj|Free Field gl Seepage cut Off
Element

Extracting 1D element to raft foundation

Tick on to view the property shape of BEAM

=-HB Property
E /1D 4]
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Center Column-1D Beam

Isl Create [ Modify Topo JE Interface /7 Hinge -

D¢ Delete [[H Parameters [l Divide  .§ Pile/Pile Tip i Infinite wll Fluid Boundary
% Modify [J connection @] Measure pj|Free Field gl Seepage cut Off Center column(depth 24m)
Element

(H350 x250 x12 x19)-Beam

Extracting 1D element to center column

Tick on to view the property shape of BEAM

=-HE Property
&/ 1D 4]
L L0/ XI2-HEE (Truss) (Not Us. 2
ZEILT (Beam
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Strut Layerl1-1D Truss

I&l Create IS Modify Topo 3E Interface /7 Hinge -

Ty Delete [JH] Parameters [l Divide -5 Pile/Pile Tip i Infinite bl Fluid Boundary
& Modify [J connection B Measure p§|Free Field gll Seepage cut Off
Element

Strut Layerl-H Beam-Steel
(H300 x300 x13 x21)-Truss

Extracting 1D element to strut_Layerl

Tick on to view the property shape of STRUSS

=-HB Property
g,/ 1D [4
2
..... M~ HEEEE (Beam) 3

[ PREE-HEE-Steel(Z24m.. 10

)
\
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Strut Layer2&3-1D Truss

Strut Layer2-H Beam-Steel

E (H300 x300 x13 x21)-Truss

Strut Layer3-H Beam-Steel
(H300 x300 x13 x21)-Truss




- [&l Create &
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Boundary Conditions

| =5 Define Set id Sloshing Constraint % Slip polygonal surface

£ Constraint =5 Change Property 1= Water Level ¥ Table - BC fOr Z_Slded edges
Constraint Equation =%, Slip dircular surface 455 SRM Inclusion
Boundary

|| £ edge® el | JIRE= 1 RB O® F

Constraint Ry for center column

DoF

DOF

M Oty Oz s M Oy [

e R"f' Rz []rx R‘f’ F!z :

DoOF

ET}: I'\r ETI

[Fax Mry [£Rz




Initial Water Head Level

(Nodal Head ,Pressure=0 m)

= Define Set 4 Change Prupertyl% Modal Headl =<, Draining Condition
£ Constraint & Review -@ Nodal Flux &2 Non ConSolidation ¥} Table -
HH Constraint Equation 1= Water Level & Syrface Flux [1& From Results
Boundary
Seeoage Scunddary X

Nodal Head Review

Name Nodal Head-1
. Selecting line features
Type Node
[E»L Selected 410 Object(s) ] / 7

Value 7 0 m

Type (OrTotal  © Pressure

((JFunction  None

Direction: Global Y

((J)if Total Head < Potential Head, then Q =0

Boundary Set | BEKERIUE v $
& OK Cancel

Edge features selected

CEIE G 1 JRE= 1 RB OO F
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Initial Seepage Surface

2L Define Set 8 Change Property § MNodal Head = Draining Condition
£ Constraint -@- Nodal Flux %2 Non ConSolidation 8 Table -
HH Constraint Equation = Water Level 4 Syrface Flux [1& From Results
Boundary
Seepage Boundary X

Modal Head Review

Selecting line features

Mame Review-1
Ohject '_‘“‘\_r
Type  Mode e
= Selected 274 Object(s) |
Boundary Set i | e
& OK Cancel [W|
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Excav Stagel Seepage Surface

2L Define Set 8 Change Property § MNodal Head = Draining Condition
£ Constraint -@- Nodal Flux %2 Non ConSolidation 8 Table -
HH Constraint Equation = Water Level 4 Syrface Flux [1& From Results

Boundary

Nodal Head Review '_ﬁ"ﬂe,_I Selecting line features

Mame Modal Head-2 e
Object
Type  Mode ~
= Selected 276 Object(s) ]
Boundary Set :%:;E_E}%¥?i%;:?;ﬁ - | &8
G & oK Cancel Apply

MiIDAS



Excav Stage2 Seepage Surface

2L Define Set 8 Change Property § MNodal Head = Draining Condition
£ Constraint -@- Nodal Flux %2 Non ConSolidation 8 Table -
HH Constraint Equation = Water Level 4 Syrface Flux [1& From Results

Boundary

Selecting line features

Modal Head Review m

Mame Modal Head-3

—
Object
Type Mode o
[ ] Selected 276 Dbject(s) |
8
Boundary Set I B 5 iy Vl =
G &2 oK Cancel Apply
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Excav Stage 3_Seepage Surface

2L Define Set 8 Change Property § MNodal Head = Draining Condition
£ Constraint -@- Nodal Flux %2 Non ConSolidation 8 Table -
HH Constraint Equation = Water Level 4 Syrface Flux [1& From Results

