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Overview of SoilWorks

SMART SoilWorks

Project application




= 2D FEM and Analytical software
» Fully integrated Pre/Post and Solver
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SoilWorks

Structural &
Geotechnical
engineers

Work Flow

Properties/ Meshing/
Loads/ Boundaries

Geometry Modeling Analysis Post-Processing 5



How is it fast?

® |nnovative features

& Reduced steps for engineers

© Elimination of repetitive process

@ 7 SMART Automated Features for fast
modeling, analysis and results extraction
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Easy to create geometry ©

CAD based operating environment

ol N Jse a CAD file function
o CAD command line
o Simple and convenient
- o Shortens modeling time
AutoCAD SoilWorks

vD based environM 7




ﬁ Auto-generated surfaces
‘\ Smart

\ Serraee /. Enclosed domains by surfaces automatically
N
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E 5 Bffects on Neighboring Structures due to To

1 Initil Variables
L. View Point

- vl 5 Layer Set

- [ [ Mesh (Blements{1453], Nodes{180¢

[ 1= Seed Data

-1 Mesh Set [2€]

-8}, Property
[ Ground Matenal Property

o Automatic surface creation

o Drag and drop material
properties

Drag & Drop material properties




TS ing &
. m . Easy to meshing
I |
Smart :
\ / o :
\_Mesh_/ No need for in-depth knowledge of FEM to Meshing
Auto Mesh Map Mesh Grid Mesh Pattern Mesh
Generate Generate Generate orthogonal Generate mesh for
(unstructured) structured mesh mesh f°_" . cl‘osed 2D elements by
Auto-mesh for a for a closed domain using pre-defined mesh

closed domain domain Quadrilateral and pattern
Triangular Element

SMART Mesh



Auto-generated boundary conditions &

\ I
Smart ) ..
' Support )/ Auto-generation of boundary conditions
N 7/

Mirror H ine Axis

admﬁsmwmmwn{
& intial Vanables
- &/ View Point
&1 ¥l (5 Layer Set
- [ i Mesh (Bements[1453], Nodes[180¢
[ =} Seed Data

2o i o Automatic boundary
generation

- Ground Material Property
[ 4 Stuctural Property
8-[J444 Loads
[] £ Boundaries
P Pattial Factor
5[] Construction Stage
(33 Analysis Case P S A S A

o Intuitive checking
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Easy to practice ©

Technical review to prevent analysis errors

Geometry Model Loads | Boundaries

% B 5

Product Education Technical Communication Online

Support Help

06. Result Analysis & Report Generation

ocheck  on  me
Immedately  Apply
buion 10 check the
enanging shapes’ and
resl values  nght
way

1

Analysis of Results

Analysis | Design Results

We| -V

Check

Check the deformed shape of the tunnel and the axdal forces of struclure due to construction
stages.

~

From the Result Tree, select

heck > Cured L
Displacements > Vertical Displacement (DZ(V))
Check the displacement at ‘Tunnel Crown'
Check the settiements of the tunnel and adjacent structures through the Main Menu,
‘Result > Detail Resulr > Result Tag' %
Check the dispiacements by consiruction stages from the Main Menu, ‘Resuft >
Graphic Result’ &
SoilWorks

[Vertical Displacsment ot the final stage]

From the Result Tree, Beam
Element Force > sslect Beam Axial Force (Nx)
Check axial forces 3t “Tunnel Shoterete’ & ‘Adjacent Structure'
Check al forces th “Result > Detail
Result > Result Value Tag'
Check. aial forces by constructior Main Menu,
‘Result > Graphic Result’,

-

Repeat the steps from 110 3 o chick the axial forces in fock bolts.

3D
View

oTe Repon s

penemied in the NS
Word formal, which is
sutomatcally saved in
the folder of me
comesganding fe

OFont tpe and unit
system can  be
seleced  in  Main

Mew > Tods >
Preterence > Repert
Type

‘6’

License
Registration

E} Analysis Option &
. Language
(7 unit system

% 06. Result Analysis & Report Generation

2. Report Generation O C h e C k e r ro rs

Generate a report of analysis results.

From the Design & Report Tree. Report > Ground > doutle click Ground Analysis Result
Checks

o Enhance analytical skills

(Ground Analysis Result Reporl]
From the Design & Report Tree, Report > Ground > double click Adjacent Stucture
Check

1. Adjacent Structures Review Results

L1 Sethement chack for afacent structres

— 11



Various analysis type =

Robust parametric analysis capability and data interface between modules

Ground

Static Linear/
Nonlinear

1D/2D Analysis

Equivalent
Linear
Analysis

Construction
Stage
Analysis

-
Dynamic
Eigenvalue/ Slope
Response Stability
Spectrum/ (SRM/SAM/
Time History LEM) SIope
Analysis Analysis

Seepage

S (Steady/
Transient &

€EPage

Analysis

P-y
Nonlinear
Analysis

Foundation Soft Ground

o Robust parametric analysis

o Coupled analysis

12



Easy for observing results ©

Auto-generation of high quality reports

o High quality report generation

o Simplify work process

o Increase productivity

13
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Mountain Tunnel

= Stress & deformation check through change in KO
= Stability check for central pillar
= Considering the reinforced zone

14
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Tunnels with Temporary Structures
= Check the differential settlement of the adjacent building

= Tunnel stability check during the excavation work
= Excavation analysis considering temporary structures

15



Subway Tunnel Construction with
Adjacent Structures & Sewer Pipes

= Check the differential settlement of the adjacent building
= Stability check for the existing sewer pipes
= Shallow tunnel stability check considering reinforced zone

16



Reinforcement for Cut Slopes

= Simultaneous analysis of reinforced/ unreinforced slopes
= Considering dry/ rainy seasons conditions

= Stability check reflecting the rainfall intensity 17



Slope Stability at Tunnel Exit

= Stability check for the both side of slopes
= Calculation of safety factors by SRM as well as LEM
= Pseudo static analysis considering seismic loading condition

18
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Reinforced Earth Retaining Walls

= Stability check reflecting multiple arc failure surfaces
= Reflecting various practical reinforcement materials
= Considering dry/ rainy season conditions
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Abutment Pile Foundation on Slopes

= Lateral displacements of an abutment foundation system
= P-y analysis for pile foundations
= Construction stage analysis reflecting excavation and backfill



Stability of Piled Raft Foundation

= Stability check for the building foundation system
= Group pile analysis for 76 cast-in-place piles
= Considering horizontal and vertical loading conditions



Group Pile Behavior

= Vertical and horizontal displacements check for the battered pile
= Checking member forces for determining pile type/ shape/ size
= Results comparison with 3D FEM analysis



= Calculation of primary & secondary consolidation settlements
= Parametric analysis for drainage types and spacing
= Check through the 1-D theoretical & finite element analysis

