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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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(Basic)
1. Introduction 1.1 Concept for Simple Beam
Analysis
Fig. 1.1 shows a simply supported beam in X-Z plane (2-D) in Global Coordinate System
(GCS). Element Coordinate System (ECS) x-axis is parallel with the span of the beam.
ECS z-axis is as shown, and y-axis follows the right-hand rule.
z
/F

»Fig. 1.1

Simply supported beam
A hinge support exists at the left end, and a roller support exists at the right end. Each
support is free to rotate about GCS Y-axis. Equilibrium conditions require that the sums of
forces are zeros.

»Eq.11 2 F=0 >F =0 >M,=0

A simply supported beam is statically determinate as the number of unknowns (H,, V4, Vi)
equal to the number of equilibrium conditions (Eq. 1.1).

Once the reactions are obtained, section forces can be found at a distance, x, which consist
of axial force (N(x)), shear force (V(x)) and moment (M(x)). The section forces are
obtained from equilibrium in a free body diagram as shown in Fig. 1.2.
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»Fig. 12 yAN JAN /\ T
Section forces

T i T T e

Va Vg Va

}—X, }—X,

»Eq.12 D F=0:H,+N(x)=0
D F,=0: V,+(-g)x+V (x)=0
1
>M, =0: VAX+§(_Q)X2 +(-M(x))=0
Fig. 1.3 represents the sign convention for + direction forces.
»Fig. 1.3 - | C 3
Section forces N i
M
\%
The infinitesimal length (dx) of the beam in Fig. 1.2 is isolated in Fig. 1.4 to represent an
equilibrium condition in a free body diagram.
i qdx
»Fig. 1.4
External load, shear &
moment equilibrium M C T l ) M +dM
\Y V+dv
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(Basic)
»Eq.13 & _ 4 (rVv,-V, = o dx )
dx q B A J'A q
»Eq.14 dm B
IM_v (orM,-M,=| Vdx)
dx B A IA
Differentiating shear force becomes loading, and differentiating moment becomes shear
force. This means that the difference in shear forces is the same as the area of the
distributed load between two points. Also the difference in moments is the same as the area
of shear force diagram between two points.
External forces cause deformation, represented as displacement angle (6, ) and
displacement (w). The displacement angle at a point, X along the span is formed by the
beam axes before and after deformation. The beam axis after deformation is the tangent
(differentiation) at the point x.
e u(z) =26, &x(2) =-2¢, ox(z)=-Ez¢
Z, ® Y Ax
»Fig. 15 T ‘:’Aax y
Section forces [2] / TZ Tz Tz
% ] —=X, U
6
y>i9y Y % A
»Eq.15 Displacement angle: g, — W
y ox
2,
>Eq.16 Curvature: ¢, __ow
o’

Displacement angle and displacement signify that axial deformation and shear deformation
have taken place. For a beam member where the span is relatively longer than the section
dimensions, the shear deformation is negligibly small.

In case of upward displacement in the 4z direction as shown in Fig. 1.5, the top of the
section is in tension and the bottom of the section is in compression. Both tension and
compression cause deformation perpendicular to the section in the x-direction, resulting in
(u(2))in Fig. 1.5. Thus strain distribution (£, (2)) in the axial direction is generated, and the
curvature (@,,) of the section deformation is obtained. Differentiating the displacement

1-
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»Eq. 16

»Fig. 1.6
Simple beam subjected
to a concentrated load

results in the displacement angle, and differentiating the displacement angle becomes the
curvature. Following the sign convention, the moment — curvature relationship and the
moment — stress relationship can be derived from Fig. 1.5 as follows:

The reverse of Eg. 1.6 also holds true. Integrating the curvature once becomes the
displacement angle and integrating it once again results in displacement. Hence the
displacement angle and displacement can be derived from the moment distribution.

Fig. 1.6 shows a simply supported beam subjected to a concentrated load at the mid span.
The process of obtaining the displacement angle and displacement is reviewed.

N | o

. —
[

Shear Force Diagram

AN A
—————— P
4

™
[~<
=<
-—
(@)
N | o

Moment Diagram

Difference in shear forces between Points A and C is the area of the distributed load. The
fact that no distributed load exists between the 2 Points, shear force remains constant. Also
the difference in moments between the 2 Points is the shaded area of the shear force
diagram, hence the moment at Point C becomes P1/4. The displacement angle at Point
A is the area of the curvature distribution (M, / E1,)) between Points A and C. The
displacement at Point C is the moment about Point A due to the area of the curvature
distribution between Points A and C.
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2
e 16 R . e .
El, 2 47 2 16El,
P12 2 P13
C:—o—(—):—
16El, 3°2° 48El,

The above process of integrating the curvature once to obtain the displacement angle and
twice to obtain the displacement is referred to as the moment — area method.



Structural Analysis | 1. Simple Beam Analysis

(Basic)
2. Tutorial 2.1 Model Overview
A beam is simply supported by a hinge at the left end and a roller at the right end.
Deformation and member forces will be calculated using midas Gen and by hand.
1.0kN/m
TEEREETEEE.
Model 1: uniformly distributed load ~ -{ ]
> Fig. 17 - 10m o
Analysis model
10 i|<N
Model 2: concentrated load { }
| 10m o
\ |
» Material
Concrete: 25 MPa (M25) (Modulus of elasticity E = 2.5 x 107 kN/m?)
»  Section
Area: 0.8 m?
Moment of inertia (ly): 4.266667x10% m*
» Load

1. Model 1: uniformly distributed load 1.0 kN/m
2. Model 2: concentrated load 10.0 kN
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Open a New File and save.
Main Menu: & / New Project...
Main Menu: & /Save As...
1. File name: ‘Simple’ and [Save]
Set a unit system to kN & m at the bottom of work window.
Alternatively Main Menu: Unit System
TOOlS /Unlt SyStem... —Length—— ~Force (Mass) Heat
& m N Ckgy  cal
[ save As =50
>F|g 18 @_O-‘\ » Computer » Local Disk (Di » gen book «| 43| [ search gen bao » Ccm Q0 G & keal
Save file & Organize ~  New foider = @ & mm kgt (ke fal|
P 8. Picures © Name Datemodified  ~ Type © tont (ton)
set unit system < o ot b b =
' in © kips (kips/a) Bty
«% Homegroup
& Computer i ~ Temperature
& Local Disk (€ & Celsius " Fahrenheit
:IL: D\’ Sl Mote : Selected units are displaved in relevant
dialog boxes, VYalues are NOT changed with
File name: 1 Simple beam - units,

Save as type: MIDAS/Gen Files (“mgh)

= Hige Folders.

e

Ok I

[~ Set/Change Default Unit Systern

Apply

Cancel
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midas Gen is 3-D software. Since the beam exists in a 2-D plane, X-Z plane in Global
Coordinate System is set as the work plane, which restrains unnecessary degrees of
freedom, Dy (Y- displacement), Rx (rotation about X - axis) and Rz (rotation about Z - axis).

Main Menu: Structure / Structure Type...
1. Structure Type > X-Z Plane
2.[OK]

Structure Type @
D\
1)

»Fig. 1.9 Structure Type
Set awork plane 3D | @ %-ZPlane | ¥-ZPlane ¢ %-¥Plane ¢ Constraint RZ

Mass Control 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
Gravity Acceleration © |3.808 m/sect
Initial Temperature : [0 [C]

[~ align Top of BEearn Section with Center Line (%-%¥ Plane) for Display

[~ align Top of SlabiPlate) Section with Center Ling (3-% Plana) for Display
(2)
\

7 0K | Cancel
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2.3 Material & Section Properties
midas Gen contains a wide range of steel and concrete materials. Material Data can be
defined using Standard and DB or user-defined.

Main Menu: Properties / Material Properties
1.[Add..]
2. Name: ‘Concrete’
3. Elasticity Data > Type of Design > Concrete
4. Concrete > Standard > IS(RC), DB > M25
5.[OK]
Properties [ Material Data e e — =)
Material | Section | Thickness | General o
»Fig. 1.10 D] Feme [ Tvpe | Standerd | OB = : s |
Define Material Data Moy, | | Setetvoe el
Delete 3/ Troeofoetn  \Goamaste a s'::am
Copy I
Import
Renumber
Type of Material
Steel
Properties can be directly Modkus of Basticty
input if Type of Design is - ; e
set to User Defined. B
[Hconcrete
Modulus of Elasticity :
Poisson's Ratio
Thermal Coefficient :
Weight Density
("] Use Mass Density: 2407 Wjm~3fg
OK button closes the .
dialog box. If multiple Plastc MoterilNome  [NONE__v]
materials are defined, P o
use Apply button. Specficheat = O BN
HeatConduction 0 Btu/m*he*(F]
Damping Ratio H
@EIE
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midas Gen automatically calculates the section properties based on section dimensions.
Main Menu: Properties / Section Properties, [Add...],
1. Name: ‘Beam’
2. Section shape list > Solid Rectangle, Section definition method > User
3.H:08,B:‘1
4. Ignore shear deformation: Consider Shear Deformation (Check off)
5. [Show Calculation Results...]
6. Check Section Properties, [Close]
7.[0K]
»Fig.1.11 . Section Data == | section Properties @
Define Section DB/User | N
(2)
( i\‘SEC”“” il - ‘. Solid Rectanale =] Value Unit
| Name[Beam | & yger DB _ Alea 2.000000e-001 | e
T B.758668=-002 | m*
Sect Name | ] Tyy 4 ZBERET=-002 | m?
Consider Shear L ——— & I22 £ BEEEE72-002 | m?
Deformation is generally E Eﬁ = :gggggg:gg} =
checked on for structural | R Can 40000004101 | m
analysis. However, = = Cam 4 000000001 | m
general structural 3/ Oyb 8.000000e-002 | nF
mechanics hand H 0.8 m sz. 1.250000e-001 | re
calculation ignores Bl 0 EETFF Sgggggge"ggg i
g =18 . 2+ m
S\tl]’]earh deﬂfg rmation, fo Centery 5.000000e-007 | m
ICn IS e reason for Centerz 4000000001 | m
checking offin this case 5 5000000001 | m
for comparison 21 4.000000e-001 [ m
purposes. 2 E.000000=001 | m
=2 4 000000001 | m
n 3 5.000000=001 [m
A" Consider Shear Deformation. =3 -4.000000e-001 | m
! -5.000000=-001 | m
Offset : Center-Center 24 -4 000000007 | m
~ Change Offset .., ~
<5 ) (7) ‘\9{ Close
[ShOW Calculaﬁon [T Show Calculation Results,,, ” [ Q. 7 Cancel | |
_Restlts..&]] button Area: cross sectional area Ixx: torsional constant
|nvtc£>) esﬁ ; culated Asy: local y - direction shear area lyy: moment of inertia about local y — axis
automatically calculat Asz: local z - direction shear area Izz: moment of inertia about local z — axis

Section Properties.
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S Material and Section
When the load, P is applied in the axial direction of a beam, A takes place, which
decreases with large magnitudes of modulus of elasticity (E) and cross sectional area (A).
E A
»Fig. 1.12 ’ ‘}
Axial deformation
[l ) A |
I I 1
This can be expressed as,
aL=PL L p_EA L
EA 1

»Fig. 1.13
Section stiffness

This can be also expressed in the form of load — displacement graph, where the slope (k)
is the stiffness of the structure, {D} = displacement, and {P} = applied load.

P
{P}=[]-{D}
K
5
When a program is used for structural analysis, results (forces, stresses, etc.) can be
obtained from displacement.

Structural analysis is a process in which loading and stifiness are defined to obtain the
unknown displacement. In midas Gen, loading is defined under the [Load] menu, and
stiffness is defined under the [Model] menu.

In the equation expressing the stiffness, [K], the numerator, {EA} is said to be Rigidity, which
can be calculated by the material and section properties defined earlier. Section stiffness is
automatically calculated, which includes axial stiffness, bending stiffness, shear stiffness,
torsional stiffness, etc. All the parameters defining the Material and Section can be user —
defined.
Rigidity (Material, Section)

Axial force Bending Shear Torsion

—-1
_-=" |
=
! \
\

~~
\
\
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Create nodes where elements will be created.
Finite element software )
like midas Gen models a Main Menu: Node/Element / Create Nodes
structure with elements 1.C ; ¢ ,
. Coordinates (x, Y, ): 0,0, 0
connected by nodes. *y.2) o
2. To copy, Number of Times: “10
midas Gen provides 3. Distances (dx, dy, dz): 1, 0, 0’
numerous element |
types, which include 4.[Apply]
Truss element resisting 5. Display Node Numbers, Auto Fitting, Front View (Toggle on)
only axial forces, Beam
element resisting axial,
shear and moment’ and a el = Gen 2018 - [E:\Book Review\GEN Files\Simple] - [MIDAS/Gen] = B R
Plate element 2 e Ny N:::;T”~||- Miror %, | @ @ » = . N ’ );De'lde ;‘f-‘ I . [EyAuto-mesh g Define Subrnom:m
representing slabs and R }. :’\? 2 e T 1| 0| R _:1 l: 5 B w::,?« oo [ (2‘" n,'mi -
walls. Hodes & Projeat £ | Table | Eements F1 | [l Miror ] | parameters | Table | [fmDefine 5
fo-r R TEENBN®| HHIRE D RS EiEH=ES AICIRSnN L )
Appropriate element AT - u
types need to be used to =[5 e
reflect the structural 1°3 e : 3 @ &
behavior. The smaller e 3
the element sizes, the canr =
greater is the accuracy :;”(:‘”: . o 5
of results. see  im i < . P i "
[V Merge Dugiicate Nodes [P o . : ( < *'l
| Intersect Frame Bements @
»Fig.1.14 =Nl &
Create nodes *®
&
x\\/\ g
A} @
Element 5 5
The project will be saved by the auso-save feature. 5 5]
M - - i‘*
Tree Menu [T\ Commana Messsge { Arayahiessase 7 ]I« )

Node Element Node

sl e s IO S 2
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Connect nodes to create elements.

Main Menu: Node/Element / Create Elements

1. Element Type > General beam/Tapered beam

2. Material > 1:Concrete, Section > 1:Beam

3. Click the Nodal Connectivity field (which turns to green), followed by clicking Node 1
and 11 on the model view sequentially.

4. Shrink, Hidden, Display Element Numbers (Toggle on)

DendaE = (Gen 2018 - [EABook Review\GEN Fles\Simple] - [MIDAS/Ge]
Node Element Resutc  Puhower  Design  Quey
»Fig.1.15 7| 97 ale Yo Xose ) Ty g Kowe Xoeeii| oy | 0 | fowonon  fydnesioonsn
| B 00 7K oo potste Zscale — 1T SMege  GRotate % H | ¢ | Epmen
Create elemen's c.;:: Translate Dinde Merge noiec g des | Create N P;::g:m nmx g

B MDAS/Gen x

Shrink Viewis used to 1 ‘
identify the connectivity of ’\/’L

the elements at nodes.

The element separation

in display confirms that 41 |4 2 | P P P P PR T A .,f w ;
the elements are —— J | |

connected to the nodes. )

=PFYel<EEIR |- EFE]

Orientaton
© Beta ange Ref. Pant
© Ref. vector

3) ~ ides)

AR >0006 OB 6% A1

ommand Message { Anslyis essape |
8 G7. P ~|-1~‘1:>g’§\[|~3/1:

75,0,0

S Convenient option for creating elements

Node Snap: tracks the nodes when the mouse is placed close to the nodes on Model View.
Intersect Node: automatically divides the elements if nodes are present at the locations of the
elements being created.
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Copy the elements created.

Main Menu: Node/Element / Translate Elements

1. Mode > Copy

2. Translation > Equal Distance > dx, dy, dz: ‘0, 0, 3’

3. Copy Node Attributes, Copy Element Attributes (Toggle on)
4. Select All

5. [Apply]

E

L T Node/Element Boundary  Load  Analysis  Results  Pusho

»Fig. 1.16 : .
> @ N Delete +] Mirro 2| — 4 Omide X Delete ~ AR Detine Sub-Domain
Copy elements o 2 % : =2 scale S =L & Mﬂ:e T Rotate EH ? EMI:::msn :

Create  Translate Divide Mer Create —  Translate Extrude , . 2SS Change | Elements
Nodes (S Prpject g e | Erements 1 (= intersect /|, Mirror 2] | parameters | Tble | fmDefine Domain

I

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

>>

I

mand Message { Anayss iessage /
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»Fig. 117
Input support conditions

2.5 Define Boundary Conditions

Define support conditions, a hinge at the left end and a roller at the right end.

Main Menu: Boundary / Define Supports

1. Shrink, Display Element Numbers (Toggle off)

2. Support Type > Dx, Dz (Check on)

3. Select by Window (on) mode: select Nodes 1, 12
4.[Apply]

5. Support Type > Dx (Check off)

6. Select by Window (on) mode: select Nodes 11, 22
7. [Apply] [Close]

ure | "7 Check/Duplicate Elements
Display Free Edge/Face ~
L Change - | #] Check Element Local Axis

S

%
»E006I08 $2R2 0L P00 % | ElE i HE s

The project will be saved by the ve

K
m_~] () HS »@Dc =i 2

i@‘mw

>>
L[] " ]3]\ Command Message £ Analyss essage |
None 1:05,0,3 6:05,0,3
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S Degrees of freedom in 3-D
»Fig. 1.18 Hinge Roller
Simple beam reactions Ry
& degrees of freedom Dy~ o) Dxam
(local axes) § JAN
z D, T T
X D, D,
* +
D,,R,,R
yrPxe Bz Dy, Ry, R,
6 Degrees of freedom in 3-D are shown below.
z
»Fig. 1.19
3-D shape
» Fig. 1.20
Degrees of freedomin
3-D (global axes)
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»Fig.1.21
Define load case

Typically in practice, a
number of Load Cases
(Types) are defined such
as Dead Load, Live Load,
etc., which will be
combined with relevant
load factors to safisfy a
specific design code.

2.6 Define Loads

Define the load cases (load types) first to which individual loads will belong.

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

2. Type > User Defined Load (USER)

3.[Add] [Close]

Static Load Cases g
- — O )
Type i [UserDefinedLoad (USER) - Modify
Descrpton': |

]y

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

m
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Input the concentrated load.
Main Menu: Load / Static Loads / Nodal Loads
1. Load Case Name > Beam Load
2. Options > Add
3. Nodal Loads > FZ: “-10’
4. Select by Window (on) mode: select Node 6
5. [Apply] [Close]
’ Flg 122 @m ’l - <L m" —n _w - " luad " QJ I =7 Initial Forces ~
Input the concentrated © Temp.Prestress Smmn stage é-lm Tables gm i lm :‘, e Y seismic Loads E “
‘Combinations _l z

load

| R {H

: k %s { Ly
Load Group Name: — T \ | T
Defauit =™ ~
9 Add Replace Delete | 225
S af
3 a
Q

E
A
g 4

9 IS

o

~ 0 o +*

B o 2

r7_® 2] o)

mx 0 m z E;I

M 0 i pull = |

Mz 0 m

x

= %)

Tree Menu Ji » s
2 m
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(Basic)

Input the distributed load.

Main Menu: Load / Static Loads / Element (Beam Load)

1. Load Case Name > Beam Load

2. Load Type > Uniform Loads

3. Direction > Global Z

4.Value >x1: ‘0°, w: ““1°, x2: ‘1’

5. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)
6. Select by Window (on) mode: select Elements 11-20

7.[Apply] [Close]

rc:j

»Fig. 1.23 View _Stocure_ Nogeemere_ propenies_ Boundary ansbusReats Psnower_Desgn_Queny__Tooks

Define the distributed load () Dynamicoads  (2) settiement/Misc. % & self Weight Y Nodal Body Force | EfjWindloads | M element | (- | %7 Initial Forces =
(©) Temp.Prestress () Construction Stage (*) Load Tables ($5 Nodal Lloads | Loads to Masses ~ | ] Seismic Loads | [l Line B -
—~ tatic Load U Load =
(D) MovingLoad () Heat of Hydration S ‘C_LL, (,::w,,., 1 Specified Displ. A Typical % -

(i

Absolute: Extent of uniform I
load is applied in actual 7
distance, x1, x2. i
(total length is 2m)
Walle—— \i
" Relative IG‘ Ahsolute I Q
w0 wl- a
weis [0
xSlD 0 * 1 N { - Y S } 5 } 6 + { 8 \ 9 { 10 {
xfilﬂ 0 | I
Unit: kN/m

P
o

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

=006 0043 L

1l
] 55 O oo~ BB L 2/ 2

1

I 7]7 ]\ Command Message /{ Analyss Nessage

Node 3 45,0 6:45.0,3 W ~[n
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(Basic)
2.7 Perform Analysis
Check the modeling data using Works Tree. Right-click the relevant list form Works Tree to
invoke Context Menu to check and revise the input data.
»Fig.1.24
Check loadings
Undisplay
Tables
»Fig. 1.25 Cieri” O evomsas
Check material data

R e (et A OO
2 x|H

Assign

7m|lnmuu Eelect s
2 i
Hi Select Plus s
Oy
e, Unselect

Unselect &ll

Active

Active Plus
Inactive |
Active all

Delete
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(Basic)

1. Simple Beam Analysis

» Fig. 1.26

Message for a
successful run

Shortcut key for Perform
Analysis is F5.

Main Menu: Analysis / Perform Analysis
1. Check for successful analysis in Message Window.

Having checked the model, loadings and boundary conditions, analysis can be performed.

Node/Element

@ omencionse

() Temp./Prestress (%) Construction Stage (*) Load Tables

(D) Moving load (7 Heat of Hydration

Tree Menu

Analysls  Results  Pushover  Design  Query

. odsl Body Force | B Wind Loads

) settlement/Misc.

& seir weight

i

d Using Load
Combinations

£ NodsiLoads \M Loads to Masses -

| Specitied Displ.

PHE=R

Vi seismic Loads

Tools

FIEEEE] - B

- | =2 ioiar Forces -

S
Q

OLUTION TERMINATED
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......| E:\Book Review\GEN Files\Simple
TOTAL SOLUTION TIME..: 0.26 [SEC]

[T\ Conmnaiisssage ]\ Anaiysis Hessage |

N ~]m

I«
~] [ Hsl Pgﬂ@D::/ 2

16> B006 06 %2 Q0L

= |Ki
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(Basic)

2.8 Check Analysis Results

Check the reactions from midas Gen and compare them with hand calculations.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Display Element Number (Toggle off)

2. Load Cases / Combinations > ST: Beam Load

3. Components > FXYZ

4. Type of Display > Values, Legend (Check on)

5. [Apply] [Close]

Gen 2018 - [E\Book Review\GEN Filec\Simple] - [MIDAS/Gen]

Cendal =
5

o

»Fig. 1.27
Reaction results

— g =
-| Close = | F= e Horzontany
‘ﬂ" = #net | [l vericatly

N
e findow (3! Previous | [ Cascade

Bepsd

Q

O »@00@ a6 L

SOLU
YOUR WIDAS JOB IS SUCCESSFULLY COMPLETED.......E:\Boo
TOTAL SOLUTION TIME..:  0.26 (SEC)

-
P
®
>
-
o

Tree Menu [TV ToTy Command Nessage ) Analysis Message / | KA~ ’

(T e »E-!T\B,:/ Fl—

Reactions from midas Gen, 5 kN are the same as those from hand calculations.



\

Structural Analysis |
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N\

1. Simple Beam Analysis

» Fig. 1.28
Displacements

Check displacements from midas Gen and compare them with hand calculations.

Main Menu: Results / Deformations / Displacement Contour...

1. Load Cases/Combinations > ST: Beam Load

2. Components > DXYZ

3. Type of Display > Contour, Deform, Values, Legend (Check on)
4.[Apply]

5. Change the unit to mm in Status Bar at the bottom of the work screen.

E OEehHOR = Gen 2018 - (EA\Book Review GEN Files\Simple] - [MIDAS/Gen]

3 dies  Boundary  losd  Anatysis [IETSNGR] FPushover  Design  Query  Tools

% £ Mode shapes ~ A Intiu. Unes ~ I TH Results ~ @ ]
{ Deformatior n. A Modat ing Ratio. | ¢ Influ. Surfaces - | | TH Graph/Text - =
toad | , Colum ing Story Shear

Combination | ¥ Forces = Displacement Partiipation Factor | | * Nogal Results of &5 Ji Stagerstep Graph | " Graphfor CS  Fotce Ratio

B =

Resuits

Tert
Output | Tables -

Hicontowr ) [@lveform ()
Vivaves L] [Vilegend [

ElE) = TERMIKATED

Book Review\GEN Files\Simple

(T3] Commandiizssage ) Analysis essage / L
Hone

midas Gen

.23318e-002

F .42489e-002
3.61659¢-002

B . coes0e-02
0.00000e+000

SCALEFACTOR=

2.513784003
ST: BEAM LOAD

X6
MIN ;L

ONIT: =

POST-FROCESSOR

LR A s Jopoie]s]

FILE: STMPLE

DATE: 01/05/2018

AR > 860608

Hand calculations also show the same results (distributed load model: 0.124 mm,

concentrated load model: 0.199 mm).
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(Basic)

Check shear diagram and moment diagram.

Main Menu: Results / Forces / Beam Diagrams...

1. Change the unit to m in Status Bar at the bottom of the work screen.

2. Load Cases/Combinations > ST: Beam Load

3. Components > Fz

4. Type of Display > Contour, Value, Legend (Check on), Deform (Check off)
5. [Apply]

6. Components > My

7.[Apply]

. Gen 2018 - [E\Book Review\GEN Files\Simple] - [MIDAS/Gen] o B8 2
»Fig. 1.29 T
Shear force (Fz) A ﬂ

Max: 5.0 %

Max: 5.0

Ficontow ] [Ipefom [
Yvaves L [iegens [

Cvroed 0 Quekden

fiekd it

Output Secton Locaton

S W oe | M 21 2 =

Hand calculations also show the maximum value of 5 kN.
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1. Simple Beam Analysis

Neod s 018 = 8 X
Results
% “-reactions * g | Tq BeamErement L Mode shapes - 10y Lines J1 TH Results = A i ﬂ o E
H Detormations ~ §1j~ | 4 Local Direction.. i) Madal Damping Ratio.. | ¢ Influ. Surfaces ~ |} TH Graph/Text - L =
oo | £ 2% 2 : : = | cotumn shortzning Story Shear Tert | Resuts
Combingtion | "sForces = &5+ | T4 Displacement panicipation Factor | | * noasi Resus orrs | glgmovingTracer = | i stagessten Gaph | “crapntor C& Foree Ratio Tables~
»Fig. 1.30 ; o i o, g et T T
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Hand calculations also show the same results (distributed load model: 12.5 kN-m,

concentrated load model: 25 kN-

m).

1-27
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S Force Components

»Fig. 1.31
Force components

Axial force in x —dir. Shear force iny —dir. Shear force in z—dir.

MZ

Torsional moment about x- axis ~ Moment abouty - axis Moment about z - axis
(strong axis) (weak axis)
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1. Simple Beam Analysis

(Basic)
Calculate the shear stress at the maximum shear at the supports and flexural stress at the
maximum moment at the mid span.
o(l)
VU e v by
| | I
(0.04267)
» Fig. 132 A‘ Q‘
Stress calculations ! (10) !

(8,

S.F%

Shear Stress

—

B.M.D

Section Properties

Bending Stress

X

Value | unit |

I

Sax represents cAxial. [

lzz

£.0000002-001 |n?
87686682002 | m®
4 2666672002 | m?
6.6666672-002|m?

Cyp
7 Cym
Czp

5.000000e-001|m
5.000000e-001|m
4.000000¢-001 | m
4.000000e-001 | m

L Yy Czp uz:

Czm Qzb

8.000000e-002 | nf
1.250000e-001 |

@&

Ferid
Feiil
Cenlery

}dﬁ‘ Center.z
C f

2600000e+000 | m
0.000000e+000|m
5.000000e-001|m
4.000000¢-001|m
-5.000000e-001 | m
4.000000e-001|m
5.000000¢-001|m
4.000000¢-001|m
£.000000e-001|m
-4.000000e-001|m
-5.0000002-001 |m
-4.000000e-001 |m

Clase

Stresses vary with the locations within the section.

midas Gen produces stress at a point. The stress output locations can be adjusted by

inputting C (Cyp, Cym, Czp, Czm) andy, z (y1-4, z1-4).

VQ/1b(9.37)

%7 My/1(117.2)
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1. Simple Beam Analysis

g Stress Components

For a given Element Coordinate System as below, the stress sign convention and
calculations are as follows:

where, Fx, Fy, Fz: axial force in x—dir., shear in y — dir., shear in z — dir.
lyy, 1zz: moment of inertia about y — axis and z - axis
Qyb, Qzb: shear coefficient for y —axis and z - axis
My, Mz: moment about y — axis and z - axis
Cy, Cz: extreme fiber distance in y — dir. and z — dir.

2 ,
» Fig. 1.33
Stress components

. P Fx
Sax axial stress ~ o
Ssy shear stre§s in Fy .
weak axis vQ I Qz
shear stress in Ib
Ssz . E Qyb
strong axis lyy
M
Sby moment at?out FZZ @
weakaxis My (Max(Cyp/Cym) )
|
Shy moment ab.out My o,
strong axis lyy
Fx Mz My
. . P My —t— (Y —-2
Combined | combined stress xT Area  lzz lyy
(yl~y4)
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Check shear and flexural stresses due to the distributed load.

Main Menu: Results / Stresses / Beam Stresses Diagram...
1. Load Cases/Combinations > ST: Beam Load

2. Components > Ssz

3. Type of Display > Contour, Values, Legend (Check on)
4.[Apply]

5. Components > Shz

6.[Apply]

Gen 2018 - [EABook Review\GEN Files\Simple] - [MIDAS/Gen]

| \ Unes - T Resutts -
: i Detomations - j Diagram = | H- Locai Direction. 7o o < | 4 T Graphest <
oas 2
Combination | % Forces - 3 MY Results - | [§ Displacement Participation Factor | |- X ep Graph

~ iR THENERG EHREH® Y

U s —

»Fig.1.34
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Structural Analysis | 1. Simple Beam Analysis
(Basic)

»Fig. 1.35 CehHo@ - - : q ) =@ =
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Structural Analysis | 1. Simple Beam Analysis
(Basic)

3. Manual Calculations

Displacements for the uniformly distributed load and the concentrated load are the same
as those from midas Gen (or midas Civil).
(unit: kN, m with shear deformation ignored)

w=1 kN/m P -10 KN
EEEEEEEEEEREE i_
l |
| - | =
b Fig. 1.36 =10 m =10m
Displacement results
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — ]2
w4 _ PI3
seaE - 0122 288 - 019
Member forces for the 2 loading conditions are also in agreement with those from midas
Gen or midas Civil.
=1KN/m P =10KN
»Fig. 1.37 EEEEEEEEEEERE
Reactions : L 1 “om =
Reaction ! —10m ‘ f
T p2=skN P/2=5N
® [2=%N o /2=5kN
»Fig. 1.38 _P/2= 5N
_ =  ——
Shear forces SFD -0 /2=-8N | / P25
\/ o /2=5%N =
»Fig. 1.39 @ ?/8=125kN-m P /4=25kN-m

Bending moments B.MD \/

-33
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4. Exercise

The following 2 beams are simply supported with a roller support on the left and a roller
supporton the right. Find the displacements, reactions, shear forces and bending moments
for each beam (ignore the shear deformation).

1.0 kN
e
Model 1 AI A
5m ‘ 5m 1
10 kN 10 kN
Model 2
s A
‘ 3am 4m 3m ‘
» Material

Concrete: 25 MPa (M25) (Modulus of elasticity E = 25kN/m?)

»  Section
Area: 3.0x10™ m?(400x750)
Moment of inertia (ly): 1.40625x102m*

» Load
1. Model 1: partial uniformly distributed load 1.0 kN/m
2. Model 2: concentrated loads 10.0 kN at 2 points
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Structural Analysis | 2. Cantilever Beam

(Basic)
1. Introduction 1.1 Concept for Cantilever Beam
Analysis

A cantilever beam is a statically determinate structure. Fig. 2.1 shows a cantilever beam on
Global Coordinate System (GCS) X-Z plane, which is restrained at the left end, A with
horizontal and vertical translations and rotation.

»Fig.2.1

Cantilever beam

Once the reactions of the beam are obtained, section forces at a specific location, x, along
the span can be found by equilibrium. 3 Force components, axial force (N (x)), shear force

(V(x)) and moment (M (x)) can be found from a free body diagram as shown in Fig. 2.2(b)
satisfying equilibrium.
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(Basic)
»Fig 22 q
Section force M A l l i i i i l i
(@) Cantilever beam H, {, I
A B
A
| J
D
q
May 4k 4
(b) Free body diagram  H A % | %, N(x)
M (x)
VAT V(x)
. . }
bEg 21 D Fy=0: Hy+N(x)=0

D F,=0: Vy+(-)ax+V(x)=0

DM, =0: MA+VAX+%(—q)x2+M(x):O

The relationship of loading-shear force-moment and the relationship of deformation-strain-
stress at a particular section of a cantilever beam are identical to those of a simply supported
beam.