Boundary
Seepage Boundary b 4
| Selecting line features
Modal Head Review :
Mame Modal Head-4 ._'ﬁﬁ““_'
DbjECt —
Type  Mode W
[ E' Selected 276 Object(s) ]
Boundary Set [ B =IRREIESNE | @
G & QK Cancel | Apply |
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Excav Stage4 Seepage surface

2L Define Set 8 Change Property § MNodal Head = Draining Condition
£ Constraint -@- Nodal Flux %2 Non ConSolidation 8 Table -
HH Constraint Equation = Water Level 4 Syrface Flux [1& From Results

Boundary

Seepage Boundary X

Modal Head Review ._uﬂ%_(

Mame Modal Head-5

Selecting line features

e ———e—
Object
Type  Node -
[ E' Selected 276 Object(s) ]
Boundary Set | FRERRRlESE v | 5
G & Ok Cancel | Apply |
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Water Pressure

(Pressure to represent for river reservoir pressure)

& Force 4 Prass, ¥ Beam Load gl Define Set ; . :
?_ = =) w =2 & Prescribed strain
e () Ml:umentIiWater PreswreFéPrestress 1y comb. Set
aff . :
Weight 28 Disp. bt Arbitrary Load  4%¢ Initial Equilbrium Force €3 Contraction ¥ Table
Load
Water Pressure >

Edge Face Axisymmefric Point

Mame Water Pressure-1
oo Water level (10m) Selecting line features
Type 2D Element Edge >
[ Ei Selected 123 Object(s) ] //KH
Magnitude :

() Auto{by Water Level Boundary)

O Manual
Water Level i m
Load Set |'|."I.|'ater Pressure-1 s | =
= O, Cancel || Apply |

MiIDAS
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Interface Element-1
GTS NX Interface Element Wizard

— Automatic calculation of normal stiffness (Kn) & tangential stiffness (Kt)

* Virtual Thickness Factor (tv)

— Rangefrom0.01~0.1 -
— Use smaller values for higher stiffness -

e Strength Reduction Factor (R)

— Sandy soil/Steel material =R : 0.6~0.7
— Clay/Steel material =R : 0.5

— Sandy soil/Concrete =R : 1.0~0.8

— Clay/Concrete=R :1.0~0.7

initi Automatic by Wizard
Manual definition nterface Wi AULA y "
Interface Monlinearities MNone Structural Parameters
Strength Reduction Factor(R) 1
Structural Parameters
Mormal Stiffness Modulus{(Kn) | kNjm2 [ Virtual Thickness Factor{tv)
Shear Stiffness Modulus{KL) . ol ki fm= |

[ ] Consider Element Size
Line Interface Thickness 1 m

[ ] Conduction for Seepage flow

MiDAS | (3




Interface Element-2

[&l Create I5F Modify Topo. B Extract |3 Interfacd /7 Hinge -

T Delete [[H Parameters  [i]Divide -3 Pile/Pile Tip [ Infinite wdl Fluid Boundary
= Modify [] Connection B} Measure P Free Field il Seepage Cut OFf
Element
Create Interface o 3e!ec‘lng_RW
Line Shell  Plane
Element ID 31071
Method
Type  From Truss/Beam »
Parameters
[E| Selected 50 Ohjectfs) ¢
[ Merge Nodes Select Node 'Normalstiffness (Kn) & Tangential stiffness (Kt)
Property Parameters tructural Parameters
() Manual Input 0 wizard .%ﬁengm Reduction Factor(R) 0.7
o= (] virtual Thickness Factor(tv 0.1
| |Reqgister Interface Mesh Set Separately i L Wkl Haclness Factorty)
B Create Other Element  Rigid Link b [ ] Consider Element Size
Line Interface Thidkness im
Property —_—

[ Conduction for Seepage flow 0 mjsec

6 &: Interface Property(\Wizar

oK, Cancel

| Mesh Set !Line Interface u| .

Sl o = ¢ aating Rigid link for soil and retaining wall before
RW is constructed
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Interface Element-3

Normal stiffness (Kn) & Tangential stiffness (Kt)

=-HE Others [7]

----- W K FEE-HESE-Steel -[THE Rigid Link (Rigid Link)

----- W K FEEE2-HEIE-Steel —[1HE Interface Property(Wizard)..

..... W TR EI-HEE Steel [ JHE Interface Property(Wizard)..

W &9 Lneintenace | . [THE Interface Property(Wizard)..

v Rigid LinkMeshy . [THE Interface Property(Wizard)..
----- [THE Interface Property(\Wizard)..
----- [THE Interface Property(Wizard)..

Line Interface

i

ey e e o B oy B e e B e B e e e s e e
o g o 3 e g § i g L | g 1
ey s v s B e ey s e s | B e e v | e ey B e
o o o e 1 3 e | ) i
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Construction Stage-1

H a IE‘?' stage E‘EtJ M Volume Data Export
= Simulate Stage

Stage " B partial Factor
Wizard B3 AUC =

Construction Stage

GTS NX Type of simulation

CD_I_‘lEthat!DI'!

