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Cut-off walls are a commonly used technical term in underground engineering,
hydraulic engineering, and excavation support systems.

When the bottom of an excavation is below the groundwater table, and dewatering is
difficult, it is generally necessary to install a cut-off wall to prevent groundwater
seepage.

Cut-off walls constructed from continuous mixing piles (e.g., cement-soil mixing piles)
or single-jet and triple-jet grouting piles are also referred to as cut-off walls.

Common Applications

Installing cut-off walls during deep excavations to
Excavation prevent surrounding groundwater from seeping into the
Engineering pit.

Metro and Tunnel

. . Preventing groundwater from entering tunnel structures
Engineering

Blocking seepage under dams or levees to protect

Dam and Levee .
structural stability.

Engineering:

Pollution Preventing the spread of subsurface contaminants.
Containment
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Common Materials and Types

Diaphragm wall: Reinforced concrete walls constructed underground, used
both as retaining structures and seepage cut-off barriers.

Cement-soil mixing wall: Walls formed by mixing in-situ soil with cement
slurry to create low-permeability barriers.

Grouting curtain: Seepage barriers created by injecting grout into the ground
to fill voids and reduce permeability.

Steel sheet pile wall / High-density plastic membrane curtain: Special
materials used in specific engineering scenarios as seepage barriers.

Reference
https://baike.baidu.com/item/ | 7Kt /3449204
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Soil Saturated/Unsaturated Parameters
Permeability function: Can be estimated
using the Gardner coefficient.

Water content function: Can be estimated
using the Van Genuchten model.

Drained / Undrained Material Parameters:
Defined using effective stiffness, undrained
stiffness, and undrained strength.

Permeability Coefficient (Kx/Ky/Kz)
Although Darcy’s Law was originally derived
under saturated conditions, it is also
applicable to unsaturated conditions.

Saturated Aquifer Storage Coefficient (Ss)

The volume of water released from storage per unit volume of aquifer per

unit decline in hydraulic head.

Note: For undrained materials, Ss is automatically calculated from the elastic

modulus and Poisson’s ratio.

st 2 ME T HIBE R E RN S8 - AREIEaEAT -3 -




TOTAL HEAD

Total Head (48/K5H)
Total head refers to the total energy of a fluid at a specific

point, usually expressed as an equivalent height of a water
column (in units of length, such as meters or feet).
It consists of three main components:

— hp + h*r,' + hz

» h, B27KEA ( Pressure Head ) = -

« REREBHEEND (P REND. T%aﬁ“%ﬂii%
e h, #EEKHA ( Velocity Head ) = 2—

o RERBERIEEE (v BEE g RENNEE)
e h. ®EKEE (Elevation Head ) =z

o RERBEAMLE (z RREBUENSE)
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CUT-OFF WALL - ANALYSIS DESCRIPTION

Water Level Elevation: —7.6 m Excavation Depth 3 m — Seepage Surface
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Final Excavation — Seepage Surface
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POROSITY PARAMETERS

Geotechnical Material
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Note 1: Seepage analysis requires defining porous material parameters.
Note 2: If unsaturated parameters are not defined, the soil is treated as
saturated during the seepage calculation.

Note 3: For seepage—stress coupled analysis, both geotechnical and porous
material parameters must be defined.
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Cut-off walls are a commonly used technical term in underground engineering,
hydraulic engineering, and excavation support systems.

When the bottom of an excavation is below the groundwater table, and dewatering is
difficult, it is generally necessary to install a cut-off wall to prevent groundwater
seepage.

Cut-off walls constructed from continuous mixing piles (e.g., cement-soil mixing piles)
or single-jet and triple-jet grouting piles are also referred to as cut-off walls.

Common Applications

Installing cut-off walls during deep excavations to
Excavation prevent surrounding groundwater from seeping into the
Engineering pit.

Metro and Tunnel

. . Preventing groundwater from entering tunnel structures
Engineering

Blocking seepage under dams or levees to protect

Dam and Levee .
structural stability.

Engineering:

Pollution Preventing the spread of subsurface contaminants.
Containment
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Common Materials and Types

Diaphragm wall: Reinforced concrete walls constructed underground, used
both as retaining structures and seepage cut-off barriers.

Cement-soil mixing wall: Walls formed by mixing in-situ soil with cement
slurry to create low-permeability barriers.

Grouting curtain: Seepage barriers created by injecting grout into the ground
to fill voids and reduce permeability.