In order to demonstrate the relationship of displacement-displacement angle-curvature of a
cantilever, a simple beam with the span of 1 and a cantilever beam with the span of 1/2
are examined. Both cases are subject to a constant moment. Provided that the modulus of
elasticity and the section dimensions are constant, the curvature remains constant. In this
case, the mid span displacement and the end displacement angle of the simple beam are
identical to the displacement and displacement angle at the free end of the cantilever beam
respectively.
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2. Cantilever Beam

(Basic)
The same magnitudes are caused by the fact that the shaded areas of the curvature, M,/
E1,, are identical in both beams. The displacement angle is the area of the shaded part, and
the displacement corresponds to the moment of the shaded area.
»Fig.2.3
Simple beam &
cantilever beam
pM m ML M (1)(1} M1?
»Eq.22 TR ST CTE 9 \al)”
a EIy 2 2EIy EIy 2 )\ 4 8EIy

For simplicity, signs for the displacement angle and displacement are omitted.

The same deformation value for the simple beam and the cantilever beam can be also
identified by the deformed shapes. The deformed shape of the right half span of the simple
beam is identical to that of the cantilever beam. The tangent of the deflection at the mid span
of the simple beam is zero, which exhibits the effect of a fixed end.
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(Basic)

2. Tutorial 2.1 Model Overview
The following cantilever beam is subject to a concentrated load and a uniformly distributed
load. Reactions, displacements and member forces will be calculated.

5kN
Model 1: concentrated load ‘
5m

»Fig.24

Analysis models

1.0 kN

NN

Model 2: uniformly distributed load }

o

»  Material
Steel: Fe440 (Modulus of elasticity, E = 2.05x108 kN/m?)
»  Section

Area: 6.671x10° m? (ISMB 350)
Moment of inertia (Iy): 1.363030x10%* m*
» Load
Model 1: concentrated load 10 kN
Model 2: uniformly distributed load 1.0 kN/m
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(Basic)

2. Cantilever Beam

2.2 Work Environment

Open a New File and save.

Main Menu: a / New Project...

Main Menu: a / Save As...

1. File name: ‘Cantilever’ and [Save]

Set a unit system to kN & m at the bottom of work window.

IkN vlm VI'¢*4£P no ¥ 1:;" 2

-

Alternatively Main Menu:

- . N
> Fig.25 Tools / Unit System... hwsmem -
Save file & )

. B Save As — N Length Force (Mass) Heat
set unit system OO [« Local Disk(D:) » OFC » book » maodified < Tar | search modifea = @m ON (kg @ cal
Organize *  New folder - @ - @ =
Eom I (iom) Tkeal
% Query Name Dat ed pe - AR -
A B cantilever beam /5/2013 1147 PM  MIDAS Crmm _ oF
() tonf (ton)
i ~ (@] - )
3 Homegraup It ©)Ibf (b Sk
g Computer ©in (©kips (kips/q) JBtu
& local Disk (C) | =
« Local Disk (D)
< Removable Disk ( Temperature
@ A360 Drive . . v (@) Celsius (7 Fahrenheit
Fie name:— NI T Note : Selected units are displayed in relevant
Save as type: | MIDAS/Gen Files (mgb) -] dialog boxes. Values are NOT changed with
units.
e T —
[ set/change Default Unit System
%E ) 0K ]] l Apply ] [ Cancel
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(Basic)

midas Gen is 3-D software. Since the beam exists in a 2-D plane, X-Z plane in Global
Coordinate Systemiis set as the work plane, which restrains unnecessary degrees of freedom,
Dy (Y- displacement), Rx (rotation about X - axis) and Rz (rotation about Z - axis).

Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane
2.[OK]

r N
Structure Type ﬂ

> Flg 26 Strut__4-Type
Set awork plane ®3b

Mass Control Parameter

(")Y-Z Flane (7)%-Y Flane () Constraint RZ

@) Lumped Mass
|| consider Off-diagonal Masses

|| considering Rotational Rigid Body Mode for Modal Participation Factor

( :.‘ Consistent Mass

[ convert Self-weight into Masses

'5: ) Convertto X, Y, Z Convert to X, Y Convert to Z
Gravity Acceleration : 9.806 mfsec2
Initial Temperature : 0 [cl

[ Align Top of Beam Saction with Floor (X-¥ Flane) for Panel Zone Effect / Display

["] Align Top of Slab(Plate) Section with Floor (X-Y Plane) fc@p\ay
2

0K Jl [ Cancel ]




_

Structural Analysis |
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2. Cantilever Beam

2.3 Material & Section Properties

Select Fe440 from DB.

Main Menu: Properties / Material Properties
1.[Add..]

2. Name: ‘Fed40’

3. Type of Design > Steel

4. Steel > Standard > IS(S), DB > Fe440
5.[OK]

B3 [ Viterial Data

Properties

> Flg 27 waterial | Section | Thickness | e || 2
Define Material Data D wame Type  Stnderd 08 Add.. eterel ! R

Elasticity Data

3 ,lTvpe ofDesign  [Steel q
Standard  |15(5) |
' E—

[ Renumoer | Concrete
Standard A
Type of Material Code -
@ sotropic Orthotropic
DB M
Steel

Close

Modulus of Elasticity :

Poisson's Ratio

‘Weight Density

[T use mass Density:

Thermal Coefficient

2.05002+008 | kjm~2

03

1.2000e-005 | 171

76.98 | kym~3

785 | kn/m~3/q

=H concrete
Plasticity Data
Thermal Transfer

Specific Heat

I Heat Conduction

Damping Ratio

Plastic Material Name

0

0

0.05

NONE v

cal/kn*[c]

calf/m*hr=[C]
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(Basic)
Use IS355 Click Section tab.
1.[Add..]
2. Section shape list > I-Section
3. Section definition method > DB, DB > IS(S)
4. Sect. Name > ISMB 350
5. Consider Shear Deformation (Check on)
6.[OK]
Properties é Section tha‘ S
» F'g. 2.8 . Material Section | Thickness ‘Ci:\\‘ | DENEE”} ‘/7\‘
Define section L tom e s — Secion D 1 [ ‘I LSection ‘ "
Delete —
— Name ISMB 350 User DB 5 _ -l g/"
Import. )
Renumber Sect. Name I1SMB 350 Nz
[ Built-Up Section }
Consider Shear
Deformation is = S
generally checked on =
for structural analysis. — :
HOWeVer’ general H:0.35 BL:0.14 tw:0.0081 tf1:0.0142 B2:0 tf2:0 1 " o o
structural mechanics w04 m
hand calculation w008 m
. 1 0.0142 m
ignores shear N .
deformation, which is @ o "
the reason for n 0.01¢ m I
checking off in this T m
case for comparison P
purposes. ()
Consider Warping Effect(7th DOF)
Offset @ Center-Center
Change Offset ...
I )
(6)
[ Show Calculation Results... ] o J/[ cancel
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(Basic)

2.4 Nodes & Elements Generation

Create nodes where elements will be created.

Main Menu: Node/Element / Create Nodes

1. Coordinates (x, y, 2): ‘0,0, 0’

2. Copy > Number of Times: ‘5’

3. Distance (dx, dy, dz): “1, 0, 0’

4. Display Node Numbers, Display Element Numbers (Toggle on)
5. [Apply]

6. Auto Fitting, Front View (Toggle on)

Gen 2018 - [DAOFC\bookymodified\cantilever beam *] - [MIDAS/Gen]

Query  Tools

[ Define Sub-Domain

PR

» Flg 29 @ e\t. MY XDelete +|+ Miror X . ¥ Divide X Delete 55 E‘ [l Auto-mesh
- L o ® 00 K ‘5pome =sae (4 i —— IMerge 5 Rotate |% H FlMap-mesh
Create  Translate Divide Mer . Create Translate Extrude «_» "M P Change | Elements
Create nodes : SRS £ (Create oy e e e e R SR

ﬂs:-an Node Number  :

Coordinates (x,.2)
00,0

copy a
Number of Times : ¢
1 2 3 4 5

1,0,0 m |< 4=| ‘_1

| merge Duplicate Nodes =] 5@1.0=50m \':\
[ Intersect Frame Elements =] I

Qe =

= &

S
5]
=]
” « [

(3 R DI
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Structural Analysis | 2. Cantilever Beam
(Basic)

Connect nodes to create elements.

Main Menu: Node/Element / Create Elements

1. Element Type > General beam/Tapered beam

2. Material > 1: Fe440

3. Section > 1: ISMB350

4. Intersect > Node, Elem (Check on)

5. Click the Nodal Connectivity field (which turns to green), followed by clicking Node 1
and 6 on the model view sequentially.

6. Hidden (Toggle on)

. = - Gen 2018 - [DAOFC antilever beam *] - | ] =
» Fig. 2.10 & e :
Create beam elements ) N_¢ XDeete o|oMivor 5, @ B » (£, — Xoeere = [BgAuto-mesn  [ig Define Sub-Damain
(2 _g %'\‘. )'-'5 %9 Rotate =2Scale | . ] = —\ 1-!- ‘1‘— IS-N x # Rotate % 3" y B Map-mesh
ﬁ':;: Transiate Divide Merge & projet e m;:l.: a:!;".:ln.‘sn Translate Extrude Divide Merge Intersect il wierar 5] Pic’:mr | Elements S—"
6
fm-r - EEREENER® RS S NE i i B=Hs Ain CL] EX
| ¢ [ MIDAS/Gen x |
1 Element
[General boarmTapered beam - i

2 Rel.

=

M

e | P

1 [1Feso k] [l
Secton ——eo—
No. Hame | E
1 [1: 15m8 350 F =
Orientation ———
@ Beta Angle Ref. Point
Ref. vectr

a T [deq]

amm-@ﬂs-m@s‘-{aﬁ.m@m@@u

BB E

DR R
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(Basic)

Copy the elements created with the same properties.

Main Menu: Node/Element / Translate Elements
1. Mode > Copy

2. Translation > Equal Distance

3.dx, dy, dz: ‘0, 0, 2", Number of Times: ‘1’

4. Select All

5.[Apply]

[BrAuto-mesh [l Define Sub-Domain
] Map-mesh
[ Define Domain

u_¢ o|s Mirrer
o X Deleta *|+ Mirros

'Fig- 211 o j‘ %". AR %% Rotate Tscale [
Copy elements Greate | Tardate Dvide Merge op .

| _Change | Elements
Parameters  Table

LB ¢ [ miDas/Gen x

.
[ start humber
tode Humber  : 13

Blement Number : u
o=
ode

Translation
Node Increment 0

EIE]

@) Equal Distance
dydz: 0,0,2

Number of Times : 1

Material e, @ 0 Rep.
Section Inc.  : o Rep.
Thickness Inc. : 0 Rep.
Delete Free Hodes
Intersect [ ode clem ] &
17| Copy Node Attributes &

Copy Element Attributes

>3
] (L commana wesssae [ anevn vessise 7
— ;
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(Basic)

P Fig. 2.12
Input support
conditions

2.5 Define Boundary Conditions

midas Gen is 3-D software in which each node retains 6 degrees of freedom (Dx, Dy, Dz,
Rx, Ry, Rz) symbolized by 6 triangular cells in a hexagon. Dx to Rz are sequentially
represented starting from the “12 o’clock” in the clockwise direction. Green color in the
triangular cells signifies restrained condition.

Main Menu: Boundary / Define Supports

1. Display Element Numbers (Toggle off)

2. Support Type > Dx, Dz, Ry (Check on)

3. Select Single (on) mode: select Nodes 1, 7

4.[Apply]

Boundary ISR Re: D .
9 . ] g Genaral M ﬁ&: [am ) E [ﬁ ] Linear Con: i g
7 11 Pile Spring Supports [5! Panel Zone Effects ;' Diaphragm Disconnect
Define Paint Surface Blastic  Rigid General | Beam End Beam End Plate End | -4, B Boundary
Supports | Spring Sating Link Link Link™ | Release Offsets Release | % Modelocal Aus [ Story Diaphragm Group

Supports: =

Baundary Group Name
Default =] [a

Options e
@ Add Replace Delete . 6 7 8 9 10

Support Type (Locel Direction)

z
Ty
Dz x

Message Window Rx
The project will b,

A=8806/08 63200500 % xR = -

Ed by the auto-save feature.

>>
[ [T [ ], command essage { Aames tessage [ 1« i
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Structural Analysis |

2. Cantilever Beam

(Basic)
2.6 Define Loads
Define the load cases (load types) first to which individual loads will belong.
Main Menu: Load / Static Loads / Static Load Cases
1. Name: ‘Beam Load’
2. Type > User Defined Load (USER)
3.[Add]
4.[Close]
Static Load Cases # - — E
» Fig. 2.13 1=2
Deﬁne IOad case Name B Beam Load el Add |
Type .| [user Defined Load (useR) -
Description :
No | Name Type Description il
O
#*
Typically in practice, a
number of Load Cases =
(Types) are defined
such as Dead Load,
Live Load, etc., which
will be combined with
relevant load factors to
satisfy a specific design J
code. e
°|

-15
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(Basic)

» Fig. 2.14
Input loads

2-16

Input a concentrated load of 10 kN at the tip of the cantilever, Node 12.

Main Menu: Load / Static Loads / Nodal Loads
1. Load Case Name > ‘Beam Load’

2. Nodal Loads FZ: ~-10’

3. Select Node 12

4.[Apply] [Close]

Input a uniformly distributed load of 1.0 Kn/m.

Main Menu: Load / Static Loads / Element (Beam Load)
1. Load Case Name > ‘Beam Load’

2. Load Type > Uniform Loads

3. Value > x1: ‘0°, w: “1’, x2: 1’

4. Display Element Numbers (Toggle on)

5. SelectElements 1, 2, 3,4,5

6.[Apply] [Close]

Rha®

Gl 2 A 6 B 1E 41
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H
H
§
L

a0 i=8060I06$%2 O A

DD ey,



\

\

Structural Analysis |

2. Cantilever Beam

Check the modeling data prior to performing analysis.

Main Menu: View / Display...
1. Load tab, Load Case > Load Value (Check on)
2. Case Selection > ST: Beam Load
3. From the list, check on Nodal Load, Beam Load

4.[OK]

Main Menu: View / Display
5. Nodal Load, Beam Load (Check off)

6. [OK]

_ (5) Dynamic Loads

Gen 2018 - [DAOFC\book,

(7) settlement/Misc. @] @ W seifweight Y Nodal Body Force | BFWind Loads | [TL Bement ﬁ\ Prassure Loads = %= Initial Forces -
(©) TempPrestress (=) Construction Stage (=) Load Tables. (#5Nodal Loads ™ Loads to Masses = | §F| Seismic Loads | TTL Line [, Hydrostatic Pressure | [ ~
() Moving Load  (7) Heat of Hydration StaticLoad Using 1020 | *1Specified Displ. i Typical | 4 Assign Plane Loads ~

S G TEEABBOIESAN N E S EB= D 8
B mpas/Gen x |
Element Beam Loads - 7
Load Case Name Display 2 =
Beam Load 2 (=
Load Group ame Nose | Element | Property | Boundary| Misc Load | view | Design |
Defoult 2] [
bl 1~2 10 11 2
Options " ndcos
@add (7 Replace Delete an 7|Load value =]
Load Type 9 Case Selection ST: Beam Load
Wnform Loads ) " Group Selection
. 35 )
tiadll Bt For .
7 Hadol Loa
[IT.ALE L LI ' specfied Displacement
‘:J"‘ . |7 Beam Load |
- T Prestess Lo
Pretension Losd
™ Floar Load
Floar Load fame:
| Floor Load Area
Eccentricty [ Pressure Load
| Flsae Load
Direction Global Z - | Piane Load Hame p 5
adal Temperature -
Frofecon : Y @no P
value
@ Relative Absolute Display by Group -
a0 w1 Display by Selection 7 Display by Member
2 1 0
Hdden Labels
a0 0 & -
x4 0 o 4 6"\ Display Option [ Resat All
- S s e
Aoy Close "

glmwz«@@sgmms‘-smae‘@m@mgs'%l:«-@

>>
1 1] Cormmand essoge { Araon iesepe ]
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Structural Analysis | 2. Cantilever Beam
(Basic)

Analysis is performed.

Main Menu: Analysis / Perform Analysis
1. Display Node Numbers, Display Element Numbers (Toggle off)
2. Check for successful analysis in Message Window.

»Fig.2.16
13 view Point = ) - : 1 | it
Message fora et ine } . : o e Vertany
successful run . o | O] Mo i ergious | By cacade
* 7 (O Statc Load Cse 1 [BasmLoad:]
Shortcut key for

Perform Analysis is F5.

Error messages will be
generated in Message
Window if the input
data contains errors.

oN TERMINATETD
C\book\modified\cantilever be|

o
= -

'YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......
[TOTAL SOLUTION TIME..: 0.33 [SEC]

10 =E008 A +%RAHL L0 % [E-E‘EE

N S =y D)
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Structural Analysis | 2. Cantilever Beam
(Basic)

2.8 Check Analysis Results

Check the reactions from midas Gen and compare them with hand calculations.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases/Combinations > ST: Beam Load

2. Components > FXYZ

3. Type of Display: Values, Legend (Check on)

4. [Apply] [Close]

a =] a - ¥ Gen 2018 - [DAOFC\book\modified\cantilever beam] - [MIDAS/Gen] e @ R
. B Results. U
»Fig.2.17 -
. I+ %-Reactions = G4~ | JQBeam/Element ~ L Mode Shapes % Influ, Lines ~ I TH Results = pa m e 5
Reaction results i i Dvtormations - i~ | H+Loca Dirsction. = & o, Suracns - | 2 T4 GraptuTent - —
o ion | FedFores = 23+ | T Dsplacement Particpation Factor | | * Nod Resuts 9 Moving Tracer - | 12 Stage/step Grapn | CmoSporisnagion Shear | Tert | Resuks

fo -~ iV AR ®IFE RS ® | B
4 [ mDAS/Gen x
Reactions.
Reaction Farces/Moments. )]
1
ST: Beam Load R .
2
Companents.
O Or @R
Mx My Mz MXYZ
-0, Max: 5.0
Local (f defined)
3 | Tyee of Display
V]voles [ Wtegend [}
‘Arrow Scale Factor: 1000000
) ==
s)(3] e oo | O
) VIEW-DIRECTION
®<\) Max: 5.0
— SOLUTION TERMINATED -+ g
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\OFC\bock\modified\cantilever be. B
TOTAL SOLUTION TIME..: 0.33 [SEC] n
ol
Tree Mens [ 1 [ Ty Commanitiosspe ) pnayse Moasoge f |« v s
N v]m ] e e EIW0 2 2 B
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Structural Analysis | 2. Cantilever Beam
(Basic)

Check displacements from midas Gen and compare them with hand calculations.

Main Menu: Results / Deformations > Displacement Contour...

1. Load Cases/Combinations > ST: Beam Load

2. Components > DXYZ

3. Type of Display > Contour, Deform, Values, Legend (Check on)
4.[Apply] [Close]

5. Change the unit to mm in Status Bar at the bottom of the work screen.

Gen 2018 - [DAOFC\book\modified\cantilever beam) - [MIDAS/Gen] = 2
Results. 1
» F|g 2.18 -Reactions = Geg~ | JQ Beam/Blement - e #% Infu, Lines = I TH Resuits = e T
. H Deformations ~ ‘Fi H- Loeal Direction, o Influ, Surfaces - | [ TH Graph/Text -
Displacements o | bporees - 1 Disptcement Partipation Fstor | | ol S e (e Sy T
| M |
i £ 'hITEIZtlEﬁﬁEfEIIElﬂHQKHHX'Ik [ PR - PR T
@ moas/Gen x| ]
Deformations E =
[Displecement Contour =[] x
1 ed Cases/Combinations
ST: Bear Load &) =
pm— I
Max: 15.135
SCALETACTOR {
| vestean |G
= st mw on
. a
1378 2106 Q:
L)
*
|vaiuss
o . Z;]
e (1] “ Max: 2.852 a
Plate Cutting Diagram = &
Current Step Disp B
| | E— — SOLUTION TERMINATED - @
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\OFC\book\modified\cantilever be.
TOTAL SOLUTION TIME..: 0.33 [SEC]
S B - g
—r— i M-
e T3 [T, ommunanessane ) Anawsis wessage [ Jl« i 5 v
kN v [mm = D o @I 2 2 =
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Structural Analysis |
(Basic)

2. Cantilever Beam

Check moment diagram.

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

1. Change the unit to m in Status Bar at the bottom of the work screen.

2. Load Cases/Combinations > ST: Beam Load
3. Components > My

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

5.[Apply]

Gen 2018 - [DAOFC\bookmodified\cantilever beam) - [MIDAS/Gen]

View  Structure  Node/Element  Properties  Boundary  Load [P pushover  Design  Query  Teols

¥ Hep

} Flg 219 % 4-Reactions ~ G~ | JQ Beam/Element ~ L Mode Shapes ~ # Influ. Lines ~ TH Results ~ A @ =
Moment [ Deformations = 37+ | }4- Local Direction.. §-7 Modal Damping Retic.. | £ Influ. Surfaces = | L TH Graph/Text = N -
Combnasion | Fid Forces = &3 | T Displacement Particpation Factar | | *Nodal Results of RS | giMoving Tracer » | i Stage/Stes Graph | “°TI0 40 €0 port uear
| e
DEEEIEFIEEER] - FCLLIREY T
[ MIDAS/Gan x FA
midas Gen o
eost-rrocesson_ | FE
BEAM DIAGRAM '.'."‘
MOMENT-y e
Member forces are 500 o
i = 400 RS o
generated in Element [ 200 100
Coordinate System. For
beam / column Max: -50.0
elements In 2-D’ how T F ~3.6363684001 ‘_1
Show Truss Forces © g
moment My, shear force T Fore -c.oseasesn |
. -4.54sa5e+001 | (8L
Fz, and axial force Fx ospayopeers “ononsees | @)
© et - sTs meRe LoRD =
are generated. © 5 poims 9tine Fil 125 8.0
o s O L 15 20 25 -
Le)
4 | Type of Displey R %
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7] valuss Fliegend [ Max: -12.5 2
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Mirored [o) Quiokview (o) =
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Structural Analysis | 2. Cantilever Beam

» Fig.2.20
Shear force

Check shear diagram.

1. Components > Fz
2.[Apply]

Gen 2018 - [DAOFC\bookimodified\cantilever beam] - [MIDAS/Gen)

Design

ent  Properties ary A Pushover Query T

% 4~ Reactions = g~ | TQBeam/Element ~ 1 Mode Shapes ~ L infiu. Lines = T.H Results =
H Deformations = §§~ | 14 Local Direction.. K ping Ratio.. | AL Influ. Surfaces ~ | il TH Graph/Text =
Combn ion | T Foroes = &3 | T4 Displacement Particpation Factor | | * Medal Results of RS | i Moving Tracer = | 1 Stage/Step Graph

BOST-PROCESSOR

Beam Diograms ][]

seax DGR
suEAR-2
Load Casss/Combinations 0.00000e+000

(TR TTTT T TTTT T TTTTThad TTTTTHed [T] i

-4.545450000

=5.454556+000 1o

. 6. 3636424000
Max: -10.0
-2.18182e+000

Orly Truss Forces

Display Options g
Bt o Fll
© 5 ponts S ne Fil
Scale:  Lovooog | Sobd Fill 56 44 30 20 1.0

Type of Display
Yconoor  [] [loeform  [] RM&X' 5.0
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Elwwored [ Quckview [
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Flapsmac [ JMnmax Al
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Structural Analysis | 2. Cantilever Beam
(Basic)
Check member stresses.
Stress components:

Sax: axial stress in ECS x —dir.

Ssy, Ssz: shear stress in ECS y —dir. and z — dir. respectively

Shy, Shz: flexural stress about ECS y — axis and z — axis respectively
Combined: maximum or minimum of combined stresses, Sax + Shy + Shz

Stress component Sbz needs to be checked for pure flexural stress.

Main Menu: Results > Stresses > Beam Stresses...
1. Load Cases/Combinations > ST: Beam Load

2. Components > Shz
3. Type of Display > Contour, Deform, Value, Legend (Check on)
4.[Apply]
» Fig.2.21 I e ey
Beam Stress . :g:,m :;-:?eiM:ern..
{4 Detematons - HADigan~ | HvLoca Do
Comipeation | " Forees - FJHY Results - | [ Displacement Partiipation Factor

G EITEHEXSEBOD EIHRS D
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Structural Analysis | 2. Cantilever Beam
(Basic)

3. Manual Calculations

3.1.1 Reactions Reaction in Model 1 with a concentrated load, P =10.0 kN
Reaction in Model 2 with a uniformly distributed load, w1 =5.0 kN
These are the same as the midas Gen results.

: _ , p1®
3.1.2 Displacements Displacement in Model 1 with a concentrated load, & = E = -14.912mm

: . L 4
Displacement in Model 2 with a uniformly distributed load, & = S)E =5.286 mm

These are the same as the midas Gen results.

3.1.3 Shear forces Shear force in Model 1 with a concentrated load, V,, =P = -10 kN
Shear force in Model 2 with a uniformly distributed load, V, =@A=—5kN
These are the same as the midas Gen results.

3.14Bendingmoments  Bending moment in Model 1 with a concentrated load, M =— PA= - 50 kNm

1 2
Bending moment in Model 2 with a uniformly distributed load, M = _wT =-125KkN-m

These are the same as the midas Gen results.



Structural Analysis |
(Basic)

2. Cantilever Beam

4, Exercise

Find the reactions, shear forces, bending moments and displacements for each beam
below subject to the loadings shown (ignore the shear deformation).

Model 1: concentrated loads

Model 2: partial uniformly distributed
load

»  Material

5 kN 5 kN

l l

25m ‘ 25m
+——————————————

25m 25m ‘
|

Steel: Fe440 (Modulus of elasticity, E = 2.05x108 kN/m?)

»  Section

Area: 6.671x10° m? (ISMB 350)
Moment of inertia (ly): 1.363030x10* m*

» Load

Model 1: concentrated loads 5.0 kN
Model 2: partial uniformly distributed load 2.0 kN/m

-25
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3. Truss Analysis
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Structural Analysis I 3. Truss Analysis

(Basic)

1. Introduction 1.1 Concept for Truss Analysis
Atruss generally consists of 2 or more chords connected by a series of hinged diagonals and
verticals in the form of triangles. The truss type structural system is used for long span
applications while minimizing the own weight, which include plants, auditoriums, sports
arenas, stadiums and bridges.

» Photo 3.1

(@) Roof trusses
(b) Long span bridge

Depending on application areas, trusses can be of many different shapes and forms, which
include roof truss, truss beam, truss supported by columns, truss frame, etc.

(@)
»Fig3.1
Examples of truss types m




Structural Analysis | 3. Truss Analysis

(Basic)
Truss forces are found under the following assumptions:
1) Members joining at each node are hinge-connected.
2) Each member is straight.
3) The centerlines of the members meet at nodes.
4) Loadings are applied only at the nodes.
Since only nodal loadings are present, truss member forces are either only in tension (+) or
in compression (-). Tension is defined when external and internal forces act away from a
node.
Internal Force  External Force Internal Force External Force
» Fig. 3.2
External force Intemal «—t—> <« — it o he—
force Node
Node Node

A truss structure can be statically determinate or indeterminate. A statically indeterminate
truss can be further classified as external and internal. A statically determinate truss is one
that reactions and member forces can be calculated from only equilibrium, whereas additional
conditions corresponding to the degree of indeterminacy are required for analyzing a statically
indeterminate truss. Force equilibrium conditions alone cannot obtain the reactions of an
externally indeterminate structure. For an internally indeterminate structure, reactions can be
found by force equilibrium, but additional conditions are required for obtaining the member
forces.

The degree of indeterminacy of a 2-D truss is determined as below;

Degree of external indeterminacy: m, =n — 3
Degree of internal indeterminacy: m; = (3 +s +r) — 2k
Total degree of indeterminacy: m = m, + m;

where,

n: number of unknown reaction components,

s: number of members,

r: number of rigidly connected nodes,

k: number of nodes
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(Basic)

3. Truss Analysis

»Fig.3.3
Truss cuts

1) Solutions for statically determinate truss structures

A truss can be analyzed by the methods of joints (nodes), sections, stress coefficients,
drawings, influence lines, etc. Among these methods, the joint method entails force
equilibrium in a joint free body diagram like . Fy = 0, Y F, = 0. The section method
involves force equilibrium of the free body diagram of a cut truss satisfying ), Fy = 0,

Y. F, =0, M = 0. The moment sum of force equilibrium is missing from the joint method
as a truss node cannot resist moments.

The diagrams below illustrate the joint and section methods. Nodal equilibrium at the joint
(node) A is shown in the joint method. The section method shows a cut truss to which force
equilibrium is applied. The fact that 2 equations can be used for the joint method, no more
than 2 members can be connected. Similarly 3 equations can be used in the section method,
hence the number of the cut members should be limited to no more than 3.

e Cutline
B C
g, .\
z P | h
A <0 ,” D
X 1‘\ HAA% 1 1 LE 7 LF A
R P,

Cutline
B,
nBC
nAB A nBF
e N
W A2, N Hi T E EF
A RA
2F =H,+n, +n,cos6 =0 2F =H,+n, +ng cosé, +n. =0
> F, =R, +n,sing =0 > F, =R, —ngsing, =0

YM, =-H,-h+R,-1,-n,-h=0
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(Basic)
2) Solutions for statically indeterminate truss structures
The method of consistent deformation or the flexibility method is useful in analyzing
indeterminate truss structures. In the method of consistent deformation, equations are
formulated for the degrees of freedom selected as unknowns, and compatibility conditions
are applied.
The structure below illustrates the flexibility method in which one degree of freedom is
selected as an unknown. The BF truss member in the example is artificially heated up to
elongate its length by A. The concept of flexibility method is explained for the unknown
member force in BF, X;.
B C
Changeinlengthduetoa
> Fig. 34 change in temperature
Flexibility method A D
(@) Analysis model H,
—4 E F
\Y \%
T A (a) DT
s D,
AN
B ~C
(b) Case of an external
load applied
A D
E F
(b)
s
B 2L
N
(c) Case of a unitload ‘1
applied to BF member /’
A
A4 E F %2 p
(©)



Structural Analysis | 3. Truss Analysis

(Basic)

»Eqg.3.1

»Eq32

In the flexibility method or the method of consistent deformation, analysis is carried out by
establishing a compatibility condition for the state of removed member or support selected as
an unknown. If the BF member force is selected as an unknown, the compatibility condition
corresponds to the state of the member cut in the middle. The change in distance (overlap
or separation) between the two disconnected points due to an external load is defined as D; .
Note that a change in temperature is not an external load. And the change in distance
between the two disconnected points due to a unit load is defined as f;;. Then, fi; X;
represents the distance between the two disconnected points in the BF member subjected
to a member force, X;. The compatibility condition in this case then becomes,

f X, + D, =A

If only a loading is present without a temperature-like cause, A,becomes zero. But if the
member BF undergoes a change in length due to a temperature effect, D, becomes zero,
and A, becomes the change in length. That is, the above equation expresses the
compatibility condition for the fact that the member BF is not at the disconnected state.
Because f;, X, and D, cancel each other or the actual deformation is A, , it is also referred to
as the method of consistent deformation. The unitload is the most effective method of finding
the deformation f;, or D;among other methods.

When a structure has the degree of indeterminacy of 2, 2 members or reactions are selected.
The following compatibility conditions can be formulated for the state of removed members
or reactions:

{ f11 le X, + D, _ A,

f21 fzz X, D, A,
L l: 1.

fll = Z_Inllnll’ le = fZl = _In|ln|2| f22 = _In|2n|2
EA EA EA

1 1
D, = X g i, 0, =T gnin,

A;= Deformation due to erection tolerance or temperature change, etc.
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(Basic)

2. Tutorial 2.1 Model Overview
Compare the behaviors of the two trusses, one truss with the degree of internal indeterminacy
of 1, and the second truss with each degree of internal and external indeterminacy of 1. Both
cases are subject to an internal load like an erection tolerance and a concentrated load.
Model 1: Degree of internal static indeterminacy of 1

£
z o
T [o0]
L /J —X
5mm pes
P =500 kN
»Fig. 35 | 3@6m=18.0m |
Analysis model ‘ ‘

Model 2: Degree of internal and external static indeterminacy of 1 each

g

i 3

J o
AN 4 AN
5mm
P =500 kN
| 3@6m=18.0m |
r \

Y

Material: Fe540 (Modulus of elasticity, E = 2.050x108 kN/m?)

»  Section: SHS 250 X250X12 mm

» Load

1. Concentrated nodal load: 500 kN

2. Erection tolerance: 5 mm — converted into a pretension load (1133.035 kN)

P=Ks=EA/l x5= (2.0500x108x0.011054/10)x0.005 = 1133.035 kN
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(Basic)

3. Truss Analysis

2.2 Work Environment

Open a New File and save.

Main Menu: & /New Project...
Main Menu: [& /SaveAs...

1. File name: ‘Truss’ and [Save]

Set a unit system to kN & m at the bottom of work window.

Alternatively Main Menu: Tools / Unit System...

