MIDAS i
Tutorial

2D Geogrid Reinforced Slope Stability Tutorial

MiDAS



Contents

=Step 1: Initial Setting

sStep 2: Defining Soil material
=Step 3: Defining Property
=Step 4: Geometric Modeling
=Step 5: Meshing

=Step 6: Boundary Condition
=Step 7: Loads Definition
=Step 8: Analysis Case

=Step 9: Analysis

=Step 10: Results

=Step 11: Certification Task

Overview
This model tutorial is intended to show the user the geogrid design features and its effect on slope

reinforcement.

Modelling

Numerical Model Design

O
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2D Geogrid

Material Properties

Soll

Foundation

Geogrid

Material Modulus of Poisson’s

Model Elasticity ratio
(kN/m?2)

Mohr—Coulomb 35000 0.3

Mohr—Coulomb 48000 0.15

Material Modulus of Modulus of | Shear
Model Elasticity Elasticity Modulus

(kN/m?2) (kN/m?2) (kN/m2)
Orthotropic 120000 120000 100000
(Geogrid)

Saturated Cohesion | Friction
unit (kN/m2) angle
Weight
(kN/m3)
18 19 1 26
19 20 5 32

Tensile
Strength 2
(kN/m2)

Tensile
Strength 1
(kN/m2)

85000 85000 21.5
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Step

01 1-1 Initial Setting

Procedure

Starting Midas GTS NX

Click on GTS NX icon > New
Project

Enter the Project name as 3D
Geogrid & Engineer XYZ.

Select Model Type as 2D.

Select kN ,m and sec in The Unit
System.

Use the Default values for Initial
parameters.

Click OK.

@ ® 90 ® @

L

N DeBdgan=ms= s
o ——

1

i Hew 1
1 I Create a new document I
1 | 1 C:\Users\...\Geoarid_3D.gts

(I . N NN NN NN NN N S S
-, Open
' Open an existing document

Save
H Save the active document
—§ Save As...
H Save the active document
with @ new name

‘ Import
d Import the selected file »

» Export
Export the active documentk

_+, Close
l Close the active document

Close All

“I Close all documents

Recent Documents

2 C:\Users\...\Geogrid_3D.gts
3 GLOBAL SUPPORT2.gts

4 tailings_23052020.0ts

5 Bridge_MNew.gts

& TURBINE_2d.gts

® ©

©

()

Analysis Setting X
o o e e
| i i I
roject Title ngineer
| I [
Desc.
: Model Type Gravity Direction :
: (3p @ :
I @ z "

1
Lo Qpsgmetre

Unit System
= ——————————————
: kN ~ | m ~ | (3 ~ | sec o
1

L ————
:E itial Parameters \Water Parameters |
1 1

1
:Gravityhcceleratiun(g] 9.80665 | mfsecz |
1 1
: Initial Temperature Ijl [T] :

1
: Plane Strain Thickness m 1

1

e -

.
O 5 71 o
N4 ]

www.MidasUser.com



Step

02 2-1 Defining Soil Material

Procedure PR\ o= = S Material b

Geomet Mesh tatic/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
& |

®

Defining Soil Materials

-
L L & .
I E_-: II_ 7s; Comp. Prop. :)D J"sﬁ-Def.Size @ 10 Rename IgEx'trude fySweep ﬁTE e e
':f ;’ %2[}>3D - Model Type Mohr-Coulomb ~ D{tructure

| 1 ‘—f, CSys f‘f Hinge =~ =+ '{l? Prop Ctrl. ﬂ 2D %“ Copy EE Divide ﬁ Revolve B Project % Rol

. | Vatersl property Sz Laver EBremesh |, O e T T ——————

Go to Mesh > Material —= Function ~ €l Control 1] Match Seed || @D H Create il 2 offset | gl M General Forous Non-Linear Thermal Time Dependent
Prop./CSys./Func. Control Generate Mesh Set Protrude | ‘ar————————————————————————ul

Click on Create. Select Isotropic RGlosomyideomie B0 #LM LIE %W R REI QBRI Elastic Modulus(E) [ 35000 wayme :

(3) Select Model type as Mohr- = e, of Bastic Modulus E‘k“?m? =
Coulomb e
" \ Inc. of Elastic Modulus Ref. Height
AddfMDd“yMﬂtEﬁal @ |——-——-——-——-——-n;—-‘
0 In General tab, Enter the value of Poisson's Ratio(v) I
Elastic modulus (E) =35000 | !
N/ ® ot | Cese_ |
' g : A L L L L L L L L L L L
@ Ent_er P°|sson,s ratlo: 031 Un It P ST ] Ko Determination 0.530528437
We'ght = 18 kN/m3. 2D Equivalent R
] (@ Automatic
Interface and Pile
() Manual Anisotropy B
Thermal Parameter
Thermal Coefficient -_19-006 1/[T]
Excel Molecular vapor diffusion coefficient I:l m2/sec
Thermal diffusion enhancement I:l
Damping Ratio(For Dynamic)
Damping Ratio 0.05
[[] safety Result{Mohr-Coulomb)
Close Cohesion(C) 30| knfmz
Frictional Angle o) 36| [deg]
Tensile Strength 0 krifimsz
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Step