Steel sheet pile wall / High-density plastic membrane curtain: Special
materials used in specific engineering scenarios as seepage barriers.

Reference
https://baike.baidu.com/item/ | 7Kt /3449204
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Soil Saturated/Unsaturated Parameters
Permeability function: Can be estimated
using the Gardner coefficient.

Water content function: Can be estimated
using the Van Genuchten model.

Drained / Undrained Material Parameters:
Defined using effective stiffness, undrained
stiffness, and undrained strength.

Permeability Coefficient (Kx/Ky/Kz)
Although Darcy’s Law was originally derived
under saturated conditions, it is also
applicable to unsaturated conditions.

Saturated Aquifer Storage Coefficient (Ss)

The volume of water released from storage per unit volume of aquifer per

unit decline in hydraulic head.

Note: For undrained materials, Ss is automatically calculated from the elastic

modulus and Poisson’s ratio.

st 2 ME T HIBE R E RN S8 - AREIEaEAT -3 -




TOTAL HEAD

Total Head (48/K5H)
Total head refers to the total energy of a fluid at a specific

point, usually expressed as an equivalent height of a water
column (in units of length, such as meters or feet).
It consists of three main components:

— hp + h*r,' + hz

» h, B27KEA ( Pressure Head ) = -

« REREBHEEND (P REND. T%aﬁ“%ﬂii%
e h, #EEKHA ( Velocity Head ) = 2—

o RERBERIEEE (v BEE g RENNEE)
e h. ®EKEE (Elevation Head ) =z

o RERBEAMLE (z RREBUENSE)
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CUT-OFF WALL - ANALYSIS DESCRIPTION

Water Level Elevation: —7.6 m Excavation Depth 3 m — Seepage Surface
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Final Excavation — Seepage Surface
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CONSTRUCTION STAGES
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GEOTECHNICAL SOIL MATERIAL

Soil 3 : Weathered Soil Layer (-20 ~ -40m)
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ot E A B S B R (e fRAd:



PROPERTY IMPORT

5 Comp. Prop.
CSys

A Function ~

Prop./CSys./Func.

/' Hinge -

.;\;id,f'l"ﬂ odify Property

0] Name

@ BE X
P « 202408_GTS.. » 202408_GTS NX_2DIE:TEREELIF vo s _GTS DE.. P
BATE Y FARER v M @
HTC_Hinge_cot A
TEMP
@ OneDrive )' 7 )' )’ v
—— \ \ \ \ \
% GTSZEE GTSEEE Part1.2DTiE4 Pat2. 2D iE%E Part3.2DiE18E
J3aF _2D_MAT&Prop _EdgeEE FESHSY BrEEs BrEEs
-
-4 Y Y
5| 3t
A}
= A)
»ee IR GTSZEBHIZ_2D_MAT&Prop.gts
o == MATAY MAVAY MAVAY
S Pard 2DBRE  PanS2D%IIE  Par62DAEr
B s = & 3
e ERER(C)
semazeie® Ny Y
WEEHN): | GTSAEZ_2D_MAT&Prop | [oTs NXFilestt.gts) v
BIE2(0) BB
Impaort Property from Other Project *
Property List Selected List
1:iEEE
23 1E-HEY
< | s | 10:PRAHEHENE-
12:ihiRE
Al 1340t e
o | 1wEbLE

Import All Properties (Material will be
imported together with the properties)

NMETRSIT g | YRE

(i Keep IDL(If ID. aready exist will be replaced)

@New D,

StartID ¢ 1=

Cancel




EXCAVATION AREA - 2D MESH

R

Adjacent Surface Features / Merge Nodes / Mesh Size: 1

g—tf Remesh (Disable Separate Mesh Set Creation)

Generate
Select Excavation 1_Soill Geometry Feature Mesh Set Name: Excavation 1_Soill
A
B s e

During Meshing, Geometry Features Automatically Hidden —
Manual Display Control via Model Tree

;| F@ Mesh
. &8 Default Mesh Set
LV B BE soilt



EXCAVATION AREA - 2D MESH

_|]_@ Mesh
[ DefaultMesh et Adjacent Surface Features / Merge Nodes / Mesh Size: 1

M BE1 soilt , :
T BE2sol (Disable Separate Mesh Set Creation)
- [ REIE3 soilt
Select Excavation 2_Soill Geometry Feature Mesh Set Name: Excavation 2_Soill

