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PROGRAM VERIFICATION AND PRECAUTIONS

MIDAS Family Programs produce accurate analysis results based on up-to-date theories and
numerical techniques published in recognized journals. The program has been verified by
thousands of examples and comparative analyses with other software during the development.
Since the initial development in 1989, MIDAS Family Programs have been accurately and
effectively applied to over 10,000 International projects.

A strict verification process of the Computational Structural Engineering Institute of Various
Countries has scrutinized MIDAS Family Programs.

Due to the complexity of structural analysis and design programs which are based on extensive
theories and design knowledge, the sponsors, developers and participating verification agencies do
notassume any rights or responsibilities concerning benefits or losses that may result from using
MIDAS Family Programs. The users must understand the bases of the program and the User’s
Guide before using the program. The users must also independently verify the results produced by
the program.

DISCLAIMER

The developers and sponsors assume no responsibilities for the accuracy or validity of any results
obtained from MIDAS Family Programs (MIDAS/Gen, MIDAS/Civil, MIDAS/FEA, GTS NX,
Soilworks, MIDAS/Design+ also referred to as "MIDAS Package" hereinafter).

The developers and sponsors shall not be liable for loss of profit, loss of business, or any other
losses, which may be caused directly or indirectly by using the MIDAS package due to any defect or
deficiency therein.

PREFACE

Welcome to the MIDAS/Gen programs.

MIDAS/Gen is a program for structural analysis and optimal design in the civil engineering and
architecture domains. The program has been developed so that structural analysis and design can
be accurately completed within the shortest possible time. The name MIDAS/Gen stands for
General structure design.
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1. Introduction 1.1 About MIDAS/Gen

MIDAS/Gen stands for “General structure design system.”, i.e., a Windows based
integrated system for structural analysis and optimal design.
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MIDAS/Gen, developed in the object-oriented programming language Visual C++, fully
exploits the advantages and the characteristics of the 32bit/64bit Windows environment
for the technical computations.

The user-oriented input/output functions are based on sophisticated and intuitive User
Interface and up-to-date Computer Graphics techniques. They offer excellent facilities
and productivity for the modeling and analysis of complex, large-scale structures.

The technical aspects of structural analysis functions necessary in a practical design
process are substantially strengthened. Nonlinear elements such as Cable, Hook, Gap,
Visco-elastic Damper, Hysteretic System, Lead Rubber Bearing Isolator and Friction
Pendulum System Isolator are now included in the Finite Element Library, which will
surely improve the accuracy and the quality of results. Construction stages, time
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dependent material properties and geometric/boundary nonlinear analyses are some of
the new inclusions.

Lxd )

I PIEE Y ] - T — T

E@HPIO =N +=>8 ¢ [

B b

%

QepsD

-
-
t
¥
.
i3
L]
®
@
A
B
&
@
&
Q@
+
&

Analysis model of a spiral staircase



Structural Analysis II 1. Introduction
(Advanced)

MIDAS IT’s in-house researchers have developed an efficient CAD modeling technique,
which is a totally new concept. Powerful automatic modeling functions such as Auto Mesh
Generation (available as a separate module) and Structure Wizard are introduced. Also, a
new Multi-Frontal Sparse Gaussian Solver has been added lately, which has accelerated
the analysis speed dramatically.

Latest design standards are adopted in the design module. To list a few, they are ACI,
AISC (ASD & LRFD), BS, Eurocodes, IS, IRC, etc.

The Optimal Design function considers various design constraints and leads to weight
optimization in the design of steel frame structures. It offers practical, convenient and
accurate results.
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The domains of applications for MIDAS/Gen are as follows:

»  Civil engineering structures
Bridges, underground structures, water tanks, dams, etc.

»  Architectural structures
Office buildings, residential buildings, commercial buildings, complex multi-use
buildings, plants, maritime/offshore structures, etc.

»  Special structures
Stadiums, hangars, power plants, etc.

»  Other structures
Ships, airplanes, power line towers, cranes, pressurized vessels, etc.
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1. Introduction

1.2 Installation

System Requirement

MIDAS/Gen operates on Personal Computer (PC) in Windows OS environment.

In addition, MIDAS/Gen requires the following minimum configuration:

>

>

i3 CPU or better performing PC processor
Minimum of 2GB RAM

1GB of free space on HDD (MIDAS/Gen requires a minimum of 1 GB hard disk
space for Construction Stage analysis)

Microsoft Windows 7 or higher version or Windows NT Operating System

Nvidia Graphics card, Monitor with a minimum of 1024x768 resolution and a
minimum of 16bit High Color display

Windows compatible Printer or Plotter
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2. P-delta Analysis
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1. Introduction 1.1 Concept of P-delta Analysis

pFig 2.1

Column P-Delta effect
(@) Tensile & Lateral
Forces

P-Delta effect is the secondary moment generated, when a slender member is subjected
to axial and lateral loads simultaneously. In another terms, it is a nonlinear geometric
effect of a large direct stress acted upon transverse bending and shear behavior.
Compressive stress on structure makes it more flexible in transverse bending and shear,
whereas tensile stress tends to stiffen member against transverse deformation. The
analysis is called “P-Delta” because the magnitude of the secondary moment is equal to
“P”, the axial force in the member, times “Delta”, the offset distance one end of the
member from other end.

As shown in Fig.2.1(a), if equilibrium is examined in the original configuration (using
undeformed geometry) the moment at the base is M=VL , and decreases linearly to zero
at the loaded end. If equilibrium is considered for deformed configuration, the additional
moment caused by axial force P acting on the transverse tip displacement A. The
moment does not vary linearly along the length; the variation depends on the deflected
shape. The moment at the base is now M=Vy - Px

P
A
—— —_—
v P-delta effect
Py —
ignored
#,
M=V, -P, /
Free body diagram
P-delta effect
N | — ignored
i ; PA
Before deflection After deflection %‘

%
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P

T v P-delta effect

considered
M=V, +P,
Free body diagram

P-delta effect

U — ignored

Before deflection  After deflection H‘ PAP

If the member is in tension as shown in Fig.2.1(a), the moment at the base and
throughout the member is reduced. Hence transverse bending deflection A is also
reduced. Thus the member is effectively stiffer against the transverse load V.

Conversely if the member is in compression as shown in Fig.2.1(b), the moment at the
base and throughout the member is increased. Hence transverse bending deflection A is
also increased. The member is effectively more flexible against the transverse load V.

If the compressive force is too large, transverse stiffness goes to zero and hence the
deflection tends to infinity; at that point the structure is said to have buckled.

P-Delta effect is sub divided into two, as shown in the following figure. The P- effect
refers to the effect of the local geometry change whereas P-A refers to the effect due to
relative displacement between member ends.
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P
ﬁi
- «—V P - P-delta effect
innored
»Fig.2.2
P-delta Effect P-5 effect
P—A effect
v PA

The P-Delta analysis is particularly useful when effects of gravity loads on lateral
stiffness of the structure is required to be checked. Certain codes (ACI318, AISC-
LRFD) require analysis with P-Delta effect to prevent collapse of the structure due to
secondary effects. This section describes analysis of Truss and target beam elements
reflecting P-Delta effect.

For reflecting P-Delta effect, a truss element is considered in transformed state and
force equilibrium conditions are assumed.

EA P
»qul Fizl_( i_uj):P’ Vi:l_(w_wj)

EA P
TL-TEN T
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V.
T A J
b Fig.2.3 Vi F, - p
P-Delta effect for Truss T
Element
p—— F

Eq 2.2 Matrix is represented as follows

f=ku
pEQ.22 T -
f:[Fi Vv, F VJ , u:[ui WU, WJ
k=k,+K,
1 0 -10 0 0 0 O
I(_EAOOOO I(_POlO—l
° 1]-10 1 0] " 1|0 0 0
0 O 0 0 -1 0
Where k, represents a linear stiffness, k_represents geometric stiffness reflecting P-
delta effect. The axial force P, if in compression has the negative sign. By applying
principle of virtual work, strain can be derived same as Eq. 2.2.
The concept of P-Delta analysis for beam element is same as that for the truss element,
only the point of difference being deformation of element is considered additionally for
beam. The load “q” being in x-z plane has the equation as described in finite element
analysis according to section 1.1.5 and the effect of the load can be given by Eq 2.3.
»Eq.23 Elw"+Pw"=q
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In order to analyze induced bending deformation of beam element, strain equation can
be used to obtain Eq.2.4 using principle of virtual work.

f=ku

f=v, M, v, M\T. u=[w 6 w ¢

»Eq24

k=k,+Kk,
[12E1  6EI _12El  6EI i ) .
13 1? 12 12 36 3 36 3
4E| 6EI 2El 1 1
T 12 41 3 -
ko = I I 1 k(r ZE
12EI 6El 30 36
3 Tz - -3
1 1 1
4E| sym 41
m T ] ]

Eq.2.4 has added geometric stiffness as compared to Eq.1.28. Also Eq.2.4 can be used
for P-Delta buckling analysis
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2. Tutorial 2.1 Model Overview

Perform P-Delta effect analyses for 3 different columns loading cases, and check the
maximum deformation, shear forces and moments for each case.

Z
P, =5.0kN P, =10.0kN P, =1.0kN
l l -
—— P=05kN —» 6e , M =10.0kN-mm 9, ,M =10.0kN-mm
» Fig. 2.4 3 ‘\/
Analytical model
£
= 2 5 8
&
L 1 4 7
7777277777 —> X
Model 1 Model 2 Model 3
»  Material
Modulus of elasticity: 2.0 x 10° N / mm?
»  Sections
Section size : 50 x 50 x 5 mm
Area : 900 mr
Moment of inertia (ly) : 300,000 mm*
> Load

1. Model 1 : A lateral load and axial force (Pure Sway)
2. Model 2 : End bending moment and axial force (No Sway)
3. Model 3 : End bending moment and eccentric axial force (No shear)
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Open a new file and save the file name as 'Pdelta.mcb'.
Main Menu > [& >New Project..
Main Menu > (& >save
1. Enter a name : ‘Pdelta’, Click [SAVE]
Set the unit system to use.
Main Menu > Tools > Unit System...
2. Select Length > mm, Force(Mass) >N
3. Click [OK]
> Flg 25 Unit System
Define unit system e " e Co e . Heat
i : . Oal
# Quick access. o o
& onebrie No itemns match h O keal
[ This PC Q1
J 30 Objects
e Oft Obf @) ol
1) Booemes - ¢ On Okips (kips/a) @5t
File name:
Save as type: | MIDAS/Gen Files ("mgb) T
(®) Celsius (J) Fahrenheit

A Hide Folders

Save Cancel

Note : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.

[]setichange Default Unit System
Y Cancel
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midas Gen is 3-D software, since the beam exist in a 2-D plane, X-Z plane in Global
Coordinate System(GCS) is set as the work plane, which restrains unnecessary degree
of freedom, Dy, Rx, and Rz.

Main Menu > Structure > Structure Type
1. Select Structure Type > X-Z Plane
2. Click [OK]

Structure Type u

»Fig. 2.6

Set Work Plane () X-Y Plane (©) Constraint RZ

Mass Control Parameter

© Lumped Mass
["] Consider Off-diagonal Masses
["] Considering Rotational Rigid Body Mode for Modal Participation Factor

() Consistent Mass

["] Convert Self-weight into Masses

@ Convertto X, Y, Z Convert to X, Y Convert to Z
Gravity Acceleration : 9806 mm/sec”2
Initial Temperature : 0 (o1}

["] Align Top of Beam Section with Floor (X-Y Plane) for Panel Zone Effect / Display
[] Align Top of Slab(Plate) Section with Floor (X-Y Plane) for Display

@‘,{ oK ]] [ cancel
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» Fig2.7
Define Material &
Section

If you set the Type of
Design to User Defined
when using any material,
you can directly input the
property value.

The OK button closes
the Material dialog box,
so the Apply button is
useful  for  defining
multiple materials.

2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu > Properties > Material Properties
1. Click [Add...], Name : ‘Mat’
2. Select Elasticity Data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity : ‘2.0e5’

4. Click [OK]

5. Click Section Tab and [Add...] and Value Tab
6. Click Section Shape lists > Box, Name : ‘Sec’
7.H:50°,B:‘50’, tw: ‘5, {f1: ‘5’, Area: ‘900’, I, : ‘300,000’
8. Click [OK] and [Close]

Material Data

General

Material 1D

Elasticty Data

[Tvoe of Desgn

User Defined

—— ] B
:—j u-:,
Defined |

Concrete

Standard
Type of Materal Code
9 Isotropc Orthotropic 08
User Defined @
[ Modulss of Elastcty 2.0000e+005  N/mm~2
Posson’s Rato 0
Thermal Coeficent 0.0000e+000  1/[C]
Weight Densty 0 N/mm~3
Use Mass Densty: 01 N/mm~3/q
8 Congete
Plastcty Data
Pastic Materal Name | NONE -
Thermal Transfer
Spedfic Heat ¢ keaalN*[C]
Heat Conduction 9 keal/mm*hr*1C]
o ®
Co N

Section Data
N O
DB/User | Value
Seciond 1
Name Sec
.

0 Box

7! Buk-Up Secton

H 50.0000 mm
B | 500000 mm
w | 50000 mm
i 50000 mm
c 0.0000 | mm
2 0 0000 mm

Section Properties
| Calc. Section Properties |
Area_|9.00000e+0 mm2
Asy | 0.00000e+0 mm*2
Asz | 0.000006+0 mm*2 |
b | 0.00000e+0 mmi4
lyy  |3.000000+0 jmmd

1zz__|0.00000e+0 mma | /

Cyp 0.0000 mm
Cym | 0.0000|mm
Czp | 0.0000/mm
Czm | 0.0000/mm
ayb 0.0000 | mm2

¥ Consider Shear Deformation.
Consider Warpng Effect(7th DOF)

Offset :  Center-Center
Change Offset ...

\
8)
o 1) coma
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2.4 Generate Nodes & Elements

Change the units to m, kN. Create a node in order to generate beam elements.

Main Menu > Tools > Unit System Change unit of force to kN

Main Menu > Node/Element > Create Nodes

1. Display Node Numbers, Auto Fitting, Front View (on)

2. Coordinates (x, Y, z): ‘0,0, 0’
3. Copy > Number of Times : 2’, Distance(dx, dy, dz) : ‘0, 0, 1250’, Cliick [Apply]

Main Menu > Node/Element > Create Elements
4. Select Element Type > General beam/Tapered beam

5. Select Material > 1:Mat and Section > 1:Sec
6. Click Nodal Connectivity green box, and Click node number 1 and 3 in Model view

» Fig.2.8
Create a Column

Create Nodes.

@mmm Number 4

Coordnates (xy,z)
0,0,0 mm

Copy.

MNumber of Tmes : | 2 -

3l -

Dstances (dx,dv,62) :
0, 0, 1250 mm

V| Merge Dupicate Nodes

! Intersect Frame Elements

LI EIRY:

(B

161

o e
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Copy the created columns using the copy function of Translate Elements.
Main Menu > Node/Element > Translate Elements
1. Select Mode > Copy
2. Translation > Equal Distance > dx, dy, dz : “1270, 0, 0’, Number of Times : 2’
3. Select All (on)
4. Click [Apply]
» Fig.2.9 .
Translate Elements Ll 2ak O e %:u::::: et su-Dormsin
ﬁif::i Translate Divide Merge & i Detive Domain
@
Translation '} M M 1:;
Node Inarement 0 2
a
9 Equal Dstance n
dodvdz 1270,0,0 mm =
Number of Tmes : 2 |+ o
Unequal Distance "
¥ =
8
@
4
0,0,0
Material Inc.  © 0 S IRep. |3 g
Seaonlnc. : 0 % . s
Thickness Inc. 0 B :::, i
Delet e Nodes
Intersect “|Node |Elem [... |
| Copy Node Attrbutes = U £ 1]
" Copy Element Attributes -
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» Fig. 2.10
Input support conditions

2.5 Define Boundary Conditions

Define boundary conditions at each of the columns.

Main Menu > Boundary > Define Supports

1. Click Select Single (on), Select node number 1 and 4 and 7

2. Support Type > Dx, Dz, Ry (on), Click [Apply]

3. Click Select Single (on), Select node number 3
4. Support Type > Dx, Dz (off), Ry(on), Click [Apply]
5. Click Select Single (on), Select node number 6

6. Support Type > Dx (on), Ry (off), Click [Apply]

Defaut

Optons
9 Add

Boundary Group Name

_ Replace

Support Type (Local Drecton)

[omy ]

Am|

Delete

cose | [N

[FiE Story Diaphragm Group | Taples v

PR e - ™

O

O=3

BMI%EEEQ\E‘IBE-AE".BEHIE)@GD?’:

3T\ commanaessace {Framaesssm ]
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2.6 Define Loads

Define the load cases first to which the loading will belong.

Main Menu > Load > Static Loads > Static Load Cases
1. Name: ‘Load’

Select Type > User Defined Load (USER)
2. Click [Add] and [Close]

Static Load Cases u
»Fig. 2.11 1 @
Define load cases P  nad |
Type : [User Defined Load (USER) ']
pesoon:

No| Name Type Description fi=l
4 1
*

1

(o=
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»Fig. 212
Input nodal load

Input a nodal load for each model.

Main Menu > View > Display...
1. Load Tab > Load Case > Load Value (on), Click[...], Place : ‘4, Click [OK]
2.Nodal Load (on), Click [OK]

Main Menu > Load > Static Loads > Nodal Loads

3. Click Select Single (on), Select node number 3

4. Nodal Loads > FX: ‘0.5, FZ: 5, Click [Apply]

5. Click Select Single (on), Select node number 6

6. Nodal Loads > FX: ‘0°, FZ: “10°, MY : “10’, Click [Apply]
7. Click Select Single (on), Select node number 9

8. Nodal Loads > FZ : “1°, MY : “10’, Click [Apply]

Gen 2018 - [D:\Gen Analysis Guide Book\P-Delta *] - [MIDAS/Gen]

T Element | (ff! Pressure Loads ~ 7 Initial Forces ~

P\ Hydrostatic Pressure | [ Assign Fioor Loads =

A Typical | 4 Assign Plane Loads ~

Static Load Using Load | =
Cases . Cominations | b Specfed Displ

H = D

R - L BT

g Q
Load Case Name = = Q
Load =g 2 2 2 °
e s : Q

Load Group Name l @ 5 5 n
Defaut =™ y &
== 0.5000__.3 70000 00 3
Optons o
OAdd  © Repoce Delete &
Nodal Loads
= -
] a

MZChruy o FY

z l/ ) B
v e @
7
&
5
Load Value Output Format ﬂ

-

Node | Element| Property | Boundary| Misc Load | View | Design|

[¥! Load Value j ;

Display

#j_)ormat: Fixed v| Pace: 4 =
(Cox ) [oma | [ ww ]

E-EIG :/z:I

Load Case
Al

o ST: Load - .l
i — ] —
_ Group Selection
[v¥|Nodal Load
TTspecred Diptcement ‘
AN N
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2. P-delta Analysis

2.7 Perform Analysis

Define the analysis conditions of P-delta analysis

Main Menu > Analysis > P-Delta (Analysis Control...)
1. Control Parameters > Number of Iteration : ‘5’

Convergence Tolerance : ‘0.001°

2. P-Delta Combinations > Load, Scale Factor : 1’

3. Click [Add] and [OK]

»Fig. 213
P-Delta Analysis Control

P-Delta Analysis Control ﬂ

Control Parameters

:1>‘ Number of Iterations  : 5 3
Convergence Tolerance: 0.001

P-Defta Combination

) (TSR v
1

Scale Factor :

Load Case Scale
Load 1

Modify

Delete

Remove P-Delta Analysis Data

=)
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2. P-delta Analysis

» Fig.2.14

Message for a
successful run

The shortcut icon for
Perform  Analysis is
located at the top of
Model View (D). The
shortcut key is executed
by pressing the function
key F5.

Analyze all three models
1. Check for successful completion in Message Window
Main Menu > View > Display...

2. Load Tab > Nodal Load (off), Click [OK]
3. Hidden (off), Display Node Numbers (off)

st N Analysis

% OARE Z B

P-Delta Bucking Eigenvalue Heat of Moving Settlement Nonlinear Construction Boundary Change |
Hydration Stage Assignment

Dy Analysis Options
> 3 Bateh Analysis

ipoct Ansly:

3) (3
;m:ﬁ:@mﬁﬁuﬁ%w:&m
S S

G TRENER® EHRIBND
1

& mDAS/Gen x

-|m

BRI -foleT-Jlv I BERY:Y) - FoFo¥ele] |

F Works
§f Analysis Control Data
§f P-Deta Analysis Data [ Ni<5 ; Tolerances(

-

A Type 1[1010100]
A Type 2{0000100]
A Type3{1000000]
= 4. Subc Loads
) Statc Load Case 1 Load: ]
1 NodalLoads 3

----------------------------------------- SOLUTION TERMINATED
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\Gen Analysis Guide Book\P-Delta

[TOTAL SOLUTION TIME..: 0.30 [SEC]
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2. P-delta Analysis

» Fig.2.15
Deformation Results

2.8 Check Analysis Result

Check Deformed Shape by load cases).

Main Menu > Results > Deformations > Deformed Shape...

1. Select Load Cases / Combinations > ST : Load
2. Select Components > DXYZ
3. Type of Display > Undeformed, Values, Legend (on)
4. Click[...] in Deform
Deformation Scale Factor : 1.5’
Select Deformation Type > Real Deform
Apply upon OK (on), Click [OK]

4~ Reactions ~ 4 Stresses ~ I BeamyElement ~ ‘L Mode Shapes - @ Tflu. Lnes ~ | | T.H Results ~ ©
H Deformations ~ £ Diagram * H+ Local Drection.. 4 R & Influ. Surfaces = | [&, TH Graph/Text = | = =
er:ri:t'on 94 Forces ~ £ HY Results = <> Reduction Moment | | 3B Moving Tracer . I

g =

Text  Resits
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Structural Analysis II 2. P-delta Analysis
(Advanced)

Next, we use Result Tables to check the displacement caused by P-delta analysis.
Main Menu > Results > Result Tables > Displacements...

1. Select Load cases / Combination > Load (ST) (on)
2. Click [OK]

# ] Records Activation Dialog E

» Fig.2.16 ‘Nnde or Element Loadcase/Cnmblnaﬁnn
Set Result Table Data Al | Mone | Inverse| Prev Load (8T)

|Node ] |08

Select Type

|Elemant Type v Add
EENE STRESS | [e=
PLATE %

PLANE STRAIN _Replace |

ééILSIEMMETHIC i MI

e Cancel |

DX DY DZ RX RY RZ

(mm) (mm) (mm) ([rad]) ([rad]) ([rad])
Load 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
Load 5.723529 | 0.000000 | -0.034722 | 0.000000 | 0.006883 | 0.000000
Load |11.447058 | 0.000000 | -0.069444 | 0.000000 | 0.000000 | 0.000000
Load 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
Load | -0.034489 | 0.000000 | -0.069444 | 0.000000 | -0.000027 | 0.000000
Load 0.000000 | 0.000000 | -0.138889 | 0.000000 | 0.000108 | 0.000000
Load 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
Load 0.137000 | 0.000000 | -0.006944 | 0.000000 | 0.000219 | 0.000000
Load 0.544438 | 0.000000 | -0.013839 | 0.000000 | 0.000432 | 0.000000

:

Load

v
W o~NDon|alwlN
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2. P-delta Analysis

» Fig.2.17
Axial Force Result

Check the column axial force by the load cases.

1. Click Model View Tab

Main Menu > Results > Forces > Beam Diagrams...

2. Select Load Cases / Combinations > ST : Load

3. Select Components > FX

4, Display Options > Exact, Scale : ‘2’

5. Type of Display > Contour, Deform, Legend (off), Value (on)

6. Click [...] in Values, Number Options > Decimal Points : ‘3’, Click [OK]

% 4> Reactions ~ 9 Stresses - | I Beam/Element ~ b Influ. Lines - TH Results ~ 7E - E
 Deformations = ¥ Diagram * | %+ Local Direction... # Influ. Surfaces * | [& TH Grph/Text * | = * 7
Combination | 1 Forces = &3 HY Results ~ | 4= Reduction Moment | [, 1l s | % Moving Tracer - | [i, stage ph | B P e
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Structural Analysis Il 2. P-delta Analysis
(Advanced)

Save 'Pdelta.mgb' as 'GNL.mgb' with P-delta analysis.

Main Menu > [#§ > SaveAs...
1. File name : ‘GNL’, Click [SAVE]

Deletes the existing P-delta analysis condition to perform geometric nonlinear analysis.

Main Menu > Analysis > P-Delta (Analysis Control...)
2. Click [Remove P-Delta Analysis Data]

» Fig.2.18
Remove P-delta P-Delta Analysis Control o o
Analysis Data
Control Parameters
Number of Iterations  : 5 3
Convergence Tolerance: 0.001

P-Delta Combination

]

Scale Factor : 1
Load Case Scale ]
2 Remove P-Delta Analysis Data ]
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2. P-delta Analysis

» Fig.2.19

(@) Nonlinear Analysis
Control

(b) Nonlinear Analysis
Load Case

Input data to perform the geometric nonlinear analysis.

Main Menu > Analysis > Nonlinear (Analysis Control...)
1. Select Nonlinear Type > Geometry Nonlinear (on)
2. Select Iteration Method > Newton-Raphson
Number of Load Step : ‘1’
Maximum Number of Iteration/Load Step : ‘30’
3. Convergence Criteria > Displacement Norm: ‘0.001’

4. Click [Add]

5. Add Load Case Specific Nonlinear Analysis Control Data Dialogue box, Click [OK]
6. Nonlinear Analysis Control Dialogue box, Click [OK]

Nonlinear Analysis Control

Monlingar Type

lteration Method

==

[~ Material Nonlinear

>5‘ Mewton-Raphson ¢ Arc-Lenath

‘:[j:[ W Geormnetry Nonlinear
2

¢ Displacement-Control

Mumber of Load Steps @ m
Maximurn Mumber of Kerations/Load Step : 30 =
Convergence Critetia
[~ Energy Marm : 0,001

; [v Displacement Norm W J
[~ Force Norm ¢ |0.00T

Load Case Specific Monlinear Analysis Control Data

Load Case

N

€ [

Madify/Show |

Add/Medify Load Case Specific Monlinear Analysis Control Data @
Data for Newton-Raphson Method

Load Case : Load = J
Mumber of Load Steps : 1 J:I
Maximum Mumber of terations/Load Step : 30 =

Generate Default Load Factar ‘

| step | Load Factor |
1 I 1.0000 |

m

Y
‘<§/‘ 0K Cancel

Delete

0K | Cancel‘
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(Advanced)

Perform geometric nonlinear analysis and compare to P-delta analysis results.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

| 2 Fig 2.20 s P nday Load [Nl Resuts ove )¢ ey  Tools
== * e #§ Analysis Options b Restart CS Analysis
Message fora B 2% 3 @ 8 @ Z i
Main Control = P-Defta Bucki Ei { Heat of M Nonli Constructi Si Boundary Ch:
successful run an Gontol | P-Dea Bucdng Egeniaie  Heatof Mo Noninesr Consiucion Suspanson Bounday Grge | Poro
Vi Control | ‘Analysis Control | Perform |
== EEIREEOIR SR ® - K CIEESPNIPIDeREE| NS EEE.I%EIE 5,

1 Base ML

ke

= 1=, Analysis Control Data
T, Nonlinear Analysis Data [ Typd
= Structures
*, Modes : 9

@ > Elements : §
= [2 Properties
& [x] Material : 1
#-I Section : |
2 Boundaries
Supports : 5

=%, Static Loads
3 Static Load Case | [23+5 1]

v o sFopcyc]e]

50,60 Hd»B008108

DAS JOB IS SUCCESSEULLY COMPLETED.
OLUTICN TIME..: 0.45 [SEC]

ETES [\
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Structural Analysis Il 2. P-delta Analysis
(Advanced)

Check Deformed Shape by load cases.

Main Menu > Results > Deformations > Deformed Shape...

1. Select Load Cases / Combinations > ST : Load and Step : NL Step : 1
2. Select Components > DXYZ

3. Type of Display > Undeformed, Values (on)

4. Click[...] in Deform

5. Deformation Scale Factor : “1.5°

6. Click [OK]

» Fig.2.21 . . ;
Deformation Results % 4> Reactions ~ ¢ Stresses - | 1§ Beam/Element = | 5 Mode Shapes - e Infu. Lines ~ | [ T.H Results ~ s - Q g
[ Deformations = $¥ Diagram * | {4+ Local Direction.. A Mo tio.. | d Influ. Surfaces * | [&, T.H Graph/Text * | [< ~ N SLity =
Combination | 1 Forces = &3 HY Resutts - | 4~ Reduction Moment | [ o & Moving Tracer - | [ Stage/Step Graph | [ D DTui;txt B;mfv
Combhnation | Resukts | Detal | Mode shape | Movngload |  TmeHstoy | Bridge | Text | Tables |
== EEINEE®IESDL S ® % N CIERS DN ZIDeGER NS EEEI%\EE 2
1 Base RN i B 019 0543
Deformed Shape B
Load Cases/cambmaﬂar\
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[ Q)
- a
P e
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© DX cD¥  CDZ of
oYz DXz 5672 o077 037 b
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A
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Defarmation Type N S 0 0 0000 &
@ Nodal Deform ¢ Q o
3 0'
[~ Relative Displacement = - 2 %
¥ Appl Ok OLUTION TERMINATED -
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For Help, press F1 Node-6. Uz 1271 00 < {frmm 1] | 45| vl fron~] 2| BT /2 = l%
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Structural Analysis Il 2. P-delta Analysis
(Advanced)

Check the column axial force by the load cases.

Main Menu > Results > Forces > Beam Diagrams...

1. Select Load Cases/Combinations > ST : Load, Step:NL Step: 1

2. Select Components > FX

3. Display Options > Scale : 2’

4. Type of Display > Contour, Deform (off), Value (on)

5. Click [...] in Values, Number Options > Decimal Points : ‘3’, Click [OK]

nREEm -

Structure  Node/Element  Properties  Boundary

Fig.2.22 —
» g % - Reactions ~ 9% Stresses = | 1§ Beam/Element © | = ik Influ. Lines = | [ TH Results ~ 8 - D
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3. Exercise

Shown below is a 2-D, one story, one bay, portal frame supported at the base
subjected to a symmetric load. Compare the displacements, shear forces and bending
moments between the results based on a P-Delta effect analysis and a conventional

frame analysis.
Z
T 4.5kN
L 1.25m | 1.25m |
r l |
T 2 4
S
5
N
1 3
- mf” 7777777 > X
Origin of the global coordinates
» Material
Concrete modulus of elasticity: 2.0 x 10° N/mm?
»  Section

Area: 650 mm?

Moment of inertia (ly): 3.5 x 10*mm?*
» Load

Concentrated loads 4.5 kN at Node 2
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1. Introduction 1.1 Geometric Nonlinear Analysis

» Fig3.1
Geometric nonlinear
analyses

(@) Change in structural
stiffness due to large
displacement

(b) Additional load
induced due to
displacement

The assumption of linear behavior is valid in most structures. However, nonlinear analysis is
necessary when stresses are excessive (Material Non-linearity) or large displacements
(Geometric Non-linearity) exist in the structure. Construction stage analyses for suspension
and cable stayed bridges are some of the examples of large displacement structure.

A geometric nonlinear analysis is carried out when a structure undergoes large
displacements (displacements larger than the original dimensions of the element cross
section) and the change of its geometric shape renders a nonlinear displacement-strain
relationship. The geometric nonlinearity may exist even in the state of linear material
behaviors. Cable structures such as suspension bridges are analyzed for geometric
nonlinearity. A geometric nonlinear analysis must be carried out if a structure exhibits
significant change of its shape under applied loads such that the resulting large displacements
change the coordinates of the structure or additional loads like moments are induced (See
Figure 3.1)

Lt

j H
O
S
@) (b)

Also in Geometric non- linearity, the direction of the load remains unchanged or changes in
accordance with the shape of the deformed structure. Figure 3.2(a) shows a fixed load
direction and Figure 3.2(b) shows that the load follows geometry of the deformed structure.
Generally loads applied on nodes maintain their original direction whereas those applied on
elements may change in direction in accordance with the element deformation.
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» Fig32

Geometric Non-linear

Analysis

(a) Direction of load fixed

(b) Direction of Load
follows geometry

» Fig 3.3
Deformation State of
Truss Element

@) ©)

Geometric nonlinear analysis, P-delta analysis, and buckling analysis all depends on the
same method. Linear static analysis is performed first for a given loading condition and then
a new geometric stiffness matrix is formulated based on the member forces or stresses
obtained from the first analysis. The geometric stiffness matrix is thus repeatedly modified and
used to perform subsequent static analyses until the given convergence conditions are
satisfied.

The difference lies in the axial length change and whether or not the member rotations are
takenin consideration. The difference between the P-delta analysis and the buckling analysis
lies in the kind of value obtained by the analysis. The P-delta analysis is a method to obtain
the displacement due to the load and the buckling analysis differs in that the critical load at
which the structure reaches the limit state due to secondary effects. Differences between
geometric nonlinear analysis, P-delta analysis and buckling analysis can be explained using
governing equations for truss elements. Figure 3.3 shows a Truss tilted by a force to an angle
o, - The truss member has an inclined length | in the Global coordinate system (X-Z

coordinate system). Let the deformation it undergoes in the element coordinate system (x-z
coordinate system), be in u and w.




Structural Analysis Il 3. Geometric Nonlinear Analysis

Eq31

Eq3.2

Eq3.3

Eq34

The element coordinate system axis x, is atan angle o with respectto the global coordinate

system axis X, and is represented using the global coordinate system as follows

KU =P

U:{L_'i W "_Vi}T
— —_ — —T

P:{Fi vV, F vj}

Where K, U and P are the Stiffness, Displacement and Force matrix respectively.

The Capitalized letters represent the global coordinate system. The Truss is considered to
have 4 degrees of freedom in X-Z plane and hence 4x4 matrix is adopted, as represented by
Equation 3.1. The Stiffness matrix in Global system converted to element coordinate system
using the Transformation matrix T,

K=TKT" =T (k, +k,)T"

c s 0 0

s ¢ 0 O )
T= where c=cosd,, s=sind,

0 0 c -s

0 0 s ¢

Equation 3.2 shows Transformation matrix T. Equation 3.3 represents the resulting matrix
after multiplication with the coordinate transformation matrix T

2 2

¢ s¢ -c? -sc 2 —sc s?2  sC
EA| sc s* -sc -s° N|-sc ¢* sc —c?
T _ T _
TeT" =" ) TR T == .
o |- —sc ¢ sc o s2 sc s —sc
-sc -s* s¢c & sc —-c* -sc c?

In Equations 3.2 and 3.3, it can be seen that the angle ¢_between the member with length
1, andthe global coordinate system is unchanged. As described above, member length and

angle do not change is the assumption used in ordinary P-delta analysis or buckling analysis.
However, in the geometric nonlinear analysis, the member length and the inclination angle
change as follows.

I=1,(14+Uu,). =6, +w,
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» Fig34
Non-linear Truss
Structure

Eq35

Eq3.6

Eq3.7

Since the values of Eq. (3.2) and Eq. (3.3) must be continuously updated in the analysis
process using the changed values, the answers are obtained through iterative calculations.

Since the concept of geometric nonlinear analysis can be difficult to understand due to
complicated equations, a simple truss member is used. The truss member shown in the
following Figure 3.4 shows a state in which the member is deformed by a force, P. This force
has not only changed the length but also the geometric shape. So computing the force
equilibrium between the load P and the member axial force N, post-deformation is stated as
follows.

Force equilibrium conditions before and after deformation of the structure in Fig. 3.4 are as
follows.

Before deformation: N, 11 _p-0
o

After deformation: N w;r h _P-0

In the geometric nonlinear analysis, to account for deformation of the higher-order, Green-
Lagrange Strain is used, instead of the nominal strain (Engineering strain) as in the case of
the linear analysis.

1212

e =2
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Eq38

Eq3.9

Eq3.10

Eq3.11

Assuming that the material behaves linearly, using the strain definitions described above, the
axial force of the member is obtained as follows.

2 12
=EAg, = EAL 21" :E—f hw+ L w?

