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Soil Structure Interaction i BN (7
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SSI: The phenomenon in which the response of soil and movement of the structure influence each
other. When external forces, such as earthquakes, act on these systems, neither structural
displacements nor ground displacements are independent of each other. Unlike an above-ground
structure, the response of an underground structure subjected to an earthquake is mainly controlled
by the ground displacement. The ground displacement in turn is largely influenced by the dynamic
properties of the ground and its modeling method. The ground exhibits a complete nonlinear
behavior depending on the strains developed in the ground due to the dynamic load. It is therefore
Important to closely examine the nonlinearity of the ground relative to strains.
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Dynamic SSI

Substructure Method
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Basad on superposition of events, it separates the problem
info two simpler parts.

1) Free Field Anslysis: The reaction / response of the sod
is determined (maindy where the structure will be)

2) Struciural Analysis

-The sod can be modeled as spring
damper system (impedance) with that response.

- The detailed structure is designed with the idealization
of soil as independent damper springs.
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Direct Method

The soé-structure system is modeled and analyzed in
one step directly

Get response with the two simultaneously.
Numerical methods: FEM, FDM




Soil Structure Interaction
by Substructure Method
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Substructure/indirect Method

The soil-structure interaction is reflected with soil spring data.

The soil spring data may be applied to the substructure-only model with the
superstructure load applied.

The soil spring data may be applied to the entire structure model with both the super
and substructure.
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*(f)* General Spring ~
‘Il pile Spring Supports

Add Soil Springs Supports

Spring Supports

(T Use of the modulus of elasticity of ground
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Time History Analysis Case

| Add/Modify Time History Load Cases

General

| Description :

Name : | nth

() Modal

@ Direct Integration
() Static

Geometric Nonlinearity ?ype

(®) Mone (") Large Displacements

O Linear

(®) Monlinear

@ Transient
Periodic

Ground Acceleration

Time History Load Case Name
nth

Function for Direction-X

Function Name : th

Fnd Time : Time Increment :

1 =

10 = sec

Etsotumber Ingrement for Output

Order in Sequential Loading
[ subsequent to Load Case

Initial Element Forces(Table)

Initial Forces for Geometric Stiffness

Cumulate D/V/A Results Keep Final Step Loads Constant

Damping
Damping Method : Mass & Stiffness Proportional
Mass and Stiffness Coeffidents

Damping Type : ! RS ! Stiffness

Proportional Proportional
(") Direct Specification : 0 0

(® Calculate from Modal Damping : | 020882000731 | 0.011571928 15

Coeffidents Calculation

Mode 1 Mode 2

OFrew [Hz] : i} 0

Scale Factor 1

Arrival Time ]

Function for Direction-Y
Function Mame : MNOME

Scale Factor 1
Arrival Time i

Function for Direction-Z
Function Name : MOMNE
Scale Factor 1
Arrival Time ]

Angle of Horizontal Ground Acc.
0 = [deq]

(®) Period [sed] : 1,5083 1,5

r—u Time Histony Analysis
EI {% Time History Load Cases : 1

EI {— Time Forcing Functions : 1

EI H'ﬂ- Ground Acceleration : 1
M Data 1[nth : X=th : Angle=0]

iﬁr Case 1 [nth ; Monlinear Direct Integration{Trang

I— Function 1 [th ; Time Function ; Nomalized Acg

Damping R.atio : 0.05 0.05

Show Damping Ratio ...

Time Integration Parameters

Caze Name Angle of Acc,

nth ]

Newmark Method : Gamma | 0.5 | Beta | 0.25

(®) Constant Acceleration () Linear Acceleration () User Input
Monlinear Analysis Control Parameters

Perform Iteration Iteration Contraols. ..

