OPTIMIZING
DEEP
EXCAVATION
TECHNIQUES

PRAGATI SAXENA |GEOTECHNICAL ENGINEER

MibAS




CONTENTS 01 DEEP EXCAVATION

. Introduction, Failures & Challenges

02 GTS NXINTRODUCTION

- Geometric & Meshing Features

03 ANALYSIS CAPABILITIES

- Analysis & Post- Processing

04 PROJECT ACCOMPLISHMENTS

- Applications & Projects




DEEP EXCAVATION » Soil or Rock Excavation generally greater than 15ft

* Requires careful selection of retaining structures, construction
methods and other support systems

» Failure results in great loss of life, property and delays in the
project




OLUTIONS Solutions to Deep Excavation Collapse:

» Use of Retaining Structures- Analysis & Design
* Proper simulation of Initial Stress conditions
* Proper simulation of Loadings




TYPES OF Gravity Walls

RETAINING Stability depends on the normal and shear stresses developed at the Wall

STRUCTURES Base

AN AN

HARN

Gravity Counterfort Cantilever Reverse cantilever

Anchored Earth Walls

Internal Stability depends on the complex interaction between soil and
reinforcing elements

Reinforced earth Scil nails



TYPES OF Embedded Walls

RETAINING Stability of walls rely on the resistance of the ground below excavation
STRU CTU RE S level and on the resistance provided by any props or anchors

N /33N

Embedded cantilever Propped cantilever
| Anchored cantilever

Braced Excavation

Stability of walls rely on the resistance of the ground below excavation
level and on the resistance provided by struts and wallers
Braced Cuts can be: using sheet pile or using soldier beams

Soldier

Lagging i

Wedge




CONVENTIONAL

 Lateral Earth Pressure calculation
DESIGN expected to act on the wall

« External stability checks application to
ensure overall shoring system stability

» Factor of Safety against Sliding & | |
Overturning Calculation 3) Loss of overall stability b) Sliding failure

» Bearing capacity Determination of the
wall

* Checks against Failure (Overall Failure, ¢) Overturning failure &) Bearing capacity failure
Sliding Failure, etc) '

* Checks for the structural stability of the
shoring system



NUMERICAL
MODELLING
CONSIDERATIONS

1) Modelling Type

* In reality, all geotechnical problems involving retaining structures require
3D modelling for accurate analysis.

 When simplifying problems to 2D, it is crucial to properly check and take
care of the assumptions made.

Advantages of Using GTS NX

« GTS NX offers a comprehensive solution as it allows for both 2D and 3D
modelling within the same software.

* This flexibility ensures accurate and efficient analysis, catering to the
complexity of geotechnical problems.



NUMERICAL 2) Consideration of Assumptions

MODELLING * For two dimensional and axi-symmetric analysis the assumption is

CONSIDERATIONS frequently made that there is axis of symmetry about center line of an
excavation and that only half section needs to be modelled from the axis

of symmetry

Figure 3.4: Displaced shape of walls
| of road tunnel



NUMERICAL 3) Geometry of Finite Element Model

MODELLING * Another decision arises that when performing numerical analysis what is

CONSIDERATIONS the choice of the depth and lateral extent

a) Depth

* Soil stratigraphy often provides an obvious location
* Since soil stiffness and strength increases with depth analyses are not

sensitive to location of bottom boundary until it is reasonably close to the
bottom of wall

e P2

E’ = 5000 + 5000 z (kPa)
K= 1000 K,,,, (kPa)

K, =2

Y. = 20 KN/m’

b’ =125

E =28*10° KkPa
El=2.3*10° Nm'/m
u =015



NUMERICAL 3) Geometry of Finite Element Model

MODELLING * Another decision arises that when performing numerical analysis what is

CONSIDERATIONS the choice of the depth and lateral extent

b) Lateral Extent

* As the excavation is symmetric the position of Left Hand boundary of the
mesh is fixed.
 Lateral extent on the right is more problematic and depends on constitutive

model.