23



= Checking the stability of structures under the seismic condition
= Applying the historical seismic waves and artificial waves
= Considering dynamic nonlinear properties of ground 24



Dams/Levees with Cut-off Wall

= Checking the optimal embedded depth of a sheet pile
= Checking the outflow speed at the protected side
= Seepage-stress coupled analysis o5



7 smart features

© Save modeling and learning time
© Practical results
© Report generation

Engineer support

© Engineer: easy to use with no in-depth FEM knowledge
© Senior engineer: simple design works

7-in-1 software

@ Requires only 1 software for all geotechnical work

26
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Learning Ob

| ST

ective

= Review of the effects on
underground structures
due to shored excavation

" Learn various basic
functions and the workflow

of SoilWorks in the process

= Understand result analysis
and report generation

Import the CAD model for the targeted
geometry for analysis

Create surfaces & assign matenal properties

v

Auto-generate mesh

Define boundary & loading conditions

Define construction stages

Define analysis cases & design options

Execute analysis

Analyze results & generate reports




Overview

" |nvestigating soil-structure displacements

= Stress distribution and the effects on adjacent structures

1 1st stage of excavation

—

O

Alluvial layer

| Weathered soil - _2nd stage of excavation

Weathered rock

E
| 3rd stage of excavation

Fig, Model configuration



® Create Element =~ Link Element ['[ No
Interface Wizard [incom]: sm o

11T Pile Element £ Surface Spring <> Ch
P Interface Wizard equation from Midas SoilWorks manual: Flement
Where,
Ko = Eqe,i/ T K.: Normal Stiffness Modulus
Here, K.: Shear Stiffness Modulus
Ke=G/ t, Eoedi= 2 X G x (1-v)/(1-2x Vi) ¢ . virtual Thickness Factor
G=R2xG ,

soil R: Strength Reduction Factor

C,=RxC G~ E/(2(1+Vsoi|))

soil C.: Interface Cohesion

Kn (Normal stiffness modulus) is the elasticity modulus for bonding and un-bonding behavior
in the normal direction to the interface element

Kt (Shear stiffness modulus) is the elasticity modulus for slip behavior in the normal direction
to the interface element

Property

Virtual Thickness Factor ttv) 05
P Strength Reduction factor (R) [P E— 1
- Sandy soil/ Steel material: R=0.6 ~ 0.7 () Coneider Bement Sie
- Clay/ Steel material: R=0.5 O Tension Cutof

- Sandy soil/ Concrete: R=1.0~ 0.8
- Clay/ Concrete: R=1.0~ 0.7

- The general Virtual Thickness Factor range is 0.01 ~ 0.1
MiDAS (If the stiffness is high, use a smaller value)

o
S

Cancel




Learning Objective

» Ground properties

—

Modulus of
No Ground Type Model Type Elasticity
(kN/m?)
Alluvial layer  Mohr Coulomb 8,000
2  Weathered soil Mohr Coulomb 36,500
3  Weathered rock Mohr Coulomb 150,000
4 Soft rock Mohr Coulomb 1,850,000

Unit Weight

(kN/m?)

17
18.5
21

24

Saturated
Unit Weight
(kN/m?)

18

195

25

Internal

Poisson's Cohesion Friction

Ratio (kN/m?)

0.35 15
0.33 175
; 50
0.28 180

Angle
(degree)

20

K3

33

35.5

P Structural properties

Struct Modulus of Poi y Unit
No ;_uc Uré  Model Type Elasticity 0"2":?;‘ s Weight
ype (kN/m?) (kN/m?)
1 Pipe Beam 230,000,000 03 24
2 H-Pile Beam 210,000,000 0.3 77
3 Anchor Empedded 550000000 03 77
Truss

Horizontal

spacing

(m)

1.8

Rectangle
H:003m,B:1m

H: 298x201x9/14(mm)

Yield:
240,000

27

Area: 0.00039484(m?)

Yield:
1,570,000




Start SoilWorks

1 ; ROJECT MANAGER

Open an ex. ting model file

Model file name
soil2 stb

File path
C:\Users\TAME DO\Downloads"

. ( ) Unit System
Using ‘Ground’ Module Force A | gt [ e [

Sl CGS FPS User Defined ..

Initial Parameters

Gravitational Acceleration 9.807 m/sec?

Unit Weight of Water 9.807 kN/m?

License Reaistration ... Inktial Temperature 0.000 [T} 2
. ... Project Information... | OK I
Setting initial values >



Import File

2

New Project ‘ CAD file (*.dwg/*.dxf/*.dgn) ...
Open fpn File (*.fpn) ...
= s
T
T BB < Local Disk (C:) » @Soilworks-Practice
. Save As
n Organize v New folder = g
a B Saved Pictur Name Date modified
I Import » BB Screenshots B Construction Stage Analysis of Shored Excavation
s BB Videos t Construction Stage Analysis of Shored Excavation-adjusted
= l
Export 4 > B Tame
v I This PC
E Save as Image » > = Local Disk (C
> &= HDD1TB (D:]
% Project Settings » > [ Libraries
sy B Netwnrk
" File name: || | | AutoCAD Drawings (*.dwg)




Define Ground Properties

Define Ground MateZ nerty X

Data 6 General

g v 1 1 1 Name | B

1 Aluvial Layer Model Type Mohr-Coulomb v

2 Weathered Soil

3 Weathered R... General Parameters Addttional Parameters
4 Soft Rock

Modulus of Elasticity (E) 20000000 kN/ﬂ"z‘“_mw- Variation in Modulus of Elasticity 0 kN/m2

Poisson's Ratio (u) 0.3 , Variation in Cohesion 0 kN/mln —

Temperature Coeff. () 1E06 ReferenoeHe.ght o

e B iatancy Angle (QJ) — Gt
Sawrated UnitWeight 21 knjm [T Tensile Strength Material Property
Cohesnon (© - 30 knfm2 |0 Célcu!ate Safety Factor (Mohr-Coulomb)

lntemal Fnchon Angle (0) 38 [deg] i Cohesmn (c) 30’kN/mz'" B

e e e e e

Dr‘alnlngCondlhon .............................. e it || | e R et SR S

Ground Material Database 3 X
Database I 1.1 Schist#1 v I Select Al Unselect All
Modulus of Saturated Unit : Internal T
No. |  Soil Type Elasticity ""‘Mw,m""',)'t Weight . mmﬁo s C""‘M ,"“‘m,)' Friction Angle | Sele
(it /m?) (kni/m?) (Ideg]) 4
I W 123000 10 ¢ 1ﬂ na33 n o i J
2 2 |AlluvialLayer | 8000 17 18 03 1520 v
3 |weatheredSoil | 36500 185 195 033 175 31
4 Weathered Rock - 150000_7_ 22y 2 03 S0 33 W
I [ . ] I 5 |[SoftRock | 1850000 24| 25 028 w0 355[ W ]
E R (R 17500000 pi3) 27 023 1750, 100