Stress Seepage Slope

Seepage-Thermal Stress

Heat of Hydration(Thermal Stress)

Fully Coupled Stress Seepage Heat
Stress-Seepage-Slope-Monlinear Time History

Define Co~st'uezzn Stage

Construction Stage Set Name Construction Stage Set-1 v
| StageID 1: Construction Stage-1 v Move to Previous Move to Next
Stage Name Construction Stage-1 New Insert Delete
Stage Type Stress
SetData Activated Data Deactivated Data
& i Mesh 5 Mesh £ Mesh

@8y Defoult Mesh Set £& Boundary Condition &5 Bowndery Condition
iy Line Intecface L Sutic Losd <L Sntic Load

@ Ricid Link Mesh ) Combined Losd Sets R Combined Load Sets
iy PRIECR24m) 2 Contoct X Contact

+4

FEARNE_wil2

Hy KFEIHI-HAERS.
fly AFEEIE2-HAE
iy KTER- AR

CS definition window

(Selecting type of simulation)

Construction Stage Set >
Mame Construction Stage Set-1 Add
Stepl.New
Stage Type  Stress-Seepage-Slope e Modify
Mo Mame Type Copy

Construction Stage Set-1 Stress-Seeap... Delete

Define C5... Stepz.Define CS

Close

Displaying all mesh sets/ BCs/ Geometry sets

@ w Copy To Specific Stage. ..
(T Clear Displacement
Clear Strain
() Stope Stabiity (SRM)
([(stope Stabiity (SAM)

=€ Ranndary Sat-2

SortBy  Name v Show Data Al




Construction Stage-2

StageO0.Intial condition

Stagel.RW (24m) & center column 5 : T
ge ID 1: Construction Stage-1 =
Stage2.Ex1_-2m
Stage Mame Staged. e LE]

Stage3.Strutl -1m
Stage4.Ex2_-5m _
Stage5.Strut2_-4m N————— g

Stage Type Stress Seepage S,

Stage6.Ex3_-9m (o [ == |2
Stage7.Strut3 _-8m z O sesme.
: - SetData Activated Data Deactivated Data Bt g o0 Fo st Staos..
Sta ge 8 . EX4 - 1 2 m i MES}I‘)erauuMeshsa P Mespﬁfgl soill g g;:‘jdary(:undlmn [Dcear sn .
- . | F:gg;::ﬁ: Fggg :ﬁ: % éﬁ:hﬁfmd Sets L] iope Stabdity (M)
Stage9.Raft foundation (t= 1m) MR 2 o
A,
Activated Data !
i3
R
| = @ Mesh 2 B Clear Displacement
Fﬁ;%l Stl:ll]. ﬁ? STk
e e e (] Clear Strain
A soill A S5 Bounday 32
ffﬁ}%l-ﬂ%ﬁ-s " &£ M#é{k?fﬁ% [:] | bl
B3 _soill TRl || o Soeis Slope Stability(SRM)
4 e Intertoce &y Default Sl Weight =i
Ffﬁ;%;‘;ﬂ . ok || gt () Slope Stability(SAM)
HrrzFlE_ 50 i ot
wE ition. o Show Data Activate R Save Close

HEREM

FEEE

£1

e

£z

£

il Rigid Link Mesh

= %Q Bnunda.‘r;-.r Condition

&5 Boundary Set-1

&5 Boundary Set-2

&L TERAEENE

L ED YEEEETE

= % Atatic Toad

&l Default Jelf-Weight

2l Water Pressure-1

'@ Combined Load Sets
R Contact

2

M



Construction Stage-3

StageO.Intial condition

Stagel.RW (24m) & center column Stage ID 2: Stage 1 iE4HEE (24m)FODRSHERE ~ -
Stage2.Ex1_-2m Stage Name Stage 1 3 EE (24m)FO P REFERE
Stage3.Strutl -1m SR e Stress Seepage v
Stage4.Ex2_-5m o et -
Stage5.Strut2_-4m — e | 0
Stage6.Ex3_-9m I e I
Stage7.Strut3_-8m = et |35 |
Stage8.Ex4_-12m T
Stage9.Raft foundation (t= 1m) I 8 Clear Displacement
i %%z‘ﬂzﬂs (] Clear Strain
[ Slope Stability (SRM)
[ Slope Stability(SAM)
Activated Data Deactivated Data
"""""" ik S -y Mech =l Mesh
TEEEENREEC sNENREEY AERER RNy - imiEE @ Rigid Link Mesh
Ty PR R 24m) % Boundary Condition
B9 Line Intexface &b Static Load
=55 Boundary Condition D) Combined Load Sets
=5 PREHIFEEEERy R Contact
gl Static Load
[ty Combined Load Bets
R Contact




Construction Stage-4

StageO.Intial condition

Stagel.RW (24m) & center column

Stage2.Ex1_-2m
Stage3.Strutl -1m
Stage4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3 _-8m