02 2-2 Defining Soil Material

Procedure Material x Material 9 x
D 1 Name Color ~ D -N-a;e-E_-_-m-_—] Color
@ Go to Porous Tab > Enter Unit L=—-

We|ght (Saturated) =19 kN/m3 Model Type | Mohr-Coulomb ™ [Istructure Model Type | Mohr-Coulomb v [ structure

- [ ——
enerall Forous Non-Linear Thermal Time Dependent General PorOLE Mon-Lineaf] Thermal Time Dependent
T o o ———

@ Keep Drainage Parameters as

. _/
h d g 1 ; 2
: Ut welghi(Saturated) kN!ms 1 I.._mleiﬂc]_________kﬂrl_l

g..a’

p

©® Go to Non-Linear Tab > Enter the TR = - Inc. of Cohesion N3

value of Cohesion =1 kN/m? [
Unsaturated Property e Inc. of Cohesion Ref. Height m m
S

(4) Input the value of Frictional

angle _260 1 --ramage Farameters --------------—: /‘ Frictional Angle(®) — [deg] :
= i F— - i e e S —— - —
1 1 [ oilatancy Angle 36
© Enter the name as SOIL. L A B ER m m m SE —  d [lrension cut-of
@® Click OK Skempton’ s B Coefficient 0.97826087 .
Cut-off Yield Surface

FOI!OW the sam e_procedure_ to Seepage & Consolidation Parameters . Ranki

define the material properties of Permeablity Coefficients ressure ankine

the other soil layers. o ky k

| 1e—DDS| | 1e—DDS| | 1e—DDS| m/sec
[Jvoid Ratio Dependency of Permeability(ck) 0.5

Specific Storativity(Ss) 5.230213| 1/m Auto

(=]

www.MidasUser.com



Step

2-3 Defining Geogrid Material

0

o . . -_ﬁ)_ Genmetryl Mesh | Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools D 3 Name ’W‘ Color ’—| ~
Deflnlng SOII Materlals E;?Dmp Trop 33 J‘,Def Size Rename _[gEx'trude l}y Sweep ﬁTE :
0 : 'Ovt J 4—{ CSys f-f Hinge ™ 1&? Prop Ctrl. % “p>30 %“ Copy EE Divide ﬁ Revolve B Project ﬁ" Rol Model Type Geogrid s Structure ‘
GO to MeSh > Matel’ia| ~ ﬂat-erilroperty Foﬂ Function ~ Ct’? C%}a”tml :-0; Match Seed %ED ﬁ emesn E Create :g Fil ﬁ’ Offset H-]B Mir Parameterl p }'Dr;r;eszergiilg I\I‘,IS;;;UF”C @
C||Ck on Create Select Prop./CSys./Func. Control Generate Mesh Set Protrude ] | | | otroic
' ] : Elastic Mod st

RGlopgeumyidiaomie B HLM LG %nh 2 REICABIQAIAO(

Orthotropic

O O

Elastic Modulus(E2) kN/m2
Select Model type as Geogrid. Add/Modify Material » Shear Modulus(612) e
CI|Ck OK [“Tensile Strength
Mo Mame Type Tensile Strength 1 kM/m2
. o -
1 SOIL Isotropic-Mohr-Coulomb Isotropic Tensile Strength 2 kh/mz2
FOUNDATION Isotropic-Mohr-Coulomb T e T
) ) \ | Orthotropic
3 GEOGRID Orthotropic-Geogrid N o o o s e e e e o e
2D Equivalent
Interface and Pile
Import
Import from
Excel
Export to Excel
Renumber
Database
Close
r_____,
oK I cancel Appl
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Step

02 2-3 Defining Geogrid Material

Procedure Materia X Material X
Deﬂning Soil Materials D 3 Name W‘ Calor ,—|v D 3 MName Color I:Iv

| Model Type | Geogrid ~ Structure Model Type | Geogrid i Structure
9 Select parameter 1. cr -Pa_ra;e;rl-:Parameterz Thermal | Parameterlr F;rﬁ-m;ETZ.iThermal
e [
@ nPwamerimb Enerte | CTEEDnno--e--c--mmroa -
120000, G12 = 100000, kNim? @) | eomesaniey v | Q o ]
[} 1 1 1 e - )
i . Shear Modulus(G12) _1DDDDD kh/mz | Anisotropy -
(3) Click the Tensile Strength Box, '------_--_-_-_-_-_-_-_______-_-_-__, U
d I f T I 'msmﬁrenﬁﬂ'l f Thermal Parameter 1
and enter value of Tensile 9 1 1 1 1
Strength 1= 85000’ Tensile N : Tensile Strength 1 kM/m2 : 9 : Thermal Coefficient1 1[T] :
Strength 2 = 85000 kN/m? | Tensile Strength 2 k/m2 : = L _Thermal Coefficient2. _ _ _ _ _,g_T]__ A

Enter Unit weight = 21.5 kN/m3. 0

Keep the Thermal Parameters as
default.