Damping Matrix Update : (JMo (®) Yes

Cancel Apply

Description

Add Moty Show Tane Hatzry Functions

Furcson tame Tire Funcion Data Tyoe
8] erwetond Acoel
Toale Tocke

S Pach

LLLLEREL

=

L“l

=]

l

W




<.~ Reactions ~ -

-1 Deformations - m*

Results for TH in Civil using PY springs Cifores - -

Fesults

REIRL
g0l.70
450.25

0.00
-252.64
—-604.09
-955.53

-1306.98
-le58.42
-2008.87
-236l.32
-2712.78
-3064.21

Max Axial forces on structure (kN)

Max moments on structure (kN/m)




<.~ Reactions ~ -

-1 Deformations - m*

Results for TH in Civil using PY springs Cifores - -

Fesults

SHERR-z
2032.26
1721.98
1411.70
1101.42

791.14
480.86
170.58
0.00
-443.98
-760.26
-1070.54
-1380.82

Max Shear Forces (Kn)

Max displacements (cm)




Substructure/indirect Method'

The substructure-only approach:
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Soil Structure Interaction
by Direct Method
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Interaction with other software
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Hybrid Mesher

To provide more reliable analysis results, GTS NX can automatically generate
hexahedral centered hybrid mesh. Hexahedral elements are the most stable for
stress and displacement results.

Hybrid Element Composition

Tetrahedral element

Pyramid slement

{connact tetrahedral ana hexahedral alaments)

@ Hexaneoral almants

" @ #pamid cemant
Tetrahodrad sloments

Hexahedral element @ Tanguar prism clamants

Hybrid + Bonded contact element generation 4




Extensive Constitutive Model Data Base

Elastic Materials

- Linear Elastic |sotropic

- Linear Elastic

- Transversely Isotropic

- Interface Elastic

- Nonlinear Elastic (1D}

- Jardine

- D«Min

- Hyperbolic (Duncan-Chang)

Plastic Materials

-von Mises

- Tresca

- Mohr-Coulomb

- Druckar-Prager

- Strain-Saoftening

- Modifled Cam Clay

- Jointed Rock

- Modifled Mohr Coulomb
- Hoek Brown

- Inversa Rankine

- Coulomb Friction (Interface)
- Janssen

F=r1r~(c+o,tang)

Deviatoric Stress, -o;)

Fadare e = (o
POV E X5

~+ Mp INp,
n

Undrained Materials

- Effective Stifinass / Effective Strength
- Effactive Stiffness / Undrained Strength
- Undrained Stiffness / Undrained Strength

Functions

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

- Nonlinear elastic functions
(russ / point spring / slastic link)
Unsaturated property functions
{Gardner, Frontal, Van Genuchtan)

- Strain compatibility functions
(2D equivalent lingar)

Pile bearing a

Strain compatibility a

Unsaturated property (Relation) 4




Dynamic Analysis

* Free Field

Linear
Equivalent

Eigen VValue

Response
Spectrum

CIVIL
GTS

i ol

Linear (Direct)
Linear (Modal)
Non linear (Direct)
Non linear + SRM
Liquefaction
Movmg Load




Linear Equivalent 1D and 2D

(Lineal) J =
P ot

Free Field Analysis
(Lineal Equivalente)

Dynamic Curve Free Field 2D Linear Equivalent

Landfill
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Shear modulus, G
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rock
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Linear EQ (Free Field)

Short Time History Function (2 sec Analysis)

Max acceleration (12 m/sec2)

i Maxi1Z.263]

REL ACCELERATION
TOTAL T, m/sec™2
+12.25313
27.5%
—+11.24120
3.7%
+10.21927
1.3%
—— +9,19735
5.0%
+8.17542
0.0%
+7.15349
%
+6,13157
5.0%
- 45,1094
S5.0%
——— +4,08771
0.0%
+3.06578
5.0%




Linear EQ

Add embankment to soil layer
Short Time History Function (2 sec Analysis)

Max acceleration (14.3 m/sec/2)

O Max: 14,5367

REL ACCELERATION
TOTAL T, m/sec”2

5.2%
+3.59673
5.5%
+2,39732
3.9%

~ 4119891
3.1%
 +0,00000
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3D Time History Analysis
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Dynamic SSI

Free Field 1D

Linear Equivalent 2D

Use same dynamic curve and time
history function

Time History 3D




Define 3D LTH Material (Ground Only)

Model Type Moty Couomb

Genera Sgrous Nondrea  Time Dependent

Hastc Moauks (E) 97815.52
Inc. of Elastc Modulus 0|
Inc. of Eastic Modulus Raf. Hegnt 0
Poason's Rato () 0% |
Urst Weght (Garmvra)

ingai Stress Parameters

Ko ] ansotropy

Thermal Parameter
Thermal Coeficent

Darpirg Rato For Dynamc)
Darvpng Rato

Alernatrve Stffness Parameters

® Shesr Modulus (G) :25241 '“'"'1

() Oedometer Mod s (Foed) )t

[ o ] coe

D i Name weathered rock
Model Type  Mohr-Coulomb

General Porous Nonined  Time Dependent

Cohesion (C)