Drucker-Prager Elasto-Plastic with
hardening and softening
and ambient influences

Mohr Coulomb

Modified Mohr Coulomb  Elasto-plastic with cap

hardening
Hoek-brown Elasto-plastic
Hyperbolic Non-Linear Elastic
Strain-Softening Strain Softening

Modified Cam clay Elasto-plastic for clay




NUMERICAL Application of Mohr Coulomb and other Advanced Models:

MODELLING 1)For soil shear failure
CONSIDERATIONS a) Use Mohr Coulomb model

b) Use equivalent linear stiffness for compaction or unloading behavior

2) For nonlinear compaction and shear failure
a) Use advanced models such as Hardening models(Modified Mohr
Coulomb, etc)

Applications:

Mohr Coulomb: Stability Analysis, Soil Structure bonded failure, Excavation
problems for basic behavior

Advanced Hardening models: settlement analysis, deep excavation for
detailed behavior



NUMERICAL 4) Initial Ground Conditions

MODELLING  Whenever there is excavation, the loading of structure depends on

CONSIDERATIONS stress changes associated with process it is important that these
stresses are estimated accurately

5) Modified Ground Condition

* Consideration of nearby structures also becomes very much important
and affects the stress variation, so it needs to be considered

6) Construction Method

* One needs to simulate the construction method adopted using humerical
analysis as it also affects the results

7) Water Table

* Consideration of nearby structures also becomes very much important
and affects the stress variation, hence needs to be considered



Finite Element Analysis Platform for Geotechnical Applications

GTS NX
INTRODUCTION

(EE]

iLeEREE 5 ST

1 Al Geometries [ ™

Axisymmetric

Modelling

3D Modelling

A5 MIDAS GTS NX




TOPOGRAPHY
DEVELOPMENT

* Direct import of Survey Data
Points and Elevation data from
LIDAR Survey

* Complex 3D topography
modelling using imported data
points (.csv/ .xlIsx)
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TOPOGRAPHY - Complex 3D topography
modelling using imported contour

DEVELOPMENT o€

* Supports .dxf, .dwg and other
CAD format drawings import

Parasolid (9 to 34) Files (*x_t™ xmt_t™ x_b;" xmt_bin)

ACIS (R1-20221.0) Files (*.sat” sab;*.asat”.asab)

STEP (AP203, AP214, AP242) Files (*.stp;*.step)

IGES (Up to 5.3) Files (*.igs.".iges)

Pro-E (16 - Creo 8.0) Files (*.prt*.prt*.*.asm;*.asm.”)
CATIAV4(CATIA41.9-424)Files (" model.*. exp.*.session)
CATIAVS (Vb RE - V5-6R2025) Files (*.CATPart.*.CATProduct)
SolidWorks (96 - 2022) Files (*.sldprt*.sldasm)

Unigraphics (11 - NX2007) Files (*.prt)

Inventor Part (V6 - V2022) Files (*.ipt)

Inventor Assembly (V11 - V2022) Files (*.1am)

Geometry Modelling and Meshing

CAD Formats import



TOPOGRAPHY& ° Terrain Geometry Maker: Automatic generation of complex 3D surfaces

using available contour data/Google Earth data
STRATIFICATIO ] ]

N « Bedding Plane Wizard: Soil Stratification Modelling using available borehole

DEVELOPMENT %




AUTOMATED Automatic Generation Function For 3D Solid Shared Surfaces And
Imprints

FEATURES

[3D solid shared surfaces]

[Solids to Line Connection Automation by
points]



INTEROPERABILITY « Model information compatibility with MIDAS software, which
provides a full-modeling interface.

