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Introduction

Case Study:
Fundamentals of

Soil Structure Interaction
Analysis for Integral Bridges

Pere Alfaras
Arcadis, UK

Main outcomes

1. Limit equilibrium method

Spring analogy: method of subgrade reaction, p-y curves
Continuum media approach

Requirements of the PD 6694-1
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Example #1

B General Arangement

1m thk. concrete slab

/ 1m thk. abutment wall
20m . / Backfill Class 6N

S

Vi /
N
3
N——
L 750mm dia. piles
Soft clay
N
N
3

Bearing stratum
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Example #2

B Methods of analysis (according to PD 6694-1)

Limit equilibrium methods PD 6694-1:2011 9.4.4

* Depth of soil affected by abutment »  Horizontal soil pressures on end screen and
movement can be identified without soil- abutments that accommodate thermal movements by
structure interaction analysis translation without rotation

* thermal movement < 40 mm;
+ skew = 30°

Soil-structure interaction

*  Depth of soil affected by abutment
movement cannot be easily identified
unless a soil-structure interaction analysis
is performed

e thermal movement > 40 mm;

+ skew > 30°

» over-consolidated backfill material

* layered soils

MDAS (5)



Example #1

B Earth pressure

Backfill

Material properties

Lateral earth coefficients

MibAsS

— Class 6N (MCHW specs)

— Yy = 20kN/ms3
— ¢ =35°

L K*=?

— Komax = 0.43
— K, =0.15
— Kgmin = 0.29

KO;max

|<min

A

K*

|<O;min

»

<«

Maximum contraction

»

Maximum expansion

(c)



Example #1

B Model
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shell elements
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shell elements Piles modelled as

beam elements
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Example #1

B Pie springs— Uﬁ-deﬁned p-y curves (not used on this example)

2
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Example #1

B Pie springs— Uﬁ-deﬁned p-y curves (not used on this example)

2
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Example #1

Soil Spring Type P .,
: Select ‘Pile spring
] : s . () Abutment Spring
B Plile springs — built-in p-y curves (not used on this example) [@Ficsorna |
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Double Click ‘Pile750

select all piles.
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Suitability of the built-in p-y curves

should be confirmed in a case-by-case

basis.
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Example #1

B Pile springs —Method of subgrade reaction

E- OEaHSE =
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Example #1

B Pile springs —Method of subgrade reaction
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Example #1

B Temperature loads
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The project will be sawved by the auto-save feature.
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Example #1

[ | Tempera]ure loads @ Click Load’tab.

l
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Example #1

B Temperature loads

Tree Menu

MNode Mass

Element Boundary

Element Temperatures
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Select load case 7T+’
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®add ()Replace
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() Delete
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Select deck elements again
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Example #1

B Earth pressure

5
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%
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¥
¢
s

()

0

Thermal movement range — characteristic value: d, = 6 mm

MibAS

MIDAS/Ciwvil
FOST-FROCESSOR

DISPLACEMENT
X-DIRECTION

3.22368e-003
2.63755e-003
2.051432-003
1.46531e-003
&.79184e-004
0.000002+000
2.93061e-004
-3.7%1534e-004
-1.46531e-003
-2.05143e-003
-2.83755e-003
-3.223682-003

MIN : 5

FILE: 55I_WIP

UHIT: m

DATE: 06/03/2020
VIEW-DIRECTION

\!p’

Z: 0.500

MIDRS/Ciwvil
FOST-FROCESSOR

DISPLACEMENT
X-DIRECTION

3.22368e-003
2.63755e-003
2.051432-003
1.46531e-003
8.79184e-004
—T 2.9306le-004
0
g

- 000002+000
Tal54e-004

- -1.46531e-003

[ —2.05143e-003

- -2.63755=-003
-3.22368=-003

MIN : 1

FILE: 55I_WIP

UHIT: m

DATE: 06/03/2020
VIEW-DIRECTION

\!p’

Z: 0.500



Example #1

B Earth pressure
PD 6694-1:2011 9.4.3

. 40d,\**
K* =Ko+ (— K.

1

® Ko dy b Ya dg H Kot K*

mm mm mm
350 043 6.0 1 155 7.7 2500 5.8 | 3.0
% h q

[kN/m?] [m] [kN/m?]
K* 3.00 20 2 120
KO,..  0.43 20 2 17.2 y-h-K U
KOpmin 0.29 20 2 11.6
Knin 0.15 20 2 6
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Example #1

B Earth pressure
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Example #1

B Earth pressure '

Hydrostatic Pressure Loads ...

Select load case 'K*
O} “
K* ~

Load Group Mame
Default w

Options
®aAdd (JReplace  ()Delete

Load Type

Linear Loads w

Orgin Lewel
Element Types
Plate
W ¥z Selection : @
MNode @S e Select Local z’
N1 “Nz | |Local z 4 @
Projection Yes Mo
Loadds Repeat for load cases:
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Global (-2) ~ o
Reference Level(H): KO,mInZ '58 kN/m3
Kmin: -3.0 KN/m?

Assign -60 kN/m?
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Example #1

B Envelopes

Maximum compression on the deck
*
A K Maximum bending on abutment walls
Maximum pile bending away from soil
(temperature drop + shrinkage)
KO;max
: : | — KO;min [ ]
Maximum tension on the deck Kiin Maximum pile bending towards soil
P _ (temperature raise)
Maximum contraction Maximum expansion

MiDAS (20)



Example #1

Click ‘Results’tab
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Example #1

B Envelopes

Ko.min + EXpansion Ko max + Contraction
maximum moment in piles in expansion maximum moment in piles in contraction
MIDLS/Civil MIDAS/Civil
POST-PROCESSOR _ POST-PROCESSOR
" BEALM DIRGRZM = BEAM DIAGREM
e s MOMENT-y 1 &é ?,11 - MOMENT-y
W o N 122.1 W q "é 137.3
99.9 k 112.3
77.7 87.4
g2.4
94 = 7 ¢
! - =4
4 + 11.1 7 > 0.0
# 0.0 = -12.5
9 -33.3 -37.4
3 -55.5 -62.4
i =77.7 -87.4
3 -959.9 -112.3
-122.1 E -137.3
CB: EXP_KOMIN CB: CON_KOMLX
MRX : 583 MR @ 532
MIN : 582 MIN : 583
FILE: S5I_WIP FILE: 35I_WIF
UNIT: kN*m UNIT: kN*m
DATE: 0&/03/2020 DATE: 0O&/03/2020
VIEW-DIRECTION VIEW-DIRECTION
\!ﬂ \!ﬁ
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Example #2

B General arangement

30m

w/

Backfill Class 6N

wel

\

y

Clay

Bearing stratum

MibAS
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Example #2

B Methods of analysis (according to PD 6694-1)

Limit equilibrium methods

*  Depth of soil affected by abutment
movement can be identified without soil-
structure interaction analysis

e thermal movement < 40 mm;

» skew < 30°

Soil-structure interaction PD 6694-1:2011 9.4.5 Horizontal earth pressures on
«  Depth of soil affected by abutment full height frame abutments on piles and embedded
movement cannot be easily identified wall abutments (soil- structure interaction analysis)
unless a soil-structure interaction analysis Expansion
a4 (backward
is performed movement)
ET =

* thermal movement > 40 mm; ! / ~

x B
. ° ,'{ d

skew > 30 e —

«  over-consolidated backfill material /o = - )

Excavation N\ y
+ layered soils level N PREAN

\L el of at restevel of at rest

W;ESSUFE pressure

MiDAS (24)



Example #2

B Matenal properties (PD 6694-1:2011 Annex A)