Select Excavation 3_Soill Geometry Feature Mesh Set Name: Excavation 3_Soill

|II|IIIIIIJIIIIIIIIJIIIIIIIIIIIIIIII




EXCAVATION AREA - 2D MESH

Adjacent Surface Features / Merge Nodes / Mesh Size: 1
(Disable Separate Mesh Set Creation)

Select Excavation 3_Soil2 Geometry Feature Mesh Set Name: Excavation 3_Soil2
I Y ) e e e v v

\IIIIIIIIIJIIIIIII}JIIIIIIIIII\IIIII

=7 Mesh
- .[T@ Default Mesh Set
- EE1 sailt
. & BIE2 s0ilt
- EE3 soilt
[V EE1E3 s0il2
L REEE soil2

[ ] |
e rrrrrrrrrrrrrr
[ | | I

Select Final Excavation_Soil2 Geometry Feature  Mesh Set Name: Final Excavation_Soil2




SURROUNDING SOIL -2D MESH

l W40 & 20->3D Name: Soil 1 / Property: Alluvial Layer / Mesh Size: 1.5
ax £2 Remesh Adjacent Surface Features / Merge Nodes / Disable
" Separate Mesh Set Creation

enerace |

Name: Soil 2 / Property: Silty Layer / Mesh Size: 1.5
Adjacent Surface Features / Merge Nodes / Disable
Separate Mesh Set Creation




SURROUNDING SOIL -2D MESH

@ 1D
o o @ 20->30 Name: Soil 3 / Property: Weathered Soil / Mesh Size: 2

5y Remesh Adjacent Surface Features / Merge Nodes / Disable Separate

enerate Mesh Set Creation

Name: Soil 4 / Property: Weathered Rock / Mesh Size: 2
Adjacent Surface Features / Merge Nodes / Disable Separate Mesh
Set Creation
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STRUCTURAL FINITE
ELEMENT MODEL
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DIAPHRAGM WALL -1D BEAM

¥ modify 1.3 connection @I Measure M{Free Field @ill Seepage cut Off
Element

[sl Create IS Modify Toooé{: Interface /7 Hinge ~
. Jx Delete [[l Parsmeters ~ §i]Dvide  -3- Pile/Pile Tp i Infinite wdl Fluid Boundary
Name: Diaphragm Wall /

Use Edge Features to Extract 1D Elements Property: Diaphragm Wall

for Diaphragm Wall

Property Checked: Display 1D Section
(Thickness)

Modulus of "/ D[4

Elasticity(E) Poisson’s Ratio(v) DL T v / EHE (Beam)

(kKN/m2) | T —

(KN/m3)

s

(Mot ..
----- [/ PRE-HEE Steel(F24.

€350 27,325,838 0.167 23.53596 | / BERE Beam)




i_

FOUNDATION SLAB -1D BEAM

[sl Create IS Modify Toooé{: Interface /7 Hinge ~

Jx Delete [[l Parsmeters ~ §i]Dvide  -3- Pile/Pile Tp i Infinite wdl Fluid Boundary .

¥ modify 1.3 connection @I Measure M{Free Field @ill Seepage cut Off Name: Raft Foundation Slab /
Eement - Property: Raft Foundation Slab

Use Edge Features to Extract 1D
Elements

Property Checked: Display 1D

Section (Thickness)

Modulus of Unit Welght(v) |_/ 1D [4)

(KN/m3) w[C/ EHE (Beam) L
P E8-HEYE (Truss) (Mot .. 2
== HIE Steel(E24. 3

C350 27,325,838 0.167 23.53596 - [F/ #E28 Eeam) 4

Elasticity(E) Poisson’s Ratio(v)
(KN/m?)




INTERMEDIATE COLUMN - 1D BEAM

[sl Create IS Modify Toooé{: Interface /7 Hinge ~
| ¢ Delete IE Parameters = R Dvide -3~ Pile/Pile Tp §ilii Infinite JFlurd Boundary
. ¥ modify 1.3 connection @I Measure M{Free Field @ill Seepage cut Off .
Hlement | Intermediate Column (}3524m)

Use Edge Features to Extract 1D Elements (H350 x250 x12 x19)-Beam
for Intermediate Columns

Property Checked: Display Beam Section

Modulus of
Elasticity(E) Poisson’s Ratio(v)
(KN/m?)