» Superstructure Data, Nodal Results can be exported/ imported
within Midas Family Programs

=~ MIDAS CIVIL

& MIDAS GEN

Bridge
Architectural structure
structure foundation
foundation _ / Ground
/ Ground N coupled
coupled analysis
analysis
S MIDAS
SOILWORKS

2D FE <> 3D Analysis
connectivity




SOIL/ ROCK
CONSTITUTIVE

MATERIAL
MODELS

Elastic Materials

- Linear Elastic Isotropic

- Linear Elastic

- Transversely Isotropic

- Interface Elastic

- Nonlinear Elastic (1D)

- Jardine

- D-Min

- Hyperbolic (Duncan-Chang)

Plastic Materials

- yon Mises

- Tresca

- Mohr-Coulomb

- Drucker-Prager

- Strain-Softening

- Modified Cam Clay

- Jointed Rock

- Modified Mohr Coulomb
- Hoek Brown

- Inverse Rankine

- Coulomb Friction (Interface)
- Janssen

F=1-(c+o,tang)

'
) Asymplote = (o, — 03)u: =:-}
S qyf-
5 Failure line = (o, — o3)y
@ qff--
@
&
O Hyperbolic Representation
o) £
®© (01—03) =3 =
= = +
o Ei (0p—0o
Axial Strain(€)
q

pc’

Undrained Materials

- Effective Stiffness / Effective Strength
- Effective Stiffness / Undrained Strength
- Undrained Stiffness / Undrained Strength

Functions

- General non-spatial functions
(pile / pile tip bearing nonlinear function)

- Nonlinear elastic functions
(truss / point spring / elastic link)
Unsaturated property functions
(Gardner, Frontal, Van Genuchten)

- Strain compatibility functions
(2D equivalent linear)

Orthotropic

* Transversely Isotropic
 Jointed Rock Mass

» 2D Orthotropic

» Geogrid

Tresca

von Mises
Mohr-Coulomb

Drucker Prager

Hoek Brown

Generalized Hoek Brown
Hyperbolic{Duncan-Chang)
Strain Softening
Modified Cam Clay
Jardine

D-min

Modified Mohr-Coulomb
Soft Soil

Soft Soil Creep

Modified UBCSAMD
Sekiguchi-Ohta({Inviscd)
Sekiguchi-Ohta(Viscd)
Ramberg-Osgood
Hardin-Drnevich
Hardening Soil(small strain stiffness)
Generalized SCLAY 15
CWFS

User supplied material

Jelelelefel L-LELLLT

Unsaturated property (Relation) a



FIEMENT 1D: Truss, Embedded Truss, Beam, Embedded Beam, Geogrid (1D), Pile, Pipe,
etc

LIBRARY 2D: Plane Strain, Plane Stress, Shell Gauging Shell Geogrid (2D), Sloshing
Fluid, etc
3D: Solid, Sloshing fluid
Other Advanced Element Types: Point Spring, Matrix Spring, Elastic Link, Rigid
Link, Interface, Shell Interface, Infinite, Fluid Boundary, Free Field, Seepage

L s’lf
| TV /

Solid Element p e Truss Element p

ECS-z

4 f
il o ECS - ECS - Q> ¥a
N, &, Beam Element » w x T/,—ﬂ M, 4,
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g
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M. x, Add/Modify Mesh Paramete > Add/Modify Mesh Paramete et
&

N
0.7 L Y MNode 10 2D D Other Node 1D 2D 3D Other
M, x

Add End Release (Beam/Embedded Beam) Add End Release (Shell) -
Select Object(s
__--_——g»—jj_;g. = Select Object(s) =d oo
A 7 Select Object(s
/ ?" P :5’ Name |Beam End Release = —
Tx Ty Tz Rx Ry Rz Name | Shell End Release
End-A
a0 OO OO s . T
mee [ 0 O OO O e O D
Froperty Property
8 8: Strut_EB B 9 9: Base Slab B
57 0K Cancel = Apply = 0K Cancel = Apply

Gauging shell
elements

Define Hinge/Joint/Shear Lock Between 1D &
2D structural elements

Gauging Shell Element 4



ELEMENT

LIBRARY

Section Property Database

Section Template
Bl H-Section
1] |< ’I C Solid Rectangle
Solid Round
P ® Box
r2 T-Section
r1
tw Channel
H — Angle
Cross
I-Section
Channel 1
A ¢ tf Hat
2 Sheet-Pile
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: |< >| F SRC-Box
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Rect-HEBeam
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rd 0.0015 | m
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B
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Steel Data