»Fig. 6.8
g I Sove A5 = Unit System m u
Save file & (D) [ = New— » Leaminy sruso mechonis wing mics 6.+ =] 9| s Lsamg st
T Length Force (Mass; Heat
setunit system Organize » Mew foder = @ "o T =) -
Document *  Mame Dat » Type Sizd @m On e Ol
4 Misic R Truss '8/ MIDAS/GENw Doc ‘.: ) cm @k (ton) ‘é"kca‘,
5. Pictures =
Ot (k
8 Vigeos ®mm e ®1
(tonf (ton)
& Computer ©n Ot () (@]]
& Local Disk ~ - ~
= New Volur ©mn () kips (kips/a) [@]: 1]
& New Volur
© Autodesc: — . Temperature
[ Fiename mmm J- © celsius ) Fahrenheit
1 Save as type: [ MIDAS/Gen Files (*mab) | Note : Selectzd units are displayed in relevant
dialog boxes. Values are NOT changed with
= Hide Folders S, { | unts:
[] set/Change Default Unit System

(2;/[ o)) [ aeey | [ concel
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(Basic)
The example models exist in the 2-D X-Z plane.

Main Menu: Structure / Structure Type...

1. Structure Type > X-Z Plane

2.[OK]

ucture Type u
(3}
Structure Type

» Fig. 3.7 (0)¥-Z Plane (7)%-Y Plane () Constraint RZ
Set awork plane

Mass Control Parameter

(@) Lumped Mass
|| consider Off-diagonal Masses

[~ considering Rotational Rigid Body Mode for Modal Participation Factor

( i | Consistent Mass

[ convert Self-weight into Masses

‘i ) Convert to X, Y, Z Convertto X, Y Convert to Z
Gravity Acceleration : 9.806 mysec™2
Initial Temperature : 1] [F1
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(Basic)

» Fig. 3.8
(@) Define material
(b) Define section

2.3 Material & Section Properties

Select Fe540 from DB.

Main Menu: Properties > Material Properties
1.[Add..]

2. Name: ‘Fe540’

3. Type of Design > Steel

4. Steel > Standard > IS(S), DB > Fe540

5. [OK]

Click Section tab.

1.[Add..]

2. Section shape list > Box

3. Sect. Name > SHS 250 X250X12
4.[OK] [Close]

Material Data Section Data ==
2
General DEB/User |
Haterol 10 ' I
3 4 Secton ID 1 O Box =
Elasticty Data
[ Type of Desion | Steel =) ] e f ) Name  SHSZOOCOPQ Cvser  @oB I8
standard  [IS(S) =
[i:] Fe540 - et [ Sect. Name SHS 250.0x250.0612.0  + ]
" Busk-Uy
Concrete
Standard
Type of ] SC101
ype of Materal o I (
@ Isotropic Orthetrapic
("]
Steel
Moduis of Easboty 2.0500e+008 | kyjm~2 L m
B 2 m
Poisson's Ratio
w 12 m
Thermal Cosficent 6.66672-006 | 1/[F] 1 1 o
Weight Densty : 76.98 | kfm~3 c m
Use Mass Densty: 785 kym~3/a 2 =
B concrete
Plasticty Data
Plastic Material Name NONE -
Thermal Transfer ¥ Consider Shear Deformation.
0 . Consider Warpng Effect{7th DOF)
Specifc Heat Bu/kNTF] Offset : Center-Center
Heat Conduction = L Btu/m*hr*[F] Change Offset ...
Damping Ratio f @
— ;
o )1 o = [ Srom ot et C|
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(Basic)

2.4 Nodes & Elements Generation

Create nodes where elements will be created.

Main Menu: Node/Element > Create Nodes
1. Coordinates (x, Y, 2): ‘0, 0, 0’

2. [Apply]

3. Auto Fitting, Front View (Toggle on)

o B R
Hode/Eiement Results A Help

Analysis  Results esign ols
» u_¥ Jete o] Mi N = E 3 Auto-mesh -Domain
y oNe Yo KDelete |+ Miror ¥ '~ .A{ N_Yj x X Delete :}I - [Basuto-mesh  [fig Define Sub-Domai
L4 ® 0% AR 2fpame Ssak - — =7 T Rotats | [ Map-mesh
Create | Translate Divide Merge - o | Nodes | Create Translate Extrude Divide Merge Intersect ., , | Change  Elements
Ndes £ project £ Tl | cemnts M1 ([ Mimar L prymeters Tobse | (B Deéne Dorain

Gen 2018 - [D\Learning streutral mechanics

PR IR - IR -

e}

el

Coordnates (x,y,7)
09,0 m

Copy

Number of Tames : 0

Distances (d,dy,dz) :
0,0,0 m

7| Merge Dupicate Nodes (=

V! Intersect Frame Eements =
o- E

gmw»@lﬂg%\m@{-ﬁam]ﬁb@

T T commans wessage { ooy e |
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(Basic)

Use Extrude Elements to extrude a node into line elements for the bottom chord.

Main Menu: Node/Element > Extrude

1. Extrude Type > Node — Line Element

2. Element Attribute > Element Type > Truss

3. Material > ‘1:Fe540, Section > 1: SHS 250 X250X12, Beta Angle: ‘0’
4. Generation Type > Translate

5. Translation > Equal Distance

6. dx, dy, dz: ‘6, 0, 0’, Number of Times: ‘3’

7. Select All to select the node

8.[Apply]

Gen 2018 - [DA\Learning strutral mechanics using midas Gen\Truss] - [MIDAS/Gen)
cls A Help

A a\‘o Mgl XDelete |+ Mimor JF, & - X - [Basuto-mesh [y Define Sub-Domain
g ® 0% AR opome Tsae 7| @ = — G 5] ap-mesn
Creste | Transias Divide Merge . o | Nodes | Creste = | cn Biements )
Nodes gapwﬂ £ | Toble | erents [ Mimor ] | pgamitars o | [l Define Domain

Extrude Type
|Nade -> L Elernent -

ource Temave Mave
Reverse [-)
Element Attrbute

Element Type: [ Truss. -
Matersl :

1 [1: Fesan =[]
ction ©
1 [1: 5Hs 250.06250.01 ¥][. ]| =

BetaAngle: 0 v [Deg]

» Fig.3.10
Create a bottom chord

Genesation Type
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Unequal Distance
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ddvdz: 60,0 m
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=
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(Basic)

3. Truss Analysis

Copy the bottom chord to create the top chord.

Main Menu: Node/Element > Translate Elements
1. Mode > Copy

2. Translation > Equal Distance

3. dx, dy, dz: ‘0, 0, 8’, Number of Times: 1’

4. Display Element Numbers (Toggle on)

5. Select Single (on) mode: select Element 2

6.[Apply]

- @ K X oo Mimor %, X Delete 3
» Fig. 3.11 T e el Yo b N B ST Qs

Create tOp chord E‘Lada(.: Translate Divide Merge ol = “}:ﬂf Ecm““ Translate Extrude Divide Merge Intersect il Mimor 51 p‘c'm Elmws
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Copy Element Attributes =

|
=

L0
‘3).
a
=
@
o
1*
&
=
a
]
&
=
=)




7

Structural Analysis | 3. Truss Analysis
(Basic)

Input the diagonals and verticals.

Main Menu: Node/Element / Create Elements

1. Element Type > Truss

2. Material > 1:Fe540, Section > 1: SHS 250 X250X12

3. Intersect > Elem (Check off)

4. Display Node Numbers (Toggle on), Display Element Numbers (Toggle off)
5. Click the Nodal Connectivity field (which turns to green)

6. Click Nodes 1 and 5 on the model view sequentially.

7. Click Nodes (5, 2), (2, 6), (5, 3), (6, 3), (6, 4) sequentially

» Fig. 3.12
Create diagonals and
verticals
;'gl
I e A \ -
- p
L \\ \\\ 8
T V4 N\ N\ <
1 [1: Fest0 al = / / \ \\
1 [’:ar;:s 250025000 +| [ | // / \\ \\\
2 Ref. Vector = @ //// \ g

T commans wessage “aayan ues



Structural Analysis |
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3. Truss Analysis

(Basic)
2.5 Define Boundary Conditions
In 3-D, each node retains 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 degree of freedom is
restrained for the roller support.
Main Menu: Boundary / Define Supports
1. Options > Add, Support Type > Dx, Dz (Check on)
2. Select Single (on) mode: select Node 1, [Apply]
3. Support Type > Dx (Check off)
4. Select Single (on) mode: select Node 4, [Apply]
> Flg 313 Gen 2018 - [DA\Learning streutral mechanics using midas Gen\Truss *] - (MIDAS/Gen]
Define support conditions — e R T 2 hep

4 Ganeral Spring = : e | & ts 45" Define Labe! Dir
e et R A
a
oy
Y \
: o
::: Replace Dalete // \\ // \\\ o
Support Type (Local Drection) / \\ // \\\ “f'
A\ 65
71\ | \ B
s h N\
. 4 7/ N\ AN
/ / N\ \ £
D-ALL /// /// \\\ \ E_
28 N .
R-ALL
B %, Pin support Roller support
Rw
| Aoy Ciose:
|>>
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Structural Analysis | 3. Truss Analysis
(Basic)

2.6 Define Loads

Define the load cases for a nodal concentrated load and a pretension load representing the
erection tolerance individually.

Main Menu: Load / Static Loads / Static Load Cases
1. Name: ‘Nodal Load’, Type > User Defined Load, [Add]
2, Name: ‘Erection Tolerance’, Type > User Defined Load, [Add]

3. [Close]
Static Load Cases u
@

»Fig.3.14
Define load cases Name Nodal Load

Type . [User Defined Load (USER) VI

Description Delete

No | Name Type Description Il
4 1| Nodal Loa

2 |Erection |User Defined Load (U

111}

o
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Structural Analysis I 3. Truss Analysis
(Basic)

Input the concentrated load, 500 kN at Node 2.

Main Menu: Load / Static Loads / Nodal Loads

1. Load Case Name > Nodal Node, Options > Add
2. Nodal Loads > FZ: “-500’ kN

3. Select Single (on) mode: select Node 2

4. [Apply]

Gen 2018 - [D\Learning stroutral mechanics using midas Gen\Truss]

» Fig. 3.15 ) (©) servement/Misc W sefweight P Nodal Body Force | EEWnd Losds | [TL Blement | (F) Pressure Losds = | %=Pinitial Forces -
Ig' B (7) TempyPrestress (7) Construction Stage (=) Load Tables 5 Nodal Loads 4™ Loads to Masses + | §F Seismic Loads | T Line [ Hydrostatic Pressure | [ Assign Flaer Loads =
|nput noda] Ioad (TD)Moving Load  (7) Heat of Hydration Specied Displ. b Typical | 4 Assign Plane Loads ~
=% .
(0]
Y
; 2,
Load Group Name. i =
Q Defaut 2] o] a
Options Fod
© add Replace Depte %
N\ \\ g
T \ &
<
v Squx
1 a
N s
0 . 4 // N N =
oo m y/ 3 )Y =
| iy )
mx 0 KN*m
My 0 K'm
mz @ KN'm "
@ = The project will be saved by the auto-save feature.
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Structural Analysis | 3. Truss Analysis
(Basic)

If the member length is fabricated 5 mm shorter than the true length, tension is introduced in
the corresponding member during erection. Such fabrication error is converted into a
pretension load.

P =K&=EA/] x§=(2.050x10°%0.011054/10)x0.005 = 1133.035 kN

Main Menu: Load / Temp./Prestress / Pretension Loads

1. Load Case Name > Erection Tolerance

2. Options > Add

3. Pretension Load: “1133.035’ kN

4. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)
5. Select Single (on) mode: select Element 8

6.[Apply]

Gen 2018 - [DALearning streutral mechanics using midas Gen\Truss *] - (MIDAS/Gen]

»Fig.3.16
. () static Loads ¥ \__+ hotPrestress Beam Loads
Input pretension load @emprreis B B o prteriontonis
() Moving Load e e T e S P Tare. presrans wElEterna Type Loadcase
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g e a
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[Defaut ] o
= N\ *
@ Add Replace Delete| \ )
G \ .
Pretenson Load \‘Q =
1133.035 ﬂ
: i N
@
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=
(=i}




\

\

Structural Analysis | 3. Truss Analysis
(Basic)

Copy Model 1 to create Model 2. In order to also copy the nodal load, pretension load and
boundary conditions, check on Copy Node Attributes and Copy Element Attributes.

Main Menu: Node/Element / Translate Elements

1. Mode > Copy

2. Translation > Equal Distance

3. dx, dy, dz: ‘0, 0, -14’, Number of Times: 1’

4. Copy Node Attributes, Copy Element Attributes (Check on)

5. Select All

6. Display Node Numbers (Toggle on), Display Element Numbers (Toggle off)
7.[Apply] [Close]

» Fig. 3.17 o ‘
Copy elements L? o o 0 Raate Sscue

Creste | Translate Divide Merge
Nodes & Project
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Structural Analysis | 3. Truss Analysis
(Basic)
Model 2 is an externally static indeterminate structure for which the roller condition is revised
to a pinned condition by additionally assigning the Dx degree of freedom.
Works Tree: Right-click on Type 2 [001000] under Boundaries — Supports: 4
and click Display
Main Menu: Boundary / Define Supports
1. Options > Add
2. Support Types > Dx (Check on)
3. Select Single (on) mode: select Node 10
4. [Apply] [Close€]
»Fig3.18 - )
Change support condition e (i e oo e 00 e | Fivoe o s i e

@ mMDAS/Gen x

Model 1 a

Boundary Group Name
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@ Close ‘ The project will be saved by the auto-save feature.
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(Basic)

» Fig. 319
Analysis Pre and Post
Modes

2.7 Perform Analysis

Analyze both Model 1 and Model 2.

Main Menu: Analysis / Perform Analysis

midas Gen effectively manages the analysis model using Preprocessing Mode and
Postprocessing Mode. Postprocessing Mode preserves the analysis results without
accidently tempering the model data. The operation status (Pre or Post Modes) can be
switched from the lock looking icons.

Gen 2018 - [DA\Learing streutral mechanics using midas Gen\Truss] - [MIDAS/Gen]

& 1= = P

View  Structure  NodefBlement  Properties  Boundary  Load [NTIEY

DB Analysis Options
I

= T : —3 [
¥ il & @ P g & ~
B (% 5 f , ] A kg
Main P-Delta Buckling Eigenvalue Heat of Moving Settlement Nonlinear Construction Boundary Change | Perform
Control Data. Hydration Load Stage Assignment Anay fopot A

B Batch Anatysis

in e i R TEHRAERG EHIR SN

Preprocessing Mode (in short Pre Mode)

Pre Mode is used to enter or revise such data as geometry, member information, loadings,
boundary conditions, etc. to construct an analysis model. Upon completion of analysis, Pre
Mode is automatically switched to Post Mode.

Postprocessing Mode (in short Post Mode)

Post Mode becomes activated after the analysis is completed. If no analysis results exist,
then the icon is displayed inactive. Post Mode allows checking and analyzing the analysis
results such as reactions, displacements, member forces, stresses, etc., and furthermore
analysis/design report can be generated.
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Structural Analysis | 3. Truss Analysis
(Basic)

2.8 Check Analysis Results

Compare the reactions of Model 1 (externally determinate due to the external nodal load) with
the reactions of Model 2 (externally indeterminate).

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases / Combinations > ST: Nodal Load
2. Components > FXYZ
3. Type of Display > Values, Legend (Check on)
4. Click [...] next to Values, Decimal Points: ‘3’, Exp. (Check off),
Apply upon OK (Check on), [OK]
5. Display Node Numbers (Toggle off)
6. Main Menu: View / Display..., Boundary tab: Support (Check off), [OK]

» Fig. 3.20
Reactions due to nodal
load
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Structural Analysis | 3. Truss Analysis
(Basic)
In case of an internal pretension load, no reactions are observed in Model 1, an externally
determinate structure. The internal pretension load in Model 2 results in horizontal reactions
(FX) due to the restraints in the X direction, which is an externally indeterminate structure.
Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases / Combinations > ST: Erection Tolerance
2. Components > FXYZ
3. Type of Display > Values, Legend (Check on)
4.[Apply]
4 Flg 321 %4~ | T Beam/Element - 1 Mode Shapes - 4, I 5 e = o
Reactions due to dessiii = e S a

L T
&3+ | [ Displacement Particpation Factor | | * Output | Tables ™

Load
Camiiation | ¥t Foroes =

pretension load

Model 1

Step =

Components
X FY FZ  @Fxyz V4
MX_ DMy DMz MXYZ €

Mb

B

Local (£ defined)

Type of Display
Vvaves [ legend [

Arrow Scale Factag: 1.000000

Close
=)

0N >00068 N0+ 2 0L

SOLUTION TIME..:

0.37 [3EC]

[0 [ T Commanaviessoge ) sntyse wessage [
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Structural Analysis | 3. Truss Analysis
(Basic)
Check the deformations due to the nodal load. DXZ represents vVDX2 + DZ2. Model 1
(externally static determinate truss) exhibits larger displacements than Model 2 (externally
indeterminate truss).
Main Menu: Results / Deformations / Deformed Shape...
1. Load Cases / Combinations > ST: Nodal Load
2. Components > DXZ
3. Type of Display > Undeformed, Values, Legend (Check on)
4. Click [...] next to Values, Decimal Points: “1°, Exp., Apply upon OK (Check on)
5.[OK]
» Fig. 3.22
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(Basic)

\

3. Truss Analysis

Difference in axial forces due to the pretension load can be observed between the 2 Models
for the reason outlined above.

Main Menu: Results / Forces / Truss Forces...
1. Load Cases / Combinations > ST: Nodal Load

2. Force Filter > All
3. Type of Display > Contour, Deform, Values, Legend (Check on)
4. Output Section Location > Max
5. Click [...] next to Values, Decimal Points: ‘1’
Exp., Set Orientation, Apply upon OK (Check off)
6.[OK]
7.[Apply]

TH Results -
I TH Graph/Text =

i Stage/Step Graph

0ad Cases/Combnations
ST: Nodal Load

Force Fier
‘ o m
Type of Display
VContour [ Deform [
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I

[TOTAL SOLUTION TIME..: 0.37 [SEC]
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Structural Analysis | 3. Truss Analysis
(Basic)
Since no reactions are presentin Model 1 (externally determinate truss) due to the pretension
load, no axial forces exist in the members connected to the supports.
doé]n'itzgﬁeegmfgf?sm Main Menu: Results / Forces / Truss Forces
the previous Load Case 1. Load Cases / Combinations > ST: Erection Tolerance
(Nodal Load) remains 2. Force Filter > All
unchanged. ’ i
3. Type of Display > Contour, Deform, Values, Legend (Check on)
4. Output Section Location > Max
5. [Apply]
» Fig. 3.24
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Structural Analysis | 3. Truss Analysis

(Basic)

3. Manual Calculations

» Fig.3.25(a)

Model 1 is externally determinate, but internally indeterminate.

Degree of external indeterminacy: m, =n—-3=3-3=0
Degree of internal indeterminacy: m; = 3+s+r)—2k=B+10+0)—-2x6=1

As the degree of indeterminacy of Model 1 is 1, the method of consistent deformation can be
used by assigning the BF member force as an unknown, X; .

funXi + Dy =4,

D, is the change in distance between BF due to a load without the presence of the member
BF (in a statically determinate structure). f;,X, represents the change in distance between
B and F due to the member force, X, in BF. A, is zero without any fabrication error, but in
this case 5 mm is assumed to have taken place.

Fig. 3.25(a) shows the member forces, {n}} resulting from a unit load applied to B and F in
the state of BF member severed. Fig 3.25(b) shows the member forces, {n;} resulting from
the nodal load in the state of BF member removed. The fact that the BF member is absent,
both cases are now statically determinate structures.

B -0.600 c
o \ o
Q 1 Q “
O =} Q S ‘0
W Z Y z %
| 1\ ]
A 0.000 -0.600 0.000 D
AN E mny F
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(Basic)
B -250.000 c
A\ ) N
&('OQ) § Q%O'Sb% g %%(9
» Fig. 3.25(b) ‘ 8 P = %
A 250.000 125.000 125.000 D
A B oy F
500 kN
f,and D, are now found using the unit load method.
f,= EAannll =—[(~0.6) x(6,000)+(~0.8)" x(8,000)
+(1.0)° ><(10,000)>< 2+(—o.8)2 x(8,000)+(~0.6)" x (6,000)]
34,560
"~ EA
= —Z niN; 1 = —[(~0.6)x(~250)x (6,000) + (~0.8) x (333.333) x (8,000)
+(1.0)x (208.333) (10,000)+(—O.6)><(125)><(6,000)]
~399,998.8
~ EA
A, =5mm

iA~(34,560Xl +399,998.8) =5 mm

X,=316.272

where, X, is the BF member force due to the loading and fabrication error.

Model 2 is both externally and internally indeterminate. The degree of overall indeterminacy
is 2.

Degree of external indeterminacy: m, =n—-3=4-3 =1
Degree of internal indeterminacy: :m; = 3+ s+1r) —2k=3+104+0)-2x6=1



Structural Analysis | 3. Truss Analysis

(Basic)

Since Model 2 is a structure of 2 degrees of static indeterminacy, 2 equations can be
formulated with an unknown, X, for the BF member force and an unknown X, for the
horizontal reaction at Node D. From Model 1, the unknown X, is added. The horizontal
reaction at Node D is removed, and a unit load is applied at Node D. The member forces
{n?} then become as Fig. 3.26.

0.000

L =} N o o
> Fig. 3.26 - g %
o (@)
1000 1000 1000
1
{n}

Using the values found from Model 1 and the above {n?}, the unit load method is applied to
obtain the following results:

[ _ 34,560
1~ EA
1 1 3,600
fo=2x nin?l, = a(_oﬁ) x(1)x(6,000) = e
1 1 18,000
fo=ox nn?l; = a(1)2 %(6,000)x3= =2 =
D,  399.998.8
EA

1

3,000,000

(L.0)(250) x (6,000) + (L0) x (125) x (6,000) x 2] = ==

1

ﬁ[
1 [34,560 —-3,600](X, ! 399,998.8] (5
EA|-3,600 18,000 ||X,[ EA|3,000,000( |0
{Xl}_ {305.270 kN }

X,) " -105.613 kN

X, represents the BF member force, and X, represents the horizontal reaction at Node D.
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(Basic)

3. Truss Analysis

4. Exercise

1. Find the member forces in the 3 trusses below. The material and section properties are
identical to those of the tutorial.

6@6 mM=36.0m

8.0m

100 kN

100 kN

100 kN

100 kN

100

kN

100 kN

100 kN

100 kN

100 kN

100

100 kN

100 kN

100 kN

100 kN

100

kN

2. Find the member forces in the statically indeterminate truss below. The truss is subject to
a nodal load and a fabrication error as shown below. The material and section properties
are identical to those of the tutorial.

4@6m=240m

Fabrication error.

180 kN
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4. Arch Analysis
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Structural Analysis | 4. Arch Analysis

(Basic)

1. Introduction 1.1 Concept for Arch Analysis

» Photo 4.1

Arch structures
(@) Arch bridge
(b) Arch structure

»Fig.4.1
Archriseratio=h /[

The arch structural system generates large horizontal reactions at the end supports while
resisting vertical loads. With the presence of horizontal reactions, forces in the arch
members are predominantly compression forces, which in turn reduce bending moments in
the arch members.

The ratio of the height (k) to span (I), h/1 is referred to as the rise ratio. When the rise ratio
is too small, the arch tends to spread out, thereby increasing the axial force in the arch
members. Onthe contrary, a large rise ratio improves the structural performance as the arch
members resist external loads through axial forces in the arch members. But a high arch
required for the span may prove to be uneconomical. The rise ratio of about 0.3 is commonly
known to be structurally efficient and yet economical.

| ¢ Span |
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A masonry arch as shown in Fig. 4.2 is historically proven to be structurally stable. This is
because the structure is designed to resist only axial forces. The arch structure shown is a
half section, which is symmetrical about Point B. If tensile stresses develop at the bottom
part of the capstone at Point B, the arch will become unstable leading to collapse. However,
if the horizontal compression force, H, can cancel the tensile stresses resulting from the
moment, M, then the arch is capable of resisting the loading.

P/2

»Fig. 4.2 § Capstone

Arch structure Q

The horizontal reaction force, H, at the base Point A plays the role of preventing the arch from
spreadingout.  In practice, the reaction can be provided by the form of a buttress or a tension
tie as shown in Fig. 4.3.

Arch
»Fig. 43 Buttress
Supports for lateral thrust
in arch structures
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The condition of equilibrium at the center of the arch at Point B is expressed below.
»Eq.41 Pl _MiHn
2 2

The left side of the equation represents the acting moment, and the right side represents the
load resisting capability. One can observe that the lateral reaction, H and the height, h
need to increase in order to compensate for increases in the loading, P and the span 1. If
the arch height, h becomes zero, H also becomes zero, hence becoming a simple beam.
Similar to the fact that a large section is required to resist moment in a simple beam, the arch
height, h will need to increase in order for the arch structure to resist moment.  Itis therefore
advantageous to form the arch shape similar to the moment diagram shape of the structure.
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2. Tutorial 2.1 Model Overview
Analyze the following 3 arch structures of different rise ratios, h/l of 1.4, 1.5 and 1:7, and
compare the displacements and member forces of the 3 cases.

»Fig.44
Analysis model Hanger Archrib
(a) Model 1 ®=100.0 KN/m
£
h Ry
Stiffening girder
(b) Model 2
v W v vl v [y [ Iy v
(c) Model 3
Zh )| | 2 Ny ~

Material: Steel Fe570 (Modulus of elasticity, E = 2.05x10° kN/m?)

>
»  Section
Arch rib: Box shape 1,000%1,000x20 mm
Stiffening girder: Box shape 1,000x1,000%20 mm
Hanger: I-Section ISWB550
»  Load: uniformly distributed load 100.0 kN/m



§
.

Structural Analysis |
(Basic)

4. Arch Analysis

2.2 Work Environment

Open a New File and save.

Main Menu: B /New Project...

Main Menu: & /Save as...

1. File name: ‘Arch’ and [Save]

Set a unit system to kN & m.

Main Menu: Tools / Unit System

1. Length > m, Force (Mass) > kN (ton)
2.[OK]

e %n System u
X @O-H » Computer » |New Volume (F:) | Gen Tutorials | 4 || Search Gen Tutoriols |\ L
» F'g 45 Organize = New folder =- @ Length Force (Mass) Heat
Save file & roromes S Name : Datemodified | Type | @m N (kg) Oeal
i M Desitop |= T T = @ o
setunit system — o s match your e ©am @ (o) i
%5 Recent Ple _, (kg (kg) =
D Autodesk Emm = @1
(CJtonf (ton)
2 Uibraries Or ©1f (b} ©Qn
Document - - -
& Music ©@in () kips (kips/g) (@]:]
. pictures T gl v
@ Fle name: Arch - I
Temperature
Save & type: | MIDAS/Gen Files (-mg) =] _ B
(@) Celsius (") Fahrenheit
= Hi s Cancel
Hiae Folders II E Note : Selected units are displayed in relevant
dislog boxes. Values are NOT changed with
units.
F\ﬂSet/Change Default Unit System
2
oK ]I l Apply ] l Cancel
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4. Arch Analysis

(Basic)
The example models exist in the 2-D X-Z plane.

Main Menu: Structure / Structure Type

1. Structure Type > X-Z Plane

2.[OK]

-

»Fig. 4.6
Set awork plane

Mass Control Parameter

(@) Lumped Mass
|| consider Off-diagonal Masses
[~ considering Rotational Rigid Body Mode for Modal Participation Factor

( i | Consistent Mass

[ convert Self-weight into Masses

‘i ) Convert to X, Y, Z Convertto X, Y Convert to Z
Gravity Acceleration : 9.806 mysec™2
Initial Temperature : 1] [F1

[ Align Top of Beam Section with Floor (X-Y Flane) for Fanel Zone Effect / Display

|| Align Top of Slah(Flate) Section with Floor (X-¥ Flane) fi 2 play

() ¥-Z Flane (7)%-Y Flane (") Constraint RZ

(T

Cancel
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(Basic)
Select IS(S), Fe570 for the material. Select I-Section for the hangers, and define a built-up
box section for the remainder.
Main Menu: Properties / Material Properties
1.[Add..]
2. Elasticity Data > Type of Design > Steel
3. Steel > Standard > IS(S), DB > Fe570, [OK]
Material Data
> Flg 47 ﬂ Material 1 Name Fe570
Define material )[i“""' e -
vpe of Design Steel tandond \E[s)
gm s
Name is automatically stee - B
assigned if the material is Medulus of sty : 50007005 aym2
selected from DB. Fosean's fato
Name can be reViSed. Thermal Coefficient = lﬂ[r]A
Weight Density ® kym~3
Use Mass Density: 85 m~3/q
B concrete
m Modulus of Elasticity : 0.0000¢-+000 | jgy/m~2
Weight Density is used ot s ol
to automatically calculate Weight Densy e
the selfweight. st Mass Dansty o wume3ra
Plasticity Data
Specific Heat L BUu/kN"[F]
OK button closes the Heat Conduction o Bu/m™hr[F)
dialog box.  Ifmultple — - @
materials are defined, cancel
use Apply button.
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Define the sections to be used in the model.

1. Properties dialog window: click Section tab.

2.[Add..]

3. Section ID: 1, Name: ‘Rib and Girder’

4. Section definition method > User, Section shape list > Box
5.H: ‘1, B: 1, tw: ‘0.02’, tf1: ‘0.02’, [Apply]

6. Section ID:

2

7. Section shape list > I-Section, Section definition method > DB, DB > IS
8. Sect. Name > ISWB550, [OK]

9. [Close€]

Section Data

Section Data

oB/user |
(

»Fig. 4.8
Define sections

~\Section ID 1
)

D
(4)

“j Box
Name  Rib and Girder @ Ueer o

Offset :

Change Offset ...

Center-Center

AISC10(US) -
Sect. Name
Built-Up Section
AISC10(US) -

HSQ Type
81 0 m
B2 v m

| consider Shear Deformation.

Consider Warping Effect(7th DOF)

Offset

Change Offset ...

Center-Center

A
DB/User L6 ) N
® 4
Sectond 2 [ rsecton v‘
()
\ ) | sect. Name ISWB 550 -
O

BLit-Up Section

AISC10(US) ~
H 0.5 w
Bl 0.25 m
w 0.0105 m
1 0.0176 m
B2 0 m
t2 D m
r 0.016 m
2 0 m

| Consider Shear Deformation.

Consider Warping Effect(7th DOF)

N\
(8)

[ Show Caleulation Results...

[ Show calcuiation Rests...

o ) oo
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(Basic)
2.4 Nodes & Elements Generation
Create an arch rib with the rise ratio of 1:4 (Model 1) using Arch Wizard, which generates a
series of straight beam elements in segments.
Main Menu: Structure / Base Structures / Arch...
1. Input/Edit tab > Type: Parabolal, Number of Segments: ‘10’
2. Boundary Condition: None, Span(L): ‘50°, Height(H): ‘12.5°
3. Material > 1: Fe570, Section > 1: Rib and Girder
4. Insert tab > Insert Point: ‘0, 0, 0’
5. Rotations > Alpha: ‘0’, Beta: ‘0°’, Gamma: ‘0’, [OK]
6. Front View, Auto Fitting (Toggle on)
Arch Wizard ﬂ Arch Wizard ﬂ
»Fig.4.9 Input/Edit | insert | dt et |
Arch Wizard 1>J-Z\ Ji?%
Type N — Insert Point
A Parabolal N z 0,0,0
Boundary Condition Span(L) 50 I . Be‘:mamns S
@pn - OFx O None Height(H) 12.5| 0 = 0 = ] =
|:|Shw.r Exverlin Merge Duplicate Nodes
9 Lntefsect Ig‘rame E\e:'\ents %
—— 1 E] . . Origin Point
W : @’ Btente [tong 2
Redraw & Update Data
b ‘T /—»\‘1
: L.
L«

)

Close

[ Apply

=




\

ZZ

Structural Analysis | 4. Arch Analysis
(Basic)

Gen 2018 - [DALearning strcutral mechanics using midas Gen\Arch) - [MIDAS/Gen)

Loac esults  Pushower  Desig ery  Tools

» Fig. 410 s
Create arch rib S %f ﬁ. v e

Structures ¥ | Data... ™

PEFELEEIEEER] - ELLIE

Iz
- |
poyelshc

& > Elements | 87
= [5] Propertes

=[] Material : 1

=T Section:2

@

N

/

4
anHeEee nai+5 23

1)« i 0

T [\ command Messsge [Anayan uossaze 7 )
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Create hangers by extruding Node to Line Element using Extrude Elements.
Main Menu: Node/Element / Extrude
1. Shrink, Hidden, Display Node Numbers, Iso View (Toggle on)
2. Select by Window (on) mode: Nodes 2-10
3. Extrude Type > Node — Line Element
4. Element Attribute > Element Type > Beam
5. Material > 1: Fe570, Section > 2: ISWB550, Beta Angle > 90
6. Generation Type > Project, Projection Type > Project on a line
7. Base Line Definition > P1: ‘0, 0, 0’, P2: ‘50, 0, 0’
8. Direction > Normal, [Apply]
9. Auto Fitting (Toggle on)
10. [Close]
»Fig. 411 B S e et e e
Create hangers RARE R 3 Sl G170 tE T X g
G| i O e & | oo | come | Tt e O e e 3 | g oy

x| | MIDAS/Gen

e plOleso0!