Unit Weight(y) 5 HB Property
L - &/ 1M
E ]_,f’ EEE (BEeam) 1

Steel 210,000,000 0.3 77




I

HORIZONTAL STRUT 1-1D TRUSS

I8l Create [ Modify Topo
Jx Delete [[H Parameters

= modify ] Connection

L Interface /7 Hinge ~
piDvide -3-Pile/Pie Tp i Infinite

#1 measure | Free Field il seepage cut Off
Element

wdl Fluid Boundary

Use Edge Features to Extract 1D Elements for
Horizontal Strut 1

Steel

Modulus of
Elasticity(E)
(KN/m?)

210,000,000

Poisson’s Ratio(v)

0.3

Unit Weight(y)
(KN/m3)

77

Horizontal Strut 1 — H-Beam -Steel
(H300 %300 x13 x21)-Truss

Property Checked: Display Truss Section

= HE] Froperty
; |_ /’ 1D [4]

P ]_/" "f%ﬁ'ﬁ[Eeam)
. @ 2D 4]




HORIZONTAL STRUT 2 3 - 1D TRUSS

Horizontal Strut 2 — H-Beam -Steel

i (H300 %300 x13 x21)-Truss

Horizontal Strut 3 — H-Beam -Steel
(H300 %300 x13 x21)-Truss




ELEMENT ORIENTATION ADJUSTMENT

oo, Biextract I Interface /7 Hinge -
[ilowvide .3-Pile/Pie Tp i Infinte
M| Free Field @l Seepage cut Off

easure
Element

.‘ Fluid Boundary

L L L L L
ST Y TR P T e T TP I TR T v
T T TR T F s TP T T TP T T T
. . . I -
BTHHHT;’&:THHHr:HHHIIHIHHE:
_[:_ T i __E:‘ | — — :_:
%HHHH?:HTHHELHHH{LLHHH%_
b b b f b
N - N - o
b N N N b
N b N N b
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BOUNDARY CONDITIONS




SELF-WEIGHT

=L:GTS NX2024f 5 & Ry Frss ks -



BOUNDARY CONDITIONS — CONSTRAINTS

8 Define Set

&4 Sloshing Constraint ®e Sip polygonal surface

Boundary J | L. { gdge® I

IR =

Intermediate Column
Rotational Degree of

: Freedom Ry
DoF DoF ‘

Mm Ow Oz M Oy Oz

Lax MRy IRz (rx Ry [#]Rz

R s Select Nodes Using Edge Features

RB OB &

18

DoF

ETK W Tz

lax Ry [F]Rz




INITIAL WATER LEVEL LINE

&8 Define Set & Change Property

¥ Water Level
£ Constrant =% Sip circular surface =

§H Constrant Equation 1% Skp polygonal surface |

Boundary | .
Select Line Feature
Water Level *
Edge  Face
=] Selected 6 Target Edge(s) |
Variable Axis .h{ e
Interval 1 |

Name  [RIREA(TER |

ok || cancel Automatically Convert to Spatial Function

Analysis aiiad Create/Modify Function x
Ttemn jin] Color - |
patial Non-spatal
-8 Function A e
i B |'r * - Mame | TR Ref.CSys  |Global Rectanguar ~|  Independent Var.|x ~
|2 K (TR [F1] Equation
X e From | 1)1 10]me. | 1]
|8 Non-Hydrostatic Water Prassur.. (m) e
g . T —
2 Creep Function 8.3 T3
Shrinkage Strain Function [ -117.29 7.6
& Creep Shrinkage Function Grou. i:;‘i ;: e
|28 Elastic Modulus Function — ez e 1.1
[cB Stress Strain Curve "113.28 7.6 e
B . -112.27 7.6 o
8 Hardening Curve ) o e |3
Seepage Boundary Function Tl 110,26 76 & -rae
& Nonlinear Elastic Function oL il g
B Unsatursted P Funcii -108.25 76
saturated Property Function Il 0794 e
[35] Strain Compatible Property Fu... 106,24 26 - B .
8 Response Spectrum Function |4 -105.24 76y %

B Time Farcing Function G e | Extrapoiation | Closest Value

f Yield Function

R = R i

B vield Surface Function = & oK
< > J

Model ' Analyss| Results




EXCAVATION 3 WATER LEVEL LINE

&8 Define Set &9 Change Property
5 I 1¥ Water Level
£:3 Constrant R Shp circular surface

ey »l ’ =
§H Constrant Equation 1% Skp polygonal surface ‘

" Boundary | Select Line Feature
Water Lavel b4
Edoge Face
| El Selected 5 Target Edge(s) |
Variable Axis X L
Interval | 0.:1|
Name  [FERBSRILER N Automatically Convert to Spatial Function
oK Cancel Spatial  MNon-spatial
Name Ref.CSys :GIabﬂRedangdar ~ Independent Var, X v:
\& (:1) e = From | !|To | 1.0.1.11c. I 1|
s e Value | | Calq.llahe:
Generate a Set of Water Level Line | @ 7
Functions at 0.5 m Intervals I N —
I A — L
. Scale Value Extrapolaton | Clossst Valus v:
=4 oK Cancel Apply