PD 6694-1:2011 Annex A

Step #1 Step #2 Step #3 Step #4 Step #6

ASSume: Derive soil Appl Appl S
DEtermine S roperties contrr):ci/ion ex sr?s)i/on GiTeh) Sl
d, dy = 0.5d, (Rigid) [ SRS o & where dyand H
d; = 0.7d, (Flexible) a d d 0,=K, 0y
Significantly different
Compare with values
used on step #3 S _
Not significantly different
End

MibAS



Example #2

B Matenal properties (PD 6694-1:2011 Annex A)

0 35 70
-
Ko 0.43 60
y 20 kN/m3 o NN
My
v 0.2 o 40 -
& 3
[
d' 6.3 mm 20 ™
H' 7m 10
[—
d'/H' 9.00E-04 0
Re 6 16 10°6 1073 10" 1073 1072
dy/H’
Ed [MPa]
z oy Om G E Ed Ed
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
m kN/m?  kN/m? kN/m? kN/m? kN/m? MPa 0
1 0.25 5 3.088079 6185.671 148456 22268.42 22.3
2 0.75 15 9.264236 10713.9 25713.4 38570.03 38.6 1
3 1.25 25 15.44039 13831.58 33195.8 49793.69 49.8
4 1.75 35 21.61655 16365.75 39277.8 58916.69 58.9 2
5 2.25 45 27.79271 18557.01 44536.8 66805.25 66.8 3
6 2.75 55 33.96886 20515.55 49237.3 73855.98 73.9 z 4
7 3.25 65 40.14502 22302.75 53526.6 80289.92 80.3 B
8 3.75 75 46.32118 23957 57496.8 86245.21 86.2 8 5
9 4.25 85 52.49734 25504.18 61210.0 91815.03 91.8
10 4.75 95 58.67349 26962.72 64710.5 97065.78 97.1 6
11 5.25 105 64.84965 28346.31 68031.1 102046.7 102.0 7
12 5.75 115 71.02581 29665.44 71197.0 106795.6 106.8
13 6.25 125 77.20196 30928.36 74228.1 111342.1 111.3 8
14 6.75 135 83.37812 32141.69 77140.1 115710.1 115.7

MiDAS (26)



Example #2

B General arangement

M Structural elements from
MIDAic“"I 500mm strips
o { 3\
Backfill Class 6N
> ¢ = 35° ¢=0
E = variable
v =0.3
y = 20 kN/m?
J

Medium clay
¢ = 25° ¢ = 100 kN/m?

<4+ E =40 MPa

v = 0.33
y = 18 kN/m?

MibAsS

We will be using a Mohr-

Coloumb ground model




Example #2

@ [ =
11
. View wode/Element Froperties Boundary Load Analysis Results PSC Pushover Design Rating Query Tools 'n‘ Help ~

EY Base Structures = )" ILM Bridge - [E5 FSM Bridge &= RC Slab Bridge % g o PSC Bridge ~ g ucs - = structure | “7* Check/Duplicate Elements

M Suspension Bridge * FCM Bridge 5 Transverse Model [T] RC Frame/Box % Composite Bridge - sy Grids ~ J. B/LT ~ E Display Free Edge/Face ~
structure [ Steel Composite  Prestressed — . : Rail Track o i3 :
Type '.> Ca Eridge Composite Eridge Steel Girder Bridge ~ | analysis Mode Mamed Plane ﬂ Change ~ | &} Check Element Local Auxis

Select ‘Structure type’ Group

\ - E Structure Type
T L P L2 i T Rl P Select X-Y Plane’
|Tree Menu o x | Structure Type

R
. % Ba

Tables [EIRITSN Group Report Hi sase (3D  (OXZPlane () ¥-Z Plane | (®) X- Plane () Constraint RZ

g Works

Mass Control Parameter
(®) Lumped Mass
[[] consider Off-diagonal Masses

0005

[ Considering Reotational Rigid Body Mode for Modal Participation Factor
() Consistent Mass

TRO R

[] convert Self-weight into Masses

Convertto X, Y, Z Convertto X, ¥ Convertto Z

Gravity Acceleration : 9,806 mfsec”2
Initial Temperature : ICI [C]

[ align Top of Beam Section with Center Line (X-¥ Plane) for Display
[] align Top of Slab(Plate) Section with Center Line (X-Y Plane) for Display

Q Note.
q . [B mipas/civil b

SRR This is a simplified example in 2D, s

Bl Ll =@ 008 o

but same approach is applicable

to complex 3D problems

Tree Menu [REH4ELE Command Messagel;{' Analysis Message I.l'r

For Help, press F1 None! U: 15, 0, -9.75 G: 15,0, 9.7 sel| s {E B none v | |2

MIDAS (28




Example #2

@7 Select ‘Node/Element’ tab

Icture Maode/Element Properties Boundary Load Analysis Results PSC Pushover Design Rating Query Taols

N - . .
NOI( HXDelete 0|°M|rr0r an | @ T] > ‘ T:.: _ﬁ' x XDeIete an %Auto-mesh %DeﬂneSub-Domam E}l ?

A ‘") Rotate ,_,.Scale |'.: @ : | URotate m EHMap-mesh
odes Create Translate Extrude Divide Merge Intersect " . . Change | Elements
able | Elements | {[\ Mirror | | Fig Define Domain Parameters | Table

Select Create Nodes’

il Ll [%, (BT[] EI TS
Tree Menu a X|

a0 E®| &Y BES

WLLEN Element Boundary Mass Load

Create Nodes

Qees

Start Node Number

Coordinates (x,y,2)

N Input coordinates 0,0,0

€3 01

Copy

MNumber of Times : 0 = T

Distances (dx,dy,dz) :

oo 1&—] [nputdistances 0,0,0

[#]Merge Duplicate Nodes
[] Intersect Frame Elements @

Y
4 . B mipas/civi

Aessage Window

BUI>EODOO00N

The project will ke saved by the auto-save feature.

Tree Menu JREHEELT Command Message J{' Analysiz Message I.l'r

For Help, press F1 Mane! 15,0, -9.75

MIDAS (29



Example #2

B Model

7\

EJ. OEbHSE -

2

Mode/Element pertie d d A Re
3 J
> — PR Select ‘Extrude
o a_l ﬁ%ﬁ Nal.’ X Delete o|eMiror ;% | @ O | 2 {& 3 T:.:
i O 00 AR Chpoiate Mg o @ T il R N—— i_> Rotate |3
Create | Translate Divide Merge i 4w | Modes Create Translatg BExtrude |[Divide Merge Intersect ) 4 |
Nodes & Project H Table | Elements | 1|\ mirror | | Fg Defi

Elements

fmr - i@ | YERE® I EAD S ®] >

Warks

g Works
=] ﬂ .Stn.lctures
o Modes 1

Tree Menu

MibAsS

x T iPES I EIDA

l—;; Base

21k

®

Select Node

B

=~

Y

0 O moasra |

The project will be saved by the auto-save feature.