@

=
5]
5]
@
&
=
=i

Base Line Defintion
P1 0.0.0
P2 50,0.0 m

a

Directon
© Hormal Direction Vector
]

- >
[T come

t wesssge {soaen veassgs ]
Node-5 1:20.0. 1
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S Beta Angle
Beta Angle 90° orients the hanger section web axis perpendicular to the span of the bridge.
Refer to Create Elements in Online Manual for Beta Angle.
»Fig. 4.12
Beta Angle
- W .‘%*\V(<// .
- '/ ) \ \
Beta Angle refers to the { i /,,/H
orientation of z-axis of /
Truss, Beam or Column
line elements in Element Bata Angle: O[Deg] Bata Angle: 90[Deg]

Coordinate System.

Unless a section is
symmetrical in both axes
(like a circle or square
section), the stifiness of the
section changes with Beta
Angle.
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Create the stiffening girder between Node 1 and Node 11.

Main Menu: Node/Element / Create Elements

1. Shrink, Hidden (Toggle off), Front View (Toggle on)

2. Element Type > General beam/Tapered beam

3. Material > Name > 1. Fe570, Section > Name > 1: Rib and Girder
4. Click the Nodal Connectivity field (which turns to green)

5. Click Node 1 and Node 11 on the model view sequentially.

Gen 2018 - [DALearning strcutral mechanics using midas Gen\Arch] - [MIDAS/Gen]
»Fig. 4.13
Input stiffening girder

u.z X Delete +

AR 29 o

Translate Extrude Divide Merge Intersect

N A il
Tavle | Eiements M il Mimor ]| paramete

[ Auto-mesh

Change | Elements | g
b

o= [~ B

[ Define Sub-Domain

3

Element Type
General beamyTapered beam

o, Wame.

1 [1: Feszn =) (=)

Ho.  Wame
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680/ $2% L2 00 L J0:
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Rel. Vector
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2.5 Define Boundary Conditions
The left support of Model 1 (Node 1) is assigned a pin support with Dx & Dz degrees of
freedom restrained. The right support (Node 11) is assigned a roller support with Dz degree
of freedom restrained.
Main Menu: Boundary / Define Supports
1. Support Type > Dx, Dz (Check on)
2. Select Single (on) mode: select Node 1
3.[Apply]
4. Support Type > Dx (Check off), Dz (Check on)
5. Select Node 11
6.[Apply]
> Fig.4.14 8 | A o () s (90 =y ] En. o o | &8
Define support D, | 2o e kR ST R R WL et Fistor g o | BT
conditions

B

IR L] B
13

Supports B3]

ey

-

a

a

o

&

s ; s

¥ A

i L . //’ \\\\ @
i @ o
|

)

Boundary Group Hame

Default z) (=)
optons

@add  (Replace Delete

Suppart Type (Local Direction)

>>
[0 [ I\ commant messsge {“Anavon wasaaze
lode-1 0.0
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» Fig.4.15
Define hinge conditions
at the ends of hangers

Define hinges at the ends of each hanger (Beam End Release).

Main Menu: Boundary / Beam End Release

1. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)

2. Select by Window (on) mode: drag a window from Element 19 to Element 11 (right
to left). No elements other than the hangers should be within the window. Double-
click to complete the selection.

3. General Types and Partial Fixity > [Pinned-Pinned]

4. [Apply] [Close]

(Gen 2018 - [DA\Learning stroutral mechanics using midas Gen\Arch] - [MIDAS/Gen]

Constraints 4 Define Label Dir
one Effects || Diaphragm Disconnect

View Node/Bleme: Properties
6 K] g b General Spring =
7 T Pile Spring Supports
Define | Point Su Elstic Rigid General| Beam End Beam End Piate End
Link  Lnk Link~ | Release Offsets Release

A4 Node Local Axis 5 Story Diaphragm Group m’s’

Optiens
@ Add/Replace Delete
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AR=00068 00 4% 2 0L 8 0D0:
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Hod JMod
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/| H[o

- o

we 0
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2.6 Define Loads
Define the load case (load type) first to which the uniformly distributed load will belong.

Main Menu: Load / Static Loads / Static Load Cases

1. Name: ‘Uniform’

2. Type > User Defined Load (USER)

3.[Add] [Close]

inmad Cases u
-2 \ 3
> Flg 416 : Name 3 Uniform I
Define load case Type - User Defined Load (USER) - [W
Description :
No [ Name Type Description ml

1|Uniform |User Defined Load (U

O
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4. Arch Analysis

Main Menu: Load / Static Loads / Element Beam Load
1. Load Case Name > Uniform, Options > Add

2. Load Type > Uniform Loads, Direction > Global Z

3. Value > Relative

4, x1:0°, w: ~-100°, x2: ‘1’
5. Select Girder (Elements 20 - 29), [Apply]

6. [Close], Works Tree: right-click Element Beam Loads: 10 and Undisplay

Input a uniformly distributed load, 100 kN/m on the stiffening girder.

»Fig. 4.17

Input uniformly
distributed load

(%) Temp./Prestress (=) Construction Stage (=) Load Tables
(D) Moving Load  (7) Heat of Hydration

|unifarm
Load Group Hame

| Defauit

ptions
@ add () Replace

Static Load _Using Load
Cas

(Y3 Nodal Loads 4™ Loads to Masses = | §fF Seismic Loads
ses  Combinations| —4 Specified Displ.

-
B
e

&F Help
5= Inital Forces =

B-

s

| o e (i

AR=00068 00 4% 2 0L 8 0D0:
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Copy Model 1 to create Model 2 and Model 3. The loading and boundary conditions
assigned to Model 1 are simultaneously copied.

Main Menu: Node/Element / Translate Elements

1. Mode > Copy

2. Translation > Equal Distance > dx, dy, dz: ‘0, 0, -15’, Number of Times: 2’
3. Copy Node Attributes, Copy Element Attributes (Check on)

4. Display Element Numbers (Toggle off), Select All

a DebdHGCq || Gen 2018 - [D\Learning strcutral mechanics using midas Gen\Arch] - [MIDAS/Gen]
view  soce [ ry
Mg¥ XDulete <+ Mirror [Basuto-mesh  [fig Define Sub-Domain
3 ARt Rotate =scile |3 R T Map-mesn
}Flg 418 Create | Transate Divide Merge oo - ) nge | E i Defne Do
. 4. s :
Copy elements -
@
Q
Transtation B
Hode Incremant " B )
. .
2 L B X
@ Equal Distance < ] . o
dudvdz: 00,715 . q‘-
Humber of Trmes: 2 [+ e
T e Model 2 r - E
x v E =
@
e ~
g
- AN
A .
- @
50,0 s o &
Mteral e+ 0 13| Rep. T —— =
Sedionde. : O[3 [Rep. ;. }
Thickness Inc. : o MOdeI 3
Delete Free Nodes
3 )itersect [node Eem [
/| Copy Noda Attributes [
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Change the heights of Model 2 and Model 3.

Main Menu: Node/Element / Scale
1. Display Node Numbers (Toggle on)
2. Scale Factors > sfx: ‘1.0°, sfy: ‘1.0’, sfz: ‘4/5

7 Symbol is the division 3. Scale About > User: 25, 0, -15°

ng?\:vﬁ within the 4. Selection Type > By Selection

' 5. Select by Windows (on) mode: select Nodes 22-30, [Apply]

6. Scale Factors > sfx: ‘1.0’, sfy: ‘1.0°, sfz: ‘4/7’
7. Scale About > User : 25, 0, -30’
8. Selection Type > By Selection
9. Select by Windows (on) mode: select Nodes 42-50, [Apply]

Gen 2018 - [D\Leamning strcutral mechanics using midas Gen\Arch] - [MIDAS/Gen]

] » MNa V¥ XDelete +|s Mirror
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2.7 Perform Analysis

Analyze all three models.

Main Menu: Analysis / Perform Analysis

Gen 2018 - [DA\Learning streutral mechanics using midas Gen\Arch] - [MIDAS/Gen]
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2.8 Check Analysis Results

Check the deformations. DXZ represents vDX? + DZ?. The shallower the height of the
arch becomes, the greater is the deflection. When identical members are used, a reduction
in height signifies a reduction in stiffness.

Main Menu: Results / Deformations / Displacement Contour...

1. Display Node Numbers (Toggle off)

2. Load Cases / Combinations > ST: Uniform

3. Components > DXZ

4. Type of Display > Contour, Deform, Values, Legend (Check on)

5. [Apply]

6. Change the unit to mm from the Status Bar at the bottom of the screen.

Gen 2018 - [DA\Learning streutral mechanics using midas Gen\Arch] - [MIDAS/Gen]
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Check the axial forces due to the uniformly distributed load. It can be observed that a lower
arch height results in higher axial forces.

Main Menu: Results / Forces / Beam Diagrams...

1. Load Cases/Combinations > ST: Uniform

2. Components > Fx

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

4.[Apply]

Gen 2018 - [D\Leaming streutral mechanics using midas Gen\Arch] - [MIDAS/Gen]
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4. Arch Analysis

(Basic)
Check the bending moments. The shallower the arch height becomes, the higher are the
absolute bending moments in the stiffening girder and arch rib. It can be also observe that
lower arch heights result in reduction in bending moments where the arch rib and stiffening
girder meet at each end.
Main Menu: Results / Forces / Beam Diagrams...
1. Change the unit to m from the Status Bar at the bottom of the screen.
2. Components > My
3.[Apply]
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3. Manual Calculations

Arch Rib

Hangel

©=1000kN/m =T =

Awﬂw) 9
> Fig. 4.24 (20) //‘ . 77%77

T Stiffening girder
R
} M °

Though Model 1 is an arch structure, the overall behavior resembles that of a simple beam.
The arch shape also resembles the moment diagram. In a simple beam structure subject
to a uniformly distributed load, one may design the beam with a larger section near the mid-
span, and progressively smaller sections towards the ends. Similarly in an arch structure,
the height at the mid-span is the highest, with the highest moment resistance, and the height
gradually reduces to zero towards the ends.

A

A structure like Model 1, bending moment can be resisted by a couple in the top chord (arch
rib) and the bottom chord (stiffening girder). That is, the tension in the bottom chord (or the
compression in the top chord) multiplied by the height becomes the moment resistance at a
corresponding location.
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(Basic)
The following table shows the element numbers with the corresponding forces, which will be
explained below.
> Teble 4.1 Element No N (kN) V (kN) M (kN-m)

24 2496.743 - -64.784
5 -2509.24 - 105.495
20 - 310.204 -
11 433.461 - -
12 505.076 - -
13 501.131 - -
14 500.052 - -
15 500.150 - -

A simple beam subject to a uniformly distributed load is now assumed in order to examine
the relationship between the moment and the member forces atthe mid-span.  The moment,

M, at the center Point C and the reaction, R,, at Point A are calculated as,

M, :iz _ 100 x 502
8

ol 100x50

e

In the arch structure, the moment, M _ is resisted by a couple in the top and bottom chords.

=31,250 kN-m

R, = =2,500 kN

As such, the moment, M, is divided by the height at the center.

~320 5 500k
h 125

N =

The reason that this couple force (axial force) is different from the analysis values in Elements
24 and 5 is that the arch rib (Element 5) and the stiffening girder (Element 24) are also subject
tomoments.  If these moments are hence considered, Element 24 will end up with the same
axial force.
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(Basic)

~M,—M

N=—2 2 =2,496.743 kN

Similarly the same axial force can be obtained if the axial force in the top chord Element 5 is
converted into components in the horizontal direction.

The reaction at Point A can be obtained by adding the shear force in Element 20 and the axial
forces in the hangers (Elements 11-15), which then coincides with the simple beam reaction.

Ra=V,+ Ny + N, + N + N, +% =2,500 kN

From the above analysis, it can be observed that an arch structure resists external loads
through axial forces, and its shape resembles the bending moment diagram, which resists
acting loads.
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4. Exercise

Analyze the following 3 arch structures of varying stifness (different sections), and compare
the behaviors of the arches affected by the difference in stiffness. Material properties are
identical to those of the tutorial.

Consider the Box sections in DB/User — user input

1) Archrrib: 0 2000%2000x20 mm
0 1000%1000%20 mm
0 1500%1500%20 mm
2) Girder: 0 1000x1000x20 mm
0 2000x2000%20 mm
0 1500x1500%20 mm
3) Hanger: ISWB 550

®=100.0 kKN/m

@) ﬁ i V14 **Hﬁjmo I

_— = H 710
() W4 v (v [v [ N+
: F- TH=20
e s
©
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(Basic)

1. Introduction 1.1 Concept for Continuous Beam

Analysis

A beam structure consisted of 2 or more connected spans is referred to as a continuous
beam.

» Photo 5.1

Simple beam and
continuous beam

In a continuous beam, the number of unknowns (reactions) is more than the number of
force equilibrium conditions, hence becoming a statically indeterminate structure. This
leads to formulating additional conditions such as deformation compatibility conditions in
order to find the unknowns.

One of the characteristics of a continuous beam is that the behavior is affected by the
flexural stiffness of adjacent members (spans). Fig. 5.1 shows a 3-span continuous beam
in which the moment distribution of Member BC depends on the flexural stiffness of the
adjacent Members AB and CD.

If Member BC were a simply supported beam, the moments at the ends B and C would
have been zero. Instead, the end moments, Mzand M, are non-zeros whose magnitudes
depend on the flexural stiffness of Members AB and CD. The stiffness of Member AB is
greater than that of Member CD because of the rotational restraint at Point A. The
difference in stiffness leads to Mzwhose magnitude is greater than M.
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(Basic)
q
e BT e D
: = o B A E | A\
- . . ‘}
»Fig.5.1
3-Span continuous
beam y B
Mc
i ‘ W E—
V
M B M c MM [@ g q 2
2 ; 2% - )

Fig. 5.2 illustrates the beam stiffness, which varies with boundary conditions. It is noted that
the moment (M,, M,, M;, M,) required to cause a unit rotational angle at the left end
depends on the restraint condition at the right end. Fig. 5.2(a) shows a fixed condition at
the right end. Fig. 5.2(b) is hinged at the right end. Fig. 5.2(c) is imposed by the same unit
rotational angle at the right end, hence resulting in a reverse curvature shape. Fig. 5.2(d) is
subject to an opposite unit rotational angle (-1) at the right end, which causes a
symmetrically deformed shape. The flexural stiffness of the 4 cases are (6E1/1)in 5.2(c),
(4EI/l)in5.2(a), (3E1/1)in 5.2(b) and(2E1 /1)in 5.2(d) in descending order.

Fig. 5.2(a) corresponds to Member AB in Fig. 5.1, and Fig. 5.2(b) corresponds to Member
CDinFig.5.1.



Structural Analysis | 5. Continuous Beam Analysis

(Basic)
Ml
> Fig. 52 (a) _4El C A N
e Wiy ——— ——JosMm,
T 0=1
M2
>F.520) M BE (e e
T 0=1 6=-0.5
M3
»Fig. 5.2 6El
R IO N
- 0=1 - |\/|3
M, M,
>Fo-52 MAZE M, CMD‘ ‘
— =1 0=-1

Though different analysis methods can be used to solve a statically indeterminate structure
such as stiffness method, flexibility method, moment distribution method, finite element
method, etc., the principle of Fig. 5.2 is used in all the methods. Each method is
appropriate for a specific type of problem. In this chapter, the moment distribution method
and flexibility method will be used for manual calculations. The moment distribution
method is relatively simple to use, which is also intuitive in understanding the characteristics
of a simple structure.
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2. Tutorial 2.1 Model Overview
Analyze the following continuous and Gerber beams subject to a uniformly distributed load
and a temperature load (temperature difference between top and bottom faces), and
compare the reactions, displacements and member forces of the 3 cases.

»Fig.5.3 z

éa)SModeI 1ﬁ T ®=9.8KkN/m

[pan contnuous
iclj)eetg:ﬁis:cfy AT=57T i i i i L i i i i L i i i X
yay AN
}‘ 5.0m ‘}‘ 10.0 m ‘} 5.0m ‘}

(b) Model 2 ©=9.8 kN/m

3 Span contnuous EEEEREEEEEEE

determinate AT=57T ¢ e = ]

vay 2 A
}‘ 5.0m ‘} 2.5 m‘}‘ 5.0m ‘}‘2.5 m } 5.0m ‘}

(©) Model 3 ©=98kN/m

e S S R S S SR R

indeterminacy - 7%77 77%77 7%»

50m 25m 75m 50m

»  Material: Steel Fe570
»  Section: Box shape 300 x200x12 mm
» Load: Uniformly distributed load 9.8 kN/m
Temperature load: AT =5°C
(Difference in temperature between top & bottom)
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2.2 Work Environment

Open a New File and save.

Main Menu: [& /New Project...

Main Menu: [& /Saveas...
1. File name: ‘C-Beam’ and [Save]

Set a unit system to kN & m.

Main Menu: Tools / Unit System
1. Length > m, Force (Mass) > kN (ton)
2.[OK]

~EID . . t System [
UO [ ) = New.. » Leaming streutral mechanics using... » ~[42 || sea 1
. Organize > New folder - Length Force (Mass) Heat
> Flg 54 | » Documend*  Name Date modified ype | @m ON (kg) (eal
4. Music
Save file & o B C_geam V4/2018 214PM  MIDAS/GENw Do| _ @k (ton) .
set unit system s — e
Videos =
2 N kgt (kg)
= ) mm - (@F
i Computer ()tonf (ton)
& Local Disk On - S
& New Volus - lbf - (Ib) -
& New Volus = = ~
@ & Autodesc [ = ;] _Jin ) kips (kips/g) Bt
File name: -
ave a type; MIDAG/Gen Fles -mgE) =1 Temperature
@) Celsius (") Fahrenheit
+ Hide Folders Save Cancel |
Note : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.
ﬁ Set/Change Default Unit System
0K ] [ Apply l l Cancel
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(Basic)
The example models exist in the 2-D X-Z plane.

Main Menu: Structure / Structure Type

1. Structure Type > X-Z Plane

2.[OK]

ure Type M

»Fig.5.5 Structure Type
Set awork plane

3D (@)%-Z Plane (0)Y-Z Plane (C)%-Y Plane (7) Constraint RZ

Mass Control Parameter
(@ Lumped Mass

|| consider Off-diagonal Masses
|| considering Ratational Rigid Body Mode for Modal Farticipation Factor

'.:"Conswstent Mass

|| convert Self-weight into Masses

( : JConvertto X, Y, Z Convertto X, Y Convert to Z
Gravity Acceleration : 9.806 mysec™2
Initial Temperature : 1} [F1

[ 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) fi la
ign Top play

( oK | [ cancel
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2.3 Material & Section Properties

Select 1S(S), Fe570 for the material and select a box section.

Main Menu: Properties > Material Properties

1. [Add..], Type of Design > Steel

2. Steel > Standard > IS(S), DB > Fe570, [OK]
If Material Properties are 3. Properties dialog window: click Section tab.
defined from DB, basic 4.[Add..], Section shape list > Box

properties like modulus . -

of elasticity, Poisson’s 5. Section definition method > DB, DB > IS
ratio, thermal coefiicient 6, Sect. Name > RHS 300x200x12

and weight density are

automatically assigned. 7.[OK]
8. [Close€]

Materd Date S eSS | | section Data 53
> Flg >0 - DB/User R
Define material e Cas6)

| L 46
Define section 1\"“""y I - ( g ) Sectiond 1 o sox -

Concrete Built-Up Section

o8 Fes70 -
: Sect. Name RHS 300.0x200.0x12.0 -

Standard

Type of Material E
G Tsotropic
8
Steel AISC10(US) -
Modulus of Elastcity : 24008 | knyjm~2 -
Foissan's Ratio
Thermal Cosfficient : 678 pliiz) H 0.3 m
weight Density 5 KNfm~3 B e m
Use Mass Density: 785 | kNjm~3fq o 0.012 m
B concrete 1 o0H m
Madulus of Elasticiy : +000 | gy~ c 0 m
Poissan's Ratio 12 o m
Thermal Coefficient e YIF]
weight Density < Hifm~3
nim~3(g
Plasticty Data
Plastic Materal fame [ NONE - ¥ consider Shear Deformation.

Consider Warping Effect(7th DOF)

Thermal Transfer
Offset :  Center-Center

specific Heat o Bu/n=[F] ———
Change Offset ...
Heat Conduction L Btw/mhe"[F] —
D (7
{ )
broraiate < 83 !

== ‘ Show Calculation Results... ‘ [ oK ] ‘ Cancel
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2.4 Nodes & Elements Generation

Create a node first in order to create a continuous beam.

Main Menu: Node/Element > Create Nodes
1. Coordinates (x, y, 2): ‘0,0, 0’

2.[Apply]

3. Auto Fitting, Front View (Toggle on)

’ @ of Wt
4 =1 “\@ u.z X Delete |« M
- ® 0B AR t5pose SFsc

Ho e e
Sty e e M

[EnAuto-mesn  [igDefine
[E] Map-mash

- i | Change | Bements

v 51| pE25nge | Boments| et pomsin

=
Create  guy | Transiate Exirude Divide Merge Intersect
Elements

»Fig.5.7
Create a node

Coordinates (xy.2)
0,0,0

Copy

Number of Times s 0

Distances (dx,dy,dz) :
0,0,0 m

@mm:’-ﬁzu&:@@m

| Merge Duplicate Nodes

¥ Tiersect Frame Elements @

e

[i=]

&1 (51 | 2 [
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»Fig.5.8
Create elements

23

4-6

S

Create a continuous beam by extruding a node to line elements using Extrude Elements.

Main Menu: Node/Element > Extrude

1. Extrude Type > Node — Line Element

2. Element Attribute > Element Type > Beam

3. Material > 1: Fe570, Section > 1. RHS 300x200x12, Beta Angle: ‘0’
4. Generation Type > Translate

5. Translation > Unequal Distance

6. Axis > x, Distance: ‘3@5/3, 8@10/8, 3@5/3’

7. Select All

8. [Apply]

I_E!E‘lﬂ-‘;-l&’-‘ Gen 2018 - [DA\Leaming strcutral mechani

Node/Element & sign Q
_{ ~ X Delet:
= ]! ou [F x T Rotate |

Create  guy | Transiate Exirude Divide Merge Intersect
Elements

P “\@ MY XDeete |+ Miror
- ® 0% AR ‘oponate Sscale (Y
Creste | Translate Divide M -
| Tt Do M (S pien

. 1| Change | Bements
I Mieror ]| pacameters'  Table

——
Element Type: Beam -
Material ; )

1 [nresm =
Secton:

1 1w sta0amnon <[]

sewaangle: 0 ~ [bea)
Tenerstion TYpe = k5 7 3 T T T 1 T E3 3 : i 3
© Transite () Rotate ) Project
Transiaton
Equal Distance

© Unequal Distance

ags: @x Oy Oz O arbirary|

e;lmmgmﬁgmm:’-ﬁzua:nﬂﬁmg

Distonces : 3, 10/8, 38573




7=

Structural Analysis | 5. Continuous Beam Analysis

(Basic)

»Fig.5.9
Define support
conditions

2.5 Define Boundary Conditions

Dx and Dz degrees of freedom are restrained for a pin support, and Dz degree of freedom
is restrained for a roller support.

Main Menu: Boundary / Define Supports

1. Options > Add, Support Type > Dx, Dz (Check on)

2. Display Node Numbers (Toggle on)

3. Select Single (on) mode: select Node 4, [Apply]

4. Support Type > Dx (Check off), Dz (Check on)

5. Select Single (on) mode: select Nodes 1, 12, 15, [Apply]

Gen 2018 - [DA\Learning streutral mechanics using midas Gen\C_Beam] - [MIDAS/Gen]
ew  Structure  Node/Bement  Properties [ NRl] load | An o ols

3| ?.S;Ts;lf:::“m W e (9] 4 B Lﬁ.:J

Define | Point Surface e e e R
Link ¥ Offsets _ Relnase: """lm"“* :]5"?““"‘"‘“"‘5 oue | St @

Supports | Spring Spring

=i}
]
It
=

*
E
i
-
=
€
"
.
3,
=

L

SoungaryGrup e
[petan o) [

Ogtians
@ add Replace Delete

Suppart Type (Lacal Direction)

@
W@
E@
1 ®

S5 =000 6 jgs‘ﬁﬁ.asn;sﬁ;:-m

o« 0o 0w @
L
Re Ry Rz

>>
[T 7]\ command wessspn { Aratas essspe 7
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(Basic)
2.6 Define Loads
Define the load cases (load types) first to which the uniformly distributed load and the
temperature load will belong.
Main Menu: Load / Static Loads / Static Load Cases
1. Name: ‘Uniform’
2. Type > User Defined Load (USER), [Add]
3. Name: ‘“Temperature’
4. Type > User Defined Load (USER), [Add]
5. [Close]
Static Load Cases M
)/_\
> Fig' 510 12 Name . Temperature @ Add
Define load cases \_Twee  : |User Defined Load (USER) -
Description :
No | Name Type Description ol
1| Uniform | User Defined Load (U
2 | Temperat | User Defined Load (U
#*
O
[ e ]
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5. Continuous Beam Analysis

(Basic)
Input a uniformly distributed load, 9.8 kN/m on the continuous beam.
Main Menu: Load / Static Loads / Element Beam Load
1. Hidden, Display Node Numbers (Toggle off), Select All (Toggle on)
2. Main Menu: View / Display ...
Load tab: Load Value (Check on), [OK]
3. Load Case Name > Uniform
4. Load Type > Uniform Loads
5. Value > Relative x1: ‘0’, w: 9.8’, x2: ‘1’
6. [Apply]
(Gen 2018 - [D\Leaming streutral mechanics using midas Gen\C_Beam] - [MIDAS/Gen]
>Fo S i e | B[S, S S R R B
Input uniformly OMovingLosd () Hast o Hyeration satc Loag Using Load | ) i v & ypical | A dorign Pure o
distributed load E 0 ——

@]
)
Load Case Hame V!l
Uniform | a
L0ad Group Hame: n
| Defauit D™ =
— &
@ @ add Replace Delete o
s .F
Undform Losds - __
[ l l l l l l g
Mattrrve I I-,N, L] L] 1 1 L] 1] T L] 1 &
l:”‘ £ is )
5]
15
== A
Drecion : |GlobelZ - )
5 ) Frotecton : Yes  @iNe )
Value
@ Relave absolute
a0 w 88
2 1 0

i
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(Basic)

» Fig.5.12
Input temperature load

Input a temperature difference (AT = 5 °C) between the top and bottom faces of the beam.
Thermal expansion coefficient in the material properties will be used to convert the
temperature difference to stresses imposed on the beam.

Main Menu: Load / Temp./Prestress / Temp. Gradient
1. Select All (Toggle on)

2. Load Case Name > Temperature

3. Types >Beam

4. Gradient> T2z-T1z: ‘5’

5. [Apply]

(Gen 2018 - [D\Learning strcutral mechani i ~_Beam] - [! ] = b
Tools. L Heip
% # %A Prestress Beam Loads
R = Pt
;,rﬁ,p",”,;' Tendon endon 8 Extemal Type Loadcase

Load ysis | Results

et B
©)DynamicLoads (=) Settlement/Misc. % ¥ System Temp.
M(‘ Construction Stage (=) Load Tsbles & & & F Nadal Temp.
satc Losd Using Load | Elemert. Tamp. Bearn Sectio
() Moving Load () Heat of Hydration o B R | B e e

MIELRAECIRY PHEASOSIBIDIBEOEE N4 Y

MIDAS/Gen b

Design  Query

T-nv- oture Gradbent
luad Coca Hama
ranpamm
[ Emup Hame

Options
Sadd ) Replac Delete

LI |5 @ @ﬁglmmf-ﬁ:x}a:‘ﬁﬁmuzc

e
Ty 0 1
¥ Use Section Hy
O ==k
=
T x
>>
Tree Menu TR [ [T 1]\ command sssage Anaes iessegs 7 | K™ g
Far Help, press F1 Node-10 U:125.0,0 G:125.0.0 v [m > ]EH oo -] W0 2 2 B
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Copy Model 1 to create the Gerber beams, Model 2 and Model 3. Apply Copy Node
Attributes and Copy Element Attributes in order to simultaneously copy the loads and
boundary conditions assigned to Model 1.

Main Menu: Node/Element / Translate Elements
1. Display (Toggle on)
Boundary tab: Support (Check on), [OK]
2. Select All (on)
3. Mode > Copy
4, Translation > Equal Distance
5. dx, dy, dz: ‘0, 0, -5’, Number of Times: 2’
6. Copy Node Attributes, Copy Element Attributes (Check on)

7.[Apply]

Gen 2018 - [DALeaming streutral mechanics using midas GemC_Beam| - [MIDAS/Gen]

A Hep - - 7

load  Analysis  Results  Pushover Design  Query  Tools

>I:Ig' 5'13 P — “\@ ¥ ¥ XDeete |- Miror K & — ]” _af N x X Delete 3% E‘ ? [EnAuto-mesh  [fig Define Sub-Domain
Copy elements b $ U8 A ynoae e 5| @ 17 p| — 1= gw K Roe 5| M [ElMap-rou
m: Translate Divide Merge & Project s ';cxs Em:!n Translate Extrude Divide Merge Intersect 1l wirar 1 p.(r:Iaﬂgl D;:r;:ﬁ i Defoe Do

N FEErE R YT

Transiation
Node Increment

@ Equal Distance
b, dy,d; 9,0,-5

Humber of Times :

ammgmﬁgmns‘-w.g:nﬂﬁs:rg
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(Basic)

»Fig.5.14
Input Gerber beam pin
conditions

(i

i-node and j-node are the
first and last nodes
respectively defining the
corresponding element,
which determines the
element local x-axis.

Check on Local Axis or
Local Direction in
Element tab in [Display]
in order to see the
element direction (i-node
& j-node).

Assign hinge conditions to the Gerber beam Models 2 and 3, by defining releases at the
ends of the corresponding beam elements.

Main Menu: Boundary / Beam End Release
1. Display Element Numbers (Toggle on)
2. Select Single (on) mode: select Elements 19, 23, 33
3. General Types and Partial Fixity > [Fixed-Pinned]
Check to see: i-Node > My, Mz (Check off), -Node > My, Mz (Check on)

4.[Apply]

[DA\Learning streutral

i ] 3 General Spri L]
9 ey ] ‘# 11 Pile Spring Supports

Define | Point Surface
ris | sp ing

s
@ Add/Relace Delete

e;Immmﬂﬁ@mm:’-ﬁ@}a:‘ﬂﬁwg:

MK, My, MZ, Mb: ®
st ) et
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Structural Analysis | 5. Continuous Beam Analysis
(Basic)

2.7 Perform Analysis

Analyze all three models.

Main Menu: Analysis / Perform Analysis
1. Display Element Numbers (Toggle off)
2. Check for successful completion in Message Window.

Gen 2018 - [DALearning streutral mech

»Fig.5.15

Message fora
successful run

k]
®
@
*

T anmmmzu
= L Boundaries
% & Suppors: 12
A Type 1 [0010000]
A Type2[10i0000]
+— Beam End Release: 3
= Type 1 [ 0000000 0000T10)
= £ Static Loads L S —— T
= [ Static Load Case 1 [Uniform ]
1T Elemerd Beam Loads 42
~ [} Static Load Case 2 [Temperature ;]
1S Temparature Gradient 42

LI |5 @ ﬂﬁmmm:’-ﬁq}a:nﬂﬁ-mu:-

fffSOLUTION TER[‘JINBTED

ST [ comemems oo
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(Basic)

» Fig. 5.16

Reactions due to
uniform load

2.8 Check Analysis Results

Compare the reactions due to the uniformly distributed load among the 3 Models. Models
1 and 2 are symmetrical, and the reactions are also symmetrical. In Model 3, the reaction
near the cantilever part shows a higher magnitude.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Display (Toggle on)
Boundary tab: Support (Check off), Beam End Release Symbol (Check on), [OK]
2. Load Cases/Combinations > ST: Uniform
3. Components > FXYZ
4. Type of Display > Values, Legend (Check on), [Apply]

%
Load
Combination | " Foroes =

Gen 2018 - [DALearing streutral mechanics using midas GemC_Beam| - [MIDAS/Gen]
ent  Properties . s

G- | TQBeam/Element -

Model 1

Model 2

Load Cases/Combinatins
[5T: uniform =] &

stap i

Companents

Local (i defined)

Trae of Display
Pivees [ ¥]Legend

Arrow Seale Faclor: 1.000000

ST: TuTFORM

B

[T Ty comarswemsoss s

13
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The reactions due to the uniformly distributed load will be checked in a table. Structure
models and loading input can be checked by comparing the sum of external load and the
sum of reactions.
In the current example, the total external load in the Z-axis direction in Global Coordinate
System is 9.8 kN/mx20mx3 = 588kN, which matches the table value.
Main Menu: Results / Result Tables / Reaction...
1. Load Cases/Combinations > Uniform(ST) (Check on), Temperature(ST) (Check off)
2.[OK]
o FX FY FZ MK MY Mz
»Fig.5.17 (kM) (kM) (kM) (kN"m) (kN"m) (kN"m)
Reactions in table 3 1| Uniform| 0000000 0.000000 |  10.738661| 0.000000 | 0.000000 0.000000
4 [Uniform|  0.000000 0.000000 | 87.261333 | 0.000000 | 0.000000| 0.000000
12 |Uniform|  0.000000 0.000000 | 87.261333 | 0.000000 | 0.000000| 0.000000
15 [Uniform|  0.000000 0.000000 | 10.738661| 0.000000 | 0.000000| 0.000000
16 | Uni 0.000000 0.000000 6.125000 | 0.000000| 0.000000| 0.000000
19 0.000000 0.000000 |  91.574999 | 0.000000 | 0.000000| 0.000000
27 0.000000 0.000000 | 91874993 | 0.000000 | 0.000000| 0.000000
30 0.000000 0.000000 6.125000 | 0.000000| 0.000000| 0.000000
31 0.000000 0.000000 4591544 | 0.000000| 0.000000| 0.000000
34 0.000000 0.000000 | 96.475367 | 0.000000 | 0.000000| 0.000000
0.000000 0.000000 | 84.207720| 0.000000 | 0.000000 0.000000
0.000000 0.000000 | 10.725368 | 0.000000 | 0.000000| 0.000000
SUMMA S PRINTOUT
FZ
o | (k) (k)
Uniform|  0.000000 0.000000 | 587.999999




\

L

Structural Analysis | 5. Continuous Beam Analysis

(Basic)

»Fig.5.18
Reactions due to
temperature

No reactions are generated due to the temperature load in Model 2 as it is a statically
determinate structure, whereas reactions are present in Models 1 and 3 since they are
statically indeterminate.