) Reset Save Model Type Mohr-Coulomb Assign I Close
.
MiDAS 5
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»

Structural

Define Strutural Properties

Property

1

s |Section Data IMaten'al Data Section Data || Matenal Data
D 1 Name  Pipe I |:
] User Defined
I Element Type Beam Q |—’ 5
Standard NONE 2 Section __ SR —— B
H ' 03 m Modulus of Elasticity 230000000 kN/m3
s o0i el |55 B — O |
Section Stifiness Calculation Unit\Weight 24 B
| Shape Rectange N[ Tapered Section Area 03 m? Thermal Coeflicient e b
p— y 0.00225s m~4 |Design Strength -
J Type 3 Zyw 0.015 m* Allowable Comp 9600 kN/m2
e fe—— 640 kNjm3
3 Ry 0.086603 m Allowable Tens. Stress 690 kN/m2
rr_ — o . o Allowable Shear 400 kN/m?2
H
Section User Defined v . Jip: )
m— Define: ‘Pile Property
JSer LUernnel
Matenal
Material Type User Defined v
User Defined
User Defined

4

6

Add

Delete Close




é

l Structural

Define Ground Properties

Property
= 1
ID 1 I e Trom
Type Beam =
2 andard NONE =
I Horizontal Spacing r I
ian
T’Shape H 5 h - -
‘ I T,pe‘
—B2 —1
User Defined
@
|
User Defined
SteelGrade s Tich =

I |SectionDataI5‘Daa

© Sed:on” 6

Sechon

H 0298 m
BT 0201 m
w 0.009 m

~ Stiffness Calculation
0.008058 m?
© 0.000128 m”
' 0.000861 m?
0126201 m

Section Daal Maternial Data | 7
[@UserDeined || @ Sed]

Properties
Modulus of Elasticity | 230000000 kNjm*
Pmssons Ratio B =
Umt\"lelght - ] kNIm3 ——
Thermal Coefﬁcaent T 0. 000006
Desngn Sw S

YieldSwengh

Delete

240000 kNfm2

Close



)

== Define Ground Properties

Property
1

General

203 Name Anchor

' Element Type Embedded Truss v
Standard NONE v
I Horizortal Spacing 27 I
= 3
Shape Strand v
U Type
Section User Defined
User Defined

Mated
i Material Type Strand

User Defined

StrandGrade User Defined

| Section Data I Mmaterial Data

S

Section DaaI Material Data 7

@® Section

@® Steel Wire

Propeliu

P 000039434 m2

Unlt Welght

lModqus of EIastcnty .
lPonssons Raho oy

Thermal Coefficient {5
Design Streng!l
Yield ¢ Strenglh

200000000 kN/m2 o
03 o

77 kNfm*

SSE 06

240000 kN[mz

=,

Modify Delete

8

Close
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* Smart Surfaces

Smart
Surface

17 SoWorks Shaed nformaton” wodet ata 11

(&7 Untitled [Ground Module]
~ & Intial Variables

ﬁ g" L:;"sa Drag & Drop the ground and structural properties into the model

- [ Mesh (Bements[0]. Nodes[0])

- ~[J= Seed Data

- B[] [ Mesh Set [1]
-G-S-M
- &% Ground Material Property
& 2: Weathered Soi [Mohr-Coulomb)
1% 3: Weathered Rock [Mohr-Coulomb]

[ o4 1: H-Pie [Beam]
i-[] =4 2: Pile [Beam]

@[] it4 Loads
B Partial Factor
~[B] Construction Stage i X

Fig, Creating ‘Smart Surfaces’ automatically




Smart Mesh

Smart Mesh X =) vl [ Mesh Set [22)
v [ base (Bements[0]. Nodes[0])

v! |4 Weathered Rock (Elements[19]. |
@ © Very Fine Mesh I ! [ Weathered Soil (Elements[23]. Nc

- O Fine Mesh & Aluvial Layer (Elements[54]. Node
(O Coarse Mesh
Smart

% Soft Rock (Bements{17]. Nodes[:
Mesh () Generate Higher Order Elements

& Alluvial Layer 1 (Elements[23]. No
& Aluvial Layer 2 (Elements|[3]. Nod
() Generate Triangular Elements

& Aluvial Layer 3 (Elements[3]. Nod
4 Weathered Soil 1 (Blements[19]. |
& Aluvial Layer 4 (Blements[34], No
& Soft Rock 1 (Elements[169]. Nod
& Weathered Soil 2 (Elements([44]. |
&4 Weathered Soil 3 (Elements[25], |
4 Weathered Rock 1 (Elements[11]
4 Weathered Rock 2 (Elements[17]
& Aluvial Layer 5 (Elements[190]. N
& Weathered Rock 3 (Blements[5].
& Weathered Soil 4 (Bements([5]. N
& Aluvial Layer 6 (Elements[25], No
4 (Beam) Pile (Elements[12]. Nodes
4 (Beam) H-Pile (Eements[16]. Nod
4 (Embedded Truss) Anchor (Eleme

I B Register each Mesh Set by Domains I

2 (0 )| cocn

e\ NN/

'A AI

]S AR Ilyr

K K Kl K] &] K] K] §] &] K] K] &) K] K] K] &] K] K] &

I, ] ] ) e ) —) |

Generating ‘Smart Mesh’ automatically

MIDAS



Create Anchor Elements

ﬁ Interface Element
'm' Pile Element

Create Element X
Mesh Set &
@)
[Free-anchor? — evel 1 Free-stress Length
LCevel T Anchorage
2 Bond Length W ~~_Leyel 2 Free-stress-Length

Embedded Truss Blement v | QV o
Sk Propaty Level 2 Anchorage
___ 3 Anchor v B Bond Length
Node Connection

» : p 4

I 48.7671,14.7626 I A

<L Close > X

Fig, Generating mesh



Create Interface Elements

Create Interface Element > | Interface Element Property Wizard 3 X
1 Property

Create from Truss/Beam Elements v I Virtual Thickness Factor ¢tv) E

Strength Reduction Factor (R) 1
( Select 1D Element(s) (16) |
- 2 L Diatancy mngle OO0 [oe
© Property Wizard sefine Property (") Consider Blement Size
ine Wizard ] (C) Tension Cut-off

| R TE——

Mesh Set

[Mesh 5 .4 - "W [ Mesh Set_R (Elements[16], Nodes[33)
e — I H v [ Mesh Set-Link (Elements[16]. Nodes[32)

(] Create End Link
I @ Addtion of Mesh Set for Inteface Elements 5
: l
< 0K Close Apply N———y