@ Click OK Damping Ratio(For Dynamic)

Damping Ratio 0.05

L6/

oK Cancel Apply 0K Cancel Apply
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Step

03 3-1 Defining Property

Procedure () D cg+

Defining Property G:-]t}metrj.r L Mesh | Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result

lE_E__\l, 'D |DCOmp Prop. 3_':9 ".S-,Def Size # 1D E‘ Rename lgExtrude fySweep
STt gy 2030

g Go to Mesh>Click on PrOperty —— FL')’ ‘—Q CSys HHinge w e 1}? Prop Ctrl. ﬂzn E‘ . %"Copv EE Divide ﬁ Revolve lﬂproject
. aterial Prope yer Remes|
g Click on Create. Select 2D ---IFC'S Function = Ctr? Control :.’; Match Seed %3[} iﬁ[:reate ;g,:i” ﬁ’Dﬁset
9 Select Plane Strain = Prop./CSys./Func. Control Generate Mesh Set Protrude
® Nameitas SOIL Add/Modify Property X :
. Create/Modify 2D Property X
@ Select SOIL from Material drop- 91 -
I N T Sub-T
down menu. o ame ype ! ype\/ Plot Only(20) Gaugmg.‘-‘hﬂu----.. Axisymmetric
® Click Apply. 10 Shell Plane Stress 9' Plane Strain : Geogrid(2D)
I ———— e ———d
Similarly Define the 2D ] 2D.. ’ a e ———————
property for Foundation layer. B T D IT:[ i Name | so ||Color e
aD.. 1
Other... [ o e e e e e e e e e e e e e e e e e
IMpOrT... e I material 1: SOIL | |lE :
Renumber Material CSys
(@ csys Global Rectangula
OAngIe 0 [deg]
Close @
Gl | __howhy_
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Step

03 3-2 Defining Geogrid Property

Procedure DeBfgh=m-=
(@ 2.

Geometn‘r I Mesh | Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

Def|n|ng Property |:| D |E‘,Comp Prop :)—-D & Def. Size %m_ - Bl Rename [ Pectude (@ sweep B T
=

i FQ CSys f'f Hinge ~ '{t? Prop Ctrl. q Copy EE Divide ﬁ Revolve ‘Lg Project @ Rot

GO to MeSh>C|ICk on Property Materd PTem:Fdﬁ Function Ct’? CLg”tml :-0; Match Seed &3 ﬁRemesh ﬁCreate ;gF\II ﬁ’oﬁset H_]EMir

CI|Ck on Cl‘eate. Se|eCt 1D \ / Prop./CSys./Func. Control Generate Mesh Set Protrude 1

. ToR: " 16 | - £ | O Tn | T2 | P2 E [
Click on Geogrid (1D) $S oo m]e B, #M L& %% R REHEIQE I QIO

@ 9000@

Name it as Geogrid. rAddfMudiI],r Property == Create/Modify 1D Property X
Check on Area. Enter the value mmm——————
as 0.0064 m? Mo Mame Type Sub-Type @) Create |~ | II Truss Embedded"l;msa____&alam Embedded Beam
Clickok 0| e ———— ’ Pile 1 Geogrid(1D) _ Plat Only(1D)
i
L] ©
20.. OQ 5T e T b EE
30... |_::::::::::::::::::::::: ______ 2
Other... e : Material 3: GEOGRID v | & :
I i e 1
mpart. .. I Area | D.DDS‘#‘ m2 :
1

Renumber

Cancel Apply

Close
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Step

04 4-1 Geometric Modelling- Redefining Grid Size

Procedure ‘- (_ Deldags=m= 3 GTS NX - [task_geo.gts]
@) -
" Result Tools

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis

0 GO to Geometry > POlnt |_E‘-| P E‘,Comp Prop. JQ /'&,Def Size %2[)_}3[} Rename lgExtrude fySweep ﬁTmns. ﬁ:SGIe °\Create OﬂPrOJect mCreate EModrﬁf Topo. E;Extract :|§|:I|
@ Enter W|dth as 2m Mat:; Pro:rfy‘{ CSys HHinge S 'E?Prop Ctrl. ER " %"Copy EE Divide ﬁ Revolve BProject @ Rotate IIIIS 9( Delete %ﬁihlign :&(Delete IE Parameters ;u Divide -'rP
’ ’ hﬁFunctlon = Ct'? "”t’°| '-0} Match Seed %BD e ﬁcreate :gFi\I ﬁ’oﬁset ﬁ]ﬁMmor e °2Merge -{icsys &Modrﬁf mconnection gl Measure mF
9 C||Ck user def”‘]ed and enter 100 Prop./CSys./Func. 0 Control Generate Mesh Set Protrude Transform Node Element
® Click OK $[BleL Pnmy S A% | N Tl W R BE QB QA0+ B BFOERE D 8 98H,
Define Grid X
Size
I——.-——-——-——-——-——-—-——-
\ Width m o
YR .