215 12 2
Assuming small deformation (1 /1, ~ 1), from the equilibrium condition Equation 3.6, the

N-N

0

relationship between the load P and the displacement w can be estimated.

P=N hTWzN h;rw=%(hw+%w2j(h+w)+%(h+w)

0

From the load-displacement relation of Equations. (3.5) and (3.6), the stiffness in the vertical
direction  can be expressed as follows.

k:j—:’:T—;[(h+w)(h+w)+(hw+%wz)}+’1\l—:=k0+kL+kJ

2 2 2
K EA[R] o Z3EA 2ﬂ+(ﬂj b N
I\, 21,1 h Lh) L1, 1,

In Equation 3.10, the stiffness | is the same as that of the linear analysis, i, and_ the
stiffness reflects the geometric nonlinearity. i, , allows to consider the effect of the geometric

shape change of the structure on the stiffness. It can be seen that there is a new axial force
term, . If the axial force is compressive, the length of the member is reduced, and thus the

value becomes negative. If the axial force is tensile force, it becomes positive.
In order to show the difference from the linear analysis, the stiffiness i _ of the linear analysis

can also be calculated by the following method.

2 2
P:NE:(AEgE)ﬂzﬁ wL h _EATh u, where kozﬁ h
I, L1, 1,1, L\, I,

0o 0o

From the above procedure, it can be seen that the geometric nonlinear analysis considers
changes in the member length and the inclination angle unlike the P-delta and Buckling

analyzes. As a result, geometric nonlinear analysis adds KL to the stifiness for P-delta
analysis
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2. Tutorial 2.1 Model Overview
Perform the geometry nonlinear analysis of a simple truss structure as shown in Fig 3.5, and
compare the analysis result between linear analysis result and the P-delta analysis result.

Fig.35 _

Structural geometry & P=10kN | 1.0m

analysis model

2.0m

L J

f {
»  Material

Modulus of Elasticitty : 1.0 N / mm?
»  Section

Section (Area) : 1.0 x 106 mm?
» Load

Concentrated load on roller support : 1kN
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2.2 Work Environment

Open a new file and save the file name as 'Nonlinear.mcb'.

Main Menu > [&# > New Project...

Main Menu > & > Save
1. File name : ‘Nonlinear’, Click [SAVE]

Set the unit system to use
Main Menu > Tools > Unit System...

2. Select Length > mm, Force(Mass) >N
3. Click [OK]

» F|g 36 « © 2 |[] « Desktop > Tutorial 8] [ Search Tutorial
Deﬁne Unit System Organize v New folder =

S
# Quick access No itens match your search,

% OneDrive
& ThisPC
30 Objects
[ Deskiop
1 Documents v

File name: | Nonlinear.mgb

Save as type: | MIDAS/Gen Files ("mgh)

~ Hide Folders Cancel

Unit System

Heat
Oeal
Okeal
[@F]
L Okf () L
Qin (O kips (kips/a) (O]:1]
Temperature
(®) Celsius (D) Fahrenheit

Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.

[]setichange Default Unit System
) ) Cancel
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The example models exist in the 2-D, X-Z plane.

Main Menu > Structure > Structure Type

1. Select Structure Type > X-Z Plane

2. Click [OK]

Structure Type
— Structure Type 1

» Fig 3.7 3D | & X-ZPlane| ¢ Y-ZPlane ¢ X-¥Plane ¢ Constraint RZ
Set awork plane

—Mass Control Parameter
& Lumped Mass

I~ Consider Oft-diagonal Masses

I~ Considering Rotational Rigid Body Mode for Modal Paricipation Factor
¢ Consistent Mass
I~ Convert Seff-weight into Masses

@& Convertto = %, 2 ¢ Convertto 2, Y ¢ Convertto £

Gravity Acceleration IQSUB Mg ece
Initial Temperature : |E| [C]

[~ &lign Top of Bearn Section with Center Line (X-% Plane) for Display
[~ align Top of Slab{Plate) Section with Center Line {X-% Plane) far Display

@ 0K I Cancel
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» Fig 3.8
Define material & section
properties

2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu > Properties > Material Properties

1. Click [Add..], Name : ‘Mat’

2. Select Elasticity Data > Type of Design > User Defined

3. User Defined > Modulus of Elasticity : “1.0’, Click [OK]
4. Click Section Tab and [Add...] and Value Tab
5. Select Section Shape Lists > Solid Round, Section ID : “4°, Name : ‘Sect’
6. Size > D : “100’, Section Properties > Area : “1e6’

7. Consider Shear Deformation (off)

8. Click [OK] and [Close]

Material Data
General )
Materialn [T Name | [Mat
7N
Elagticity Data (2)
Type of Desian [Uoar Defned =] | o Defined
Standard |Mane ~
AT DB
“user Concrete
Defined Standard
Type of Material Code

« |satropic

" Orthotropic DB__
VR
User Defined

[ Modulus of Elasticity : l— N/mme
Poisson’s Ratio gl
Thermal Coefficient ¢ m 1/1C]
Weight Density 0 e
[~ Use Mass Density: | 0 N/mmesg

Concrete

Modulus of Elasticity : [ 0.00006=000 pj/mpms

Polsson's Ratio ¢ l—
Thermal Coefficient = [ 0.0000e+000 17C]
Weight Density : T N/mme

N —

Damping Ratio

\3\

Apply

Section Data

(4)

5

DB/User VE‘UEJ‘SRC | Combined | PSC | Tapered | Composite”
(5)

Section ID [T
Mame[Sect @ glp-Up Section

| @ soid Foun 5

Size
LD | 1000000 [mm |

Section Properties

Calc. Section Properties
Area 1.00000e+006 | mm?* E
Asy 0.00000e+000 | mm?
Asz 0.00000e+000 | mm?
box 0.00000e+000 | mm*
lyy 0.00000e+000 | mm*
lzz 0.00000e+000 | mm*
Cyp 0.0000 | mm
Cym 0.0000 | mm
Czp 0.0000 | mm
Czm 0.0000 | mm
Qyb 0.0000 | mm?
Qzb 0.0000 | mm?
Peri:O 0.00000&+000 | mm
Perli\ 0.00000e+000 | mm -

\ 7 )| ™ Consider ShaarDefurmatmn

(-

\8; oK Cancel ‘ Apply
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»Fig3.9
Create anode

(

When Auto Fiting is
toggled on, the model fits
into the full screen, which
automatically  controls
Zoom Size in real ime.

2.4 Generate Node & Element

Create a node in order to generate beam elements.

Main Menu > Node/Element > Create Nodes

1. Coordinates (x,y, 2) : ‘0, 0, 0’

2. Copy > Number of Times: “1’

3. Distances (dx, dy, dz) : ‘2000, 0, 1000’

4. Click [Apply]

5. Display Node Numbers, Auto Fitting, Front View (on)

Properties

) User Dne Change Property @ m oz @} HH Tnelastic Hinge ~
=) T

e B Creep/Shrinkege T Material Link o | sex = oo Ther o, B Goup Damoig * i
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Structural Analysis I 3. Geometric Nonlinear Analysis
(Advanced)

Connect the nodes to generate the element.

Main Menu > Node/Element > Create Elements

1. Select Element Type > Truss

2. Select Material > 1:Mat and Section > 1:Sect

3. Click Nodal Connectivity green box, and Click node number 1 and 2 in Model view
4. Hidden, Display Element Numbers (on)

» Fig3.10 ; s
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Structural Analysis Il 3. Geometry Nonlinear Analysis

(Advanced)

»Fig3.11
Divide element

(i

By modeling one member by
dividing it into several
elements, you can see the
detailed results of the
member.

Shrink is useful for confirming
member connection status
based on the nodal point.
When a member is
connected to a node, it is
divided as shown in the figure.

Divide elements to see detailed results.

Main Menu > Node/Element > Elements > Divide
1. Shrink (on)
2. Select Single (on)
3. Select element no. 1 in model view
4. Select Divide > Element Type > Frame
Select Divide > Equal Distance
Number of Division x : “10’
5. Click [Apply]
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(Advanced)
2.5 Define boundary conditions
Define boundary conditions at pin support of left end, roller support of right end.
Main Menu > Boundary > Supports > Define Supports
1. Shrink, Hidden, Display Element Numbers (off)
2. Click Select Single (on), Select node number 1
3. Support Type > Dx, Dz (on), Click [Apply]
4. Click Select Single (on), Select node number 2
5. Support Type > Dx (on), Dz (off), Click [Apply]
» Fig3.12 SN
Define boundary B L@ I MR B e b B e | £
conditions el e T O] e’ e Teine’ | e ot Loc e il
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3. Geometry Nonlinear Analysis

2.6 Define loads

Define load conditions (Load Type) first to which the loading will belong.

Main Menu > Load > Static Loads > Static Load Cases
1. Name: ‘GNL’

Select Type > User Defined Load (USER)
2. Click [Add] and [Close]

ttaﬂc Load Cases
» Fig 3.13

1
Define load case 1= Mame  : [GML 0 Add
Case * |4l Load Case
Type i |User Defined Load {USER)

L
=]
@
i)
@

Description :

No Name Type Description i
» 1 User Defined Load (USER)
*

m
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o e |
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3. Geometric Nonlinear Analysis

Input a concentrated load, 1000 N at node 2.

Main Menu > View > Display
1. Select Load Tab > Load Case > Load Value (on)
2. Nodal Load (on), Click [OK]

Main Menu > Load > Static Loads > Nodal Loads
3. Click Select Single (on), Select node number 2
4. Select Load Case Name > GNL

5. Nodal Loads > FZ > “1000°

6. Click [Apply]

ary

» Fig3.14
Input Nodal load
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Structural Analysis Il 3. Geometry Nonlinear Analysis

(Advanced)
Define analysis conditions of geometric nonlinear analysis.
Main Menu > Analysis > Analysis Control > Nonlinear
1. Select Nonlinear Type > Geometry Nonlinear
2. Select Iteration Method > Arc Length
Number of Increment Step : “100°
Maximum Number of Iterations/Increment Step : “10°
Initial Force Ratio for Unit Arc-Length (%) : ‘5’
Maximum Displacement Boundary : ‘0’
3. Convergence Criteria > Energy Norm : ‘0.001°, Displacement Norm : ‘0.001’,
Force Norm : “0.001’, Click [OK]
Nonlinear Analysis Control ==
| Monlinear Type
}Flg 3 15 ( :\[IU Geametry Monlinear [~ Material Monlinear ]
: . : lteration Method
NonllnearAnaJyS|s COmTOI wAz\(Nemnn—Hanhsnn & Arc-length Displacemem—Cnntrn\\
Mumber of Increment Steps : oo 4:
Mazimum Mumber of lterations/Increment Step @ (10 =
Initial Force Ratio for Unit Arc-Length (%) ¢ 5
\Maximum Displacement Boundary ID— i/
_Convergence Criteria
( 3\(|7 Energy MNorm : 0,001
i [¥ Displacernent Norm 0.001
\IV Faorce Morm | 0.001
Load Case Specific Nonlinear &nalysis Control Data
Load Case [ Add
Delete

VRN
‘\§f 0K Cancel ‘




\

_

Structural Analysis I 3. Geometric Nonlinear Analysis
(Advanced)

\

Since it is a simple nonlinear analysis model, skyline of equation solver is useful as general
purpose analysis

Main Menu > Analysis > Perform > Analysis Options
1. Equation Solver > Skyline, Click [OK]

Main Menu > Analysis > Perform Analysis
2. Check for successful completion in Message Window

For the convenience of reviewing the analysis result, the text displayed on the screen is
organized.

Main Menu > View > Display

3. Select Load Tab > Nodal Load (off), Click [OK]

4. Display Node Numbers (off)

> Fig3.16 -
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Main Control = P-Defta Bucking Eigenvalue Heatof Moving Nonlinear Construction Suspension Boundary Change | Perform 6 Cort Anabcic Recuft
Data Hydration  Load stage Bridge Assignment Analyss =) Import Analysis Resu
Waln Control | ‘Analysis Control | Perform | 4 |
— o EEITEHE® RS ® 4 CEES NI neaER( N ) EBAR
. Fi Base Sl
J& Table
e Structure Tables
e FResult Tables
# Design Tables
= 57 Query Tables
Analysis Options =5 Display [==3a]
ElainnlEn =y Mode | Element | Property | Boundary |

1 ) Skyling " Multi Frontal Sparse Gaussian Misc Load ‘ Yiew |  Design |
=
T EI Load Case
e 3 | I Load Yalue | ...

Mermnory for Analysis -~ TGN
= Auto  User: [b4 5' MByte

1

126000000 >»@EFF6E 00 €32 00050

oL TERMINATED

UTION
-C:\ORDICHS CiilZ B S 2 ZH3R2-03 IS HIET 3 4 ¥Nonlinear

YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED...
TOTAL SOLUTION TIME..: 0.52 [SEC]

[

»

[211_Command Wessage Message

Lol |
o =) o) vlllron=] 2| T /[ 2

G: 1000, 0, 500
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(Advanced)

» Figure 3.17
Deformation results

2.8 Check Analysis Result

Check the transformation using the animation function.

Main Menu > Results > Deformations > Deformed Shape...

1. Select Load Cases / Combinations > ST : GNL

2. Select Components > DXZ

3. Type of Display > Undeformed, Values, Legend, Animate (on)

4. Click [Apply]

5 Click the Record button at the bottom of the model view (see the following figure)
After checking the deformed shape, click the Exit button (see the following figure)
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(Advanced)

» Fig 3.18
Axial force results

Check the axial force among the load cases and combination.

Main Menu > Tools > Unit System...
1. Select Length > mm, Force(Mass) > kN, Click[OK]

Main Menu > Results > Forces > Truss Forces...

2. Select Load Cases/Combinations > ST : GNL and Step : NL Step : 20
3. Select Force Filter > All

4. Type of Display > Contour, Deform (off), Value, Legend (on)

5. Select Output Section Location > Max

6. Click [...] in Values, Number Options > Decimal Points : ‘3’, Click [OK]
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(Advanced)
Save as 'Nonlinear-PDelta.mgb' to compare to geometric nonlinear analysis.
Main Menu > Files > SaveAs...
1. Enter a name : ‘Nonlinear-PDelta’, Click [SAVE]
The geometric nonlinear analysis condition is deleted to perform the P-delta analysis.
Main Menu > Analysis > Nonlinear Analysis Control...
2. Click [Remove Nonlinear Analysis Control Data]
»Fig 3.19 Menlinear Analysis Control (=)
Remove Nonlinear .
Analysis Condition Monlinsar Type

v Geormetry Monlinear [ Material Monlinear

[teration Method
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3. Geometric Nonlinear Analysis

(Advanced)
Input data to perform P-delta analysis.
Main Menu > Analysis > P-Delta Analysis Control...
1. Control Parameters > Number of Iteration : ‘20’
Convergence Tolerance : “1e-005’
2. P-Delta Combinations > Load Case : GNL, Scale Factor: “1’
3. Click [Add] and [OK]
» Fig 3.20
P-delta Analysis Control P-Delta Analysis Centrol
Control Parameters —————
1) Mumber of lterations @ |20 =
Convergence Tolerance: |1e-005
P-Delta Combination
fz\gLUad Case : |GNL | _I
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Delete
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L

Cancel

Perform P-delta analysis

Main Menu > Analysis > Perform Analysis
1. Check the message for successful run
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»Fig3.21
Deformation results

Check the deformed shape and animation function.

Main Menu > Results > Deformations > Deformed Shape...

1. Select Load Cases / Combinations > ST : GNL

2. Select Components > DXZ

3. Type of Display > Undeformed, Values, Legend, Animate (on)
4. Click [Apply]

5. Click the Record button at the bottom of the model view (see the following figure). After
checking the deformed shape, click the Exit button (see the following figure)
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(Advanced)

» Fig 3.22
Member force

Check the axial force.

Main Menu > Results > Forces > Truss Forces...

1. Select Load Cases/Combinations > ST : GNL

2. Select Force Filter > All

3. Type of Display > Contour, Deform (off), Value, Legend (on)

4. Select Output Section Location > Max

5. Click [...] in Values , Number Options > Decimal Points : ‘3’, Click [OK]
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Save as 'Nonlinear-linear.mghb' to compare with linear analysis.

Main Menu > Files > SaveAs...
1. Enter a name : ‘Nonlinear-linear’, Click [SAVE]

Remove the P-delta analysis condition to perform the linear analysis.

Main Menu > Analysis > P-Delta Analysis Control...
2. Click [Remove P-Delta Analysis Data]

P-Delta Analysis Control (==
» Figure 3.23 Control Parameters
Remove P-delta analysis Mumber of lterations ~ : ] =]

Convergence Tolerance: |1e-005

P-Delta Cornbination
Load Case @ |GHL | ..
Scale Factor |1

Load Case
GHL 1 Add
Madify
Delete

a Remove P-Delta &nalysis Data “

0K Cancel |

Perform linear analysis.

Main Menu > Analysis > Perform Analysis
1. Check the message for successful run
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Check the deformed shape and animation function.

Main Menu > Results > Deformations > Deformed Shape...

1. Select Load Cases / Combinations > ST : GNL

2. Select Components > DXZ

3. Type of Display > Undeformed, Values, Legend, Animate (on)

4. Click [Apply]

5. Click the Record button at the bottom of the model view (see the following figure).
After checking the deformed shape, click the Exit button (see the following figure)

» Figure 3.24
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(Advanced)

» Figure 3.25
Truss forces

Check the axial force acting on the member.

Main Menu > Results > Forces > Truss Forces...

1. Select Load Cases/Combinations > ST : GNL

2. Select Force Filter > All

3. Type of Display > Contour, Deform (off), Value, Legend (on)

4. Select Output Section Location > Max

5. Click [...] in Values, Number Options > Decimal Paints : ‘3’, Click [OK]

% 4~ Reactions ~ 97 Stresses © | I BeamyElement = | L Mode Shapes * - Influ. Lines ~ T.H Results ™ Y - $|
[ Deformations - ¥ Diagram - | I+ Local Direction.. A m to.. | @ Influ. Surfaces - | [& T.H Graph/Text = | = ~ L =
o o | 2 Forces * HY Resuks * | 4~ Reduction Moment | [ I & Moving Tracer * | [l Stage/step Graph | 1 ° Jext | Reaufts
Combination | 1 Forces &3 HY Resul 4~ Reduction Moment | [ s oving Tracer Stage/step Graph | . °')) Output | Tables =
Combination | Results | Detal | Mode shape | Movngload |  TmeHstory | Bridge | Text | Tables |
— - EEIRRHR®I PSS ® <% EEEETE =T I IS 3 @[
— —_—

|

N MIDAS/Civil
Sk s

Truss Forces — .
Load Cases/Combinations 2.23607+000
ST: GIL 0 [ | 2.23607e+000
Step £ 2.23607e+000

2.236072+000

Tens, ¢ Comp, 2.23607e+000

=
P Values 17 Legend ..,
I~ Mirored 1 .
r 7
Oufput Sge~n Lacation R
o ° o i
wmxis
Apply Close MIN : 1
FILE: Nonlinear—
. e

2.23607e+000
2.236072+000

23607e+000

GEI»PIF0I00 €32 JOeF
—

DATE: 02/03/2014 (7”
. EFEI.\:?IREMTIVN (.:’
%: 0.000 o
.

= I

¥ioe

PLEASE CEECK YOUR WARNING MESSAGE FILE :C:\DHDICHE Civil2 BHS = FEHEMW2-03 IHIHE o) 4% Nonlinear-linear, OUT

>

Task Pane ILe
For Hep, press FL e e S | o e Y = A =




ZZ

Structural Analysis I 3. Geometric Nonlinear Analysis
(Advanced)

3. Exercise

Compare the member force, displacement and reaction among two structure of different
shape geometry below.

P =1,000kN P =1,000kN

12 P =1,000kN

P =1,000kN

»  Material

Modulus of elasticity: 2.05 x 105 N/ mm?
»  Section

Sectional Shape: Cylinder

Size : 100 mm
» Load

Concentrated Load in the (-)1000 kN
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Node Xm) | vm) | Zm) |
1 0, 000000 0, 000000 0, 000000
2 9, 919920 0, 000000 —-10,327700
3 21,520200 0, 000000 =18,724100
4 34, 430200 0, 000000 =24 920300
5 435, 237200 0, 000000 =28, 720000
5] &2, 500000 0, 000000 =30, 000000
7 76, 62800 0, 000000 =28, 720000
8 90,569500 0,000000 —24,920300
g 103, 430000 0, 000000 =18, 724100

10 115, 030000 0, 000000 =10,327700
11 125, 000000 0, 000000 0, 000000
12 0, 000000 0,000000 =100, 000000
13 10, 874600 0,000000  =107.537000
14 22321000 0,000000  =114,173000
15 34, 264900 0,000000  =119,8685000
16 45, GZ8500 0.000000 =124 576000
17 59,331500 0.000000 =125, 276000
18 T2, 291400 0,000000  =130,5940000
19 85,4235800 0,000000  =132,E52000
20 93, 643300 0,000000  =133,7100000
21 111, 864000 0,000000 =132, 582000
2y 125, 000000 0,000000 =137, 000000
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1. Introduction 1.1 Concept of Buckling Analysis

»Fig4.1
Buckling Types

If an incremental compressive force acts on a slender column or a thin plate is
incrementally loaded in the in-plane direction, there comes an increment of load
when sudden lateral bending is observed. This is defined as buckling behavior.
Buckling in simple terms is structural instability wherein the geometric stiffness
governs the failure.

Until the buckling occurs, the element remains in stable equilibrium, once
buckling occurs, the lateral deformation is no longer linear to the applied load.
The buckling is not only limited to the flexural buckling of slender columns or thin
plates. Local buckling occurs for a local area of an element, like when shear acts
upon the web plates of a plate girder, it also tends to buckle causing local shear
buckling; similarly torsional buckling can occur in members weak in torsion
leading to rotation of element about the force axis. Also flexural-torsional
buckling is the combination of bending and twisting response of a member in
compression which mostly occurs in open cross sections. Lateral torsional
buckling occurs for a beam stiff in bending plane but weak in transverse plane
particularly happens for laterally unsupported compression flanges of an | cross
sections.

Flexural Buckling Torsional buckling Local Buckling
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Buckling causes imperfections of the shape and the loading axis is modified for the
buckled elements.

k P
N ] <€
»Fig 4.2 @ ;&
cosd (?_ ?OS 9)
Before transformation (1) After transformation (2)

Applying Moment Equilibrium at point 2, we get following equation

»Eq4.l —k@+Pl sin@=0
If small strain is assumed, then sind ~ @9 ,

»Eqa2 (-k+P1)6=0

If 6 is afinite value then values in the parenthesis should be equal to 0.

»Eq43 p _k

So, instead of buckling deformation, the above equation is used to obtain buckling shape
under critical loading conditions.

For the buckling of columns with stiffness, differential equation Eq.1.4 and Eq.1.5 from chapter
1 can be used. Buckling of hinged ends of the columnsis (Elw™'+ Pw"=0)

So it can be expressed as

>Eqad w(x) = Asinkx+ Bcoskx+Cx+D

Where, k= P
El
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»Eq45

»Eq4.6

»Eq47

»Eq4.8

»Eq49

Substituting for boundary conditions.

w(0)=B+D=0
w(l)=Asinkl +Bcoskl +Cl +D =0
w"(0)=-Bk*=0

w"(1)=—Ak?sinkl — Bk*coskl =0

Which can be represented by following form,

0 1 0 11(A] (o
sinkl coskl 1 1||B 0
0 «k* 0 ofllc[ o
—k?sinkl —k%coskl 0 0||D 0

From Eq. 4.5, B = D = 0it can inferred that,.

Lt oo}t

As A & C are non-zero entities, the determinant should be equal to zero. Hence,

sinkl =0 Where, kl =nx
Here, nis natural subset of (1 ~ o).

Therefore, the critical buckling load at the ends of hinged column is,.

n 2
P, =(—”j El
1
By using Eg. 1.50ne can get the same results. For other support conditions, the critical
buckling load results are as shown in table 4.1
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» Table 4.1 Support Condition 2 1,
Buckling Analysis 2
based on support ; nz
condition at both end Both Ends Hinged (ﬁj El 1.01
n 2
Both Ends Fixed (%j El 0.51
One end Hinged nz \
’ — 0.71
other end fixed ( 71 J El
One end fixed nr Y
' — 2.01
other end free ( 2.0l j El
| I I |
4 44— .
»Fig4.3
Buckiing Analysis -
based on support . -
condition at both end =

W@ = mp) =05 M) =07 W) =2

The calculation of buckling analysis is same as P-delta analysis. The main difference is P-
analysis directly obtains displacement value, whereas buckling in the determinant format
obtains shape, size and variation of critical load using boundary condition as zero. At the
surface, using determinant format and boundary condition as 0, the expression is same as
buckling eigenvalue analysis. The critical buckling load in a mathematical representation is
same as eigenvalue of the eigenvalue analysis, and buckling shape is Eigen vector.
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Therefore, the buckling analysis problem can be narrowed to an eigenvalue analysis problem.
From the eigenvalue analysis, eigenvalues and mode shapes are obtained, which
correspond to critical load factors and buckling shapes respectively. A critical load is obtained
by multiplying the initial load by the critical load factor. The significance of the critical load and
buckling mode shape is that the structure buckles in the shape of the buckling mode when
the critical load exerts on the structure. For instance, if the critical load factor of 5 is obtained
from the buckling analysis of a structure subjected to an initial load in the magnitude of 10,
this structure would buckle under the load in the magnitude of 50. Note that the buckling
analysis has a practical limit since buckling by and large occurs in the state of geometric or
material nonlinearity with large displacements.
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2. Tutorial 2.1 Model Overview

Find the buckling mode and critical load of the following structures using buckling analysis.

— SN

» Fig 4.4
Analytical model
5
§ P —_— X
(3 (b)
»  Material
Modulus of elasticity:100 N / mm?
»  Section

Sectional area (Area) : 2.5 x 105 mm?(1000 x 250)
Moment of inertia (lyy): 1.30208 x 109 mm?*

» Load
Nodal node load 10 kN at roller support
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» Fig45
(a) Save the file
(b) Unit system setting

(i

The unit system setting
can be easily set at the
status bar at the bottom
of the screen.

Open a new file and save the file name.

Main Menu > [&# > New Project...

Main Menu > & > Save
1. File name: ‘Buckling-a’, Click [SAVE]

Set the unit to mm, N.

Main Menu > Tools > Unit System...
2. Select Length > mm, Force(Mass) >N

3. Click [OK]

€« v

<« Desktop » Tutorial

Organize ~  New folder

a
 Quick access
a OneDrive

I This PC
30 Objects
B Desktop
1 ) [ Documents v

File name: [Buckling-a

Save as type: | MIDAS/Gen Files (*.mgk)

A Hide Folders

Cancel

2.2 Work Environment

Unit System

nnite

Temperature
(®) Celsius

Obf @) Ow
O kins (kips/a) ®5w
() Fahrenheit

Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with

SetyiChange Default Unit System

e

Cancel
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midas Gen is 3-D software, since beam exsit in a 2-D plane, X-Z plane in Global Coordinate
is set as the work plane, which restrains unnecessary degrees of freedom, Dy, Rx, Rz.
Main Menu > Structure > Structure Type...
1. Select Structure Type > X-Z Plane
2. Click [OK]
Structure Type @
Structure Type r/i\)
> Fig 4.6 © 3D ’ C ¥-ZPlane ¢ X-YPlane ¢ Constraint AiZ
Setwork plane
Mass Contral Parameter
& Lurmped Mass
[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor
" Consistent Mass
[~ Convert Self-weight into Masses
(= 9 @)
Gravity Acceleration :  |9806 M/ sec:
Initial Temperature @ [0 [C]
[~ &lign Top of Beam Section with Center Line (X-% Plane) for Display
[~ align Top of Slab(Plate) Section with Center Line (*-% Plane) for Display
‘6;‘ QK Cancel
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Define material and section for the structure.
Main Menu > Properties > Material Properties
1. Click [Add...], Name : ‘Mat’
2. Select Elasticity Data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity : “100’, Click [OK]
4. Click Section Tab and [Add...] and Value Tab
5. Select Section Shape Lists > Solid Rectangle, Name : ‘Sect’
6. Size > H: 250’, B : “1000°, Section Properties > Click [Calc. Section Properties]
7. Consider Shear Deformation (off)
8. Click [OK] and [Close]
» Fig 47 Material Data i [E==l| | section Data @ (=)
(a) Matgria] deﬁniﬁon (:Z:Z::I  T—— Na;‘;} \Ma' DE/USE{ Value |SRC | Combined | PSC | Tapered | Compostte ‘j/‘;’\,‘
(b) Section definition PP 2\" o Section 1D i [ 5ol Fecingle 3
Type of Design |User Defined  ~| Standard [Fone = Mame ,7595( ¥ Buil-Un Section JJ
i 0B
“usér Concrete 2 )
Defined Standard [ -] 250.0000 | mm S
Type of Material Code 1000.0000 | mm
 lzotropic ¢ Onhatropic L I |
[ User Defined j( 3) — Loty Proper 23
Modulus of Elasticity : I—IUU N/mme red Sl AL L
After entering the size of Pascon o | oy 2ipge
the section, Thermal Coefficient ¢ [ 0.00008+000 1/(C] e 4 386296-+009 | mm®
[Calc. Section Properties] TSRy 8 W Rir? Iy 1.30206+009 | mm*
bution to calculate the e M et 2 M3 o T 500 0000 [
section performance Modulus of Elasticity : [ T0005°000 py/mme Cym 500.0000 | mm
automatically. If  you Poissan’s Ftio |7 gifn E:gggg o
double click the item, you Thermal Coefficient | 0.0000+000 147C] Qyb 7812 5000 | mn?
can see the number of UBEPEER) b H/mme Qzb 125000.0000 | mm®
decimal places in detail. r ! i Peri0 | 2.50000¢+003

Flasticity Data ) I Consider Shear Deformation
MWWWW A
) R ra ) W)
(
0K \H/W § OK. Cancel | Apply ‘




Structural Analysis Il

Create nodes where elements will be created.

4. Buckling Analysis

2.4 Generate Nodes & Elements

Main Menu > Node/Element > Nodes > Create Nodes...
1. Modify unit to kN, m
2. Coordinates (x, Y, z): ‘0,0, 0’
Copy Number of Times: 60’
Distances (dx, dy, dz) : ‘0,0,0.25’
3. Click [Apply]
4. Display Node Numbers, Auto Fitting, Front View (on)

Ay

2R Y Rotate =y Scale |
Transhte Extrude Divide Merge Inersect

Create  Transate Diide Merge
5 98 X Project

When Auto Fitting is
toggled on, the model fits
into the full screen, which
automatically controls
Zoom Size in real time

CEEITEHED I EAHIL S ®] R I |

Element Boundary Mass

Create Nodes <]

Start Node Number

Coordinates (x.y.z)

00,6 M

Copy

Number of Times [0 —=|

Distances (dx.dy.d2)

0.0.0.25 my

% Merge Duplicate Nodes
i Intersect Frame Elements .|

Task ane

For Help, press F1

Proa&i000s gl @@ogg dn:explgfeso

Command Message /{_Analysis Nessage

Lel | i
I | o e = A = |
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Connect the nodes to create the element.

Main Menu > Node/Element > Elements > Create Elements...

1. Select Element Type > General beam/Tapered beam

2. Select Material > 1:Mat and Section > 1:Sect

3. Click Nodal Connectivity green box, and Click node number 1 and 61 in Model view

M

» Figure 49 - e = . .
V4 =l e\@ No¥ X Delete o mMior @ | 2 @ Y ,':.: .{ N x X Delete 7% EH '}P
@ @ oY Ak = b3 | I — 12 o I G " H -
Create element Create  Transate Diide Merge D roate 152 scle ;L’ Nodes | Create ‘{ Trnshte Extrude Divde Merge Ttersect o o = Change  Elements
Nodes £ Profect T T | pements | M Mivor 21 prdters “Table
Nodes | Elements |
== EEITREHE® IS ® % - % CiEESDNIE NN RE S

Boundary Mass Load - 1h £ <:|@
X Element Number : [fT .| | * s

By modeling one element Emiim

by dividing it into several (e 1)

elements, you can see the

detailed deformation

results of the element.

56

Section
Mo, Marne

R T e A e e

Sect -
Origntation ————
@ Beta Angle  « Ref. Point

© Ref, Vector

0 ~ | [deq]
Nodal Connectiviy e <§>E:>
*yz v Enl i 3
Intersect @ Node [ Elem .| w n %
=] [—
Apply | Close | L i

Task Pane Command Message £ Analysis lessage I« o
For Help, press F1 Node-61 U:0,0, 15 6:0,0, 15 W~ 1fm 1] 2 4 »{fron ] 2| BT/ [ =

R AT

&
&
a
=1
Q@
&
@
ol
@
B
@
=]
&
=
r:]
o
&
o
o
<&
1
Ll
=N
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2.5 Define Boundary Conditions

Pin support is assigned to the bottom of the column, and roller support is assigned to the top
of column.

Main Menu > Boundary > Supports > Define Supports
1. Hidden (off)
2. Click Select Single (on), Select node number 1
3. Support Type > Dx, Dz (on), Click [Apply]
4. Click Select Single (on), Select node number 61
5. Support Type > Dx (on), Dz (off), Click [Apply]

» Fig4.10 Lead ks P
1 == B T Effe idth
Define boundary £ & & T Wk ) e h. B B e & aos | £
conditions e || i“p’?n? Tk o Tt hme oM ke | 3 Mode Loce hxs e
9 | nk I Release/Cffsat Tables
(i THOEEEEIIR <% CEES &I'F n(rmnfﬁ R |

l e I @E‘>":

Supports - J
Boundary Group Name
Default

Options
& Add C Replace © Delete

Suppart Type (Local Direction)

Ry I Rz

ey e

0000 >0 00 €0 0000

@\j> P

z
g
&
<
2
g P

I G -JJJmJﬂfﬂl
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2.6 Define Loads

Define load case (load type) first to which the loading will belong.

Main Menu > Load > Static Loads > Static Load Cases
1. Name: ‘Case™’

Select Type > User Defined Load (USER)
2. Click [Add] and [Close]

Static Load Cases
> Fig4.11
Define load case
@ Name  : [Casel] @) Add
Case * |&ll Load Case | tadify
Type  [User Defined Load (USER) ~J Delete |
Description : |

| »

No‘ Name | Type Description
*

m

4 LU 2

O
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Input nodal load (10 kN) in the (-) Z direction at the top of the column.

Main Menu > View > Display ...
1.Load Tab > Load Case > Load Value (on)
2. Nodal Load (on), Click [OK]

Main Menu > Load /Nodal Loads...

3. Click Select Single (on), Select node number 61
4. Select Load Case Name > Casel

5. Nodal Loads > FZ > 10’

6. Click [Apply]

» Figure 4.12
Input nodal load [l | @ sefweght & Nodal Body Force [T Element /3 Pressure Loads = Tnital Forces ~
p ® (s Nodal Loads  ( Nodal Masses 0 Line | Hydrostatic Pressure | [=] Assign Floor Loads ~
LA e e | 1 Speckied Dipl. 4 Loadsto Masses | B Typical | 4 Asson Plane Loads * | [Z] Finshing Materal Loads
| Create Load Cases | ‘Structure Loads / Masses | BeamLoad | Pressure Load | Inital Forces/Etc.
o ¥ SiEES DS A HICEEIS N IBEA R
i Base 7R @I:> 4
4 @
Nodal Loads =15 E @
Load Case I 1 al
0ad Case Name
Casel 4 ). R
§ &
Load Group Name 5 S
T — 1 9
> £
Options
& Add  Replace  Delete é
Nodal Loads i a
i @
! o
§ =]
3 @
L A
Display (=] =
. . : @
Mode | Element | Property | Boundary | =
Misc Load | view | Desian | g,
.
Load Case O‘
= Al IV Load Value .. ©
<+
" Case Selection [ST: MOME PY
4
 Group Selection J é
»
Nodal Body Farce P
{#Modal Load
Task Pane < a
d

peciied Displa

For Help, press F1.
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2.7 Perform Analysis

Define the basic conditions of buckling analysis.