Define Loading Conditions

(i% Nodal Load

‘ i—_':i Pressure Load |

1!l Beam Load

Assign pressure: 13 kPa

e

NMiDAS

Define Pressure Load X
I LoadSet ’7‘.:"‘-'4 rden loa v‘ u I
)
Type Element Boundary Curve v I
Select Blement Boundary Curve(s) (5) |
T 1T 11
Na Nz
Es
541 IEz
N Er Nz
Direction Nomal Direction v
Load Value
© Uniform () Linear
P1 11 kN/m? I
0.000
Functions None v &
@ 2 com ) _ect



Initial Stress Load
&L Prestress Load

Prestress Load - Anchors

Y L

Prescribed I'Displacement Load

' efine Prestress Load X Define Prestress Load
| Load Set ‘F"rs.t'ei-f--lnthrr‘ v | il I I Load Set \Prestress-MdnorZ v|
ype Element lype
© Truss Blement I I © Truss Bement
1 T LIIANI T |
T VAN T ) Planar Blemert \ O Planar Bement
44— ’ \ Select Obiect Select Obiect
imm> ol , Type Blement v I Type Blement v
(© Select 1D Bement(s) (1) | ( Select 1D Element(s) (1) )
Axial Force 220 kN Axial Force 220 kN
@ Pretension () Pretension
Tension (+), Compression (-) Tension (+), Compression (-)
Functions  None v 8 Functions  None v &R

B 2 [[ok ] coe | ook

T T

Prestress — Anchor 1 Prestress — Anchor 2




Smart Support

Considered all mesh sets

‘ Define Smart Support X
I—BomdarySet [BC v] & F Naming for boundary set
mé Select Mesh Set(s)
& Consider All Mesh Sets

Generating ‘Boundary condition’ automatically
Y ¥ TYYY ,

» Al




Re-name soil mesh

~-[] % Smat Surface 14 (Surfaces(1]. C
~[] % Smart Surface 15 (Surfaces(1]. C
[ % Smart Surface 16 (Surfaces{1]. C
- [] % Smart Surface 17 (Surfaces{1]. C
-.[] % Smat Surface 18 (Surfaces{1]. C
& ﬁ 11 Mesh (Blements[797]. Nodes[1106])
- ~[] =) Seed Data
E] [ Mesh Set[29]
| [ base (EBlements[0]. Nodes[0)
) [ Weathered Rock (Blements[19]. | »
¥ [ Weathered Soil (Bements[23]. Nc
W[ Aluvial Layer (Blements[54]. Node
Il [ Soft Rock (Blements[17]. Nodes[:

. G Al Laver | (Bemental2al No

I |4 Inner pipe1 (Elements|3

L[ imner pipe2 [Eements{3]. Nodes[
" 4 Weathered Soi 1 (Bements[19]. |
§-W,Amw4&m=m~o
j-@gs«:nnodn(aemnssmod-

vl [ Weathered Soil 2 (Elements[44]. |

914 Weathered S0 3 @emertsz5. | | S —

Fig, Adjusting the mesh set name




Re-name soil mesh

Y Y TYVY

. N

Re-name the soil name into the
excavation name

—> To control the mesh set

MIDAS

| .
!
Ex2
< Ex3

1
=l vl & Mesh Set [29]
v| [ base (Elements[0]. Nodes[0])
v |4 Ex3-2 (Bements[19]. Nodes[36])
vl [ Ex2-2 (Blements[23]. Nodes[42])
V| (& Aluvial Layer (Elements[54], Node

v| [ Ex3-3 (Bements[17). Nodes[34])

| (& Ex1 (Bements[23], Nodes[31)
W[ Inner pipe1 (Blements[3]. Nodes[:
W [ Inner pipe2 (Blements[3]. Nodes[:
W [ Ex3-1(Blements[19]. Nodes[40])
-l [ Ex2-1(Blements[34]. Nodes[52)
- v] [ Soft Rock 1 (Elements[169]. Nod:




Define Construction Stages

Define Construction Stages

£

Py

A

Add Construction Stage

Analysis Type
No.

Nonlinear Static Analysis

1

Construction Stage Data

Name

Analysis Type
Partial Factor None

Nonlinear Static Analysis

) Load Step Creating No. of construction
'~ stages, then modified its name
i Construction Stage Data
() Water Level —ng 3 - N ge 4
B & I I
VN - E= | Analysis Type  Nonlinear Static Analysis v
D L B3 x : None
() Inttialize Displac: Ld 0] Lot 9
() Undrained Cond Il e =
Add
(C) Water Level
None
O
tialize Displacement
O Condition 5

Add [ Moddfy [ I




Construction Stage Analysis Model

CS —

Intial

Input Type & Tree Style Table Style () Simulate Each Stage
Step Initial v Aoply ]
| Al input Data e Aclivaled Daia gt Cugent Stage
B Aluvial Layer 5 EMeahSet
[ Aluvial Layer 6 [ Aluvial Layer
- base B Aluvial Layer 1
[ Bonded-anchor1 B8 Aluvial Layer 4
@B Bonded-Anchor2 B Aluvial Layer 5
- Free-anchorl B Alluvial Layer 6
B Free-Anchor2 (Bl base
B8 Inner pipe1 ~[B8 Inner pipe1
B inner pipe2 B Inner pipe2 \
B Mesh Set_L [ Mesh Set-Link
B8 Mesh Set_R B8 Soft Rock
B Mesh Set-Link - Soft Rock 1
B Soft Rock [ Weathered Rock
@3 Soft Rock 1 [ Weathered Rock 1

i Weathered Rock
f Weathered Rock 1
8§ Weathered Rock 2
B Weathered Rock 3
) Weathered Soil
B Weathered Soil 1
B Weathered Soil 2
B Weathered Soil 3
g Weathered Soil 4
E] 22 Bounda'y Set

B 4

Define Construction Stages ...