Stage8.Ex4 _-12m

Stage9.Raft foundation (t= 1m)

| Befine Construction Stage
|
|

| consructonstage setreme

Stage ID
Stage Name

Stage Type

L

3: Stage2. FAIZ 1ERAIZIFE -2m) -
Stage2 FRIfE LRI -2m)

Sfress Seepage i

b Shtic Load
1D Combined Load Sets
R Contct

Stag 3: Stoge2 FRIZ RS 2m) k Move toPrevieus || Mave to Next
mmmmmmm Stage2 Bl 1BRIERE 2m) New Tnsert Delete
Stage Type Stress Seepage
£D: AcvatedData  Deactivate 4 Data
Mesh Mo
= 8 Bowndary Condition B R ol
G ERmsRE 68 Bounlesy Conditinr (Cslope Stabiity(SRM)

o]
& ﬁm Load [Clsiope Stability(sAM)

D) Combined Load Sete
X Contact

.........

Activated Data

Deactivated Data

k= Bovndaryy Condition

- EL ERNESETE
&b Static Load

1D Combined Load Sets

o Mesh

- Bl il
=59 Boundary Condition
=0 THEEBEE
Els Static Load

[ Combined Load Sets




StageO.Intial condition

Construction Stage-5

Stagel.RW (24m) & center column

Stage2.Ex1 _-2m
Stage3.Strutl_-1m
Stage4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3 _-8m
Stage8.Ex4 _-12m

Stage9.Raft foundation (t= 1m)

mmmmmmmmmm

mmmmm

ssssss

4: Stage3. KFXIF 1 E-1m)

Stoge3 HFHFUDE-m)

Stress Seepage

Stage ID
Stage Mame

4 Staged. M FEEXFELHE-1m)
Stage3. M EZEH 1L E-1m)

Stage Type

Siress Seepage

(O slope stabiit ity (SRM)
(Dslope stabilty(sam)

Activated Data Deactivated Data
= @ Mesh By ek
iy MFEEI-HREG Seel || &0 Bowndary Condition
55 Boundary Condition -2k Static Load

-2k Static Load
D) Combined Lowd Sets
R Confact

...... 1) Coumbined Load Sets
------ R Contact




Construction Stage-6

StageO.Intial condition

Stagel.RW (24m) & center column Stage ID 5: Stage4. FRIE2BHERRE-sm) v
Stage2.Ex1_-2m Stage Name Stage4. RS 2(RHEFE -5m)
ztagei'SEtrZUtls—_lm " e Stage Type |Shfess Seepage ~ |
taged4.Ex2_-5m
| Dsert | Delete 1
Stage5.Strut2_-4m - e
Stage6.Ex3_-9m Ao, 6 i
1 Combined Load Sete Statie Loa:\ Rltas [ slope stabiity(sam)
Stage7.Strut3_-8m ga B
Stage8.Ex4 _-12m
Stage9.Raft foundation (t= 1m)
g;zﬂ;{{ﬁ%gwﬁky
§ gﬁz%m‘ﬁﬁﬁ
Activated Data Deactivated Data

-y Mesh =y Mesh

F 55 Bowndary Condition -y B2 soill

S0 B amENE =-£8 Boundary Condition

-8k Shtic Load O FsRiEsmE

10 Combined Load Sets -5k Static Load

32 Contact T Combined Load Sets

E Contact




Construction Stage-7

Stagel.RW (24m) & center column

Stage2.Ex1 -2m ) Stage ID 6: StageS. K FELIEF4m)
Stage3.Strutl_-1m R — , Stage Name Stages. KX IE 2T -4m)
Stage4.Ex2_-5m il e e 5 Stage Type |Stess Seepage o |
Stage5.Strut2_-4m = == — gd;i;;m

Sageo.£xa_om

Stage7.Strut3_-8m e

Stage8.Ex4 _-12m
Stage9.Raft foundation (t= 1m)

&
o
poE
££2
B
B

Activated Data Deactivated Data

= @ Mesh - @ Mesh
- RTEL - HAE kel &5 Boundary Condition
20 Bowndany Conditing 5l Static Load
gl Static Load Ty Combined Load Sets
T Combined Load Sets & Contact

e 3 CDn‘t&Et




Construction Stage-8

Stagel.RW (24m) & center column
Stage2.Ex1 _-2m

Stage ID 7: Stages REIZSEHEFRE om) v o
Stage Name Staget. BRIEIERIERE 9m)

Stage3.Strutl -1m i o
e e
Stage4.Ex2_-5m P =58 SEEPEEE |
Stage5.Strut2_-4m ; -
Stage6.Ex3_-9m £ oS
Stage7.Strut3_-8m
Stage8.Ex4_-12m
Stage9.Raft foundation (t= 1m)
Activated Data Deactivated Data
- 3 Mesh = i Mesh
= &5 Boundary Conditinn [ R il
50 B=oriEEEm - AR o2
sbe Batic Load = &5 Boundary Condition
1) Combined Load Sets 50 BT ooEEERE
= Contact - =k Static Load
Dy Combined Load Sets
B & Contact




