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LEM Soilworks is integrated in GTS NX
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LEM Soilworks is operated in GTS NX
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LEM in Soilworks

Define Arc Failure Surface
Boundary Set | Boundarv Set @
Grid Data

= oy OPEN SOILWORKS ® SLOPE MODULE
sy Draw Grid Range ...

. PROJY  WIANAGER
(O Method of using Table @

Radius Data _//
© Method of using Arc Tangent Lines
Arc radius increment - 1.000

(2 == Draw Arc Tangent ;

Number of Arc — 35

() Change Tangent Diection LEM = ARC FAILURE SURFACE

() Method of using Arc Radius

S HREPBEBEERS -

Limit Equilibrium Method

““ _'/_" @:: [ y“' Line Load

Ground Structural Stiffness EStaticSeismitLoad Arc Failure
Material Property Property Calculator Surface

15 [ Property | Loads

Shortest Radius

Model Loads | Boundaries Results Tools

p1 - -@ O By CutFailure Surface
% RS Arc Passing Limit
Polygonal Auto-search ‘ )
ailure Surface Failure Surface B Tension Crack

Analysis | Design

| Vad

() Method of using Table

2 0K Close Apply
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Part 1.
LEM for Soil Nail Reinforced Slope Stability

Part 2:
LEM for Stability Analysis of Reinforced Earth Retaining Walls




Part 1:

LEM for Soil Nail Reinforced Slope Stability



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




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



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

4.9%
9% +7.59392e+001
+6.99240e+001

49%
+6.39087e+001

49%
9% +5.768935e+001
-+5.18783e+001

: 4. 1 1
1.9% +4.58631e+00

+3.96479%e+001
4.9%

+3.38327e+0
3.9%

+2.76175e+0i

————+2.18023e+001
41%

FOS =1.9056

LEM-With Nail >

With Nail

MiDAS FOS =3.7567



Increased by 48.78%

MiDAS

SRM & LEM Comparison

Without Nail
FOS =1.8375

With Nail

FOS =3.5875

SoilWorks
Displacement

-~ -1.98569-003
-~ 264785¢-003
-3.30981e-003
-3.97177-003

-4 633736003
% 5.29569¢.003

£ -1 .05914e-001

Increased by 3.57%

<8 51%
51%
51%
5.2%
52%
+5.70837e+001
52%
+5.09528e+001
52%
+4.48219e+001
53%
———+3.6691 0e+0§1
5.3%
+3.25601e+0
56%
+2 54292e+01
5.8%

/

SoilWorks
e o

+2/00533e-007
62.8%
-6.26245€-002
-1.25248e-001
BEE -1.87874e-001
--2.5048%e-001
-3.43123e-001
[ 25%
B -3.75748e-001
-4,38373e-001
----- -5.00997e-001
-5 63622e-001
-6.26247¢-001
- .6.58672e-001
I 13%
-7.51498e-001
-8.14121e-001
-8.76746e-001
-8.39370e-001

L

Increased by 4.50%

>

7

56

Without Nail
FOS =1.9056

3.7567

With Nail

FOS =3.7567

SoilWorks

Safety Factor
+1.00000e+002

———+9.38691e+001
+8.77382e+001
+8.16073e+001
+7.54764e+001
+6.93455e+001
+6.32146e+001

+2.02983e+0M
6.1%

SoilWorks

Safety Factor
+1.00000e+002
18.7%
+9.39848e+001
+B.79696e+001
+3.19544e+001 v
+7.59392e+001
+6.99240e+001
+6.39067e+001
+5.78935e+001
+5.18783e+001

+4.58631e+001

49
4.9%
+3.98473%e+0¢1
9%
+3.38327e+001
3.9%
+2.78175e+0

+2.18023e+001
%

4.9%

4.9%

Increased by 49.27%




Part 2:

LEM for Stability Analysis of
Reinforced Earth Retaining Walls




Stability Analysis of Reinforced Earth Retaining Walls - LEM

Compacted
Backfill

2nd Tier Reinforced
arth Retaining Wall

1st Tier Reinforced

/Earth Retaining Wall

Counterweight Fill

Fig, LEM study on Reinforce Earth Retaining Walls
(Source: SoilWorks tutorial — Slope module)

 LEM to check the stability of the reinforced earth retaining walls

 Soilworks provides LEM by Bishop, Janbu, and Fellenius for user

_ selection
MiDAS



Select ‘Slope module’

PROJG(MANAGER

4

CAD (.dwg) Import

CERNPUECULE

SHREPOEE

New Project

Open

Save

Save As

Import

Export

Save as Image

Project Settings

Close

»

»

41

CAD file (*.dwg/*.dxf/*.dgn) ...

fpn File (*.fpn) ...

rpn file (*.rpn) ...

Talren file (*.PRJ) ...