MiDAS

[ Weathered Rock 2
[ Weathered Rock 3
[ Weathered Soil
B Weathered Soil 1
B8 Weathered Soil 2
(B Weathered Soil 3
@wwheredsm

B BomdatySet

OOOK:

Load Set

Y Seff Weight

B-($

Defining

Deactivated Data at Cument Stage

- £2% Boundary Set
{73 Load Set

\

Assign the rigid link mesh

Name v

‘Initial condition’ stage



CS - RW

Input Type & Tree Style Table Style () Simulate Each Stage
Step  RW =i Aoply )
Al Input Data Activated Data at Cument Stage Deactivated Data at Cument Stage
T Ao oy W R — = e
B base [ (Beam) H-Pile B8 Inner pipe1
8 Bonded-anchor B (Beam) Pie [ Inner pipe2
B8 Bonded-Anchor2 [ Mesh Set_L B Mesh Set-Link
& e - [ Meshset R BT ——
Bl B2 e %Y Load Set
fl ex22 E-(1Y Load Set
B 531 1% Overburden lad
E 32
B B33
[ Free-anchor
B Free-Anchor2
[ Inner pipe1
B8 Inner pipe2
B8 Mesh Set_L
(B Mesh Set_R
g Bt Assign the interface element and

B Weathered Rock 1
(B8 Weathered Rock 2
fB8 Weathered Rock 3
B Weathered Soil 2
[B Weathered Soil 3
f§ Weathered Soil 4

deactivate the rigid link mesh

= . . .« .

a oy Defining|‘Retaining wall’ stage
5 [ s

Define Construction Stages ... Sort Name v Close

MiDAS



CS - Ex1

Input Type © Tree Style Table Style () Simulate Each Stage
Sep  Ex v E Aooly
Al Input Data Activated Data at Cumrent Stage | Deactivated Data at Cument Stage
= 8 Mesh Set —E Mesh Set o
B8 (Beam) H-Pile {8 Bonded-anchorl
3 B3 (Beam) Pile _ @ Free-anchorl
[ (Embedded Truss) Anchor ~J£ Boundary Set
B Aluvial Layer B Load Set
B Aluvial Layer 5 '" Prestress-Anchor1
B8 Aluvial Layer 6
B base

B Bonded-anchorl

B8 Bonded-Anchor2
& e

B ex2-1

B =22

&l Ba1

B 532

B 532

B Free-anchorl

[ Free-Anchor2

B8 Innerpipe1

B8 Inner pipe2

B8 Mesh Set_L

B Mesh Set_R

fB8 Mesh Set-Link

B Soft Rock 1

B Weathered Rock 1
B Weathered Rock 2
g Weathered Rock 3

Define Construction Stages ...

Defining ‘15t excavation & anchorl’ stage




CS - Ex2

Input Type © Tree Style Table Style () Simulate Each Stage
Step  Ex2 v Aoply ]
. All Input Data Activated Data at Cumrent Stage Deactivated Data at Cumrent Stage

B Aluvial Layer 6 Mesh Set = [ Mesh Set
B8 Bonded-Anchor2 B 21
B Free-Anchor2 - 22

\ g base
- Bonded-anchorl
B8 Bonded-Anchor2 J42 Boundary Set £% Boundary Set
- e 2] T Load Set T Load Set
g Ex2-1 ~ 4" Prestress-Anchor2
Ex2-2
B B3
B 532
B B2
B8 Free-anchorl
B8 Free-Anchor2
B8 Inner pipe1
B8 Inner pipe2
[ Mesh Set_L
B8 Mesh Set_R
B8 Mesh Set-Link
B8 Soft Rock 1
[ Weathered Rock 1
B8 Weathered Rock 2
B8 Weathered Rock 3
[ Weathered Soil 2
[ Weathered Soil 3
B8 Weathered Soil 4

R Oy G Defining ‘29 excavation & anchor?’ stage
=+ {Load Sef

ropreseserssssaseasd

Define Construction Stages ... Sort Name v Close

MiDAS



CS-Ex3

Input Type & Tree Style

Table Style

Step  Ex3
' Al Input Data

VE{

= Mesh Set]

B (Beam) H-Pile
(B3 (Beam) Pile
8 (Embedded Truss) Anchor
@ Aluvial Layer
@8 Aluvial Layer 5
B Aluvial Layer 6
| E base
[ Bonded-anchor1
{88 Bonded-Anchor2
B e
B B2

B ex22

B 53

B ex32

B 33

B8 Free-anchorl

B8 Free-Anchor2

B Innerpipe1

B3 Innerpipe2

B Mesh Set_L
(B8 Mesh Set_R
B3 Mesh Set-Link
(B8 Soft Rock 1

B8 Weathered Rock 1

BB Weathered Rock 2

g Weathered Rock 3

Define Construction Stages ... Sort

MiDAS

Aoply
Acti

() Simulate Each Stage

vated Data at Cument Stage

Name v

Deactivated Data at Cument Stage

Boundary Set
T Load Set

Defining ‘3" excavation’ stage

Close



- jf%; Analysis Setting

Analysis Control

X

Case
Static Nonlinear Analysis
Add/Modify Analysis Case X
@ Initial Stage for Stress Analysis intial
I Name 2DExcav l 8 Ko Condtion
I Analysis Method Static Nonlinear Analysis v Analysis Control Data =
—— T T T S T T o Gilund !
Maximum Number of kerations per Load Step 30
Define Analysis Model
Convergence Criteia
Use All Mesh Sets Use All Boundary Sets Use All Load Sets
(C) Energy Nom 0.001
Al Input Data | Data used in Analysis e e
=-E Mesh Set B Mesh Set _
Unequilibrium 01
’ e | z'ol_:: Pk St O Force Nom 0.0
Ex3-2 1% Load Set : .
Nonlinear Option
B Ex22
g Alluvial Layer (O Constant Stiffness Method
B8 533
Newton-Rhapson Method
g Ex1 (o] on
8 Innerpipe1 () Auto-define
: g Inner pipe2 r 1
- ex31 i
s &2_1 1E-05
(B Soft Rock 1 ,
@ Weathered Soll 2 @ Include acceleration of convergence
- g Weathered Soil 3 Save Step Results
[ Weathered Rock 1 O Last Step O Al Steps
-8 Weathered Rock 2
B Aluvial Layer 5
(i Weathered Rock 3 i L :
| Doy RUN analysis | & 53 Analysis Case
i Aluvial Layer 6 it : ~ . .
fE# (Beam) Pile @ 2DExcav [Construction Stage Analysis]
Cancel

ok | _am | )




Results - Displacements

SoilWorks

Displacement
DXZ ,m
+4.38245e-003

+4.10855e-003
06

o omews  1Otal displacement

+3.28684e-003

1.0%
+3.01294e-003

1.4%
~+2.73803e-003

12%

+2.46513e-003
+2.19123e-003
= +1.91732e-003
~ +1.64342e-003
+1.36852e-003
——+1.09561e-003
221%
+8.21710e-004
126%
+5.47807e-004
156%
21 9% +2.73803e-004

+0.0w00e+00f

SoilWorks

Displacement
DX, m
+1.78026e-003

%
" +1 60276e-003
+1.425262-003
+1.247762-003
+1.07026e-003
+8.92755¢.004
+7.152542-004
+5.377532-004
+3.60252e-004
+1.82752e-004
5 +5:25093¢-006
: c; -1.72250e-004
-.3.497516-004

-5.27251e-004
08%

-7.04752-004
05%
“7" 882253¢-004
0.4%

-1 .05975e-00

Lateral displacement
(Deformed shape)