Click Model View tab.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases/Combinations > ST: Temperature

2. Components > FXYZ

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

4.[Apply]

Gen 2018 - [DALeaming streutral mechanics using midas GemC_Beam| - [MIDAS/Gen] = pxd

K Heip

&

Te Results
Qutput | Tables ™

TH Results ~
TH Graph/Text -
ige/Step Grag!

Model 1 l

[P A=
s

T P 0.000084D

FI: z.2064E-008

Companents

FXYE: 2.2464E-008

Local (f defined)

Type of Display
Fivees [ Wliegend [J

Armow scale Factor: 1.000000

OG=E @@glmns‘-rm.ﬁinﬂﬁs:u:-

[ [ T[0T} ooy Ansaie Hossage |
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Check the deformations due to the temperature load. DXZ represents DX + DZ2 .
The continuous beam Model 1 exhibits the least displacements. In the cases of Gerber
beams, statically indeterminate Model 3 shows higher displacements than those of the
statically determinate Model 2.
Main Menu: Results / Deformations > Deformed Shape...
1. Load Cases/Combinations > ST: Temperature
2. Components > DXZ
3. Type of Display > Undeformed, Legend (Check on), Values (Check off)
4.[Apply]
Gen 2018 - [D\Leaming strcutral mechanic
Design  Query  Tools O Hep
»Fig.5.19 e &)
Displacements due to B stacsiap oo oo | s
temperature

Load Cases/Combinations
X-DIR= 0.000E+000

=

~ - sore= 1
Step - Y-0F~ 0.000E4000
sote- 1
== 2-0TR= -2, 3476003
yore- 36
2 OB 2.347E-003
Comporants o
e o - Model 2 seaemcions
ode waetesesz
o oz oz
_ — e —
@ oz T o
— -
Local (i defined) - -
Type of Dispoy

peform [ [ undeformed
voes  [] Wllegend [
avimate [ | |Mimored [

am\pmsﬁmmnf-ﬁ:xﬁ.:‘ﬁﬁmu:-
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Structural Analysis | 5. Continuous Beam Analysis
(Basic)

Check bending moments due to the distributed load.

Main Menu: Results > Forces > Beam Diagrams...
1. Load Cases/Combinations > ST: Uniform
2. Components > My
3. Display Options > Scale: ‘2.0°, No Fill
4. Type of Display > Contour, Values, Legend (Check on), Deform (Check off)
5. Display (Toggle on)
Boundary tab: Support (Check on), [OK]
6. [Apply]

v Structure | Nodefflement | Properties  Boundary  Load  Analysis

> Fig. 520 % 4= Reactions ~ . Made Shapes -
. f] Deformations - Fj- | H- Local Direction. §7] Modsl Damping Ratic.. | £ Influ. Surfaces =
Bending moment cort | B ores - - w5 | Qlovioving Trscer - |
diagrams due to uniform |
load
T Model 1
ST: unform = = 688 688 Geg 688
= - - 186 21 211 188 8
48 -Q\L’Q'FL‘»U.J—{D Q
a10°7910 Model 2 9197010
N, 0 83 %3 U,
34 ! 234 234 1 B4
306 306
om—r—
Bact @no Fill
@ 5 Points Line Fill
Sceles | 2 Solid Fil 09571085
4 Model 3 689689
) e 2 191 ELL Y
7 Legend 1283 339 | M5
Mirored  [.] QuickView L]
vld Pt
Output Secton Location

Bending moments in the center of the mid-span of Gerber Model 2 are smaller than those in
the continuous beam Model 1. But the negative moments at the interior supports in Gerber
Model 2 are higher than those of Model 1. Note that the sums of the positive and negative
moments in both Models 1 and 2 are equal (68.8+53.7=91.9+30.6). In the case of Model 3,
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(Basic)

ZZ

5. Continuous Beam Analysis

» Fig.5.21
Moments due to
temperature

the support moment near the hinge is similar to that of Model 1, and the moment at the
other interior support is similar to that of Model 1.
Check bending moments due to the temperature load.

As stated above for deformations due to the temperature, Gerber Model 2 exhibits the
characteristic that the cantilever parts and the center simple beam behave independently.
The fact that there are no restraints to the deformation due to the internal load, no member
forces are generated in Model 2 due to the temperature change.

Main Menu: Results > Forces > Beam Diagrams...
1. Load Cases/Combinations > ST: Temperature

2.[Apply]

Gen 2018 - [DALearming streutral mechani

ent  Properties

%1. - TQ Beam/Hement -
| Deformations = Fj- | 4~ Local Direction..
Load E 2+
Combinstion | # Foroes J

o Lines -
v Influ. Surfaces -
2 Miening Tracar -

B €

Text | Resuits
Qutput | Tables ™

4 Mode Shapes =

CPHE=EN A

00 00 00 00 00 00 00 00 00 00 00 00 0.0

=
a
Dispay Options 2
Exact & o Fil B
& 5 Ponts - o
oy Solid Fill a
Type of Displey )
Viconour [ [Ceform [ 20 20 =
Vlvalues [ [llegend [ 07 14 |-' T 10 L0
animate [ [T undeformed 20 21 v
Mirored [] Quckview [ 41 41
51 61 ﬁ 1
Visld Pairt. ayp

Output Section Location
1 Cente
| Abs Max Min/ M p
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(Basic)

5. Continuous Beam Analysis

3. Manual Calculations

As Model 1 is symmetric about the mid-span, the moment distribution method can be used

for the half structure.

Point A being a hinge (roller), the stiffness of Member AB

becomes 3E1/1. The rotational angles at Points B and C are symmetrical (equal magnitude
and opposite direction), which results in the stiffness of Member BC equal to2EI1/l. The

member stiffness, distribution factors and fixed end moments can be expressed as follows:

» Fig.5.22
Moment distribution

The moment at Point B can now be obtained through the moment distribution method.

» Table 5.1

Results from moment
distribution method

A ] B - Center Qf symmetry C_ D

A—— A - AN
3El  3EI 2El  2El El

K,=>"="- K, =2—_2= _=

BT 5 71 10 5

Dy=——er 3 _g75 p-—tee _ 1 _gs
Kega+ Kge 3+1 Kga + Kge  3+1

M, L =§a):30.625, M & Lo =100, g1 667
8 8 12

Moment distribution method Point A Point B
Distribution factor 10 0.75 0.25
Fixed end moment 0 30.625 | -81.667
Distributed unbalanced moment 0 38.282 12761
Carryover moment (factor=0.5) 0 0.0
Final moment 0 68.907 | -68.907

Distributed unbalanced moments at Point B are:
—(Mga+ M) Dy, =38.282 (Mg, + M) Dy =12.761

Carryover moment is induced at the other end of the member in question (Fig.5.2(a)).
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Structural Analysis | 5. Continuous Beam Analysis
(Basic)

The fixed end moment at Point A is zero, as the fixed end moment at Point B is calculated
reflecting the hinge status at Point A. Carryover moments at Points A and B are zero since
moment distribution is not required any further.

~68.907 -68.907

»Fig.5.23

Moment distribution method /N AN A AN
A B 53.594 c D

Model 2 is statically determinate, which can be analyzed as below.

P Fig.5.24 i I I I l

Model 2 decomposition 5 Z}
24.5 245

47
-
-
-
-
-
-
-
-
-
-
-

>

i
AA B/A\ c/\ D
oo

91.87 91.87

o
w

Mgy =24.5x% 2.5+%><9.8>< 2.5°=91.875

91.875 91.875
» Fig.5.25
Model 2 moment calculation é A é A
A B 30.625 C D
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(Basic)
Model 3 is a statically indeterminate structure, which will be analyzed using the method of
consistent deformation (or the unit load method) among other methods. The moment at
PointC, M, is defined as an unknown.
®=9.8kN/m \ﬁ@(m)‘
o526 bt v b
Method of consistent @ é AN - é‘ ______ - é
deformation A B C D
(b) -
+ +
. —49x* |, -1225+615x-49x* | 245-4.9% ‘}

@ e 1e
A N~ B VAN gAN
A B C D
-0.333
(d) =
+
1
—0.067x —0.333+0.1333x | 1-02x |

Fig. 5.26(a) shows an analysis model to which a hinge at Point C is assigned. Analysis is
then performed with the applied loading, and secondly with a unit moment applied at the
hinged Point C.  With the introduction of the hinge at Point C, the structure becomes
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(Basic)

» Fig.5.27

Moment calculations by
method of consistent
deformation

statically determinate, which can be solved by only force equilibrium. Since the hinge
actually does not exist, the following compatibility condition for the unknown, M. needs to
be satisfied:

0(m)-M_+6(M)=0

6(m) represents the rotational angle at Point C subject to the applied unit moment.
6(M)represents the rotational angle at Point C due to the applied loading. The above
equation signifies that the kink in the deformed shape cannot occur as the beam is
continuous over Point C. The unknown, M, can be now found using the method of
consistent deformation.

1 ¢5

20 1 o0 201 2. 44467
0(m) =, (-0.067x) dx+ajo (~0.333+0.1333x) dx+aj0 (1-0.2x)"dx =

El
1 ¢5

1 p10
oM)==1, (—4.9x*)(~0.067x)dx + EJ.O (~122.5+61.25x —4.9x*)(~0.333+0.1333x)dx

1 ¢5 306.5052
+EL (24.5x —4.9x2)(1—0.2x)dx R

4.4467 306.5052
M, + =

El° El
M, =—68.91kN-m

0

-99.53
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(Basic)

4. Exercise

The following 4 cases have the same spans and loadings, but with different structural
systems, which are simple beam, Gerber beam, continuous beam and reinforced section
over interior supports. Find the moment diagrams of the 4 cases, and confirm that the
positve moments progressively decrease and the negative moments progressively

increase from a) through d).
T 80kN @ = 20 KN/m 80kN
.

|
N AT Z 2

SOIN @ = 20 kN/m 8OKN

FT 111
(b) y%»

o] o] 1
2m,2m 2m 8m 2m 2m,;2m
R T A
80kN

@ = 20 KN/m SEL

RENRERTRRE
LV Sy L b

‘<2_m>2m 12m }‘2_m+2_m>‘

BOKN, @ = 20 kN/m 80KN.

ffffffff VT 4
@ AR B o

(2m,2m 2m, 8m (2m 2m,2m,
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6. Frame Analysis
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(Basic)
1. Introduction 1.1 Concept for Frame Analysis

» Photo 6.1
Frame structures

Members rigidly connected (fixed joint or rigid joint) are referred to as a frame or rigid frame.
Generally a column is rigidly connected to beam(s) forming a continuous structure.
Members joined at a node can transfer bending moments, shear forces and axial forces.

Frames can take many different forms and shapes from a simple portal frame to composite,
rectangular, gable and concrete shear wall frames.

Structural applications are also diverse such as regular shape frames like offices, schools,
and hospitals, and irregular shape frames like temporary erection structures, plants, stadiums
and gymnasiums.

Concrete frame structures are also widely used such as bridges and shear walls with
openings in building structures.
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(Basic)
a2 i Y a I
b Fig. 6.1 @ ®) ©
Frame structure types C |l |
e O s Y
o s Y
o s Y
s a s s 77777 TITTT7T, 7 7
(d) (€ (®

»Fig. 6.2
Frame deformation

In a statically indeterminate frame structure subject to an external force such as shown in Fig.
6.2, the angles formed by the members rigidly connected at nodes are assumed to remain
unchanged after deformation. In this case, all the members at the nodes remain
perpendicular in the deformed shape.

Fully fixed
o] [y
77 a
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(Basic)
The structural concept for frames is not different from that of simple, cantilever and continuous
beams. Frame members are also line members like in continuous beams, but they are
connected in 2 or 3 dimensions. Each member of a frame structure retains its own Element
Coordinate System (ECS). Generally the X -axis directionis fromi-Node toj-Node.  Z -axis
is perpendicular to X -axis. Yy -axis is determined by the right hand rule.
Z
» Fig.6.3
Element Coordinate - X, u
System (ECS) and Z,0 y,v .
displacements of a frame \ Tl j
member
i
X
Y

The degree of static indeterminacy of a frame structure can be found in the same manner
explained for truss structures. Statically indeterminate frame structures can be also
analyzed by the same methods used for truss analysis. Reaction results follow the Global
Coordinate System (GCS), and the member forces are generated in ECS. The translational
displacements in ECS x, y, z directions are expressed as u, v, w respectively. 6,,6,,0,
are defined for the rotational displacements about x,y,z axes respectively. The
deformation and sectional axes of a 2-D frame member on the GCS X-Z plane can be
ilustrated as Fig. 6.4.
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6. Frame Analysis

(Basic)
z
» Fig. 6.4
2-D frame deformation and
sectional axes
(a) Deformation in ECS X y
(b) Sectional axes
@ (b)
If a loading in ECS z-direction is applied to a frame element, deformation, @ will take place
in the direction perpendicular to ECS X -axis. The direction of bending moment becomes
the direction of rotation about ECS Y -axis as shown in Fig. 6.4 ().
Frame structures are capable of resisting vertical and lateral loads as shown in Fig. 6.5.
EEERERENE
L Y Y
/ i N “h
> Fig. 65
Deformations and member
forces due to exteral loads b - 4 LA
in a frame structure
@) (b)
T O o )
/ / ) N
©) (d)
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(Basic)
2. Tutorial 2.1 Model Overview
Find the member forces and deformations of the following frame structures:
®=20 kN/m ©=20 kN/m
T bbb
> Fig. 66 R =35KkN R =35 KkN R =35 kN R-85kN | T
Analysis models E
(a) Model 1 S
(@) Model 2 Model 1 Model 2 1
£
z 3
Lx 7777 45m 45m 777 77777 45m | 45m TVT
[ [ | [
»  Material
Concrete: IS(RC) M40 (Modulus of elasticity, E = 3.1622x107 kN/m?)
»  Section

Area: 5x10* m?
Moment of inertia (lyy): 6x10° m*
» Load
1. Distributed load applied at the top of beam: 20 kN/m
2. Concentrated load, 35 kN applied in (+) X-direction at the top of each column
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(Basic)

All the members in Model 1 are rigidly connected, whereas hinges are introduced in the
middle of the members in Model 2. The member forces and deformations of the 2 models
will be examined.

» Flg 6.7 t m Boundary  Load s
. B Base Structures ~ | 1LM Bridge ~ [ FSM Bridge &= RC Slab Bridge = Structure | > Chedk/Duplicate Elements
AnaIyS|s models (o0 supersontidge  F FOMBidge T3 Tensierseodel M RCRamefgox o nF B i | B cnas - L B/yT - | [ Display Free Edge/Face
Type | A\ Cable Stayed Brdge [F= MSS Bridge ¥ Grilge Model Autt’,";g/”e“mgm %% pnatyss odel | ¥ Named Plne | (] Change ~ | &% Chieckc Elament Local Axis
Type | Wizard | ucsfpn | Group | Check Structure |
CEEIYEE®OIEHISS ® AT CEESDMIAIHICEE S 8RR A
o o Hi Base -1k
Group Report Q
orks
= Stuctures - - - - - - &
“ . Nodes @ 14 Bl s = E g 5 QQ
5 % Elements § 12
= [X] Properties =] |
=[] Material : | . B § . &
I Section : | e = 2 0
2 Supports 14 q
1= Beam End Release : 3 M
=4, Stafic Loads 3
%5 Static Load Case 1 [ I
&[] Static Load Case 2 [ g
@
B
5}
B
A
=
]

Tree Menu [REESUR

Command Message /_Anaiyss fiessage o

For Help, press F1

el |
o7 =r ] o> {[ror=] o 0] /[ 7 =




\

_

Structural Analysis |

(Basic)

6. Frame Analysis

»Fig. 6.8
Save file &
set unit system

Open a New File and save.

Main Menu: [& /New Project...

Main Menu: & /SaveAs..

1. File name: ‘Frame’ and [Save]

Set a unit system to kN & m.

Main Menu: Tools / Unit System
1. Length > m, Force (Mass) > kN (ton)

2.[OK]

2.2 Work Environment

B save As
(L) (1 = New... v Leaming streutal mecharics wing.. » w9 I Searen
Organize = New folder

Document = Name
4 Music
B Frame
S Pictures
& videos

& Computer
& Local Disk
& New Vol
& New Vol
D Autodesk ~ ¢

Date modified Type

1/4/2018435PM  MIDAS/GENw Dol

[ e o

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

= Hide Folders

hr System
L1

Length Force (Mass) Heat
@m ON (k) Ceal
Cem @i {ron} @kcal
a TRgt (kg) .

() mm . 01
(tonf (ton)

O Clbf () JIE

©in ) kips (kips/g) O

Temperature
(@ celsius () Fahrenheit
Note : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.

2 [] set/Change Default Unit System

[ oK | [ 2w | [ concel
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6. Frame Analysis

(Basic)
The example models exist in the 2-D X-Z plane, which is defined as the x-y plane in User
Coordinate System (UCS) for ease of modeling.
Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane
2.[OK]
Main Menu: Structure / UCS (User Coordinate System)/ X-Z Plane
1. Coordinates: ‘0, 0, 0’, Rotation Angle: ‘0’ and [OK]
. cture Type ﬂ
»Fig.6.9 il
(a) Seta work plane Structure Type ) ) )
(b) Set User Coordinate ©3-p (@) X-Z Plane ()Y-Z Flane ()XY Plane (") Constraint RZ
System (UCS)
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 Convertto X, Y Convert to Z
UCS is more convenient Gravity Acceleration : 9.806 mfsec™2
for a structure with Initial Temperature : 0 [F1
reQUIar node and | Align Top of Beam Section with Floor (-Y Flane) for Fanel Zone Effect / Display
member spacing.

| Align Top of Slab(Flate) Section with Fl

1)

Coordinates

Origin: 0.0,0

Rotation Angle

Angle: O

+{[deq]

Define User Coordinate System-(MIDAS/Gen) | Y J
Three Angles ] Named Plane l UCS by UCS I Named UCS l
X-Y Plane X-Z Plane l Y-Z Plane } Three Points ]

|:| Activat@ Flane

["] change View Direction

[ Save Current UCS ] [ OK

J (

) |

Apply Close
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(Basic)
2.3 Material & Section Properties
Define material and section for the structural members.
Program automaically Main Menu: Properties / Material Properties
calculates section 1.[Add..)], Type of Design > Concrete

stiffness if section size is
defined.

For this tutorial, stifiness ; : ; - AL ;
o ’ 4. Properties dialog window: click Section tab, [Add...], Value tab
is directly entered.
: H 1 A1 ’
5. Section shape list > Solid Rectangle, Name: ‘Sec
. b t . ) . K 1 . & t
6. H: ‘0.001’, B: ‘0.001’, Area: ‘5e+2’, lyy: ‘6e-3
7.[0K], [Close]
Material Data Section Data =%
- General
»Fig. 6.10 R : e Oefuser Vol | s
Define material [ Seciond 1 I Solid Rectangle 'U
Defn secton Er—] : :
Stondord Name  Sec [¥]Buit-Up Section
na ©
e | —— Sizo 5
Conerete 0.0010
= T G oen
Type of Material "
@ 1sotropic &0 L Section Properties
o8 B Calc. Section Properties
steel Area | 5.00000¢+0 | m"2 =
Madulus of Elasticity : 000e+000 | kiy/m~2 Asy 0.00000e+0 | m*2 N
Poissr's Ratia Asz__| 0.00000e+0 | m*2
Thermal Cosfficient : 000 | 14771 Ixx 0.00000e+0 | m"4
Wesht Densty o] ymea lyy | 6.000000-0 | m*4
Ure Moss Densih o] kymeafg Tzz__ | 0.000006+0 | m'4
H concrste Cyp 0.0000 ' m
Madulus of Elasticity : 16226007 | (pgmaa Cym 0.0000 | m
T Czp 0.0000 | m
P ol = o]
‘Weight Density 25 ym~3 gzb 0.0000 :"2
Use Mass Density: 2497 | yfm~3fq Peri:0 | 0.00000e+0 |m e
Plasticity Data [#] consider Shear Deformation.
Plastic Material Name NONE - [ consider Warping Effect(7th DOF)
e Offset:  Center-Center
Specific Heat o BtufkN®[F]
Heat Conduction a Btu/m™hr=[F] O
7
Damoing Rato e
@ = Show Calculation Results. Apply

2. Concrete > Standard > IS(RC), DB >M40

3.[OK]
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6. Frame Analysis
(Basic)

2.4 Nodes & Elements Generation

Create nodes and beam elements simultaneously using User Coordinate System (UCS).

Main Menu: Node/Element / Create Elements
ggg;&?ﬁﬁ:gﬁ;ﬂg 1. Display Node Numbers, Display Element Numbers, Auto Fitting, Front View
create nodes and elements (Toggle on)
on the modeling window. Main Menu: Structure / Grids / Define Point Grid... > Grid Spaces: 1, 1 and [OK]
In the Point Grid Snapmode, ~ Main Menu: View / Grids / Point Grid, View / Snap / Point (Toggle on)
placing the mouse on the 2. Element Type > General Beam/Tapered beam

modeling window prompts . .
the coordinates displayedat 3. Material > 1: M40, Section > 1: Sec

the bottom of the screen. 4. Click the Nodal Connectivity field (which tums to green)
Model View: click (U: 0,0,0), (U: 0,9,0) coordinates sequentially
Gen 2018 - [DA\Learning streutral mechanics using midas Gen\Frame] - [MIDAS/Gen]
>F|g 611 . == Load | Anshysis | Results F‘Ll.'--‘;f Nm
v 2% e i 2 1M S
Create a column S T n'i'.\&. R bl MM? I

It Minor <] | porameter

U(0,9,0)

L.
N
®

Material
Ha. Hame

©

au=Epeenni+s 2@k sso;

1 [1: Graie c4000 gl (=

Sedtion
. Name
1 [1:sec v [

Orentation
@ Beta Angle Ref. Point
Raf, Vetor
p . . #—1(0,0,0) .
° T ldeal

Vodal Connectity e,

1,2 artho =
xz v En

[ -

Intorsoct:  [V]tode  [¥]Elem
‘ i

[>>
AL [ commnasessass £
Noe

Tree Menu ot Hassasn | | KN
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6. Frame Analysis

(Basic)
Referring to UCS coordinates at the bottom of the screen, click (U: 9, 0, 0), (U: 9, 9, 0) and (U:
0,9, 0), (U: 9,9, 0) sequentially to create Elements 2 and 3. In order to correctly snap the
corresponding locations, ensure to keep Grid/Snap tab > Point Grid and Point Grid Snap
toggled on.
Gen 2018 - [D\Learning strcutral mechanics using [MIDAS/Gen]
y ® < M_¥ ¥ Delste «|«Miror — N KDelete 55 N
> Fig. 6,12 AR ¥ Daae Zice i x| 2R X G| S
Create column & beam
o5 8
a
= 9
JEx
&
h ! @
)
== |
Dragging the mouse on |||
the screen with the Zre— E—
wheel pressed on can ™ =] =] =3
pan the model. s o
Pressing the mouse b O +
once and tuming the [p——
wheel can zoom infout e i
the model. o o

Tree Menu
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(Basic)

In order to define hinges in Model 2, divide all the elements into halves using Divide Elements.

Main Menu: Node/Element / Divide

1. Main Menu: View / Grids / Point Grid, Select All
2. Select Divide Elements > Element Type > Frame
3. Equal Distance

4. Number of Divisions x: ‘2’

5.[Apply]

ushove
LI ¥ o i - iy Auta-: ubs-Dorna
g =t a\@ o' KDelete +|+ Mirror ) '. _af IXN X Del :\" bp [BaAutc-mesn g Define Sub-Domain
F- 613 L ® 00 AR t4poue DSk — = 7 T Rotate |% 1] Map-mesh
| 4 1. ©. Croate | Tranite Divide Merge oy Trandiate Brude Diide Merge Intesedt 1\ oy | Change | Elments | o g n

Divide elements

B R - CL - |

b =

[ mioas/Gen * |

i — 1 3
B start number
Node tumber ;15
Eloment fumber : 13

@ Equal Distance
Unequal Distance
Parametric Unequal Distance
Parallel Brocng
Oivide by Node
Onade by Patiem

Humber of Divisions x:

LV %@Eﬁﬂ\ﬂlff-’.é’.inﬁﬁ'ﬁ@

>>

T 51| command essape [ s issage |
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6. Frame Analysis

Fixed supports are assigned to the bottom of the columns.

2.5 Define Boundary Conditions

Atthe supports, 6 degrees of freedom (Dx, Dy, Dz, Rx, Ry, Rz) are symbolized by 6 triangular
cells in a hexagon. Dx to Rz are sequentially represented starting from the “12 o’clock” in
the clockwise direction. Green color in the triangular cells signifies restrained condition.

Coordinate System is in GCS unless Nodal Coordinate System is defined.

Main Menu: Boundary / Define Supports
1. Support Type > Dx, Dz, Ry (Check on)
2. Select Single (on) mode: select Nodes 1, 3

3.[Apply]

Boundary Grou Hame
Defaull

optons
@iadd Rapiace

‘Suppart Type (Local Direction)

z

Dz X

s Ganeral Spring =
[T Pile Spring Supports

ol

Dalete

inear Constraints. 4 Define Label Dir

1 Panel Zone Effects (' Dizphragm Disconnect
X Mode Local Axis [ Stery Diaphragm Group

EHEEYCY « RRCYel <l

[+ commana wessspe o vesse |

< 5 [ (oo = | I 2 /2 B
I

Q0= 8008I0
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(Basic)

6. Frame Analysis

» Fig.6.15
Define load cases

Main Menu: Load / Static Loads / Static Load Cases

1. Name: ‘Uniform’

2. Type > User Defined Load (USER), [Add]

3. Name: ‘Concentrated’

4. Type > User Defined Load (USER), [Add]

5. [Close]

2.6 Define Loads

Define the load cases (load types) first to which the uniformly distributed load and the
concentrated loads will belong.

Static Load Cases u
34
Name : Concentrated Add
Type c User Defined Load (USER) -
Description : Delete
No | Name Type Description il
1|Uniform | User Defined Load (U
2 |Concentr |User Defined Load (U

111

[ oo ]
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6. Frame Analysis

(Basic)
Input a uniformly distributed load on the beam.
Main Menu: Load / Static Loads / Element Beam Loads
1. Display (Toggle on)
Once the elements are Load tab: Load Value (Check on), [OK]

selected, the element
numbers are listed at the
top of Model View.

» Fig. 6.16
Input uniformly
distributed load

2. Select Single (Toggle on) mode: select Elements 3and 6
3. Load Case Name > Uniform

4. Load Type > Uniform Loads

5. Direction > Global Z

6. Value > x1: ‘0°, w: ~-20°, x2: ‘1’

7.[Apply]

Gen 2018 - [Di\Learming streutral mechanics using midas Gen\Frame *] - [MIDAS/Gen]

Results  Pushover  Design  Query is

(5) TempyPrestress () Construction Stage (=) Load Tables

RO

Load ay o - - =
% W seff weight ¥ Nodal Body Force | EFWind Loads | [TL Blement | (f] Pressure Loads ~ =7 Initial Forces =
(45 Modal Loads ™ Leads to Masses = | T Seismic Loads | T Line [ Hydrostatic Pressure -
e o a4 specited Disph AL Typical | 44 Assign Pane

Toad Case Hame
Uniform

@

[(&]
—J

Load Group Hame
[oefautt

Options

@add () Replace Delete
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(Basic)
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6. Frame Analysis

(i

Once the nodes are
selected, the node
numbers are listed at the
top of Model View.

» Fig.6.17
Apply nodal loads

Apply concentrated loads at the top ends of the columns.

Main Menu: Load / Static Loads / Nodal Loads
1. Select Single (on) mode: select Nodes 2 and 4
2. Load Case Name > Concentrated

3. Options > Add

4. Nodal Loads > FX: ‘35’

5.[Apply]

Gen 2018 - [D\Learning strcutral mechanics using midas Gen\Frame *] - [MIDAS/Gen] = B
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StaticlLoad UsingLoad | | spacied Disp. AL Typieal | 4 Assign Plane Loads
TRl | % =DM B NIRRT o
. b 7
cundary _Mass 3
— @ ]
2 61 aQ
Loed Cose tame ter =1 o
— &
3 ) [oefou =) [l a
= - - &
@nadd () Repince peiend
Nodal Loads @
3 =]
o - B
z
+ . [i5)
¥ Wt =
=
~x X )
&
]
=]

[>>
115 51\ commana wessass f aruvus vovssss 7



\

Structural Analysis |

6. Frame Analysis

(Basic)
Copy the rigidly connected Model 1 to create Model 2 to the right. Model2 will be
subsequently assigned 3 hinges.
Main Menu: Node/Element / Translate Elements
Copy Node (Element) 1. Mode > Copy
Attributes will 2. Translation > Equal Distance > dx, dy, dz: ‘12,0, 0’
simultaneously copy the . .
loads and boundary 3. Copy Node Attributes, Copy Element Attributes (Check on)
conditions assigned to 4. Select All
Model 1.
5.[Apply]
Gen 2018 - [DALearning streutr:
» Fig. 6.18 | T e et o e LN SIS
Create Model 2 . . > Translate Extrude Divide Merge Intersect
Lo
r;l
Q) Copy r:l
= a
&
e . i o 4 *
Humbar of Times " -
Unequal Distance g
2
00,0 - o - o« é
Material Inc. 0 Rep =
Secton Inc. v e Af )
e e D&\
Q) e .

/| capy Node Attributes.
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(Basic)

ZZ

6. Frame Analysis

» Fig. 6.19

Input member hinge
conditions

[Pinned-Pinned], etc. butonq ™ o

represent the boundary

conditions at i-Node and -
i-Node is the Node,
which has a smaller Node

Node.

number.

i, My, Mz, Mb:
@ [rmatomeis) (mrmstnais]

Define internal Beam End Release in Model 2.

Main Menu: Boundary / Beam End Release

1. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)
2. Select Single (on) mode: select Elements 7, 8,9

3. General Types and Partial Fixity > [Fixed-Pinned]

4. [Apply]

Gen 2018 - [DALeaming streutral mechanics using midas Gen\Frame] - [MIDAS/Gen]
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Structural Analysis | 6. Frame Analysis
(Basic)

2.7 Perform Analysis

Analyze the 2 Models.

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

Gen 2013 - [Di\Learning strcutral mechanics using midas Geri\Frame] - [MIDAS/Gen]
» Fig. 6.20

Message for a
successful run

= ok Boundaries

A Type 1 [1010100]
=+ BoamEnd Relaase 3
= Type 1 [G000000 000110) 5
= .. Stmtic Loads T
= [} Static Load Case 1 [Uniform ]
T Elemerd Beam Loads 4
~ [} Static Load Case 2 [Concentiated ;|
(12 Modal Loads -4

ON>EE808 N0 +2%2 0080

ITOTAL SOLUTION TIME..:

B i )
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Structural Analysis | 6. Frame Analysis
(Basic)

2.8 Check Analysis Results

Check the deformed shapes of the 2 Models due to the gravity direction load (uniform load).
Model 2 exhibits large deformation at the mid-span (hinge point) of the beam similar to the
cantilever behavior.

Main Menu: Results / Deformations / Deformed Shape...
1. Display Node Numbers, Display Element Numbers (Toggle off)
2. Load Cases/Combinations > ST: Uniform
3. Components > DXYZ
4. Type of Display > Undeformed (Check on)
Click [...] next to Deform > Deformation Type: Real Deform, [OK]

Gen 2018 - [D)\Learning strcutral mechanics using midas Gen\Frame] - [MIDAS/Gen]

View  Stucture  Node/flement nalyss Query  Tools
Eq‘ 4= Reactions ~ Influ. Lines = TH Resuits -
H Deformations - fj | 14 Local Direction. fModal D: atic Tnflu. Surfaces = TH Graph/Text -
Coniad on | T Forces - a- Nodal Results 07 RS | i Moving Tracer » | L Stage/Step Graph

Deformed Shape =[]
=[]

T5ad CasesCombimatons
[ST: undorm
Step

Properties  Boundary

» Fig.6.21
Deformed shapes due

to the uniform load

Column Shortening Story Shear
Graph for €5 Force Ratig

Dispiacement velocty

_—
\
@) DXYZ.