H .
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w2 __D.E m
Concrete Data

HZ oflm

B 0O|m
Material

[ Selzect Materials from DB... 1

EsfEc | 10.0661205 |

Ds/Dc | 3.27168 |

Ps | 0.3 |

Pc | 0.2 |

Conv.Stiffness Factor
Ok Cancel

Section Template

]
tw cID
E
¥
F
Offset Center-Center w

SRC-Fipe w
Standard Mone L
Section User Defined e
Steel Data
o .
o .
Concrete Data
HZ o/m
EC Ofm
Material
Selsect Materials from DE...
EsfEc | 10.0661205 |
Ds/Dc | 3.27168 |
Ps | 0.3 |
Pc | 0.2 |
Conv,5tiffness Factor
Cancel

=2

Complex Cross-Section Property
Mame | Mew Section |
Object
Type 2D Element ~
= Selected 153 Object(s) |
Froperty

=]

3

el

Cross Sectional ArealA)
Torsional Constant{Ix) 0,0017506E
Torsional Stress Coeff, 0.17023807
Area Moment of Inertia(ly) 0.0224055¢
Area Moment of Inertia(lz) 0,1714923:
Effective Shear Arealay) 0.17408261
Effective Shear ArealAz) 0,1126372C
Shear Stress Coefficent(Gy) 9,6717290z

Shear Stress Coefficent{Gz) 7.5625339¢

1
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INTERFACE '
ELEMENTS

Interface element definition to simulate relative behaviour between ground
and structural elements

Interface Nonlinearities: Discrete Cracking, Bond Slip, Coulomb Friction,

[, Tensile strength

fola+b+e+d)

|

kM, m3
A E

kh/m2

[
Nonli Elastic, Elasti
O ed aSliC, ElaSlC
Material X
ID 16 Mame | Interface Color e
Model Type | Interface w
| Discrete Cracking
General Seepage Thermal .
—- Bond SIlE
' iti Coulomb Friction . .
Interface Monlinearities Nonlinear Elastic
Structural Parameters Mone
Normal Stiffness Modulus(Kn) 0] kN/m3
General Seepage Thermal
Shear Stiffness Modulus(Kt) 0] kN/m3
Cohesion(C) 0] kN/mz2 Interface Nonlinearities Discrete Cracking
Frictional Angle(®) 0| [deq] Structural Parameters
0 Mormal Stiffness Modulus(Kn)
[ ] Dilatancy Angle(w)
Shear Stiffness Modulus(Kt) 0
[ ] Tensile Strength 0
Tensile Strength (ft) 0
[ ] Normal Stiffness in Tension Part 0
Mode-I Maodel
Mode-II Model @ Brittle
Brittle OLinear Tension Softening
Constant Shear Retention 0 0
() Nonlinear Tension Softening
[ ] Multilinear Hardening 0
Multilinear Function for Cohesion Hardening
() Multilinear Tension Softening
Multilinear Function for Friction Angle Hardening
Unloading Type
(@) Secant () Elastic () cycle
Mode-II Madel
Shear Slip 0
(@) Brittle

() Constant Shear Modulus 0

Au,

I
Multilinear Function (15t Normal)

>
An

Relative Shear slip

i

| Matena
ID 7 Mame  srface Material(Wizard)
Model Type Interface
General Seepage Thermal

Interface Monlinearities Monlinear Elastic

Structural Parameters
Mormal Stiffness Modulus(Kn)

Shear Stiffmess Modulus{Kt)

T
S
32.076  Njmm?
2916 M/mm?3

H Monlinear Parameters

B rultilinear Function {1st Normal)
[ Multilinear Function {1st Shear)

X

Relative Displacement
(mm)

Traction

(Nfmm?2)