StageO.Intial condition

Stagel.RW (24m) & center column

Stage2.Ex1 _-2m
Stage3.Strutl -1m
Stage4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3_-8m
Stage8.Ex4 _-12m

Stage9.Raft foundation (t= 1m)

Construction Stage-9

Stage ID 8: Stage7. M 3 HH ({1 H -8m) =
Stage Mame Stage7. K FEETE (W E -8m)
Stage Type Siress Seepage it
Activated Data Deactivated Data
= % Mesh & Mesh

& Contact

oy NFEEEERE el | | 55 Boundary Condition

5 Boundary Condition - 5b Static Load
5l Static Load - [B) Combined Load Sets
1) Combined Load Sets % Contact




StageO.Intial condition

Construction Stage-10

Stagel.RW (24m) & center column

Stage2.Ex1 _-2m
Stage3.Strutl -1m
Stage4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3 _-8m
Stage8.Ex4_-12m

Stage9.Raft foundation (t= 1m)

Stage ID 9: Stages.

Stage Mame

2E2P8IE (-12m) v

Hane

Stages. FxE2fRES (-12m)

. Stage Type Stress Seepage -
(O Clear ent
(] Slope Stabilty (SRM)
(] Slope Stabilty (SAM)
Activated Data Deactivated Data
i Mesh -l Mesh
=55 Boundary Condition [y RS il

55 BEEENTE
- &le Static Load
[ Combined Load Sets

R Confact

=55 Bowndary Condition
- ED B REEETE
-8l Static Load

T Combined Load Sets
3 Contact




StageO.Intial condition

Stagel.RW (24m) & center column

Stage2.Ex1 _-2m
Stage3.Strutl -1m
Stage4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3 _-8m
Stage8.Ex4 _-12m

Stage9.Raft foundation (t= 1m)

Construction

Stage-11

Stage ID 10: Construction Stage-1 “I=
Stage Name Staged. FREZRR(t=1m)

Activated Data

Stage Type Stress Seepage

Deactivated Data

) Combined Load Sets
3 Contact

= i Mesh iy Mesh

i HERR %6 Boundary Condition
56 Boundary Conditinn - 8b Static Load

2k Static Load M Combined Load Sets

Z Contact
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Analysis
(Deep excavation nearby river channel)

—t_

24 setting 7 B Analysis type: Construction Stage

% parametric Analysis | Desian Define Optimize
Variable Sensor

Analysis Case Dptimize

muoa/Modify Analysis Case x

Analysis Caze Setting

Construction Stage Tite BRI

Description Analysis Contral &

[Linear Static
Ioriness Static Solution Type Construction Stage - Output Contral =5

Construction Stage Set Construction Stage Set-1 w

{Responze Spectrum

LinEl-: TN$ETM¥HEHE] Analysis Case Model

Linear Time History(Direct) All Sets wx]l = Active Sets

{Monlinear Time Hstory

{Monlinear Time History + SRM . . .
| 2D Equivalent Linear Selecting the previous CS setup for calculation
|Consolidation

iFully Coupled Stress Seepage

Seepage(Steady -state)

iSeepage{Transient)

Slope Stabiity[SRM)

|Slope Stabity(SaM)

Solve Each Load Set Independently Sorting Mame [ QK Cancel Apply

MiIDAS



Calculation

¢ Delegde=-m
- Geometry Mesh
Y IElﬁ‘Setting

General B# parametric Analysis

Analysis Case
* &
Analysis

Ttem
B-Fife MEEREE
- [ 28 Review
Mife E—EESER
Mife ECxEESRE
Fife E=xEERRE
B-Mife SEEESTE

E| |7=“ Review

2 Modal Head-5

£-[#sk Static Load
¥ Default Self-Weight
¥ Water Pressure-1
--[# =8 Dynamic Load
--[#EH Thermal Load

I'./':-‘\,E Respanse Spectrum Load
= 2 ¥ cpew nde

Model | Analysis | Results

Properties

General

—

Design Define Optimize]
Variable Sensor

Static/Slope Analysis

Seepage/Consolidation Analysis Dynamic Analysis

Thermal Analysis

Anabysis Result Took

Perforn|

‘g' @ Batch Analysis
E) Modeling

B B

History Analysis Othans
Qutput Probes | Option

Optimize

D Color

w

[ By

-

i

Analysis History | Took Fatigue Analysis Case

eim, e ’E*Téa-.#. kgl %b%.“nﬁn 7 RE S QB RO+ HES FHIEET - @- Y3 FH.

Style ” Background T Language @ - 7 x

®

= | All Geometries (F) =

| L - |[asic

Please wait! GTS NX Solver is running...