@ \

JO7=88686 08+ 2 00600 H

Local (if defined)
Type of Display
peform (o) undeformed
valves ] legend  [.]
’ ~. Model 1 | Model 2 \
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Structural Analysis |

6. Frame Analysis

(Basic)
Deformed shapes due to the lateral concentrated loads will now be examined.
Lateral deformation in Model 2 is a litle more excessive from the hinge points at the mid-
height of the columns. The lateral forces are transmitted to the lower half columns via shear
forces from the hinge points acting as cantilevers. The upper half columns offer limited
resistance to lateral deformation.
1. Load Cases/Combinations > ST: Concentrated
2. Click [...] next to Deform > Deformation Scale Factor: ‘2.0°
3.[OK]
. 5 Gen 2018 - [DALearning streutral mech :
4, nflu. Lines + | fe— =
’Flg 6.22 | i | L Influ. Surfaces - % E
Deformed shapes due e MBSl e g e ot | Tera
to lateral forces : £ :
€
r‘!).
a
—_—— g
sten - X / | @
ey / / ;" L
,” ’t’ >*
T / / ;‘/ I/
:(m oY 0z ',’J / J," _r" El
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o / /a / jﬂ
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Tya of Oilay @ / / / {
Deform ' 7 undeformed X ’ é
voes o) [legend [ =
[ Csirored  J % | =
[ sopy || cose |
B — T UTION TERMINATED
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ITOTAL SOLUTION TIME..: 0.61 [SEC] =
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Structural Analysis | 6. Frame Analysis
(Basic)

Find the shear forces due to the uniform load.

The bending moments at the top ends of the columns in Model 2 are 202.5 kN-m due to the
uniform load on the beam. Each momentinduces 45 (=202.5/4.5) kN at each column hinge
point. 4.5is the top half length of the columns above the hinge points.

Main Menu: Results / Forces / Beam Diagrams...

1. Load Cases/Combinations > ST: Uniform

2. Components > Fz

3. Display Option > Exact, Scale: ‘2’

4. Type of Display > Contour, Deform (Check off), Values (Check on)
5. [Apply]

(Gen 2018 - [D\Leaming strcutral mechanics using midas Gen\Frame] - [MIDAS/Gen]
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Structural Analysis | 6. Frame Analysis
(Basic)

Check bending moment diagrams due to the uniform load.
Due to the hinge point at the mid-span of the beam in Model 2, the moment distribution
resembles that of cantilever beams.

Main Menu: Results / Forces / Beam Diagrams...
1. Load Cases/Combinations > ST: Uniform

2. Components > My

3. Display Options > Scale: “1.0°

4. Output Section Location > Min/Max

5. [Apply]

Gen 2018 - [DALearning streutral mech
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Structural Analysis |
(Basic)

6. Frame Analysis

Check bending moments due to the lateral concentrated loads.

Main Menu: Results / Forces / Beam Diagrams...
1. Load Cases/Combinations > ST: Concentrated
2. Components > My

3. [Apply]

Gen 2018 - [D\Learning strcutral mechanics using midas Gen\Frame] - [MIDAS/Gen]

A [ Pushover Q s

» Fig. 6.25
Moment diagrams due
to the lateral forces
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Structural Analysis | 6. Frame Analysis

(Basic)

3. Manual Calculations

» Fig. 6.26

»Eq.61

<Case of acting lateral forces>

Because the degree of indeterminacy of Model 1 is 3, the method of consistent deformation
is not suitable for finding 3 unknowns by hand. However, moment distribution can be an
attractive method for hand calculation in which the symmetry is used and a degree of freedom
is set as an unknown. The number of unknowns can be then reduced to 1. Fig. 6.26 (a)
shows the inversely symmetrical deformed shape of Model 1 subjected to lateral forces. If
Points B and C are restrained against rotation under the acting lateral forces, the frame

deforms as Fig. 6.26 (b), and fixed end moments, M . are induced.

Ao A

The fact that the real structure is not restrained against rotation at Points B and C, the
restraints can be released using the moment distribution method. The stiffness of the
column and beam is calculated considering the inverse symmetry, which results in the
distribution factors of 0.4 for the column and 0.6 for the beam as follows:

4EI 6EI1
kea (Fixed at Opposite end) = - ks (Inverse Symmetry at Opposite end) = -
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Structural Analysis |

(Basic)

6. Frame Analysis

» Table 6.1

»Eq.6.2

» Fig. 6.27

The results from the moment distribution method are shown in Table 6.1 below, which
coincide with the results from midas Gen.

Moment distribution method Point A Point B
Distribution factor 10 04|06
Fixed end moment M M: | 0
Distributed unbalanced moment 0 Y F 06y F
Carryover moment (factor=0.5) 02y F 0|0
Final moment 08\ . 06m r 06m E

Carryover moment is induced at the other end of the member in question (Fig. 5.2(a))

M . can be calculated from force equilibrium in the lateral direction.

70=2

1

L0.6M, +0.8M, _28M,
1

)

M, =225kN m

The results from the hand calculation coincide with the results from midas Gen.

0.6Mg »

0.6M ¢

T

4 0.8M

40.8M ¢

135 » 135
(4\ 4]
4180 4180




Structural Analysis | 6. Frame Analysis

(Basic)

» Fig. 6.28

»Eq.63

»Eq. 6.4

» Table 6.2

<Case of acting vertical load>

The vertical uniform load applied to Model 1 causes symmetrical deformation as shown in
Fig. 6.28 (a). The uniform load is now applied to Model 1 with Points B and C restrained
against rotation, which then induces the fixed end moments, M . with the deformed shape as

shown in Fig. 6.28 (b).

o
|
O

g
™

<’

M

A

N

77777 7777777777 7777777777

T -
() (b)

2
M, =2 _135kN-m
12

The fact that the real structure is not restrained against rotation at Points B and C, the
restraints can be released using the moment distribution method. The stiffness of the
column and beam is calculated considering the symmetry, which results in the distribution
factors of 2/3 for the column and 1/3 for the beam as follows:

4E] 2E
kea (Fixed at Opposite end) = - kec (Symmetry at Opposite end) = N

The results from the moment distribution method are shown in Table 6.2 below, which
coincide with the results from midas Gen.

Moment distribution method Point A Point B

Distribution factor 1.0 2/3 0 1/3

Fixed end moment 0 0 -135

Distributed unbalanced moment 0 90 45

Carryover moment (factor=0.5) 45 0 0
Final moment 45 90 -90
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6. Frame Analysis

90 90
S
a 1]
»Fig. 6.29
45 ‘\g é/‘ 45
<Case of acting lateral forces>
The number of reactions in Model 2 is 6, which requires 6 equations to solve, which can be
formulated by 3 force equilibrium equations and zero moment condition at Points E, F and G.
In fact Model 2 is a statically determinate structure.
D Fy=0:H,+H,-70=0
DR =0:V,+V, =0
> M, =0:-M,-M;, -9V, +35x9+35x9=0
M, =0:45H,-M,=0
Mg =0:45H,-M, =0
M. =0:9H, —4.5V, -M, =0
35—+ 35 157.5 157.5
» Fig. 6.30
D, 157.5 157.5
35
uM, A M P 41575 41575
JA JD 35 35
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(Basic)

<Case of acting vertical load>

D F=0:H,+H,=0

ZFY =0:V,+V,=20x9

ZM =0:M,+M,+9V,-20x9x45=0
M.=0:-45H,+M,=0

Mg =0:-45H,+M =0

M, :o:-gHD+4.5vD+MD-20x4.5x4—f=o

©=20 kN/m ©=20 kN/m
RN RS\ 02
B F C B %/
E G

» Fig. 631

45—~ A %ﬁ - 45 2598 §§ éﬁ%@?ﬁ
t

90 90
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(Basic)

6. Frame Analysis

4. Exercise

Find the shear force, bending moment and axial force diagrams and the deformed shape of
the frame below.

z
T ®=1.5KkN/m

REEEEENEN

3m

P, =65kN —»

3m

3m 5m 5m Sm‘

»  Material: Concrete strength M40 used in Tutorial
»  Section
Shape: Solid Rectangle
Size:BxH0.5%x0.5m

» Load
Distributed load: 1.5 kN/m

Nodal load: 65 kN
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(Basic)

/. Frame Analysis with
Inclined Supports
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(Basic)

7. Frame Analysis with Inclined Supports

1. Introduction

» Photo 7.1
Inclined supports

»Fig. 7.1
(@) Inclined supports
(b) Vertical supports

1.1 Concept for Inclined Support

Analysis

A structure may be supported on inclined supports relative to Global Coordinate System
(GCS). ltisimportant to recognize that deformation and member forces can vary depending
on the orientation of supports.

Fig. 7.1 shows identical structures, but the support conditions are slightly different. Fig. 7.1
(a) is restrained at Point C parallel to Member BC, whereas Fig. 7.1 (b) is vertically restrained

at Point C.
10 kN
B\‘
A<as
J2m

45
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Fig. 7.2 shows the axial force, shear force and bending moment diagrams of the 2 structures,
which illustrate significant differences in member forces depending on the support conditions.

In the case of an inclined support, Fig. 7.2 (a) shows only a reaction at Point C with an axial
forcein Member BC. However all the Members AB and BC are subject to bending moments
with a reaction at Point A in the vertical support case as shown in Fig. 7.2 (b).

N AN
SN AN



Structural Analysis | 7. Frame Analysis with Inclined Supports

(Basic)

2. Tutorial 2.1 Model Overview
Compare the displacements, member forces and reactions between the 2 structures
subjected to a uniformly distributed vertical load and a horizontal load of trapezoidal
distribution. Both frame structures are identical except for the support conditions.

®, =10.0 kN/m
©,=10.0 kN/m[ |
»Fig.7.3 £
Analysis models 3
Incli
(&) Inclined support a5
£
e
®, =15.0 kN/m o
| 40m 40m
®,=10.0 kN/m
©,=10.0 kN/m[ |
(b) Vertical support g
<
45
EI
<
o~
®, =15.0 kN/m v

40m 40m

Material: Fe570

»  Section: Box 1,000x1,000x10 mm

» Load: 1. Distributed vertical load on horizontal member: 10.0 kKN/m

2. Trapezoidal horizontal load on vertical member: 10.0 - 15.0 kN/m

A\
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

2.2 Work Environment

Open a New File and save.

Main Menu: [& /New Project...
Main Menu: [& /Save As...
1. File name: ‘Support’ and [Save]

Set a unit system to kN & m.
Main Menu: Tools / Unit System...

1. Length > m, Force (Mass) > kN (ton)
2.[OK]

',._S“:“ : - = {/ﬁn System u

(D)) [ = veaming sncuns mchanics usng mecss Gen » Durg w3 || Search Dun ]
Orgaize ~  New foider =- @ Length Force (Mass) Heat
}F|g. 74 Document *  Hame Datemodificd  Type sin @m N (kg Bl
s b e e C On (kg 9
ppor GAOPM  MIDAS/GENW Doc _
Save file & e S am @ (ton)
. Videos © -
setunit System = = =Tkt —(kg)
W Computer ()mm .
& Local Disk ()tonf (ton)
& New Volur @ = Ik
> New Volur = (C)16f (b} s
@ ® Judek 3 i v ©in (7 kips (kips/g) Bty
| Fie name: suppor I
Sare & hpe: L2 = Temperature
= bide Folders [Csme ][ coneel (@) Celsius () Fahrenheit
Note : Selected units are displayed in relevant
dialog boxes. Values are NOT changed with
units.
[] set/change Default Unit System
2 oK ] l Apply ] l cancel




\

N\

Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

The example models exist in the 2-D X-Z plane.

Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane
2.[OK]

F’Nﬁ:ture Type u
1

> Flg 75 Structure Type
Setawork plane ©3D  @xZPlane

Mass Control Parameter

(©)¥-Z Plane (C)%-Y Plane (7) Constraint RZ

(@ Lumped Mass
|| consider off-diagonal Masses

|| considering Rotational Rigid Body Mode for Modal Farticipation Factor

() Consistent Mass

|| convert Self-weight into Masses

( i )Convertto X, Y, Z Convert to X, Y Convert to Z
Gravity Acceleration : 9.806 m/fsec~2
Initial Temperature : 0 [F1

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

[ Align Top of Slab(Plate) Saction with Floor (X-Y Plane) f play
[ oK | [ concel
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7. Frame Analysis with Inclined Supports

2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu: Properties > Material Properties

1.[Add..]

2. Type of Design > Steel

3. Steel > Standard >IS(S), DB > Fe570, [OK]

4. Properties dialog window: click Section tab, [Add...]
5. Name: ‘Sect’
6. Section shape list > Box, Section definition method > User
7.H:‘’, B1=B2: ‘1, tw: ‘0.0, tf1=tf2 : ‘0.01’, [OK], [Close]

»Fig. 7.6

Material Data

General
aterial ID

2

Name Fe570

Define material & section

Elasticty Data
Type of Desin  |Steel

3 Steel
Standard  1S(S)

& ==

Type of Materal
@ Isotropic

Steel
Modulus of Easticty :
Poisson's Rato
Thermal Coefficent :
Weight Densty

Use Mass Denstty:

B concrete

Plasticky Data
Plastic Material Name
Thermal Transfer
Specfic Heat

Heat Conducton

Dampng Ratio

Cancrete
Standard
Code
DB

2.05006+008 | kiym~2
6.6667e-006  1J[F]

Kh/m*3
kN/m*3/q

_WW -

Bru/kN*[F]
Beu/m*hr*[F]

a
o
=

Section Data

DBfUser |

0!

ection D 1
Name Sec & User

Offset :  Center-Center
Change Offset ...

¥] Consder Shear Defarmation.
Consider Warpig Effect{7th DOF)

7
Show Cakadation Resuts... oK Cancel
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2.4 Nodes & Elements Generation

Create a node in order to generate elements.

Main Menu: Node/Element > Create Nodes
1. Coordinates (x, y, 2): ‘0,0, 0’

2.[Apply]

3. Auto Fitting, Front View (Toggle on)

Gen 2018 - [DALeaming strcutral mechanics using midas Gen\Support] - [MIDAS/Gen)

Desig ois
> @ e — - 1. -me

] T e YK Xpokte of E oo a{ B'N x X Desete 1% =, ? [y uto-mesh

- ® 0% AR sypoue Tosak — = o o Rotate |4 [ Map-mesh

Creste | Transias Divide Merge o | Noges | Creste | Transine Extrude Divide Merge Insrssct | cn Biements )

Nodes % (i projc | Tabie | ciamants M (iMimor 51| oo “otie | HimDefe Domain

»Fig.7.7
Create a node

[iim Define Sub-Domain

PR s R - ELLIGEE T

£ 001

Number of Times : L]

Dstances (dx,dy,dz) :
0,0,0 m

7] Merge Dupicate Nodes (&

¥ Interseet Flenms [™=|
=

gmws{ﬁggmmm-ﬁﬁ.mn;’"

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

[>>
LT T Dy commans wessage [“amaan nesssae ]
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(Basic)
Create the column in Model 1 by Extrude Elements, which extrudes Node to Line Element.
Eﬁﬁggggf ;e ;‘df;? © Main Menu: Node/Element > Extrude

Truss, Beam or Column
line elements in Element
Coordinate System.

Unless a section is
symmetrical in both axes
(like a circle or square
section), the stiffness of
the section changes with
Beta Angle.

»Fig.7.8
Create column

1. Extrude Type > Node — Line Element

2. Element Attribute > Element Type > Beam

3. Material > 1: Fe570, Section > 1: Sect, Beta Angle: “180’
4. Generation Type > Translate

5. Translation > Equal Distance

6. dx, dy, dz: ‘0, 0, 1’, Number of Times: 6’

7. Select All

8.[Apply]

Gen 2016 - [D‘\Leummgswcutra\ mechanics using m\dusGm\Suupoﬂl [MIDAS/Genl
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7. Frame Analysis with Inclined Supports

> Fig. 79

Create horizontal
member

Extrude the top node of the column to create the horizontal member.

Main Menu: Node/Element > Extrude

1. Display Node Numbers (Toggle on)

2. Select Single (on) mode: select Node 7

3. Extrude Type > Node — Line Element

4. Element Attribute > Element Type > Beam

5. Material > 1: Fe570, Section > 1. Sect, Beta Angle: ‘0’
6. Generation Type > Translate

7. Translation > Equal Distance

8. dx, dy, dz: “1, 0, 0, Number of Times: ‘4’

9. [Apply]
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Nodes % (Project
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)
Extrude the right end of the horizontal member to create the sloped member.
Main Menu: Node/Element > Extrude
1. Select Single (on) mode: select Node 11
2. Extrude Type > Node — Line Element
3. Element Attribute > Element Type > Beam
4. Material > 1: Fe570, Section > 1: Sect, Beta Angle: ‘0’
5. Generation Type > Translate
6. Translation > Equal Distance
7. dx, dy, dz: ‘4/6, 0, -4/6’, Number of Times: ‘6’
8. [Apply]
Gen 2018 - [D:\Leaming slrulll mechanics using midas Gen\Support] - [MIDAS/Gen]
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7. Frame Analysis with Inclined Supports

(Basic)
2.5 Define Boundary Conditions
All nodes in 3-D space retain 6 degrees of freedom (Dx, Dy, Dz, Rx, Ry, Rz). In this tutorial,
the degrees of freedom are permitted in the X-Z plane only, leaving only 3 degrees of freedom
(Dx, Dz, Ry). For afixed condition, Dx, Dz, Ry degrees of freedom are restrained, and for a
roller support, Dz degree of freedom is restrained.
Main Menu: Boundary / Define Supports
1. Options > Add, Support Type > Dx, Dz, Ry (Check on)
2. Select Single (on) mode: select Node 1, [Apply]
3. Support Type > Dx, Ry (Check off)
4. Select Node 17, [Apply]
e (90| ee Bl E
»Fig.7.11 Giste et Gomer] S o O 1 e ) 1 o oo s sy D v | B85
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

2.6 Define Loads

Define the load cases (load types) first to which the loadings will belong.

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

2. Type > User Defined Load (USER)

3.[Add]

4. Name; ‘Horizontal’

5. Type > User Defined Load (USER)

6. [Add], [Close]

Static Load Cases M
»Fig. 7.12 Neme  : | Horzontal
Define load cases Type ;| [User Defined Load (USER) v [ modiy |
Description @ Delete

No | Name | Type | Description |
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Structural Analysis | 7. Frame Analysis with Inclined Supports

(Basic)

»Fig. 713
Input uniformly
distributed load

Input a uniformly distributed load, 10 kN/m on the beam.

Main Menu: Load / Static Loads / Element Beam Loads...

1. Display (Toggle on) Load tab: Load Value (Check on)

2.[OK]

3. Load Case Name > Vertical

4. Load Type > Uniform Loads

5. Direction > Global Z

6. Value > Relative

7.x1: 0, x2: ‘1, w: -10°

8. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)
9. Select Single (on) mode: select Elements 7, 8, 9, 10

10. [Apply]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Input a trapezoidal load on the column, 10.0 - 15.0 kN/m distribution.

Main Menu: Load / Static Loads /Line Beam Load

1. Load Case Name > Horizontal

2. Options > Add

3. Load Type > Trapezoidal Loads

4. Direction > Global X, Projection > No

5. Value > Relative

6.x1: ‘0°, x2: ‘I’, W1: 10, W2: ‘15’

7. Display Node Numbers (Toggle on), Display Element Numbers (Toggle off)

8. Click the Nodes for Loading Line field (which turns to green), click Nodes 7 and 1
sequentially in Model View

9. [Close]

10. Works Tree: right-click on Static Load case 2 [Horizontal] Line Beam Loads: 6 >
Undisplay

»Fig. 7.14
Input trapezoidal load on
vertical member

Load
s A 1 Element ressure Loads = | =2 nital Forces -
Lm &h

(%5 Modal Loads M Loads to M:
e Comtratons | 4 Speced Disp.

Type

[Topezogalioass |
g lin

[IEALLLASALES

==

Blement Selection
[On the kadng ine

Gt o

Drection :

Prajecton :
Vaue

O6>00068 R +%R2 00 00!

@ Reltive Absakte

x 0 wi 10
X2 1 w2 15

x4 0 0

w4
Noces forLoadng L
m

Copy Load

E [>>
[ 4]0 [0 ]y commana wessage { anayn essase |

in] -




\

\

Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Copy Model 1 to create Model 2. Loadings and support conditions assigned to Model 1 will
be copied simultaneously.

Main Menu: Node/Element / Translate Elements

1. Hidden, Display Node Numbers (Toggle off)

2. Mode > Copy

3. Translation > Equal Distance > dx, dy, dz: ‘0, 0, -8’

4. Copy Node Attributes, Copy Element Attributes (Check on)
5. Select All (Toggle on)

6.[Apply]

Gen 2018 - [D\Learning streutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports

(Basic)

» Fig. 7.16

Change support
condition

Define Node Local Coordinate System (NLCS) to reflect the inclined support condition at the
rollerin Model 1. NLCS is applied to the corresponding node only, which takes priority over
GCS. NLCS is used when displacements or support conditions exist in specific directions,
which do not coincide with GCS. Analysis results (displacements, reactions, etc.) can be
also examined in NLCS.

Main Menu: Boundary / Node Local Axis
1. Display Node Numbers (Toggle on)

2. Select Single (on) mode: click Node 17
3. Options > Add/Replace

4., Define Local Axis > Input Method > Angle
5. about x; ‘0, about y": “-45’, about z"; ‘0’

6.[Apply]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

2.7 Perform Analysis

Analyze the 2 Models.

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

‘Gen 2018 - [DA\Learning strcutral mechar

»Fig. 7.17
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

2.8 Check Analysis Results

Check the reactions due to the vertical load.
Note that a horizontal reaction is observed at the left fixed support in Model 1.

Main Menu: Results / Reactions / Reaction Forces/Moments...

1. Load Cases / Combinations > ST: Vertical
Local (if defined) is used

for reactions in local 2. Components > FX, Local (if defined) (Check on)
coordinates if defined. 3. Type of Display > Values, Legend (Check on)
4.[Apply]

Gen 2018 - [D\Learning streutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Check reactions due to the horizontal load.

The fact that the inclined support in Model 1 resists the horizontal load, the horizontal reaction
at the left fixed end in Model 1 is less than that in Model 2.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases / Combinations > ST: Horizontal

2. Components > FX

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

4.[Apply]

(Gen 2018 - [D\Learning streutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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7. Frame Analysis with Inclined Supports

(Basic)
Check the deformed shapes of the 2 Models. DXZ here means /DX 2+ DZ2 .
The vertical load causes Model 1 to deform to the left due to the presence of the inclined
support. Model 2 is observed to deform to the right.
Main Menu: Results / Deformations / Deformed Shape...
1. Load Cases / Combinations > ST: Vertical
2. Components > DXZ (or DXYZ)
3. Type of Display > Undeformed, Legend (Check on), Values (Check off)
4.[Apply]
‘Gen 2018 - [D\Learning strcutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Check the deformed shapes of the 2 Models due to the horizontal load.

Main Menu: Results / Deformations / Deformed Shape...

1. Load Cases / Combinations > ST: Horizontal

2. Components: DXYZ

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

4.[Apply]

Gen 2018 - [DA\Learning streutral mechanics using midas Gen\Support] - [MIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports

(Basic)

»Fig. 7.22
Bending moments due
to vertical load

Check bending moments due to the vertical load.

Due to the horizontal reaction of the inclined support in Model 1, large bending moment
occurs in the column.  On the other hand, large moment is observed in the sloped member
in Model 2 without the inclined support.

Main Menu: Results / Forces / Beam Diagrams...

1. Load Cases/Combinations > ST: Vertical

2. Components > My

3. Type of Display > Contour, Values, Legend (Check on), Deform (Check off)
4. Click [...] nextto Values

5. MinMax Only, Abs Max (Check on)

6. [OK]

Gen 2018 - [D\Learning streutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

Check bending moments due to the horizontal load.
Though bending moments in the 2 Models share a similar pattern, Model 2 with the absence
of the inclined support exhibits larger moment at the fixed end in comparison with Model 1.

Main Menu: Results / Forces / Beam Diagrams...

1. Load Cases/Combinations > ST: Horizontal

2. Components > My

3. Type of Display > Contour, Values, Legend (Check on), Deform (Check off)
4. Click [...] next to Values

5. MinMax Only, Abs Max (Check on)

6. [OK]

Gen 2018 - [D\Learning streutral mechanics using midas Gen\Support] - IMIDAS/Gen]
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

3. Manual Calculations

The method of consistent deformation can be used by defining the reaction in the slope
direction at Point D in Model 1 as an unknown.

EEEEERE
B c B C

»Fig.7.24 D \R D //R
Model 1 A 1

- A,

{m} wa M}
. 1 AB Zone: 15, 5 ,
ABZone: m(x) =$(x-10) one: M (x) =-290+75x-?x +£x
. 4 X
BCZone: : m(X) =$(Z'1) BCZone: M (X)=-80+40x -5x*




_

Structural Analysis |

7. Frame Analysis with Inclined Supports
(Basic)

The displacement at Point D due to a unit load applied in the direction of Member CD is
defined as f in the state of the support restraint released at Point D.  The displacement at

Point D in the direction of Member CD due to the member forces on Members AB and BC is
now definedas D . From this, a compatibility equation can be derived.

f-X+D=0
where,

1l 2
f =5 0{m(x)} dx

2 2
1,6/ 1 14| 4 (X
== [l (x-10) dx+=[12(X 1]l g
E,L,{ﬁ(x )} “E 0{ 2(4 J} "
—166.667/El
1 ¢!

D=2+ AM(X)HM (x)}dx

1,6/ 1 15 5
=— [ {—=(x-10)!1{-290+75x — == x2 + —x° Ldx
ElIO{ﬁ( )H 2 36 }
1 ¢4 4 (x
+—| {—=|=-1|}{-80+40x —5x*\dx
El O{ﬁh j}{ }
= 5045.914/E|

X = —% =-30.225

Accordingly, the reaction at Point D becomes 30.225 kN, the direction of which is upward and
opposite to the direction of the unit load.

»Fig. 7.25
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(Basic)

7. Frame Analysis with Inclined Supports

» Fig. 7.26
Model 2

The method of consistent deformation can be now used for Model 2 by defining the vertical
reaction at Point D as an unknown. Releasing the vertical support restraint at Point D and
applying a unit load in the reaction direction results in the moment, m(x) .  Applying the loads

on Members AB and BC in the released condition results in a moment distribution, M (x)

as shown in Fig. 7.26.
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7

7. Frame Analysis with Inclined Supports

»Fig7.27

Model 2 calculation
results

The vertical displacement, f at Point D is caused by a unitload. The vertical displacement,

D at Point D is caused by the loads on Members AB and BC. The following compatibility
equation can be derived:

f-X+D=0
where,
1 ¢l

f =5 s {m(x)}zdx

1 (6 1 4 1 4z ( x :
-5 O{—S}zdx+§.[0 {-8+ x}zdx+§j0 {——4} dx

2
= 563.5032/El

1.l

D=2 ] m(x)}{M (x)}ox

=L [%(-8}]-200+ 75— L2 + 2 e [*{-8+ x}{~80+ 40x — 5x x
El %0 2" "3 El o
— 7826.6667/El

X = —% =-13.8893

Hence the reaction at Point D becomes 13.8893 kN (upward).

!

A~ ~75.0000 13.8893

178.8854\T/‘

26.1107
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Structural Analysis | 7. Frame Analysis with Inclined Supports
(Basic)

4. Exercise

Compare the member forces, displacements and reactions among the 3 frames of different
column slopes below. Material and section are identical to those in Tutorial.

=10 KN/m
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8.0m | 6.0m | N
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8. Springs Analysis

8. Springs Analysis
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Structural Analysis | 8. Springs Analysis

(Basic)

1. Introduction 1.1 Concept for Springs Analysis

»Fig.8.1

Elastic boundary
element examples

(a) Boundary condition
for Paint Spring Support

(b) Surface Spring
Supports

An elastic boundary element or a spring is used when the stiffness of a contiguous structure
or ground at the boundary of a model needs to be reflected. Itis also used when elements
(truss, plane stress, plate element, etc.) need to be connected with the absence of certain
degrees of freedom.

For a given node, springs can be specified for 6 degrees of freedom (3 translational and 3
rotational) in Global Coordinate System (GCS). Force per unit length is specified for a
translational elastic component, and a moment unit per radian is specified for a rotational
elastic component.

ANAAAA
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K = modulus of subgrade reaction X effective area
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8. Springs Analysis

(Basic)
A translational elastic boundary element is appropriately used to represent ground stiffness
at the bottom of a column or a pile at the lower part of a structure (substructure). Modulus
of subgrade reaction multiplied by the tributary area of the corresponding node is used to
model the ground. It should be noted that the ground can only resist compression, not
tension.
midas Gen provides the Surface Spring Supports function to readily represent the boundary
condition of a surface in contact with soils.  Such boundary condition is specified in Model >
Boundaries > Surface Spring Supports. Once relevant nodes are selected, and the
modulus of subgrade reaction parameter is specified, midas Gen automatically calculates
the spring stiffness of the selected nodes based on the effective area of each node. If the
analysis needs to reflect the compression-only resistance of the ground, then Elastic Link
(Compression only) needs to be specified.
Ground type Modulus of subgrade reaction (kN )
Soft clay 12,000~24,000
F:eTp?s'; ﬁéﬁve .y Medium stiff clay 24,000~48,000
of subgrade reaction Stiff clay 48,000~112,000
Loose sand 4,800~16,000
Medium dense sand 9,600~80,000
Silty medium dense sand 24,000~48,000
Clayey gravel 48,000~96,000
Clayey medium dense sand 32,000~80,000
Dense sand 64,000~130,000
Very dense sand 80,000~190,000
Silty gravel 80,000~190,000

[Table 8.1]

summarizes moduli of subgrade reaction for soils, which are typically encountered in practice.
It is recommended that both maximum and minimum values be used separately, and

conservative values with discretion be implemented for design.



Structural Analysis | 8. Springs Analysis

(Basic)

The axial stiffness of spring supports for columns or piles can be calculated by EAH, where
E is the modulus of elasticity for columns or piles, A is effective cross-sectional area, and H
is effective length.

Rotational spring components are used to represent the rotational stiffness of contiguous
boundaries of the structure in question.  Ifthe contiguous boundary is a column, the stiffness
is calculated by oEI/H, where a is a rotational stiffness component coefficient, | is effective
moment of inertia, and H is the effective length of the column.

Generally, boundary springs at a node are entered in the direction of each D.O.F. For more
accurate analysis, however, additional coupled stiffness associated with other degrees of
freedom needs to be considered. That is, springs representing coupled stiffness may
become necessary to reflect rotational displacements accompanied by translational
displacements. For instance, it may be necessary to model pile foundation as boundary
spring supports in which case more accurate analysis could be performed by introducing
coupled stiffness in addition to the stiffness in each direction.

Boundary springs specified at a node, in General, follow the GCS unless an NCS is specified
in which case they are defined relative to the NCS.

Subsequent to formulating the stiffness in the analysis stage, singular errors are likely to
occur when stiffness components in certain degrees of freedom are deficient. If the
rotational stiffness components are required to avoid such singular errors, itis recommended
that the values from 0.0001 to 0.001 be used. The range of the values may vary somewhat
depending on the unit system used. To avoid such singular errors, midas Gen and midas
Civil, thus provides a function that automatically assigns stiffness values, which are
insignificant to affect the analysis results.



Structural Analysis | 8. Springs Analysis

(Basic)
A spring is a support, which can accompany deformation. Fig. 8.2 shows a 2- span
continuous beam supported by a spring at the midpoint B.  The structure can be considered
as a simple beam subjected to an upward force, Q , which exerts on the spring support.
q
b by by by by
[ |
A I B LC
»Fig. 8.2 k
Continuous beam with a
spring support
| 777\77 |
I I |
e v by bbb bbbyl
[ ]
A/ AC Ié‘
B ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
fQ
Q|
E =3x10" kN/m?, 1=1x10"°m*
q=10 kN/m, l]=45m

The deflection of the above simple beam with a span of 2/1, which is subjected to a uniformly
distributed load, g and a concentrated load, Q , is the same as the change in length of the

spring. The following governing equation can be written:
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Structural Analysis |

8. Springs Analysis

(Basic)
Fig. 8.3 shows the relationship between the ratio of the flexural stiffness of the beam (E1/1)
to the spring stiffness (k) (horizontal axis) and the reaction ratio (vertical axis). The reaction
ratio is the spring reaction relative to the reaction caused by a vertical support at Point B.
Since the reaction at the midpoint in a 2-span continuous beam is 5q(2/1)/8, the spring
reaction will always be a fraction of the hard support reaction.
1.2
1.0 -
> Fig. 83 os /
Relationship between o /
the ratio of the flexural 5 06
stiffness of the beam g
(E1/1)to the spring 2
stifiness (k) s 04 /
E 0.2 //
0.0 —
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
Rigidity Ratio (EI/Ik)
Fig. 8.4 shows the distribution of the spring stiffness (horizontal axis) and the spring
deformation divided by the span length (vertical axis).
0.007
0.006 T
| < N
» Fig. 8.4 ® 0005 \
Distribution of the spring 2 5.004 \
stiffness (horizontal axis) g \
and the spring & 0.003
deformation s \
£ 0002
: \L
& 0001
s \;
w 0
£ 0.0001 0.001 0.01 0.1 1 10 100 1000 10000
wv
Rigidity Ratio (El / Ik)
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Structural Analysis | 8. Springs Analysis

(Basic)

It can be observed from Fig. 8.3 and Fig. 8.4 that the spring reaction increases with the
increase in the spring stiffness, but the spring deformation decreases. When the spring
stiffness ratio exceeds 10, the spring deformation becomes negligible exhibiting the behavior
similar to that of the hard support condition. It can be also observed that a large transition
takes place when the stiffness ratio is in the range of 0.1 - 1.0.