Tree Menu

0T Element Mass

Boundary

Extrude Elements

[=start Number

Mode Mumber

Element Mumber :

Extrude Type

—— x

Load

INode -> Line Element ~

fo

Source Remove

[Jreverse 13

Element Attribute

Element Type:

Material :

Section :
1

Move

Beta Angle :

e

Generation Type
(@ Translate () Rotate (_)Project

Translation
(®) Equal Distance
(O) Unequal Distance

d,dy,dz: | 1500, 0

[ E

MNumber of Times :

Beam ~

v

W Select Node ->
Line Element’

O

Input 15,0,0

g

Command Message .'"{\ Analysis Message l.-"

ing Tolerance
Coeoty J [ cose
L4
kN ~|m w

- M= P |none v | |? oz

@),
OF
]

€0 L1

gLl >E006I004:



Example #2

——0 x

Al Boundary Mass  Load

Extrude Elements

[start Number

==
= Vie Node Mumber
)@=
e Eemen umber - e

undary Load Analysis

Select ‘EXl‘rude’ ting Query Tools i+ Help ~ — &

o-mesh %Deﬁne Sub-Domain E’\
[H

EH Map-mesh
% Define Domain

Change Elements
Parameters Table

i s D EIA

HaeacE®| &N BEA

R Stucture|  Material :
L]

, Nod o[-

Lo
B Beml section

"
=] Propertie

= Mate Beta Angle : [Dedq]
(=

E- I Sed

T Generation Type
(® Translate (_JRotate () Project
Translation

Create | Tran: Create Translatg Extrude |[Divide Merge Intersect
MNodes Extrude Type Elements | ™
! |‘Jode -> Line Element ~ I B
R i— @ g Source Remaove Mo ‘
= s W] Select ‘Node ->
|Tree fenu [(Jreverse 1-3 ) s
REGIEI Work: Element Attribute Llne E/emenf
g Works Element Type: Beam v

Qees

/ Select Node

€0 L1

(®) Equal Distance
() Unequal Distance

nput 0,-0.5,0

dw,dy,dz: |9, 0.5 0 rn

MNumber of Times :
R Input 40

Ciwvil

ing Tolerance

Bl bl 1= @00 00

A4

=
k.3

Tree Menu [REHAELE

For Help, press F1

MibAsS

Command Message A Analysis Message fn'r

Mone!

U:0,0,0

kN~ m | g HE P [nome v | € 0S| 2 =




Example #2

B Midas Civil model

@ OEHSE = = o =
At - - de - Properties d d n Ra - Desia Q . - [] 2l
@User Define Change Property I g I Cg @ Hlnelastic Hinge = T
E [ZE Creep/shrinkage Ey Material Link [i: m@ 7 Group Damping ~
Material Plastic Section  Section Plate 5tiffness Tapered Sectionfor Thickness | Moment _ . . Property
Properties Comp. Strength Material | Properties Manager~ Scale Factor Group Resultant Forces Curvature Inelastic Material = | Taples ~
Time Dependent Material
e~ iREITEE® IS S ® % * % CipEsraAitedE® NN IBES
Waorks Hi Base iy :
£ Works ol
= Sndes 1000mm thk. Q
o Modes : =
2" Elements : 41 1500mm thk. abutment 2
*» Beam : 41 deck
= Properties Foeee
5] Material : 1 Qt
1: CA0/50) ] All elements p
o C40/50 $
T 2:Rix ) .
T 3 Fie7s0 750mm dia. piles
[
IS
IS
IS
1=
A
<\\\ﬁ ofe 4
4 . [@ mipas/cvi
e We are modelling a 1m strip of half of
the structure along plane of symmetry.
33>
Tree Menu Command Message ."ﬂ Analysis Message I.I'r || < >
kN ~|m v~ | 42 P fnome | | € 120 2 =

MiDAS ()



Example #2

B Midas Civil model

[ Hew Praject...
[=> Open Project...
Llose Project

6'_’] Project Information

H save

MIDAS/Civil MCT File...

MXT File (for FEA/GTS)...

Modal Results(for GTS)...
AutoCAD DXF File...
Frame Section For Solid...

Frame Section For Plate...

Analysis Results PSC Pushover Design Rating Query Tools

@ m@ C? @ H Inelastic Hinge

Group Damping ~
Plate 5tiffness Tapered  Sectionfor  Thickness | Moment ) ) Property
Scale Factor  Group Resultant Forces Curvature Inelastic Material ~ | Taples ~

Section

LiEES A mE N NS

Save As..

Save Current Stage As.. IECEIE

Import
Export

Merge Data File...

Muodel Data Text Cutput...
= print...
EﬂPrint Preview

Print Setup...

Graphic Files

Print Meta Files...

Exit

®e’

i

E,‘. Save Az

Save in: | 55| Contiguous Pile

v @& @

* Mame

Quick access

Libraries

B

Most MIDAS Civil definitions can be

exported using *.mxt files.

File name:

: Save as type:

Date modified

Mo items match your search.

I 551_ContiguousPile mod e I

MXT Files(”mxt) P
Digplay comments [] Save the Loads

Tree Menu [REHSELE

For Help, press F1

MibAsS

Command Message .'"{\ Analysis Message l.-"

Mone! U000

Il <

6:0,00 ~im | g HE P | none v

€ RI008F5

gLl >E006I00:




Example #2

B Exchange fle *mxt

X

MIDAS/ Text Editor - [S5]_ContiguousPile.mxt]

@File Edit View Window Help
DEEESRE ‘B2 #ao e 453k A r@Eee0E 3|2
00001

00002 ; MIDARS/Civil Text(MCI) File.

tooos ; Date : 2020/&/5

00004

0005

00008  “VERSION

[Hiieg g8.1.5

00002

0ooos AUNIT : Unit Syster

ooo1o ; FORCE, LENGTH, HEAT, TEMPER

00011 KN , M, I, C

00012

00013 *STRUCTYPE : Structure Type

00014 ; iSTYP, iMASS, iSMAS, bLMASSOFFSET, bSELFWEIGHT, GRAV, TEMPER, bLALIGNEERM, LALIGNSLAB, LROTRIGIC
00015 3, 1, 1, NO, NO, 9.806, 0, NO, NO, NO
00018

00017 VREBAR-MRTL-CODE ; Rebar Material Code
oooi2 ; CONC_CODE, CONC_MDB, SRC_CODE, SRC_MDE
00019 LSTM(RC), Grade €0, ASTM(RC), Grade &0
00020

00021 *NODE ; Nodes

00022 ; iWO, X, ¥, Z

00023 1, 0, 0, 0

00024 2,15, 0, 0

00025 3, 15, -0.5, 0

00028 4, 15, -1, 0

00037 5, 15, -1.5, 0

00028 6, 15, -2, 0

00023 7, 15, -2.5, 0

00030 8, 15, -3, 0

0003 g, 15, -3.5, 0

00032 10, 15, -4, 0

00033 11, 15, -4.5, 0

00034 12, 15, -5, 0

00035 13, 15, -5.5, 0

00038 14, 15, -6, 0

00037 15, 15, -6.5, 0

00032 18, 15, -7, 0

(it 17, 15, -7.5, 0

00040 g, 15, -2, 0

00041 13, 15, -8.5, 0

00042 20, 15, -9, 0

00043 21, 15, -9.5, 0

00044 22, 15, -10, 0

00045 23, 15, -10.5, 0

00048 24, 15,

o004 25, 15, 0

00048 26, 15,

Ready

[»]

*.mxt files are text input files. You can

modify or create files to manipulate

your MIDAS GTS models

3
Ln0/354, Col1 NUM

o




Example #2

B_ Importing to MIDAS GTS NX

I ’
Select New ot Soaox
sis Thermal Analysis Analysis Result Tools Style ~ Background ~ Language ~ (7]
New ocuments == g Ext
J Create a new document I_test12_iterl.gts | B Dvide tﬂji — B Sc
[ testiZ fter2.qts - L i o s
. Qpen - 3 | r_testid_iteri.gt o e ' ; ' =
g Open an existing document | 2 dlf_testis_ferl.gts fesh Set Protrude Transform Element Tools
4 5S]_Portal_r_testi2.gts [ = . .
O dia@ e+ }
5 SSI_Portal_r_test13.qts = = e By 0
6 SSI_Portal_r_test7.gts

Analysis Setting *

Project Title | 551 Example| Engineer I:I

Desc.
Madel Type SeIeCt QD, 3

BUBH YSBL

(@)

Close z
‘ O Axisymmetric
Cluse All
Unit System
ki ~ | (m (] ~ | |zec e

Initial Parameters  \Water Parameters

Gravity Acceleration{g)

Model| Analysis Resufts Initial Temperature

Properties 7x Plane Strain Thickness ' ‘ m

General

Cancel

Output oox
> GTS NX 2019 (v2.1) (64bit)

= Copyright (C} SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

> License has been certified.