Cancel

Relative Displacement- Traction input for interface

stiffness




MESHER « Supports Linear & Higher Order Elements
« Hybrid Mesher: Increasing Analysis Accuracy
 Mesh Size Control: Controlling Mesh Gradation
 Mesh Extrude: Easily create 3D meshes out of 2D elements
 Mesh Quality and Feature check tools
 Complete control over mesh size and element type
* Triangular, Quadrilateral, Tri + Quad, Tetrahedral, Hybrid, etc element

types

......
A e, | ey,

Element configuration e 2000
of hybrid mesh 5 5 oy P '_
Tetra elem. R X RAEOR 2 Sew
Hexa elem. PREDSRARRRTET B SSS2SS= <=
B Pyramid elem. —
Tetra elem.
Prism elem.

[can be checked through
consistent structure
results without any
riexa elem. changes in element
coordinate system]

(connect he

[Tetrahedral elements] [Hybrid elements]



LOAD
APPLICATION

Loads can be applied to mesh elements and geometry as well

Static Loads Dynamic Loads 5
Self weight Response spectrum =
Force Ground acceleration Sect
Moment Time varying static e
Displacement Dynamic nodal

Pressure Dynamic surface

Water pressure

Line beam load

Element beam load
Temperature

Prestress

Initial equilibrium force
Combined load

Beam/ Shield Contraction

Load to Mass
Train Dynamic Load Table

Generate fathquake Acceleration Record i

Earthquake Import |

Amplitude Scale 1 Time Scale | 1

1. 44 O 7
Peak = Eﬁﬁnﬂiﬂng&“aﬁﬂun ﬂ:rﬁgl?-!l ;.'g.:; et

0K Cancel

Earthquake record

Design response spectra




WATER LEVEL «  Water Level definition in model geometry

« Water Level Function input with respect to x, y, z coordinates
REFLECTION « Automatic calculation of seepage force according to water head

Seepage Boundary Function x
AL e 1 T ", AARKL
4#&%5'& By ray ANRPOAD Name |24 HOUR RAINFALL
AVAVAVAVAVAULVAV
WAVAVAVAVAVY; ~
1.3a—0
t.l;.;c'e} Value 1.2%-5% ,
1.2
3600 6e-006 J ’\
[ ] [ ] 1.1%5a5%
Automatic generation of 3D water o e /1N
10800 7e-006 ’ \\
12000 6.6e-006 1ot ,
14000 9e-006 1o \
level surfaces] \
21000 1.25e-005 &L N
24000 8e-006 e / \
27000 8.3e-006
Ra—-6&
35000 7e-006 ’\
43000 9e-006 P ’ , J
60000 1.2e-005 Tat ! \
70000 1.05e-005 P
86400 8e-006 st
3800 13800 23800 33800 a43e0n 536800 &3&00 73600 R3O0
= - Tims
W
Description RAINFALL DATA RECORD FOR A DAY| ‘ | oK Cancel Apply ?t]:IETPhA%Eh[:_‘Mr
)
o +8.60186e-002
" :Q-:-IZHJVW :;“{J
e +7.33504e-002
1%
—+7, 16822002
° ° ° 1.7%
[ransient Functions (e Rainfall
o °y 2.8%
_ . +5.72458e-002
HODAL SEEPAGH 444
TotalHead om0 ° t ° b t. ——+5.01775e-002
_ o+ - 4.5%
i Distribution N
B 4182150+ 8.5%
- o: +1 80563+ +3'53“1]E4:|i|2
% :1'?;'?:2;3&:003 e
I — 23725602
o +1.72625:+003 1T.0%
" 41 71057e+003 +2.15047-002
: +1 894 50e+003 13.3%
+1 ATEEZe+003 s
§ 41 B6275es 003 . 4:].1'3]545-0“2
fpastime %
+7. 168226003
[ O s, 5B | Stmady State | Total Head 4.6%
! ! +0.00000e-+000

[3D seepage analysis considering [Seepage force + Automatic water pressure]

partial saturation]



PARTIAL - DA1, C1: Partial factor will apply to load only.
FACTORS  DA1 C2: P.arti.al factm: will apply to load and soil material. |
 DA2:DA2is similar with DA1, C1. But the factors for pile and footing are
DEFINITION different.
 DA3: DA3 is similar with DA1, C2. But the factor for load (Unfavorable under
Variable) is different.