Import Database from another file

S ———
AN
\“
\\
[— N
e
E\-\ \\ —1
o \ =5
-K“-x__‘ AN _;_ p———
e
[ ————
pd TR
A \u__-__u J——
. X

Imported cad drawing into Soilworks



Material Properties

Structural properties

Initial Initial

Nare Reinforceme Diffusion Diffusion Tensile Backfill Unit Fricti
nt Spacing : Force Weight LS
IMember Type [m] WIdth Angle IkN] [kNlm3] Coefficient
[m] [deg]
Geogrid
1 [Strip(LEM) 1 2 15 150 1 195 03

Ground properties

Tensile

Saturated Unit Internal

: e . Reinforcement Type Spacing e Width
Ground Type e sl Weight Cohesion Friction 2
[kN/m?3] 3 [kN/m?]
[kN/m?] Angle [deqg] =+ I =0
Grid Type fm = = im Force/m im
1 Weathered rock 20 21 35 30 o T
2 Soft rock 23 24 150 35 Mat Type - In e Im
3 Hard Rock 24 25 200 37 :T
StipType cre  Jemsle i
4 Backfill 18.5 195 14 32 = SO
5 Seltgbs s 186 196 15 25
6 Concrete Block 20 21 980 40

Geogrid is used as strip type
for LEM in Soilworks
MiIDAS



Database in Soilworks

Ground Material Database >< Define Ground Material Property
Data
Database 1.1 Schist#1 Select Al Unselect Al 0 | teme
Modulus of Saturated Unit Internal LT
Unit Poisson’ Cohesion 2 Soft Rock
No.  Soil Type Elasticity (m","me"",)'t Weight . (KN/m2) | Friction Angle | Select 3 Hard Rock
(kN/m?) (kN/m?) ([deg]) .
1 |Landfill Layer 13000 | 18 19 033 0 27 S e i
2 Alluvia_l Layer 8000 17 18 0.35: 15 ‘ 20 i
3 |Weathered Soil 36500 185 195! 033 175 31
8 |WeatheredRock| 150000; 21; 2 S0 B
5 SOf't Rlock ‘ 1850000_ 24; 25_ 0.23_ o 180 - 35.5_ v/
6 Hard Rockr 17500000 26 27 0.23 1750 _ 40.5 v
In MIDAS website, these material can download and
Data General - . .
D None D 1 Nome Geowd import in GTS NX & FEA NX conveniently
1 Geognd Blement Type Strip/Fabric (LEM) v
Stiffness
General . NS . .
. . Reference: }/l[EEMaterialLibrary
iti iffusion \» 2
:::::: g:::’:: :‘;:: i ;:eg] i Mohr Coulomb 8% +  Drucker Prager 818 v  Hardening Soil 8% v  HSSmall 8  Modified MCIl®  HAEEE
Adjust Reinf. Effect by FS Dependent| v |
Reinforcement Vector 0 Mohr-Coulomb (MC) Material Library E#-Em ( MC ) #HE | ®BIHE : Soilworks x®i (kN /m/ 1/ sec)
T o E—
Tensile Force 150 kN E ] SO AR A
Consider Pullout Farce SimplifiedMethod| v | & Hasenit R 0 v B4R B8 [GrAmas
N"o. q!C‘gnI‘act” — Side2| v | ;H,::iiss AEA-RASE/ A\ TEAE 13000 18 19 033 0 27
Unit Weight of Backfill 19.5 kN/m? ’;:::; 0 HEAbEE 8000 17 18 035 15 20
Friction Coefficient ) U3 | Faste REAEE 17500000 26 2 0.23 1750 405
) %m:j;fm REsEE 1850000 2% 2 028 180 355
| wlig=2 BEMN-BiET 36500 185 195 033 175 3
| f?;s:tr:mww( REN-BEE 150000 2 2 03 50 3
"‘ “”;1‘:::“"“ WEE1Z6EST 265 5 |[1] 7=
¥ {EM¥Granite
for structural property = e
esitiea EmESE0E
| # JEMPIE#Granite Diorite
| - remmmas TR
Add Moddy Delete Close i

Muuno



Intersect Curve/ Display Color

N—
— - % jﬁﬂ Able to select crossing line in intersect
| # I é "ln‘..‘.. “‘ lii'ﬂ
Il O - ~Hl s e R AR
Intersect - _____ oy, ||| e TR i
; ., T T LT L Ll L ek i

Surface

Screen object = Attribute color

Display Settings

Change Background Color | Attribute Color

Line \Width
Link Color
Seed Color

Selected Point Color
Sd;cled Curve Color
Selected Surface Color |
e

Line Load Change Background Color

& b o Reset oK Close Apply
1] »x‘




Assign Strutural Property

- - MH\ Jlll

, Assign ‘Concrete block’
L.