= Your maintenance period expires in 119 day(s).

> License has been certified.

= Your maintenance period expires in 119 day(s).

W:-521.736, -544 255 ~ ~ ~ ~

MibDAS



Example #2

B Importing to MIDAS GTS NX
(1)

@uﬁ« = o= GTS NX - [NXGT4] - = x

sis Thermal Anzlysis Analysis Result Tools Style ~ Background " Language ~ @ - x

J %z!\;tte 3 new document Import the geometries or FE model in the selected file ame 1@ excrude (4 sweep | @Y Trans. 5ol % Create @9 Project || J] Create ISf Modify Topo. BfExtract I Interface /7 Hinge @‘4 25 Renumber
- Cale 1 r
S poet CADIFRe-3 ¥ [ Dvide || @8 Revove JH Project || @ Rotate 9 Delete Jif Align ¢ Dalete [ Parameters [l Divide - Pile/Pie Tip §ff Infinite < ® check -
port the CAD file into a current project 11} Sweep . Options
Open ite =15 Offset || plg Mirror o Merge CSys Modify Connection Measure Free Field Seepage Cut Off & Table -
~ Ope
' Open an existing document 2D (Wireframe)... flesh Set Protrude Transform Node Element Tools
cove port the DXF 2D file into 3 current project B Q@ Qa0 e+ BLEL @FOEE @_@v$|®|=
H Save the acti p 5 bor. "@‘@} = | Basic ~ AlGeometries® v | (LIL = R ® G|, !
Select // 7 lpoﬁ file into a current project i N o
—g Save %
ﬁ Eflgl?a newrrname p =0 D =
Es% Import the DWG file into 3 current project 3
4 Import
H Import the selected file 3 midas Mxt...
. Import the midas MXT file.
p g Export , -
Export the active document E‘.’\ GeoqNeutral Format File(*.FPN)... %
Impo i
. close crs Select
Close the active document . . . . . .
_I Open Neutral 777/(/88 /I/)(f, &« v 4 » ThisPC » Desktop » MIDAS » 55 » S5l Contiguous Pile ~ (e S Search 53l Contiguous Pile
Close Al et Ko
J Cose all documents freort nodl eSS Fle N Organize » Mew folder ~ [ e
{ 3 3\
~
Apps G Mame Date modified Type Size
Atachments 55I_ContiguousPile.mxt 04/06/2020 21:33 MXT File 25KB
9
Carbon calculati
Edits
LTC - Local :
Model Analysis Results Motebaok SeIeCt flle
otebooks
Properties 2 x
General WorkHub Persor
[ This PC
3D Objects
[E) Desktop W
Qutput
> GTS NX 2019 (v2.1) (64bit) . i
> Copyright (C) SINCE 1989 MIDAS Inform| File name: | 55|_ContigueusPile.mxt ~| M File(*.mxt) ~
Cancel
W: 531,729, 107.768 | GoIN:0l E0] KN v m v [) vlsee

MiDAS



Example #2

B Create FE mesh for surrounding soil

'/(‘_ﬁ Delrge=-~- -~ 6TS NX - [351_ContiguousPile.mxt] .

% {9 Remove || & Face/Edge B‘I w bl Frame to Solid
U (Pextract || ¥ Remove Manual 88 Check Shape -

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

P @B O XX = &R Revolve ||+ Transhte & Scale
nd g.,H e DL e O5

Style ~ Background ~ Language ~ @ - 7 x

o URotate & Sweep-Transhte 5 Attach

I “
@"fli;'lﬂz/u

Bﬂ Bgldadﬂlgg fud Edizss || Ea fuitss | B ?Sweep @\E Mirror Bprmect g#s;; @Exn\nde % Imprinted Ohject LT TEWHEE:E—H%W Check Duplicate
R & Curnd S I t Boolean Divide Protrude Transform Sub Shape Remove/Modify Tools
R0 elec TTETEREEF Gy L L EF I B F )
Madel ‘ ’ 7 x 3
rom RQCI‘QNQ/Q o @/E@} 2 - |l Basic - AlGeometriesP) < [ [RIE = | RE BB L
(&) New Works

-+, Coordinate System
L View Point
4 Work Plane
A Datum
-1E Material
-HE Property
[ ) Geometry
i Bedding Plane
& Export Shape
SiZ Mesh Control

auedsel I

Create 2
surfaces

Backfill

[/ 8 Mesh
2% Contact
-28 Element P4 Rectangle
-/ Hinge
2D
Method

\ Existing

ground

e

Model| Ani Tlck On

Properties

General Make face, 0,0 |

od |ABSx, v w
[Imake Face
SSI_ContiguousPile.mxt
a x
Y ——— 54bit)
Genmetry Set | L2 =T el ™ | *** | 289 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
IDAS/ Civil Text: File <C:\Users\paa76924\Desktop\MIDAS\SST\SSI Contiguous Pile\SSI_ContiguousPile.mxt=
& ok || Cancel
W 35 8363, -7 20584 | x:0~65 Y- 1~1 Z-2070 | GBIN:142) E(41] N ~|m |4 v v

MiDAS



Example #2

B Create FE mesh for surrounding soil

@ DEBoge = 3 [2\ GTS NX - [551_ ContiguousPile.mxt] s x

b
S Geometry Si 1 alysis Seepage/Consolida Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Background T Language T @ - 7 ¥
£l @ . [ comp. Png- (s *J Def. Size baan By Rename 1@ exrude (4 sweep | B Trans. 35l % Create @f)Project || [&] Create IS Modify Topo. BdExtract IEInterface /7 Hinge 5% Renumber
. . > cale : :
e W s /7 Hinge - || =+ *# Prop Ctrl. i B copy B Dide || 8 Revolve JHlProject || g5 Rotate s % Delete it Align ¢ Delete |[H Parameters [l Divide  -f- Pile/Pile Tip §ff Infinite ® check -
T . i Remes| weep Options
ek i Match Seed i Create Rl offset || fMior %amMerge «fCSys || IS Modify '] Connection T Measure M{Free Field gl Seepage Cut OFF || " @) Table ~

L_| Select Mesh’tab |z
i # = _— ey

podel | Select 2D’

Benerate Mesh Set Protrude Transform Node Element Tools

QAee+ HE- FFFFHIH @-@- YaH

- N 2]
Item D Color \EEQ} &~ | Face ) - l:l Rike RO B & =
(3 Mew Works _%
+, Coordinate System 3
L View Point 3
i Work Plane L
,ﬁ-» Datum
HE M Generate mesh(Face) s
-HE Pr
-
g Be AutoFace Auto-Area Map-Face Map-Area
Ex
- | E Selected 1 Object(s) |
é!ﬁ ; Size Method
- o s
H Hi @®size () Division Select ‘Size’ 0.5
Froperty
| 4 | |4: (Undefined) V|
MeshSet | Babfil ~|
Ty WA [ o< len=Y  Name the mesh
Properties
B Face Information
Color [] AOFFA3
Type Plane
Area 350 m*
Weight Center [ 40, 0, -3.5]
q NXGT: SSI_ContiguousPile.mxt I b
Output R x

> GTS NX 2019 (v2.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

= Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop\MIDAS\SSI\SSI Contiguous Pile\SSI_ContiguousPile.mxt=>
= [Undo] Create Rectangle

= A mesh set[Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has been created.