FINAL EXCAVATION WATER LEVEL LINE

&8 Define Set &9 Change Property
5 I 1¥ Water Level
£:3 Constrant R Shp circular surface

§H Constrant Equation 1% Skp polygonal surface \
Boundary | Select Line Feature

Water Level *
Bdze  Face
=2 Selected & Targst Edge(s) |
Variable Axis ¥ et
Interval 0.5

BT —— | Automatically Convert to Spatial Function

oK Cancel ﬂ[ Create/Modify Function X

Spatial Non-spatal

Name | EEAREFEAIEER RefCSys | GlobalRectanguiar ~|  Independent Var. X v|

Equation
"
(r):.) - Frem | tre | 0] me. | 1|
vae | || colaiate
-118.3 76
-117.8 76
[l -117.3 7.6 &
-116.3 75 -
-116.3 76
.l 1158 7.6 -
-115.3 7.8 -8
-114.8 76 5
B 14,3 76 2 s
1133 78 N
-113.3 76
|l -112.8 7.6 i
aes s | s
[l -111.8 F6| -

salevae | Extrapolston | losest Value v

= oK Cancel Apply




MIDAS

a)(

PART 5
INTERFACE ELEMENTS




INTERFACE ELEMENT DEFINITION

GTS NX Interface Element Wizard Mode
— Automatically Estimate Normal Stiffness (Kn) & Shear Stiffness (Kt)

 Virtual Thickness Factor 5 #%¢E € R85 (tv)
— Value Range: 0.01-0.1.
— Use Smaller Values for Higher Stiffness.

 Strength Reduction Factor 5&EHTEIAE(R)

— Sandy soil/Steel material =R : 0.6~0.7 %)+ /A4
— Clay/Steel material =R : 0.5%k5 /844

— Sandy soil/Concrete =R : 1.0~0.8 /b+//F A+

— Clay/Concrete =R : 1.0~0.7 25+/)R 45t +

Interface Element Parameters — Interface Element Parameters — Wizard
Manual Definition Mode Automatic Derivation
Interface Wizard Data =
Interface Monlinsarities Mone v
Structural Parameters » 5|'
Structural Parameters virtual Thickness Factor(tv) 0.3 m
Mormal Stiffness Modulus(Kn) | | kijm2 Strength Reduction Factor(R) lil

Shear Stiffness Modulus(Kt) _ 0 | khfm? [ Consider Element Size

Line Interface Thidness 1im

[ conduction for Seepage flow

[oc ] ca




INTERFACE ELEMENT DEFINITION

Is] create [Sh Modfy Topo. BlfExtrac I Interface | /7 Hinge

I Delete [[H parameters  Jii Divide i Infinite Select Diaphragm Wall 1D
N Modéy [} Connection ] ijSqr;ﬁ. Wi Free Field @l Seepage Cut Off Beam Flements
Element
Create Interface X
Line  chel Plane
Element ID | 7038 |
Method
Type | From Truss/Beam |
Parameters
= Selected 40 Object(s)
-
[CImerge Nodes Select Node

Property Parameters
(O Manual Input @ Wizard

[TJRegister Interface Mesh Set Separately i

[/ Create Other Blement | Rigd Link v :
Property
Q | |F
- \
Mesh Set |Lir-e Interface v ]

=& K || Cance |




INTERFACE ELEMENT DEFINITION

Strength Reduction Factor (R): 1
Virtual Thickness Coefficient (tv): 0.1

| Create Interface X
Line  Shel  Plane Interface Wizard Data >
Element ID | 7038 Structural Parameters
Method _ Strength Reduction Factor(R) 1
Type | From Truss/Beam v i ickness Factor(tv) 0.1
Parameters i
uE. Consider Element Size _
r& Selected 40 Object(s) Line Interface Thickness 1 m
[Imerge Nodes Select Node [ conduction for Seepage flow 0] misecim
Property Parameters _“ Cancel

(O Manual Input (@ Wizard

[TJregister Interface Mesh Set Separately

(/] Create Other Blement | Rigd Link ving
Property \

: Automatically Generate Rigid or Elastic Links

' Between Diaphragm Wall and Soil
i —— | (Used Before Installing Slabs or Piles to Assume