Inc. of Cohesion

Inc. of Cohesion Ref, Height
Frictonal Angle (Phi)

[} odatancy Angle

[[] Tensie Strength




3D LTH Loads and Boundaries (groundonty) R [Cys
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3D Linear Time History Results (groundoniy)

Results

Item
&2 INCR=1005 (TIME=1.000e+001)
&2 MIN
& Rf MAX
- Displacements
@& Relative Displacements
{#)- 4> Grid Forces
(- 4> Reactions
Results for Linear Time History is within 5%. Max of 11.8 m/sec”2 --g o
. elative Velocities
2 sec Analysis* | @) Accelerstions
[+ &F Relative Accelerations
] &0 Beam Element Forces
(4]t Beam Element Stresses
(-} Solid Stresses
fu: Beam Element Strains
&-§) Solid Strains

&2 ABSOLUTE MAX
REL ACCELERATION ! o
TOTALT , misac 2 - Displacements
+11.80358 - @ Relative Displacements
14.3% [ #» Grid Forces

-
‘ 3-10.82(‘,0.2 {3 4> Reactions
%

11.1%
+9.83656 (- Velocities
6.1% & Relative Velocities
- :
- +8.05291 &-&F Accelerations

¥

+7.86925 E&F Relative Accelerations

IS JTOTAL RELATIVE ACCELERATL..

+1,96731
9.9%
— +0,98365
24.9%

+0.,00000




3D Linear Time History Results

REL ACCELERATION
BEAM FORCE TOTALT Tojemerz
AXIAL FORCE , kN e

+72,35123
A%
s

- 49.91903
5%
+8,67915
o,

o

+7.43927
o

- 77642242
~-861,29980
o -946,17719




Interaction with other software
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@ SoilWorks
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Import model to GTS NX

b Import CAD File...
’g Import the CAD file into a currenejec‘t

» DXF 2D (Wireframe)...
[ New Project... MIDAS/Civil MCT File.., l"& Import the DXF 2D file into 3 current project
& Open Project. [ W il tor Fen/GTS
Close Project AutoCAD DXF File... U_% DXF 3D (Wireframe)...
X

{30 Project Information Frame Section For Solid... Import the DXF 3D file into a current project
E Save Frame Section For Plate..,

Import the DWG file into a current project

Save Current Stage As,..

Save As... IFCFile... “D_”e DWG (Wireframe)...

midas Mxt...
Import the midas MXT file.




Mesh CAD in 3D elements

Meh Generstion in Fragress




3D SSI Results

Item

3_ &‘Batch Analysis | © 62! INCR=1005 (TIME=1.000e+001)
[

l& Modeﬁngl
| ] Displacements
'g' Results ) g Relative Displacements
i {#)- 4> Grid Forces
Analys‘s | [-#4> Reactions
- Velocities
- Relative Velocities
& Accelerations
[ & Relative Accelerations
] & Beam Element Forces
[#]a Beam Element Stresses
REL ACCELERATION i) Solid Stresses
TOTAL T, mjsec™2 | [@-iga Beam Element Strains
. @-g) Sofid Strains
&2 ABSOLUTE MAX
- Displacements
> [ @ Relative Displacements
N+10'63569 [ #» Grid Forces
&% {3 4> Reactions
8% AN (- Velocities
W Relative Velocities
@& Accelerations
B8 &Y Relative Accelerations

PS- JTOTAL RELATIVE ACCELERATI...