Main Menu > Analysis > Analysis Control > Buckling
1. Number of Modes : ‘5’

2. Load Factor Range > Search > From: ‘0°, To : ‘0’
Buckling Combinations > Load Case > Select Casel , Scale Factor : “1’

3. Click [Add]
4. Click [OK]

Buckling Analysis Control
> Fig 413 ~Buckling Modes
19 4. Murmber of Modes :
BUCkIIng AnaijIS Load Factor Range

Control

¢~ Positive Value Only
& Search

[~ Sturrn Sequence Check

’rFramE Geometric Stiffness Option

[~ Consider &xial Force Only

~Buckling Comhbination
Load Case :

Scale Factor :

Load Type : * Yariable anstant
Load Case | Scale | Load Type |
Casel 1 Yariable

Add Modify | Delete |

Remove Buckling AI)PJ"*‘QiS Data |

4
[ 0K Tr/ Cancel |
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Analyze the model.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

Main Menu > View > Display...
2. Load Tab > Nodal Load (off), Click [OK]
3. Display Node Numbers (off)

= . (@ ing-21 - (Model View]
» Fig 414 2] lement  Properties  Boundary  Load [N P M ois
N pors * 1 2 [Ll]  ## Analysi Options P Re
Message fora B3 @ @ Zz M [E1fawahion
Main Control  P-Defia Bucking Eigenvalue Moving Monlinear Construction Suspension Boundary Change P S ult
successful run Data H Stage Bridge  Assgnment port Analysis Resu
| Perform |

CEESDNI A NN AR

=@ Structure Tables
o B Result Tables
) C Design Tables
=87 Query Tables

12600000 >»AEF00 00 442 00250

OLUTIGN TE
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED. C:\OIOICHS Ciiil 2 B2 = 2 X2 8H2-08 T2 6 AwBuckling-a
TOTAL SOLUTION TDEE..: 1.21 (sec]

RMINATED

el |
For Heb, press FL Node-61 U:0,0, 15 ki~ 1[m 1] ] 4] »non=] 2| ITS /[ 2 =
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2.8 Check Analysis Result

Check deformed shape of the buckling mode.

Main Menu > Results > Mode Shapes > Buckling Mode Shapes...
1. Select Load Cases(Mode Numbers) > Mode 1

2. Select Components > Md-XYZ

3. Type of Display > Undeformed, Legend (on)

4. Click [Apply]

5. Confirm CRITICAL LOAD FACTOR =5.712E-001

% 4= Reactions * 1 Stresses | 3B BeamyElement ~ | L Mode Shapes ~ - Infu. Lines ~ T.H Resuls ™ e - E[
"  Deformations - ¥ Diagram ~ | |+ Local Direction.. | [] 1 i Influ. Surfaces = [ T.H Graph/Text ~ | =< ~ g
» Fig4.15 Combration | ¥ Forces * &3 HY Results ~ | 4~ Reduction Moment | [ 1 ¥ Moving Tracer * | [i Stage/step Graoh Text | pReni s
Combination | Results | Detal | | WovingLoad |  Time Hitory
Buckling mode shape = EEITEEOIENIRE®) % X IEEEET I =L IR

Tree Menu 2 x

i ese <k
Bucking Mode Shapes ] .|

C FACTOR=S. T12E-001

Multi-Modes

Components
©Md-k O Md-Y O Md-2

Type of Displa

~ ¥ Undeformed
I~ Values\ 2 _( @ Legend .|
I~ Animate L. T CoMUr L.,

WX : 31
MIN : 1

FILE: Buckling-a

DATE: 01/28/2014
VIEW-DIRECTIO!

£
P49 & 0000 0 >EPF60 08 €52 00960

OUR MIDAS J0B IS SUCCESSFULLY
SOLUTION TIME 21

i AWBuckling-a

3

Ll |
W =l[m 1] <4 o Jfron=] 2| IO /[ 2 5
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Check eigenvalue results to calculate critical load.
Main Menu > Results > Results Tables > Buckling Mode Shape...
1. Records Activation Dialog > Buckling Mode > Mode 1,2,3,4,5 (on)
2. Click [OK]
3. Confirm the value of Eigenvalue mode in a table
» Fig 4.16
Eigenvalue analysis BUCKLING ANA
result Mode Eigenvalue Tolerance
1 0.571158 3.5072e-025
2 2234631 §.1728e-017
3 5.140423 2.6300e-014
4 5.138547 5.6422e-013

5 142750 6.4655e-013
» 0.000000 0.000000 0.000000 0.000000 0.004832 0.000000

1
2 1 0.001207 0.000000 0.000000 | 0.000000 | 0.004225 | 0.000000
3 1 0.002411 0.000000 || 5] Records Activation Dialog == 00000
4 1 0.003609 0.000000 : 00000
5 1 0.004796 0.000000 Mode or Element Buckling Mode 00000
6 1 0.005971 0000000 | M| Mene | nverse| Prey | [eMode ] 00000
. . wiMode 2
7 1 0.007129 0.000000 | [Mode ] [TtobT wMode 3 00000
Select Type Mode &
Element Type - Add
il Delete
i Replace
- Intersect
(2) ]
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Compare to the results according to different boundary conditions.

Main Menu > Files > Save As...

1. Enter a name : ‘Buckling-b’, Click [SAVE]

2. Tree Menu > Works Tab

3. Works>Boundaries>Supports : 2 > Right clicking at Type 1, Select
Support Type > Dx, Dz, Ry (on), Click [Apply] and [Close]

4. Works>Boundaries>Supports : 2 > Right clicking at Type 2, Select

Properties

Properties

Support Type > Dx, Dy, Dz, Rx, Ry, Rz (off), Click [Apply] and [Close€]

| 4 Flg 417 t Boundary [ 5C ols
i | Spring ~ EH Linear Constraints T Effective Width
Modify boundary £ | A a e (39 | e 5]
_fY 2 &7 i I Intergral Bridge U:'U 9&5 ’ ’ h- P, [ Panel Zone Effects %' Define Label Dir 7
Defne | Pont Surface Elstic Rigid General | BeamEnd BeamEnd Plate End |, Boundary
conditions Supports | Spring  Spring Uik Lnk Lk~ Relesse  Offéets  Release | 2 Node Local Axs Tables ™
Supports | Spring Supports | Link | Release/Offset | Etc. | Tables |
—- - EHEIREE® I EHID S ®] - % R IR I TR
ax
i Hi Base - IH
L9}
Supports e | ®
Boundary Group Hame Q
Default 2 | 2y =] |
® Group Report
@ Add  Replace  Delete 5t Analysis Control Data o
Support Type (Local Direction) T, Bucking Analysis [ Nm=5; Log %
= = Structures
z *, Nodes : 61
T Ry Dy ¥ 5 7 Elements : 60 o
“> Beam : 60 =
Rz =1 [T] Properies a
Dx .
. = [T] Material : 1
Dz Tex [T] 15 Mat s}
= T Section : 1 B
T 1 Sect =]
D= = & Boundaries &
BT Dy Dz = & Supports : 2 A
oy Type 1 [ 101000 ] Assign =
b 2 Type 2 [ 100000 ]
(o T 5+, Static Loads Select Assigned Nodes @
Rx ™ Ry ™ Rz " 2] Static Load Case 1 [ Select Assigned Nodes Plus &
!> Modal Loads : 1 Unselect Assigned Nodes. "
o
Unselect All Y
o
Active Assigned Nodes o
Active Assigned Nodes Plus. iy
Inactive Assigned Nodes &
g Active Al &
Messag ow Delete e
E3
Display
Undisplay -
>> Properties
Task pane Command Messge fll it — 5
For Help, press F1 Node42 U:0, 0, 10.5 6:0,0,10.5 < [fm = ]| )| 4] b [non~] [2| TS /[ 2 =
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Analyze the model modified.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

> Fig4.18

s S 2 #§ Analysis Options P Re
Message fora » 3 o 8 @ Z M P g
Main Control  P-Defta Bucking Eigenvalue Heat of Moving Nonlinear Construction Suspension Boundary Change oart Anal cult
successful run bets Hyarston  Losd Stoge | Bidge. Asgoment 2 mport Analyss Resu
Wain Control | ‘Analyss Control | Perform |
= i EHEINHE® 0135 ® | % - % R I I L TR T
Hi Base - IR
7 Warke Q
%=, Analysis Control Data &R
1z, Buckiing Analysis [ Nm=5 ; Lo EY
=& Structures
*, Nodes : 61 =] |
=% Elements : 60 a
> Beam ! 60 @
=1 [T] Properies [vg
= [T] Material : 1 @
[x] 1 Mat
=T Section : 1 =
T 1 Sect I
5 A& Boundaries g
) @
& ads B
[ Static Load Case | [Cass! ;] @
(t Nodal Loads i 1 a
&
=
@
et
o
ps
o
&
&
y <
=

TION TERMINATED
A\DIDICH: CiilR 2= 2 T H2H2-04 T2 6 4WBuckling b

IYOUR MIDAS JOB IS SUCCESSFULLY COMPLET
» i TOTAL SOLUTION TDME..: 0.64 [SEC]

ane T[> [P]\, Command liessage J Analysis Message

For Help, pre: Node-16
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> Fig4.19
Buckling mode shape

Check deformed shape of the buckling mode

Main Menu > Results > Buckling Mode Shapes...
1. Select Load Cases(Mode Numbers) > Mode 1

2. Select Components > Md-XYZ

3. Type of Display > Undeformed, Legend (on)

4. Click [Apply]

5. Confirm CRITICAL LOAD FACTOR = 1.428E-001

% 4= Reactions ~ 4 Stresses | 1B BeamyElement * | L Mode Shapes ~ - Influ. Lines ~ T.H Resuls ~ P g =
[ Deformations - ¥ Diagram - | 3 Local Direction.. A m to.. | @ Influ. Surfaces - | [& T.H Graph/Text = | [= ~ L =
Load H . LA T « | 18 Stage/step Graph | Text | Results
Combnation | #1 Forces & HY Results * | 4~ Reduction Moment | [ I s | & Moving Tracer ~ | [l Stage/Step Graph | & Output | Tables =
Combination | Resufts | Detal | Mode shape | mMovngload |  TmeHstory | | Text | Tables |
— = EEITEHEGEIIYE® 17 q
Tree Menu 2 x
e Sy @]
| Hode shapes | i ase IR a
Buckling Mode Shapes  ~] . |
— =] |
Muli-Modes @
3+
Components o
CMER O MY Md-Z $
Md=X
=]
Type of Display =
& wl @
I Values .| lin]
I~ Animate .| T Contour _. (15}
@
(4 ) cose e =
WX © 61 =
MIN : 1 =
FIEE: Buckling® | (g
TvIT:
DATE: 01/28/2014 O”
VIEW-DIRECTICN O’
X: 0.000 t o
® ) o= |
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Structural Analysis Il

4. Buckling Analysis

(Advanced)
To calculate the critical load, check the eigenvalues in the buckling analysis result table.

Main Menu > Results > Results Tables > Buckling Mode Shape...
1. Records Activation Dialog > Buckling Mode > Model,2,3,4,5 (on)
2. Click [OK]
3. Confirm the value of Eigenvalue mode in a table

> Figd.20 BUCKLING ANA

Eigenvalue analySiS Mode Eigenvalue Tnleranc . e

result

0.142789 0.0000e+000

1.285105 5.8697e-018

1
2

3 3.569737 4 6276e-016
4 6996692 7.0850e-014

Buckling Mode

1D 52

5 11565992 7.5339e-013
» - 1 0.000000 0.000000 5 Records Activation Diclog == |0.000000
2 1 0.000032 0.000004
3 1 0.000126 0.00000q| | Mede or Element
] 1 0.000284 0.000000 _ A | _MNone | Inverse| Prev
5 1 0.000506 0.000000 [Node =] [TBT
5 1 0.000789 0.000000 [ Select Type
7 1 0.001136 0.00000(| | [Flement Type =] add

Delete
Replace

Intersect

(2] Cancel

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000
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3. Exercise

Determine the buckling modes and the corresponding critical loads of a column subjected to
a vertical load with various boundary conditions

77 777
@ (b)
»  Material
Modulus of elasticity:100 N / mm?
»  Section

Beam element: Solid rectangular 17000mm x 250mm
Moment of inertia (lyy): 1.30208 x 109 mm?*
»  Boundary condition
(@) Lateral displacement and rotational displacement of the top end are
constrained and the bottom is a fixed support.
(b) Thetop endis aroller and the bottom is a fixed support
» Load
Nodal node load 10 kN at roller support
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(Advanced)

1. General

» Fig 5.1
Mode shape of
Cantilever

»Eq.5.1

1.1 Concept of Eigenvalue Analysis

Eigenvalues is also referred as free vibration analysis as it is Interpretation of the structure’s
unique dynamic characteristics analysis. What does the dynamic attributes mean?
Frequency and mode shapes are calculated using Ritz Vector analysis or Eigen value
analysis in midas Gen. For Eigen Value analysis, characteristic equation is formed, solution
of which is Natural modes (Mode Shapes), Natural Periods (Frequencies), Modal
Participation Factors and Effective modal mass. The mode shapes and frequencies
generated by Eigen Value Analysis are important for Response Spectrum or Time History
analysis,

During Free vibration of structure, the energy reduces sequentially from 1st Mode

(Fundamental Mode of Vibration) to 2nd and subsequent modes of vibration. Figure 5.1
shows the different modes shapes for a Cantilever arrangement.

L

Mode 1 Mode 2 Mode 3

Majority of Standard Design code require more than 90% of the modal mass excitation to
include major modes affecting the analysis results.

Force equilibrium conditional can be applied and because there is no external load being
applied, the RHS of the equation is 0.

EIw"" +mw =0
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Since there is no external load, mathematically it is same as buckling analysis. Separating
deflection term w(x, t) in terms of distance and time w(x, t) = ¢(x)Y (t). The differential
equation becomes

>Eq 52 70 mY®

¢(x)  EIY(D)
Here, ¢ (x) is the shape of Eigen Mode and Y (t) as function of time, enables to estimate
natural period of vibration. To satisfy Eq.5.2, each term must be constant and can be
assumed as follows,
¢""(®) =gt = ﬂ@ = gt

»Eq.53 000 ¢ TEIYD T
So the equation becomes,

»Eq.54 ¢""(x) —a*¢p(x) =0

»Eq.55 Y(t) + w?Y(t) = 0 where,w = aZ\/%, and a? = w\/g
The general solution to Eq. (5.4) above can be expressed as follows, where the coefficients
are obtained according to the boundary conditions.

»Eq.56 ¢(x) = A cosax + A,sinax + Ascoshax + A,sinhax +

If a is obtained from Eq. (5.5), the shape of the Eigen mode can be known, and the
eigenvalue can be estimated.



=

Structural Analysis Il 5. Eigenvalue Analysis
(Advanced)
2. Tutorial 2.1 Model Overview

Perform the eigenvalue analysis on a simply supported shaft as shown in the following figure.

zZ
T Density (y) =0.0001 N-sec?/ mm*
1

2 34 18192021
——+——&—+——0 —————————————————————————————————————————————— &——0——0——+~%X
AN AN
\ 2,540mm \
» Figure 5.2 ‘ (@) ‘
(@) Simply support shaft
(b) Analytical model

»  Material
Modulus of elasticity: 2.0 x 105 N/ mm?
»  Section

Cross-sectional area (Area) : 200 mm?
Moment of inertia (lyy): 65,000 mm?*

Radius: 26 mm

Thickness: 1.25 mm

Gravitational acceleration (g): 9,806 mm/sec?
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2.2 Work Environment

Open a new file and save.
Main Menu > File > a New Project...

Main Menu > File > a Save
1. File name : ‘Eigenvalue 1°, Click [SAVE]

Set the unit system to use.

Main Menu > Tools > Unit System...
2. Select Length > mm, Force(Mass) > N

3. Click [OK]
> F|g 53 « v 4 |[] « Desktop > Tutorial v 0] [ Search Tutorial »
(a) Save the file Organize v New folder E- @ H;t
. . . |
(b) Unit system setting S Nefms ety s “
@ OneDrive O keal
8 ThisPC O3
8 30 Objects
B Deskiop Ot Obf () Ok
1 ) E Documents v Oin (O kips (kips/a) ®5w
File name; | Eigenvalue 1 3!
Save 35 type: | MIDAS/Gen Files (*.mgh) v RerEri
can be eagy 5ot o he R
A Hide Folders Cancel Mote : Selected units are displayed in relevant
status bar at the bottom dialog baxes, Values are NOT changed with
of the screen. i
[]5et/Change Default Unit System
3o ) [ e Coce
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5. Eigenvalue Analysis

» Fig5.4
Setwork plane

Main Menu > Structure > Structure Type...
1. Select Structure Type > X-Z Plane
2. Select Convert Self-weight into Masses (on) > Convert to Z

3. Click [OK]

Structure Type

Structure Type

+ Lumped Mass

" Consistent Mass

@

=
¢ 3-0 | ®-ZPlane ¢ ¥-Z Plane " ®-Y Plane ¢ Constraint RZ
Mass Control Parameter

[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor

/
(

N\
\%/‘[ v Convert Self-weight into Masses}

Gravity Acceleration :
Initial Termperature :

P
" Convertto ¥, ¥, Z " Convertto %, Y \'\?

[0 mm/eec
O

[~ A&lign Top of Beam Section with Center Line (X-% Plane) for Display
[ Align Top of Slab{Plate) Section with Center Line (XY Plane) for Display

D

==

The example models existin the 2-D X-Z plane, and the self-weight is automatically replaced
with the nodal mass.
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Define material and section for the structural members.
Main Menu > Properties > Material Properties
1. Click [Add...], Name : ‘Mat’
2. Select Elasticity Data > Type of Design > User Defined,
3. User Defined > Modulus of Elasticity : ‘2.0e5’, Weight Density : ‘0.0001°, Click [OK]
4. Click Section Tab and [Add...] and Value Tab
5. Section Shape Lists > Select Pipe, Name : ‘Sect’
6. Size>D: 62, tw: “1.25’, Section Properties > Area : ‘2.0e2’, ly : ‘6.5e4’
7. Consider Shear Deformation (off)
8. Click [OK] and [Close]
Material Data . == | section Data Q =
[;E;Z;aa“ o - - Nam‘é}‘ "Ma( 7YDBfLIse‘Hé | Combined | PSC | Tapered | Composite |
Elasticity Data \\2\‘ 5) el D | |O Pipe jJ
User Defined |
» Fig5.5 Standard [Nome =] Name [Sect @ Built-Up Section
Define material & section e = =
properties Standard ) 52.0000 | mm
Type of Material Code 1.2500 | mm
@ lsotropic " Orthotropic DB — =
T —— —~ Calc_Section Properties - =
Modulus of Elasticity : [ 2025 N/mrmsl %/‘ ey égggggz:ggé 2;,
Poisson’s Ratio H 0 Asz 0.00000e+000 | mm?
Thermal Coefiicient : | 0.0000e+000 1,/[C] box 0.00000e+000 | mm*
Weight Density : 0,0001 M/mrne lyy 6.500002+004 | mm*
e DeE lzz 0.00000e+000 | mm*
Concrats Eyp 0.0000 | mm
Madulus of Elasticity : [ 0.0000+000 ©fmms gz: Egggg ::
Paisson's Ratio H L o 0.0000 | mm
Thermal Coefiicient : [ 00000000 14rC) Qyb 0.0000 | mm?
Weight Density 8 0 M/mms Qzb 0.0000 | mm*
- 7 wmmve Per:O | 0.00000+000 | mm -

7
Plasticity Data \\Z | I Consider Shear Deformation,

e N e T S NN AN et d e N

\/3\ oK. Cancel | épply | ‘\SJ‘ OK 1 Cancel | apply |
3 8
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2.4 Generate Nodes & Elements

Create a node in order to generate beam elements.

Main Menu > Node/Element > Nodes > Create Nodes...
1. Coordinates (x,y, 2) : ‘0, 0, 0’
2. Number of Times: ‘20’
Distances (dx, dy, dz) : “127,0,0’
3. Click [Apply]
4. Display Node Numbers, Auto Fitting, Front View (on)

[Model View]

Tools

° o) y  Loac sis Resuts PSC  Pushover MODS Query

. > @ o No¥ Koo ﬁ iror A O @ 14 N X Delete % N
> Fig56 FORE T S S €A Rl A N (- QUSR-S I
Cieate  Transite Diide Metge &ty ge MNodes | Ceste | Tensbte Extrude Diide Merge Intersect i, £| | Cenge | Eements
Create nodes Nodes B ¢ Table | Elements or 2 | parameters|  Table
Nodes | Elements
—- - EHEIREED I B S®] - % R T R L TR N T

Hi Base - IH

Create Nodes =1 ®
Start Node Number ¢ [2 .|
Coordinates (xy.2) /1 @'
: %
Cop (:7.
%
- . Number of Times [20
When Auto FI’[I]ng S Distances (dx.dv.42) : I
toggled on, the model fits A — g
into the full screen, which ¥ Merge Duglioate Nodes .| 12 3 s 5 s s 1 s @
automaﬁcaJIy controls % Intersect Frame Elements .| &
Zoom Size in real time. i s (afm
%]
=
r:]
o
&
&
o
@\\\ i
3
B W 2 x <
[—, d
Task Pane Command Message £_Anaysis lessage el | o
For Help, press FL None! U: 25 0 540, 0, 0 [ | e | e e I = =
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5. Eigenvalue Analysis

Connect the nodes to create the elements.

Main Menu > Node/Element > Elements > Create Elements...
1. Select Element Type > General beam/Tapered beam

2. Select Material > 1:Mat and Section > 1:Sect

3. Click Nodal Connectivity green box, and Click node number 1 and 21 in Model view

» Fig5.7

Node/Element y SC ols
Create elements 7 °1 o) Ye¥ XDekte clommr i @ > @ N N X Delete 2%
@ 39 e 9 Romate =2 scdle % ® | | Do X G rotte |
o Nodes Create Translate Extrude Divide Merge Intersect

Create  Transate Divide Merge z " Z
Nodes £ Project £ | bl | Eerments |\ M\ Miror 2]

= .
E4] =
Change  Elements

Parameters  Table

Nodes | Elements |
MR ® <X R =R T
Hi Base - K
Element Tupe I
General beam,/Tapered bear .
® ®
S S S S S S S S L S U S S . U . -

|
[l
Orientation

@ Beta Angle  « Ref. Point
© Ref, Vector

o ~| [dea)

Modal Connectivit
{3 ) ome
EYZ v ﬂ

Intersect: @ Nade 7 Elem .|
-

a
Q
a
=]
a
o
4
=]
@
B
(5]
=}
4
=
r:]
pe
o
o
o
4
3
&
o

Task Pane

For Help, press F1

\
1 ]jo ]

Frame-13 U: 15 [

B
Commana Message [ Ay Hsssage < 5

EE e =]
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2.5 Define Boundary Conditions

The both end support of model is assigned a pin support with Dx & Dz degree of freedom
restrained.

Main Menu > Boundary > Supports > Define Supports

1. Hidden (off)

2. Select Single (on) Select both end points 1 and 21 in mode
3. Support Type > Dx, Dz(on)

4. Click [Apply]

> Flg 5 8 is CET SC  Pushover  MODS
) ) < General Sprin ij @ FH Linear Constraints T Effective Width
Defined boundary B L Fomne b K - [ panelzons cfacs 4 Define Lobel D
L Define Point  Surface Ekstc Rgd General | BeamEnd BeamEnd PhteEnd | sy oo o Boundary
conditions Supports | Spring_Spring Lnk Lnk Lnk = Release  Offsets  Release i N0d® LocalAXis Tables ~
| Link | Release/Offset | Bo [ 1 V| Tables |
17 DEEERETEE o) L R vq
[ -

Supports 3 J
Boundary Group Name
Default = ||
Options
@ Add © Replace C Delete

Suppart Type (Local Direction)

z
T Ry Dy Y
"

bx Oy [ Dz v

I R-ALL
Bx [ Ry T Rz [

O

$149&i0000ig0rAE0E 00 €02 00O 0

Task Pane ;
For Help, press FL o
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2.6 Define Loads
Define analytical data for eigenvalue analysis.
Main Menu > Analysis > Analysis Control > Eigenvalue
1. Select Type of Analysis > Eigen Vectors > Subspace lteration
2. Eigen Vectors > Number of Frequencies : ‘6’
3. Eigenvalue Control Parameters > Number of Iteration : ‘20’
Subspace Dimension : ‘0’, Convergence Tolerance : “1e-006’
4. Click [OK]
Eigenvalue Analysis Control (=]
»Fig 5‘9 ) Type of Analysis
!?putelgenvalue analysis ¥ Eigen Vectars ) " Ritz Yectars
ata ( Subspace Iterationjf/
= Lanczos

Eigen Vectors
N\

(2 7 Eigenvalue Control Parameters —~
I ﬁ/ 3)
Mumber of Frequencies :| 5 T | MNumber of lterations @ [

n Subspace Dimension :

Search Fram @ i [eps] Convergence Tolerance :

To 1600 [cps]
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2.7 Perform Analysis

Analyze the model.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Display Node Numbers (off)

o

T - + @ = 9 g #§ Analysis Options e R
I 5 * & Lid Z £ ## Batch Analysis

Main Control | P-Deka Bucking Eigenvaluz Heatof Moving Noninear Construction Suspension Boundary Change | P D) Import Analysis Result
Datz Hydration Load Stage Bridge ‘Assignment = FmpOrt Analysis Resu

Main Control | Analysis Control | Perform
- EE KRR ®E D% ®] % B3 IR T € M T

B wsse 1

»Fig5.10 e
Structure Tables
Message fora . g Resu Tabes
= Fm esign Tables
successful run = Query Tobles

$1.96i00,00ig6 »EFF0 00 €32 00850

OLUTION TERHM ED
CUR MIDAS JOB IS SUCCESSFULLY COMELETED.......C:\OMICH: CiIZ HHRE S ZHEW2-05 LRA| s <WEigenvalue | 0
SOLUTION TDME..: 0.39 [SEC]

Task ane i

For Help, press F1 Frame-7

alysis Message

el |
e o S N T =
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2.8 Check Analysis Result

Check the result in tables of the eigenvalue analysis

Main Menu > Results > Result Tables > Vibration Mode Shape...
1. Records Activation Dialog box, Click [OK]
2. Check eigenvalue results such as cycle by mode in table

»Fig5.11

. al . % 4= Reactions ~ 4 Stresses | 1§ BeamyElement * | ‘L Mode Shapes - A Influ. Lines ~ | [t T.H Resuks ~ i ™ ‘
ElgenV ue ana]ySIS . [ Deformations - % Diagram - | B+ Local Direction.. EA m to.. | & Influ. Surfaces - | [ T.H Graph/Text = | |= - L -
Loas Bridge Girdel Text Resul
resulttable Combingtion | 3 Forces ¥ &3 HY Resukts | 4~ Reduction Moment | [ £ I & Moving Tracer ~ Step h | B Output | Tables *
Combination | Results | Detal | Mode shape | Movngload | TmeHstory | Bridge | Text | Tables |
- = ERINEE®IEHISS®] o TS g o= I e Nl L RO e ] [l
Node | Mode ux uv vz RX RY Rz =
Tables a
Tables
I {8 Structure Tables Hode BTy = Tolerance @
= [ Result Tables Lo (rad/sec) (cychisec) (sec) a
Bl Design Tables 1 122.133485 19.438148 0.051445 6.0972e-018
& F.;: Query Tables 2 488.530765 77.752086 0.012881 365848-016 @I
3 109,162 164 174,037082 0.005716 122056013 =
) 1953804551 310.973568 0003216 6.1560-012 (o3
5 3052406905 485.605647 0.002058 526002008 &
[ 4393.849858 599.302924 0.001430 1.2539e-007 %
Mode TRAN-X TRAN-Y. TRAN-Z ROTN-X. ROTN-Y ROTN-Z
No [TWASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%)
1 0.00 000 0.00 000| sa97| 8407 0.00 000 0.00 000 000 000 @]
z 0.00 000 000 0.00 000 s487 0.00 000] 6984|6998 0.00 0.00 =
5| om| o] ooo] o00] 913 sew| 000|000 ooo| esss| o000 om0 =)
— 0.00 9410 0.00 0.00 16.62 86.55 0.00 0.00
1 Records Activation Dialog =] 307 o7t 0.00 0.00 000 8655 00 0.00 o
0.00 9717 0.00 0.00 8.76 93.31 0.00 0.00 @
Node or Element Eigenvalue Mode TRANZ ROTNX ROTIY ROTN-Z B
WASS | SUM | MASS | SUM | WASS | sUM | wAss | suM
IR e e P e | ow| oo we|  ow|  ow|  ee|  ocos| o] —| &
e =] [W2 |OMedes 000 0.00 0.00 0.00| 166542 | Teesaz 0.00 0.00 =
CMode 4 0.00 0.00 0.00 0.00 000 | 166542 0.00 0.00
Select Type Mode 5 0.00 0.00 0.00 0.00 39573 | 208115 0.00 0.00 @
Elernent Type = Add DMndE 6 0.00 0.00 0.00 0.00 000 206115 0.00 0.00
([Mode 0.00 0.00 0.00 000 16082| 222207 0.00 .00 o
oo | o
TRANZ ROTHX ROTI-Y ROTN-Z or
" Replace Value Value Value Value
eepay ol 0] w o
200D ~  Intersect 0.00 0.00 0.00 o]
0 7 [ H ®
[ox ] -
oK. Cancel
-
CLUTION TERMINATED =
[YOUR MIDAS J0B IS SUCCESSFULLY COMPLETED....... CDIDICHS CIIE 19 D ZEpwE-05 DRA| lwEigenvalue | O
ITOTAL SOLUTION TTME..: 0.39 [sEC] =
Tree Menu [ <[> [¥]\ Command Wessage } Analysis Message el | |

e e e D = A
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» Fig 5.12
Frist mode shape

Check the mode shape and natural frequency of frist mode.

Click Model View Tab
Main Menu > Results > Mode Shapes > Vibration Mode Shapes...
1. Select Load Cases(Mode Numbers) > Mode 1
2. Select Components > Md-XZ
3. Type of Display > Legend (on)
4.. Click [...] in Md.Shp
Mode Shape Scale Factor : “1.5°
5. Click [OK]

T2 4> Reactions ~ 97 Stresses © | 1§ Beam/Element = | ‘L Mode Shapes ~ & Influ. Lines \: T.H Results ~ e - E Text]
. S
[ Deformations ~ % Diagram = | I3+ Local Direction.. A Mo g Ra - Influ. Surfaces ~ | [ T.H Graph/Text = | = ~ )
con o | 2 Forces - &3 HY Results - | 4~ Reduction Moment | |- o of RS | B Moving Tracer - | L& Stage/Step Graph | i, 2/goe oI Dﬁﬁt Realts_
Combination | Results | Detal | Mode shape | MovngLoad |  Tmehstory | Bridge | Text | Tables |
- = EHEITEEDIEIHIS R ®] 2T SEESDNIA IO EE SN B RAE

Tree Menu
Mode Shapes

Vibration Mods Shapes ~ J

Load Cases(Moade Numbers;
Mode 1

Hi Base

Mult-Modes
Components

O oMd-X C Md-Y C Md-Z e
£ Md-RY C Md-YZ[ & Md-XZ

© Md-xvZ

I~ Animate .| T Contour .|

apply | Close

Mode Shape Details

[~ Cubic Interpolation

Cubic Interpolation Factor: [0.5

¥ Apply upon OK

==

MIDAS/Civil
R

FREQUENCY
(CYCLE/SEC)
19.438148

NATURAL BERIOD
(SEC)
0.051445

MEM(3)

DE=  0.000000
D¥=  0.000000
D= £4.972441
R&=  0.000000
R¥=  0.000000
RZ=  0.000000

Mode 1
WX ;11
MIN : 1

FILE: Eigenvalue-

TNIT: [cpa]

DATE: 01/28/2014
VIEN-DIRECTION

—_—
B - N

OLUTI ED
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... C:\DMICHE CWIE BHR = RZHEH2-05 DRA| 6l 4Eigenvalue |
ITOIAL SOLUTION TIME..: 0.39 [SEC]

Analysis Message

For Help, press F1

[ Commend wesssge

Node-1 U:0,0,0 6:0,0,0

lLel |
R a5 M s A
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Simultaneously check the mode shapes of the various modes

Main Menu > Results > Mode Shapes > Vibration Mode Shapes...

1. Type of Display > Legend (off)

2. Click [Multi-Modes]

3. Select Mode 1~Mode 6 by dragging the mouse cursor from Mode Numbers
4. Select Tile Vertically

5. Click [OK]

» Figure 5.13 >
Mode shapes % 4~ Reactions ~ % Stresses * | & BeamyElement ~ | L Mode Shapes - % Influ. Lines ~ TH Resutts ~ e -
[ Deformations - ¥ Diagram - | I+ Local Direction.. [ modal Damping Retio.. | b Influ. Surfaces ~ | [& T.H Graph/Text = | = ~ L
Combigtion | #2 Forces ™ & HY Resuks ~ | 4~ Reducton Moment | [ Hodal Resuts of RS | 8 Moving Tracer * | [l stage/step Grapn | [ Z'ple 010 | Tt | Reuls
Results | Detall | Mode shape | Movngload |  TmeHstory | Bridge | Text | Tables |
FEES DN D CEE NN AR

Kbttt =i 0N C LGOI RIS CIRY

goesn:

[Voraton Mode Shapes =] .. it pase gl i gase B e ol

Load CasssiMods Numbers)—— 15t Mode 31 Mode 5t Mode

Viode § - Frequency=19.4381(Hz) Frequency=174.9371(Hz) [} Frequency=485.8056(Hz)
[ vuivodes ]

- Components

© M=% Md-Y C Md-Z

© Md-XY © Md-YZ & Md-XZ

 Md-xVZ

R

~Type of Display
[ M5, ] T Undeforme

s LS
I~ Animate .| T~ Contour .|

Apply Close

Fi Base IR
2" Mode
Frequency=77.7521(Hz)

i ose Ik
4th Mode
Frequency=310.9736(Hz)

b oo Ik

6" Mode
Frequency=699.3029(Hz)

GC0SigHl»a008 00

Pl e

Choose Modes
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>
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5. Eigenvalue Analysis

Save new file “Eigenvalue2.mgb”.

Main Menu > File > Save As...
1. Enter a name : ‘Eigenvalue2’, Click [SAVE]
2. Close all elements except for Model View, Click E and Zoom Fit

4 || « Desktop » Tutorial v|®| | Search Tuterial »
Organize ~  New folder >
A Name Type Size
d # Quick access
» Fig5.14 I Eigenvalue 1 MIDAS/GENw Doc.
@ OneDrive
Save new file
I This PC
¥ 3D Objects
[ Desktop
[ Documents v < >
1) Fiename: [Eigenvalue 2 =
Save astype: | MIDAS/Gen Files (mab) =
o =

undary

Load

Results

El Reactions ~ 97 Stresses ~ | 3B Beam/Element = | ‘L Mode Shapes - & Influ. Lines ~ | [ T.H Resuks - e - D
Lo {1 Deformations * § Dagram * | 4+ Local Diraction. M o Rati. | b Infu. Surfaces * | [ TH Grph/Text = b= = )
mr#;fgtm o1 Forces ~ &3 HY Results ~ | 4 Reduction Moment | [, Hlo RS | § Moving Tracer * | [l Stage/step Graph | & B
| Results | Detal | Mode shape | MovngLload | Time History
CEEIRNAEE®IENIRR® )k 2T R R T TR

Group_Report Hi Base R

J3T Tables

s Structure Tables
e Result Tables
. % Design Tables
=8, Query Tables

Tree Menu

Actvate Previous

Q

4\ Model View, 3
x
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]
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@
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Modifed Change the density of the previously input material to 0.0002.
Main Menu > Properties > Material > Material Properties
1. Click Mat on lists double
2. Weight Density : ‘0.0002’
3. Click [OK]
4. Click [Close]
» Fig5.15 LilEElE
Modify material property Material | Section | Thickness |

Add,.,

Modify,..
Delete
Material Data &l

General WLI’TI
’VMaterial D 1 Mame  [Mat | Renurnber |

-~ Elasticity Data

Type of Design |User Defined  ~ et Dtz

Standard |Maone =
olz] -

er ~Concrete——————————————————
fined Standard -

Type of Material Code =
[ @ |sotropic  Qrthotropic DB l—;[ | |

Modulus of Elasticity | 2.0000e+005 N/mmz

Poisson's Ratio : | 0

Thermal Coefficient | 0.0000e+000 1/[C]
Weight Density N/mme
[~ Use Mass Density: 0 Nfmredg
-~ Concrete
Modulus of Elasticity ! | 0,0000e+000 | fmme
Poiszon's Ratio : I—D
Thermal Coefficient Im 1/IC1
Weight Density H I—U N/mmz
I~ Use Mass Density: I—D ]
Plasticity Data
’7P\as|ic Material Name Im
-~ Thermal Transfer
Specific Heat T kealIC)
Heat Canduction : IU— keal/mrm-hr[C]

Damping Ratio g IU
QK. Cancel Apply
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Analyze the model modified.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

> Fig5.16

it Analysis

Tt ¥ & . ¢ Analysis Options P Re:
Message for a B ¥ 3w 8 @ Zz M D
successful run Man Contrl | P-Deka Bucking Egenvalie Hﬁau:t?cfn Movng. Horinear Cnnssg;?nn Su;%sg:mn Boﬂmﬂﬁgge e - P
Main Control | ‘Analysis Control | Perform |
== EEINREE®IE SR ®] - % CIEPS DN A DOEEE NN B RS

1 Base -k

Group Report
Wi
1, Analysie Control Data
=, Eigenvalue Analysis [ Type=Ei
= Stuctures
“ . Nodes : 21
= Elements : 20
= > Beam : 20
= Properties
= [X] Material : 1
1:Mat
=X Section : 1
I 1:Sect
= £ Boundaries
= £ Supports 1 2
A Type | [ 101000]

Y

4\, Model View,

$P1H&i0000 HlrE0F6 00402 0050

OLUTION TIERMINATED
[YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... C:A\DMDICHS Civil2 = REHEH2-05 DR ) 44Eigenvalue 2
» i ToTAL SOLUTION TDME..: 0.37 [SEC]

] &

For Help, press F1 Frame-11 U

el |
il =) ] | > [ene] | /[ 7 =

Command lfessag

Analysis Message
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» Fig5.17

Eigenvalue analysis
result table

Check the eigenvalue results for each mode using a table.