Soil Connection)

Mesh Set [[ine Interface v l




INTERFACE ELEMENT DEFINITION

Model 2 %
Ttem D Color J i
L L EE2 sl 3 - g
| M RE3scil 4 — 5 |
L - BE3 soil2 5 — L
F@ SR sail2 7 —— P L)‘
@ st 9  — i
P T %,;:g':‘il_é;:_—
Pl i 12 [ i
e 3 — L|ne Interface Mesh Set
LM BERE 14 =
L L@ ems 15 —
5-5@ :'J<+zr;1 16
P 3 17 [ ]
18 I
19 [—
20 I
,J A0 Elment Parameters
®-/7 Hinge v
Model Analyss Results ;
Automatically Estimate Normal Stiffness :E , 155
. =i I i 2
(Kn) & Shear Stiffness (Kt) t Rigid Link Mesh
il e I
&-H Property | Set (Elements Not '
. @~/ 1D[4] .
. GRg 20 1) Sharing Nodes)
i Q 3D [0]

. =-HB Others (4]
- i [ HB Rigid Link (Rigid Link) 12
-["HB Interface Property(Wizar.. 9
[T HA Interface Property(Wizar.. 10
i . HB Interface Property(Wizar.. 11
_HB Undefined [0]
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CONSTRUCTION STAGES




CONSTRUCTION STAGE DEFINITION

N L 6§ stage Set

‘L L Simubte Stage B Volume Data Export
Stage . )

Wizard ﬁ AUTD Set

Construction Stage

GTS NX Provides Multiple

Covtution S e

Seepage
Stress-Seepage-Slope
Consolidation

Fodlu Caindad Chvace Cannnna

Select Construction Stage Type: Stress

SECpageE-Iinermail SUEsSs

Construction Stage Set

MName Constructon Stage Set-1

Stage Type |Stress

Mo Mame

Construction Stage Set-1

]

«=  Stepl.Add

Step2. Edit Definition

Heat of Hydration(Thermal Stress) Close
Fully Coupled Stress Seepage Heat
Define Construction Stage % |
Construction Stage Set Name _Cmsllu(bun Stage Set-1 v‘ l
e e E———— o~ Construction Stages Provide Synchronized View
T == (Display All Mesh Sets / Boundary Sets / Load Sets)
g S | Sieown | Gmmmmme
Jomiiomn || Pomiiine | ||

O | or

Construction Stage
=1 £5 Boundary Condition o o o
iz Definition Window

0 DRFtEEEE

o &b Static Load.

f 8l Defavlt Sslf- Weight

) Combined Load Sets
R Contact

SortBy | Creation ~ |  ShowData Activate ~

[ clear Displacement
Clear Strain

[ stope Stability(SRM)

[ stope Stability(SAM)

Copy To Spedific Stage...




CONSTRUCTION STAGE DEFINITION

Stage 0 — Before Construction Staged
Stage 1 — Diaphragm Wall (24 m) and

Intermediate Columns Installation

Stage 2 — Excavation 1 (Depth —2 m)

Stage 3 — Horizontal Strut 1 at —1 m

Stage 4 — Excavation 2 (Depth —5 m) i: Stagel

Stage 5 — Horizontal Strut 2 at -4 m
Stage 6 — Excavation 3 (Depth —9 m)
Stage 7 — Horizontal Strut 3 at —8 m
Stage 8 — Final Excavation (Depth —12 m)
Stage 9 — Raft Foundation Slab (t=1 m)




CONSTRUCTION STAGE DEFINITION

Stage 0 — Before Construction

Stage 1 — Diaphragm Wall (24 m) and
Intermediate Columns Installation
Stage 2 — Excavation 1 (Depth —2 m)

Stage 3 — Horizontal Strut 1 at —1 m

Stage 4 — Excavation 2 (Depth —5 m) =
Stage 5 — Horizontal Strut 2 at -4 m

Stage 6 — Excavation 3 (Depth —9 m)

Stage 7 — Horizontal Strut 3 at =8 m

Stage 8 — Final Excavation (Depth —12 m)
Stage 9 — Raft Foundation Slab (t =1 m)

Eaam]

Stage3

Stage4




CONSTRUCTION STAGE DEFINITION

Stage 6 Stage 0 — Before Construction

| Stage 1 — Diaphragm Wall (24 m) and

Intermediate Columns Installation

Stage 2 — Excavation 1 (Depth —2 m)