Structural Analysis | 8. Springs Analysis

(Basic)

2. Tutorial 2.1 Model Overview
Compare the reactions, displacements and member forces between the models, which vary
in support conditions and spring stiffness.

> Fig.85 P, =100.0 kN

Analysis models

Model 1,2,3: 3>@ ¥

Spri i

pring connections k1 $ k2 %
| 50m » 50m «
™ il

Model 4:

Intermal hinge

connection

| 5.0m | 5.0m |
[ [ |
»  Material
Steel: Fe440
Modulus of elasticity (E): 2.05 x10® kN/m?
»  Section

Cross sectional area: 1.0x102 m?
Moment of inertia (lyy): 8.333x10* m*
» Load
Nodal concentrated load: 100.0 kN
»  Spring constants

Type ki (kN - m/radian) ka2 (kN /m) ks (kN /m)
Model 1 1,000,000 10 100,000
Model 2 100 100,000 100,000
Model 3 1,000,000 100,000 100,000
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Structural Analysis | 8. Springs Analysis

(Basic)

2.2 Work Environment

Open a New File and save.

Main Menu: [&f /New Project...

Main Menu: [&f /SaveAs...
1. File name: ‘Support’ and [Save]

Set a unit system.

Main Menu: Tools / Unit System...
1. Length > mm, Force (Mass) > N (kg)
2.[OK]

[l ﬁn System M‘
1

& save s
f P
»Flg. 8.6 uo | * OFC » book » modified » cantilever beam G e
Length Force (Mass) Heat
Save ﬁ|e & | organize - ew foider N - )
. & Downloads ~ *  Name a Tvp: @m On - (kg) Qcal
setunitsystem % ReceePces :
& 4360 Drive B cantilever beam 1 35 MIDAS/GE| ®em @kN (ton) ® keal
W Oesiaop 1 P ©)kgf (kg) .
_ (C)tanf (ton) -
3 Libraries - z ~
Documents Oft CIbf () ol
& Musi - - =
e ©in () kips (kips/ag) Bt

£, Pictures
1 4 Quen :
[ l. Temperature

File name: _cantilever beam

Save as type: MIDAS/Gen Files (*mgb) '\ (@) Celsius ‘:‘Fahrenhe\t

[ Note : Selected units are displayed in relevant
Save Cancel
- 4l dialog boxes. Values are NOT changed with

units.

= Hide Folders

[ ok ] [ ey | [ concel

2 )] Set/Change Default Unit System
L
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Structural Analysis | 8. Springs Analysis
(Basic)

The example models exist in the 2-D X-Z plane.

Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane

2.[0K]
(V*&klcture Type u
1
»Fig. 8.7 Structure Type
Set awork plane 3D (@)%-Z Plane ()Y-Z Plane (C)%-¥ 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 Convertto X, Y Convertto 2
Gravity Acceleration : 9.806 m/sec™2
Initial Temperature : 0 [F1

DA\ign Top of Beam Section with Floor (X-Y Plane) for Panel Zone Effect / Display

|| Align Top of Slab(Plate) Section with Floor (X-Y Flane) f@play
2

[ oK ] | [ cancel




Structural Analysis |
(Basic)

8. Springs Analysis

2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu: Properties / Material Properties

1. [Add...], Type of Design > Steel

2. Steel > Standard > IS(S), DB > Fe440

3.[OK]

4. Properties dialog window: click Section tab, [Add..

5. Value tab, Name: ‘Sec’

6. Section shape list > I-Section

7. Section Properties > Area: “le+4’, lyy: ‘8.333e+8’
8.[OK], [Close]

1

Material Data

I|  General s vale ‘/6\‘
| 2 Flg 88 Material ID 1 T Feadn &
—~ |/ sectonm 1 T r-secton =
Define material & 1 psticty oats (2 }|(5)
. - Steel i Neme Sec Dbt &
Type of Design Steel ullt-Up Section
secton ]
08 Fe40 - Sics
H 0.0000 |m
B1 0.0000 |m
Concrete » T ) 'm
Standard v = T T
Type of Material il 0.0000 |m
P Code hd B2 0.0000 |m
@) Isatropic Orthotropic t
DB - tf2 0.0000|m
Steel n_| 0.0000|m ‘/7\‘
Modulus of Elasticity : 2.05006+008 | kyjmn2
‘ = Section Properties
FossonsRato = Calo. Section Properties
Thermal Coefficient : 6.66672-006 | 1[F] Area | 1.000000-0 |m*2
Weight Density 76.98 | kNfm+3 Asy | 0.00000e+0 |m*2
000006+
[] Use Mass Density: 7.85  knfm*3/q Asz |0, 0040 |m*2

Concrete

Plasticity Data

Plastic Material Name

Thermal Transfer
Specific Heat

Heat Conduction

I Damping Ratio

Section Data

NONE -

0

0

\P/_\\

3
-

Btu/kN=[F]

Btu/m=hr=[F]

Offset :

Center-Center

Change Offset ...

x| 0.00000e+0|m4
lyy | 8.33300e-0|m\4
1z | 0.00000e+0 |m4

Cyp 0.0000 | m

Gnsider Shear Deformaton.
Consider Warping Effect(7th DOF)

N\

(8
\7( oK Cancel
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Structural Analysis | 8. Springs Analysis
(Basic)

2.4 Nodes & Elements generation

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

Main Menu: Tools / Unit System > check on m, kN
Main Menu: Node/Element / Create Nodes

1. Coordinates (x, , 2): ‘0,0, 0

2.[Apply]

3. Auto Fitting, Front View (Toggle on)

CendoE s
i 5 Mode/Element 04 A is ! «
. @ ¥_K XDelete irror %, > = - 5 -
eNe @ - Lt 3
»Fig.8.9 o 1 ¢\'£ AR 20 Rowte Sscale <R T Rowte |7 Zn
Create | Translate Dwide M ] Cr Translate Extrude Divide M Intersect ., Lt Char El
Create anode Nodss || 9" e Tobte | Elments | 17" 7 98 M Wirror €] | porameters  Table.

When Auto Fitting is stedember ;2 ([ 7t
toggled on, the model fits 2
into the full screen, which — o
automatically controls ke o 0 % ;.v-
Zoom Size in real time. ————
] Merge Dupiicate Nades = .'«
- ..m = | S |
[ cose @
o
-
&
|
[ ] 1\ command essage { Ansyas Hossage [
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Structural Analysis | 8. Springs Analysis
(Basic)

Create the left side beam of Model 1 using Extrude Elements, which extrudes Node to Line
Element.

Main Menu: Node/Element > Extrude

1. Extrude Type > Node — Line Element

2. Element Attribute > Element Type > Beam

3. Material > 1: Fe440, Section > 1. Sec, Beta Angle: ‘0’
4. Generation Type > Translate

5. Translation > Equal Distance

6. dx, dy, dz: ‘1, 0, 0’, Number of Times: ‘5’

7. Select All

8.[Apply]

Gen 2018 - [DAOFC\

[l Properies  Boundary Load  Analysis  Resuts  Pushover  Design  Query  Tools XF Help O
Y oo Mirror % g ;o - Lot S -Domai
’ 1 oNe V¥ -XDeete o|omimor 5, © @ Y '- .)( BN 1 X Delete 35 S\“ BgAuto-mesh [l Define Sub-Domain
. ¢ ® 00 AR t9poiste sale (% . | — =0 o Rotate | [E]Map-mesh
Create | Translate Divide Merge -, + | Nodes | Create Translate Extrude Divide Merge Intersect 1, -t Change | Elements
> Flg 8.10 Nodes 9 Bproject £ | Table | Elements M = iliMiror 1| pyaraters  Table | B Define Domain
Create beam elements

""'Eizk R ® (2R 5 2 B %

Extrude Elements ™

B start number ]
| Node Number : 49 [
| Element Number : 41 -

/@3 [N}

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

—
O
et} LS - RT3\ command wessage fAnayas uesssse | 1)« @

el [ MDAS/Gen x FA

TRIX

10 »@E66 00 +2%2 05000
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Structural Analysis | 8. Springs Analysis
(Basic)

Copy the left side beam elements of Model 1 to create the right side beam elements.

Main Menu: Node/Element / Translate Elements

1. Mode > Copy

2. Translation > Equal Distance > dx, dy, dz: ‘5, 0, -0.1°
3. Number of Times: 1’

4, Select All

5. [Apply]

»Fig.8.11

Copy beam elements
Create beam elements

a 3 Gen 2018 - [DAOFC\ ifi -
ure ope: oundsry 2 Resuts  Pushover  Design  Query  Tools B tep - - & x

> @ N_¢ lete = elete
_% a\@ o X Delets Y I‘ J\CBN X Delete 3 2‘}' ?
- 00 AR 1 potate Tscale = -1 T Rotate |1
Create | Transiate Divide Merge ) + | Modes | Create Translate Extrude Divide Merge Intersect -, 1| Change | Elements 5
Nodes & prowat Table | Bements 1 IMmor 421 | pagarmetars  Toble | EWDefne Domain

B wmas/Gen x |

b san

[Fransce e

B start Humber o
Noderumber ;13 [
cemerwumper: 11 [

9 Equal Distance
dudvdz: 50,01 .
Humber of Times : 1
) Unequal Distance

00,0
Moterline. : 0 [2|[rep.
Saction tnc. 0 = Frep
Themessme : 0 2 nep
Delete Free Hodes
itersect [Node  [TElem [on]
T copy Hade Attnbutes
Copy Bemant Attrbutes (sl

Marging Tolerance

1

o (e |

Hone D, -0,
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Structural Analysis | 8. Springs Analysis
(Basic)

2.5 Define Boundary Conditions

Define boundary conditions at each end of the beams.

Main Menu: Boundary / Define Supports
1. Display Node Numbers (Toggle on)

2. Support Type > Dx, Dz (Check on)

3. Select Single (on) mode: select Node 1
4.[Apply]

5. Dz (Check off), Dx, Ry (Check on)

6. Select Single (on) mode: select Node 12

7.[Apply]

Gen 2018 - [DAOFC\bookimodified\support\support] - [MIDAS/Gen]

21 91 oNe V¥ Xbee femtimor

[ ® @9 A K *ypoue DSl [T .

Create | Translate Divide Merge o
- 9° ¥ Project

z\ [BaAuto-mesh [ Define Sub-Domain
H [E]Map-mesh

1| Change | Elements
Parameters  Table | [l Define Domain

R ST

ranslate Extrude Divide Merge Intersect 1\ .

»Fig. 8.12
Input support conditions

Boundary Group Name

[osfautt =) [
Options
284 (@ Reploce Delete

Support Type (Local Direction)

%g byaY
8 . )
. “» Dx
bz =

2,5 oA
w & oo o
roaLL
~ P w
R

ject will be saved by the auto-save feature.

)= HEE6 06 6% RL 005 GO %k

LT 9 Pcommana wesssge {rmavwe wermsss
Node-8 6.0.-01
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Structural Analysis | 8. Springs Analysis
(Basic)
Use Point Spring Supports to input the elastic support condition for the beams.
Unlike Supports, which restrain the nodal degrees of freedom, Point Spring Supports are
associated with boundary elements (springs) having elastic support stiffness for each degree
of freedom. The springs permit deformation based on the stiffness, and the member forces
in the elastic boundary elements are generated in the form of reactions.
Main Menu: Boundary / Point Spring Supports
1. Point Spring (Local Direction) > SRy: 1,000,000’
2. Select Single (on) mode: select Node 1
3. [Apply]
4. SDz: “100,000’, others: ‘0’
5. Select Single (on) mode: select Node 12
6. [Apply]
Gen 2018 - [DAOFC\book\modified\support\support] - [MIDAS/Gen]
PFIg 8.13 P O] Ve Yot XDeete ofe Mo ““5 N ; ” E N [y Auto-mesh iy Define Sub-Domain
Input elastic support < e e T ) o ?Ef;“ s Hoeme
conditions = . S—

¥ miDAs/Gen x

Foint Spring Supports =)
Boundary Group Name

[pefauit |

Options
Add (@ Replace Delete

Foint Spring (Local Direction)

S — @%} %

(\@

&

av= o
N m/Tra

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

B =

>
A3\ commana

Fr

10 =006 %2 OLL0

— T



=

Structural Analysis |

8. Springs Analysis

(Basic)
2.6 Define Loads
Define the load case (load type) first to which the loading will belong.
Main Menu: Load / Static Loads / Static Load Cases
1. Name: ‘Nodal load’
2. Type > User Defined Load (USER)
3.[Add]
4.[Close]
Static Load Cases u‘
»Fig. 8.14
Define load case 13 Jame  : todallos =
Type  : |User Defined Load (USER) -
EemwirEms
No | Name Type Description | |
P
' O




\

\

Structural Analysis | 8. Springs Analysis
(Basic)

Input a concentrated load, 100 kN at Node 6.

Main Menu: Load / Static Loads / Nodal Loads

1. Display (Toggle on), Load tab: Load Value (Check on), [OK]
2. Load Case Name > ‘Nodal load’

3. Options > Add

4. Nodal Loads > FZ: -100°

5. Select Single (on) mode: select Node 6

6.[Apply]

Gen 2018 - [DAOFC\book\madified\support\suppart] - [MIDAS/Gen]

. e [P soysis  Resuits  Pushover  Desion  Query  Tools =
> F'g 815 () Dynamic Loads (%) Settlement/Misc. % W seff Weight A Nodal Body Force | EF/Wind Loads | [T Blement | (i} Pressure Loads ~ =2 Initial Forces =
| odal load (%) Temp.Prestress (%) Canstruction Stage () Load Tables L (%3 Nodal Loads 4™ Loads to Masses = | §fF Seismic Loads | [l Line [ Fydrostatic Pressure | [] +
nput n O Om = - Static Load _Using Load |
toving Load (=) Heat of Hydration Cases Combinations | =} SPecified Displ. Ak Typical | 4 Assign Plane Loads *
T -:jﬂ‘,ﬂ:@&\!‘ﬂ?ﬁﬂ'@"@'“&

Load Group Name

Default ) =) =

aptions
@asd  ORepsce  (Cpsete
Hodal Loads 3 2 3 4 2 i 8 9 10 11 &

06 £ R DL 00 % [:&-iFETsEE'EH

The project will be saved by the auto-save feature.
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Structural Analysis | 8. Springs Analysis
(Basic)

Copy Model 1 to create Models 2-4. Nodal loading and support conditions assigned to
Model 1 will be copied simultaneously.

Main Menu: Node/Element / Translate Elements

1. Mode > Copy

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

4. Select All

5. [Apply]

Gen 2018 - [DAOFC\

. y O oo Ye¥ XDekte o|omimor i, @ @ X Delete 5% %Y [B3Auto-mesh  [fiy Define Sub-Domain
> Flg 8.16 O ® 09 AR opome S [% . S otate [ H T Map-mesh
Create | Translate Divide Merge &hr o Translate Extrude Divide Merge Intersect 1| Change | Elements .
MNades oject £ I Mirror 42 film Define Domain
Copy elements T Parametrs.  Tae

EEE R - FLLY B R

|
3PS
B |

? 3 A ; 5 8 9 10 1 12
Trnsiaton Model 1
Hode Increment L]
1 o
@ Equal Distance .13 ‘14 .15 'lﬁ .l" ‘lé 20 21 22 23 24
dxdydz 00,2 In B
Humber of Times : -
Doveivemes Model 2
Arbitrary
A 26 2 28 2 4 22 33 34 35 36
Model 3
MaterialInc. © 0 5[ ]Rep
SecionTne. © 0 =[] Rep.
Rep. 37 38 39 40 41 42 44 45 46 47 48
®\
)
3 Jrasa s @ | - Model 4
] Copy Node Attributes (=] ge Windo
7] Copy Elament Atiribubes: (=] |fThe project will be saved by the auto-save feature. @
Merging Tolerance J‘
(5 )i - =
. Gre L :
[ LT3 3 commant esssge (e iiomsas ]
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Structural Analysis | 8. Springs Analysis
(Basic)

Move the right side nodes of Model 4 in the Z direction by 0.1 m to align with the left side to
make the entire span continuous. The overlapped nodes in the center will be merged using
Merge Nodes (i.e., one node will be deleted).

Main Menu: Node/Element / Translate Elements

1. Mode > Move

2. Translation > Equal Distance > dx, dy, dz: ‘0, 0, -0.1’
3. Select Window (Toggle on), select Nodes 43-48

4.[Apply]

Main Menu: Node/Element / Merge Nodes
5. Merge > All, Tolerance: ‘0.001’
Remove Merge Nodes (Check on)

[Apply]

Gen 2018 - [DAOFC\bookimodified\support\support] - [MIDAS/Gen]

Node/Element o A ults  Pushover  Des =

»Fig.8.17
P 9] oVe VY ~XDelete <fsMiror > N [Eaaute-mesh [ Define Sub-Domain
N ; K A
Revise Model 4 L ® 00 AR t4poae TUscae (4 = T Rotate [% [E] Map-mesh
. Create | Translate Divide Merge 5 - | Nodes | Create Translate Extrude Divide Merge Intersect ., 1 Chany Elements
coordinates Nosies © G projeat | Tobie | Bements M s [ Mimor 42| | porimtiers| “Toble.” | [l Define Domain

Element Humber :
Mode
copy
Transiation
Nade Increment
va
@ Equal Distance 1 14 15 16 17 v
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| |
Unequal Distance &)
. )
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: o
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Rep.
Rep
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Attributes y o <
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Structural Analysis | 8. Springs Analysis

(Basic)

»Fig. 8.18
Revise boundary
conditions

Revise the boundary conditions at both ends of Model 4 to a fixed condition.

Main Menu: Boundary / Define Supports

1. Options > Replace

2. Support Type > Dx, Dz, Ry (Check on)

3. Select Single (on) mode: select Nodes 37, 48

4.[Apply]

Gen 2018 - [Untitled *] - [MIDAS/Gen]

Results  Pushover  Design  Query  Tools A Hep - - & x

=

Boundary
Tables ™

Load
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b sk (90| oo B (3 2 ;
[ Panel Zone Effects /1 Diaphragm Disconnect

Bastic Rgid Cenersl| Beam End Beam End Plate End | 0% Node Local Axis 32 Story Disphragm Group

A, @ e s~
Q 7 “T1: Pile Spring Supports
Define | Point Surface
Supports | Spring Spring

- =
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Default =] (=)
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13 = 15 A6 A A8 20 21 22 23 24
Model 2
B 26 27 2% ¥ 8 a2 3 3 3 3

Model 3
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Structural Analysis |

(Basic)

N\

8. Springs Analysis

» Fig.8.19
Revise spring conditions

G’

Delete the elastic support conditions in Model 4, and revise the stiffness of elastic support in
Model 2.

Main Menu: Boundary / Point Spring Supports
1. Options > Delete

2. Select Single (on) mode: select Nodes 37, 48
3.[Apply]

5. Options > Replace

6. SRy: ‘100’, others: ‘0’

7. Select Single (on) mode: select Node 13

8.[Apply]

Gen 2018 - [Untitled *] - [MIDAS/Gen]

a

View  Structure  Node/Element Results

Properties
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pde  Elem s Lo
[omspmgsuppors v (-]

Boundary Group Name

Point Spring (Local Direction)

Tipe  [Unear -




Z

Structural Analysis | 8. Springs Analysis
(Basic)

Input an elastic link at the gap between the left and right sides of the beams in each Model 1,
2 & 3. Elastic link elements are specified in Element Coordinate System.

Main Menu: Boundary/ Elastic Link...

1. Options > Add

2. Elastic Link Data > Type > General, SDx: ‘100000’, others: ‘0’

3. Click the 2 Nodes entry field (which turns to green), click Nodes 6 and 7 on the model
view sequentially.

4. Elastic Link Data > Type > General, SDx: ‘100,000’, others: ‘0’

5. Click the 2 Nodes entry field (which turns to green), click Nodes 18 and 19 on the model
view sequentially. Continue clicking Nodes 30 and 31 sequentially.

6. Display Node Numbers (Toggle off)

@& = =10 Gen 2018 - [Untited 1 - [MIDAS Ger] = =
P Boundary 1
» Fig. 8.20 2, g el Song @ 3] Lincar Constraints 1 Define Label Dir
9 L 9 7 1, Pile Spring Supports. I}M{l ﬁc &m o th [ Panel Zone Effects {{'I Diaphragm Disconnect g
Input elastic link e e e e e | e
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in-r 5% TERMEROIEDRE N D B PRI - N Era -
4 [ MDAS/Gen x | i
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1
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ﬂ
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3
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shewzpongocaten  J
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Structural Analysis | 8. Springs Analysis
(Basic)

Input an internal hinge in the center of Model 4.

Main Menu: Boundary / Beam End Release

1. Display Element Numbers (Toggle on)

2. Select Single (on) mode: select Element 35

3. General Types and Partial Fixity > j-Node > My (Check on), others (Check off)

4.[Apply]

Pushover  Design

» Flg 821 EV % 4 Generator :»1'_ lj'
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Structural Analysis | 8. Springs Analysis
(Basic)

2.7 Perform Analysis

Analyze the 4 Models.

Main Menu: Analysis / Perform Analysis
1. Display Element Numbers (Toggle off)
2. Check for successful completion in Message Window.

Gen 2018 - [DAGFC\baakimodified\supportisupportZ] - [MIDAS/Gen]
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In case the above message fails to appear, then the previous input must be checked again.
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Structural Analysis | 8. Springs Analysis
(Basic)

2.8 Check Analysis Results

Model 1: Due to the weak stiffness of the elastic link element, the concentrated load applied
atthe end of the left beam at Node 6 is largely resisted by the left side beam.

Model 2: As the rotational stiffness of the left side beam support is small and the link stiffness
is large, the concentrated load is transferred to the right side beam.

Model 3: Due to the large stiffness of supports and elastic link element, the results are very
similar to those of Model 4, which is fixed at both ends with an internal hinge.

Main Menu: Results / Reactions / Reaction Forces/Moments...
1. Load Cases / Combinations > ST: Nodal load
2. Components > FZ, Type of Display > Values (Check on)

3.[Apply]

Gen 2018 - [DA\OFC\book\maodified\suppartisupport] - MIDAS/Gen]
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Structural Analysis | 8. Springs Analysis

(Basic)

The displacement of the left side beam in Model 1 does not influence the right side beam.
However, similar displacements in the left and right side beams are observed in Models 2 and
3.

Main Menu: Results / Deformations / Deformed Shape...

1. Load Cases / Combinations > ST: Nodal load

2. Components > DXZ

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

4. Click [...] next to Deform and input Deformation Scale Factor: ‘2’

5. Apply upon OK (Check on), [OK]

6. Change the length unit to mm in Status Bar at the bottom of screen.
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Structural Analysis | 8. Springs Analysis
(Basic)

As the stiffness of an elastic support increases, the structural behavior begins to resemble a
fixed support. Hence a point spring support or an elastic link is used to control the stifness
of supports or elements. They are also used to model the stiffness and eccentricity of a
support.

Main Menu: Results / Forces / Beam Diagrams...

1. Load Cases/Combinations > ST: Nodal load

2. Components > My

3. Type of Display > Contour, Values, Legend (Check on), Deform (Check off)
4. Click [...] next to Values

5. Min & Max Only, Abs Max (Check on), Limit Scale (%): 20’

6.[OK]

7. Change the length unit to m in Status Bar at the bottom of screen.
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Structural Analysis | 8. Springs Analysis
(Basic)

3. Manual Calculations

Fig. 8.26 shows a structure consisted of 2 beams connected by a spring.  If the center spring
is removed, the structure becomes 2 statically determinate structures, which suggests that
the degree of indeterminacy of the spring connected structure is 1. If the left side beam
deforms by §,, and the right side beam deforms by 6, , the difference becomes the
deformation of the spring, which renders a compatibility equation.

The left side beam is rotationally restrained by a spring at the support. The spring constant
is k,. The right side beam is supported by a vertical spring whose spring constantis k.

P, =100.0 kN

P@

> Fig. 8.26 k, $ k,
3

5.0m 50m |

k

Ifthe left side beam resists a force, Q under the concentrated load of 100 kN, the force resisted
by the spring and the right side beam is 100-Q. The following compatibility condition can be
derived, which leads to the calculation of the force Q.
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Ql* QI 52:(100—Q)13+100—Q

S ==—+=1,
3El K, 3El K,
51_52:100—(3
kZ
Q_13+Q_12 - (100—Q)13+100—Q ~100-Q
3El K 3El K, K,

3
100 l—+i+—
3El k, k

1
3
21° 12 1 1
k3

Q=
e+
3El Kk, k,

Calculation results (Units: kN, m)

model k1 kz K'; Q 100-Q 61 )

1 1.0x108 10 10x10° | 99.7325 | 0.26750 | 2.682x102 0.7x10*

2 100 10x10° | 10x10° | 0.10535 | 99.89465 | 2.636x102 0.3x10*

3 10x10° | 10x10° | 10x10° | 4953079 | 5046921 | 1.332x10? | -1.258x107?

where, E=2.05 x108 kN/m?, 1=8.333x10*m*



Structural Analysis | 8. Springs Analysis

(Basic)

4. Exercise

1. Compare the reactions, displacements and member forces of the 2 structures of different
boundary conditions. Material and section are identical to those in Tutorial.

] Ef k, =1.0x10* kN/m % Ef
o o
— —

1°R

€ [ LR 1S [ C ]
138 1S
2f 4y = | ol N |
E =25x10° Nirim® P =100 kN P =100 kN
10 ) = k, = 2.0x10* kN/m =
A=5.0x10"" N/mm
50m | 50m | | 50m | 50m |
[ " I+ I g

2. Compare the behaviors of the structure subjected to temperature loads due to 3 different
cases of spring types using tension-only spring and compression only spring. Material
and section are identical to those in Tutorial.

ATy § k AT,

50m 50m ‘
%—+—>

AN

B3N

Model Spring stiffness (KN-m) Load case 1 Load case 2
Tension Compression T1 T2 T1 T2

1 10,000 - 58 +58 +58 -58

2 - 10,000 -58 +58 +58 -58

3 10,000 10,000 -58 +58 +58 -58
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9. Specified Displacement
Analysis
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Structural Analysis | 9. Specified Displacement Analysis

(Basic)
1. Introduction 1.1 Concept for Specified Displacement
Analysis
Specified Displacements are used to analyze a structure when displacements of a specific
point in certain degrees of freedom are known.
Application areas include:
»  Condition assessment of a structure, which has already deformed
»  Analysis of a structure subjected to specific displacements as boundary conditions.
(detail analysis of local parts based on global structural displacements)
»  Analysis of ground settlement effects
»Fig.9.1
Specified displacement

A specified displacement is equivalent to applying a displacement load. Instead of applying
a conventional load, a specific displacement is applied, which in turn leads to finding the
corresponding conventional load.  Fig. 9.2 shows a 2-span continuous beam with settlement
(specified displacement) at the mid span support. The loading and settlement are
downward (negative sign) and the reaction is upward (positive sign).
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

q
o 00 T
Continuous beam with a AR I\ TA
specified displacement T e T +

fx

1 1 |
E =3x10" kN/m?, 1=1x10"m"*

q=10,0,—10kN/m, 1=45m

Removing the effect of a vertical load, g from the specified displacement, A leaves the role
of the reaction (concentrated load), X as follows:

R 5q(21)" X (21)
384E1  48El

Given the specified displacement, A, the support reaction, X can be calculated. Fig.9.3isa
graph showing the reaction ratio to the settlement ratio at Point B. The settlement ratio is the
settlement divided by the span length. The reaction ratio represents the reaction value, X
divided by the reaction corresponding to no settlement.
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)
16-06
——q=10
Cd
mmmiq=0 5:00 ,:,//’J
_ £ e 4=-10 o
>F|993 o nnn/d”
Relationship between S i
settlement ratio and 5 -0,08 0.06 -0.04 -00 - 0 0.02 0.04
reaction ratio E o -
i =5:00
‘P’
”
”"
//” 1-0-00)
" 7 =10.UvU
-
”
l'

Settlement Ratio

Fig. 9.3 is constructed for 3 different magnitudes of vertical load, g (10 kN/m, 0 kN/m,
-10kN/m). When the vertical load, g is downward (10 kN/m), the value X becomes smaller,
which means that the reaction at Point B becomes smaller. If the vertical load is upward (-
10 kN/m), the value X becomes larger because the settlement needs to take place while
resisting the upward load.



Structural Analysis | 9. Specified Displacement Analysis

(Basic)

2. Tutorial 2.1 Model Overview
Examine the reactions, deformations and member forces of a 2-span continuous beam
subjected to a uniformly distributed load on Elements 1 and 2 and settlements at Nodes 2
and 3.
Compare the patterns of support reactions and member forces between the cases of before
and after the settlements.

®=10 kN/m
| b b
»Fig.9.4
Analysis model

Originin GCS @7

X
1 2 3
»  Material
Modulus of elasticity (E): 30,000 N/mm?
»  Section

Area (A): 1m?
Moment of inertia (lyy): 1.0 x 10° mm?*
» Load
1. Uniformly distributed load: 10 kN/m
2. Support settlements, 40 mm at Node 2 and 25 mm at Node 3
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Structural Analysis |

9. Specified Displacement Analysis

(Basic)
Open a New File and save.
Main Menu: @& /New Project...
Main Menu: [& /SaveAs...
1. File name: ‘SDP’ and [Save]
Set a unit system.
Main Menu: Tools / Unit System...
1. Length > mm, Force (Mass) > N (kg)
2.[OK]
[ Tg——— = it System
Q ! <« Book Review | » | GEN Files. v | és [ search Gen Fites 1
>F| 95 Organize + ‘Newfu\der = = E=d @p rlensih— e Giese) il
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= Hide Folders S:ﬂ{gg boxes, Values are NOT changed with

Default Unit Systern

Apply Cancel
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

The example model exists in the 2-D X-Z plane.

Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane
2.[OK]

> Flg- 96 Structure Type
Set a work plane ©3D @ XzPlane ©) XY 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
@ ConverttoX, Y, Z Convertto X, Y Convertto Z

| Gravity Acceleration : 9.806 m/sec” 2
Initial Temperature : 0 [Fl

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

’ s ) e |

=




Structural Analysis | 9. Specified Displacement Analysis

(Basic)
Define material and section for the structural members, which are user-defined (User Defined
Type & Value Type).
Main Menu: Properties / Material Properties
1.[Add..], Name: ‘MAT’
2. Elasticity data > Type of Design > User Defined
3. User Defined > Modulus of Elasticity: ‘3e+4’N/mm?
4.[0K]
5. Properties dialog window: click Section tab, [Add...], Value tab, Name: ‘SECT’
6. Section Properties > Area: ‘’'mm?, lyy: ‘1e+9’ mm?
7.[OK], [Close]
Material Data — [3]| | section Data ==
. eneral Wy
»Fig.9.7 ,’;?a«ena‘\ o \INamg [H&T DB/User Value |
Define material & section rastcty Dats (o5t | | #-secion -
e [User bened ol e 2/
= : == Shg;ard Mone a8 W Built-Up Section
Detned | | Sondord ] =
Type of Material Code L 0.0099 linm
( é\‘ @ lsatropic ¢ Orthatropic 8 [ = i 0.0000 |{min
1 User Defined o 0.0000 | mm
[r:ndu\us mHE\astic\ty 8 ]Weom; h/mime } taﬁg : ::gg :: 3
nisson's Ratio H
Thermal Coefficient : [ 00002000 1/1C) tr? E'gﬂgg 22
Weight Density 0 Ny é 2 0.0000 | mm
I~ Use Mass Density: 0 h/mme/g -
Concrete Calc. Section Properties
Modulus of Elasticity : [T 00002000 py e Area 1.000002+000 | mm?
Palissan's Fefin i ’75 Asy 0.00000e+000 | mm*
Thermal Coeflicient : [ 0.00002+000 1/1c) Asz 0.00000e+000 mmj1
s ottt e
n ! ymme/g = 0.00000+000 | mm®
Plasticity Data Cyp 0.0000 | mm -
Plastic Material Name [NONE =] ¥ Cansider Shear Deformation,
Thermal Transfer
Specific Heat : |0 keal/N-[C]
Heat Conduetion ¢ [0 keal/mmhr [C] Gl Cenilr-Cery
- Change Offset |, i
Damping Ratio ; W4 ) ‘/7\‘
\[ [i3 Cancel |10k || cancel
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

2.4 Nodes & Elements Generation

Change the unitsto m, kN. Create Nodes.