Main Menu > Results > Result Tables > Vibration Mode Shape...
1. Records Activation Dialog box, Click [OK]
2. ldentify eigenvalue results such as cycles per mode in the table

% 4= Reactions ~ 4 Stresses | 1§ BeamyElement * | L Mode Shapes - - Infu. Lnes © | [\ T.H Results ~ e -
Lo [ Deformations - ¥ Diagram - | I+ Local Direction.. A m & influ. Surfaces - | [& T.H Graph/Text = | = - .
Combigtion | ¥ Forces ™ &3 HY Results * | 4= Reduction Moment | [ I 3 Moving Tracer * | [& Stage/Step Graph | &
Combination | Results | Detal | Mode shape | Movngload |  TmeHstory | Bridge | Text | Tables
o~ = R IREE®IEHIS S ®] - % & R TR T L TR R Tl
Node | Mode ux uy vz RX RY RZ =
Works 2
=1 T, Analysis Conirol Data Hode ey Period Tolerance &
T, Eigenvalue Analysis [ Type=Ei fadlsngl . (oyolelsenl EE Q
= ﬂ Structures 1 86.381418 13.744848 0.072758 0.0000¢+000
S 2 3eE 41T EEE] vots1E Tesaia0is =1
= Elomants : 20 3 777 225020 123699204 0.008084 122056013
= Boam 10 [ 1351618158 219691518 0.004548 515668012 Q
; 5 2156377622 343516468 0.002511 6.2600e-009 &
= [x] Properties o
= ial s [ 3106.921030 494 451340 0.002022 1.2539e-007 E
[E] Material : 1 P
1Mt Mode TRAN-X ROTN-Z
= I Section: 1 o 2 1 ien Di T assee | sune | sl
st Vo sy | ] ] Rsords Actation Diog e
- . 1 .00 00 0 0.00 000
SRR A 21 000 oo| | Node or Element Eigenvalue Mode b 00| om =
2 Type 101010007 SN T4 S LR M [ P Mode 1 a1 00— @
vee oo ool AL | Mono | Iverco| _Prev | o 2 5[ oo oo B
5 000 00| [Fode =] [Tw2l [Mode 3 5 000 0.00
T CMade ¢ 1 ow] ow =]
Tode TRANX Select Type Mode & ROTNZ B
No MASS SUM [Element Type ~1 Add Mode & MASS. SUM
= Lt} oo | L2
2 0.00 oof | |95 ~ Delete be 0.00 0.00 =
3 0.00 00{ | |PLANE STRESS H Be 0.00 0.00
£ 0.00 00{ | [PLATE | Replace 0 0.00 .00 r:]
3 0.00 00f | [LANE STRAIN 0 0.00 0.00
L AASYMMETRIC -
& 0.00 oo | |55 - Intersect B 0.00 0.00 o
ROTN-Z 0'
o
o
<
Result [Eigenvalue Mode] &
L3
>

OLUTION TERMINATED
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Simultaneously check the mode shapes of the various modes.
Click Model View Tab
Main Menu > Results > Mode Shapes > Vibration Mode Shapes...
1. Click [Multi-Modes]
2. Select Mode 1~Mode 6 by dragging the mouse cursor from Mode Numbers
3. Select Tile Vertically
4. Click [OK]
» Fig5.18 = . . o - —
B | oo S v | T |5 s oo .| i o | B 1o s« |
1stto 6th mode Shapes o ’n‘-; meces - 2 vaResums - 2 Rem.]mon e E rm:;\‘ Re‘su::si' 7S g M:v\;\g Tr::ev - % S;;ge ;z/p Graph ?i E”S?:;Izw‘ le:f‘t Siae
Resuts | Detal | Mode shape | Movingload | TimeHstoy | Bridge | Text | Tables |
R

Kbttt =i 0N C LGOI RIS CIRY

ll;: h’é Base
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Frequency=123.6992(Hz)

Hi Base - 1k
15t Mode

Frequency=13.7448(Hz)

Vibrafion Mode Shapes =] ...|

~Load CasesiMode Number;
Mode | o
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- Components
© Md-xX C Md-Y C Md-2
O Md-xY O MA-YZ O Md-XZ
o Md-xVZ

~Type of Display
[ Me S . T Undeformed

I~ Vales .| I Legend .|
I~ Animate .| I~ Contour .|

Apply Close

1 Base Sl i Base il ]

CEES A LACEE NN

5 Base
5t Mode
Frequency=343.5165(Hz)

K Base

- Ik

“Ik

2nd Mode
Frequency=54.9790(Hz)
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Frequency=219.8915(Hz)

NN
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NN TN

o e L O AR B e e

$19&i0000igHrAE0E 00 €02 00O 60

Choose Modes -
x
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3. Exercise

Compare the eigenvalue analysis results of Model 1 and Model 2 by changing only the
modulus of elasticity in the same condition as shown in the following figure (Model 1 is the
same as the main model).

Z
T Density (y) =0.0001 N-sec?/ mm*
1234 18192021
d o o o .« o o o X
) 1
AN AN
2450m

| @

»  Material
Modulus of elasticity:
Model 1: 2.0 x 10° N / mm?
Model 2: 4.0 x 10° N/ mm?
»  Section
Cross-sectional area (Area) : 200 mm?
Moment of inertia (ly) : 65,000 mm?*
Radius: 26 mm
Thickness: 1.25 mm
g: 9,806 mm/sec?
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1. Introduction 1.1 Concept of Time History Analysis

The shape of an object that receives external force and moves with time varies from periodic
to very irregular. The periodic response of the structure is response generated by any one
frequency, whereas the highly irregular behavior can be thought of as a combination of infinite
periodic responses. In any case, the dominant frequency response is dependent on the
frequency, magnitude and characteristics of the external dynamic load.

The dynamic behavior of an object can be analyzed in terms of time and frequency. The
former is called time history analysis and the latter is called frequency response analysis. In
case of time history analysis, parameters like time at maximum response and behavioral
changes with time are studied. However, in case of frequency response analysis, study of
frequencies to which object is sensitive and resonance are done. Because of this distinct
nature, in most cases, both the methods are being used.

Time history load Time history response

Force Dis| Iaﬁement
M e O | m
L | ke

F(t)
# %At Time

The equation of motion (differential equation) of the 1-degree-of-freedom system for ground
motions is as follows.

»Eq6.1
m(ﬁg+ﬂ)+cu+ku20 or mii + ctu+ ku = f = —ii,
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» Fig 6.2
Model analysis

»Eq6.2

»Eq6.3

The relative displacement, velocity and acceleration are function of time. These are
expressed as u, u, il in the above equation respectively.

The differential equation can be solved by direct integraton method or by mode
superimposition method by using numerical integration to obtain the displacement, velocity
and acceleration. The numerical integration method divides ground acceleration into several
time intervals h(= At) and accumulates values for each such interval. There are several
methods for numerical integration, but the concept of all these remain the same. Here, the
central difference method, the Newmark-beta method and the linear acceleration method
have been introduced.

The central difference method uses the following Taylor series expansion formula.
2
Uiy = U; + huL + 7”1 + -
hZ

Ui—q = U; — huL + 7”1‘ + -
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The following results are obtained by the sum and difference of the two equations.
»Eq6.4 Uy o (Uigr = Uiz
»Eq6.5 ul ~ ﬁ (ui+1 — Zui + ui_l)
In the central difference method, first, the Eq 6.4 and 6.5 in the i-th step are substituted into
the equation 6.1, and the i + 1th displacement value is calculated.
»Eq6.6 m+£ qu:fi_ k_2_m u; — m_i U,
h®  2h h? h® 2h
Then, velocity and acceleration are calculated using Eq 6.4 and Eq 6.5 of the i-th equation.
The value of u;,., can be generated by eliminating u; .., from Eq 6.4 and Eq 6.5.
ui_l - ui - hul + 05h2uL
»Eq6.7
In the central difference method, if the time interval h (or ime increment) is too large, a stable
solution cannot be obtained, so h is restricted as follows.
h < Tmin /ﬂ'
»Eq638
Where T__ is the minimum of the natural period of the structure.
The Newmark-beta method uses the following approximate relationship.
Uiy = U + [(1— @)il; + aiigyq]h
1 ,
>E969 Uiy = w el + |G + Bt | b
»Eq 6.10
Here, ifa = 0.5, 8 = 0.25, then the result it;
, o ko
Uy = U + 3 (U + Uyy)
>Eq6.11 R
Uiy = U + hiy; + 7(%’ + 1)
»Eq6.12
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» Eq6.13

»Eq6.14

»Eq6.15

»Eq6.16

Using the Newmark-Beta method, a stable solution is obtained irrespective of the time
interval h (or time increment), and the appropriate time interval is:

m|n /10
The case of « = 0.5, 8 = 1/6 inthe Newmark-Beta method is called the linear acceleration

method. The numerical integrations above are examples for a 1-DOF system, but not for a
multi-DOF system.

The mode superposition method can be used if it is possible to know the exact number of
eigenvalues in the equation of motion, or if it is possible to reflect only the eigenvalues up to a
certain limit. Let us explain the mode superposition method as an example of the following
two degrees of freedom system.

Mii + Cu + Ku = —Mii,

my m12]{ﬁ1}+[c11 C12]{u1}+[k11 kg]{”} my, mlz]{ }u
my; Myl (i, C21 C2l(u, ko kol U my; My, 9

Since there are two eigenvalues in the above equation, the solution of the equation of motion
can be expressed as.

" s S P || W
= = =0y =
Uu=¢y,+oYy, {¢21}y1+{¢22}y2 or u y |:¢21 ¢22:HY2}

Where ¢; is the eigenvector representing the deformed shape of the ith mode and y; is the
magnitude of the displacement over time.

Using the orthogonality property of the eigenvectors and non-dimensioning the eigenvectors
with respect to mass, the following relationship is obtained.

0 (i#]) S (L) 0 (i=#])
R P LR LR o o
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»Eq6.17

»Eq6.18

»Eq6.19

There are many ways to consider the damping matrix C.
- Mass and stifiness proportional damping: ¢ = oM + K
- Strain energy proportional

- Element mass and stiffness proportional

Equation 6.16 implies that if the eigenvector of the i-th mode is multiplied by Eq. 6.14, the
contribution of the non-i-th mode is zero. Thus, the multi-degree-of-freedom system of Eq.
6.14 can be divided into as many 1 degree-of-freedom systems with each mode not
overlapping. In the case of a two-degree-of-freedom system as in the example here, it is
divided into two independent 1-degree-of-freedom systems.

m; 0]{371} c; 0]{5/1} ki O]yl __[q)f] My Myp] (1) .
[o ml S o el Tlo & {Y2}_ o7 [mn mzz]{1}”9

miy; + oy + kiy, = =Tyl
m;¥, + ;¥ + k3y, = —LLig

Here, I; is called the mode participation coefficient and is expressed by the following equation.

Each 1-DOF system calculates y, and y, through numerical integration, and u can be
obtained from Eq. 6.15. Since the mode superposition method divides the equation of motion
with respect to the calculated mode, the number of eigenvalues calculated should be
sufficient to obtain an accurate solution.
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2. Tutorial 2.1 Model Overview

The following simply supported beam is subjected to a moving load 15,000mm/sec. Check
the resonance effect using various period of load.

Velocity = 15,000 mm/sec

r_V+‘- P{)  Weight density = 2.7 x 10-5Nimm?
» Figure 6.3
(a) Simply supported S 11 23456 : 1 18 19_ n 2 -
(b) lt:)ifgg function global coordinates /_:97 ,57

20@600mm=12,000mm

Time (sec)
0 0.04 0.08

»  Material
Modulus of elasticity : 4.0 x 108 N/fmm?
Density(y) : 2.7 x 10° N/fmm?

»  Section
Cross-sectional area (Area) : 645 mm?
Moment of inertia (ly) : 36,000 mm*
Diameter : 250 mm
Thickness : 50 mm
g: 9,806 mm/sec?
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2.2 Work Environment

Open a new file and save.

Main Menu > & > New Project...

Main Menu > & > Save
1. Enteraname : ‘TH 1’, Click [SAVE]

Set the unit system to use.
Main Menu > Tools > Unit System...

2. Select Length > mm, Force(Mass) >N
3. Click [OK]

Unit System

|| « Desktop > Tutorial v ©] | search Tutorial »
Heat
Organize v New folder v
. “ ~ |
> Flg 6.4 # Quick access fame Tope size O ca
(a) Save the file & onctrive No items match your search, Okeal
(b) Unit system setting e O3
1 3D Objects
B et O Obf () Ow
1 ) [l Documents v o< > Oin Okips (is/g) @Bw
File name: [TH 1 1]
Save os type: | MIDAS/Gen Files ("mgh) Temperature
®) Celsius (O Fahrenheit
. . A Hide Folders I Note : Selected units are displayed in relevant
The unit system setting dialog boxes, Values are NOT changed with
. s
can be easily set at the
status bar at the bottom []Set/Change Default Unit System
of the screen. 3 1) [ e Conel
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midas Gen is 3-D software, since beam exsit in a 2-D plane, X-Z plane in Global Coordinate
is set as the work plane, which restrains unnecessary degrees of freedom, Dy, Rx, Rz. In
addition self-weight convert to nodal mass automatically.

Main Menu > Structure > Type > Structure Type...

1. Select Structure Type > X-Z Plane

2. Select Convert Self-weight into Masses > Convert to X, Y, Z
3. Gravity Acceleration : ‘9806’

4. Click [OK]

Structure Type @

Structure Type (1)

» Fig 6.5 3D @ %ZPlane| ¢ ¥-ZPlane ¢ ¥-¥Plane ¢ Constraint RZ

Setwork plane
Mass Contral Parameter

+ Lumped Mass
[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor

" Consistent Mass

v Convert Self-weight into Masses

(E + Convertto X ¥ 2  Convertto X, %  Convertto 2
N _
7N
3)

Gravity Acceleration :[ 9506 mm/secs j*‘/

Initial Ternperature @ |0 [C]

[~ &lign 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
( 4 )

T
QK | Cancel
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Define material and section for the structural members.
Main Menu > Properties > Material > Material Properties...
1. Click [Add...], Name : ‘Mat’
2. Select Elasticity Data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity : ‘4.0e6’, Weight Density : ‘2.7e-5, Click [OK]
4. Click Section Tab and [Add...] and Click Value Tab
5. Section Shape Lists > Select Pipe, Name : ‘Sect’
6. Size > D: 250, tw : ‘60°, Section Properties > Area : ‘645’, Iy, : ‘36000’
7. Consider Shear Deformation (off)
8. Click [OK] and [Close]

. Material Data . == Section Data @
> Fig6.6 . . e ‘(1\‘ DB/Usef Valueggz | Combined | PSC | Tapered | Composite |
Define material & section Materal D [T Name—] [Mat | :

Elsstcy Dats (5 Seetont0 i FES -
(- ) = User Defined >
(2| Tvee of Desian [UeerDefned =) [ o TTr— Name [Sect 5 Bui-Up Section

L
gtzgilr:: = D 250.0000 | mm 1
Twpe of Material Code tw 50.0000 | mm
@ lsotropic " Qrthotropic DB = e

TS alc ection rne\esy E
\/’7 | Modulus of Elasticity i [ 4025 Ny/mm2 :;E; Eﬁggggz:ggﬁ ::2
| Poissons Rato [0 Asz 0.000006+000 | mm#

Thermal Coefficient m /121 Ixx 0.00000e+000 | mm*

Weight Density 8 2.7e-5 N/mme lyy 3.60000e+004 | mm* )

[~ Use Mass Density! | T H/mm=/g Icz‘z(p U.UUUUUUe;ggg ::‘

Concrete -

Mok of Elasticity : [ TT000E 000 pmms EZE ggggg =

Poisson’s Ratio ¢ 0 Czm 0.0000 | mm

Thermal Coefiicient : [ 00000e+000 |£(C] Qyb 0.0000 | mm?

Weight Density : 0 M/mms Qzb 0.0000 | mm*

r ]—U N/mme/s PE[;O, 0.00000e+000 | mm ~

bt o ] O
‘@4‘ 0K Cancel | Apply | (8\ 0K Cancel Lm
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2.4 Generate Node & Element
Create nodes where elements will be created.
Main Menu > Node/Element > Nodes > Create Nodes...
1. Coordinates (x, v, 2) : ‘0, 0, 0’
2. Number of Times: ‘20’
3. Distances (dx, dy, dz) : 600,0,0’
4. Click [Apply]
5. Display Node Numbers, Auto Fitting, Front View (on)
» Flg 67 d - Node/Element - : = - i i1 =
Create nodes | T Yo e kim0 12 G| T X Eeeld T F
Cre;: Transete Divide Merge §E§Prnje(t - NT:E?: E\Zr:waetnz ‘\ Translate Extrude Divide Merge Intersect "l\ Mirror i\ Paclg:wnethrs E\s_:rr;;zts
o | Eements 75 |
CEEITEHED EAILS®] - F BEEEEC I LS (Y R

(i

When Auto Fitting is
toggled on, the model fits
into the full screen, which
automatically controls
Zoom Size in real time

i Base

- IRy

> & 510

Create Nodes 2 |
StartNade Number  © [ ...
Coordinates (xy.2) ( 1

Number of Times [ =]\ 2

Distances (dx.dy.dz)

¢ Merge Duplicate No
7 Intersect Frame Elements .|

(4

P12&6:0000 G XEEE6 0N %00

For Help, press F1
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Connect nodes to create elements.

Main Menu > Node/Element > Elements > Create Elements...

1. Select Element Type > General beam/Tapered beam

2. Select Material > 1:Mat and Section > 1:Sect

3. Click Nodal Connectivity green box, and Click node number 1 and 21 in Model view

) @ o Yo¥ Xopeete ofoMior 2 @ B > & | — X pelete % =Y o
- *'/ _£ 6’\[; A% ;;SR:;:: T scle % ® |'/ \Li = I-:.:- X &N GR;::: (3 ZH ?
» Figure 6.8 Cleate Transite Diide Metge & po ge MNodes Geate | Tensbte Bxtude Dwide Merge Itersect i o Change  Elments
Nodes Table | Elements - Paameters  Table
Create element odes \ Eements |
CEEIYEE®DFE IS S ® k AT i EES P A DD EEN N EBE A TE®

Element Mumber

Element Tupt, 1

General beam,/ Tapered bear v

z

By modeling a single
member by dividing it into
several elements, the
result of detailed
deformation of the
member can be
confirmed. Ot

& Beta Angle ¢ Ref, Point
€ Ref, Vettor

$1.5& 00,00 HHrE0F6 00 €02 00850

Interssot: @ Node [ Elem .|

=
Apply | Close
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2.5 Define Boundary Conditions

In 3-D, each node restrains 6 degrees of freedom (Dx,Dy,Dz,Rx,Ry,Rz). But with the work
plane being on X-Z plane, only 3 degrees of freedom (Dx, Dz, Ry) exist, among which the
Dx, Dz degrees of freedom are restrained for the pin support, and the Dz degrees of
freedom is restrained for the roller support.

Main Menu > Boundary > Supports > Define Supports
1. Hidden (off)

2. Click Select Single (on), Select node number 1

3. Support Type > Dx, Dz (on), Click [Apply]

4. Click Select Single (on), Select node number 21

5. Support Type > Dx (off), Dz (on), Click [Apply]

Boundary [REZH

|\

» Fig69 . -
. (3 % General Spring U U @ EH Linear Constraints I Effective Width
Define by d @ &7 % L. mtergral Bridge 3&: m{] i h [ Panel Zone Effects ¢ Define Label Dir
ne boundary Defne | Pont Surface Ebstic Rod General | BeamEnd BeamEnd PhteEnd | o oo Boundary
e Supports | Sprin; ring Unk Lnk Lnk | Release  Offsets  Release | “ Node Local Axis Tables ~
condition [ susorts | [ 5 soma suspors \ Lnk \ Raleasa/Offsat \ = _@§___|
(FHEE® H A% ® 5 IR 15 SR R

Supports
Boundary Group Hame
Default |
Optians
& Add C Replace ( Delete

Support Type (Local Direction)

51

Dv T Dy [ Dz @

I~ R-ALL
R [ Ry [ Rz [

\
G®
PLHe:00500 ﬂm\ﬁ'@@@@\% |05 El,w,@p!

3
Mes: ow ax
>

Task Pane Command Message { Anaysi Nessage I« 2

For Help, press FL Nonet U:300, 0, 0 6:300, 0, 0 N fmm =] <] 4] fnon ] [T /2 =

-14
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2.6 Define Loads

Define analytical data of eigenvalue analysis for time history.

Main Menu > Analysis > Analysis Control >/ Eigenvalue
1. Select Type of Analysis > Eigen Vectors > Subspace lteration
2. Eigen Vectors > Number of Frequencies : “1’
3. Eigenvalue Control Parameters > Number of Iteration : ‘20’
Subspace Dimension : “1’, Convergence Tolerance : “1e-010’

4. Click [OK]

> Fig 6.10 Eigenvalue Analysis Control

Eigenvalue analysis Type of Analysis
conditions f* Eigen Vectors "/13‘

(¢ Subspace lteration|

~ Lanczos

Eigen Vectors

N\
L2 )

Mumber of Frequencies | |1 _,:

N

Search From ¢ i [cps]
To 1600 [cps]

™ Ritz Wectors

Murnber of ferations
Subspace Dimension :

Convergence Tolerance |

D
(4)

mﬁ—}{/—ﬂ Cancel |
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Defines the time history load to be applied to the time history analysis.
t=600/15000 = 0.04 sec
Main Menu > Load > Seismic > Time History Functions
1. Click [Add Time Function]
2. Function Name : ‘FUNC’
3. Select Time Function Data Type > Force, Scale Factor : “1°
4.in Table
Time(sec) : ‘0.00°, Function(N) : ‘0.0’
Time(sec) : ‘0.04°, Function(N) : “1.0°
Time(sec) : ‘0.08’, Function(N) : ‘0.0’ , Click under line, Confirm Right of Graph
5. Click [OK] and [Close]
Time History Functions
}Flg 6.11 Forcing Function [ Function Type [ Data Type | | Add Tirn.e Fun.cliuﬂ 1
Time history load function A4 Sinusoldl
Modify /Shaw
Delete
Add/Modify/Show Timd G |
| < Function Name Tirne Function Data Type
\%{JFUNC J 3 ) Naormalized Accel, ¢ Acceleration « Farce) ¢ Moment ¢ Normal |
| +Scaling -~ Gravity -~ Graph Options
Import Earthquake & Scale Factor ||— , Il X—ax?s log scale
4 Time Function e  Maxrimum Yalue |[| I ISEDE nj et I izl o sielle
- (sec) Ny ~ FET
1] o.0000 0.0000
2| 0.0400 1.0000 :
3| o0.0800 0.0000 o8
4 2 0.8
1z .-
ER
2 oz
t . -'I1me [‘sec) - ) ) -
Description 5
Generate Earthguake Response Spectrum, .. (7] I Cancel Apply
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Structural Analysis Il

(Advanced)

6. Time History Analysis

» Fig 6.12
Time history Load cases

Define load case for time history.

Main Menu > Load > Seismic > (Time History) Load Cases

1. Click [Add]
2. General > Name : ‘Time’

3. End Time : ‘2.0°, Time Increment : ‘0.001’

Step Number Increment for Output : “1.0°
4. Click [OK] and [Close]

Add/Modify Time History Lead Cases
~ General { 2
Mame : |Tirr|e Description :
Analysis Type nalysis Method Tirne History Type
 Linear & Muodal X @ Transient
" Monlinear L D'm":‘ Liediatio " Periodic
" Static

2 = sec

3 )End Time !

Step Numnber Increment for Cutput @ |1

Time Increment ¢ [0.001 =] secJ

~Order in Sequential Loading
[~ Subsequent to

™ Cumulate DA Results

@ Load Case [ B4 |
¢ Initial Element Forces{ Table)
¥ Keep Final Step Loads Constant

~Damping

Damnping Methad © [Modal

|—Direct Specification of Modal Damping

=

Time History Load Cases

Load Case | Analysis Type & Method | Initial Condition |

Elgenvalue Analysis Confrol,,, |

@ Mudify/ShUWI
Delete I

Add

| »

atio

m

Close | | fE

1 User Input

e

Monlinear &nalysis Control Parameters

Iteration Contrals, ,,

¥ Perform lteration

Cancel I Bpply

(a1




Structural Analysis Il 6. Time History Analysis
(Advanced)

Define dynamic nodal load using time history function.

Main Menu > Load > Seismic > Dynamic Nodal Loads
1. Select Load Case Name > Time
2. Select Function and Direction > Function Name > FUNC and Direction > Z
Scale Factor : “-4.0°
3. Click Select Single (on), Select node number 2 in Model View
Arrival Time : ‘0’, Click [Apply]
4. Click Select Single (on), Select node number 3
Arrival Time : 0.04*1°, Click [Apply]
5. Click Select Single (on), Select node number 4
Arrival Time : ‘0.04*2’, Click [Apply]
6. Click Select Single (on), Select node number 5
Arrival Time : ‘0.04*3’, Click [Apply]
7. Click Select Single (on), Select node number 6
Arrival Time : ‘0.04*4’, Click [Apply]
Enter the Arrival Time incrementally at nodes 7, ... 19 in the same way
8. Click Select Single (on), Select node number 20
Arrival Time : ‘0.04*18’, Click [Apply]
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Structural Analysis Il 6. Time History Analysis
(Advanced)

The scale factor -4.0 is the magnitude of the concentrated load that occur a maximum
displacement of 1 mm when loaded at the center of a simply supported beam. Following is
equatation for scale factor.
— PL3 —
mx T 48E]

. P=40

IR

> F|g 6.13 @ vovig Load () Heat of Hydrati RS Load Time Hstory Ground  Dynamic  Time Varying Muitiple
(= Moving Loz i o Functions Load Cases | Cases Functions Acceleration Nodal Loads Static Loads Support Excitation Result Functions

Dynamic nodal load Load Type | Response Spectrum Data | Time History Analysks Data
- VR RO E DS 2| T8 CiEESbEIA CoREE[N A BRE A E

- IRy

Tree Menu N
i
Dynamic Nodal Loads e |

Time History Load Case Name

Time

Optians
& Add ¢ Replace ¢ Delete

Function and Direction

= | LU

Scale Factor : [-40

(GIE2] o= | g) g)

P1.2&i0000i g »E@F06E 00 €32 008060

Task Pane Command Message { Anaysi Nessage I« 2
For Help, press FL Nonet U:0,0,0 6:0,0,0 N fmm =] <] 4] fnon ] [T /2 =
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Structural Analysis Il 6. Time History Analysis
(Advanced)

2.7 Perform Analysis

Perform a time history analysis.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

The screen is organized for the convenience of the analysis result.
2. Display Node Numbers (off)

y Load [EUEIRM Resuls PSC  Pushover MODS

;_95 i W 8 @ . q‘; M . L‘ i;;v:::si:;;\:s P Restart CS Analysis

Mam Cnntm\ P-Defta Bucking Eigenvalue Heat of Moving Nonlnear Constru:tmn Susuensmn Boundary Change | Pe:

{2 Import Analysis Resuft

f dration  Load Bridge ignmenf
> Flg 6.14 u(_mw ‘ HETIT L Y e ge Assignment ‘ (2\‘ |
Message fora CEEREE®IEAIDLR® N3 EEER I e M T

successful run Fi ase

Structure Tables
FResult Tables
Design Tables

257 Ouary Tables

P4 H&G00TG QE\%@@@@\% €00 OO e s50

OLUTIGN TERM
YOUR MIDAS JOB 15 SUCCESSFULLY COMPLETED.......C:\ORICH: Civil2 t
TOTAL SOLUTION TIME..: 0.64 [SEC]

[V 51 Commana tessage J, Analysis message
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Structural Analysis Il 6. Time History Analysis
(Advanced)

2.8 Check Analysis Result

Calculate the natural frequencies.

Main Menu > Results > Result Tables > Vibration Mode Shape...

1. Records Activation Dialog box, Click [OK]

2. Natural frequency of primary mode 19.5165 rad/sec, 3.1062 cycle/sec, Cycle 0.3219
Confirm

m 4 Reactions ~ % Stresses | 3§ BeamyElement = | ‘L, Mode shapes - - Influ. Lines ~ U: T.H Results ~ s -
Le 1 Deformations * § Diagram © | 3+ Local Direction.. odal Damping Rato.. | A Influ. Surfaces ~ | [&, T.H Graph/Text = | |~ ~
mn&;ﬁgtm v Forces ~ &3 HY Results ~ | 4~ Reduction Moment | [ Hod 28 Moving Tracer - | [1. Stmae/step Graph | [, 0
> Flg 6.15 Combination | Results | Detal | Mode shape | Movingload | TimeHstoy |
= EEFEEOIEAYS O, - % R TR TR

Eigen value analysis

noge | node ux ur vz R RY Rz
result table 2
& Tatles 2 p
= &8 Structure Tables [ ) eriod Tolerance @
e R No [ mdsee) | (eyoeises) | (see) a
1 8 Design Tables 19516526 3106152 0321042 155705014
w5 Query Tables =)
Mode - - N-Z - OTN-Y ROTN-Z
No [ MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) Q@
1 0.00 0.00] 0.00] 000 8497 | 8497 0.00 0.00 019 019 0.00 0.00 o
Tode TRARX [ TRAY. [ TRANZ [ ROTHX [ ROTILY ROTN-Z =
No [ mAss ||
3 MAisﬂD ] Records Activation Dialog = 1 I iﬁ:' = 'Msnsnn I S“':nn

=S Mode or Element Eigenvalue Mode

o &
7 All Mone Inverse Prev | [OMode 1
Mode [ToeT
w| | Select Type

1 Elernent Tupe v]  Add
2 Delete

BEAM
PLAME STRESS

PLATE 3
Ty ol
SoLID - Intersect

Cancel

GG0GiaH @O 00

<[+ ]\Eigenvalue Mode 4 Participation Yector Maode
Result[Eigenvalue Mode]

¥4oée

For Help, press FL
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Structural Analysis Il 6. Time History Analysis
(Advanced)
Define the time history graph.
Click Model View Tab

Main Menu > Results > Time History Graph/Text > Time History Graph...
1. Click [Define/Modify Function]

2. Select Define Function > Displ/Vel/Accel

3. Click [Add New Function]

4. Displ/Vel/Accel > Name : ‘Node 11 Z-Displ’, Node Number : “11°
5. Select Type of Result > Displ.

6. Select Components > DZ and Time History Load Case > Time
7. Click [Apply]

8. Displ/Vel/Accel > Name : ‘Node 11 Z-Accel’, Node Number : “11°
9. Select Type of Result > Accel

10. Select Components > DZ and Time History Load Case > Time

11. Click [OK]
Resuts {1
. l!@ 4 Reactons * 94 Stresses © | B BeanyElement * | L Mode § - es ™ | Bt T.H Resuls =
Deformatons * 2 ol Drecton. s~ 16 T GraphText - = -
»Fig 6.16 i, e LY | it T Fitory Anahss Data
Time History Graph Combraton | [ [ ] oeal I whape — [Time History Result Functior = | _|
T— !lﬁimSJ“ IEI 21/ Tme Hitory Anhss Deta — SR - Define Function——————————————,

; o [Tims istary Result Functior =] | | Time Histary Result Functior ~ | _I & Graph Funclion
1 7 Define Function Displ/vel/dccel —————— " Step Function

S @ Graph Function 4 Juzme: [Node 11 Z-Displ [Displvel/Accel =
" Step Function 3
Displ/vel/ocel hode Mumber: |11

3 Add Mew Function Type of Result 3 ~Function List————————
@ Displ.| vm,@ Accel | Name | Type T
Function List Nade...

- Graph-Displacement
T Reference Point—— Mode... Graph-Displacement

& Ground
¢ Add Ground Motion

¢ Another Node |

S Add New Function |

wv

I~ Merge Function List
Vertical Avis

Mame | Tupe

#dd from List Delete

Hotzantal Ads 6 ) Components:  [DZ b
= 10 i| Delete |
o of Displa ime History Load Case
:,J:Mmri:‘,y— Back | Modify I Delete - Close
X s Dacimal PL, [T T Exp, |T|rne jd

¥ s Decimal P [T [ Exp,
Octave Band Option
e c

Included Mode Mumber

& Al « one [Mode 1 ~
7
QK ” Qanceﬁ Apply ] s

Min Freq. [T »=1
Max Freq, [f7—— <=0 || - [l

5 0
SIFULLY COMPLETED.....
0.8¢ [SEC]
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Structural Analysis Il 6. Time History Analysis
(Advanced)

Check the maximum displacement and corresponding time.

Main Menu > Results > Time History Results > Time History Graph...
1. Functions List > Node 11 Z-Displ (on)
2. Vertical Axis > [Add from List]
3. Type of Display > Graph Title : ‘Displacement’
Type of Display > X Axis Decimal Pt. : “1°, Y Axis Decimal Pt. : “1°
4. Select Type > Time History Graph
5. Click [Graph]
6. Check Max Displacement : 1.07mm at 0.266sec

» Fig 6.17 ‘
Dlsplaoement of 2 eactions * 97 Stresses = | T BeamyElement * | L Mode Shapes ~ @ Influ. Lines ~ \ T.H Results e - B $|
time hlstory gl’aph f Deformations * { Diagram * | {3 Local Direction [£4 Mo ping Ratio.. | b Influ. Surfaces * | [ T.H Graph/Text * | < ~ L%
cﬂ;ﬁgtm f#2 Forces ~ & HY Results ~ | 4> Reduction Moment | [ Ho RS | $ Moving Tracer - | [ Stage/Step Graph |1, ° mor ¢ e -
Combination | Results | Detal | Mode shape [ MovngLoad |  TmeHstory | Bridge. | Text | Tables |
- = i EREITEERIE DS ®] 2T J = DA EECTERE =
Displacement
o
. Bl vese 11 2Diep

G, f

[~ Merge Function List
Wertical Ais

| @
e 720! ] \ l @]
Z - @
R \\ / 1 Max:1.812e-002 &
(2 [Fronte) _oase | MER at 1119 @
Horizantal Asds - \ IN =
s > Min: -1.070e-000 B

RPITe / O\ I at 0.266
Graph Title : [Displacement - U \J ' d
X s Decimal Pt [T T |Exp. -1 @
¥ bls Decimal P, [T [ JExn, s Unit : N, mm, sec “
Octave Band Upfion 0.0 0.1 0.2 0.3 0.4 0.5 0.€ 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 ' ' <

“ 2 Time (sec)

Min Frea, 5 >=

1
Max Fren, [ <=100

m'ﬁme History Graph [ 4 ] =]

-4

Time History Graph,

0se

] v
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Structural Analysis Il 6. Time History Analysis
(Advanced)

Check the maximum acceleration on the structure under dynamic loads.