Mumber () Automatic Setting

e e e e e e e e e
I (@ User Defined 100 -2 1

®

Location

@al Ol O O3 O4

= @al._____ Cancel
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Ste
Op4 4-2 Geometric modelling-Creation of Points

Procedure NG m——— .
0 Geometry | Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools
@ Go to Geometry > Point = :_-"-}@ DO XxXT oo H~= a @ I_E] @ ‘zy I &R Revolve |+ Transiate &3 Scale
@ Click Create. ? Q S g - .7‘ ,‘/ @ o S % Begding Solid Surface Solid Su;face de @LO& ORotate &Sweepﬁranslate 23 Attach
_ _ COGcerdh DO N P @Psweer | Pavivor B Project
e Enter the points as shown in Point & Curve Surface & Solid Boolean Divide Protrude Transform
the table. ==
pOint' Point x
After all the points are created, 1 —100 0 —————
click OK. 2 0 0 @ I-_C:Ea_te_h'abular Input
3 1 60 O Coordinate s
4 160 30 (3] T my L Good|
5 70 30 i o B e -1
(OF @k
6 —100 =50
7 0 -50 Geometry Set | EE RS ][
O ———— -
8 160 _50 & oK Cancel :
9 14 6 )
10 50 6
11 28 12
12 60 12
13 42 18
14 /8 18
15 56 24
16 92 24
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Ste
Op4 4-3 Geometric modelling-Creation of Lines

Procedure N g ———
ﬁ Geometry| Mesh

Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

(@

0 Go to Geometry > Point _o O] & © D e T a @ m A2 8 @ @ @ 40 I @Revolve Of'TransIate e%)Scale
@ Select method as 2D, Input Start I{o—h S‘ g - .7‘ ,‘/ 6 o @ % Begding Solid  Surface Solid Su;face de @LO& ORotate -épSweeDATranslate sva Altach
corner at Location -60,0 (Abs X,Y) COGevh DO N ™ @ sween | P@miror 3B project
g Click Appl Point & Curve Surface & Solid Boolean Divide Protrude Transform
ICK Apply
@ |Input End Location 160,0.( Abs Line X
X,Y) and click Apply —
2D <]
(5) Select Input Start Location -60,0 @ A
(Abs X,Y) 14 6
U Input Start Location
@ Select Input End Location -60,-85 >0 6 03 "'Lu'ca'tio'n'l """"""" ;D;_Ei"i
(AbS X,Y) 28 12 Y/ Yo o e e .|
e Click OK. 60 12 Method |ABSx, y ~
Repeat the same procedure for
creating all the lines. 42 18 Geometry Set | [T v [
78 18 =7 0K Cancel E_:
56 24 (4)
20 3D
Input End Location
14 6 50 6 Location ‘ |
Method | REL dx, dy ~
28 12 60 12
42 18 /8 18 Geometry Set | \,|
= oK C | Appl
56 24 92 24
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Ste
4-4 Geometric modelling- Finished Geometry

Procedure

|@|EQ}| ﬁu'| Basic ~ Al Geometries | ™ | | ‘{)‘@M@ |<[__7§)|
@ The points presented in Section
4-2 are shown in the picture
here.
@ The lines connect the points as 5 4
in the cross section shown here. 1 16
13
11 14
9 12
o 10
1
3
7
6 8
ks
Lo "
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Step

04

Procedure @

© ® ®0

4-7 Geometric modelling- Connection & Intersection

Go to Geometry > Intersect

Select the curves drawn in the
previous steps.

The Select All option can also be
used to select all the curves..

Click OK.

ar

BIEEL‘I"EB“:—F'E'-— s GTS

Geometrv ' Mash Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Resuft Tools

v @ B @ n.-)-(:I a @ @ Vo '__l T$Revowe QbTranslate QSGIe
n/ cQu Q g --.I-r/(/ @ o @ Bedding % Squrace @ ﬁz E)%e @Lo& ORomte @Sweep-Tmnslﬂte E‘EE Attact
C" D & S % [:j uﬂ ﬁ @ @ m g ?Sweep ﬂ|Mirror Bproject
Point & Curve Surface & Solid Boolean Divide Protrude Transform
HGlon e myi#a I8 Fh #oM Lk h R RE QB QRO O +
|‘@|EQ} | _52“ '| Basic Al Curve - | B DL | & @E@E@ |