Partial Factor ot
MName DA1C2
Partial Factor | Makoril | Loads Eurccode 7 - DAL, C1
Import Database ELIT'IZIEI.'.IIjE .._"Il - D.I'!'l.ll. ':2
Eurocode 7 - DAL, C1 s Assign ELIr'l:IEI.'.IdE .._"Il - D.I':'I.E
Material Parameters ELIr'l:IEI.'.IdE .._"Il - D.I':'I.E
Cohesion 1.25
Frictional Angle 1.25
Undrained Cohesion 14
Permanen t Load Fermanent Variable Soll
avorable 1
Enfavnrahle 1 Values of Eﬁ‘E‘CtiV‘E‘ Uﬂdraiﬂﬁ‘d
Partial Factor Fav. |Unfav.| Fav. |Unfav. | Cohesion tan @’ Strength
Variable Load
Favorable 1 {C} I:SU}
Unfavorable L3 Eurocode 7 - DA1, C1]1.000]1.3501.000]11.500] 1.000 1.000 1.000
Eurocode 7 - DA1, C2|1.000]1.00011.000]11.300] 1.250 1.250 1.400
Add Modify Delete
Eurocode 7 - DAZ2 |1.000]1.350]11.000]1.500] 1.000 1.000 1.000
MName Material
Eurocode 7 - DA3 | 1.000]1.350]11.000]1.500] 1.250 1.250 1.400
Close




VOLUME DATA
EXPORT

The volume data of 1D/2D/3D elements defined to the construction stage
Is exported to Excel File.

This shows the length/area/volume of activated/deactivated set for
stages.

This doesn’t apply for the other element types (point spring, matrix spring,
free field, interface, shell interface, pile tip, elastic link, rigid link, user
supplied behavior for shell interface, mass).

) GTS MX - [Semninar Model_Deep Excavation,gts]
Mesh Stafic/Slope Analysis Seepage/Consolidation Analysis Dynarmic Analysis Thermal Analysis Analysis Result Tools

Geometry Style * Background * Language *~

I_E\\' @ + CSys H b ﬁ Stage Set % Define Set %mmgeﬁmperty ey % & Force  JL4 Press. H Modal Temperature =% Prestress ﬁm Set E 25 . é Tunnel Modeling
] - JE _ ) = er B Prescribed strain ; :
Mat\ﬂ'rl - - k= Function ~ . H Simulate Stage m# Volume Data Export || 85 Constraint =% Slip circular surface ;5 i ﬁ i#) Moment i Water Pressure i Element Temperature L4 Initial Equilbrium Force [14 From Resuts % Tabl =X Anchor Modeling S
erial Prope e 4 £ Table - e e i ons
P, /7 Hinge - Contact Wtigrd BB Auto Set HH Constraint Equation T Slip polygonal surface Weight & Disp. ¥ Beam Load B, Temperature Gradient gk Define Set {7) Contraction B, so Test R
op./C5ys./Fumni Contact Constructi ‘Boundary Load Wizard Iptions
2 R0 m Q L IV e o ) MmN 2 NN S R s R [N
| Ttem . '| Basic ~ Al Geometries (P = | ﬂ fE = | \4’5:( %| T @ | -P Ité.m m
| @ Mo Results Imparted QE Ch\Seminar Deep Excavation Mo...
La--l‘.‘@ Function

-4 History Output Probes
#-[71S8 Boundary Condition

I_EQL, Static Load

[7=P Dynamic Load

I_&g Thermal Load

I-QPF Response Spectrum Load

[—jd Stage Set

Eld Drained - Stress Analysis
S Insitu [ID:1]

...... [[5= Water Level
..... = Null [ID:2]

=
..... =
o=

=
..... —
=

-
..... .
—
..... —
=

----- Piles and D-wall [ID:3]
Ex-1[ID:4]

Support-1 [ID:5]
Ex-23 [ID:6]
Support-2 [ID:7]

Ex-45 [ID:8]
Support-3 [ID:9]

----- = Ex-6[ID:10]

----- = Ex-T8[ID:11]

----- = Support-4 [ID:12]
Ej--d Drained 5tress Coupled...
r—]@ Analysis Case

@ Undrained-Stress Analysis.
@ Drained Stress Coupled...