1. Select Vertical Axis > Node 11 Z-Displ, Click [Delete]

2. Functions List > Node 11 Z-Accel (on), Vertical Axis > [Add from List]
3. Graph Title : ‘Acceleration’

4. Click [Graph]

5. Check acceleration 91.69 mm/sec? at 0.244sec

ime History

ry

» Flg 6.18 ﬂ.'-‘ r g;t[nﬂu_ Lines ~ E T.H Results ~ 7 - @ %
5 I Deformations ~ ¥ Dagram | {3+ Lo .. | i Influ. Surfaces 7 | [& T.H Graph/Text | [= X
Accele_rallon of cﬂ;ﬁgmn ¥ Forces - &3 HY Results = 4~ Re 28 Moving Tracer - | [1 Stsoe/Step Graph | 1, i e e iiiu‘g
time history graph Combination | Rasus | | Movngload | TimeHstoy | Bridge | Text | Tables |
o i EHEIREE® B ® ] 3 BB S b A EECTERNE =
Acceleration
:: N N [ prr—
» | /
\ | £
| o
el S \
Vertical Axis . ll |\ =
jode -Accel 20, =
RO i S ; =
g | i - g; o
S fJ \1 If ll ~T > Max : 9.169e+001 a
i om = at 0.244 !
Horizontal Axds ani V1 VU o =
i e\ Min : -7.600¢+001 @
Type of Displa .
(3 Joon e et ] gt / at 0078 §
X pis Decimal Pt, [T I~ Exn -eo.. g
O L ] Uit N mm, sec o
& g Time (sec)
Min Freq, 5 >=1 +
Mak Fre, [ <=1 Time History Graph:2, b
e a %
Tvpe[Time History Graph v . 0.78 [5EC Py
@
Task Pane Command liessage )\ Analysis Message Lel | o
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Structural Analysis Il
(Advanced)

6. Time History Analysis

Calculate the frequencies domain using the time history of the acceleration.

» Fig6.19

9 Stresses - | T BearyElement = | s Mode Shapes = & W, Unes - | bt THRewks = | HF - &=
Frequency graph e s .| A mfu,sutices | [ T Gt Te - |1 - g | 1S
-l . Tet | Resuts
& HY Rasuts = 5~ Raduction Momant T Moving Tracer Output | Tablas -
Resuks | Detadl | Mode shape | Movngload | TmeHetoy | Bridge | Text | Tables |
17 015 B )1 % 3 - | CIEEED XK
“Tema titory Graph Acceleration
Mede 11 Z-Displ
[ pr—
I~ Merge Function List
Verical Asis
5% T Z-ecel
Susmary
AidTomLst]  Delete
Horizontal Asis =
e =
Type of Display
Graph Tile : [Acceleration
X s Decimal Pt [T T Exp,
¥ fols Decinad P, [T [ Ewp L O O |
Octave Band Oplicn 0. 2a- 0,30 25 LI . . mimio
0 [a Freq. )
Min Fraq, [T »=1
Max Fre. [T <=100 Time History Graph:2;] v
T3e[Time Fistory Grash = hone sowotion e o.te (sen) _
[all  Granh | Close
e ansymsMessage T ||4] | o

Command i

mn =] 4] »l(ron=] () TS /17

Right-click ‘Define Graph Orign/Resolution/Range...’

Change Tille & Label
Defl

Zoom Qut
Zoorn Qut All

Time <=» Freq

* Axis Log Scale
¥ #xis Log Scale

Save Graph &s Image
Save Graph As Text
Save Graph s Excel

User Define Graph @
Axis Format —————————— - Display Axis
¥ Decimal Pt. Il— I Exp ¥ ¥ Axis
¥ Dedmal Pt |1— I~ Exp I ¥ Asis

¥ Define Axis Origin/Resolution/Range
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Structural Analysis Il
(Advanced)

6. Time History Analysis

Check the natural frequecncy 2.93 Hz as below garaph, and modify load in model 2.

Boundary  Load

> Flg 620 m eactions ~ 9 Stresses ~ | 3B BeamyElement ~ | L Mode Shapes - & Infu. Lnes - | [\ T.H Results ~ s - @ %
. ° - B = tio.. 2 - E T o o <
Acceleratlon freqUenCy Load H Deformations ~ $% Diagram # D I & Influ. Surfaces = | [4 TrH Erayih/Text ?ﬁ - .| e
. Combination | 3 Forces ~ &3 HY Results © 4~ Reduction Moment | [ I B Moving Tracer - | [ Stage/Step Graph | /& DI output | Tables ©
history graph Combination | Results | Detal | Modeshape | Movhgload |  TmeHstoy | Brdge | Text | Tables |
P - AR TTREE®IEIS S ®) - % CiIEESE AT EE c N GEBSS
Acceleration .
B 1 N
[Cbode 11 Z-Displ \
Bl vose 11 z-3ccel L
o
I~ Merge Function List
~Vertical si]
Wode 11 Z-Focel | =]
il =
)
I vy - |2
IR @
Add from List Delete - @
A Node 11 z-Accel has &
Horizantal A X )
Time 5 - max : 32.287 at 2.930 Hz -
- Tupe of Displ | \
Graph Title : [Acceleration Y o
X #is Decimal Pt [T [~ Exp, g
¥ tods Decimal Pt [T [~ Exp, —
Octave Band Option 20 3.0 4.0 5.0 6.0 7.0 5.0 5.0 0.0 13.0 12.033.0 15.0 33.0 16.0 17.0 10.0 15.0 20.0 o
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Max Freq, 37 <=100 Time History Graph:2, y
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(il Granh | Cinse 1™ m
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Structural Analysis Il 6. Time History Analysis

(Advanced)
Save the analytical model under a different name.
Main Menu > File > Save As...
1. File name : “TH 2’, Click [SAVE]
Add repeated time history loads of the structure frequency period (0.3219).

Main Menu > Load > Seismic > Time History Functions

2. Click [Add Time Function]

3. Function Name : ‘FUNC 2’

4. Select Time Function Data Type > Force, Scale Factor : “1.0°

5.In Table
Time(sec) : ‘0.0000’, Function(N) : “1.0’ / Time(sec) : ‘0.3219’, Function(N) : ‘0.0’
Time(sec) : 10.3220°, Function(N) : “1.0’ / Time(sec) : ‘0.6438’, Function(N) : ‘0.0’
Time(sec) : 0.6439’, Function(N) : “1.0’ / Time(sec) : ‘0.9657°, Function(N) : ‘0.0°
Time(sec) : ‘0.9658’, Function(N) : “1.0’ / Time(sec) : “1.2876’, Function(N) : ‘0.0’
Time(sec) : “1.2877°, Function(N) : “1.0’ / Time(sec) : “1.6095’, Function(N) : ‘0.0’
Time(sec) : “1.6096’, Function(N) : “1.0’ / Time(sec) : “1.9314’, Function(N) : ‘0.0’
Click under line, Confirm Right of Graph.

6. Click [OK] and [Close]

Add/Madify/Show Time History Functions ==
» Fig 6.21 /L Funttm': Hame Time Function Dats Type N/‘1\/‘
Modify time history load “\3:,%7 (;c:::;nahzed fecel, Atcelera\mna:\/i;ww - Mum(::nh l;ﬂ:l:;ma\
g e e [
x\_i, (sec) N) CERT
Description | - — \ é /
. Cancel | Apply
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Structural Analysis Il 6. Time History Analysis
(Advanced)

Add load condition of time history case.

Main Menu > Load > Seismic > (Time History) Load Cases
1. Click [Add]
2. General > Name : ‘Time 2’
3. End Time : ‘2.0°, Time Increment : ‘0.001’
Step Number Increment for Output : “1.0°
4. Click [OK] and [Close]

Add/Modify Time History Load Cases
- General
>F|.g 6..22 . 2 | Mame : [Time 2 I Description |
MOd'_fY tme hlstory load Analysis Typa Analysis Method Time Histary Type
condition @ Linear « N!odal . @ Transient
© Monlinear  DirectIntegration | |~ pgriggic
& Stafic

q End Time : |2 “Hsec  TimeIncrement: [0.001 sec]

Step Murnber Incrernent for Output @ |1

~Qrder in Sequential Loading
I Subsequentts @ Load Cas= | =1
¢ Initial Element Forces{Table)
™ Cumulate DA A Results F Keep Final Step Loads Constant
—Damping
Darnping Methad ¢ [Modal -
~Direct Specification of Modal Damping

Damping Ratio for &l Modes : |D

Modal Damping Overrides

Mode Damping Ratio =

m

— Time Integration Parameters
Mewmark Method ;  Gamma [0.5 Beta JU.25

= Constant Acceleration ¢ Linear Acceleration ¢ User Input
—Monlinear &nalysis Control Parameters

¥ Perfarm lteration lteration Caontrals, ., I

(af oK ] cancel | boply
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Structural Analysis Il 6. Time History Analysis
(Advanced)

Modify location and arrival time of a concentrated load using dynamic nodal load table.

Main Menu > Load > Load Tables > Time History Analysis > Dynamic Nodal Loads...
1. Delete all elements except for node number 11
2. LoadCase Click the item Time 2 Edit as

Function Click the item FUNC 2 Edit as

Arrival Time(sec) : ‘0’ input

After clicking the row below, confirm the final input value

» Fig 6.23
N ) t Analyss Results PSC  Pushover M
Modify dynamic node load —— — — 3 ) B 55 o
e fPrestress () Construction Stage [(© Load Tobles| = =
Load it of Hydration Static Temp. Prestress Time History C.5 Load Heat of Initial Forces
<) Moving Loa ) Heat of Hyt Load * Load * Load *  Anabss ~ - Hydration ~ Geometric Sti.
Load Type | Load Tables |
o EEITEHE®I B E® T - S D | [EEC TR - Tl
* - " " Arrival Time
Tables | Node LoadCase | LoadType | Function Direction (sec) Scale Factor
Tables 11| Time 2 Force FUNC 2 z 0.00 -4.00
53 Structure Tables *
3 Result Tables
c Design Tables
5187 Query Tables @
c . . Arrival Time &
Node 5 LoadCase | LoadType | Function | Direction — Scale Factor
]
11 Time 2 Force FUNC 2 Z 0.00 4.00 ||
g =
@
[is) |
|
&
A
&
r|
)
[
o
o
4 Dynamic Nodal Loads, P

ME HE NSH G ZE2HMES HETLIL,

Command Message £ Analysis Nessage IKI »
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Tree Menu
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Structural Analysis Il 6. Time History Analysis

(Advanced)

Analyze the model modified.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Click Model View Tab

EER Anahss [EEY

» Fig6.24 r— P —
’ a X 7 Analysis Opti [ Restart €S Analysis
L Z M o s e

Message fora Main Control | P-Deta Bucking Eigenvalue Heatof Moving Noninear Construction Suspenson Boundary Change - P -

Datz Hydration Load Stage Bridge ‘Assignment S e i
successful run s Cortel Al Conto \ Perform |
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Structural Analysis Il 6. Time History Analysis
(Advanced)

Define output of the time history graph in order to compare structure’s frequency and load
which has similar frequency

Main Menu > Results > Time History Graph/Text > Time History Graph...
1. Select Vertical Axis > Node 11 Z-Accel, Click [Delete]

2. Click [Define/Modify Function]

3. Select Define Function > Displ/ Vel /Accel, Click [Add New Function]

4. Displ/Vel/Accel > Name : ‘Node 11_1.0Tn’, Node Number : “11’

5. Select Type of Result > Displ.

6. Select Components > DZ and Time History Load Case > Time 2

7. Click [OK]

» Fig 6.25 B | 4w o g sveme- & . tnes - |
. .  Deformations - ¥ Diagram -~ | |3+ Local Direction... EA - Influ. Surfaces - L TH Granh/'rext [ B
Time hlStOfy gfaph cbr;;ﬁgmn s Forces &3 HY Results ~ | 4~ Reduction Moment | [ | s | @ Moving Tracer - | [l Stage/step Graph | & s .
Combination | Results | Detal Mode shapc | | Text | Tables |
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Structural Analysis Il 6. Time History Analysis
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Check displacement graph when Dynamic Nodal Load is applied to node 11.

Main Menu > Results > Time History Results > Time History Graph...
1. Functions List>Node 11_1.0Tn (on)
2. Click Vertical Axis >[Add from List]
3. Select Horizontal Axis > Time
4. Type of Display > Graph Title : ‘Displacement’
Type of Display > X Axis Decimal Pt. : “1°, Y Axis Decimal Pt. : ‘1’
5. Select Type > Time History Graph

6. Click [Graph]
» Figure 6.26 nery | T
; 94 Stresses = | & BeanyElement - | ‘L Mode Shapes - @ i nes = [ TH Resuls = e - -9
Dlspla_cement Of - :-‘: Dagm;. A o B 4 . R ;mm. Suthzs: & THGaphText = = ~ El?i;;l rz
time hlstory graph & HY Resul 4= Reduction Moment Moving Tracer Gutput | Tables *
| Rewits I Detal I Made shaps | Movngload | TmeHstoy | Bridge Tet | Tables |
— R | 45 B 3 - CT [mak
= N T Displacement
Wllode 111070

I~ Merge Function List
Vertical Awis

VT =

- Max : 5.915e+000
- at 1.931

N Sn" (Il n" 'Iz 0. u‘a :I= :“ :Iz nlw ‘n Ix A 1.3 TRy e 17|

Octave Band Option
& - Tizme (sec)

Min : -6.417e+000
at 1.768

Min Freq. [7
Max Fraq, [37

‘ Unit : N, mm, sec
e o
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3. Exercise

The following simply supported beam is subjected to a moving load 30m/sec. Check the
resonance effect using various period of load (TH 1.mgb).

Velocity = 30m/sec

V-t P}  Weight density = 2.7 x 103N/mm?

123456 1 1819 20 21

.I. - -
GCS(0,0,0) ,97 9@

20@600mm=12,000mm

Time (sec)

»  Material
Modulus of elasticity: 4.0 x 106 N / mm?
Density(y) : 2.7 x10° Nfmm?®
»  Section

Cross-sectional area (Area) : 645 mm?
Moment of inertia (ly): 36,000 mm?*
Diameter: 250 mm

Thickness: 50 mm

g: 9,806 mm/sec?






Structural Analysis Il 7. Response Spectrum Analysis

(Advanced)

/. Response Spectrum
Analysis

Contents

1 Introduction

1.1 Concept of Response Spectrum

Analysis 7-3
2 Tutorial

2.1 Model Overview 7-7
2.2 Work Environment 7-9
2.3 Material & Section Properties 7-11
2.4 Generate Node & Element 7-13
2.5 Define Boundary Conditions 7-17
2.6 Define Loads 7-19
2.7 Perform Analysis 7-23
2.8 Check Analysis Result 7-24






=
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(Advanced)

1. Introduction 1.1 Concept of Response Spectrum Analysis

» Fig7.1

How to calculate the
Response spectrum
Displacement

In the time history analysis method, the history of the structure’s response such as
acceleration, velocity, and displacement is calculated. On the other hand, in the response
spectral analysis, the maximum response value is determined for each mode, and then the
total response value is predicted by combining these response using appropriate combination
method. Figure 7.1 shows the process of finding the maximum response value for structures
with different time period and showing the maximum displacement value corresponding to
these period on the graph.

T=3.0s

03 IMAX 0.255[1]  ++esesessessssesreusssessesssstsssassseassses bbb sa bbb E
IS
r -0.3
03 T=25s Spectrum Displacement
EL CENTRO RECORD i
L 0 Damping ratio 5%
m -0.3 MAX 0.274M  +ersreessssensssssnsssssssssssssssssnssssesssssanssssasssasassssnasssanssssansnsnnn
0.3|T=2 MAX 0,176 sseeeesssseesssssesesssnsesssansessssnssssssnsesssnnsessssnssssssnsens .
0.3
0.3
0.3 |T=15s P \
max 0.106M  sresesensasn é ........ P R A R A N -
0.2 :
03 § : 7
= LA
0.3 |T=1.0s 2 :
max 0.128m e % ......... JA {/
0 ,-AWWW 2 0.1 AN
s
~ -0.3 e p
0.3|T=0.5s T
0 " 0.0 0;5 1.0 15 2.0 25 3.0
; b MaX 0.051M  sesssseeennnsseesnnssereennnssesennns Period(s)
r -0.3

To the left in Figure 7.1, the process of finding the maximum displacement after performing
the time history analysis for structures with Period (0.5s to 3.0s) is shown. The figure on the

7-3
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» Fig7.2

Response spectrum
Displacement based on
Damping ratio

right is a graph showing the maximum displacement value of each structure with
corresponding period. Because the figure shows the maximum displacement for each period
of the structure, the term "response spectrum" is used. A similar picture can be drawn for
acceleration and velocity.

In the structural analysis programs, the response spectrum per time period is calculated in
the program, and the maximum response corresponding to the specific period is computed.
Figure 7.2 shows the spectral displacements vs period determined by varying damping ratio.

0.6 A

I, b
05 mping Ratial po

0

o4 L A4 A

> [

0.2

Relative displacement(m)

—
{ —
/
)

/
2= | ]

0.4 0.8 1.2 1.6 2.0 2.4 28 3.0

I
y
N

Period T (sec)

As the structure becomes complicated, the number of Eigen modes (or frequencies)
contributing to the deformation of the structure increases, resulting in a state reflecting the
contribution of each mode. Therefore, when the response spectrum for each period is
obtained, the contribution of the response spectrum for each period should be calculated. In

the eigenvalue analysis, the mode participation coefficient I'; (i represents the mode) for

each mode is calculated as explained in Chapter 5.

The Story Shear and displacement are calculated as follows by multiplying the maximum
response value corresponding to a time period of the mode



=

Structural Analysis I 7. Response Spectrum Analysis
(Advanced)
> Eq7.1 V,=Iim(S,9)4
»Eq7.2 D =T;S;¢

where in the equations above, mis the total mass of the structure. S,; and S;; (iis the mode),
represents ratio of spectral acceleration of the i-th mode to the gravitational acceleration and
spectral displacement respectively. § , the gravitational acceleration and @, , the unique

eigenvector corresponding to the i-th mode. The relationship between spectral acceleration,
velocity, and displacement is as follows

»Eq7.3 Sa = a)Sv = a)zsd , where ,, , is the natural frequency.

From equation 7.1, it can be seen that the Story shear of the corresponding mode is obtained
by multiplying the mass by the spectral acceleration, calculating the layer distribution by
reflecting the mode shape, and then multiplying the mode participation coefficient. Inthe case
of the Story displacement, the mode distribution is calculated by reflecting the mode shape to
the spectral displacement, and then the mode participation coefficient is multiplied as shown
in equation 7.2.

Once each mode-specific response is obtained, it must be combined using appropriate
combination methods. As can be seen in Figure 7.1, since the time at which the maximum
value is obtained is different, the response cannot be obtained by a simple sum of the
maximum values. Therefore, the appropriate method among the following methods is
selected and the responses for each mode are combined accordingly.

»Eq74 - SRSS (Square Root of the Sum of the Squares): Riax = [Rf +R2+-+ Rﬂm

»Eq75 - ABS (Absolute Sum): R o =|R1|+|R2|+---+|Rn|
N N V2

»Eq7.6 - CQC (Complete Quadratic Combination): Ryax = {ZZ R R; }
=1 j-1

where, R =Maximum Response Value
R =the peak value of the particular response for the i-th mode
8N ’ _ 5
U127+ 4 (L)’ T
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= the ratio of the natural frequency at the i-th mode to the natural frequency at the j-th mode

= Damping ratio

Applying the response spectrum analysis method to the first mode only results in an
equivalent static analysis method. Figure 7.3 below shows the design spectrum for the
acceleration used in the AASHTO LRFD 6.

0.25
2
% 0.20
c
2
s
»Fig7.3 2 015
Design Spectrum 3]
Acceleration <
2 0.10
2
4
i3
s 005
°
a
wn
0.00

»Conditions
Site Class : A
PGA: 0.1
Ss:0.25
S1:0.1
R:1.0

Period T (sec)
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2. Tutorial 2.1 Model Overview
The response spectrum analyses are generally carried out for seismic designs using the
design spectra defined in designed standards.

A
g  Mass=70kN-sec’’m '
g [
»Fig 7.4 0l 6 5
Analytical model

4m
N
(]

4 3

4m
[~
=

10m

NV

- Rigid diaphragm at each floor
- Master nodes : 3, 5and 7
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»  Material
Modulus of elasticity : 2.0 x 105 N/ mmn?
»  Section

Column: Area : 6.0 x 1012 mm?

Moment of inertia (lyy) : 4.0 x 108 mm?*
Beam: moment of inertia (lyy) : 4.0 x 1014 mm?*
The floor mass (M): 70.0 kN-sec/m
Damping ratio ( €) : 0.05 (5%)
Gravitational acceleration (g) : 9,806 mm/sec?
Response Spectrum Data: El Centro N-S
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2.2 Work Environment

Open a new file and save.

Main Menu > (& > New Project...

Main Menu > & > Save
1. Enter a name : ‘Response’, Click [SAVE]

Set the unit system to use.

Main Menu > Tools > Unit System...
2. Select Length > mm, Force(Mass) >N

3. Click [OK]
. Unit System
’ Flg 75 N <« Desktop » Tutorial v & | Search Tutorial »
(a) Flle save Organize ~ New folder =R ] R==t3
(b) Unit system setting - 8 Toe Sie Ol
# Quick access
& e No items match your search. (Okeal
© E Thispe [OF
30 Objects : :
> W Desitop Oft Obf ) Ol
1 ) [l Decuments v o< > Oin O kips (ips/a) @b
. . File name: | TR ]
The unit SyStem Semng Save as type: | MIDAS/Gen Files (*.mgh) ~ R
can be easily set at the Pe
(®) Celsius (O Fahrenheit
A Hide Folders e Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
unite.
[ 1set/change Default Unit System
£ l Apply Cancel
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The example models exist in the 2-D, X-Z plane

Main Menu > Structure > Type > Structure Type...
1. Select Structure Type > Y-Z Plane

2. Gravity Acceleration : ‘9806’

3. Align Top of Beam Section with Floor~ (on)

4. Click [OK]
Structure Type
~Structure Type @
3D ¢ %-ZPlane [r-* vz F‘Iane] © %-YPlane ¢ Constraint RZ
»Fig7.6
Setg Kol —Mass Contral Parameter
WOrK piane & Lumped Mass
[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor
" Consistent Mass
[~ Convert Self-weight into Masses
& Convertto x, %, 2 € Convert o, Y ¢ Convertto 2
2 ) Gravity Acceleration IQBDB mm/sec*]
Initial Terperature : |D [C]
¥ &lign Top of Bearn Section with Center Line (=Y Plane) for Display ]
[ &lign Top of Slab{Plate} Section with Center Line (X% Plane) for Display
@ Ok I Cancel |
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2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu > Model > Properties > Material...

1. Click [Add...], Name : ‘Mat’

2. Select Elasticity Data > Type of Design > User Defined

3. User Defined > Modulus of Elasticity : ‘2.0e5’, Click [OK]

4. Click Section Tab and [Add...] and Value Tab

5. Select Section Shape Lists > Solid Rectangle, Name : ‘Column’
6.Size>H:“1’,B:“1’, Section Properties > Area : ‘6.0e12’, I : ‘4.0e8’
7. Consider Shear Deformation (off)

8. Click [Apply]

9. Name : ‘Beam’

10. Size > H: 500°, B : “1°, Section Properties > lyy : ‘4.0e14’, | : ‘0’
11. Consider Shear Deformation (off)

12. Click [OK] and [Close]
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Material Data (3| [ section D+ (==
q General 0 0B U“SHC Combined | PSC | Taperad | Composi
» Figure 7.7 Materalln [T Nam 7lsen | Combined | || Tapered || Composite]
(@) Material definition Elasticity Data 5 [Section D i ‘. Salid Rectangle
- .- User Defined
Tupe of Design |User Defined  +
(b) Section definition | ancard fioee - 9 | Mame[CFT [ Bui-Up Section
DE
Concrete =
Standard 6 m 1.0000 (&
Type of Material Code [ ] B 10000 i
& lsotropic " Onthatropic DB 10 - min
Uger Defined = 3
Calc. Section Properties =
3 [ Modulus of Elasicity : Z.0e6 N/mm:} = . 000009+0?2 — 3
Poisson’s Ratlo | U Asy 0.000002+000 | mm?
Thermal Coefficient : [ 00000000 1/[C] Asz 0.00000e+000 | mm?
Weight Density g 0 N/mme bxx 0.00000e+000 | mm* —
[~ Use Mass Density: 0 Nfmme/g lyy 0.00000e+000 | mm*
e Izz 4.00000e+008 [ mm*
Modulus of Elasticity ¢ [[0.00008+000 N/rms ] Cyp 00000 mm
Poisson’s Ratio g 1] Cym 0.0000 | mm
Thermal Coefficient ¢ [ 000002000 {7¢] | EZE ggggg mm
Weight Density !liﬂ M/mme Q;Ln U-UUUU 2;2
r ! Hemme/y Qzb 0.0000 | mm®
Plasticity Data Peri-0 0.00000e+000 | mm -
Plastic Material Mame [NONE =] % [~ Consider Shear Deformation,
Therrnal Transfar
Specific Heat 0 keal/N-[C]
Heat Conduction. [0 kealmmhr-[C] Offset i Center-Center
Change Offse
Damping Ratio 0 @
oK Cancel aoply | Qg) O] Concel | Awaly )
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2.4 Generate Nodes & Elements

Create nodes where elements will be created

Main Menu > Node/Element > Nodes > Create Nodes

1. Select Length > m, kN at bottom of model view.

2. Coordinates (x, Y, z): ‘0,0, 0’
Copy > Number of Times: “1’, Distances (dx, dy, dz) : ‘0,-10,0’
Click [Apply]

3. Select Translate Nodes

4. Click Select All, Translation > Equal Distance > dx, dy, dz : ‘0,0,4’

5. Click [Apply]

6. Display Node Numbers, Auto Fitting, Right View (on)

»Fig7.8

Madel View b

@ lo ¥g¥ X Delete eleMior % @0 — Sty X Dekete 5% 3
FARE B Sl ek FR L B TN Sl R
Create Nodes Ceate  Trnshte Owde Mege -, " g+ MNodes Ceste |\ Tnsate BXrde Dvde Mewe intesect 1y oS D Cnge  Sements
Nodes & ot ®  Table  Bements | : £ pagmeters  Table
@)= \ B @
— PR ©) FEIEETIR 3 BEEEENETEL (5 ¥E R
e M ¥
: o
&
Transiate Nodes o @
Start Node humber < [ ]| ee Menu L | @E
Lt lement _Boundary Mass Loac 3 =
« Cony e Element Boundary Mass Load 3 '.'\:‘
Translation ° o
 Equal Distance =y
on gz T Start Node Number [T L
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 Unequal Distance 000 m o
Copy a
= ) —~
— Number of Times [T =] @ al
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0, -10. 0 m A
[ E— =
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Command Wesssoe ( Anaen Vesssse /

K1} |
Nanat U:0,-10, 4 1 Jo <= MJJJ@ﬂEnz—ﬂl
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Connect nodes to create elements.

Main Menu > Node/Element > Elements > Create Elements

1. Select Element Type > General beam/Tapered beam

2. Select Material > 1:Mat and Section > 1:Column

3. Click Nodal Connectivity green box, and Click node number (1, 3), (2, 4) in Model view
4. Select Material > 1:Mat and Section > 2:Beam

5. Click Nodal Connectivity green box, and Click node number (3, 4) in Model view

»Fig7.9 . ra——
g 7. s @ ior M — w
Vi 1 o\ Y XDeete olomMior 2 | @ B p @ y )( N X Delete 7% 2 t;
Create elements [ e 'x’ 7R Y Rotate T3 Scale % ® | -} e I-:.:- [AT x G Rotate [ ZH
Create | Transate Didde Merge o g+ Nodes | Ceate |\ Trnsbte Extrude Divde Merge Intersect ;1 2| Chenge  Eements
Nodes e % Table | Elements MITor 2] parameters  Table
Nodes | ements ]
== EEITREE®IE SN ® 2T EEEE IR FL RO RS
Element Fi gase - Ik
Element Number : [ ] || [ @
Element Type &
1 |General beam/Tapered bearn ~ . =)
z ¥rRef. 3
| »x £
y- N2
\N I
! a
@
)]
@
@
&
3 =
@
i
Ortatian e
& Beta Angle ¢ Ref, Point ]
£ Rel, Vector o
0 =] [deg) © o
odal Cannectivity N
1 I~ Oftho Q +
Ry - ﬂ 4 Model View, &
5 fersect: [ Nade [ Elem o] :

| o B R (B = R

r -
Apply | Close | L o
Py
Tree Menu Command Message /{_Analysis Nessage IKl |
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Input floor mass data for eigenvalue analysis.

Main Menu > Load > Static Loads > Nodal Masses
Main Menu > View > Display..., > Misc Tab > Nodal Mass (on), Click [OK]
1. Hidden (off)
2. Click Select Single (on), Select node number 3
3. Nodal Mass > myY : ‘70’
4. Click [Apply]

Load [t

ary !
) seismic % (% sefweight & Nodal Body Force | T Element | 3 Pressure Loads = Inttal Forces
Temp.fPrestress (O) Construction Stage () (%2 Nodal Loads () Nodal Masses T Line [ Hydrostatic Pressure | [=] Assign Floor Loads ~
Moving Load {2) Heat of Hydration Staticload Using Load | 1 Specfied Disl, 1 Loads to Masses | b Typical | 2 Assion Pane Loads | [] Finshing Materl Loads
7 Create Load Cases Structura Loads / Masses Beam Load Load Inital Forces/Etc.
» Fig 7.10 2 - - =
A inout TR W ETCIR I IEEETERS (5 TR =
I00r mass Inpu
- IRy

Modal Masses ~1 .

Options
@ Add O Replace C Delste

Nodal Mass

P1oe:i2000 Hll>E0060 00 32 00060

I~
Command Hesssge { Frshaa essase l

el |
For Help, press FL Frame-3 u:o, W< ~1] < 45 b lllnon~] (2| WIT /[ 2 =
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Copy the beam to create 2™ floor.

Main Menu > Node/Element > Elements > Translate

1. Click Select All

2. Select Mode > Copy

3 Translation > Equal Distance > dx, dy, dz: 0, 0, 4 , Number of Times : ‘2’
4. ‘Copy Node Attribute’, ‘Copy Element Attributes’ (on)

5. Click [Apply]

TModel View]
. NLLEEEUCOIE Properties  Boundary Load  Analysis  Results  PSC  Pushover MODS  Query  Tooks
»Fig7.11 SO e e Xoeee dewror =@ [ €| T3 1M 0 & e Xoee o gy od
Three-story frami o § 00 AR ohpoore sl [ e Iy — = G romte [
ree-story iraming Grede  Transate Duide Merge G p.o. - MNodes | Ceate |\ Trnsbte Bude Dwde Merge Wterect p o o Cange  Eemerts
de roje H Table | Elements wor 1 paameters  Table
! Elements |
IS CEESDRIA DG EEIN L ERE e
JIR s &
Translae Elements é
B start Number a
Mode Number : [§ .| =l
Element Number : [T0 .|
e (s
or ¢
ranslaon L £
 Node Increment |0 El 33
o Al
@ Equal Distance g
dedy.dz: [0.04 m @
Number of Times : [£ =] )]
 Uneaual Distance @
ey Oy @
@ ] < A
— S
=
r:]
000 o
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section ine, 1[0 =]~ Rep, °
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L
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Merging Tolerance [—,

R Command hes sage (TR e o
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2.5 Define Boundary Conditions

Connect node no.4 and node no. 3 to create which is master node of right link.

Main Menu > Boundary > Link > Rigid Link...
1. Click Select Single (on), Select node number 4
2. Master Node Number ; ‘3’
3. DOF of Rigid Link > DY (on), DX, DZ, RX, RY, RZ (off)
4. Copy Rigid Link (on)
Select Axis > z, Distance : 2@4’
5. Click [Apply]

fx General Spring ~ () - B Linear Constraints I Efective Width
S H& WEM e L [ et 5 e i | £

=

DOF of Rigid Link

Defne  Pont Surface astic Rigd General | BsamEnd BeamEnd PhtaEnd g oo dary
Supports  Spring  Spy Lik Lnk  Lnk - Releass  Offiets  Relegse | = Nodeloalfus Tables -
‘Supports 1 peers Unk I Release/Offset. I Ete. | Tables |
. = HEITEEP I B HIRS® - % R LI 21
»Fig7.12 - — Jg
7 Base "™
e . ode Bleme e :
SUppOft condition |nput Figid Link & ‘j
Boundary Group Name a
Default =1 . =]
Options =
@
& #dd  Delete
Magter Node Di:
&
o
=
a
B

Typical Typas
figid Bady Plang X-Y
Plang V-2 Plang x—

7 Copy Rigid Link
Axls Cx Cy Gz

Distances: (284 m

{ Exap> 5345, 3250) -

>
[15]5 ]\ Command tes:
Frame-7

. Hodel View, >

4600005065

LE]

el | |
il ] ]y o] ﬂﬂf@l

sage i Analysis Wssage J
uro, 0,14
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Fixed support are assigned to the bottom of the columns.