©

Intersect bt

Geometry Set vl

AR oK cancel Appl
o
4

www.MidasUser.com



Step

05 5-1 Meshing

Proceiure BN IO
Procedure | (@ 8dd

-
Geometry : Mesh || Static/Slope Analysis Seepage/ Consolidatitﬁarysls Dynamic Analysis Thermal Analysis Analysis Result Tools

Pep—
|_E‘| E E,Comp Prop. '_':D "&L,‘-Def Size \/ﬁ_ - ‘Rename IgExtrude fy Sweeap ﬁTmr
v < csys # tinge ~ || 1=+ \\ o Prop Ctrl. 1 EZDJE-ER g i BYcopy [HHowvide  §Revote Iffproject | B Rom
-- Emes|

Go to Mesh > Generate > 2D

@

Select the lines as shown in

the box that constitute parts of et PP 8 unction - & ool L fuatch seed | @70 i Create G g omser | i
the embankment. Prop./CSys./Func. Control Generate Mesh Set Protrude T
© Enterthe sizeas1m. HGopgetmyifiao e B L M| & % |:§7|P“u@|fi g Qe
@ Tick on the “Mesh Inner " -
Domain”. : /L_
@ The property is SOIL. Generate mesh(Face) X : -
. ———— P
@ %ée”fh,e Mesh set name @/ Auto—Face:-HUtU'Nea Map-Face Map-Area ___——a—
o ,.-_-."_'.'.'_'.'._--_--_--_.I____—" T T e e E e T
@ ciick Apply. @ ' =2 Selected 13 Edge(s) I
---------------------J
B Select Point(s)
—SizeMethod oo
] _ . 1
5 D 1
L ®see Qowsion |_____ 1<

I [+| Mesh Inner Domain
| [«]Include Interior Edges

(@(9

Property
6 1:501 v : H2
N /| R R R )
Mesh Set ESn o

B & OK cancel 1| Apply ==
(7)
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Step

05 5-2 Meshing

1| Mesh 1 static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

.@B@Eﬁuh =)

Go to Mesh > Generate > 2D —
@ . @ EI I+, Comp. Prop. JD ’kyDef Size f_ %2D—>3D Rename lgExtrude l’y Sweep ngr
9 Select the lines as shown. " t‘.:l . ’rfy‘{ CSys /7 Hinge = e ’Q?Prop Ctrl. ﬂz IﬁiR ) ‘f.'Copy EE Divide ﬁRevor\re ;gproject @Rot:

aterial Prope . -l emes = _

9 In the Size method give size F&ﬁFunctmn b Ct"? Control ."§ Match Seed 5 ﬁCreate BHII ﬁ’[}ﬁset ﬁﬂmrr:

1 m. Prop./CSys./Func. Control Generate Mesh Set Protrude T
@ Tick on the “Mesh Inner #Blegotmpida e Bh #M Li& %h R RE JLQEIQAICS

Domain”.
(5) In the property drop-down Generate mesh(Face) X

menu, select Foundation.
@ Give the Mesh set name Auto-Face Auto-Area Map-Face Map-Area

“FOUNDATION.” 9 ---------------------- ;
@ Click OK. Q) B SR '

7l Select Point(s)
=gz Mathod o e |

©
.
.

(@C@(@
Bl

| & L 0K } Cancel Apply ==

L
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Step

05 5-3 Meshing-Extraction of Geogrid Elements

Style 7 Bac

Procedure @ bedogde=9m-= -~ GTS NX - [Geogrid_3D.gts] 0

——
Geometryl Mesh 1 Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

(SR -4 1
@ GO to Mesh>E|ement>ExtraCt @ E! @Comp. Prop. 93 "yg,Def. Size # 10 %ZD—>3D Rename lg Extrude [’g Sweep ﬁTmns. w:sale \Create 00] Project mCreate EMod'rFy Topd] gﬂiE)iraE J;Elnterhce / Hinge
Mat:;ifl Pm:’ + Coys /~ Hinge ~ l‘;"{ o -@Prop ctrl, f-::: %] ﬁ . ‘;'Copy EE Divide 8 Revolve BProject @Romte 9¢ Delete %’,ihlign %(Delete I Parameters -mTDn.ride 3 Pile/Pile Tip i[nﬁnrce
9 Change the type tO Edge . I"q"h:';iFunction A Ctr?. CO'XV"‘ !-0} Match Seed 'ﬁan Remes Ecreate :aFi\I ﬂoﬁset ﬁﬂMirror S Sweep %EMerge @Csys &Mod'rfy mCmnection gl Measure MFree Field isaepage Cut Off
S I t th f d h Prop./CSys./Func. Control Generate Mesh Set Protrude Transform Node Elernent
elec € Tour eages as snown
© in the enclosed box.
@ The property is Geogrid.
(5) Name geogrid mesh set as Extract Element %
Geogrid . g .-_G__t_:
@ Click OK. & I _Seometry ] Mesh