W 15:9991. 4. | : \ Ef2421] v vl s vlsee i




Example #2

B Boundary conditions

GTS NX - [SSI_ContiguousPile.gts] -

Dynamic Analysis Thermal Anzlysis Analysis Result Tools Style ™ Background ~ Language " @ - " x

B Change Property W  hForce i Press. B& nodal Temperature & Prestress Tcomb. set X Tunnel Modeling
{5 prescribed strain

’E" =2 Define Set T Water Level
hy | = Slip dircular surface ; . ilf (&) Moment &g Water Pressure @i Flement Temperature &L# Initial Equilbrium Force [l From Resutts & Tzl #8 Anchor Modaling
o &) Table ~ ) Table -
vetd SeleCt B CUHSt*EE]uBtIUI‘I T Slip polygonal surface V\.’i?ght B Disp. & Beam Load 3, Temperature Gradient €& Define Set 3 Contraction B soil Test LA
‘Sfaf/'C/S/O e fab 7 | Boundary Load Wizard Options
# L p - Qee+ HE. FEFFEHE @-9- Y3 H
o Select = ~
o D y -y w8 [ £ - | vere o) 1 ANl 2 ee £ 3
: 7\ Constraint S g
Constraint w % -,_cn-.-tlean = g
- -« auto’ |2 sase. [Fhanced Jega , ’
Basic  Advanced [ Auto_] Select ‘Auto Select ‘Advanced
Name | Constraint-1 | Name Constraint-4 |
N , Object
H Select Object{s) [
i Type Mode ~
Consider All Mesh Sets 7
=] selected 8o\ [ ) |
S—r”
DOF . y
Boundary Set | Boundary Set-1 \4 A Se|eCt TX
Tx I:l Ty ‘ ’
(=1 |5 oK Cancel and Ry
|:| Rx Ry |:| Rz
[ anti-symmetric
Model Analysis Results — =
Select Nodes Boundary Set | Boundary Set-1 \ 8 .
Properties 2 x
General
. =7 =
4 Nxm}\ S5I_ContiguousPile.gts % I b
Qutput a x
> GTS NX 2019 (v2.1) (64bit)
= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
= Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop\MIDAS\SSI\SSI Contiguous Pile\SSI_ContiguousPile.mxt>
= [Undo] Create Rectangle
= A mesh set[Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has been created.
> A mesh set[Backfil] which has 1515 nodes and 1400 elements has been created.
= [Error] Cannot Delete Default Mesh Set.
> Work project is being saved by auto-save function.
W:-15.1859, 3.23763 X063 Y171 22000 ‘615]&[4552] E:4821) kN  ~|m v lJd vgee w




Example #2

B Matenals

> GTS NX 2019 (v2.1) (64bit)
= Copyright (C} SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.
= Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop\MIDAS\SST\SST Contiguous Pile\S51_ContiguousPile.mxt=>

= [Undo] Create Rectangle
= A mesh set[ Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has been created.

= A mesh set[Backfil] which has 1515 nodes and 1400 elements has been created.
= [Error] Cannot Delete Defauft Mesh Set.
= Waork project is being saved by auto-save function.

W:-9.8185, -1.65408 | X 0785 Y- 11 72070 | GBI N:14952] E:4821) N vlm  vli vlsee v

- N
|:/($‘ B=N R @i\ - = = . GTS NX - [S5]_ContiguousPile.gts] - = -
Geometry Mesh tic| Select Mesh, fab Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Backaground T Language T - =
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" t"“‘l w2 CSys /7 Hinge ~ ) Prop Ctrl. 20 ER " Bcopy [EH Owide || & Revove 1@ Project || BF Rotate il s % Delete %! Align Sy Delete 1 Parameters  [i]Divide - Pile/Pile Tip {f Infinite = @ check -
ateralproperty . Function = 23 (o7 i} Match Seed 3D Smes HH Create EFil Offset Miror  — WeeR | a Merge CSys Modify Connection Measure Free Field Seepage Cut Off Options 8 Table -
Ctrl.  Control | i} i o
Pmp.jCSysr\ Control Generate Mesh Sef Protrude Transform Node Elerment Tools
BN =y 2 el ER M bLE W REJDABIQRACC HEXBFOFHE ©-S-9B
Model 1% ¥)
Ttem D Color [y | 2+ || Basic T MiGeometries® v I Ih - RE®@| L 9
@) cwu 1SS C. =
=] Select 3
..... p .,
#1_Material
1€ Material . .
4 Property Add/Medify Material ¥
W@ Geometry
g Bedding Plane |
55 Export Shape Mo Mame Type Create | M
€& Mesh Control . .
- @ Mesh 1 C40/50 Isotropic-Elastic Madify. ..
[ 3 Default Mesh Set 1
- Ground 2
i Backfill 3 Copy
[ Structure 4
& Contact Delete
8 Element Parameters
/7 Hinge Import
Import from
Excel
Model Analysis Results Ex'pcrtto Excel
Properties £
pertes S Select Tmport
y
from Excel
Database
Close ¥
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B Property assignment

DEeE e = =

@

v GTS NX - [55]_ContiguousPile.gts]

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ~ Background  Language ~ @ - 7 *
’_E‘“ @ [E, comp. Prap. _,_? 4§ Def. Size # 10 @ 20530 Bl Rename 1@ Extrude @ sweep || g Trans. 5 % Create o4 Project || [ Create IS Modify Topo. BliBxtract T Interface /7 Hinge Egrl 555 Renumber
aod M G0 /7 Hinge ~ || 1=+ % Prop Cl. &80 &r - N Biicopy [ Dvide || Revolve I Project || B Rotate oo SL'?E % Delete Sulalign || 3¢ Delete [[H Parameters  [ilDivide - Pie/Pile Tip §i{ Infinite = P check -
Materia|Property [ Function - (S;":Z,T‘_ CLna,:;rm '+ Match Seed || @p3D S H create AFil il offset || g Mimor — weep 22 Merge ] CSys 5L Modfy [J] connection  @f Mezsure (f{Free Field  gll Seepage cut off i & Table -
(CSys./Func. Control Generate Mesh Set Protrude Transform Node Elerment Tools
A=Y ‘CD;UJE B M LE T R E AL QAdce+ HEL IAFEHE @- 8- YR H
Model T x )
Ttem D Color 1%\ Ry [ %7~ || Basic - AGeometries® v [(hIE o= (RE @ L =
%) CAUsers\pas] S | =
-+, Coordinat e eCt . %?
..... L+ View Poin ,Pl_ope,_ty, Hd/Modify Property Create propertles 4 3
Work Pl .
& o A for all imported
& Material . . *
HE Propry No  Name soil materials =
F@ Geometry " .
& Bedling Plane 5 Weathered Soil i Flane Strain Modify...
-5 Export Shape 7 Backfill_1 D Plane Strair
G Mesh Control .
i ;@TAE:" " 3 Backfil_2 D Plane Strair Copy
[¥I{@ Default Mesh Set 9 Backfill_3 2D Plane Strair U | t .
-[# & Ground . -
e i 10 Backfill_4 D Flane Strair Delet Create/Madify 20 Property Se plane strain
P Stucture 11 Backfil_s 0 Plane Strair Impar elements
Contact .
E!P E‘Z"m;tparmmr; 12 Backfill_& prin] Plane Strair Plot Only(20) Gauging Shell
/7 Hinge 13 Badkfil_7 i Flane Strain e Shell Plane Stress Plane Strain Geogrid(2D)
14 Badkfill_g Jein] Flane Strain
15 Backfill_2 Jein] Flane Strain
16 Backfil_10 0 Plane Strain D Name | 2D Property | color [ 1~
Model Analysis Results 17 Backﬁll_ll 2D Flane Strair
Properties 18 Backfil_12 fein) Flane Strair Material 1: C40/50 v| [
General < > Clos
Material CSys
(@ CSys Global Rectangular
P NXGT\\ 551_ContiguousPile.gts > | O Angle 0| [deq]
Output
> GTS NX 2019 (v2.1) (64bit)
= Copyright (C} SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGI | AdcHodty Prepery
= Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop|MID. [— e b-Type
= [Undo] Create Rectangle N o o
= A mesh set[Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has e - e
= A mesh set[Backfil] which has 1515 nodes and 1400 elements has been cre Cancel App]y *
= [Error] Cannot Delete Default Mesh Set.
= Work project is being saved by auto-save function.
W-:-3.54674, 498315 X065 Y171 Z-2070 ‘ G:[5] N:[4952] E:[482]
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B Property assignment