Main Menu > Boundary > Supports > Define Supports

Main Menu > View > Display..., > Misc Tab > Nodal Mass (off), Click [OK]
1. Click Select Single (on), Select node number 1 and 2

2. Support Type > Dy, Dz, Rx (on)

3. Click [Apply]

» Fig 7.13 v s : sounsay [ 5 o
Input support conditions 43 A, @ honmsmon L e (5] b @ B Lnear Constraints T Efactie Widkh
=7 L. Intergral Bridge [ Panel Zone Effects @' Define Label Dir
Define Point  Surface Elastic Rigid General BeamEnd BeamEnd Plate End B Node Local Axi Boundary
Spring Link Lk Lnk ~| Releass  Offsets  Release | NodeLocalAxs Tables ~
| | Release/Offset | Etc. | Tables |
S EEEE =R TR =

Hi Base SR g

Boundary Group Name

[Peur =] .|

Options
@ Add  Replace O Delste

Suppart Type (Local Direction)

$1.9&i0000ig0 000 08 €52 0060

Task Pane

For Help, press Fi. Nonel U: 0,10, 6 6:0,-10,6

Command Message f{_Analysis Nessage 1Kl

I a8 ) =
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Perform the response spectrum analysis using exact data of El Centro N-S seismic 1940.
Input real seismic data using text command shell in midas Gen.
Main Menu > Tools > Command Shell > MGT Command Shell
1. modify Length unit to mm at bottom of model view.
2. Select Command or Data > *SFUNCTION
3. Click [Insert Command]
4. Please note that the data input Spacing, commay(,), full stop(.)
5. Click [Run] and [Close]
5 MCT Command Shell ‘/;\‘ ‘//é\‘ = a8
(2] (B command o Data \UWH[ s Carmmand |] tnsetData | Delete Data |
+SFUNCT [ O : Spectrum Function
FUNC=NA4ME, iTYPE, iMETHOD, SCALE/MAX, GRAY, DRATIO. DESC. RMF L s line 1
»Fig7.14 LG, i, PRz, wIE, " iron tine 3
El Centro Seismic et g
Spectrum Data +ICCDE_DATA] : DIV, SC, SFI, &0, TG G i GBSON11_2006
— SJCODE DATal : BT, PM_ ST S SR TG CI. S CDh, EPA, SMAX. PERIOD ; JTG/T BO2-01-2008

(4 )/fFNC=Elcen, 1.0, 1,5805, 0.05, . 1.000000
A [oTHerCoDE

0.000000, 0.3295, 0025600, 03293
0.027000, 0.3297, 0,027800, 0.3429
0.028600, 0.3544, 0.029400, 0.3626
0.030300, 0.3683, 0.031300, 0.3676
0.032300, 0.3629, 0.033300, 0.36504
0.034500, 0.3637, 0.095700, 0.3632
0.037000, 0.3610, 0.035500, 0,355
0.040000, 0.3651, 0041700, 03458
0.043500, 0.3435, 0045500, 0,365
0.047600, 0.3528, 0.080000, 0,.3542
0.052600, 0.3544, 0.055600, 0.3546
0.058800, 0.3917, 0.082500, 0.4305
0.086700, 0.4455, 0.071400, 0.4784
0.076900, 0.5053, 0,083200, 0.5181
0.030900, 0.4775, 0.095600, 0.5525
0.100000, 0.5815, 0.101500, 0.56845
0.107000, 0.5548, 0.113000, 0.5292
0.1186800, 0.5952, 0,127400, 0.6373
0.136100, 0.6615, O.146000, 0.6885
0.157500, 0.8712, 0.170900, 0.8167
0.186900, 0.9879, 0.206200, 0.9697
0.229900, 0,705, 0.259700, 0.6575
0.296500, 0.7395, 0,350900, 0.6705
0.425500, 0.9090, 0540500, 0.5624
0.740700, 0.4751, 1.176500, 0,2713
2.857100, 0.1983, 3.000000, 0O.2000 /

Nl

5)_fw || __Ce | L=
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Define the response spectrum load case.
Main Menu > Load > Seismic > RS (Response Spectrum) Functions
1. Double Click Spectrum Name > Elcen
2. Function Name : ‘Elcen’, Spectral Data Type> Normalized Accel.
Scale Factor: “1°, Gravity : ‘9806’
3. Click [OK] and [Close]
Main Menu > Load > Seismic > RS (Response Spectrum) Load Cases
4. Spectrum Load Case > Load Case Name : ‘RY’
Select Direction > X-Y, Excitation Angle : ‘90’
5. Spectrum Functions > Elcen (0.05) (on)
6. Click Operation > [Add]
7. Click [Close]
»Fig7.15 Add/Modify/Show Response Spectrum Functions RESSPO”S‘E‘ SDELCU“:CLOW coses [
Function Mame Spectral Data Type [ EETRIEENE I E SE
Resp(_)nse Spectrum W & Mormalized Accel, ¢ Acceleration 0} [ Load Case Mame: [RY 4§
Functions +Scaling—— ——— Grav_ Direction W_Ll
Import File I Design Spectrum | & Scals Factor l|— ’VQEUE Excitation Angle @ |30 ::v[dgg]
Period | Spectral Data| = |~ pasimurm Value [0 g Damp| | Scale Factor : II
(sec) @ 0051 periad Modificaton Factor :
1] 0.0000 0.3275 | |= —
2 0.0263 0.3299 D.85882 A !
3| 00270 0.3297 0.sseaz J \ IModal Combinat Apply Damping Method
4] 00278 0.3429 s aznz Damping Method.,
5| 00286 0.3544 = 'FSDECJ’UF“NF“” e
5| 0.0204 02628 :r:: 0.esBEz unction Mamg
7] 00303 02683 = cosses2 { \ 5 E 'I—(CD"‘E:”D"% DETD“"DE ‘Ham
8| 00313 0.3676 I | \ o Unear  Logartmn
9| 00323 0.3529 |
10| 00333 0.3604 o o-asee2 N
11| 00345 03637 0.25882 | | Description
12| 00357 0.3632 0.15882
13 0.0370 0.3610 0.01 0.41 0.81 1..:1 1.61 z.01 z.41 LoadCase | Direction | Scale
141 00385 03585 ~ Period (sec) Y !
Description [ oK ||E
& |
Operations |
6- Modify | Delete
Eigenvalue Analysis Control,.,
Response Spectrum Functions,., |
7 Llose
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(Advanced)
Define eigenvalue analysis parameters for response spectrum analysis.
Main Menu > Analysis > Analysis Control > Eigenvalue
1. Select Type of Analysis > Eigen Vectors > Subspace lteration
2. Eigen Vectors > Number of Frequencies : ‘3’
3. Eigenvalue Control Parameters > Number of Iteration : ‘20
Subspace Dimension : ‘0’, Convergence Tolerance : “1e-010’
4. Click [OK]
Eigenvalue Analysis Control
~ Type of &nalysis
»Fig 7.16 &+ Eigen Yectors " Ritz Vectors
Eigenvalue Analysis (1[# Subspace eration)
Condition i Lanczos

—Eigen Yectors

)

Murnber of Frequencies : ||3 z

— Frequency range of interest

Search Fram : ID [cps]

To: 1600 [cps]

Eigenvalue Contral Pararmeters

Murnber of lterations ©
Subspace Dimension !

Caonvergence Tolerance !

Rermove Eigenvalue &nalysis Data
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7. Response Spectrum Analysis

»Fig7.17

Response Spectrum
Analysis Condition

Determine modal combination type for each modes.

Main Menu > Load > Seismic > RS (Response Spectrum) Load Cases
1. Select Load Case ‘RY’

2. Click [...] in Modal Combination Control

3. Select Modal Combination Type > CQC, Click [OK]

4. Apply Damping Method (on) > Click [Damping Method...]

5. Damping Ratio for All Modes : ‘0.05’, Click [OK]

6. Select Interpolation of Spectral Data > Linear

7. Click [Modify]

ary P [ ols
b B R
v v Y v
‘emp. /Prestre: onstruction Stage ( =
- pp—— RS Load TmeHstory Ground  Dynamic  Time Varying Il o
R - Heat of Hydration Functions Load Cases | Cases Functions Acceleration Nodal Loads Static Loads Support Excitation Result Functions
Load Type | Response Spectrum Data | Time History Analysis Data |
- = i EHEITEE®IE DS ®] - % CEESPEIA O GEE[N L BRERE A

™

Response Spectrum Load Cases i pase L

Excitation Angle © [0 —={[deg] *
Scale Factor : T

Period Modification Factor

T~
2 Modal Combination Control (==
Madal Combination Co

Spectum Functions Madal Combination Type

Function Name ¢Damping Ratio) " SRY -(-‘ CQC |~ ABS " Linear
wElcen (0.05) e
[~ Addsians(+.-) to the Re

Damping Method ==
P
Apply Damping Method c Damping
Damalng]icthod & Modal " Mass & Stiff, Prop, " Strain Energy Prop,
Madal . o X
¥ Select Mode Shapes Direct Specification of Modal Damping

Correction by Damping Ratio

ion-of Spectial Data Maode | Use Mndesmpa®DamningHaﬂnfnrmlMndas1 0,05 }

a L  Logarith : 2
PR 1 Modal Damping Overrides

Description :

Damping Ratio

For Help, press F1

e
e Cancel

P1.2&i0000 0 »EEIE 0B €32 00850
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2.7 Perform Analysis

Analyze the response spectrum modeled.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Display Node Numbers (off)

> Fig 7.18
Message for a - " s Boundary Lo :
successful run 2 @ 6 @A Z M B o Qa"l"fi:aﬁl"s

Mam cor\tro\ P-Defta Bucking Eigenvalie Heatof Moving Noninear Construction Suspension Boundary Change | Pe 2 I

Push

Hydration Load Stage Bridge ‘Assignment
mcmw\ ‘Analyss Control | |
— = EEIYEEGE GG ® -°F BRI nmam Yimlpam:a

i wsse -1

Works
=i =, Analysis Control Data

T, Eigenvalue Analysis [ Type=Ei
E ﬂ Structures

w2 Supparts : 2
R Rigid Link : 3
(/ Masses
= (* Nodal Masses : 3
= b, Response Spectrum Analysis
=t Fesponse Spectrum Functions
t, Function 1 [ Elcen; Normali
=1 Respanse Spectum Load Cas
B Case 1 [ RYJ Elcen : CQC

$456:3000 ﬂ@\%@@@@\% €0, R 0L L0

TION TERMINATED
A\DIDICH: Cil 2 R P THEW-07 SRATER of 4#Response 0

YOUR MIDAS JOB IS SUCCESSFULLY COMELETED.
TOTAL SOLUTION TIME. 1.15 [SEC]

EEXED ok pane L4} ’\Cnmmsmmesuge Analysis Message

For Help, press F1 Node 5 u: 0, 0, 12000 6:0,0

el | 5|
L e e Y | e e ) = =
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2.8 Check Analysis Result

First, the natural frequency of the analytical model is confirmed from the eigenvalue analysis
result.

Main Menu > Results > Result Tables > Vibration Mode Shape
1. Records Activation Dialog box, Click [OK]

2. Check period of each modes (0.6820, 0.2434, 0.1684)

3. Check modal mass participation rate

4. Check modal participation coefficient (TRAN-Y)

EggRF NVALUE ANA
Freguency
No (rad/sec) (cycle/sec) (sec) UL
1 9.213228 1.486331 0.681974) 3.3483e-016
. 2z 25.814802 4.108569 0.243384) 5.1179e-016
> F|g 7.19 3 37 303543 5937059 3267%e-016
. . PRINTOUT
Eigenvalue Analysis Mode TRAN-X TRAN-Y. TRAN-Z ROTN-X ROTN-Y ROTN-Z
Result Table No  [WASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%)
1 0.00 0.00 91.41 91.41 0.00 0.00 99.69 99.69 0.00 0.00 0.00 0.00
2z 0.00 0.00 7.49 98.90 0.00 0.00 0.03 98, 0.00 0.00 0.00 0.00
3 0.00 0.00 110  100.00 0.00 0.00 023 100 3 ) 000 0.00 0.00 0.00
Mode TRANX TRANCY. TRAN-Z ROTH-X ROTH-Y ROTN-Z
No WASS SUM MASS SUM WASS SUM MASS SUN WASS SUM MASS suN
1 0.00 0.00 019 0.19 0.00 0.00 | 32380410. | 32380410 0.00 0.00 0.00 0.00
2 0.00 0.00 0.02 0.1 0.00 0.00 | 9869.57 | 37350280 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.21 0.00 0.00 | 89719.61 | 32480000, 0.00 0.00 0.00 0.00
As aresult of eigenvalue
analysis, the mass
participation rate should
be more than 90% of
structure.
ho Value Value Value Value Value Value
1 0.00 4783 0.00 52.17 0.00 0.00
= 0.00 99.60 0.00 0.40 0.00 0.00
3 0.00 79.98 0.00 20.01 0.00 0.00
EIGENVECTO R (kN,mm)

The sum of the modal participation masses was 100% upto the third mode, which reflected
the dynamic characteristics of the structure.
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Check the displacements in each floors.

Main Menu > Results > Deformations > Deformed Shape...
1. Click Model View Tab

2. Select Load Cases/Combinations > RS : RY

3. Select Components > DY

4. Type of Display > Undeformed(Check on), Value(Check on)
5. Click [...] in Values, Number Options > Decimal Points : ‘4’

6. Click [OK]

> Flg 7.20 % < Reactions * 97 Stresses * | 15 BeanyElement * | L Mode Shapes * A hf. Lines ~ T.H Resufts * s - D
D- I t |tS [ Deformations - ¥ Diagram - | B+ Local Direction.. [ Modal Darmping Ratio.. | & Influ. Surfaces - | [&, T.H Graph/Text = | = ~ ) it =
Isplacement resul Cwﬁgtm f#2 Forces = &3 HY Results ~ | > Reduction Moment | [, Nodal Resukts of RS | @ Moving Tracer * | [, Stage/Step Graph | [ e iii“‘éf,
Combination | Resufts | Detal | Mode shape | mMovngload |  TmeHstory | Bridge | Text | Tables |
- = R INEE® I E RS ®] 2T FEESDEIA GG EE NN EEE,]%@ Ha

- LS - Ih 80562
Deformed Shape =] .
Load Cases/Combinato
FiS: AY a
Step
T0655%
Value Qutput Details
Number Options
e Decimal Points |4
I~ MinMax Only
@ S
& < 8433

Limit Scale(%) = |
[~ Set Orientation |0

W Apply upon OK

bpply | Close

P1.9&i0000 M »AEFFE 08 442 00 F0

MIDAS JOB IS SUCCESSFULLY
LUITON TIME..:

=X o rone e e werirg

For Help, press F1

The displacements of the 2nd, 3rd and roof floor are 39.4323mm, 70.6556mm and
88.0962mm.
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7. Response Spectrum Analysis

Check the floor shear force in the lateral direction generated by the response spectrum

analysis.

Main Menu > Results > Mode shape > Nodal Results of RS
1. Select Nodal Result Load Cases > RS:RY

2. Select Output > Inertia Force and Mode > Mode 1

3. Select Components > FXY

4. Type of Display > Undeformed (on), Value (on)

5. Click [Apply]

»Fig7.21 S pushover  MODS O
Shear force results % 4~ Reactions *  §¢ Stresses * | 1§ BeanyElement ~ | & Mode Shapes * @ . Lines * | [ T-H Results = ue - E[
 Deformations - ¥ Diagram ~ | {3+ Local Direction... [ ocal Damping Ratio.. | b Influ. Surfaces - | [, T.H Grph/Text - |I=< - = 4 —
Combation | ¥ Forces * &3 HY Results *| 4~ Reduction Moment | 1<, NodalResufs of RS | 8 Moving Tracer * | [1, Stage/step Graoh | 17, 2/ OFSr | Text | Resufs
Combination | Results | Detal | Mode shape | Movngload | TimeHstoy | Bridge | Text | Tables |
- P R EHEOIHAILE® ¥ CEES R A D ACEE S S EEAR «_H

Tree Menu

_N odal Results of RS

Nodal Fesults of 5 ] ...|

Hodal Result Load Cases,
RSt AY 1

Output

+ Inertia Force ¢ Acceleration
Components
© FX  FY C FZ
oMY M2
 FYZ  FXZ

e ] Undeformed
W walues | I Legend ..,

[~ Animate .| T Mirrored ...|

e Gy

Task Pane

For Help, press F1.
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o
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4
<
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N
q b
! 2 x
OLUTICN TERMINATED -
YOUR MIDA: S SUCCESSFULLY COMPLETED... c:\OWICHS CiWil 2 S = I T HEH2-07 SELAMERY 3 4 Response ]
TOTAL SOLUTION TIME 1.15 [SEC]

»

[<[> [DI]\, Command essage

lel |
[ ] 2]l [ | T [T

Node-6 U: 0, -10000, 12000

The floor shear forces of the 2nd, 3rd and roof floor are 232.86747 kN, 419.6131 kN and

523.2492 kN.
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8. Prestress Analysis

1. Introduction

1.1 Concept of Prestress Analysis

Prestressing is a technique wherein the prestressing strands (tendon) are induced with tensile
force which is transmitted as a compressive force to the concrete structure. The force transfer
between concrete and steel can be through the bond strength mechanism or through
anchorage plates held at the ends of prestressed concrete block or both. Based on whether
tensioning is done prior to hardening of concrete or post-hardening, prestressing techniques
can be categorized as pre-tensioning and post-tensioning techniques respectively.

The prestressing force reduces in intensity due to various factors and the losses in prestress
are classified as immediate losses and time dependent losses as mentioned below:

Immediate Losses

Elastic Shortening Loss: Due to axial shortening of concrete as per the prestress
application, the cable length too shortens leading to loss of prestressing force. This
occurs in both pre tensioning and post tensioning (when cables are stressed
sequentially) of concrete.

Anchorage Slip Loss: In post tensioning technique, the prestressing force is
transferred through the end anchorage plates held up against concrete block,
wherein the end wedges slip over a distance before getting completely locked,
thereby resulting in reduction in length of tendon and loss in prestress. This loss
does not occur in pre-tensioning systems.

Friction loss: The prestress losses due to wobbling of tendons and friction between
the duct and tendons during the stressing process are summed up under the head
frictional loss. It is also prevailing in post tensioning system only.

II. Time Dependent Losses

Relaxation Loss: The loss depicts the loss in stress in prestressing strands with time
under constant strain. The relaxation loss is dependent on the type of steel, initial
prestress and temperature.

Creep Loss: As the deformation in concrete increases with time under sustained
loading, this results in loss of prestressing force. The creep of concrete with time is
quantified in terms of creep coefficient based on ratio of ultimate creep strain to
elastic strain. The creep coefficient is further used to calculate prestress loss due to
creep of concrete with time.

Shrinkage Loss: As concrete contracts due to loss of moisture with time, this results
in loss of prestress. The shrinkage of concrete is also divided in two parts namely

8 -
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initial shrinkage or autogenous shrinkage which occurs immediately after casting of
concrete and drying shrinkage which occurs with the passage of time as water
moves through the hardened concrete. Considering both autogenous and drying
shrinkage, final shrinkage coefficient is derived which is used to calculate prestress
loss due to shrinkage.

Let's take an example of prestressing force application on a continuous beam.

_ MP‘VWW/Z/M MWI/M‘

[—
oA

o

—

+
» Figure 8.1 M. |
Prestressing Effect ¢ s !
m |
T2, ,,////// ~ 77
Mg=M;+M ///
Let us consider the tendon profile as shown in the fig.8.2 for the continuous beam.
F a F F a F
«— 1 —> «— —>
> Fgue 62 1 o
Effect of Tendon Profile P ] P qy ,.AIL. L a,
2 f' 4Fa 2 2] 8Fa 2
R=— 0y =—3

Prestressing effect of a continuous beam can be explained with the help of deflection pattern
of the beam. If we remove the intermediate support of the beam, the central portion will hog
up due to the prestressing force. In practice, however because the support exists, the
deflection of the central portion will not occur, but instead there will be development of a
reaction force preventing the occurrence of deflection. The moment due to this reaction force
is called secondary moment due to prestressing. Primary prestressing moment is just the
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product of prestressing force and eccentricity of the tendon and C.G of the beam section.
Hence the total moment generated due to prestressing is the sum of primary and secondary
prestressing moments.

Mg =M, +M,
The secondary prestressing moment is null for determinate structures and thus in
determinate structures only primary moment prevails.

The resultant moment is the sum of the moments due to the eccentric distance effect and the
moments due to the reaction force of the support point. In the case of a determinate structure,

since the support point does not constrain the deformation, M. does not occur, so

Me=M: Asa result, the magnitude of the second moment can be calculated by

subtracting the first moment from the resultant moment ( M, =M, -M P).
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2. Tutorial 2.1 Model Overview
2-span continuous beam is subjected to the action of a tensile force. Determine the maximum
bending moment with the stress stiffening effect.

Z
»Fig.8.3
Analytical Model 15cm 15cm 15cm
—|—'—wai=-—ﬁ-'——-r“- 4zgh—‘-ﬂ-—&——- —_——t ——> X
A — A 1 ke
tension
L 9m N 9m J
F T {

»  Material
Modulus of elasticity: 30,000 N/mm?

»  Section
Square Section: 300 x 550mm?

» Load
900 kN by prestress on parabolic tendon.
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Open a new file and save.
Main Menu > (& > New Project...
Main Menu > & > Save
1. Enter a name : ‘Prestress’, Click [SAVE]
Set the unit system to use.
Main Menu > Tools > Unit System...
2. Select Length > mm, Force (Mass) >N
3. Click [OK]
> Flg 84 Unit System
(a) Save the file 4 |[] « Deskiop » Tutorial v 0] | Search Tutorial » et
(b) Unit system setting Organize = New folder ) B - SG‘
3 Quick access T e o
= onere No items match your search, (Okeal
[ ThisPC [@F]
8 3D Objects - -
Pty Oft Okf ) Ll
1) Boomer - ¢ P)\ On Okips (ips/a) @8t
Save as type: | MIDAS/Gen Files (“.mgh) - R
(®) Celsiug (D) Fahrenheit
A Hide Folders e Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
nits.
[ ]setichange Default Unit System
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midas Gen is 3-D software, since beam exsit in a 2-D plane, X-Z plane in Global Coordinate
is set as the work plane, which restrains unnecessary degrees of freedom, Dy, Rx, Rz.
Main Menu > Structure > Type > Structure Type
1. Select Structure Type > X-Z Plane
2. Gravity Acceleration: ‘9806’
3. Click [OK]
Structure Type @
» Fig85 Structure Type (1)
Setwork plane 3D [@ x-ZPlane | ¢ ¥-ZPlane  X-YPlane ¢ Constraint AZ

Mass Contral Parameter
+ Lumped Mass

[~ Consider Off-diagonal Masses

[~ Considering Rotational Rigid Body Mode for Modal Participation Factor
" Consistent Mass

I~ Convert Self-weight into Masses

ol i i
©
Gravity Acceleratid\ﬁ’fl 9806 mm/sec: }
Initial Terperature : |D [C]

[~ &lign Top of Beam Section with Center Line {x-% Plane) for Display
[~ Align Top of Slab({Plate) Section with Center Line (X-% Plane) for Display




Structural Analysis Il 8. Prestress Analysis

(Advanced)
2.3 Material & Section Properties
Define material and section for the structure.
Main Menu > Properties > Material > Material Properties...
1. Click [Add...], Name : ‘Mat’
2. Select Elasticity Data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity : ‘30,000’, Click [OK]
4. Click Section Tab and [Add..]
5. Select Section Shape Lists > Solid Rectangle, Name : ‘Sect’, Select User
6.H:550°, B : ‘300°
7. Consider Shear Deformation (off)
8. Click [OK] and [Close]
Material Data . == Fectmn Data ===
» Fig 8.6 Gea”‘zz‘ | a‘m\e} ) = L oepuser | value | SRC | Combined | PSC | Tagered | Compose |
(a) Material definition . @ (8 sector® [ [ sot v :
(b) Section definition Tope of Desian [Ussr Botned =] [ coory o = [ e T T I T - —
,/U;;; CD::EW E Sect Name [ =]
Defined Sandard [ -] ¥
Type of Material Code
@ lsotropic " Qrthotropic n
User Defined ‘[«)/ES\,‘ S =
Paissan's Ratio : 0

Thermal Coefficient : | 0.0000e+000 1/1C]
Weight Density 0 mme
[ Use Mass Denstty: | 0 M/mme/g
Concrete

Madulus of Elasticity : [ 000008+000 pymm2
Paissan’s Ratio - °©

Thermal Coefiicient  [[0.0000=+000 1,[¢]
Weight Density J0 nmme
r [ T mmes

I Cansider Shear Deformation,

mwwwm
MWMWWN

N\ \[
i\ ) (8 ) [ ok _
0K 3 Jcancel | apply | ’-\Msmwcalcu\anunﬁesuus §/ 0K Cancel ooy |
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2.4 Generate Nodes & Elements

Create nodes where elements will be created.

Main Menu > Node/Element > Nodes > Create Nodes
1. Modify the unit at lower of the screen to kN, m
2. Coordinates (x, Y, z): ‘0,0, 0’
Copy > Number of Times: ‘2’, Distances (dx, dy, dz) : ‘9,0,0’
3. Click [Apply]
4. Display Node Numbers, Auto Fitting, Front View (on)

Node/Element 1 =
| @ 6 No¥ sl *  em s @ - X =5 @
Vi -1 o X Delete °|® Miror % @ 9 N X Delete % Y
’Fl 8.7 2 I 'V; °r °Y Rotatz D% Scale |7 @ |-/ I = I-:.:- ;{ (¥ G Rotate % ZH ?
g o. Create  Transte Divide Merge gt MNodes | Geate | Tenshte Bxtude Dvide Merge Intersect 2| Change  Eements
des £ Project Table | Elements | mor | paameters  Table
Create nodes odes \ Semarts @ 1
CEEIRNAEE®I RS ® % - % R R (5 N
1 Base - Ik

b ® 510

Create Nodes 5

Start Mode MNurnber ¢ @
Coordinates (x.y.2)
18.0.0 m

Copy

Number of Times [2 =]
Distances (dx.dy.dz) ©

9, 0,0

 Merge Duplicate Nodes .|
F Intersect Frame Elements .|

(3 o=

P456 0000 Al ABPOOI0D: €2 2(H

Task pane [ETH] o
For Help, press F1 Node-2 U:18,0,0 G:18,0,0 4] ¥[ron=] 2| WIS /[ 2 H
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Connect the nodes to create the element.

Main Menu > Model > Elements > Create Elements...

1. Select Element Type > General beam/Tapered beam

2. Select Material > 1:Mat and Section > 1:Sect

3. Click Nodal Connectivity green box, and Click node number (1, 3) in Model view

»Fig8.8 Node/Elemant - =
> @ v Delet: = 7 X Delete 7% oy e
Create elements | T Y T L0022 G T M e gy
Create  Transiete Divide Merge ’ 7 Nodes Create N Transkte Extrude Divide Merge Intersect m 2 Change Elements
Nodes £ Project T b | pements | I\ Mimor 21 poonaters  Table
Nodes | Elements |
EEINEE®IEIIRS® % - % CiEESbEIA G EEEs B ERRE A
- IR
Q
Q
a
(= |
Q@
&
£
@ I
<
; |2
53]
@
@
&
=
B r-]
Ti Sect <] .. o
————— o
& Beta Angle © Ref, Point o
© Ref, Vector o
v =] [deg] o
L
&
Interssct: @ Node [ Elem .| a x il
r [ d
Apply Cloge | [ -
Task Pane d Message { Anahsi Hessage IR |
For Hel, press FL u: 18, 0,0 e e R I R | e
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2.5 Define Boundary Conditions

Define support conditions, pin support at each nodes.

Main Menu > Boundary > Supports > Define Supports

1. Hidden (off)

2. Click Select Single (on), Select node number 1 and 2 and 3
3. Support Type > Dx, Dz (on)

4. Click [Apply]

»Fig 8.9
Y ies [ECNULELYN Load  Analysis sults  PSC  Pushover  MODS
Define support condition " -
=1 General Spring ~ m{] Joal @ Linear Constraints  T0F Effective Width g
@ & T Intergral Bridge I E\- [ Panel Zone Effects 4 Define Label Dir
Define Point  Surface Elastic Rigid General BeamEnd BeamEnd Plate End B Node Local Axi Boundary
Sl |Sof S Link Lk Lnk *| Releass  Offsets Release |~ NodeLocalAxs Tables ~
Supports o ) o Supports | Link | Release/Offsat | 1) | Tables |
—- \‘:Emn‘ulﬂszweu - K ] D‘&lﬂ M@@@FH (B

Hi Base -k

ement [ERJEENY Mass Load

Supports

Boundary Group Name
et =] .|

Options
@ Add  Replace O Delste

Support Type (Local Direction)

we
wie
2

D-ALL
Dx Vo Dy T Dz W

I~ R-pLL
Rx ™ Ry I FRz I

(4) Cose

n
P4,9& 0000 RH>E0E0 08 €52 0060
E—

S
4 3
M w 2 x
5>
Task Pane Command Message £ Analysis Hessage
For Help, press None! 5,0 i~ ][m j‘| L) ron=] (2| T /2 S
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2.6 Define Loads

Define a load case to input the prestress.

Main Menu > Load > Static Loads > Static Load Cases
1. Name : ‘PrestressLoad’

Select Type > User Defined Load (USER)
2. Click [Add] and [Close]

Static Load Cases
» Fig 8.10
) - (1
Definition of load condition Name : [Prestessload 1) (2 [ ]
Case * | All Load Case v M odity
Type i |User Defined Load (LISER) - Delete I
Description : |

| »

No Name Type Description
» 1 User Defined Load (USER)
*

m

®
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» Fig 8.11
Prestress load input

Input the prestress load and eccentric distance considering tendon arrangement

Main Menu > Load > Temp./Prestress > Prestress Beam Loads

View / Display, Load Tab > Load Case > Click [...] in Load Value, Place : ‘4’, Click [OK]

1. Display Element Numbers (on)

2. Click Select Single (on),

3. Load Case Name > PrestressLoad

4. Loads > Tension : ‘900°, Di : ‘0’, Dm : “-0.15’ Dj : ‘0.15’
5. Click [Apply]

6. Click Select Single (on)

7.Loads > Tension : ‘900°, Di : ‘0.15’, Dm : “-0.15’ Dj : ‘0’
8. Click [Apply]

£ Prestress Beam Loads
== Pratenson Loads

& System Temp.
" Nodal Tem
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PreshiessLoad - o
Load Group Name
Options

Default
@ Add " Replace " Delete

|
Loads
Tenslon : [300 w
Di SAET m P
o @ m

Salection Type
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2.7 Perform Analysis

Analyze the model.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window

Main Menu > View > Display...
2. Load Tab > Nodal Load (off), Click [OK]
3. Display Node and Element Numbers (off)

jer  MODS

L [ Restart s Analysis
»Fig8.12 » 3w 8 @ l Zz M . B im"w :
Main Control | P-Defta Bucking Eigenvalue Hiattof MLowrv‘g Nonlinear conss;umun su;pensm Boﬂary Chatrvge pertorm e s Resul
i Hydration  Loa ge ridge anmen port Analysis Resu
Message fora S * o | : |
successful un B THEG PR S @ S CHEsveE aeee=( JE[eem

|5 Base

Structure Tables
Result Tables
Desian Tables

2 Quary Tablea

P1.29&i0000 gH>»EEFHE 00 %2 0S50

2 3 4¥fPrestress

Il |
s e I I o T = P =
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8. Prestress Analysis

» Fig8.13
Reaction force

2.8 Check Analysis Result

Check the reaction force at each support nodes.

Main Menu > Results > Reactions > Reaction Forces/Moments...
1. Select Load Cases/Combinations > ST : PrestressLoad
2. Select Components > FZ
3. Type of Display > Values, Legend (on)
Click[...] in Value, Number Option > Decimal Point : ‘3’
4, Click [OK]

H 4 Reactions * 91 Stresses ™ Beam/Element = | L. Mode Shapes ~ - Influ. Lines ~ Fu: T.H Results = 78 -
L) =
Le { Deformations ~ % Diagram ~ | H Local Direction.. | [ o to.. | b mfu. surfaces - | [, T.H Graph/Text = | < ~ =
Cwﬁgtm f#2 Forces = &3 HY Results * | 4> Reduction Moment | [ Ho 28 Moving Tracer = | [1. Stsoe/Step Graph | 1, iii“‘éf,

Combination Results Detal | Mode shape | mMovngload |  TimeHstory | Bridge
- % -EESDHIAGICEE NN

- o BEITEHE®I BEIISS® .

i Base

MIN. REACTION
HODE= 2
FZ: -1.5032E+001

MAX. REACTION

H% R @_ﬁ@pm

MY O MY COMEZ O MRYE NODE= 1

[~ Local (if defined) FZ: 7.5159E+000
Type of Display O
(e vanes L] 2 7516 F15.00 7516 @
#rrow Scale Factor: [1.000000 T ‘T o
Value Output Detail
boply | Close Sl ooa = %
Rlgbeubicss ST: Prestressload !&I
Decimal Points [3 I Exp |2
I~ MinMax Only M ;2 =
~ ~ FILE: Prestress vz}
~ r UNIT: kN
DATE: 01/29/2014 O"
Limit Scale(s) [T VIEw-DIRECTION | o
I Set Orfentation [0 o
-
® ™ Apply upon OK. o= |O
(o] cme b
Ll
=
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Check the bending moment.

Main Menu > Results > Forces > Beam Diagrams...

1. Select Load Cases/Combinations > ST : PrestressLoad
2. Select Components > My

3. Select Display Options > Exact

4. Type of Display > Contour, Value (on)

5. Output Section Location > All (on)

6. Click [Apply]

» Fig 8.14
Bending moment

-
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3. Exercise

Check bending moment of two span continuous beams with tendon prestressing.

Z
T 15Tcm 15cm 15cm
%ﬁ*’—*’—*’_y ’’’’’’’’ — e e = = I X
AN ! AN | AN
Tendon
L 9m ¢ 9m J
D N 7l
»  Material

Modulus of elasticity: 30,000 N/mm?

»  Section
Square section : 300 x 550

» Load

Load of 900 kN by prestress on parabolic tensions
Equilibrium load of 20 kN/m across the whole area
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1. Introduction 1.1 Concept of Thermal Stress Analysis

»Fig9.1
Thermal Stress

In general, when object are exposed to temperature variation, they either elongate or shrink
depending on temperature rise or fall. At higher temperature the molecules within the
structure starts to vibrate rapidly and push away from one another. This increased separation
causes the solid to expand, increasing its volume. The volumetric expansion could give rise
to greater levels of thermal stress. Thermal Stresses can have significant effects on structure’s
strength, stability inducing cracks and breaking of components. Itis necessary that the overall
design of the structure is accounted for thermal stresses as well, else might lead to
unexpected weakening and deformation of the structure.

But these stress that built up due to the temperature variation, gets released, when the objects
are free to deform. For instance, the expansion joints that are often implemented into design
of buildings, bridges and railways help to release the internal stresses caused by the increase
in temperature. However, if the object is constrained and not free to deform, stress starts
building up. To determine the effects of these built up stresses on structures, Thermal Stress
Analysis is performed. The thermal stress that occur on an object depends on its unique
material property called the thermal expansion coefficient (o).

Strain # 0; Stress = 0

Strain = 0; Stress #0
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Let us consider a worked out example. The two structures (a) and (b)
E=2x10*N/mm?, 1=1x10mm?* &= Thermal expansion coefficient = 1x10% °C
A AT=100 C B A AT=100 C o B
»Fig9.2
Example of thermal 2m 2m
change
C Al mw,c,: Al
2m 2m

~
Al
~
N

@) (b)

Let us just consider Temperature change on element AB. Due to this Temperature change,
deformation A on the element AB in both the cases (a) , (b) would be same i.e.,

A =1x107°/°Cx100°C x 2,000mm = 2mm

From Figure 9.2 (a) the element AB at Point A is free for transverse displacement, and hence
expands to left by 2 mm. On the other hand from Figure 9.2(b), the element at Point A is
restrained from transverse displacement. Hence it expand to the right by 2mm at point B.
Therefore, this would induce a Horizontal reaction force at point C i.e., at the bottom of the
element BC, which would be equal and opposite of the Horizontal reaction at point A.

Figure 9.3 (a) & (b) depicts the deformation in the structure after the increase in temperature.
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2mm H 2mm
i A -
»Fig 9.3
Effect of thermal change
e mwg <«H
¥
M
(@) (b)

Considering the force and moment equilibrium, the reaction forces are computed ature
change considered.

_3El,  3x2x10*x1x10"
12 2000°

H= 3;;0 =150kN

M x2x107° = 300kN -m
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2. Tutorial 2.1 Model Overview

Examine the resultant stress of a structure comprised of truss members. The structure is
subjected to a concentrated load and a uniform temperature change over the entire structures.

Z
Global coordinate system origin
1 2 3
N~ x
Truss 1 Truss 2 Truss 3
»Fig9.4
Structural geometry & E
analysis model S
© 250mm 250mm
4 5 6| AT=10C
\an ° o ]
Rigid Beam .
l a.=92x10"mm/mm- C
as=70x10"mm/mm- C
P=20kN
» Model 1
A model with rigid beam element hanging on truss
» Model 2

A model with a rigid link element hanging on truss
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»  Material

Truss 1, Truss 3
Modulus of elasticity (Ec): 1.1 x 105 N/mm
Coefficient of thermal expansion (ac): 9.2 x 10-6 mm/mm-°C

Truss 2
Modulus of elasticity (Es): 2.05 x 105 Nfmm?

Coefficient of thermal expansion (as) : 7.0 x 10° mm/mm-°C

Rigid Beam
Modulus of elasticity (Es) : 7.0 x 1012 Nfmm?

»  Section

Truss element (vertical) area A : 65mm?
Beam element (rigid body) lyy : 400,000mm*

» Load

A concentrated load 20kN is applied to the node 5 in the —Z direction.
Temperature change over the entire structure

Initial temperature: 15 °C

Final temperature: 25 °C
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2.2 Work Environment

Open a new file and save.

Main Menu > [&f > New Project...

Main Menu > [&ff > Save
1. Enter a name : ‘Thermal 1’, Click [SAVE]
Set the unit system to.