Stage 3 — Horizontal Strut 1 at —1 m

Stage 4 — Excavation 2 (Depth —5 m)

Stage 7 Stage 5 — Horizontal Strut 2 at -4 m

g Stage 6 — Excavation 3 (Depth —9 m)

' Stage 7 — Horizontal Strut 3 at -8 m
Stage 8 — Final Excavation (Depth —12 m)
Stage 9 — Raft Foundation Slab (t = 1 m)

Stage8 Stage 9
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ANALYSIS CASE




ANALYSIS DEFINITION

3
Setting

General |*% Parametric Analysis || Perform

______Analysss Case

K- ISBM “zvss - Analysis Name:
Analysis Type: Construction Stage

Modeling

Analysis

Construction Stage

|Linear Static
iNonlinear Static
Construction Stage
'Eiqem‘alle
iResponsa Spectrum
Linear Time History(Modal)
Linear Time History(Direct)
Nonlinear Time Hstory
{Nonlinear Time History + SRM
2D Equivalent Linear
|Consolidation
|Fully Coupled Stress Seepage
|Seepage(Steady-state)
|Seepage(Transient)
Slope Stabiity(SRM)
\Slope Stabiity(SAM)

Add/Modify Analysis Case

Sohve Each Load Set Independently king Name

Analysis Case Setting
Tite DI T RERIZE T 3] |
Descriptian _ | Analysis Control 2]
Solution Type Construction Stage ~ Quiput Contral Fa
Construction Stage et Construction Stage Set-1 ~
Analysis Case Model

Al Sets << == Active Sets

Select Construction Stage Definition to Execute Calculation




RUN AND ANALYSIS OPTIONS

Analysis Option Control

Number of Processors

10 5

Enable GPU Acceleration

Element Formulation

(O Hybrid (Accuracy)
(O Reduced (Effidency)
(® Standard (Stabiity)

Equation Solver
@aute O Multifrontal
Maximum Iteration 1000
Convergence Tolerance 1e-006

2D Element Setting

Unique Shell Normal Generation 20 | [deg)
[[Icontrol Transverse Deformation (Hybrid)

Set Default oK

Cancel

r) DEBcga -~ :

Y
@’_ Batch Analysis

=y %
5. Setting
ﬂ Modelng|

General @ parametric Analysis ‘ Perform™

Geometry  Mesh  Static/Slope Analyss

A Gy
$5e oL
Analyss

Analysis

Item D Color

-4m)..
Stage6.BIZ3(HIZAE-9m) .

Execute Solver

Z Stage9 EERH(t=1m) [ID-..
48 Analysis Case

2t - Constructio.

Seepage/Consoldation Analysis

GTS N: Pant5.205 T 78

Dynamic Analysis Thermal Analysis Analysis Result Tools Style  Background ~ Language - '@ - T X

B B

95

Hstory Analysis Options || Perf
|| output probes || Option
Hstory | Tools ||Fatigue Analyss Case

a X

3§ parametric Analysis
$5 Partial Factor

Enable Multi-Core Computing / GPU Computing

v

< > M|

Model Analysis| Results

Properties o x
General

| W:-237.902, -16.6663

L ps B # D NLE W R RE L ABRACO+ AL BFEE66 9 ¢ 98BL

[ | £ - Basic

R I RBIOB &

- Compound(©) = |17

aweg o) L

awgel o

GTS NX Solver

Please wait! GTS NX Solver is running...

Computation Iteration Process
1 N & parts.2DRIRE x|
g;:p:‘iement(s) have been extracted. . :

> A mesh set[#&2H5] which has 35 nodes and 34 elements has been created.
> 60 element(s) have been extracted.

> A mesh set[$PRf}tE] which has 63 nodes and 60 elements has been created.

> 34 element(s) have been extracted.

> A mesh set[kFF£11] which has 35 nodes and 34 elements has been created.
> 34 element(s) have been extracted.

> A mesh setDKFEX 2] which has 35 nodes and 34 elements has been created.
> 34 element(s) have been extracted.

> A mesh set[KFE£ 2] which has 35 nodes and 34 elements has been created.
> Work project is being saved by auto-save function.

> Analysis data is transferred to solver successfully.