0.7%

MipAS



Results — Retaining wall internal forces

SoilWorks

Beam Force

Nx , kN
+2.86412e+000

16.8%

-8.23228e+000
0.0%

-1.93287e+001
0.0%
W‘ -3.04251e+00

-4 15215e+001
~ -5.26179e+001
————-6.37143e+001

31.3%

%--7.431 07e+001
-8.59071e+001
0.0%

-9.70035e+001
0.0%

--1.30293e+002
-1.41389e+002
%—1 52485e+002
~ -1.63582e+002
--1.74678e+00

0.0%

Axial force

MiDAS

n ln

SoilWorks

Beam Force
Qz kN
+7.12887e+001

+6.24677e+001
0.0%
% +5.36467e+001
% +4 48257e+001
+3.60047e+001
+2.71837e+001
-+1.83627e+001
+3.54172e+000
-+7.20717e-001
-8.10028e+000
12.5%
-1 .69213e+001
% -2.57423e+001
--3.45633e+001
125%
-4 33843e+001
6.3%
-5.22053e+0M
0.0%
-6.10263e+001

%
-6.98473e+00

Shear force

SoilWorks

Beam Force
My , kN*m
+2.90857e+001
+2.5272%e+001
3.3%
% +2.14602e+001
~ +1.76474e+001
+1.38346e+001
+1.00218e+001
0%
+6.2089%e+000
3.3%
+2.39618e+000
T%
————.1 .41660e+000
6.7%
-5.22939e+000
6.7%
———-9.04218e+000
) -1.28550e+001
.1 B6678e+001
3.3%
-2.04806e+001
3.3%
% -2.42933e+0M
-2.81061e+001

%
-3.19189e+0

Bending moment




Results — Pipe internal forces

SoilWorks

Beam Force
Nx , kN
-4 30181e+000

-4 88976e+000
-5.47772e+000
BEE --6.06567e+000
. = -6.65362e+000
BIE -7.24157e+000

-7.82953e+000
| 00%

-8.41748e+000
————-9.00543e+000
0.0%

-9.59339e+000
————1.01813e+001

0.0%

-1.07693e+001
———.1.13572e+001
————1.19452e+001

16.1%
v -1.25331e+001
--1.31211e+001

-1.37091e+01

SoilWorks

Beam Force
Qz kN
+1.24754e+000

= +1 10638e+000
—— +965228e-001
3.0%
- +8.24073e-001
+65.82918e-001
3.0%
+5.41762e-001
-+4 00607e-001
+2.59452e-001
-+1.18297e-001
121%
-2.28586e-002
11%
-1.64014e-001
101%
-3.05169e-001
-4.46324e-001
71%
o -5.87480e-001
——.7.28635e-001
3.0%
--8.69790e-001

3.0%
-1.01095e+

«— Axial force

«—— Shear force




O

Results — Anchor internal force

Y

SoilWorks

Embedded Truss

Sx , kNim*2
+5.92618e+005

0%

+5.55898e+005

0.0%
) +5.19178e+005
~y -+4 82458e+005
+4.45738e+005
+4 0901 8e+005
-+3.72298e+005

8,

%
) +3.35578e+005

0
9
(@

+2.98858e+005
0.0%

vy +2.62138e+005
+2.25418e+005
+1.86698e+005
-+1.51978e+005
-+1.15258e+005
+7 .85382e+004
+4.18182e+004

+5.09821e+00

0.0%
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Part 1: General introduction



Learning Objective

Import the CAD model for the targeted
geometry for analysis

= Expose to slope stability

l

analysis using:

Create surfaces & assign material properties

l

v’ LEM

Auto-generate mesh (SRM, SAM)
(Limit Equilibrium Method) - l

Define boundary conditions

v’ SRM - l
(Strength Reduction Method) - = ' —

ne analysis cases & design options
v SAM |

ecute analysis
(Stress Analysis Method) - - l
== e




Overview

‘A
“l_’!°‘”f“‘-‘d Modified
e r Line
Mohr’s circle
il for A |
N o N @
Fig, Limit Equilibrium Method Fig, Strength Reduction Method
"Z—)p(cb“ + W tane + A Ttane) L a(n)
Fs = —2=1 — m
:Zl(sinan)
. tane- sina, In SAM, based on the stress analysis
where me (N) = cosa n+ '—F'.s—' ] -
results, safety factors for various sliding
W : Total weight of soil slices (tf/m?) .
a : Angle of slope (degree) SUI’faCES used INn LEM are Ca|CU|atEd.

C : Cohesion of soil (tf/m?)
b : Slice width (m)
o : Internal angle of friction (degree)

nmn ET: Tn-Tn+1



Overview

Weathered soil
Weathered rock

\
=

>

Z

L.,

Fig, Soil distribution

* Nailing can be assigned as ‘Embedded truss’
* Then, No need the same node between soil & truss




Property

» Ground properties

MEc:dul‘u:.; of Unit Weight Sa.turat_ed Poisson’s Cohesion Lnrtizt%ar:
asticity 3 Unit Weight : 2

e (kN/m’) kNmo | Ratio  (KNm?)  Angle
1 Wealhered mohrCoulomb 36,500 18.5 19.5 0.33 17.5 31

2 Weathered yionr Coulomb 150,000 21 22 0.30 50 33

3 Softrock Mohr Coulomb 1,850,000 24 25 0.28 180 355
g Toeee M°“(’L%°hj";°mb g 18.5 : i 17.5 31

5 Wez;zkered Moh(rL(éoh:;omb ) 21 ) i 50 23

6 Soft rock W"EL%";;"’“" . 24 . . 180 355

P Structural properties

Reinforcement Initial Diffusion Initial Diffusion Tensile Equivalent

Structure

No Model Type Spacing Width Angle Strength Radius

Type (m) (m) (deg) (kN) (m)

1 Nail (LEM) Nail (LEM) 20 1.0 10 115 0.05

Structure Horizontal Rebar Modulus of Bokascnie Unit Yield
Ratio Weight Strength
(kN/m?) (kN/m;)

T Model Type Spacing Section Area  Elasticity
ype (m) (m?) (kN/m?)