1
Type |Edge N
r_Lip___g____________J
1 | = Selected 4 Object(s) -

®

-
--——.——.—————————————l ------ I————————————
Skip Duplicated Faces oy 1
T ——
Orientation (Element Z-Axis) 1
| Beta Angle: 90 [deg] L 1
Property :
-— - — T o
a I 3: GEOGRID ~| THE |} g i
[ 19 - - - e e | e L e P e P P S e e s e e
N4
Mesh Set
[ ]Register Based-on Object Shape

[ ]Register Based-on Owner Shape

Register Based-on Owner Mesh Set

- a
LI GEOGRID) ~ 1
g |

&7 @ L DK-= Cancel

(o)

o
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Step

05 5-3 Meshing- Aligning the csys of Elements

Procedure Q O=6 dﬂ “ Eafbats) - GTS NX - [Geogrid_3D.gts]
) o ) ) ) ) ook @ B——

Geometryl Mesh | Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result

0 GO to @ ITI ,_-:l,Com-p?op- QD ’S,Def Size %ZD—>3D Rename lgExtrude fgSweep ﬁTrans. w:sale \Create OﬁjProject mCreate Ehhdﬁ-'hu‘ gﬂiExtract :l;l:Interhce HHinge
- + Coys /7 Hinge ~ H Prop Ctrl. Ncopy [ owide Revolve Project @Romte 9¢ Delete o,]AIlgn pelete [[B] parametersll i Divide -3 Pile/Pile Tip Infinite
Mesh>Element>parameters el Property Sge ? B remesn Bl sw
) e e hﬁFunctlon A Ctlzr- Contro\ '-0} Match Seed 'ﬁan =mes Ecreate :gFi\I ﬂoﬁset BTﬂMirror = o %A'Merge ﬂiCS‘fs &Modrﬁf ma;eaon- gl Measure mFree Field isaepage Cut Off
@ GO tO 2D Prop./CSys./Func. Control Generate Mesh Set Protrude Transform Node Element
YT g o By | T2 :
© Change the type to Change Add/Modify 'gmih Parameter X ‘H@I@' ' =Rl R R S | % T Rol=IEa-
mevs. ‘fza"
. Nod 1D Oth
O Click on Show Element Csys. ace 1'39 & Change Property
] _______ o o o o | ChENGE EleMment Order
@ Select the Base Element which Change Csys == v
\ —————————————————————I Add Thickness
Csys resembles the global csys =~ i Offeet
Select Object
as shown below. [ e Ject(s) Add Material Orientation
: Add End Release (Shell)
@ Click OK. () Reverse Normal (Z-Axis)
—®@)plign Hlement Cys, _ _

. \ 1 1
For the geogrid elements, @ L ®Base Element (z, xaxis) | _ _ _ b /N
select 1D and repeat the =3 Select an Element Ssao
same procedure and select () Core Coordinate (z-axis) S~y
the base element whose Csys
is aligned with the global 0.0, 0 L
Csys as shown below. (O shift Orientation
CCW (+) W (-) L
Froperty L

2 I-.a:.r—gmm;;[au.______*_ﬁ._.,

l-——-—H.|-|.|-|.|-|.|-|.l-—-——-——-—-'

&7 6 L____ Cancel
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Step

06 6-0 Boundary Condition

Procedure () D800 02 5 7 GTS NX - [Geogrid_3D.gts]

Geometry Mesh Static/Slope Analysis I Seepage/Consolidation Analysis Dynamic Analysis Therrmal Analysis Analysis Resutt Toaols

i i > ———————— .
(1) go totSt_attlc/SIope Analysis E—_‘l EI <, Csys I B stage set 0 ¢ SE0aina e Eichange Property o W AulI~TR ¢ Tunmelmodeing [l
onstrain - F# Function ~ & Simulate Stage Ml Vol Data Ene? | 2 Constraint \ =%, Slip circular surfa L= Water Level 1@ ﬁ#&s&.ﬂ =S Anchor Modeli
“ . Material Property uesen Define Stage - fHuEEe stage glume B I-“_._On-En_-! 1 CHELar surace ’jTablev i E p AnchorFoceing Options

9 Select AUtO, check on “Consider /~ Hinge ~ Contact | Wizard @Auto Set %Constramt Equation @Shp polygonal surface We|ght i ‘J‘" § % @ m Soil Test

All mesh Sets” Prop./CSys./Func. Contact Construction Stage Boundary Load Wizard Options
© Name the boundary Set as

“Ground*
O Click OK

Constraint X

1
Basic Advancedl Auto

e

()

Name | Constraint]

2 | Select Object(s)

Consider All Mesh Sets

f————————
:Eoundaw Set | Ground v

E.a| || Cancel || Apply |

®
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Step

07 7-1 Load Definition-Self Weight

Procedure ( @ O ad :‘___""_5_1—_:___ GTS NX - [Midas model.gts]