P >
Model

General

4 ., [‘E‘J Seminar Model_Deep Excavation.gts =

= GTS NX 2019 (v2.2) (64bit)
= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
= GTS NX 2019 (v2.2) (e4bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
= Work project is being saved by auto-save function.




ANCHOR * Anchor Wizard: Auto- generation of anchors or rock bolts mesh along with

prestress loads based on inputs
WIZARD * Ground Anchors Modelling

« Earth Reinforcements for Slope Stability

CDEeHdHogde == |+ GTS NX - [NXGT3] - o
Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Background T Language T o -
@. @ [&} comp. Prap. OD % 3 Def. Size & 10 20530 Blg Rename 1B extrude [ Sweep || 8 Trans. #3s @ Create @%)Project || [al Create [SF Modify Topo. BéExtract T Interface /7 Hinge %33 Renumber
= cale ; :
- t"_'l . 'ftr +, CSys /7 Hinge ~ 'HS_ 1 - *t5 Prop Ctrl. & 20 &8 Remesh WY copy [HHDivide || g Revolve JHProject || B Rotate 1 Sweep 9 Delete & Align Ok Delete [[g Parameters  Ji]Divide  -3- Pile/Pile Tip J Infinite . W check -
aterial Prope ize er i ions
g B Function - chl. Cor?tml 1] Match Seed || @930 T Create g i Offset || AgMiror  — 22 Merge + CSys & modify [ connection @] Measure p{Free Field gl Seepage Cut Off i & Table -
Prop./CSys./Func. Contraol Generate Mesh Set Protrude Transform MNode Element Tools

Model
Tremn 1 Color 0 £.55 1;8 @IEQ} | ,.{?_, v| Easic = All Geometries [P) - | rE‘ rﬁ; = | & @l @ @ | {;ﬂ
{#) D:\D Drive\2D SRM-SAM GTS\NXGT3.gts
4{ Coordinate System

.8 View Point

ﬁ Work Plane

l}—) Daturn

IE Material

HE Property

F' Geometry
a Bedding Plane

.25 Export Shape

-5 Mesh Control

EF@ Mesh
[ Default Mesh Set 1 E—
.. @ Ground 2 —
.. Pile 3 /T
.7 @ pile Interface[Pile] 4 [
- [T Pile Tip 5 —1

G- Contact

Eg--i‘_*EJ Element Parameters

EEI-"H Hinge

Model| Analysis Results

Properties B x
General




STAGE - Stage Wizard automatically creates Construction Stages based on inputs

DEFINITION * Restart Analysis: Analysis can be restarted from a specific stage

WIZARD

B | Stage Definition Wizard X
Element, Boundary, Load
=% Mesh . Construction Stage Set Construction Stage Set-1 bed
- BASE SLAB Set Assignment Rules
= BEDROCK
& Default Mesh Set Set%cType Set Name Prefix Start%cPostfix EndP "
- DENSE SAND
- DENSE SAND-
& Line Interface
=@ Rigid Link Mesh =
@ SAND o =t
-y SAND- =
= @ STRUT- E =l
-l TILL =
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ANALYSIS
CAPABILITIES

 Strength Reduction Method (SRM)

» Stress Analysis Method (SAM)

« Construction stages Slope stability
(SRM/SAM)

- Eigenvalue/Response Spectrum analysis

* Nonlinear Time History analysis
* 1D/2D Equivalency Linear analysis
* Nonlinear time history + SRM Coupled

* Linear Time History (mode/direct methods)