> READING INPUT FILE [C:\TEMP\202408_GTS NXFRISZF0L1B E41\202408_GTS NX_20IIBFTRBHIEAHT\PartS. 208 TP _20IBS TR EETE mec] v
[ K:-118.34121.7 ¥:-80~0 Z:0~0 | G:{1] N.[6438] E:[5505] I

vim Vil vilse vl
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RESULT ANALYSIS
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RESULT ANALYSIS

Results

Item D
(#) CATEMP\202408_GTS NXZEZE..
=) flly Post Style
. L% Default Style
o) 2DETTEHEHE
_ Qf Stage0.=3=T A
w52 INCR=1 (LOAD=1.000)
= [&] Stagel. EFEEQ4m)FAIPFE...

Analysis Results Arranged by Construction
Stage Sequence

i ® ‘Q INUK=1 (LUAU=1,UV)
& 2] Stage4 BIZ2(BIZHE-5m)
5.2 INCR=1 (LOAD=1.000)
=[] StageS. X FXH2((LE-4m)
&) @ INCR=1 (LOAD=1.000)
= [2] Stage6.FEEIEEZEE-9m)
| @B INCR=1 (LOAD=1.000)
=[] Stage7. XTZE3((UE-8m)
| 2] INCR=1 (LOAD=1.000)
=-[2f StageS ZEEIE (-12m)
¢ @] INCR=1 (LOAD=1.000)
&-[2f Staged. ZEEKE(t=1m)
5] INCR=1 (LOAD=1.000)

j‘_‘_ﬁ Contour/|

Geometry

Smooth ~ E‘J(:]:‘ Type ~

e -
23 vector -

Indeformed
Deformed

Deformed+Undeformed (Wire)

v | Deformed+Undeformed (Feature)

Deformed+Undeformed (Shading

Deformed-+Undeformed ( Transparent)

Show Deformed Shape with Undeformed (Original)

[oATA] 200

Construction Stage 0: Before
Construction

[#] Clear Displacement
[ Clear Strain
[]slope Stabiity(sRM)




ANALYSIS RESULTS | TOTAL TRANSLATION

Stage 0 — Before Construction

Stage 1 — Diaphragm Wall (24 m) and
Intermediate Columns Installation

Stage 2 — Excavation 1 (Depth —2 m)
Stage 3 — Horizontal Strut 1 at —1 m
Stage 4 — Excavation 2 (Depth —5 m)
Stage 5 — Horizontal Strut 2 at -4 m
Stage 6 — Excavation 3 (Depth —9 m)
Stage 7 — Horizontal Strut 3 at =8 m
Stage 8 — Final Excavation (Depth —12 m)
Stage 9 — Raft Foundation Slab (t=1 m)
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SEEPAGE CONDITIONS




POROSITY DEFINITION

Switch Units

Geotechnical Material

Coefficient of

Soil Type permeability(K)

(m/day)
Ve~ 0.1
LU 1
Bt 1
e =¥ st 0.001

Note 1: Seepage analysis requires defining porous material parameters.

Note 2: [f unsaturated parameters are not defined, the soil is treated as saturated during
seepage calculation.

Note 3: For seepage—stress coupled analysis, both geotechnical and porous material
parameters must be defined.




WATER HEAD (7KBE) | INITIAL WATER LEVEL

&8 Define Set 4 Change Property IS Nodal Head =€ Draining Condition
o

‘! £ Constrant Sas Review %Z Non ConSolidation $8) Table ~
§H Constrant Equation = Water Level & Surface Flux ﬂ; From Resufts
Boundary

Association Between Elements and Geometric Features Exists;
Nodes Can Be Selected via Geometric Features

Seepage Boundary X e By | [ v: Bih=  S[M OB M

Nodal Head Review

Name Nodal Head-1 |
Object
e  [ede v KA B fE-7.6(m)
- Selected 174 Object(s) |
value | 7.6 l fn
Type ®7Total  (OPressure

[JFunction | None

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

Boundary Set | Nodal Head-1 v|$

G| & OK | Cancel Apply




WATER HEAD (7KBE) | INITIAL WATER LEVEL

&6 Define Set =3 Change Property § Nodal Head = Draning Condition
ﬁ Constrant & Flux &E Non ConSolidation 8 Table ~
§8 Constraint Equation 1= Water Level - Syrface Flux [I4 From Resuks

Boundary

Association Between Elements and Geometric Features Exists; Nodes Can
Be Selected via Geometric Features

CRF ICTTR | e RO

Seepage Boundary !

Modal Head Review

Name Review-1
Object
Type  |Node e
= Selected 35 Object(s) |
Boundary Set  |Review-1] ot | b=

Gl &2 oK Cancel Apoly
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