'(3 Ozdodew=mr= | GTS NX - [SSI_ContiguousPile.gts] - = x
4 4
Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Background ~ Language T @ - 7 x
,_E\L El [} comp. Prap. ‘D 4§ Def. Size # 10 & 20530 Bl Rename 1@ Extrude @ sweep || B Trans. sl %, Create %) Project || I Create [ Modfy Topo. BiBxdtract i interface /7 Hinge H 532 Renumber
. - > cale 0 " 5
" t‘“‘l . w2 CSys /7 Hinge ~ "S_" } & Prop Ctrl. &2 Er " B copy [ Divide || & Revolve 1@ Project || BB Rotate wis % Delete i Align ¢ Delete ][ Parameters| [ Divide % Pile/Pie Tip §lf Infinite oo ® check -
aterial Prape ize er emes wee ions
PEY oy Function ~ Ctrl Cn:tml i+ Match Seed || @p3D 1H Create AFl @l offset || g Mimor — ? 22 Merge « CSys & Modfy [J] connection @I Mezsure M{Free Field @l Seepage cut Off P 8y Table -
Prop./CSys./Func. Control Generate Mesh Set Protrude Transform Node Element Took
#Ga, oo dem]e B # 0 MLE DR RRESDCABIQAIACCH HEL FFEFEHET O-S-Y@H . |[E paametes
Model Tx | Change Element Parameters -
Ttem D Color \EQ} 2+ | Basic - | AllGeometries(F) v | Ik o= | & Wy (B @] 40 L
@ Cih\Users\paa76924\Desktop\MIDAS\SSNSSI C.., %
-4+, Coordinate System =
@
I Matera Add/Modify Mesh Parameter X ; g Prop
HA Propery existing ground and
W@ Geometry
~fig§ Bedding Plane 1
£ geding Node © D D  Oter each layer of backfill
- Export Shape
&% Mesh Control |
I
- Mesh Change Property w
[ Default Mesh Set
[ Ground .
WS Backfil | E Select Object(s)
[ Structure
& Contact Select 2D-property from the below list,
-1 Element Parameters
H
/1 Hinge Property
E 20: Badkfill_14 ~ | |HE&
=7 oK Cancel | Apply |
Model Analysis Results
Properties o x
General
q NXGT}\ S5I_ContiguousPile.gts
OQutput a x
> GTS NX 2019 (v2.1) (64bit)
= Copyright (C) SINCE 1989 MIDAS Information Technalogy Co., Ltd. ALL RIGHTS RESERVED.
> Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop\MIDAS\SST\SSI Contiguous Pile\S51_ContiguousPile. ot >
= [Undo] Create Rectangle
= A mesh set[ Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has been created.
= A mesh set[Backfil] which has 1515 nodes and 1400 elements has been created.
= [Error] Cannot Delete Defauft Mesh Set.
= Waork project is being saved by auto-save function.
= Waork project is being saved by auto-save function.
W 313539, 13.361 | 065 7. 11 Z-200 | GBI N:14952] E:4821) N ~lm s vlsee v
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B Selfweight

DeEeddae=o - '+
Mesh

!:@
&

Geometry

Lfl-‘ +4 CSys

g

GTs NX - [S5]_CentiguousPile.gts]

Tools

Thermal Analysis Result

% Change Property
= Slip dircular surface

Dynamic Analysis Analysis

£8 Define Set

TT Water Level

Force

14 Press.

Eé MHodal Temperature

ke Prestress fila comb. set

Moment e Water Pressure & Element Temperature 44 Initial Equiibrium Force [L& From Results

5 Prescribed strain

Style ™ Background ~ Language T o

X Tunnel Modeling Egrl

2% Anchor Modsling

Matq Select ﬁ Constraint Equation ;'% Slip polygonal surface R & Disp. 9’Eeam Load E,Tampemture Gradient %Deﬂne Set @ Contraction LI l1 Soil Test Options
; . y Boundary — Load Wizard Options
+|_Static/Slope tab ® hE /L aBQdCe+ B BROND © 9 96
Maodel )
Ttem D @ Se|eCt Geometries () - [Ihin = [ RB BB, L
@ Cih\Users\paa76924\Desktop\MIDAS\SSNSSI C.., . . , %
-4+, Coordinate System - i =
----- }-) View Point Se/f Welght Grawty >< b
-4 Work Plane
s Datum
1€ Material Gravity
HE Property
W@ Geometry
- Bedding Plane Mame | Gravity
% Export Shape
""_?%E;;‘ C:"tm' Reference Object
- )
[V 8 Default Mesh Set 1 | — :
8 Groond ) Type Coordinate ~
[ i Backfill 3 | I—
R Structure 2 [e—] Ref, CSys Global Rectangular | ...
2R Contact
%ﬂl S:;:nt Parameters Components
Gx |
Gy |
Model| Analysis Results e e e e e e o T
onertes " Gravity in Y direction,
tial Distribution

we are working on the
X-Y plane

ase Function |None

4 NXGT}\A S5I_ContiguousPile.gts

Output

> GTS NX 2019 (v2.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technalogy Co., Ltd. ALL RIGHTS RESERVED.
> Import MIDAS/Gen, MIDAS/Civil Text File <C:\Users\paa76924\Desktop\MIDAS\SST\SSI Contiguous Pile\S51_ContiguousPile. ot >
= [Undo] Create Rectangle

= A mesh set[ Auto-Mesh(2D)] which has 3537 nodes and 3380 elements has been created.
= A mesh set[Backfil] which has 1515 nodes and 1400 elements has been created.

= [Error] Cannot Delete Defauft Mesh Set.

= Waork project is being saved by auto-save function.

= Waork project is being saved by auto-save function.

= [Error]  Select Element

Load Set

= &

| Selfweight]

oK Cancel

| w: 13.0354, 3.24613 | x: 0765 Y: -1~1 Z-20~0 | GBI N:14952] E4821) N ~]m |4

v |sec W
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B Themal loads

"@ bedd bl s - GTs NX - [S5]_CentiguousPile.gts]
2
- Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Background ~ language T~ @ - 7 X

I Lfl . *%.C5ys L Stage Set £8 Define Set B4 change Property - W A Force fu Press. §& Nodal Temperature -4 Prestress fcomb. set - X Tunnel Modeling
4 e [ i I= Water Level || obm N o 5 Prescribed strain
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=1 Table - Options

= x
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/7 Hinge ~ Contact|| Wizard B Auto Set B Constraint Equation £ Slp polygonal surface Weight B s, §¥BeamLoad 3 Temperafre Gradient €& Define Set €3 Contraction B soil Test
Prop./CSys./Func. Contact Construction Stage Boundary N Load Wizard Options
#Gaseno e m]s B G LIE W7 RE ARG+ HEL DEITHET ®'@~9-9-Sﬁl = /
Model nox m n =)
Trem D Color [ | | sasie - elec e e, ® | & 5
@ Ch\Users\paa78924\Desktop! femperafure %
ol e Select deck =
§ element
1€ Material
HE Property
I_VQ Geometry
- Bedding Plane
& Export Shape Temperature et Temperature *
4% Mesh Control
[ Mesh
,';g Defaut lesh st Nodal Temperature  Element Temperature /4 [ * Modal Temperature  Element Temperature 7/ 4 [ *
- Backfill
[ Structure N
& Contact Namn7|| Contraction| I Mame IExpansion | I
-1 Element Parameters z
/{ Hinge b
I ; 7 e . e
Type ‘Contraction 3 Type Expansion’
B LR 1 Object(s) | T bject(s)
Model| Analysis Results SN NS EESSEESESSEEEESEERRSEEL
Properties Components Components
& 1 .
Genera Base Function |Mone o F@ Base Function |Mone it F@
T 30 ey | 30 m raturag] [ & 1]m
ype - Type 60 5
a x
Load Set Contracti I ., Ltd. QUED. i
oodset | Contracton R fooe s N of L0256t [Expanson =
d 3380 el ts has X
w DK s;::lemenme;;;n?;en srseate. E @ ﬂ DK CEFICEI

\G# zUto-save function. |_ Type IEXpans/'On ’

Dy auto-save function.