EsmamsmaEED « seepage analysis

 Linear static analysis
* Nonlinear static analysis

Static

Analysis Construc

tion
Stage
Analysis

Slope
Stability
Analysis

Consoli-
dation
Analysis

Dynamic
Analysis

Stress-s
Seepage eepage f

A MIDAS GTS NX

. Stress (drained/undrained) analysis
Seepage analysis for each stage
Stress-seepage- slope coupled
Consolidation analysis for each stage
Fully coupled stress & seepage

Thermal stress Analysis

Analysis ully coupl . Consolidation Analysis (coupled with SRM)
ed  Stress-seepage fully coupled analysis

. Steady state
* seepage analysis
s "+ Transient
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Result Extraction as Image, Animation, Excel, pdf and Word formats
Results extracted as Tables/ Graphs
Extracted tables/ Graphs can be directly exported to Excel
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PROJECT
ACCOMPLISHMEN
TS

Skyway Monte Bianco

- Funivia del Monte Blanco
Courmayeur, ltaly

! holzner. | ertacy il |

BNneaTing

Owner Funivie Monte Bianco AG
General Contractor Cogeis
Engineering Consultant Holzner & Bertagnolli Engineering
Architecture Studio Progetti
Design Dimensione Ingenierie
Construction Period 2010 - 2015
Project Type | Aerial Lift

Main features in modelling | - Rock excavation stability on top of the mountain
- Tensile variations of the existing tie rods cableway

Description on this project | The cable car in Aosta Valley, at the entrance to the Mont Blanc
tunnel, leads from Courmayeur to 1,200m above sea level,
The new cable car valley station is being built near an existing station,
as well as a restaurant which must remain operational, A 30 FEM
analysis was required to analyze the interaction of the new
construction and current adjacent structures,




PROJECT
ACCOMPLISHMEN
TS

Odeon Tower

Mona
TRACTEBEL

ErNGIE

Owner

General Contractor
Engineering Consultant
Architecture

Construction Period
Project Type

Size of the Structure

Main features in modelling

Description on this project

Group Marzocco

Vinci Construction France
Coyne et Bellier
Alexandre Giraldi

2010 - 2015

Office Building

170m Height (49-Story)

- Assessment of ground movements especially at adjacent bullding
foundations

- Deep excavation in a sloping site and retaining system (especially
arching effects on the uphill side)

The Odeon Tower is a double - skyscraper in the Principality of Monaco,
It was the first high-rise in the city to be built since the 1980s,

But high-rise constructions had been abandoned due to aesthetic
concerns and criticism of over-development, 30 model of excavation and
construction sequence was necessary to ensure adjacent school
buildings will not be affected.




PROJECT

ACCOMPLISHMEN
TS

Subway Impact Assessment
= Minam Complex Construction

Busan, Korea

-,

’ I YOG CONSUT TANTS 411 TTT
L [E
e

Design for Construction

Investigation of existing subway structure subjected to excavation for
new bullding construction,

Overview

Safety investigation for 2-Arch tunnels and 1-Arch type tunnel where a
large-scale excavation for a new building foundation takes place with
temporary shoring within close proximity.,




PROJECT

ACCOMPLISHMEN
TS

Deep Excavation
Pile Foundation

A construction stage analysis was used to design the complex foundation, which is a
combination of piled raft and retaining walls with a thickness of 1m and depth of 36m.
There is a three-story underground structure of rectangular shape with dimensions in
the plan of 170.5m x 58m. Vertical bearing structures are steel columns,

which are supported by piles with a diameter of 2m and a depth of 51m.

Deep Excavation
Effect of Adjacent Structure

A 30 FEM analysis was used to calculate the impact on surrounding buildings
and a network of pipelines during the excavation and construction of multi-functional

complex with deep pile foundation,




3D Excavation
P RO B L E M Non-Linear Static Construction Stage Analysis

Sheet Pile Thickness 0.15m
STATEM ENT Struts 0.15mx0.15m

Walers 0. 1mx0.1m

20m

125m 125m

Sand Layers

v
Bedrock
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