[ETPRRIPRRL &

Stop Execution!

x

4 ] gts nx EEHSRIITN_BSA_6 2d_IEMEREEET ERRERRSFE partgts x |

output

> - RUN ANALYSIS

> CONVERGENCE NOT LIKELY. BISECTING LOAD INCREMENT (BISECT LEVEL=1)

> CONVERGENCE NOT LIKELY. BISECTING LOAD INCREMENT (BISECT LEVEL=2)

> INCREMENT= 1 ( 25.00%), ITERATION= 3, ERROR NORMS: P{ 6.95E-11/ 1.0E-03) W( 5.80£-09/ 1.0E-06) CONVERGED
> CONVERGENCE NOT LIKELY. BISECTING LOAD INCREMENT (BISECT LEVEL=3)

> INCREMENT= 2 ( 37.50%), ITERATION= 2, ERROR NORMS: P{ 3.70E-11/ 1.0E-03) W( 8.256-10/ 1.0E-06) CONVERGED
> CONVERGENCE NOT LIKELY. BISECTING LOAD INCREMENT (BISECT LEVEL=4)

> CONVERGENCE NOT LIKELY. BISECTING LOAD INCREMENT (BISECT LEVEL=5)

> INCREMENT= 3 ( 40.63%), ITERATION= 6, ERROR NORMS: P{ 1.04E-07/ 1.0E-03) W( 9.69E-08/ 1.0E-06) CONVERGED
> INCREMENT= 4 ( 43.75%), ITERATION= 8, ERROR NORMS: P{ 2.32E-11/ 1.0E-03) W( 2.42E-08/ 1.0E-06) CONVERGED
> INCREMENT= 5 ( 50.00%), ITERATION= 1, ERROR NORMS: P{ 7.64E-16/ 1.0E-03) W( 1.27E-15/ 1.0E-06) CONVERGED
> INCREMENT= 6 (100.00%), ITERATION= 2, ERROR NORMS: P( 2.25E-07/ 1.0E-03) W( 3.76E-04/ 1.0E-06)
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Results-1

|
| HT SAM

Sequence of analysis in CS @ see optimaaton | g M@ Flow Path

Optirmization Design Special Post &l Flow QL.IHI'Itﬂ:'rf

E*_‘, Response Surface

2] Stagel.EH T E1-Seepage

@ Stagel. 75 T Bi-Stress

-] Stagel BEE(24m)F TR E-Seepage
2] Stagel BEE(24m) AP Stress Jit T2 ES-0_Flow Path
@ Stage? EE1(BIEZE-2m)-Seepage
@ StEQEE-EaE'L':EaEiﬁg-Em]-Stress
@‘ Staged KFERF1({UE-1m)-5eepage
@' Stage3 K ETE1(UE-1m)-Stress ———
@ Staged BEZ(EE EE-5m)-Seepage l\\ \\kk\_)//l /)
-2 Staged BIE2(BIEEE-5m)-Stress M/
E-2] StageS. K EXE2(UE-4m)-Seepage

@ Staged. K EZE2({U S -4m)-Stress

@' Stageb EEI(EIEZE-9m)-Seepage

#-[@] Staget. FIZ3(BEEE-9m)-Stress

o1 2] Stage7 KFRE3((WE-8m)-Seepage Jitt T P& E%9_Flow Path
@' Stage7 K EZEZEI((UE-Bm)-Stress
@ Staged ZEEEE (-12m)-Seepage
m (2] Stage8 EEEEIE (-12m)-Stress
w2 Staged BEE(t=1m)-Seepage
@f Staged EEE R (t=1m)-Stress




Results-2

(Total Translation(m))

Stage2

StageO.Intial condition
Stagel.RW (24m) & center column Staged
Stage2.Ex1_-2m
Stage3.Strutl -1Im
Staged4.Ex2_-5m
Stage5.Strut2_-4m
Stage6.Ex3_-9m
Stage7.Strut3 _-8m
Stage8.Ex4_-12m

Stage9.Raft foundation (t= 1m)

Stageb

40,0000 +00

Stageb6
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Part8. Heavy rainfall assessment
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Bofore Excav Stage 3

Heavy rainfall struck 72 hours continuously
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Rainfall Recording

Unit (kn/m/J/hr)
] (Hours)

Materizl Prope

|

/7 Hinge - R

Prop./CSys./Func. Msasae o : o =
72 hours for heavy rainfall

Mame 72hrPEmiEREHE|

Seepage Boundary |

| Time c
! (hr) Value i |l ll
Nonlinear Elstic-T russ 0 U. o.le4——1 : B AN NN . NN N [N S I N N
i _ & 0.04 | g | |
Monlinear Elrstic-Pont Spring/ERstic Link : 17 01 Bold - | F W o |
Unsaturated Property [ [ 13 0.18 12— T
Strain Compatible ;; U.Ui; :: Bl ! ------ 1 :
MEEHG)  SOMSRERE ) = i 7 I O O |
Q 0 N e 0_06 4 1 | H I | | HIE | | HESH | |
X Excel © Copy & paste recording data S Y : L |
&0 0.06 % P NI N O N N ) I O ) O O
Lo ol 66 0.04 t [ l
- — 18 018 72 0.03 E T T T T T T T T T T T T 15 T
‘%ii; 24 02 o 3 e 13 20 23 :'l.:maﬁ 40 45 50 533 60 63 70
I 30 0,18
36 013 Description oK . Cancel Apply
42 0.12 L
= 4% 0.1
2D EEERS
s o4 0.08
Bl 0,06
B 0,04
T2 003
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Surface Flux