Type ‘Contraction’
= Work project is
> [Error]  Select'\

| w: 13,0354, 324613 | x: 0765 Y: -1~1 Z-20~0 | Gi[51N:14952) E:14821) N vlm vlo vlsee v

MibAS



Example #2

B Construction stages

.’/(_m Dedrode == 7 GTS NX - [51_ContiguousPile.gts] ——
b Geometry Mesh Static/Slope Analysis Seepage/Consolidation Anzlysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Background ~ Language T @ - = x
’_E\“ Lfl . *%.CSys % H Stage Set &6 Define Set 24 change Property T W LFoce i press, B4 odal Temperature 3¢ Prestress by comb. set [ prescibed st X Tunnel Modeling

. . d . = er Leve Tt rescribed strain n
4 o Function ~ - @ Volume Data Export &% Constraint 2 Slip circular surface = — (®) Moment Water Prassura Element Temperature L4 Initial Equilibrium Force [1& From Results 2 Anchor Modeling
I fi = % Tabl F o & Tabl L
Material Prope Define || Stage =) Table ~ Sel ] Table = Options
2 /7 Hinge - Contact lefrd B Auto Set B Constraint Equation % Slip polygonal surface Weight B Dsp.  $¥BeamLoad ¥, Temperature Gradient €k Define Set € Contraction B soil Test ?
Prop./CSys./Func. Contact Conctrychide Stace Boundary Load Wizard Options
z@alionmlissme Select % kH /L A@AACC+ BLLGEOEEES © 8 9B
Model
‘ ; e x .

Ttem D Sfage Sef [ | &, - | Basic - AlGeometries®) - [ (LIL = | B @G|, L

(¥} C:\Users\paaT6924\Desktop\MIDAS\SSI\SSI C... z
:
@

+, Coordinate System
}-y Wiew Point
-3 Work Plane
b+ Datum
-E Material
HE Property
[V Geomety
i Bedding PI

3 eporsnad Construction Stage Set
G Mesh Conts
[ 8 Mesh

5 ey MName | Stages

Type name
[V Bac

¥ Stru

R conact | ot@ge Type | Stress w Modify
-4 Element Pa
-7 Hinge

Copy

Mo Marme

Delete

Model  Analysis
I Define C5... I

@ | Click ‘Define CS.

General
Intiguous Pile\SSI_ContiguousPile.mxt>

Close

= [Error] Cannot Delete Default Mesh Set.
> Work project is being saved by auto-save function.
> Work project is being saved by auto-save function.
> [Error]  Select Element
v

> Work project is being saved by auto-save function.
W: 2.54795, 7.82805 X065 Y171 22000 \G{SIN#BSZI E4821] kN~ m ~J v |sec ~
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B Construction stages

Define Construction Stage
Construction Stage Set Name Stages w

Stage ID 1: Initial = Mave to Previous Move to Next

Stage Name Initial Mew Insert Delete

Stage Type Stress -

Set Data Activated Data Deactivated Data

‘= Mesh Mesh

Baciill % Boundary Condition
&
R

Default Mesh Set Static Load
Ground Contact
Structure
Boundary Condttion
------ ~‘-a§ Boundary Set-1
Static Load

Q!; Contraction

&b Expansion

ii‘”ﬂ

-
(’%

.,gf_

Sort By Mame ~ |  Show Data all ~

| Analysis Contral...

[l Output Contral...

Initial Condition
[ pefine wWater Level For Global

0 |m Mone
[Jpefine water Level For Mesh Set

Input Water Level...

| LDF...

[ clear Displacement
[ 1slope Stability{SRM)

Save Close
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B Construction stages

Define Construction Stage
Construction Stage Set Name Stages

Stage ID 2: Construction Stage-2 ha :

Stage Name Stage 2 | I Mew

Stage Type Stress -

Set Data Activated Data

Mowe to Previous

Insert

Move to MNext

Delete

Deactivated Data

El_éﬁ Mesh

Baclill

Default Mesh Set
Ground
Boundar:.' Cnndmon
------ ~‘-a§ Boundary Set-1
Static Load

Q!; Contraction

&b Expansion

-
(’%

.,gf_

B
&£
&
-

Mesh

Boundary Condition
Static Load
Contact

Sort By Mame ~ |  Show Data all

| Analysis Contral...

[l Output Contral...

Initial Condition
[ pefine wWater Level For Global

0 |m Mone
[Jpefine water Level For Mesh Set

Input Water Level...

| LDF...

[ clear Displacement
[ 1slope Stability{SRM)

Save Close

MibAsS




Example #2

B Construction stages

Define Construction Stage

Construction Stage Set Name Stages w
Stage ID 3: Backfill = Move to Previous Move to Next
Stage Name Badkfill Mew Insert Delete
Stage Type Stress w
Set Data Activated Data Deactivated Data
5y Mesh b " Vesh
Backfill Backfil % Boundary Condition
Default Mesh Set undary Condition _ % Static Load
Ground Static Load 3R Contact
Structure Contact
B @ Boundary Condition
------ ‘=§ Boundary Set-1
Stahc Load
% Contraction
.% Expansion
: % Sefweight
----- Z Contact

Sort By Mame

kv

Show Data All

[l Analysis Contral...

[l Output Contral...
Initial Condition
[ pefine water Level For Global

0m Mone
[IDefine wWater Level For Mesh Set

Input Water Level...

O LDF...

[Iclear Displacement
[I5lope stability{SRM)
[I5lope Stability(samM)

Save Close
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B Construction stages

Define Construction Stage

Construction Stage Set Name Stages w

Stage ID 4: Contraction e : Mowve to Previous Move to Next

Stage Name Contraction Mew Insert Delete

Stage Type Stress il

Set Data Activated Data Deactivated Data

=y Mesh @ Mesh @ Mesh

Backfil &5 Boundary Condition &5 Boundary Condition
Default Mesh Set :Ls Static Load % Static Load
Ground ,.{-!L-_, Contraction Z Contact
Structure
Elﬁ Boundary Condition

. &6 Boundary Set-1
-8k Static Load

: % Contraction
&

Expansion

Sort By Mame ~ Show Data All w

| Analysis Contral. ..

| Output Contral...
Initial Condition
[ pefine water Level For Global

0m Mone
Enne vwater Level For Mes| 2
[ IDefine Water Level For Mesh Set

Input Water Level...

O LDF...

Clear Displacement

[I5lope stability (FR1)
[Islope Stability(sam

Tick ‘Clear
Displacement’

Save Close
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B Construction stages

Define Construction Stage
Construction Stage Set Name

Stage ID

5: Construction Stage-1 i :

Stages

Stage Name Expansion

MNew

Stage Type Stress

Set Data

Activated Data

Mowe to Previous

Move to MNext

Insert Delete

Deactivated Data

El_éﬁ Mesh

Baclill

Default Mesh Set
Ground
Structure
Boundary Condttion
------ ~‘-a§ Boundary Set-1
Static Load

Q!; Corrtrad|on

L EEm

-
(’%

-5 Wesh

% Boundary Condition

hb\ I;\M_l
‘1zl Expansion

[ Wesh
% Boundary Condition
gl Static Load
Z Contact

Sort By Mame

o

Show Data All

| Analysis Contral...