Geometry Mesh 1 | Static/Slope Analysis | 1 Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools

0 Goto StatIC/Slope AnalySIS > E‘l EI £ csys ---- --%-Suge Set @Deﬁne Set %Change Property ¥ : % I‘ [ H; Ll ﬁ . éTunnel Modeling '
Load >Self Weight ol JF\,‘!F ction ~ Simulate Stage M| Volume Data Export || 285 Constraint =&, S circular surfa Lwater0|i ﬁz&sﬂ%ﬁ =Y Anchor Model
Materal property unction Deﬁne - Imuiate ge olume U3 po 1) onscrain e Ip CIrCuiar surrace ETable I ooff ‘ > - » nchor Modeling Options
@ Check for gravity Direction, G /7 Hinge ~ || Contact wesra ES Auto Set £ constraint Equation 1% Slip polygonal surface ] Weight FELO B soil Test
Should be ]_ Prop./CSys./Func. Contact Construction Stage Boundary == Load Wizard Options
© Name the Load Set as “SW*
@ Click OK Gravity =]
o
: Grawty'
Mame Gravity-1
Reference Object
Type [Coordinate v]
Ref, C5ys Global Rectangular - E]
[mmm——————— i
|
: Components :
\9/ : Gx a :
1
: Gy ] :
|
1
[ Gz -1 1
|
Spatial Distribution
Base Function [None v] E]
@ Skt
I Load Set s - [%]
L o o o o o o e e -
Q[ ok 1 [ cancel | [ apply )
-
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Step

08 8-1 Analysis Case Definition

Procedure

In the Analysis Tab, Click on
General

Name the case as
Slope_No_Geogrid.

In the Solution Type Drop-Down
Menu, Select Slope Stability
(SRM).

Drag and drop the all the soil
and embankment mesh sets
along with the ground
boundary condition and the
self weight.

@ Click OK.

@ © o @

- ¢ = = B
(o) De@cdge == -

o .‘J Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynarmic Analysis Thermal Analysis

AN_4

s P

——
1= 1
1173 “Seﬁing

‘g_ a-' Batch Analysis
|_Q._| Modeling

)

I
A\

1 General h* Parametric Analysis | Perform istory Options
" Results Output Probes
Analysis Case Analysis History Tools
Add/Modify Analysis Case X

Analysis Case Setting

|m——————
Title SLOPE_no_geogrid 1
1 geog
- ]
Description Analysis Control e
|m——————

]  Solution Type Slope Stability(SRM) Output Control [ate]
- -
Construction Stage Set S ~
N
N
Analysis Case Model N
All Sets <= == Active Sets N ~
o N
- Mesh 1 = @ Mesh 1 ~
@ Default Mesh Set 1 @9 Default Mesh Set 1 N\
e @ FOUNDATION 1 S
4 @ solL 1 A

: I = s£ Boundary Condition 1
& Boundary Condition 1 ...8§6 GROUND 1
.88 GROUND 1 Static Load 1
Static Load 1 gk SW 1
o L.sb sw I 2 contactPair 1
& ContactPair 1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! 1

Solve Each Load Set Independently Sorting Name

-
Analysis 1 Result Tools

Slope Stability(SRM)

Linear Static

Monlinear Static

Construction Stage
Eigenvalue

Response Spectrum

Linear Time History(Modal)
Linear Time History(Direct)
Nonlinear Time History
Nonlinear Time History + SRM
2D Equivalent Linear
Consolidation

Fully Coupled Stress Seepage
Seepage(Steady-state)
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Step

08 8-2 Analysis Case Definition

Procedure (o) D@BHLGn == 5
o .‘J Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynarmic Analysis Thermal Analysis Analysis .i Result Tools
In the Analysis T lick on =51 : o7 -
@ In the Analysis Tab, Click o A s ‘g_ B satch Anabsis :a E.,J
General 1 k ) |_Q._| Modeling ) :
General *Parametmc Analysis || Perform History Options
" @ Results Output Probes
@ Name the Case as Analysis Case Analysis History Tools
Slope_Geogrid. . :
- Add/Modify Analysis Case X = e
. '
@® Inthe Solution Type Drop-Down 9 Analysis Case Setting T o s: t_' B
s ] [ —————————————— - —— - Inear atlc
Menu, Select Slope Stability \ < Z— || T ] Nonlinear Static
(SRM)- "‘[ ! Construction Stage
Description Analysis Control Fe ; g
. r Eigenvalue
a Dl’ag and drop the a" the SOII’ 9 Solution Type | | Slope Stability(SRM) 1 Qutput Control k2 Response Spectrum
geogrid and foundation mesh A 4 _ il L L L L L L L L L L LN Linear Time History(Modal)
- Construction Stage Set N . - . .
sets along with the ground o Lmelar Time History(Direct)
i+ Nonlinear Time History
boqnﬂary condition and the self Anolyss Case Model S Nonlinear Time History + SRM
welght. All Sets <<| [>»> Active Sets So 2D Equivalent Linear
: e T ————— N Consolidation
@ Click OK. @ DefaultMesh Set 1 S Fully Coupled Stress Seepage
@ FOUNDATION 1 M
@ GEOGRID 1
@ solL 1
- % Boundary Condition 1
- -6 GROUND " &5 GROUND 1
sl Static Load :ls Static Load 1
& SW & SwW 1
& Contact Pair Contact Pair :
1
1
1
1
1
1
1
e |
L5)
Solve Each Load Set Independently Sorting Name a Cancel Apply
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9-1 Analysis