Main Menu > Tools > Unit System...
2. Select Length > mm, Force (Mass) >N

3. Click [OK]
Unit System

. 1+ « Desktop » Tutorial v O Search Tutorial »

»Fig9.5 ’
Organize v New folder R
(a) Save Ihe ﬁle A Name . Type Size
(b) Setunit system Hoe
4 OneDrive ’
[ ThisPC
“J 3D Objects to
- i O Okt ) ol
1 ) [ Documents v < > Oin O kips (dps/g) @5
File name: H
Save as type: | MIDAS/Gen Files (*.mgh) v FemreEie
(@) Celsius () Fahrenheit
A Hide Folders s Note : Selected units are displayed in relevant
. . dialog boxes. Values are NOT changed with

The unit system setting it
can be easily setat the _
status bar at the bottom []set/Change Default Unit System
of the screen. 3 l T B
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midas Gen is 3-D software, since beam exsitin a 2-D plane, X-Z plane in Global Coordinate
is set as the work plane, which restrains unnecessary degrees of freedom, Dy, Rx, Rz.

Main Menu > Structure > Type > Structure Type...

1. Select Structure Type > X-Z Plane

2. Gravity Acceleration: “9806’, Initial Temperature: ‘15’
3. Click [OK]

Structure Type @
(D)
> Fig9.6 Structure Type {1)
30 | ®-ZPlane|  ¥Y-ZPlane ¢ x-¥Plane ¢ Constraint RZ
Set work plane

Mass Contral Parameter
+ Lumped Mass
[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor

" Consistent Mass

I~ Convert Self-weight into Masses
I {+ i i

0\
(2 )

Gravity &cceleration : (9806 mm/sec*}

v

Initial Temperature @ |15 [C]

[ &lign Top of Beam Section with Center Line {x-% Plane) for Display
[~ align Top of SlabiPlate) Section with Center Line (X-Y Plane} for Display

‘/@/ QK | Cancel
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2.3 Material & Section Properties

Define material and section for the structure.

Main Menu > Properties > Material > Material Properties
1. Click [Add...], Name: ‘“Truss 2’
2. Select Elasticity Data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity : 2.05e5’

Thermal Coefficient : ‘7.0e-6’, Click [Apply]
4. Material ID : ‘2’, Name : ‘Truss 1,3’
5. Select Elasticity Data > Type of Design > User Defined,
6. User Defined > Modulus of Elasticity : “1.1e5’

Thermal Coefficient : ‘9.2e-6’, Click [Apply]
7. Material ID : ‘3, Name : ‘Rigid Beam’
8. Select Elasticity Data > Type of Design > User Defined
9. User Defined > Modulus of Elasticity : ‘7.0e12’

Thermal Coefficient : ‘0’
10. Click [OK]
11. Click Section Tab and [Add...] and Value Tab
12. Select Section Shape Lists > Box, Name : ‘Truss’
13.Size>H:“15,B: 15, tw: 2.5, tf1: “2.5°, Section Properties > Area : ‘65’
14. Consider Shear Deformation (off), Click [Apply]
15.1D : 2, Name : ‘Beam’
16.Size>H: 25, B: 25, tw: 2.5, tf1: ‘2.5’, Section Properties > |,y : ‘400,000’
17. Click [OK] and [Close]
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Material Data ==
7\
General (1)
>Fgor i ]
; Elasticity Data
(@), (b), (c) Material Material Data ==
definition Gl (a)
(d), (e) section definition Material 0 [Z tame {155 13
Elasticity Data —~ R ~ ==
Type of Design [Tser Dafied 2| | Generel ()
Type of Material ~ : z \7 s
& lsobopic  Orthotrapic Material D | Name—{( [
- e Deines Elasticity Data /é\‘ S
( Modulus of Elasticity : Type of Deslan [User Defined ser Being
3 : v an [User Defined S iandard [Hone =
Poisson's Ratie Type af Matarial a0
Thermal Coefiicient : 2 @ lsofropic ¢ Orthotropic
- : 1 Concrete
Weight Density 0/7 _\User Defined Standard [ ]
Use Mass Denstty: 76 ftodulus of Elastchy : T.1e5
I~ Use Mass Denstty: = : Type of Material code [ <]
Concrete Foisson’s Fatio I @ lsotopic ¢ Orlhotropic o |
Modulus nlE\.asliEily: 00000000 | | | Thermal Cosficient /;\#SE’ r——
Poisson’s Ratio : u ‘Weight Density il 0 |\7 fadulus of Elasticity ; | 7.0e12 N /mm2
Themal Caeficlert 3 [TIUE000 | | | Uise Mass Density: [ 0| ||poissan'spata [ @
Weight Density i U Concrete Thermal Coefficient 1/1C]
& 7| | |Modulus of Elasticity : [ T0007000 | | Nygior Gonaity T 7 nmme
Plasticity Data Polsson’s fiatio i T uus [~ Use Mass Density: 0 M/mme/g
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— Height Density T | Modulus of Elasticity : [T 00005000 fy/mms
ermal Transter
i — [ 0 Poisson’s Ratio 1]
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b Hlasticty Dat Thermal Coefficient : [ 0.0000=+000 1/1C]
Heat Conduction |0 EXSTEiY DEE . . :
Plagtic Material Name [MONE Weight Density : U /mme
Damping Ratio 0 | 0 0 /mims,
Thermal Transter Hilg
O | Specific Heat : [0 Plasticity Data
HeatConducion  : [I | | Plastic Material Name [HONE -
i " Thermal Transfer
Damping Ratio ;0
Specific Heat l keal/M-[C]
=y Heat Conduction [0 keal/mmehr[C]
Section ﬁl\‘ = Damping Ratio |0
Ne . /SN
DB/Usef_Value |SAC | Combined | PSC | Tapered | Composite | (10) o] camcel | somy
< Section 1D i ‘ Box N ‘
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— )
13) Section D [2 |D Box
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1 16
c 0.0000 [imiry H 25,0000 | mm
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2.4 Generate Nodes & Elements

Creates nodes at the support.

Main Menu > Node/Element > Nodes > Create Nodes

1. Modify unit to kN, mn

2. Coordinates (x, Y, z): ‘0,0, 0’

3. Copy > Number of Times: ‘2’, Distances (dx, dy, dz) : ‘250,0,0’
4. Click [Apply]

5. Display Node Numbers, Auto Fitting, Front View (on)

5C  Pushover  MODS ols

. ? ) @ o V¥ X pelete ofe miror ; | > & — X Delete By “
’Flg 9.8 o _}' iﬂ\e‘ B %RS;; Esgg [ ® |'/ \Li = I-:.:- TYT BN x ani L% ZH ‘:’F
C t Od Cre;te Translete Divide Merge §E§Pm]e<t ry ngles ‘Create ‘\ Translete Extrude Divide Merge Intersect fl\ Mirror :‘ Change E\em;na
reae n es Nodes ° Table = Elements = Pf’“gters Table
Nodes | Elaments (5 |
o EEIREE® RS ®] % s CEEsSCs A e~ ) EBE e %

Hi Base - Ihi

Create Nodes | ..

Start Node Number + [& .|

Coordinates (x..2)
500, 0.0

OF
Copy
Murnber of Times |2 e
[EoT |mm

 Merge Duplicate Nodes .|
¥ Intersect Frame Elements .|

@l— &=

9,

PEHE T30 @mwﬂ@w@@w@ ¢ 2(0p 250

Task Pane Command Message {_Anayss Nessage
For Hel, press FI None! U: 500, 0, 0
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»Fig9.9
Create Truss Element

Create truss elements by extruding node to line element using Extrude Element.

Main Menu > Node/Element > Elements > Extrude

1. Display Element Numbers (on), Click Select All

2. Select Extrude Type > Node —> Line Element

3. Select Element Attribute > Element Type > Truss
Select Material > 2: Truss 1,3, Section > 1: Truss

4. dx,dy,dz : ‘0,0,-500’, Number of Times : “1°

5. Click [Apply]

P N

undary  Load

> @ o No¢ X Dpekete olemimor & @ 9 & | — = X Delete 3% 2y e
4 1 e\e Yo A% . + aE A
O TR ITn o e 28 2 E K G 3 ZM
Ceste  Trnsate Dwide Mewge 5 gt fodes | Ceate |\ Trnsbte Bxrude Dide Merge Intersect 2l Change  Elements
Nodes e Table | Elments MITOr &l parameters  Table
(11 Ererts (
= P18 K g ® ) 20D 5 B % gl EEER =R i

wx

Hi Base - Ll—,‘-, 2 ¥l

Boundary Mass Load
[l 5

I~ Reverse |-
Element Aftribute
Elernent Type: [Tryss
Matetial

Z[2Trss 13 =] .|
Section

TJ1: Truss | ..

Beta Angle & [0 <] el

Generation Type

 Translate ¢ Rotate © Projest
Trans|ation

& Equal Distance

" Unequal Distance

die.dy.dz: [0, 0, -500
Number of Times : [T =]

Task Pane

For Help, press FL.
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Create the beam element between node 4 and node 6 using Extrude Element.

Main Menu > Node/Element > Elements > Extrude

1. Click Select Single (on)

2. Select node number 4 and 5

3. Select Extrude Type > Node — Line Element

4. Select Element Attribute > Element Type > Beam
Select Material > 3: Rigid Beam, Section > 2: Beam

5. Translation > dx,dy,dz : ‘250,0,0’, Number of Times : “1’

6. Click [Apply]

Node/Element.

>Fig9.10 < 19 :*if;s:‘;zz el o oE X X Cemis T P

)]
Create beam e|ement lﬁlﬁ;: Transkte Divide Merge & project Nnglees Eg;t”z N Transhte Bxtrude Divide Intersect M viror 2] Da?g;negt‘::rs E\eTr;;zu
Nodes (1) | Eements
= EEITREE®EN S ® % 5 i EES N o EEEIN N EERE S S

Extrude Type
3
[~ Reverse |-J

Element Attribute

Beta Angle & [0 ~| [Dea]

Generation Type
& Translate C Rotate © Project

Translation
& Equal Distance

¢ Unequal Distance @
5 )dndy.de: 00D ) QA/
Mumber of Times : [T =] N ¢ ° F

Merging Tolerance [—'
B
Task pane Commana Messsae AR e 0

el |
For Help, press F1 Node-2 U: 250, 0, 0 KN~ from =1 3| 4] »[ron=] [2] IITH /[ 2 =
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Modify the material property of element 2 using Drag & Drop.

Extrude Element Dialogue box, Click [Close] ,

1. Select Tree Menu > Works Tab

2. Select Single (on)

3. Selection of center No. 2

4. Works > Properties > Material > 1: Truss 2 (Drag & Drop)

»Fig 9.11
SIS ] us M Y ools
Modify material o Vg¥ XDekte olovior 2 ® > @ XDekte 2 o\ .
FARE N Rt et AR N V- A N TR O -Svel - R
Create  Transiate Divide Merge Py Nodes Create Transhte Extrude Divide Merge Intersect . P Change Elements
Nodes & Pproject g Teble | Elerents |\ M\Miror 2 preters  Table
2 = Modes | Elaments |
- F R I RO RS
i Base - \t;; 2 3
Drag & Drop: Drag from e s
the left-click state of the A |
mouse and drap itinto the i
Model View O e o
2:Tuss 1,
[2] 3+ Rigid

= I Section :2
I 1:Trss
I 2:Beam

$45e:30300 @B\%@@@@\@ €0, 00860

Task ane o e (R
For Help, press FL Nonet U:0,0,0 6:0,0,0
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2.5 Define Boundary Conditions

Define fixed condition at upper support and lower node is assigned Dx degree of freedom
restrained.

Main Menu > Boundary > Supports > Define Supports

1. Hidden (off)

2. Click Select Single (on), Select node nhumber 1 and 2 and 3
3. Support Type > D-ALL (on), Click [Apply]

4. Click Select Single (on), Select node number 4 and 5 and 6
5. Support Type > Dx (on), Dy, Dz (off), Click [Apply]

4 es sC ols
. [ i General Spring ™ ij o @ EH Linear Constraints I Effective Width
»Fig9.12 @ & = T Intergral Bridge (b0 & =8 [ panel zone Effects % Define Label Dir
. Define Point  Surface Elastic Rigid General BeamEnd BeamEnd Plate End -, d | Boundary
Define support condition Supports | Spring_Spring Link Lnk Lik | Release  Offsets  Release |~ Node Local Axs Tables *
| ,mk (2\ Release/Offset \(2\ Eu.(l es
EIEETOIRS = % - iw}g\m., B
i Base - VA
5 L LA
Boundary Group Name
Default = || | |
Options
@ Add C Replace C Delete
Support Type (Local Direction)

T
I~ D-ALL e
bx W Dy [ Dz r
I~ R-ALL
Rx ™ Ry ™ Bz [

Close

00,

P49&i0000ig0 00 08 €42 0060

Task Pane Command Message £ Analysis Hessage B N
For Help, press F1 None! U:0,0,0 6:0,0,0 K [ 1] < 4] »llfren =] 2| ST/ T =
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9. Thermal Stress Analysis

» Fig9.13
Define load condition

Main Menu > Load > Static Loads > Static Load Cases

1. Name : ‘Nodal’

Select Type > User Defined Load (USER), Click [Add]

2.Name : ‘Temp’

Select Type > User Defined Load (USER), Click [Add]

3. Click [Close]

Define load conditions for nodal node and temperature loads.

2.6 Define Loads

Static Load Cases
1

i\l Mame : |Temp U &dd ]

5| Case * |l Load Case @ Madify

| Type . |User Defined Load (USER) Delete |

Description : |
No Name Type Description ol
1 |MNodal User Defined Load (USER)

P 2 m User Defined Load (USER)
*

I

m

e Close

-17
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Structural Analysis Il 9. Thermal Stress Analysis

(Advanced)

» Fig9.14
Input nodal load

Input a concentrated load 20 kN on node 5.

Main Menu > Load > Static Loads > Nodal Loads

View / Display... > Load Tab > Load Value (on) >[..] > Place : 2, Click [OK]
1. Click Select Single (on), Select node number 5

2. Select Load Case Name > Nodal

3. Nodal Loads > FZ : -20’

4. Click [Apply]

ary
(Y sefweight & Nodal Body Force | [T} Element | #9) Pressure Loads = Initial Forces ~
® (2> Nodal Loads () Nodal Masses 0 Line [ Hydrostatic Pressure | [=] Assign Floor Loads ~
~ staticload Usingload | = -
et of Hydration 1 Specfied Displ. LY Loadsto Masses | M Typical | 4 Assign Piane Loads ~ | [I] Finishing Materil Loads
| Create Load Cases | ‘Structure Loads / Masses | BeamLoad | Pressure Load [ Inital Forces/Etc.
0155 ® ) % T SRS PEI A AGEE|NN S

Hi Base Ayt

Modal Loads

Load Case Name e
Nodal 2N,
Load Group Name

Default 2 [ |

Options
& Add ¢ Replace ¢ Delete

Modal Loads

P96 0000 GH>E0F0 08 €52 00960

Task Pane Command Message £ Analysis Hessage
For Heb, press F1 None! U:0,0,0 6:0,0,0
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Input 25°C for entire structure temperature in order to reflect a load by 10°C temperature
difference (25-15=10°C).

Main Menu > Load > Temp./Prestress > System Temperature
1. Select Load Case Name > Temp

2. Temperature > Final Temperature : 25’

3. Click [Add]

» Fig 9.15
Input temperature load - e
ary f Iy’ ’s5C
= [c c [c & System Temp. B 8¢ &7 Prestress Beam Loads
= & é é +4° Nodal Temp. =& & 0 Pretension Loads
StaticLoad UsingLoad | Element Temp. Beam Section Tendon Tendon Tendon g Exte 1Ty Load
Cases  Combinations  Temp. Gradient Temp. Property Profle Prestress < SXtefnal Type Loadcase
Load Type | Creste Load Cases | Temperature Loads | Prestress Loads |
- VRO E DS - % CiEESbEIA G oREE[N A EBRE A E
i wose “ I
(o}
System Temperature =] &
Load Cage Name Q
g
Load Group Name Qt
Default - . 0‘
Temperature E3
nital © [T5 ic1
Final Temperature: a &
LaadC.. Lead = o o @
Bmp x a
@
@
. A
< 0 v =
Operation =
(3 (g sy | e @
Close g
d
o
® 3 4 3 o
Y <+
> &
e ow ax <
[—, >
>
Task Pane Commana Message / Anaysi iessage ILe ol
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

2.7 Perform Analysis

Analyze the model.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Display Node Numbers, Display Element Numbers (off)

t P s ! 0 esuks  PSC P 0
W * @ = M ¢ Analysis Options
> & 8 e Z# el R

Main Control | P-Deka Bucking Eigenvalue Heatof Moving Honinear Construction Suspension Boundary Change | P ) Import Analysis Result
Data Hydration  Load Stage Bridge Assignment A =] fmport ANalySS Rest

Mai Control | Analyss Control | Perform |
- = EHEINEEDIE DS ®] 2| T8 R IR @D ) R

i Base 9|y
f ‘orks
> FaS.Ic Rt
Message for a 7 Homers I
successful run L e

=[x Material : 3
[T] 1: Tuss 2
[x]2: Tss 1.3
[X] 3: Rigid Beam
= I Section :2
I 1:Tss
I 2:Beam
= & Boundaries
=2 Supports : 6
A Type 1 [ 111000]
A Type 20 100000]
=14, Stafic Loads
= [ State Losd Case 1 [Nodal ;1

(¢ Nodal Loads : 1
=3 Static Load Case 2 [Temp : 1
° System Temperature [ 25T

PIHEI000C QD\%@@@@\% €5, R 0oes50

&
13
ax
OLUTION TERMINATED B
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......C:\DMICH: CHIZ HHEE 2Zsrwa-09 25 ol 4w Thermal | 0
TOTAL SOLUTTON TIME..:  0.28 [SEC]
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Structural Analysis Il 9. Thermal Stress Analysis

(Advanced)
2.8 Check Analysis Result

Create a load combination for checking result combined nodal load & temperature load.
Load combination condition 1 (LCB 1): 1.0 Nodal + 1.0 Temp

Main Menu > Results > Combination >Load Combination

1. Confirm General Tab

2. Load Combination List > Name : LCB1

3. Load Cases and Factors > LoadCase : Nodal(ST), Factor : ‘1’

LoadCase : Temp(ST), Factor : ‘1’
4. Click [Close]
Load Combinations o ===
Stee\ Design | Concrete Desian | SAC Design |
i~ Load Combination List Load Cases and Factors
No| [ Name [ Active| Type || Description - LoadCase Factor )|~
> Figor ) i
@ 3 A[* -

Create load combination

m
m

« i ] r < n G

Copy | Import., Auto Generation,., | Spread Sheet Form | Copy inta Steel Design v
{

4
‘ File Name: [CWOFICIE CviIE BI2= FESEM2 W ES  Browse | Make Load Combination snaér'f[ Closs |
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Check the reaction force on upper support.

Main Menu > Results > Reaction > Reaction Forces/Moments...
1. Select Load Cases/Combinations > ST : Nodal

2. Select Components > FZ

3. Type of Display > Value, Legend (on)

4. Click [..] in Values

5. Number Options > Decimal Points : ‘5’

6. Click [OK]

»Fig 9.18
Check reaction force

et 4> Reactions 92 stresses ~ | I8 Beamy/Element ~ - Influ. Lines ~ U: T.H Results ~ s - E Tt
=
[ Deformations * ¥ Diagram = | 3+ Local Direction.. EA 4 Influ. Surfaces = | [ T.H Graph/Text = | = ~ )
Combigtion | ¥4 Forces ~ &3 HY Results ~ | 4~ Reduction Moment | [, | 38 Moving Tracer + | [i Stage/step Graph | T, © e Dli;fjt i:s;féf.
Combination | Resufts | Detal | | Movhgload |  TmeHstory | Bridge | Text | Tables |
—- - EHEIREE® I EHID S ®] - % EEEE IR LI TS
ax
Hi Base - | Hiss 965 5 17647
] / Q
Reaction Forces/Moments  ~ ®R
Q
aad Cases/Combinatiap~
Ea=m—) |
Step [e3
oY & FZ ) Frvz @
COMXC MY CMEZ C MXYZ
I~ Local (i definedy
Type of Display DI
[ Ve gl13 b 5
Ao Fa:tw 7.000000 Value Output Details == 5
Number Options )
Gy |f) Glkse Decimal Pmms@sm =)
I~ MinMax Only A
C o —
5 H =
Limit Scaletx) : [T
[~ Set Orientation [0 o
o
* Apply upon OK o
o
(6 o) coms
<+
&
ax <
E3
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OUR MIDAS J0B 15 SUCCESSFULLY COMELETED.......C:\DMICH: Civil2 HRE 2X8H2-09 2 2 sl S Thermal | -
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Check reaction force 9.64706 kN at Truss 2 and 5.17647 kN at Truss 1 and 3.
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Structural Analysis Il

(Advanced)

9. Thermal Stress Analysis

»Fig 9.19
Check deformation

Check the deformation due to nodal load.

Main Menu > Results > Deformations > Deformed Shape...
1. Select Load Cases/Combinations > ST : Nodal

2. Select Components > DZ
3. Type of Display > Undeformed, Values, Legend (on)
4. Click [..] in Values

5. Number Options > Decimal Points : ‘5’
6. Click [OK]

H 4 Reactions ~ % Stresses | 3§ BeamyElement = | ‘L, Mode shapes - & Infu. Lnes - | [\ T.H Results ~ s - E
° ° . st | A - -l - L
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Check the axial force due to nodal load.

Main Menu > Results > Forces > Truss Forces...

1. Select Load Cases/Combinations > ST : Nodal

2. Type of Display > Contour, Deform, Values, Legend (on)
3. Click [Apply]

es Boundary Load

'S Fig 9.20 [I_! 4~ Reactions ~ 3 Stresses | 3§ BeanyElement = | “L Mode Shapes -  Infiu. Lines ~ | fut T.H Results - e - @ E[ -
g 9. Le i Deformations * ¥ Diagram = | 1% Local Direction.. | [ Mo oo Reto.. | @ Influ. Surfaces = | [, TH Graph/Text * | = ~ L | =
Check deformation Wn&;ﬁgm” #d Forces * &3 HY Resuks | 4= Reduction Moment | [ 1o B Moving Tracer - | [ Stage/Step Graph | 1 < Dﬁﬁt i:ﬁéf.
Combination | Resufts | Detal | | Movngload |  TmeHstoy | Bridge
- o EEITREE®I B S ®] TS CEES A OCERE NN
N N MIDAS/Civil
Deforma i ase - Ihi sosr-srocessor |
— 3 B 3 Q
Triss Forces . = b £ @
Load Cases/Combinations Q
ST: Nodal 0 = |
Step Q
Farce Filter o
@ Al Tens, € Comp. s
@ Contour .| W Deform . DI
¥ Values .| [ Legend .| =
Animate .. Undeformed @
I~ Minored .| s.17647e1000 |7
IH SCALE EACTOR= =]
Output Section Lacation &.ansorsnnt | [
ClCd M F Al ST Modat A
MAX : 2 —
MIN : 3 =
FIIE: Temmal 1 | (g
IT:
DATE: 01/29/2014 0"
VIER-DIRECTION | o
& B = o
SN g = g =0
S
NS <+
Model View, y &
2 - I
Task Pane Command Message {_Anayss Nessage ILe
For Help, press F1 Frame4 : 125, 0, -500 6: 00 v [mm ~ ]| <

Check 9.64706 kN in the Truss 2 and 5.17647 kN in the Truss 1 and 3.
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Check the truss stress due to nodal load.

Main Menu > Results > Stresses > Truss Stresses...

1. Modify kN, mm unit system at the bottom of the screen to N, mm system
2. Select Load Cases/Combinations > ST : Nodal

3. Type of Display > Contour, Deform, Values, Legend (on)

4. Click [..] in Values

5. Number Options > Decimal Points : ‘5’, Click [OK]

»Fig9.21

3 4= Reactions 9% Stresses ~ Beam/Element ~  Influ. Lines ~ \ T.H Results = 78 - =
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Check stress 41629 N/mm?in Truss 2 member and 79.63801 N/mm?in Truss 1 and 3.



\

N\

Structural Analysis Il
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9. Thermal Stress Analysis

Save as different file name for Rigid Link model.

Main Menu > File > Save As...
1. Enter aname : “Thermal 2’, Click [SAVE]

» Fig 9.22
Save new hame

4 || ] « Desktop » Tutorial v B

Organize v New folder

~ Mame

s Quick access
@@ OneDrive

~ O This PC
_J 3D Objects
> I Desktop
Documents v <

Search Tutorial

Type

No items match your search.

V]

File name: | LLASuElR

Save as type: | MIDAS/Gen Files (*.mgb)

 Hide Folders

Save

Cancel
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Modify the modulus of elasticity of the existing rigid beam in order to convert Rigid Link from
Rigid Body.

Main Menu > Properties > Material > Material Properties
1. Double Click Rigid Beam on Lists
2. Elasticity Data > User Defined > Modulus of Elasticity : ‘7.0e-3’

3. Click [OK] and [Close]
»Fig 9.23 Properties
Modify material property Material | Section | Thickness |
10| Wame | Type | Standard | DB Add,.,

1 Truss 2 User Def,
us ar [

Modify,., |
Delete |
Copy |

Material Data Irnport |

General Renurmber |
(Materia\ [} 3 Mame  [Figid Beamn |

- Elasticity Data

Type of Deslan |User Defined ey Beiied

Standard |Mone hd

DB vI
er - Concrete————————————————————,
efined Standard B I
Type of Material Code vl
[ & |sotropic £ Orthotrapic DB -I Close I

~User Defined
Modulus of Elasticity : | 7.0e-3 N/rnmz]

)

Poisson’s Ratio o 1

Thermal Coefiicient : [ 0.00002+000 1/1C]
Wieight Density 8 I—U [l
[~ Use Mass Density: 0 M/mmedg
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Modulus of Elasticity : lm M/mme
Poisson’s Ratin 8 I—U

Thermal Coefficient : lm 1/IC1
‘Weight Density ! I—U M/mme
™ Use Mass Density: I—U M/mmez/g

’—F‘Iasticity Data

Plastic Material Narme [NOMNE =

-~ Thermal Transter

Specific Heat [0 keal/N-[C]
Heat Conduction ;|0 keal/mm-hr-[C]

Damping Fatio |0
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Connect node 4 & 6 to node 5 which is mater node of Rigid Link.

Change the unitto kN, mm

Main Menu > Boundary > Link > Rigid Link

1. Display Node Numbers (on)

2. Click Select Single (on), Select node number 4 and 6
3. Master Node > Master Node Number : ‘6’

4. DOF of Rigid Link > DZ (on), DX, DY, RX, RY, RZ (off)
5. Click [Apply]

B Linear Constraints TIF Effective Width
. T Intergral Bridge D:ﬂ :;5 Djm‘ =] ’ h ’ B@ 1 [ panel Zone Effects 4 Define Label Dir :
Elastic Rigid General BeamEnd BeamEnd Plate En v, Boundary
» Fig 9.24 lnk  Unk  Lik - Relesse  Ofsets  Rebase |~ Node Local s Tables ~
S . Lk Release/Offset E3
Rigid link connection | — — 1
S BRI (5 N R

i Base -y

Boundary Group Name:
Default ~ J

Options
~ Add  Delete

Master Mode
Master Mode Mumber: |5 e
=

DOF of Rigid Link

TigdBody
» DX VIV VI
o | 0 R

o)
fode Plane H-F
S

[
I~ RX

oy
I~ RY

v bz
I RZ

Typical Types
Rigid Body Plane %-Y
Plane ¥-Z Plane X-Z

I~ Copy Rigid Link
ol o c

—

@) =n

For Help, press F1
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>
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)

Check a model modification and perform analysis

Main Menu > Analysis > Perform Analysis
1. 1. Check for successful completion in Message Window
2. Display Node Numbers (off)

undary  Load

» Fig 9.25 B 5 ® A @ b # M T

| Analysis Options o R

BatdirAralyss

Main Control | P-Delta Bucking Eigenvalue Heat of Moving Noniinear Construction Suspension Boundary Change . .
Message fora Data Hydration Load Stage Bridge Assignment 2 e
Main Control | Analysis Control | Perfor” |
successful run ST = — = 2 AN
o R RER®E RS ® ¥ R =R D M ==

i Base - By

=& Structures
* . Nodes 6
=7 Elements 15
> Truss 13
%> Beam : 2
=i [x] Properties
=-[Z] Material : 3
3]

Supports | 6
A Type 1L 111000]
A Type 20 100000]
=2 Rigid Link : 1
& Type 1 [ Master Node=5 ; ()
=4, Static Loads
Static Load Case 1 [Nodal ; ]
Nodal Loads : |
= [ Static Load Case 2 [Temp ;]
e System Temperature [ 25T

$4.9&i0000 g0 >AFF0 00 €42 0SS0
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TOTAL SOLUTION TIME 0.28

Tree Menu

For Help, Node-1 u:0,0,0 6:0,0,0
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Structural Analysis Il 9. Thermal Stress Analysis
(Advanced)
Check the reaction force of the upper end of the truss by the temperature load.
Main Menu > Results > Reaction > Reaction Forces/Moments
1. Select Load Cases/Combinations > ST : Temp
2. Select Components > FZ
3. Type of Display > Value, Legend (on)
4. Click [..] in Values
5. Number Options > Decimal Points : ‘5’
6. Click [OK]
» Fig 9.26
Reaction force =T = ,
B | e - T | Bt | B . | e o I e« | B+ )
Combination ‘ ¥4 Forces * .-.a HY Resuks —I L nznu::ummeml N e Iﬁ::u::::z. -I il I s Output | Tables *

== EEVEE®IE S5 ® - ¥ - IEE=SDN A HACEE NN
< T
<1k

I Local (if g
Type of Displ

Value Output Details

Humber Opfions
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c

e P
Limit Scale(%) U UNIT:

DRTE:
I~ Set Orientation [0 - e

W éogly ugon OK.

(6 o] com

0O00ig>@0008 08 €32 Ber0Q0

Pioe

OLUTION TERMIK
CA\DIDICH: CIVIZ H2E 2

[Py
8
a
3o
"
w
B
i
:
H

[ 415 V1] Commn Wossage s Anaiysis Mossage /

Check the reaction force 0.15175 kN at Truss 2, -0.07587 kN at Truss 1 & 3 due to the
temperature load.

Truss 1, 2, 3 members are connected by rigid link for to the vertical direction of freedom.
Therefore, Truss 2 which has a small thermal expansion coefficient has +Z Direction
reaction force due to tensile stress. Truss 1, 3 has a reaction force in the -Z Direction
generated.
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9. Thermal Stress Analysis

Check the deformation due to temperature load

} F|g 927 et 4 Reactions ~ % Stresses | 3§ BeamyElement = | ‘L, Mode shapes - - Influ. Lines ~ T.H Resuls ~ s - E Tt
. Qe | L]
. [ Deformations * ¥ Diagram = | 3+ Local Direction.. EAm # Influ. Surfaces ~ | [ T.H Graph/Text = | |= ~ =
Deformation Combigtion | ¥4 Forces ~ £3 HY Results - | 4~ Reduction Moment | [ -, Hoda 2 Movng Tracer ~ | [& Stage/step Graph | [ 'y S Dli;fm Reslts
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ee Mes L N MIDAS/Civil
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Load Cases/Combinations Value Output Details = T NI

Main Menu > Results > Deformations > Deformed Shape...
1. Select Load Cases/Combinations > ST : Temp
2. Select Components > DZ
3. Type of Display > Undeformed, Values, Legend (on)
4. Click [..] in Values

5. Number Options > Decimal Points : ‘5’
6. Click [OK]
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Check deformation 0.04069mm at node 4, 5, which connected by the rigid link.
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(Advanced)

9. Thermal Stress Analysis

Check the axial force due to temperature load

Main Menu > Results > Forces > Truss Forces...
1. Select Load Cases/Combinations > ST : Temp
2. Click [..] in Values

3. Number Options > Decimal Points : ‘5’

4. Click [OK]
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Check a tensile force of 0.15175 kN on Truss 2 member, and compressive force of 0.07587

kN on Truss 1 and 3 member.
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(Advanced)

b Fig 9.29
Truss stress

Confirm the truss stress due to temperature load.

Main Menu > Results > Stresses > Truss Stresses...
Change unit system to kN, mm

1. Select Load Cases/Combinations > ST : Temp

2. Type of Display > Contour, Deform, Values, Legend (on)
3. Click [...] in Values

4. Number Options > Decimal Points : 5’

5. Click [OK]

m 4> Reactions 92 stresses ~ | I8 Beamy/Element ~ Mode Shapes - - Influ. Lines ~ U: T.H Results ~ s - E
Le 1 Deformations * § Diagram © | 4+ Local Direction.. | 1 | b Influ. Surfaces = | [&. T.H Graph/Text ~ | = ~ SLiE
cﬂn%;fgtm v Forces ~ £ HY Results ~ | 4~ Reduction Moment | |-, fod s | ZB Moving Tracer * | [l Stage/step Graph | [, © el Dli;f,t i:shﬁf.
Combination | Results | Detal | Mode shape | Movingload | TimeHstoy | Bridge | Text | Tables |
—- - EHEIREE® I EHID S ®] - % EEEE IR LI TS

N MIDAS/Civil
-k BOST-BROCESSOR
TRUSS SIRESS

i Base

233459
116729

Tiss Stesses = |

Load Cases/Combinations
ST: Temp 1
&n

Stress Fifter
@ Al ¢ Tens, ¢ Comp,

TENS. /COMP.
2.334592+000
2.01624e+000
1.69782e4000
1.3795324000
1.0611824000
7.42824e-00L

I~ Exp. 4.24471e-001

0.00000e+000

-2.122352-001

-5.305882-001

Value Output Details

=

Nurrber Optians
Decimal Points |5

I MinMax Only
(o}

e

I~ Animaty Undeformed = 9 -8.48941e-001
r Mwmm@ Limit Scaleiz) + [T -1.16729e+000
£ I~ et Orientation [0 SCALE. FACTOR=

£.1034F4007

Output Section Lacation
ST: Temp

clocd o Max @Al

Apply Close

¥ Apply upon OK.

MAX : 2
(5 o1 conee i
\ FILE: Thermal 2

futied

116729
233459
1.16729

b

Model View,

P1H5& 0000 HHlrE@0F6 00 €52 00850

OLUTION TERMINATED
OUR MIDAS JOB IS SUCCESSFULLY PLETED. ......C:\OMICH: Civil 2 tHR = A X S2He-09 3% 8<% Thermal 2
SOLUTION TIME..: 0.28 [SEC]

Tree meny [REEEEU [A]F D]\ Commandliessage ) Analysis Message ol

Frame4 U 12

el |
S o M o = A

For Help, press FL

Confirm the stress 2.33459 N/mm? on Truss 2 member, and -1.16729 N/mm? on Truss 1 &
3 members.

Check the stress 150.75 N/mm? on Truss 2 member, and 78.47 N/mm?in Truss 1 and 3
members due to the load combination condition (LCB1)
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)
1. Introduction 1.1 Concept of Plate Analysis on
the Out-of-plane Load
Typically, plate elements are required for analysis of structures which would bear out-of-plane
loads like bridge slab, foundation slab, retaining walls, etc. The pressure loads are borne by
the plates and are transferred to the foundation/ground via adjacent elements like beams,
columns and walls.
Plate element has 6 degrees of freedom at each node. But the in-plane torsional stiffness
corresponding to 6, is provided just to a level such that it prevents the analysis errors.
Elements with appropriate assumptions can be used for structural analysis. Plate elements
solutions are based on approximations and hence the division of elements is essential. The
degree of finer divisions for appropriate interpretation should be determined from the
convergence obtained from the analysis results.
z
)—‘ y
1
X

»Fig 10.1

Nodal degrees of freedom

of plate elements Neutral Plane

2 d
T 3 —> —»»
7
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load

(Advanced)
Plate elements can be triangular or rectangular in shape. In case of rectangular plate
elements, the x-axis is aligned such that it is equidistant from nodes 1-4 and nodes 2-3. For
triangular elements, the x-axis is parallel to the line formed by connecting nodes 1 & 2 as
shown in the image below.
ECS z-axis
Node numbering order for
creating the element
ECS y-axis (perpendicular to
[the ECS x-axis in the element plane
» Fig 10.2 N3
Element coordinate
system of plate element
ECS x-axis

N2

ECS z-axis (normal to the element surface, out of the paper)

Node numbering order for

/creating the element

ECS y-axis (perpendicular to
ECS x-axis in the element plane)

N1 \ T ECS x-axis

Center of Element —

N2

In case of the out-of-plane loads acting on the plates, since bending deformations occur, the
concept of one dimensional beam elements could be extended to the two dimensional plate
elements. Since the effects of shear deformations can't be ignored in case of thick beams
(Timoshenko beam) same as in case of thin beam (Euler-Bernoulli beam), similarly, the
plates are divided into thin plates (Kirchhoff-Love plate) and thick plate (Mindlin-Reissner
plate). However, the geometric concept introduced here is same as that of beam. The
deformations occurring due to bending moment or shear force in beam or plate are defined
as below.