[l Output Contral...

Initial Condition
[ pefine wWater Level For Global

0 |m Mone
[Jpefine water Level For Mesh Set

Input Water Level...

n LDF...
[ clear Displacement
[ 1slope Stability{SRM)

Save Close
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B Analysis Case

Select ‘Analysis’tab

/

!f(‘j& D@ dde == '+

Geometry Mesh Static/Slope Analysis

@ & Batch Analysis

& Setti
N — \%Mudehng

)

Seepage/Consolidation Analysis

Dynamic Analysis

[

GTS NX - [S5]_ContiguousPile.gts:1]

/4

Thermal Analysis Result Tools

Style ~ Background ~ Language ~ o - 7 x

Model Analysis Results

Properties
General

x

q NxGT}\ SSI_ContiguousPile.gts:|

Qutput
= ANALYSIS COMPLETED

>
> [SYSTEM INFO]

> HUMBER OF THREADS @1

> MAXIMUM MEMORY USAGE : 162 MB

> AVAILABLE MEMORY  : 25974 MB
> TOTAL CPU TIME 132,375 sec
> WALL CLOCK TIME ~ : 32.482 sec

> TOTAL WARNINGS : 0
>

MiDAS

Select Construction
Stage Name

Sorting Marne

Solve Each Load Set Independently

Parametric Analysis || Parform 8 Results Histnrvh Options
Output P : -
Awse — L E‘Ll'gmr'; | |Add!Mod|fv Analysis Case
#|6]& N 6o 3 s #0840 %I % Case Settin
v x Type name ?
SeleCt Color | cs |
7 J
General Description | | Analysis Control
P’ s
Select ‘Construction PE——— v Gutput control
J
(
Sta € truction Stage Set Stages A
Analysis Case Model ﬂ
Active Sets

Cancel

suedisel (I

e
Fe

Apply




Example #2

B Setupanalysis

GTS NX - [S5]_ContiguousPile.gts:1]

o) DB O 4 =+ = -
Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ™ Backaground ~ Language - =
= __ 9 Batch A
|-_£ El*Setting \é’ 3‘ ST L@ Erl
Ty E, Modeling
General ."Pammetnc Analysis | fparform History Options
S Results Output Probes
Analysis Case Analysis History Toolks
GGt IS Fh FO M LE W R RE AT QAT HELIPEITFHT @-2-YIEL
Results o ox - =
Item Se|eCt [y | 22 - || Basic - AlGeometriesEl - TLIh - | R B®| L .
(%) Mo Resul . y 7
o
Perform
Model Analysis Results
Properties a x
General n
1]
-
4 Nxm}\ SSI_ContiguousPile.gts:1 x[ On-Curve Diagram b
Qutput 2 x

> ANALYSIS COMPLETED

>
> [SYSTEM INFO]

> HUMBER OF THREADS @1

> MAXIMUM MEMORY USAGE : 162 MB
> AVAILABLE MEMORY  : 25974 MB
> TOTAL CPU TIME 132,375 sec

> WALL CLOCK TIME ~ : 32.482 sec
> TOTAL WARNINGS : 0

>
| w:-1.50711, -0.43547 | x:0~65 Y. -20~0 2171 | GBI N:14952] E:4821) N vim v vllsee v
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B Results

Elcige == |F GTS NX - [55]_ContiguousPile_test1.gts] - o X
eometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Analysis Result Tools Style ~ Background T Language T @ - 7 x
7 Hécanmw i smooth - i Edoe Type - || & Probe (EP LDF sum Seepage Legend Nodal Average o T
ination = Image File
P H@ Diagram| & Deform ~ B Fil - & Mutti Step Iso. K Cutting Diag. || p 5AM Min/Max Elem. Cent. Result I n:gl O .
lculation = . . nitalze
FR Vactor - [XYZ Diraction ~ |ffl} No Results ~ || (@) Extract L others ~ History = Cont. Line [ Actual Deformation —
Result General Advanced Special Post Show/Hide Etc. Tools
Feelonm e mE Bh 1M LE SR REAVABQACC+ BEL @FCHEH @- - FAB
Results X

[t | 5 < | None (@) L GG R e® P

Ttem D Color
@B INCR=1 (LOAD=1.000)
] Contraction
21 INCR=1 (LOAD=1.000)
NCH UAD 00

PLANE STRAIN STRESS
5% TOTAL , kRjm~2

P +6.8600%e+001

Select E+4.756313+DD1
o

' H J +2.65252e+001
'Expansion

5.7%
1.55504&+001
11.7%

BUEJ YSB] ;l

(- Displacements 5,48742e+000
A Grid Forces

#p Reactions

-3.658628+001
£, Beam Element Forces 16.8%
£] Plane Strain Forces " 55}5.762615+DD1
5%
1fa Beam Elemnent Stresses 7, B66356-+001
-£5] Plane Strain Stresses 13,43
‘ ) 9.37017e+001
Select 'S-XX TOTAL zo%
o T T oo 207 HE 002
-5 s-zz ToTaL S LarTretz
£ s-xx 7.4%
-1.62815e-+002
& s 6.4%
-£5 s-7Z2 -1,63853e+002
ﬂ S-XY

5] 5-MAJOR PRINCIPAL (V)
~£5] S-MINOR PRINCIPAL (V)
-{Z] SAFETY FACTOR

5] 5-MAX SHEAR
-£5] S-EQUIVALENT

a S-VON MISES ©
< >0
Model Analysid Results
Properties I3 x » m mo
General | & — ¥ | Level3 Normal)
4q S5I_ContiguousPile_testl.gts
1 s Output ~r
Select Results’tab |- .

> [SYSTEM INFO]

> NUMBER OF THREADS @ 1

> MAXIMUM MEMORY USAGE : 162 MB
> AVAILABLE MEMORY  : 25975 MB
> TOTALCPU TIME  : 16.219 sec
> WALL CLOCK TIME  : 17.333 sec
> TOTAL WARNINGS : 0

>
> Work project is being saved by auto-save function.

! | | [ ~llm  ~f0 ~llsec ol
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B Results

Select ‘Result’'tab
/

) DEBTga s -

K GTS NX - [S5_ContiguousPile_testl.gts]

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis Anzlysis Tools Style ~ Background T Language T X
&4 Combinati [%3) Contour ﬂSmnnth x i Edge Type ~ @0 Probe LDF Sum Seepage ~ Legend [ Nodal Average ﬁE!I = Erl
ombination mage File
Currar [ Diagram| & Deform ~ BrFi- {0 mutti step Iso B 5AM [O1 Min/Max [ Elern. Cent. Result & 'rtgl' >
lculation = . . nitialize Options
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Example #2

B Results
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Example #2

B Extract results
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Example #2

B Recalculate material properties
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m KN/m?2 KN/m? KN/m? kN/m? kN/m? 0.0 20.0 60.0 80.0 100.0 120.0
1 0.25 5 3.088079 5412.462 12989.9 19484.86 19.5 0
2 0.75 15 9.264236 9374.66 22499.2 33748.78 33.7 1
3 1.25 25 15.44039 12102.63 29046.3 43569.48 43.6
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9 4.25 85 52.49734 22316.15 53558.8 80338.15 80.3 Qs
10 4.75 95 58.67349 23592.38 56621.7 84932.55 84.9 6
11 5.25 105 64.84965 24803.02 59527.2 89290.87 89.3
12 5.75 115 71.02581 25957.26 62297.4 93446.13 93.4 7
13 6.25 125 77.20196 27062.31 64949.5 97424.32 97.4 g
14 6.75 135 83.37812 28123.98 67497.6 101246.3 101.2
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Example #2

B Update model, recalculate and extract results
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