1 Nail Embedded Truss 20 10 115 0.05 25 350,000



Start SoilWorks

PR“T MANAGER

Open an existing model ile

Model file name
soil2 stb

File path
C:\Users\TAME DO\Downloads"

Using ‘Slope” Module Force A | gt [ e [

Sl CGS FPS User Defined ...
Intial Parameters
Gravitational Acceleration 9.807 m/sec?
Unit Weight of Water 9807 kN/m?
License Reaistration ... Inktial Temperature 0.000 [T} 2

Project Information... | OK I
>

Setting initial values



Import File

2

7 New Project ‘ CAD file (*.dwg/*.dxf/*.dgn) ...
Open fpn File (*.fpn) ...
Save <
i Import Database from another file
.l‘ Save As
1 o B8  Local Disk (C:) » @Soilworks-Practice
a I Import > Organize ~ New folder E -
BB Screenshots Name Date modified
W I Export » > B Videos B Construction Stage Analysis of Shored Excavation 2025/7/17 F4& 11:23
> W Tame 8 siope 025/7/24 T4 04;
- ‘ Construction Stage Analysis of Shored Excavation-adjusted
Save as Image  » v B ThisPC
& Soil Nail Reinforced Slope Stability Analysis
> = Local Disk (C |
% Project Settings » > & HDDI1TB (D
> [ Libraries
'y >
Close > ‘_ Network

File name: ’ AutoCAD Drawings (*.dwg)

Open Cancel




Define Ground Properties (SRM & LEM)

Define Ground Ma*~_gmeroperty

Data
[ ________N —
ID Name

1 Weathered Soll
2 Weathered R...
3 Soft Rock

General
D 1 Name
Model Type Mohr-Coulomb

General Parameters

Additional Parameters

Modulus of Elashcuty (E)
Ponsson s Ratso (v)
Temperature Coeﬁ (0)

20000000 kl‘\llmz

0.3

1E Py

Unit Wetght (Yt)

Saturahed UmlWelght p——

Cohesuon (c)
Intemal Fnchon A.ngle (tD) :
Eadh Pre33ure Coeff (Ko)

P
=
30 kNfm2
— IR

1

Dralmng Condlbon . Drained| v

Vanatlon in Modulus of Elasbcﬂy” i
Vanahon in Cohesnon R

Reference Helght _
" Dilatancy Angle (W)

' Tensile Strength

0 kNJr
0 kN/r

7/
N

N/

1
$
=

Ground

36 i"t&'ei Material Property

2000, kN/mz

|! Database ... I :

Reset

Save

Model Type Mohr-Coulomb

s Mohr-Coulomb (LEM) for LEM analysis

MDAS

~

Ground Material Database X
Database 1.1 Schist#1 v | Select Al Unselect Al
Modulus of Saturated Unit Internal
Unit Poisson's Cohesion
(kN/m?2) (kN/m?) ([deg])
1 |LandfillLayer 13000 | 18 19 033
2 Alluvial Layer 8000 17 18 OQS‘
3 ‘Weathered Soil 36500 18.5: 19.5 033
4 |weatheredRock  1s0000 21 L2 e s 3B
5 Soft Rock 1850000 24 25 0.28 D3
Hard Rock 17500000 26 27 0.23




Part 2: Strength Reduction Method (SRM)




ﬁ/

Define Strutural Properties

l Structural

Property
General 1
ID 1 Name Nail
I Element Type Embedded Truss
Standard NONE 2
Horizontal Spacing "
Section
I Shape Rebar v .
§] T-,'pe- 3
O
Section User Defined
User Defined
Material
Material Type Rebar v
User Defined
RebarGrade User Defined v

4

6

Seclion g IMatenal Data I

Section Data Material Data
Section f Rebar 7
5 Propertes

oo o062 m: | |[Modulus of Elasticity 200000000 kN/m?
Poisson's Ratio 0.3
Unit Weight 77 kNjm®
Thermal Coefficient = 0.0000055.
DesignStrengh |
Yield Strength = '350'00'0‘ka]61‘2"‘ o

Define! ‘Pile Property’

Add I Modfy

Delete

Close



Smart
Surface

E- (25 Untitled [Slope Module]
& Initial Variables
-}/ View Point

- vl (5 Layer Set
& [ i Mesh (Bements[0]. Nodes[0)
i -[[] 3= Seed Data
- ) [ Mesh Set [1]
=& Property
- B Ground Material Propety

e i Sitichical Pty

Embedded truss

Drag & Drop 2
/../

Nail is assigned

Fig, Assigning ‘Embedded truss’

| - vl =4 1:Nai [Emb-Truss]

=

-] 414 Loads

Fig, Assigning ‘Smart surface’



Smart Mesh

Smart Mesh X

O Coarse Mesh Wl [ (Embedded Truss) Nail (Elements{5]. Nodes[10]

¥l [ Weathered Rock (Blements[576], Nodes[1277)
Mesh () Generate Higher Order Elements | (& Weathered Soil (Bements[803]. Nodes[1748)

-
() Generate Triangular Elements -l [ Soft Rock (Elements[403]. Nodes[890])
I B Register each Mesh Set by Domains I vl [ (Embedded Truss) Nai-1 (Elements[157]. Nodes[162))

< Ok | Cance

© Very Fine Mesh I
O Fine Mesh B W [ Mesh Set [6]
- | [ base (Blements[0]. Nodes[0])
Smart |

Generating ‘Smart Mesh’ automatically

v

SOOI e
SAAYATAYAVA T VYA )

s ATATATAY A b S

B e vamaTa o

= A¥aruen » :..L'.vﬂ*"')‘l

l"-‘i't"“ »

Mip *



Smart Support

Define Smart Support X

l | Boundary Set [EC 2] & F Naming for boundary set
# Mesh Set(s)

Considered all mesh sets

v_p‘i""'ﬂ<

AYAYA uvm-'«‘
LY a-“h"*' 'v FAYATAv

f""fl- L '
‘n. » A._“ Lf ‘

Generating ‘Boundary condition’ automatically AR

A'IA'A"A""’ "

i
KRS
gu




Te

Analysis
Case

»

Define Analysis Case

Name

Analysis Method
SRM_Without Nail
SRM_With Nail

Analysis Setting

Strength Reduction Method (S...
Strength Reduction Method (S...

Add/Modify Analysis Case

RUN analysis

>

Name SRM_Without Nail
Analysis Method Strength Reduction Method (SRM) v Analysis Control Data =
Define Analysis Model
Use All Mesh Sets Use All Boundary Sets Use All Load Sets
All Input Data \ Data used in Analysis
= Mesh Set = [ Mesh Set
= B base - g base
Md B (Embedded Truss) Nail B Weathered Rock
B Weathered Rock B Weathered Soil
Mody. i Weathered Soil - Soft Rock
Delsle - E-53% Boc,nday Set
B (Embedded Truss) Nail-1 I 45 BC
Copy e B 1Y Load Set
& BC (4 Sef Weight
B! Load Set
(47 Sef Weight
Close

Drag & Drop for S

RM With Nail case

0K Close



Part 3: Limit Equilibrium Method (LEM)




Define Strutural Properties

Define Structural Property X

‘-/-’u e 1

Structural ID___Name D 2 Name  Nai (LEM)

Property BE Nail (LEM) I Blement Type Nail (LEM) v

General
Spﬁd}ig e e
T B——
|mua|0|ffu3|onAng|e S E—TY e
_A_clju._:gt_R_einf_. Ef_fect__by ‘F_S Independent «