Unit (KN/m/J/hr)
. N - I m e I 1 b I b e I
Seepage/Consolidation Analysis

3P Define Set &5 Change Property § Modal Head = Draining Condition
£ Constraint &% Review -& MNodal Flux % Non ConSolidation & Table -

HH Constraint Equation 1= Water Level From Results
Boungary Selecting line features

Flux=Value xFunction
/z

Flux b4

/

Modal Flux  Surface Flux /
Mame Surface Flux-1
Type Edge Flux “
Object
Type 2D Element Edge s
J

= Selected 442 Object(shf

Yalue 1 m3fhrjm
B runction  72hrpEEEHE v| P8
B if g > Ksat, then Total Head = Potential Head Note:

if surface flux > coefficient of permeability
total head = potential head

Boundary Set :'.Eﬁﬁﬂféfﬁ V| %

G 4 QK Cancel | Apply |

Miipns Continuous rainfall curve




Heavy Rainfall Assessment-1

New CS type: Stress-Seepage-slope

Cenztriciion Mags Set X
Name SEbEmEEFE Add
Stage Type Stress-Seepage-Slope v Modify

No Name Type Copy

2 Construction Stage Set-1 Stress-Seep... Delete

3 gbEmEEFE Stress-Seep...

Define CS...
Close

MiIDAS

Stepl.Select stage6

! Construction Stage Set Mame

Stage ID
Stage Mame

Stage Type

Step2. Insert
SEREFREE TG =

8: Stages B3 RIERE 9m)-1 ~ 3
Stage6. FFE 3FEEFEE -9m)-1

Move to Previous Move to Mext

Stress Seepage e

Step3. Select the previous
construction stage
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Heavy Rainfall Assessment-2

7: aEhEFmEE G el

Time Step et
bR TG

Stress Transient Seepage s

© User Defined Step

S S Step Mumber 24 5

Define Construction Stage
Construction Stage Set Name SElETEE RS . H Save Result |:| LDg Scale

Stage ID 7: SERETEEERE v Move to Previous Move E Ana I Generate StEl:l |

Stage Name WPEFRE RS New i Delete (] DU I,

Stage Type Stress Transient Seepage Time Step... O Sub Stage Load

i Time Save Step
| e [rere
SetData Activated Data Deactivated Data | U || S0V TRt ey | H Factor
=@ Mesh [ [ Mesh B Mech | [ Clear Displacement [ | - :
& Default Mesh Set =155 Boundary Condition %8 Boundary Conditinn Clear Strain | i 3.0000

A1 _soill o EC EEEm 5l Bt Load - - | sl
A2 _seill b Sofi Load T Combined Losd S L oo Sebyier) | i £ 0000 00417
RAE2 soill D Combined Load Sets = Contact [_ Slope Stability(SAM)

FAbES soild ] '-aConmt . Initial Condition | g g D |:| |:| |:| |:| : |:| 4'] _||"
FERRAE _soil2 © 5teady-State Analysis(time = 0)
ggt&ﬁﬁ Ct I vate d D ata () Define Initial Water Level | 1 2 a ':l D ':l ':l D ) ':I 4-1 ?

r Legel For Global

& Continuous rainfall condition 150000 00417
+3 18.0000 0.0417

+4

g 210000 00417
TREILRR |
PRt (R 24m)
AT 1 HERS 240000 0.0417
HFEE2-HE-S
EEE2-HEE -
Line Interface
E Rigid Link Mesh

=185 Bonndary Condition

i ‘\‘\-.g Boundary Jet-1

.50 Ronndary Zet-?

SRR

Sort By Creation hd Show Data Activate v Save | Close
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Analysis-1

|—t]_

24 setting 7 @ Analysis type: Construction Stage

3% parametric Analysis | Desian Define Optimize
Variable Sensor

Analysis Case Dptimize
Add/Modify Analysis Case *
Construction Stage et
Title TR R EGE

[Linear Static Description Analysis Contral B
iNonlinear Static Solution Type Construction Stage Output Control e
Eigenvawe Construction Stage Set ST @

iFesponse Spectrum

Linear Time History (Modal) Analysis Case Model

Linear Time History (Direct) Al Sets 22| > Active Sets

{Monlinear Time Hetory |
{MNonlinear Time History + SRM . . .
|20 Equivalent Linear Selecting the previous CS setup for calculation
|Consolidation

{Fully Coupled Stress Seepage
|Seepage{Steady-state)
iSeepage{Transient)

Slope Stabiity[SRM)
[Slope Stabity(SAM)
Solve Each Load Set Independently Sorting Name | oK Cancel Apply