10-4
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(Advanced)

» Fig 10.3
Thin and thick plates

» Fig 104
Direction of 6., 8,,, W,
and w,y

z %
12
\7/<

|
IS 1 XorY

As it could be noted from the figure, the effects of shear deformation is also taken into account
for thick plate elements. However 6,, 6,, w,x and w,y have different definition of positive
direction. 6, and 6,, are signed in accordance to the right hand rule, while w,x and w,y are
based on differentiation and hence the sign is determined in accordance to angle of tilt. Asa
result, the positive direction of 8,,and w,x are opposite to each other and that of 6, and w,y are
the same.

X,u y.v

0,(+)
X,U
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»Eq10.1

»Eq10.2

»Eq10.3

»Eq104

»Eq105

10-6

From Fig. 10.4, the relation between the slope of deflection curve and the rotation angle is as
follows.

w,, = —Hy + 7 or 6’y =—W,, +7,,

W'y:9x+7/yz or Hx:W'y_yyz

The deformation angles of thin beam (or plate) and thick beam (or plate) can be summarized
as:

ThinBeam: 6, =-W,, Thinplate: 6, =-W,,, 6,=Ww,

Thick Beam: 6, =-W,, +7,  Thickplate: 6, =-W,,+7,, 6,=W, -7,

The displacement u in the x direction and the displacement v in the y direction are as follows
(Fig. 10.4).

u= zHy, vV=-20,
There are ¢y, &, ¥y, When using thin plate assumption and &,;, &, Vxy» Vxz: ¥y When using
thick plate assumption. Therefore, the strain for each of the thin plate and the thick plate can

be expressed as follows, assuming that the section of the plate element maintains the plane
after deformation.

Thin Plate:
& =V, =20, =—1IW,,
&, =V, = —sz,y =-W,,

Ve =Uyy V= zé'y,y -20,,,= —22w,xy

Y =7y =0



Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)
Thick Plate:
»Eq10.6 gx:u’x:Zgy'xzz(_w’xx+]/xz’x)
&, =Ny, ==20,,,=7(-W,, +7,,., )
Vg =Uy +V, =20,,, -20,,, =1 (—2w,Xy oy e ,X)
Yy = W’y _Hx
7zx = W'x +6y
Except for the values in the y-z plane in the above equation, the result is the same as the
beam element. The relationship of the stress-strain to the plane stress in the thin plate
assumption is as follows.
»Eq10.7 o, 1 v 0 £,
E
o, = v 1 0 £
1-v y
Ty 00 (1—V)/2 Vxy
The moments and shear forces in the plate elements are obtained by integrating the stresses
as follows.
»Eq108 M, =[o,2dz, M, =[o,2dz, M, =720z, V,, =[7,02=0, V, =[7,dz=0
Applying Equation 10.5 to the thin plate gives the following relation.
»Eq109 M, 1 v 0 -W,,,
M, e=D|v 1 0 -W,,
M, 0 0 (1-v)/2]|-2w,,
In the case of a thick plate, the relationship between force and deformation can be obtained
in the same way.
»Eq10.10 M 1w 0 0 0 Wy 7
M, v 1 0 0 0 Wiy 70y
Mxy = D 0 0 (1—V)/2 o 0 —2W,Xy +}/xz!y+7/yz’x
Vi 00 0 kGt/D 0 w,, —0,
\ 00 0 0 kGt/D W, +0,

10-7
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Where k is a constant that occurs in the process of integrating the shear stress on the section
and is 5/6 for a plate of uniform thickness. For the formulation for the finite element analysis,
we can derive the relation of force-node deformation assuming the deformation w, y, 6.



Structural Analysis Il 10. Plate Analysis on Out-of-plane Load
(Advanced)

2. Tutorial 2.1 Model Overview

Examine direction of principal stress when out-of-plane loads are applied to plate.

» Figure 10.5
Analytical model (load)

A 4m

Model 3

10-9



=

Structural Analysis Il 10. Plate Analysis on the Out of Plane Load

(Advanced)

—=<

S IS
S S
— —
» Fig 10.6
Structural geometry &
analysis model 1.0m 1.0m
k= K
Model 1 (Two fixed) Model 2 (Four fixed)
S
<
—

N

Model 3 (Four fixed)

»  Material
Modulus of elasticity (Steel SM490) : 2.05 x 10° N/mm?
Poisson’s ratio : 0.3

»  Section
Thickness : 20 mm

» Load
A pressure load : 10 kN/m? is applied in the -Z direction

10-10
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Structural Analysis Il

10. Plate Analysis on Out-of-plane Load

(Advanced)
Open a new file and save the file name
Main Menu > (& > New Project...
Main Menu > & > Save
1. Enter a name : ‘Plate-Thick’, Click [SAVE]
Set the unit system to use.
Main Menu > Tools > Unit System...
2. Select Length > m, Force(Mass) > kN
3. Click [OK]
Unit System
1 <« Desktop » Tutorial v & | Search Tutorial P
>F|g 107 Organize ~ New folder . B @ HS;‘
(a) Save the file FOVAREE e =
(b) Setunit system & e No items match your search. (Okeal
I This PC [OF
J 3D Objects .
W oeiiop Oft Obf ) Ol
1) Bpeomety v < i Ofn Okis (ipsja) @B
File name: H
Save as type: MIDAS/Gen Files (*.mgb) v TemrEiE
(®) Celsius (O Fahrenheit
A Hide Folders e Mote : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
Hnite.

Cancel

[ ]setichange Default Unit System
g l Apply
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

midas Gen is 3-D software, since beam exsit in a 2-D plane, X-Z plane in Global Coordinate
is set as the work plane, which restrains unnecessary degrees of freedom, Dy, Rx, Rz.

Main Menu > Structure > Type > Structure Type...
1. Select Structure Type > 3-D

2. Gravity Acceleration : ‘9.806°

3. Click [OK]

Structure Type @

Structure Type

'i © ¥-ZPlane ¢ ¥-ZFPlane " X-Y¥Plane ¢ Constraint RZ

Mass Control Parameter
= Lumped Mass

» Fig 10.8
Setwork plane

[~ Consider Off-diagonal Masses
[~ Considering Rotational Rigid Body Mode for Modal Participation Factor

¢ Consistent Mass

[~ Convert Self-weight into Masses

{+ i i
(5 Gravity cceleration :  [3.505 m/sec: ]
\.
Initial Temperature : |D [C]

[~ align Top of Beam Section with Center Line (%-Y Plane) for Display
[~ &lign Top of SlabiPlate) Section with Center Line (%~ Plane) for Display

i

10-12
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Structural Analysis Il

(Advanced)

10. Plate Analysis on Out-of-plane Load

» Fig 10.9
Define Material

Define the plate material as name SM490.

2.3 Material & Section Properties

Main Menu > Properties > Material > Material Properties

1.Click [Add..]

2. Name : ‘SM490’
3. Select Type of Design > Steel and Standard > IS(S) and DB > Fe490

4. Click [OK] and [Close€]

materia 0 m

Material | secton | Thidaess |

@

ID Name  Type

Standard

DB

Add..
Modify...
Delete
Copy
Import

Renumber

Close

steel
Standard | 15(5) 1

o8 [Feasn I

Elastidity Data
Type of Design  Steel @

i

Conarete
Standard
Type of Material
@ Isotrapic Orthotropic
o]
Steel

Modulus of Blasticity : 2.05002+008 | kjmz

Poisson's Ratio : 0.3

Thermal Coefficient : 6.66672-006 | 1/[F]

Weight Density : 75.98 | kNjm?
[Juse Mass Densitv: 7.85 kNjm3/g
~[Hcancrete
Plasticity Data

Plastic Material Name NOME ~

Inelastic Material Properties for Fiber Model

Congete  None Steel None ~

L Tsume
L loumtem
0.02

(4) e | oo

Thermal Transfer
Specific Heat

Heat Conduction

Damping Ratio
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Structural Analysis II 10. Plate Analysis on the Out of Plane Load

(Advanced)

Define the thickness of plate (20 mm).

Main Menu > Properties > Section > Thickness
1. Click [Add...]
2. In-plane & Out-of plane : ‘0.02’

3. Click [OK]
4. Click [Close]
Properties @ Thickness Data @
Flg 10.10 Material | Section Thickness | Value | Stitened |
Define Thickness D] Type [ Thickness(m) [ Offset Add... Teoees BT
T @ ickness
Delets [ @ In-plane & Qut-of-plane [0.02 m]
&I © In-plane |0 il
e | Out-of-plang 0 m
Renumnber
Plate Offset
& Thickness Ratio
Local z [0
 Walue
2 Localz [0 m Ciset
3
Show Calculation Result,,, | (0] I Cancel Apply

10-14
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load
(Advanced)

2.4 Generate Nodes & Elements

Create nodes where elements will be created.

Main Menu > Node/Element > Nodes > Create Nodes...
1. Coordinates (x, v, 2) : ‘0, 0, 0’

2. Copy > Number of Times : 10’

3. Distance (dx, dy, dz) : ‘0.1, 0, 0’

4. Click [Apply]

5. Display Node Numbers, Auto Fitting, Top View (on)

lysis C Pushover MODS Query Tooks
. p | @ o Vo¥ X Deete °|eMimor 3 em s @ | — ~ X Delete 7% N
» Fig 10.11 o TF P A te |2 5| D 1M G N Fees dy S
Ceate Transate Dwide Merge o e Nodes | Geate |1 Tensbte Extiude Dwide Merge Intersect i o Crange  Eements
Create Nodes Nodes E Table | Elements mor =l parameters  Table
Nodes | Elements (5 |
CEEITTARE®IEIISS® % 2T R TR R (R M TSN

i Base -y

Create Nodes

Start Node Number

Coordinates (x,v,z)
Cor——

Copy
Number of Times [0 = 3

Distances (dx.dy,dz)
0.1.0.0 m

L)
IBIE m.@,(@)rwm

7 Merge Duplicate Nodes .|
[ Intersect Frame Elements .|

Ho <

330,06 gLl I»EHO

PLoe

Task Pane Commana ey [
For Help, press FL Node-1 u:0,0,0 6:0,0,0
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Translate nodes to create a square plate element.

Main Menu > Node/Element > Nodes > Translate...
1. Select Mode > Copy
2. Select Translation > Equal Distance

dx, dy, dz : ‘0, 0.1, 0°, Number of Times : 10’

3. Click Select All (on) Select all members
4. Click [Apply]

X T Node/Element [ Analyss s psC MO
»Flg 1012 7_; Gj e\e Ng¥ X Delete ° S | 2 @ = I:.: —\-C bﬂ x :XDelete = E‘ ?
| d [ ® 00 AR Ypgpre Slsale [ @ - i} — = 0 G Rotate |3 H
Translate nodes Create | Tranate Duide Merge g+ Modes | Ceste |\ Trnsate Exude Divde Merge Mtersect o) Change  Eements
Nodes i Table | Elements Mimor £ parmeters  Table
[ 3 ! Eements |
- R I EEEEIE T L IR
5 a
IR g o e s e o oms ps g0 om
Q
Transiate Nodes - C%
Qoo gor je2 je3 jo jos Jos Jo7 jos Joo Mo a
Start Node Number —: [TZ2 .|
. = |
® 9 o @ s w5 9w 9 8 % -
[°3
J8 Je 30 st 5 $ 34 85 56 ) 88 0‘
7 7 2 3 5 7 o
Number of Times : [10 =] A ST T R - S S "N - B
 Onequal Distance =}
oG 6 5 03 » g f £ B H 5 s @
c B
a
i 16 x . R 30 5 > X 34 35
=]
A
O] M0 3 3 B @ M om 5 oM =
. &=
¥ Merge Duplicate Modes .| =)
I™ Copy Mode Attibutes .| B o» 3 ¥ » »n » 20 3
I Intersect Frame Elements .| &
e Cluse B TR L IR T 51 0 1 g'
€] o
L 1 3 8 9 10 1n
<+ X 4 o
<+
&
v nx €
[— 2
Task Pane Command Message £ Analysis Wessage Le |
For Heb, press FL U:0,0,0 6:0,0,0 [ e Y | o e Y = =
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10. Plate Analysis on Out-of-plane Load

» Fig 10.13
Create plate elements

What is Thick and Thin
when creating Plate?
Thick: Consider shear
deformation

Thin: Consideration of
shear deformation
(Thick by default)

Connect the nodes to create the plate.

Main Menu > Node/Element > Elements > Create Elements...
1. Select Element Type > Plate
Select Type > Thick, With Driling DOF ( off)
2. Select Material > 1 : SM490 and Thickness > 1 : 0.0200
3. Click Nodal Connectivity and select node number 1, 11,121, 111

o Vg X Deete | Mitor 2 @ » =) :.: ~N X Delete %
- % I "z £ % .
@ A= °HRotate %uscale [ @ L [ x G rotate [ E"
Geate | Transate D Herge g+ MNodes | Create ‘\ Tensate Extrude Dwide Merge Intersect 1y 2| Crange  Eements
Nodes G ¥ Table | Elements Mitor - £| pagmeters  Table
Nodes | Elements |
CEEINRE®IENIR R ® % 2| T8 CiEEsSbNI A ERY N EEE,I R

Boundary wass Lozt K E:>I B o ow om s 1 us o 0 @@)
7 A
00 01 102 103 04 05 106 107 08 109 110
9 1 2 3 4 5 7 3
8 9 30 1 2 3 34 3 6 7 8

 3Nodes © 4MNodes
Typs: @ Thick  Thin

I~ With Drilling DOF

SM430 I ..
Thu:kness
Mo, Thickness

1 [1:0.0200 - .

adal Canne
T 11127 111
K92 ¥ |
Intersect: ¢ Node [7 o]
I~ Create Intersecting Nodes

Apply Close
Tack Pane

For Help, press FL Node-88

P1.296i00,00i56 »EEFE 0N €92 00850

Command Message /_Analysis Wessage

1,070

lLel |
g a5 S W o s A

6:1,07,0
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

2.5 Define Boundary Conditions

Restrain all degrees of freedom (Dx, Dy, Dz, Rx, Ry, Rz) among two sides.

Main Menu > Boundary > Supports > Define Supports
1. Hidden, Display Node Numbers (off)

2. In the Select by Window (on) mode

3. Select the nodes

4. Support Type (Local Direction > D-ALL (on), R-ALL (on)
5. Click [Apply]

] Q Jx General Spring ~ D@{] sl @ B Linear Constraints ¥ Effective Width
@ =7 I Intergral Bridge DMU :&: [ Panel Zone Effects @' Define Label Dir
Define Point  Surface Elstic Rigid General BeamEnd BeamEnd Plate End B Node Local Ax Boundary

}Flg 10.14 Supports | Sprng  Spring Link Lnk Lnk *| Releass  Offsets  Release | i Mede LocalAxs Tables ~

) Supports | | Link | Release/Offset | B 1
Define boundary z e
condition N T ————————

: ( H
\\3/

Supports ~ J
Boundary Group Name

[Peur =] .|

Options
@ Add  Replace O Delste

Suppart Type (Local Direction)

z
T Ry Do Y
“

bx ¥ Dy ¥ Dz W

P -fLL
fx W Ffy ¥ Rz W

7 Close

$19&i0000igH>E000 08 €32 00O 50

Task Pane Commana Message /{ Anaysis Hessage I« Io
For Help, press FL Phte-04 U110 G:1,1,0 [ e Y | o e I = A =
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(Advanced)

2.6 Define Loads

Define load case (load type) first to which the loading will belong.

Main Menu > Load > Static Loads > Static Load Cases...
1. Name : ‘Pressure’

2. Select Type > User Defined Load (USER)

3. Click [Add]

4. Click [Close]

Static Load Cases
Fig 10.15
I;eﬁr?iljon load cases EfName i [Pressure (3 A
Case ! |4l Load Case - todify
\g] Type g |User Defined Load (USER) | Delete |
Description : |

| »

No Name Type Description
» 1 User Defined Load (USER)
*

m

4 I 2

G gm ]
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Input a pressure load of 10 kN/m? on the plate element

Main Menu > Load > Static Loads > Pressure Loads...

Main Menu > View / Display... > Load Tab > Load Value (on), Click [OK]
1. Click Select All

2. Select Load Case Name > Pressure

3. Select Element Types > Plate/Plane Stress(Face)

4, Select Pressure on Plate > Direction > Global Z

5.Loads >P1:“10°

6. Click [Apply]

7. Click Iso View

. O 6 (¥ sefweight & Nodal Body Force | [ Element | 5} Pressure Loads = Initial Forces ~
’ F'g 1 1 = ) ;s Nodal Loads () Nodal Masses 0 Line [ Hydrostatic Pressure | [=] Assign Floor Loads ~
Inpute pressure load Smé;‘g::“d Cﬁ:'j"bgm;gidng | speciied Displ. - Loads to Masses | M, Typical | £ Assign Plane Loads ™ Finishing Materal Loads
Load Type [ 1 L | Create Load Cases | Structure Loads / Masses | BeamLoad | Pressure Load | Inktil Forces/Etc.
® %% ® % - % IR - I R
b Base IR a
Q.
@
Load Group Name aQ
T — = |
Options ¢
@ pdd " Replace  Delete Q.
o
Element Types $
Pressure on Plate
]
@
=
a
@
A
Selection | & Element =
Pressure Face : [Face #1 @
Direct Global 2 ° P
WE\E/ m‘” 000 9
fectar ¢[00 5
o
Projection : ¢ Yes 4 No o
Load:
oads o
& Uniform ¢ Linear
(s ] :
. =4
a Me: v 3 x
[—) 2
Py
Task Pane Command Message _Analysis Wessage B |
For Help, press FL None! U 0 ,0.9,0 e~ =] 4] »lllnen~] 2| MITH /[ 7 =
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Structural Analysis Il
(Advanced)

10. Plate Analysis on Out-of-plane Load

» Fig10.17
Create Model 2

Model 2 is created by replicating pressure loads and boundary conditions entered in Model
1

Main Menu > Node/El;ement > Elements > Translate...

1. Select Select Al

2. Translation > Equal Distance > dx,dy,dz : 2,0,0’, Number of Times : ‘1’
3. Copy Node Attributes (on), Copy Element Attributes (on)

4. Click [Apply]

Tools

Nodefelement gy

» [ "3 e o G <
4 -1 e\e H ,3( Delete ok Mirror % l |./ © 3 ,[:.: —T BN x :x Delete s E\“ 'bﬁ
L4 ® 00 AR *Hpggre SISl |3 L] 13 - — 0 s Rotate
Create  Transkte Divide Merge & progect g+ MNodes | Create IS Translte Extrude Divide Merge Intersect Change  Elements
Nodes B d Table | Elements Parameters  Table

I\ iror 2|

| Elements |
- % R AR YT T i

B Start Number
Node Number © [243 ...
Element Number : [201 ...
Mode

© Copy © Move

Transl

ation
" Mode Increment |0 3

& Equal Distance

dy,dy,dz: [2.0.0 m
Number of Times : [T =
 Onequal Distance
ol il o
=

—

700

Matetiallne, [0 =]~ Rep
Section e, [0 =] Rep
Thickness Inc. : [T =] [~ Fep,
=

Intersect [~ Hode [~ Ele

v Copy Node Attributes e

¥ Copy Element Attributes .||
Merging Tolerance

s | L)

Task Pane Commana e (AR
For Help, press FL U0, 1,0

$19&i0000igH>AF00 00 €52 00960
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Modify boundary conditions in Model 2

Main Menu > Boundary > Supports > Define Supports
Main Menu > View / Display..., Boundary Tab > Support (on), Click [OK]

1. Click Top View
2. Click Select by Window (on) to select the left / right border of Model 2 (see the following
figure)
3. Support Type (Local Direction) > D-ALL (on), R-ALL (on)
4. Click [Apply]
» Fig 10.18 L @ e W B e B R B e | £
- o o5 |EEEE hac fod ol bemEd BemTo PSRN B odo oo S
Modify boundary condition R e ‘ = I e I — e
in model 2 - R PEEEETIE = I BEEC®IZ OAEE 8N BBE 6
e 4 Base IR a
Q
Supports O}
oundary Group Name Q
[ — a
D © iy GRk TSSO @':>I’sﬁ4fs sososgs |3
Support Type (Local Direction) | | ! : bt
T i
T Ry Dpo ¥ : : : : =
Bxp o 1 1 : 1 1
b Sy (] T (@
(] U]
(o (3) Ndl 9, @
Dk @ Dy B Dz @ ] ibd 5
5] - | | T | 2
oLl [T 2 23 3 3 oSS as e
Rx ¥ Ry ¥ Rz o= ~ &
o
o
i
)
— &
ax <
b

Task Pane Command Message _Analysis Wessage B
For Heb, press FL Nane! U:1,1,0 G:1,1,0 W v fm =] A4 o fron=] [T/ 2 A
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)

» Fig 10.19
Create Model 3

Generate model 3.

Main Menu > Node/Element > Elements > Translate...

1. Click Select by Window (on), Select all Model 2

2. Translation > Equal Distance > dx,dy,dz : “-2,-1.5,0’, Number of Times : ‘1’
3. Copy Node Attributes (on), Copy Element Attributes (on)

4. Click [Apply]
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Scale up model 3 using Scale Nodes the X direction.

Main Menu > Node/Element > Nodes > Scale...
1. Click Select by Window (on), Select all Model 3
2. Scale Factors > sfx : ‘4.0°, sfy : 1.0°, sfz: “1.0°,

3. Scale About > User : ‘0,-0.5,0’

4. Select Selection Type > By Selection

5. Click [Apply]

M Query of

» Figure 10.20
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)

» Fig10.21
Divide Model 3 elements

Divide plate element (Model 3) in the x-axis direction.

Main Menu > Node/Element > Element > Divide...
1. Click Select by Window (on), Select all Model 3
2. Select Divide > Element Type > Planar

3. Select Equal Distance

4. Number of Division x : ‘4’, Number of Divisiony : “1’
5. Click [Apply]
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Structural Analysis Il

(Advanced)
Redefine boundary condition in Model
Main Menu > Boundary > Supports > Define Supports
1. Click Select by Window (on)
2. Select nodes in Model 3 (top/bottom nodes)
3. Support Type (Local Direction) > D-ALL (on), R-ALL (on)
4. Click [Apply]
»Fig 10.22
Redefined boundary
condition E

10-26

e —
0l

- Baundary Group Name.
Detauft

oOploas
* Add " Replace  Delete

Suppan Type (Local Directian)

z L i
%,v\’ I
s x @g

¥ D-ALL ——————— -
3 or vr g ( )
7 R-AlL T17] ST 1 DEBEEEDES T
fix ¥ MW ¥ Rz @
:l Clos:
( )
| ot o
>
Tree e [ 1 | LT Command Measape Rratyes e | lal | 5
For ol press FL Elate 201 V0,060 60,060 TR =1l =1 4] »foon=] (2| TS /T 7 =




\

Structural Analysis Il
(Advanced)

\

10. Plate Analysis on Out-of-plane Load

» Figure 10.23
Creation Model 4

Create model 4 using Translate elements. The model 4 which is only a quarter model may
be analyzed due to symmetry.

Main Menu > Node/Element > Elements > Translate...

1. Click Select by Window (on) Select 1/4 area element of Model 3 (20 cells in X direction,
5cellsin Y direction)

2. Translation > Equal Distance > dx,dy,dz : ‘0,-1.5,0’, Number of Times : ‘1’

3. Copy Node Attributes (on), Copy Element Attributes (on)

4. Click [Apply]
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Define boundary condition in Model 4.

Main Menu > Boundary > Supports > Define Supports

1. Click Select by Window (on) and select bottom nodes in Model 4
2. Support Type (Local Direction) > Dy (on), Rx (on)

3. Click [Apply]

4. Click Select by Window (on) and select right modes in Model 4
5. Support Type (Local Direction) > Dx (on), Ry (on)

6. Click [Apply]
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load
(Advanced)

2.7 Perform Analysis

Perform structural analysis of models

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Main Menu > View / Display..., Boundary Tab > Support (off), Click [OK]

y Lload [EEUEERN Recuts Psc P

» Fig 10.25 b B 3w 8 @ z Mo ) o o
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

2.8 Check Analysis Result

Check deflection of plate element Model 1.

Main Menu > Results > Deformations > Displacement Contour...

1. Select Load Cases/Combinations > ST : Pressure

2. Select Components > DZ

3. Type of Display > Contour, Deform, Values, Legend (on)

4. Click [...] in Values, Number Options > Decimal Point : ‘5’, Click [OK]

5. Click Select by Window (on), Select all Model 1, enter shortcut 'F2'

6. In the status bar at the bottom of the screen, change the length unit to mm
Confirmation of deflection at center -0.17119mm
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Structural Analysis Il

(Advanced)

10. Plate Analysis on Out-of-plane Load

» Fig 10.27
Displacement result
(@) Model 2
(b) Model 4

Check deflection of plate element Model 2, Model 4 (symmetrical model of Model 3).

Main Menu > View /Activities /Active All ( shortcut ‘Ctri+A’)
1. Click Select by Window (on), Select all Model 2, enter shortcut 'F2'
Check for deflection in the center -0.08718mm (or -8.71774e-002 in Legend)

2. Shortcuts 'Ctrl + A, Click Select by Window (on), Select Model 4 selection,
Enter shortcut 'F2'. Confirmation of deflection at center -0.17450mm
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10. Plate Analysis on the Out of Plane Load

» Fig 10.28
Plate moment

10-32

Check end and center moments of plate element Model 1 by surface load.

Main Menu > View > Activities > Active All (shortcut ‘Ctri+A”)

Main Menu > Results > Forces > Plate Forces/Moments...

1. Select Load Cases/Combinations > ST : Pressure

2. Select Components > Myy

3. Type of Display > Contour, Deform, Values, Legend (on)

4. Click [...] in Values, Number Options > Decimal Point : ‘2’, Click [OK]

5. Click Select by Window (on), Select all Model 1, enter shortcut 'F2'

6. In the status bar at the bottom of the screen, change the length unit to m. Central
maximum moment 0.41 kN - m (maximum 0.45 kN - m), end parent moment 0.81 kN - m
(maximum -0.89 kN -m)
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)

» Fig 10.29
Plate stresses

Check the stresses in the plate element model with different shape and boundary conditions.

Main Menu > Results > Stresses > Plane-Stress/Plate-Stresses...
1. Select Load Cases/Combinations > ST : Pressure

2. Select Stress Options > UCS, Avg.Nodal, Top

3. Select Components > Sig-yy

4. Type of Display > Contour, Legend (on)

5. Click [Apply]

6. Shortcut ‘Ctrl+A’
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Compare the principal stress vectors of different plate element models which have different
shape and boundary conditions.

The direction of principal stress of Model 1 is perpendicular to surface, and direction of
principal stress of Model 2 which is fixed at four sides, is 45 ° to surface.

Main Menu > Results / Stresses / Plane-Stress/Plate-Stresses...
1. Select Load Cases/Combinations > ST : Pressure

2. Select Stress Options > Local, Element, Top

3. Select Components > Vector

4. Type of Display > Contour (on)

5. Click [Apply]

- H 4 Reactions ~ 91 Stresses B Beam/Element ~ Mode Shapes ~ i Influ. Lines ~ T.HResults ~ e - = o
7 [
» Flg 1030 %’ H Deformations ~ §§ Diagram * | & Local Direction.. 4 g Ratio.. | @ Influ. Surfaces ~ | [& T.H Graph/Text ~ | |< ~ . R
PnnClpal stress vector Conbition | ¥4 Forces ~ &3 HY Results * | 4> Reduction Moment | |-, lod s | g0 Moving Tracer * | [i Stage/Step Graph | [ > Tia | e
Combination | Resufts | Detal | Mode shape | Movngload | TmeHstory | Bridge | Text | Tables |
= EEITRE® FERS®] % AT SIEESDEAIGIOE®R NN EEiI'ﬁﬁr =

2 x
Hi Base

Stresses

@ Local

c ucs [Curent UCS
=

@ Element ¢ Aug, Nodal
r

« Top ¢ Bottom
78] %)

Companents

O Sig=sn Sy C Sig-wy
@ vector | 3

v PoSE ' Negatve
Vector Seale Factor

Length 1.000000
Thickness  [2 =

Tupe of Displa

(% Corioe [ g e .
I~ énimate ,..| [~ Undeformed
= &l

I~ Mirrored ,..|

I™ Cuting Diagrarn .|

Value Option

P14 2000 >EEE6 00: €3 H0 L0

5 5 Mess dow
OLUTION TERMINATED =
E | - [ zov= x1n2s JoB 15 succESSFULLY CoMPLETED. cADIOICk: CivlE RS 7 ZHEMW-10 BE51EE SERlE T i 4wWPlate-Thick a
<[ ) v Wrotas sororron TneE..:  o.26 [sEC)

= <

[ Tree venu [REENEUM [P, CommandMessa

For Help, press FL Plate-01

el |
o Lo e I I D I =

10-34



Structural Analysis Il 10. Plate Analysis on Out-of-plane Load

(Advanced)

» Fig 10.31

Modify property of
please elements

Save the models under a different name

Main Menu > File > Save As...
1. Enter a name : ‘Plate-Thin’, Click [SAVE]

Modify the plate element to Thin (Considering shear deformation) Type

Main Menu > Node/Element > Elements > Elements Tables...
1. Sub Type in Element 1 Shiftto ‘Thin(w/o Drilly’
2. Copy Thin(w/o Drill) to the Sub Type cell of the remaining 2 ~ 700 elements
(Select copy source cell, click Ctrl + C, select copy target cell as Drag, then click Ctrl + V)
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Structural Analysis Il 10. Plate Analysis on the Out of Plane Load
(Advanced)

Analyze modified model which is not to consider the shear deformation.

Main Menu > Analysis > Perform Analysis
1. Check for successful completion in Message Window
2. Click Model View

> Fig 10.32 o, - pp——
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load
(Advanced)

Check deflection of plate element in Model 1.

Main Menu > Results > Deformations > Displacement Contour...
1. Select Load Cases/Combinations > ST : Pressure
2. Select Components > DZ
3. Type of Display > Contour, Deform, Values, Legend (on)
4. Click [...] in Values, Number Options > Decimal Point : ‘5°, Click [OK]
5. Click Select by Window (on), Select all Model 1, shortcut ‘F2’
6. Change the unitto mm at Status Bar
Check the displacement at the centre -0.17023mm

. e | B
» Fig 10.33 5 | s+ 8o | B, | e B o semc | I 1o e - s - 7
Deformation result cone o | 2 Forces - &3 HY Results ~ | 4 Reduction Moment | [ Ho offs | Moving Tracer - | L Stoe/Step Graph |5 gt Orer | Text | Reedhs
| Detal | Mode shape | MovngLoad |  Tmehstory | Bridge. | Text | Tables |
IS CEESDRIZA DB &8 EREBAE S

MIDAS/Civil

1t Base = |5 0000 000000 000000 00000 00000 000000 000000 0000 0.00000

DISPLACEMENT

Displacement Contour ~ J

Load Cases,/Combing
[Frmer (1)
Step

& (3]

Components
ST (2 Je o)
o RX " RY T RZ

DRy C YL C DXZ
o DRVZ

Z-DIRECTION
-0.02281

0.00000e+000
-1.756642-002

-0.07683 -3.5132 H

012387 _|0.12152 0.1348

71_|0.15673

05312-001
-1.580882-001
017545 |0.17223 -1.756642-001
-1.93231e-001

016171 _|0.15673 < 5 SCALE FACTOR=
7.5R76FLON7
ST: Pressure

012387 |0.12152 2 0,148 MAE : 1

Type of Displah 3
W Contour ...| W Deform .|
@ Values []] & Legend .

™ Animatey Undeformed MIN : S€
I~ Mirrored - FILE: Plate-Thin
|-0.07201 |-0.07051 || 0.0 NIT: oo

I~ Plate Cuting Diagram .|
=
=

DATE: 02/03/2014
VIEN-DIRECTION

Apply | Close LP

P1.29€i0000igH»EEFF60 0N €32 00850

ION TERMINATED
[YOUR MIDAS JOB IS SUCCESSFULLY COMPLETE! DHOICHS Civil2 B
ITOTAL SOLUIION TIME..: 0.56 [SEC]

For Help, press F1

[ Commend esssge  J Analysis Message

ol (| =1/ 2
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(Advanced)

\

10. Plate Analysis on the Out of Plane Load

» Fig 10.34
Deformation result

10-38

Check deflection of plate element in Mode 2 and model 3.

1. Shortcut ‘Ctri+A’, Click Select by Window (on), Select Model 2, Shortcut ‘F2’
Check the displacement at the centre -0.08658mm

2. Shortcut ‘Ctri+A’ , Click Select by Window (on), Select Model 4, shortcut ‘F2°
Check the displacement at the centre -0.17355mm

H+ 4~ Reactions ~ 3 Stresses | 3§ BeanyElement = | -l Mode Shapes - b Influ. Lines ~ | [ut T.H Results = e - B
H Deformations - §% Diagram = | 4+ Local Direction.. [ m no Ratio.. | @ Influ. Surfaces = | [ T.H Graph/Text ~ | [= ~ g
va\;!::vgmn v2 Forces © &3 HY Results * | 4= Reduction Moment | [ 1o 3 Moving Tracer + | [, Stage/step Graph | 1 © Dﬁﬁt %ﬁgv
Combination | Resuts | Detal | Mode shape | Movhgload |  TimeHstory | Bridge | Text | Tables |
o EEI T EE®IE S ® K - % CIEESUNIFIDIOERE NN EEE[%\‘E@ B
N N MIDAS/Civil
= Hi Base - | 55 oo 000000 000000 000000 040000 000000 000000 G400 _ 000000 EOST-PROCESSOR | ™=
DISPLACEMENT Q
Displacernent Contour < .| R o}
Load Cases/Combinations 0.00000e+000 | R
BT Pmsere =] .l e7131e-005 ||
s = 57426e-002 &
-3.14852e-002 | ¢
-3.93565e-002 \’9
Components
© DX CDY &0 ]
© RX C RY ¢ RZ él
CDRY CODYZ O CDXZ =
© DXVZ
oz moes . |@
Type of Display s.77ameen0> | )
W Contour .| R Deform .| ry
W Values []  Legend ..| =
I~ Animate ...| [~ Undeformed =
" Mirored .| FIE: Blate-nin | g
[~ Plate Cutiing Diagram .| DHED
DATE: 02/03/2008 | i
r VIER-DIRECTION | o
r X: 0.000 "\
Y o
Apply Close G o
X ¢
4
L3
s

IYOUR MIDAS J0B IS SUCCESSFULLY COMFLETED.
ITOTAL SOLUITON TIME..: 0.56 [SEC]

e -

For Help, press FL.

[ 4] ]\ Command Wessage:
Nonet

2 VYA ULL U D22 YR U2 T UL LT3 Deanaruzaas) 02249

B0 07108

10.116JHJ.119540.121 180122330 122830 1227122 93.122?03.122(}!% 22490.122480. 12245
“-:-...e

o)

80,07 1720.066 720, 115020. 134250, 144750.151580. 1557190, 158220, 159540160180, 160320, 160120, 160250, 160150, 16008
—

.';_!:-al.l 8490145320 15
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Structural Analysis Il 10. Plate Analysis on Out-of-plane Load
(Advanced)

3. Exercise

Determine the direction of the principal stresses with two different boundary conditions

models.
Uniform pressure load
“‘l!l!!!l!!l!!!!!lﬁ
(Y50 q =10.0kN/m? “’
$
t=0.02m’ L S
%
Y .
T Boundary Condition
jz;ﬁo gg /QGO /' X
—
Model A Model B
»  Material
Modulus of elasticity (Steel SM490) : 2.05 x 10° N/mm?
Poisson’s Ratio: 0.3
»  Section
Thickness: 20 mm
> Load

Uniformly distributed pressure load : 10 kN/mm?
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