Select area —> Drag & drop the

correspond property into the surface
to assign property in Soilworks

Assign 'Geogrid; ....... S

MiDAS



Assign Ground Material Property

- 2% Ground Material Property
- @ 1: Weathered Rock [MohrCoulomb (LEM)]
- % 2: Soft Rock [MohrCoulomb (LEM)]
- % 3: Hard Rock [MohrCoulomb (LEM)]
- W% 4 : Backdill [Mohr-Coulomb (LEM)]

- W% 5 Conterweight fil [MohrCoulomb (LEM)]
- 6 : Concrete bolck [Mohr-Coulomb (LEM)]
E)- ¥l =4 Structural Property

| 3k 1: Geogid [Stip/Fabric (LEM)]

NOTE: Successful assignment will be displayed by the changed of color in surface

MiDAS



Water Level

Draw curve, °

before define water Ievel\

\’_—

Define Water Level X

Function Name Water Level

&N

% Select Curve(s) (16)

oK ~ Cancel

EEEREERERAER “....
L]




Results — Horizontal Displacements (SRM)

Define Arc Failure Surface

|M:faik.|re surface v ﬁ
Grid Data Arc Failure
© Direct draw method Surface

Grid Spacing _

@ Draw Grid Range ...
O Method of using Table Method of using Drawing grid range
Radius Data
© Method of using Arc Tangent Lines

Arc radius increment 1.000 q

@ Draw Arc Tangent

Number of Arc ' &
() Change Tangent Direction

() Method of using Arc Radius
f lius Shortest Radius

0.0000, 0.0000
1,000 z Drawing arc tangent

e T
. >R

2 OK Close Apply




Tl

Analysis

@,

Design

Case

Dptions

Analysis Case

Add/Modify Analysis Case

Name

Test

Analysis Method Limit Equilibrium Method (LEM)

Define Analysis Model
Use All Layer Sets

each Load Set in the Analysis M

Use All Boundary Sets

v

Analysis Control Data

&

Analysis Control Data ...

Use All Load Sets

Data used in Analysis

B

Nhi\l-)da
Layer Set
— % base

~ % Smart Surface 1
-3¢ Smart Suface 2
-3¢ Smart Surface 3
% Smart Suface 4
-3¢ Smart Suface 5
% Smart Suface 6
—%g Smart Surface 7
-3¢ Smart Suface 8
% Smart Surface 9
~%¢ Smart Surface 10
— % Smart Surface 11

% Smart Suface 12

— % Smart Surface 13
% Smart Surface 14
% Smart Suface 15

% Smart Surface 16

% Smart Surface 17
% Smart Surface 18

B
m—

: g ¥

% Smart Surface 19
% Smart Suface 20
% Smart Surface 21
% Smart Surface 22
% Smart Suface 23

% Smart Surface 24

Boundary Set
2% Arcfailure suface
Load Set

OK Close

»
L



M

#

Analysis Control

Analysis Control

Limit Equilibrium Method (LEM)  Optimization Method ~ Statistics

Analysis Method

Analysis Method ~ Bishop

Umg Function Half sine

5 30
No. of tterations and Emors
Maximum Number of Rterations 10005
No. of Slices 303
Safety Calculation Tolerance 0.01
Minimum Thickness of Slice 0.01
Slope Direction

© Left to Right Direction

(CJ Print Resuit File
8 Inttial Water Level

() Right to Left Direction
/]
Advanced Option

0 Water Level

OK

Cancel

X Limit Equilibrium Method (LEM) ~ Optimization Method  Statistics

v
Provides various LEM analysis method

Analysis Manager

) l Q‘ ]Name EAnaIysisTypc E

M @ [Test Limit Equilibrium Method
1
Generating the model data to perform analysis...
AVAILABLE MEMORY = 1400.0 MBYTES
WRITING OUTPUT DATA
ANALYSIS IS FINISHED
TOTAL ELAPSED TIME IS~ 34.94 SECONDS

v
Perform Analysis Close
RUN Analysis ...

v



Results — Horizontal Displacements (SRM)

Showing FOS results

Test1
=] @ Post Style
@ Defauit
Result Analysis

= (@
= i) Limt Equilibrium Method (LEM)

Factor of Safety : 1.5372

SoilWorks

Safety Factor
+3.65659e+000

02%
+3.52413e+000
1.0%

+2.86181e+000
+2.729352+000
+2.596892+000
+2.464422+000

N 5.3%
+2.331962+000

| | 54%
+2.19950e+000

| |55%
= +2.06703e+000
. +1.93457e+000

1.5372

for factor of safety

For displaying calculation of forcing

Free Body Diagram X
Slice 12/58 - Bishop Method
Component Value
FOS 1.537:
Grid Point ID 35
Grid Point X 64.4586
NA AR IS Grid Point Z 76.18m
Radius ID 4
Radius 480684
Siice ID 12/5¢
Slice Width 17435
1363.7073 l Slice Base Length 18833
-1417.3815 Slice Base Angle 28.464 [deg.
Material ID a3
Material C 50 kN/m
Material @ 33 [deg.
W (Include Vertical Seismic) 549.3345kN/m
Pore Pressure 77.2456 kN/m
ototal 256.3969 kN/m
\ T 166.3422 kN/m
N (Base) 508.5108 kN
/ T: 214 6301 T (Base) 2146301 kA
Nr (Base) Okh
N: 508.5108 Tr (Base) OkN
N (Left Side) 1363.7073 kN
T (Left Side) Okh
N (Right Side) -1417.3815kN
T Rinke Cida) nLn
10 << Left< Right side> > 10