Analysis-2

I Analysis Contral X |

General Dynamic  Monlinear Age

[ Water Pressure -
| Automatically Consider Water Pressure | TI C k O n

il tage Automatically Consider Water Pressure

[ Initial Stage for Stress Analysis 1:Stage0, ML

Apply KO Condition
Clear Strain

[ Cut-Off Negative Effective Pressure L:Stage0. FHE T

Initial Stress
B Estimate Initial Stress of Activated Elements

Final Calculation Stage

© End Stage () Middle Stage 1:5taged. e T &1- TICk on
Estimate initial stress of activated elements

© save only User Spedified Stages
() save All Stages
() save All Stages and Last Converged Step

Initial Temperature
[ tritial Temperature By Value 1]
[ tnitial Temperature By Load Set Mone

Saturation Effects
[ Consider Partially Saturated Effects for Stress Analysis

Max. Megative Pore Pressure

Max. Megative Pore Pressure Limit 0 tonffm?2

Undrained Condition TiCk On
[ Allow Undrained Material Behavior . . o, . . . .
Estimate initial Configuration of activated nodes

Multiple Shear Mechanism for RO, HD, GHES {with Bowl)
[ Number of Mechanisms

INdar Lormguratan

Estimate Initial Configuration of Activated MNodes

OK | Cancel
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Calculation

Geometry Mash

.
Y Eﬁ Setting

General B8 parametric Analysis

Analysis Case
#F 52, ®Mm,
Results
Item

G.j CATEMP\gis nx EEHE

Model Analysis | Results |

Properties
General

Static/Slope Analysis

Optimize

s 2

1D

7 o @&

Design Define Optimize|
Variable Sensor

GTS N3

Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

@ I% Batch Analysis -
‘g- %) Modeling “@

Color

Perform)| History Analysis Options
OQutput Probes | Option
anahsic Hictnns Tools Fatigue Analysis Case
S a@agdoect HEN FHEFIHD @-@-YaH.

Style " Background " Language ~ @

Perform

T &I@_t'

= || All Geometries (P) =
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B | L - |

GTS NX Solver

Name Type Description

FRAFEM... | Construction Stage I

Selecting the solution for execution

OK Cancel

@ check onjoff
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Qutput
> GTS NX 2026 (v1.1) (64bit)
> Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
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Results

Sequence of analysis in CS

TP >

Itemn D Color
i INCR=24 TIME=7.200e+01)
=T {E-Ctress
2! INCR=1 (TIME=3.000=+00)
@' INCR=2 (TIME=6.000e+00)
i 2 INCR=3 (TIME=9.000e+00)
;_1--@ INCR=4 (TIME=1.200e+01)
2! INCR=5 (TIME=1.500=+01)
@' INCR=6 (TIME=1.800e+01)
& INCR=7 (TIME=2.100e+01)
E @ INCR=8 (TIME=2.400e+01)
&2 INCR=9 (TIME=2.7002+01)
IE @' INCR=10 (TIME=3.000e+01)

Heavy rainfall before
3 stage of excavation

EE| AT EE L= L BT T

@' INCR=23 (TIME=5.400e+01)
@ INCR=24 (TIME=5.700e+01)
@ INCR=30 (TIME=56.000e+01)
B! INCR=36 (TIME=6.300e+01)
@' INCR=37 (TIME=6.600e+01)
@ INCR=38 (TIME=6.900e+01)
i_-!-;--@ INCR=3% (TIME=7 200e+01)
2] Stageb BRI (E! -9m)-1-Se.
521 INCR=1 (LOAD-1.000)

[ Stage6 EE3EREEE-Im)-1-5t.
@[ INCR=1 (LOAD=1.000)

2] Stage?. HEFZE3I(US-8m)-1-Se.
72 INCR=1 (LOAD-1.000)

2] Stage?. K EZEIME-8m)-1-5t.
@[ INCR=1 (LOAD=1.000)

@' Stageﬁ.%,{?ﬁﬁ'afg (-12m)-1-Seep...
72 INCR=1 (LOAD-1.000)

2] Stage8. ZEEEE (-12m)-1-Stress

@[ INCR=1 (LOAD=1.000)

@ Stageg.?ﬁﬁﬁﬂf_(tf[m]-T-Seepa..
B! INCR=1 (LOAD=1.000)

8P4l Staged EE R R(t=1m)-1-Stress

Model Analysis | Results

MiIDAS

Stage6.Ex3_-9m

Heavy rainfall consideration

B/ | £ - |[None (@ . [ Lo AR
DISPLACEMENT
TOTALT,m
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: :?+2‘737U55-U1
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- :nseosae—m
" rimee0l
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I

x
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~+0,000002+00

[paTa] FERIEFRHEEIE, Stages, FREHR(t=1m)-1-Stress, INCR=1{LOAD=1.000), [UNIT] tonf, m

No rainfall consideration

8% | L - |[none ) . W e
DISPLACEMENT
TOTALT , m

| Max: 7.58e-02

Min: 3,50e-03
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