\Perform

1%
+11.87410

o

Mn:1,193482-012

Results for Time History is within 5%. Max of 14.2 m/sec"2




Dynamic results for imported bridge g'¥'sl IC

BEAM FORCE
AXIAL FORCE , kN
+2036,84875
4.6%
+1703,98889
6.6%
+1371.12878
2.7%
+1038,26892

9.2%

+39.68903
%
-293,17096

-626,03082
4.3%
= -958.89087

129175073
1%

(]
-1624.61072
4.6%
-1957.47070
BEAM FORCE
BENDING MMNT Y , kN*m
——+23969.75977
0.8%
-+20601.57031
1.6%
+17233.37891
1.6%
= lo—/+13865. 18848
170
+10496,99902
7.9%
+7128.80664
13.8%
+3760.61719
14.6%
+392.42636
36.2%
-2975.76318
11.8%
- -6343.95410

Max moments on structure S.1%
-9712,14453

2.0%
-13080.33496

1.6%
-16448,52539

Max Axial forces on structure




=, Reactions - '? I

o |- Deformations = 5y~
Results Comparison SR

Results

BEAM FORCE
SHEAR FORCE Z , kN

-945,14130
1.0%
--1495,32434
7

-2595.69092
0%
-3145,87402

%o

-3696.05713

1.0%

—-4246.24023
0¥

o
-4796.42383

1,6%
-5346.60693

7.3%
—-5896.79004

REL DISPLACEMENT
TOTALT, cm

+19.87768
1.5%
- +18.89912
17.9%

+17.84057
3.5%

- +16.82201




Bridge with updated substructure

REL ACCELERATION
TOTAL T , mfsec™2
+15,01563
6.1%
+13,76424
10.8%
+12.512%4
3.5%
+11.26165
5.9%
+10,01038
6,.5%
+8.75906
5.9%
+7.50777
26.1%
+6.265647
23.5%
m +5.00518
5.9%
- +3.75368
4.0%
+2.50259
0.3%
+1.25129
1.5%
+0.00000

Max Acceleration




Results for Bridge with updated substructure

Max Shear Forces

Max Displacements

BEAM FORCE
SHEAR FORCE Z, ki
., 1609.10022
 4431,26025
3.4%
+173,42012
91.3%
-84.41983
2.0%

-342.25980
0,3%

o -§00.09991
0.5%

~1115.779%91
0.2%
--1373.61987
0.4%
~1631,45996
0.7%
~-1889,29993
0.2%
-2147.13989
0.7%
-2404,97998

REL DISPLACEMENT
TOTALT , cm

+23.02711
43.0%
+21.57155
3,0%
+20.11800

L 418.66044
1,3%
—+17.20488

1574932
0, 0%

+14.29377
0.0%

+12.83821

~+11.368265
1.6%

+9.92710

13,

1,09
4847154

T 47.01598
‘ +5.56043




Results for Bridge with updated substructure AL (5

BEAM FORCE
AXIAL FORCE , kN

——+16685.41638
4J‘::+l3%.10681
'J“_'l:lxuo.nnz
" +823.48767
- 4536.17910
424806041
: _:-38.«110
; 113‘325.75070
1 ‘:'-613.06024
" 500,397
118767944

Max Axial forces on structure —-1474.98901

-1762.29858

BEAM FORCE
BENDING MMNT Y , kN*m

+5842.57959
%

2.1%
-3311.66748

1.6%
-5142.51660

-10635.06445
0.4%

Max moments on structure 0‘2;—12465.91309
T -14296.76270

0.2%
T 16127.61230




Conclusion , ' AL (o7 1%

Civil GTS NX | Updated
Base
Displacements (cm)
Axial Force (kN) 3,064 2,036 1,762

Moments Y (kN/m) 19,087 23,969 16,127
Shear Forces (kN) 2,032 5,838 2,404

Midas Civil has internal PY curves in order to easily apply soil springs and run soil
structure interaction through substructure method. For some soils, this is sufficient.

Substructure Method cannot accurately capture the non linear behavior experienced by
the foundation and surrounding ground during an earthquake.

Midas GTS NX can import full structure from midas Civil to run SSI through Direct
Method. However, since the ground is modeled in 3D, it must first be calibrated

through comparison of ground response analysis like Free Field and Linear Equivalent.
38



Other SSI problems (Adjacent Structure considerangUShr {

'(_$ D8 eag™ =™ = |7 NX - [imported bridge with tunnel final]
$ 1 = -
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Adjacent Structure consideration during excavatidWil (€,

Initial Stage

Excavation stage 2 Final Excavation stage




Adjacent Structure consideration during excavatidWiL (€,

BELM FORCE
AXIAL FORCE N BEMDONG FT V|, W
1M

- S Rias roace
SHELL FORCE T

FOACT Y, i ATh, Wi
TN B4

§ (e 250609

Moments on tunnel Axial forces on rock bolts
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