TensipnlSrhe”arrAppIicratipn Method - ,,N,ail |-

e
EquivalentRadiuvs ~  005m
e

Define: ‘Pile Property’ @ TSweerfoceruncion  Nerew

Reset

Add I Modify Delete Close




Nail (LEM)

Drag & Drop

=[] 4 Structural Property

| -] 4 1: Nail (LEM) [Nail/Pie (LEM)] | / Nail is assigned
N
Smart

Surface

»—X
Fig, Assigning ‘Embedded truss’

Nail (LEM) is available in SoilWorks

No mesh is required

Fig, Assigning ‘Smart surface’
MibAs



Arc Support

Define Arc Failure Surface

[Arc BC

Boundary Set

Grid Data
6Diedchwmetl'\od

1.000 m

Grid Spaci

Arc Failure

Surface

(O Method of using Table

1.000

Radius Data
(O Method of using Arc Tangent Lines
ncrer

© Method of using Arc Radius

'

Method of searching First Arc Radius  Passage Point

10.0000. 10.0000

Passage Point

1.000

10-2]

Arc radius increment

Number of Arc
() Layer Set Limting Passage

Passing point location

(O Method of using Table

OK



Te

»

Analysis Setting

Analysis
Case
Define Analysis Case X
Name Analysis Method Add... |
LEM_Withour nail Limit Equilibrium Method (LEM) Moddy
LEM_With nail Limit Equilibrium Method (LEM)
Delete
Copy
RUN analysis
>
Close

Add/Modify Analysis Case
Name LEM_With nail
Analysis Method Limit Equilibrium Method (LEM) v Analysis Control Data =
Define Analysis Model
Use All Mesh Sets Use All Boundary Sets Use All Load Sets
Al Input Data | Data used in Analysis
=l-%& Layer Set E-%s Layer Set
- % base

i %s Smart Surface 1

Drag & Drop this

-3¢ Smart Suface 2

% Smart Surface 3

-3 0

E}-£2% Boundary Set
--£3% Arc BC

B! Load Set
L1y Sef Weight

layer set for nailing

0K Close



Part 4: Stress Analysis Method (SAM)




Required Assignment in SAM

+

& vl (5 Layer Set
£ [ B Mesh (Blements[1782]. Nodes[3915])
| - Seed Data

B3l [ Mesh Set [4]
v! [ base (Elements[0]. Nodes[0])
v/ :{ Weathered Rock (Elements[576). Nodes[1277])
e .{ Weathered Soil (Bements[803]. Nodes[1748))
4 .{ Soft Rock (Blements[403], Nodes[850])

t—— Mesh generation is required

= &, Property

= W4 Ground Matenal Property
- W% 1: Weathered Soil [Mohr-Coulomb (LEM)]
- W% 2: Weathered Rock [Mohr-Coulomb (LEM)]
- W% 3 : Soft Rock [Mohr-Coulomb (LEM)]
@4 4 - Weathered Soil [Mohr-Coulomb]
&% 5 Weathered Rock [Mohr-Coulomb)]
&% 6 : Soft Rock [Mohr-Coulomb]

Material Property as Mohr-
Coulomb SRM model is only
required

A

(=) vl -4 Structural Property

v 4 1: Nail (LEM) [Nail/Pile (LEM)]
(- v =4 2 : Nail [Emb-Truss]
|y > Curves [5]

<——— Nail for SRM is only required

&J’ﬁ.Fmdions
B[ 1111 Loads

«—— Arc & Normal BC are required




Smart Mesh + Smart Support

. 3 ' § 82 xM|_ ]
g : 5l 5 ’
1 i g
m e
[ i
: )
| i W mm wnmnw
Tl 1,50 i b o
ik 13 HELEH
3 O &0 oé % —

s aslslchololalolalalal

(AR
209990
R




Analysis Setting

» 12

Analysis
Case
Define Analysis Case

Name Analysis Method
LEM_Withour nail Limit Equilibrium Method (LEM)
LEN ik oo e o
SAM_Without Nail Stress Analysis Method (SAM)
SAM_With Nail Stress Analysis Method (SAM)

RUN analysis

Add/Modify Analysis Case

Name SAM_Wihout Nail
Analysis Method Stress Analysis Method (SAM) v Analysis Control Data =
Define Analysis Model
Use All Mesh Sets Use All Boundary Sets Use All Load Sets
All Input Data Data used in Analysis
=8 Mesh Set
{8 Weathered Rock
[ Weathered Sol
[ Soft Rock
i Soft Rpck =-£35 Boundary Set
= €2 Boundary et - £3% AcBC
£ Arc B £ BC
£ BC =t Load Set
-1 Load Set ' Seff Weight
'Y Seff Weight

Drag & Drop this layer set for nailing

OK Close



Part 5: Results and discussion



Results — Horizontal Displacements (SRM)

SoilWorks

Displacement

DX ,m
326%
118%
95%
51%
46%
36%
38%
35%
32%
27%
25%
23%
28%
30%
32%
58%

Without Nail

FOS =1.8375

Horizontal displacement

-1.88589e-003
-2.64785e-003
-3.30981e-003
-3.897177e-003
-4 63373e-003
-5.28569e-003
-5.95766e-003
-6.61962e-003
-7.268158e-003
-7.94354e-003
-8.60550e-003
-9.26746e-003
-9.92943e-003

-1.0591 4e-00§
-

+0.00000e+000

6.61962e-004
1.32392e-003

Horizontal displacement

—

SoilWorks

Displacement
DX .m

+2.00533¢-007
% §.26245.002
-1.25249e-001
" 1.87874e-001
-2,50499-001
" -313123e-001
-3.75748e-001
-4.38373e-001
- -5.009972-001
-5.63622e-001
-6.26247e-001
-6.885722-001
-7.51496e-001
% 8141216001
"8 76746¢-001
-9.39370e-001
-4 .00200«00{

With Nail

-

FOS =3.5875



Results — Horizontal Displacements (LEM)

56 S9itorks

-y +1.00000e+002
+9.38691e+001

51%
+8.77382e+001
+8.16073e+001

+6.93455e+001
+6.32146e+001
5.2%
+5.70837e+001
+5.09528e+001
+4.48219e+001

5.3%

+3.86910e+0G1
5.3%

+3.25601e+0
56%

+2.64292e+0
5.8%

+2.02883e+001

E:::+7.S4784e+001 / LEM-WIthOUt Nall

6.1%

Without Nail

3.7567 SoilWorks

Safety Factor
+1.00000e+002

18.7%

+9.39848e+00

4.9%
0% +8.79696e+001
+8.19544e+001
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Results — Horizontal Displacements (SAM)
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Results — Horizontal Displacements (SAM)
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Increased by 48.78%
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