9

Procedure

@ Go to Analysis > Perform

@ Select both the analysis cases.
©® Click OK

@ Give the File name

@ Save it at desired location

®

DeBcoge=~- -

Mesh ..Jh.u;f.%lupe Analysis Seepage/Consolidation Analysis

= e

@)

‘— % ﬂ& \ /| #_ Ia' Batch Analysis
é Seffi
= g_' Modellng

Geometry

General & |Perform Options
.§ Parametric Analysis _I = Dutput PI?E}bES p
---
Analysis Case Analysis History Tools
GTS NX Solver *
——————aTe DR _I-'Ej_"“____'

v Slope Stability(SRM)
v Slope_Geogrid Slope Stability(SRM) 1

Slope_Mo_Geogrid

Check On/Off Cancel
L]

Dynamic Anahysis Thermal Analysis LAnahfsis 1 Result Took
L 8
< Save As X
1 « Desktop * tutorials [&)] O Search tutorials
: =
Organize - New folder = ' e
Documents N .
geogrid_model
&= Pictures »
GTS_NX_Manual »
= pdfs
Soilworks_Manual » :J
Microsoft.SkypeApp_kzf8agxf38zg5ciA » .
<ypeApp kaféa gochne Geogrid_3D.gts
MONTH_WISE_QUERIES * Type: NXGT.Document
Poland » Vv

: Save as type: | GTS NX Files(*.gts)

~ Hide Folders

= ————
a| File name: | Geogrid_3D.gts w
\_/
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Step

10 10-1 Slope Factor Of Safety Result (Without Geogrid)
|

Procedure Results L x

@ Go to Results> frem ID Color

@ Click on Solid Strains [_jlg Slope Stability(SRM) a

=&l INCR=5 (FOS=1.3004)

© One can see the localization of &8 Displacements
strains by clicking on the E 2 Grid F
Equivalent tab. +-#> Grid Forces

[
£ Plane Strain Forces
@ The Safety Factor tab shows Ea--g Blane Strain St
the calculated critical factor of ane strain siresses

safety of slope . =-£3 Plane Strain Strains
NOTE: As Slope FoS is less - E-XX
than 1.5, hence it requires i E-YY
reinforcement. -2 E-XY

&2 E-MAJOR PRINCL...
~E2 E-MINOR PRINCI...
g2 E-VON MISES
g E-MAX SHEAR
g2 E-VOLUMETRIC
g2 E-DEVIATORIC

9 = o E-EREECTIVE PLAL e
___V = E-EQUIVALENT Lo
e :D . Safety Factor :
I, =} 1.30039 [Slope Stability. 9
i i HEE-: P
< > |

Model Analysis I Results!
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Step

10 10-2 Slope Factor Of Safety Result (With Geogrid)

Procedure Resuts 1 x

Item D Color

@ Go to Results> [& 1.30039 [Slope Stability. A

@ Click on Plain Strain Strains £ SLOPE_geogrid

52 Slope Stability(SRM)

=B INCR=14 (FOS=1.6750)
--@ Displacements

--5%’ Grid Forces
@ The Safety Factor tab shows &8 Truss Element Forces
the calculated critical factor of E -
i-E3 Plane Strain Forces

safety of slope. :
y P --n&p Truss Element Stress...

@ One can see the localization of
strains by clicking on the E
Equivalent tab.

NOTE: The critical slope €3 Plane Strain Stresses
factor of safety increases by ..5,_,; Truss Element Strain...
0.37 with the addition of BE Plane Strain Strains
geogrid. 8 E-XX

E E-YY

E E-XY

£ E-MAJOR PRINCI...
£ E-MINOR PRINCI...
£ E-VON MISES
£ E-MAX SHEAR
£ E-VOLUMETRIC
£ E-DEVIATORIC
£ E-EFFECTIVE PLA...

1 S E-FQUIVALENT

Model Analysis Results|1
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Step

1 CERTIFICATION TASK

* GTS NX Certification task for participants involves
submission of file (.docx or .pdf) with :

* Generating the model as shown in tutorial.

* Images/3D PDF report in the output.

* Short summary of model creation, and results.

KINDLY SUBMIT YOUR FINAL RESULTS IN THE PROVIDED WORD FILE FORMAT.
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