Main Menu: Tools / Unit System > check on m, kN, [OK]

Main Menu: Node/Element / Create Nodes

1. Coordinates (x, y, 2): ‘0,0, 0’

2. Number of Times: 2’

3. Distance (dx, dy, dz): ‘4.5, 0, 0’

4.[Apply]

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

Oehdald = Gen 2018 - [E:\Book Review\GEN Files\SDP] - [MIDAS/Gen]
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

Create beam elements by connecting nodes.

Main Menu: Node/Element / Create Elements

1. Element Type > General beam/Tapered beam

2. Material > 1: MAT, Section > 1: SECT

3. Click the Nodal Connectivity entry field (which turns to green),
Click Nodes 1 and 3 on the model view sequentially.

Gen 2018 - [E:\Book Review\GEN Files\SDP] - [MIDAS/Gen]
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Structural Analysis | 9. Specified Displacement Analysis

(Basic)

» Fig. 9.10
Input support conditions

2.5 Define Boundary Conditions

Define boundary conditions at each support of the beam.

Node 1 is fixed (Dx, Dz, Ry). Nodes 2 and 3 are rollers (Dz). Since the Dz degree of
freedom is automatically restrained when Nodes 2 and 3 are defined with support
settlements by specified displacements, only Node 1 will be defined with the boundary
condition.

Main Menu: Boundary / Define Supports

1. Support Type (Local Direction) > Dx, Dz, Ry (Check on)
2. Select Single (on) mode: select Node 1

3. [Apply]

4. Support Type (Local Direction) > Dz (Check on)

5. Select Single (on) mode: select Node 2, 3

6. [Apply]

IE?RFJ?'EBJ‘IEI.‘J]I‘%‘Q& ®1 %
)

4 B miAs/Gen x




=

Structural Analysis | 9. Specified Displacement Analysis
(Basic)

2.6 Define Loads

Define load cases to specify a uniformly distributed load and specified displacements caused
by support settlements.

Main Menu: Load / Static Loads / Static Load Cases
1. Name: ‘UDL’
2. Type > User Defined Load (USER)
3.[Add]
4. Name: ‘Support settlements’
5. Type > User Defined Load (USER)
6. [Add]
7.[Close]

Static Load Cases L 5‘_' '- e

»Fig. 9.11 26 -
Define load cases Name :  Supportsettiements C_au I
Type i [UserDefinedLoad (USER) 7
| e

No Name [ Type I Description &

1UDL User Defined Load (USER)
» | 2| Support sett]
|| *

m

< m | r
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

Define a uniformly distributed load, 10 kN/m in the gravity direction.

Main Menu: Load / Static Loads / Element Beam Loads...

1. Display (Toggle on), Load tab > Load Value (Check on), [OK]
2. Display Element Numbers (Toggle on)

3. Load Case Name > UDL

4. Load Type > Uniform Loads

5. Direction > Global Z

6. Value > Relative, x1: ‘0°, w: ~-10°, x2: “1°

7. Select Single (on) mode > select Elements 1 & 2

8.[Apply]

Gen 2018 - [E:\Book Review\GEN Files\SDP] - [MIDAS/Gen]

ew  Strudure  Node/Element  Properies  Boundary o sign  Que ols
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(Z) Temp./Prestress (*) Construction Stage (7) Load Tables (4 NodalLoads ™ Loads to Masses ~ | §f Seismic Loads | [ Line
Static Load _Using Load
O MovingLoad  (7) Heat of Hydration Cases Combinations | - Specified Displ. B Typical o

Input UDL
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Structural Analysis | 9. Specified Displacement Analysis
(Basic)

Input support settlements using Specified Displacements of Supports.

From the Status Bar at the bottom of the screen, change the length unit to mm.
Main Menu: Load / Specified Displacements of Supports...

1. Load Case Name > Support settlements

2. Displacements (Local Direction) > Dz: -40°

3. Select Single (on) mode: select Node 2

4.[Apply]

5. Displacements (Local Direction) > Dz: 25’

6. Select Node 3

7.[Apply]

NEEREERES Gen 2018 - [E:\Book Review\GEN Files\SDP] - [MIDAS/Gen]

View  Studure  Node/Bement  Properties  Boundary Bnahsis  Results  Pushover  Design  Queyy  Tools

EEsEN A D ReEE N  BEa

4 Flg 913 (@ statictoags| () oynamictoads () settiementimisc. W seltweignt Y% Nodal Body Force ﬁwmd Loads | [T Element ﬁimsxme loads * | = Intial Forces ~
q ™ Loads to Masses ~ T Line

In| ut S| eCIﬁed (@) Temp.Prestress O Construction Stage (%) Load Tables S‘m Sl Lm (! Nodal Loads !

diSpIaOpement Cases cnIJT"...m.., | Spectied Displ. A il & Assign Psnetoads ~

©4add O Redace ) Delete

g

i
7§

i

g
o
)

X 12

B Dy
§ <ily
|22 A B
sy B Dz
o [ -
@oni—i=
0z @ 25 o
R rad]
&y frad)

HIEO6 0B %2 0L S ORI

>
T3\ command Messege { Foaismiossezs




\

=

Structural Analysis | 9. Specified Displacement Analysis
(Basic)

2.7 Perform Analysis

Analyze the model.

Main Menu: Analysis / Perform Analysis
1. Display Node Numbers, Display Element Numbers (Toggle off)
2. Check for successful completion in Message Window.

Gen 2018 - [E\Book Review\GEN Files\SDP] - [MIDAS/Gen]

View  Structure MNode/Elem Properties Boundary Analysis  Results  Pushover Design  Query  Tools

(@) Static Loads| () Dynamic Loads |} Settlement/Misc,

& self weight e T wind Loads

> F|g 9.14 (2) Temp./Prestress () Construction Stage (") Load Tables (ts W | 3 seismic Loads = -
(") Moving Load () Heat of Hydration -t
Message for a =
bad Type
successful run

in-o -0 E | RRIKAARW®IFI RS N®|

& MDAs/Gen x |

£ Works

= R Smuctures
%, Nodes:3

Bements : 2

3 [] Properties
£-[T] Material - 1
i I 1:MAT
=~ L Section: 1

I 1:SECT 1 2 3

=} L Boundaries

=2 Supports : 1

Static Load Case 1[UDL ; |
Static Load Case 2 [Support settlement
- | Specified Dispiacements of Support

+a L 0L A0 x FREE EiE

1 JlvoUR MIDAS JOB IS SUCCESSFULLY COMPLETED ..Ez\Book Review\GEN Files\SDP -

[TOTAL SOLUTION TIME..: 0.25 [SEC] =

3

< 0 | ) I: =
Tree Menu A <] [¥] Command Message }, Analysis Message v

<&
KN~ Jmm <] Fa B ] frone <] [2I ) 2 27 2 2

.JIE

In case the above message fails to appear, then the previous input must be checked again.
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2.8 Check Analysis Results

Using the load cases defined, create a load combination.
Load Combination: 1.0 Uniform Load + 1.0 Settlement

Main Menu: Results / Load Combination

1. Load Combination List > Name: ‘LCB”

2. Description: ‘UDL + Support settlements’

3. Load Cases and Factors > LoadCase > select UDL, Factor: ‘1.0’
In the next row, select Support settlements, Factor: “1.0°

4.[Close]
Load Combinations. | s oegp— LB S
»Fig.9.15 General | Steel Design | Concrete Desian | SRC Desian | Cold Formed Steel Design | Footing Design | I
Combine loads Load @n List m @Lnad Cases and Factors
] o I Name (| Active Type Description LoadCase Factor iad
» 1ltce [Actv [Add UDL + Support » [upLsT) 1.0000
* Support se 1.0000 I
*
il
( Copy J [ import.. |[ Auto i | [ spreadSheetForm | | Copy into | [steel Design v] '
File Name:  E:\Book Review\GEN Fies\SDP.ip [ Browse ][ Make Load Combination Sheet \;}1{ Close. ])
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» Fig. 9.16

Deformation due to
specified displacements

Check the deformed shape.
Note the settlements specified at Nodes 2 and 3 (40 mm & 25 mm respectively).

Main Menu: Results / Deformations / Deformed Shape...

1. Load Cases/Combinations > CB: LCB

2. Components > DXZ

3. Type of Display > Undeformed, Legend, Values (Check on)
4. Click [...] next to Deform

5. Deformation Scale Factor: ‘2’

6. Deformation Type > Real Deform

7. Apply upon OK (Check on), [OK]

B

View  Structure  Node/Element  Properties  Boundary  load  Analysis

% %-Readtions ~ Y3~ | TQ BeanvElement - L Mode Shapes
H Detormations + §3+ | }4- Local Direction.. 72 Modal Damping Ratio.
(,,,.l:,;:m Fog Forces = £37 | 71 Displacement Participation Factor | | * odal Results of RS
im0 VERAEBW® (EHRS B % EiAACHN AINIASEE

Tree Men G| ¢ B mpas/Gen x | B Specitied Displacements | i

POST-PROCESSCR _ |

peomedstope v][ed] DEFORED SHAPE _ a5:

Pushover  Design  Query  Tools Xk Help v -« x

[ T|E

Column Shortening Story Shear
Graph for C.S Ratio

Results

& Influ. Lines ~ L. TH Results ~

b Influ. Surfaces = | L. TH Graph/Text ~

: Tet | Results
o Moving Tracer ~ | L. Stage/Step Graph Output | Tables~

RESULTANT

X-DIR= 0.000E+000
NODE= 1

¥-DIR= 0.000E4000 2%

NODE= 1 x
2-DIR= -4.000E+001
NODE= 2
COMB.= 4.000E+001 L’l
c8: 13 Q
T Local (f defined) rx : f v
3 ECIFIED D- |QF
oefor () ¥lUndeformed 2
— D 08/2018
Ulvaves [ Wllegend [ wzw-";w/'ncs <

& |1 61

" 5)

[YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......! E:\Book \¢ Files\Specified Displ -

TOTAL SOLUTION TDME..:  0.1S [SEC) &

&

Tree Menu [{[ <] IVII\ Command Wessage ) Analysis Message | I« v

0 Jom ] 5 6 oo | EI 2 2
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Check the deformation due to the UDL, Support settlements and LCB.

From the Status Bar at the bottom of the screen, change the length unitto m

1. Main Menu: View / New Window

2. Front View (Toggle on)

3. Main Menu: View / New Window

4. Front View (Toggle on)

5. Main Menu: View / Tile Horizontally

6. Adjust the arrangement of windows, Model View, Model View: 1, Model View: 2 for
ease of comparison

7. Click Model View tab

8. Main Menu: Results / Reactions / Reaction Forces/Moments...
9. Load Cases/Combinations > ST: UDL

10. Components > FZ

11. Type of Display > Values (Check on), Legend (Check off)

12. [Apply]

13. Click Model View: 1 tab

14. Main Menu: Results / Reactions / Reaction Forces/Moments...
15. Load Cases/Combinations > ST: Support settlements

16. Components > FZ

17. Type of Display > Values (Check on), Legend (Check off)

18. [Apply]

19. Click Model View: 2 tab

20. Main Menu: Results / Reactions / Reaction Forces/Moments...
21. Load Cases/Combinations > CB: LCB

22. Components > FZ

23. Type of Display > Values (Check on), Legend (Check off)

24. [Apply]
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Coouom - cen ? ! - o x
g ; - = -

“-Reactions - g~ | TQ BeamErement - ¢l Influ. Lines ~ J THResults ~ = =

. 4 Deformations ~ 5§~ | 4 Local Direction.. ing R: 4% Influ. Surfaces - | .. TH Graph/Text - E‘

» Fig.9.17 el s | e n ok il i e OB Shoricioa o stese | et | Resaks

Compare reactions from =252 S TERSEL HAA Ny B TR L L AT

each load case "B woAs/Gen x | B8 MDASGen | B MIDAS/Gen | b [ass
; — [ Q7)| MIDAS/Gen I ERoblffi:

f
C
)
[
=
)
N
)
—
31 3%

|Local (f defined) & le___, =@ % g
23 o g @
B @ Bl @ Support settlements . a
1.000000 l =
\
O (% d — E %
8s (<] (192 MIDAS/Gen =8 X .‘f'
lE)
LCB 1239 les 500 8
N l 1 @
@
[YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......! E:\Book Review\GEN Files\Specified Displacement LN —
roras souoTion TiME..: 0.8 (sec) =
i

Tree Menu T[TV ]\ Command esssge ) Analysis Message / <& U

[ VMV]‘:”tPE"@D‘—':/ o]

It can be observed in the UDL case that the reaction at Node 2 is more than that from the
tributary length due to the continuity. In the Support settlements case, a negative reaction
appears at Node 2 where the settlement is the greatest. LCB case shows the summation
of the load cases.
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Compare the moments among the load cases and combination.

1. Click Model View tab

2. Main Menu: Results / Forces / Beam Diagrams...

3. Load Cases/Combinations > ST: UDL

4. Components > My

5. Type of Display > Contour, Values (Check on), Legend, Deform, Undeformed
(Check off)

6. Output Section Location > All (Check on)

7.[Apply]

8. Click Model View: 1 tab

9. Main Menu: Results / Forces / Beam Diagrams...

10. Load Cases/Combinations > ST: Support settlements

11. Components > My

12. Type of Display > Contour, Values (Check on), Legend, Deform, Undeformed
(Check off)

13. Output Section Location > All (Check on)

14. [Apply]

15. Click Model View: 2 tab

16. Main Menu: Results / Forces / Beam Diagrams...

17. Load Cases/Combinations > CB: LCB

18. Components > My

19. Type of Display > Contour, Values (Check on), Legend, Deform, Undeformed
(Check off)

20. Output Section Location > All (Check on)

21.[Apply]

-21
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9. Specified Displacement Analysis

» Fig.9.18
Compare bending

moments for each load
case and combination

R TEE Gen 2018 i = 2
B ode/Ele ] o o Results P 9 O
+ “=Reactions * g+ | TQBeam/Element ~ L Mode Shapes - 4 nfiu. tnes - 11 THResuts - a ﬂ a i
% [ Detormations ~ £~ | }4- Local Direction.. §] Modal Damping Ratio.. | #4 Influ. Surfaces = | L. TH Graph/Text ~ —U o c-'.
Load LA = - Column Shortening Story Shear Text | Resutts
Combination | ¥ Forces - &3+ | T1 Displacement Participation Factor | | * Nodal Results of R5 & Moving Tracer - | L Stage/step Graph Geaph for S Force Ratio Output | Tables
Ra ettty i Ay | = = A KON o R ARSI ¥ HiPEcDS AIDIGOEE MNP
] | [ vas/Gen | (¥ MDAS/Gen [ MIDAS/Gen x | b el
Forces 2
T eabeats |[= (1 ) ossiom | -ax]=
|
17 )= &l 27 3
teo U5 247 ¥t
p— il
O — — T
Part | Total 2 R
" Q ><
O Fyz
hiid <] Q8 )I MIDAS/Gen I =8 X
m.
[T o
e TR " —%
15
@ 5Ponts © LneFil 5

Scae:  1.oo000( | Seld Pl

Output Section Location
1 Center )
[ClabsMax  ClmMepmax @A

Tree Menu [ <I3TV]\ Command Message ) Analysis Message / < Q
=l 15195 b foone v ] 210 /2 =

[YOUR MIDRS JOB IS SUCCESSFULLY COMPLETED....... E:\Book Revi Files\Spe: D

A0 >E006 08 452 00 R OD0 X

TOTAL SOLUTION TDME..: 0.15 [SEC]

Specified displacement analysis is used to investigate the global behavior of a structure due
to support settlements. Specified displacement analysis is also used to investigate local
effects (stress) of a specific part of the total structure using the deformation results obtained
from the global analysis.
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3. Manual Calculations

As the problem pertains to support settlements, the following expression can be derived
through flexibility method or consistent deformation method.

FX+D=A
Mo | X 4 D, _ A or S+ L X, + D= A
S fal X D, A, S+ X, + D, = A,

f11 and f;,in Fig. 9.19 represent the displacements at Points B and C respectively when a
unit load is applied at Point B.  f,; and f,, represent the displacements at Points B and C
respectively when a unit load is applied at Point C. D; and D, are the displacements at
Points B and C respectively when the loading is applied to the structure while the supports
are removed from Points B and C.

i it
|
"

T
1
w,u‘:uu
Aok o,
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I3 512 5

fll :E =1.013 mm, f12 = f21 = a =2.531 mm, f22 —a =8.100 mm
4 4
D =—1 _ 96820mm, D,=-2——273.375mm,
24El El

Using the above results, the following can be expressed for the uniformly distributed load and
the settlements taking place simultaneously:

{1.013 2.531}{X1}+{ -96.820 }: {40}

2.531 8.100 || X, -273.375 -25

The first left term above signifies upward displacements at the supports when the unknown
support reactions ( X ) are acting. The second left term represents downward
displacements ( D ) at the supports caused by the actual load. So the left side of the above
equation represents the sum of the displacements ( D ) due to the load and the
displacements (FX ) due to the reactions.  If no settlements are present, then the right term

must be zero. If setlements have occurred, then the right term must be the actual
displacements at the supports (A).

1) If the load is applied, and no settlements exist,
1.013 2531 ([ X, N -96.820 B 0
2,531 8.100||X,| |-273.375] |0

X, =51.429 kN
X, =17.679 kN

2) If only the settlements exist without any load,
1.013 2531 X, N 0| [-40
2,531 8.100||X,|[ |o] |-25

X, =—145.326 kN
X, =42.428 kN
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3) If the loading is applied, and the settlements exist at the same time,

X, =51.429-145.326 =-93.898 kN
X, =17.679+42.428=60.007 kN

The above resullts are identical to those from the analysis results in midas Gen. The fourth
decimal values have been rounded off.

-25
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4. Exercise

1. Compare the bending moments of the 2 models below.

70 kN
1 l 2
Q) 4 AY
| 10 m |
3 4 5
) Vi iy
| 5m | 5m |
= ol
»  Material
Steel: 1S(S), DB > Fe 570 (E = 2.0500x10° kN/m?)
»  Section
B x H: 400 mm x 600 mm (Area=2.4 x 10 m?, lyy = 7.2 x 10° m?)
» Load

Model 1: a concentrated load, 70 kN in the gravity direction at the mid span
Model 2: a settlement, 10mm at Node 4
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2. Find the shear force and bending moment diagrams of the portal frame below subjected
to a settlement, 10mm at Node 2.

z

[=]
o]
4m

1 2
Yoo aa 7R —— — X

» 6m |
~ 7l

» Material
Steel: IS(S), DB > Fe 570 (E = 2.0500x108 N/mm?)

» Section
| Shape: (Area=21454 mm?, lyy = 6.5362 x 10® mm?)

> Load

Settlement at right column (Node 2): 10 mm
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10. Moving Load Analysis

Contents

1 Introduction

1.1 Concept of Moving Load Analysis 10-3

2 Tutorial

2.1 Model Overview 10-8
2.2 Work Environment 10-9
2.3 Material & Section Properties 10-11
2.4 Generate Node & Element 10-12
2.5 Define Boundary Conditions 10-14
2.6 Define Loads 10-15
2.7 Perform Analysis 10-19
2.8 Check Analysis Result 10-20
3 Manual Calculations 10-24
4 Exercise 10-25

10-1






Structural Analysis | 10. Moving Load Analysis
(Basic)

1. Introduction 1.1 Concept for Moving Load Analysis

Moving load analysis in midas Gen is used to reflect static (vehicle) moving loads as follows:

»  Calculation of influence line and influence surface of displacements, member
forces, reactions, etc. due to a unit moving load

»  Calculation of max/min nodal displacements, member forces, reactions, etc. due
to moving loads using the influence line and influence surface

The prime objective of moving load analysis is to investigate the maximum and minimum
effects of moving live loads or vehicular loads, which are momentarily positioned at various
locations along the entire moving path. Rather than analyzing the structure for various
moving load positions repeatedly, influence line and influence surface analyses enable the
engineer to identify the critical moving load positions, which cause the maximum/minimum
effects (displacements, member forces, reactions, etc.).

In case of a vehicular load, the traffic lane or surface of the vehicle and the method of
loading the vehicle are defined. Influence line (for 1D elements) or influence surface (for
2D elements) is then calculated by placing a unit moving load on the traffic lane or surface.

Influence line is obtained through static analysis results of each component (such as force
reaction or displacement) at a specific point on a beam or truss caused by a unit load placed
at any point along the structure. Similarly influence surface is obtained by placing a unit
load at nodes of plate elements, the static analysis results of which are presented at the
corresponding loaded nodes.

10-3
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10 -

The process of moving load analysis using an influence line or influence surface is simply
summarized as follows:

Step 1: Define a vehicle load, the method of loading the vehicle and traffic line or
surface.

Step 2: Create a unit load case for which static analysis is performed for each resulting
component at various loading positions, resulting in an influence line or surface.

Step 3: Obtain analysis results for the moving load based on the loading method using
the influence line or surface.

The moving load analysis through the above process results in maximum and minimum
effects for each moving load condition, which can be combined with other loading cases.
Because of load combinations with the maximum and minimum moving load results, the
combined results will in turn retain maximum and minimum results.  Analysis result
component may be nodal displacements, support reactions and member forces of truss,
beam and plate elements.

A unit load applied in the process of obtaining an influence line or influence surface used in
moving load analysis acts in the -Z direction in Global Coordinate System. An unlimited
number of moving load analysis cases can be used.

The principle of Miiller-Breslau states that the influence line is the deformed shape of a
structure from which reactions or section forces are removed and a unit displacement is
applied to the corresponding positions. The reactions, section forces, etc. of the structure
can be found from the shape of the influence line. Fig. 10.1 and Fig. 10.2 show the
influence lines of a simply supported beam and a 2-span continuous beam.
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1
> Fig. 10.1 (Left) A & B A
Influence lines (IL) of a simply @) T c
supported beam R R T R
(a) Moving load analysis
model
(b) Reaction (R ) IL
c) Reaction (Rg ) IL

(
(d) Shear force (v, ) IL () I —
(

e) Bending moment ( M ) IL A=R, A=R,

Rty
w
—[>0O

b Fig. 10.2 (Right) T |
— T

Influence lines (IL) of a 2-span (©) A—R
continuous beam T A=R
(@) Moving load analysis
model

(b) Reaction (Rp ) IL
(c) Reaction (Rg ) IL
(d) Shear force (v, ) IL d)
(e) Bending moment ( M ) IL
(

f) Bending moment (Mg ) IL

0 6, o]+

6,|=1

For the simply supported beam, influence lines of reactions at Points A and B, and shear
force and moment at a specific location are indicated. For the continuous beam, influence
lines of reactions at Points A and B, shear force and moment at Points B and C together
with reaction at D are indicated. The influence lines of the simply supported beam are
straight lines as the structure is statically determinate; whereas, curved influence lines

10-5
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prevail in the continuous beam due to its statically indeterminacy. Calculating the value
represented by A at the acting point of loading in the influence line will become the reaction
or section force when the loading acts on the corresponding position.

In order to investigate the method of computing section forces due to a moving load using
an influence line, the center negative moment, M (Fig. 10.2(f)) of the continuous beam will

be calculated. As it pertains to an influence line for moments, a hinge is inserted in Point B,
thus releasing the moment, and a moment is applied to Point B such that a unit rotation
angle takes place. The deformed shape at that instance becomes an influence line. The

A value at the mid span of the span AB is the M; value when the moving load is
positioned at the point. By the symmetry about Point B, A can be obtained for a simply
supported beam to which M is applied at one end. The rotation angle at Point B is as

shown in Fig. 10.3. For a unit rotation angle to occur at Point B, the following magnitude of
moment needs to be applied at each side of Point B.

| A I A/%G/QBM
» Fig. 10.3

Rotation angle and
moment at Point B 0=

3El

The deformed shape of the beam subjected to the above moment becomes the influence
line. The deflection at the mid-span as shown in Fig. 10.3 can be calculated as follows:

»Eq.10.1 MI1% 3EI 1% 3l
—MB = - % -
16ElI 21 16El 32
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In the 2-span continuous beam, the moment diagram due to a unit load applied at Point C
(mid-span of Span AB) is as shown in Fig. 10.4 in which case the influence line value can
be observed to become equal to the negative moment at Point B.
1
e
A d B D
» Fig. 10.4
Moment diagram of 2- 13
span continuous beam 64
3
32
The concept of influence line can be explained by the principle of virtual work. Fig. 10.1(b)
shows the influence line of the reaction R, at Point A when the simply supported beam is
subjected to a concentrated load. Applying the principle of virtual work, the work done in
Fig. 10.1(b) by the force R, and 1 in Fig. 10.1(a) is as follows:
>Eq.102 W, =R, x1-1xA=0

In this equation, the work done (W; ) by the external force must be zero. Since no
deformation takes place in the beam, the work done (W,) by the internal force is zero.

Hence the reaction, R » becomes equal to the deflection, A .

10-7
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2. Tutorial 2.1 Model Overview

Calculate the maximum section forces by different member locations of a single span beam
due to a moving load using an influence line. Check the position of the moving load, which
causes the maximum section force.

» Fig. 10.5
Analysis model

»  Material
Concrete IS(RC) M30 (Modulus of elasticity, E = 2.7386x10” kN/m?)
»  Section

Shape: Solid Rectangle

Dimension: BxH =3.0 mx1.0m
» Load

Concentrated Load: 10kN

10-8
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2.2 Work Environment

Open a New File and save.

Main Menu: [&f /New Project...

Main Menu: [&f /Save..

1. File name: ‘Moving Load’ and [Save]

Set a unit system to kN & m.

Main Menu: Tools / Unit System
1. Length > m, Force (Mass) > kN(ton)
2.[OK]

<
& Open Q/L\L{"t S -
Oo [« OFC » book » modified » moving laod ~| 4 || search sz P 1
. [T[ Length F M Heat
| 2 F|g 10.6 Organize = New folder I @ ez\g ?me kiss) e_a
Py = : BTG O o e O
i Favorites - ate mi ied ype
Save file & ]
. Ja Downloads B moving lacd 1/B/2018 1223FM _ MIDAS/GE em QI =) (©) keal
setunit System 5 RecentPaces S gf—fkoy
@ A0 Drive ©rmm - ®:
I Desktop - (tonf (ton) .
Of EbF (b Ok
4 Libraries . . =
5 Documents || o©n ©)kips (ipsia) s
& Music
S, Pictures Temperature
- 5 Query ~ ~
1) B videns ] < il + (9 Calsius () Fahrenheit
m
File name: moving laod - MDA Gen fikes (gt ﬂ Note : Selected units are displayed in relevant
Open { Concel | dialog boxes. Values are NOT changed with
units.
2 | Set/Change Default Unit System
[ oK ] [ Apply ] [ Cancel

10-9
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The example model exists in the 2-D X-Z plane. Set Structure Type to X-Z Plane.

Main Menu: Structure / Structure Type
1. Structure Type > X-Z Plane

2.[OK]
mcture Type ﬂ
» Flg 10.7 Structure Type
Setawork plane (13D (@)%-Z Plane (C)¥-Z Plane (C)X-Y Plane (7) 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

I : ) Convert to X, ¥, Z Convert to X, Y Convert to Z
Gravity Acceleration : 9.806 m/sec™2
Initial Temperature : 0 [F1

|| align Top of Beam Section with Floor (X-Y Plane) for Panel Zone Effect / Display
["] Align Top of Slab(Plate) Section with Floor (X-¥ Plane) for Display
2

oK ]] [ cancel

10-10
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2.3 Material & Section Properties

Define material and section for the structural members.

Main Menu: Properties > Material Properties

1. [Add...], Type of Design > Concrete

2. Concrete > Standard > IS(RC), DB > M30

3.[OK]

4. Properties dialog window: click Section tab, [Add...], DB/User tab > Solid Rectangle
5. Name: ‘Beam’, Select User

6.H: ‘1", B: ‘3’

7.[0K], [Close]

Material Data o | S S B [ section Data [

. Ganeral DB/user |
ser
» Fig. 10.8 usteral D 1 e 30
S
Define material by oa Sectmn D 1 I. Sold Rectangle -]
N 5
Defin n
efine sectio — E .
Sect. Name -
—t—
ncre
Built-Up Section
Standard | IS(RC)
i
Type of Material e
'@ Isotropic thatropsc
08 M30 -
Steel = hd
Modulus of Elasticity : 0.0000e+000  kpfm~2 v
Thermel Caefficient 0.0000¢+000 | 1/7¢] H 1
Weidht Density ' kme3 | B 3 I
Use Mass Densi T Wm*3/g
B conarete
Modulus af Elasticity 2.7386e+007 | jyymaa
Thermel Casflicent 1.00002-005 | 7]
Weight Density H 236 | pm~3
Use Mass Density: 2407 | pym~3fq
Flasticty Data
Plastic Material Name | NONE - Consider Shear Deformation.

Thermal Transfer ["] Consider Warping Effect(7th DOF)

l Specific it

l Offset:  Center-Center

: o keal/kH=[C]

Heat Conducton ¢ 0 keam*heelc] I I
O (7).

Damping Ratio
= . [ Show Calculation Results... ] o [ cancel Apply
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2.4 Nodes & Elements Generation

Create nodes at the start, end, locations of loads and boundaries and the locations for
checking the resuilts.

Main Menu: Node/Element > Create Nodes
1. Coordinates (x, y, 2): ‘0,0, 0’

2.[Apply]

3. Auto Fitting, Front View (Toggle on)

lode/Element y Results Pus D y L1
_i .\@ gl X Deete <[+ Mirror EaAute-mesh g Define Sub-Domain
. 0% AR npoute Ssale [T FRowe | 5] Map-mesh
Create Translate Dwide M ~ | Nodes Create Translate Extrude Divide Merge Intersect ., -t Change | Elements
»Fig.10.9 s 0 pre £ | n : A A
Create anode

CHEESD%I A D IR GEE| N

Rl 1 [ miDas/Gen x 3

Creste Nodes ][]

StartMode Number 1 2 o
Coardinates (%,2)
0,0,0 m

cony

Number of Times: 0

Distances (dx,dy,dz) :
0,0 m

[ Merge Duplicate Nodes

W lersect Frame Elements

H=RFre el £ i [ ok

[ﬂml

EEIEY:
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Use Extrude Elements to extend a node to line elements thus creating a continuous beam.

Main Menu: Node/Element > Extrude

1. Select Extrude Type > Node — Line Element

2. Select Element Attribute > Element Type > Beam

3. Material > 1: M30, Section > 1: Beam, Beta Angle: ‘0’
4, Generation Type > Translate

5. Translation > Equal Distance

6. dx, dy, dz: ‘1, 0, 0’, Number of Times: 20’

7. Click Select All

8.[Apply]

. N = Gen 2018 - [DAOFC\

View  Structure Pushover  Design

Query  Tools X Hep - - = x
= ¥ Divide X Delete 3= Y . F

Do - | T

= == (IMerge TFRotate |4 -

Creste gy | Translate Extrude ~+| Change | Eiements
Elements .| Parameters Table

>, @ o D @

. _i '\@ NG XDeete o+ Miror 5, | @ a
¢ 0% 2 R sopotate =scale [ 1 .
Create | Translate Divide Merge 2 7+ | Nodes
Nodes & Project 2 Table

[ByAuto-mesh i Define Sub-Domain
1] Map-mesh
[ Define Domain

= Intersect /|, Mirror

» Fig. 10.10
Create beam elements

HiRA=EN A e ~ iR

b oo

[ MDAS/Gen x

Element Type:
Materia! :
1 [1:M30 |
Section :
1 [1: Beam

[

Beta Angle :

1l

eharaton
O Translate
Transiation
© Equal Distance

7 Unequal Distance

vz 10,0
Number of Times : o L

¢ 1= BC W E (= Popore]

(=]

&

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

S0 E006

(] €[5 [/ ]\ commana sessage { Ansyes vessage | | KR!
e 5.0.0 6:3125.0.0 [~ ] ]
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Structural Analysis | 10. Moving Load Analysis

(Basic)

» Fig. 10.11
Define support
conditions
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2.5 Define Boundary Conditions

Create supports for the continuous beam.
A pin condition restrains Dx and Dz degrees of freedom, and a roller condition restrains only
Dz degree of freedom.

Main Menu: Boundary / Define Supports

1. Display Node Numbers (Toggle on)

2. Options > Add, Support Type > D-ALL (Check on)

3. Select Single (on) mode: select Node 1, then [Apply]

4. Support Type > Dx (Check off), Rx (Check on)

5. Select Single (on) mode: select Nodes 21, then [Apply]

I]E,] Hio & =) Gen 2018 - [DAgen bookinew moving *] - IMIDAS/Gen]

Stucwre  NodefElement  Properties [Tl load  Analys

s Pushover Design  Query  Tools
# f General Spring ~ ] ] :;c [im E L:?J {#H] Linear Constraints 4+ Define Label Dir g
1 Pie Spring Supports [51 Panel Zone Efiects /7't Diaphragm Disconnect
Bastic Riid Geners | Beam End Beam tnd Flse Enc Bounda:
Uik Uak Link~ | Release Ofuets Release | . NodeLocal s I Story Disphvagm Group | Toies ™

5

Define Pmm Surﬁ(e
Supperts

MI IR E R

L] ¢ [ mDAs/Gen x | !

Supports x| [
Boundary Group Name
Defauit 7] [
2 [ opions
@ add Replace Delete

Suppart Type (Local Direction)

S O S

>>

T[0Ty commanawessaoe [“anwnvesanss |

- 5151vz-@mﬁ@\ﬂﬂe’-w.mmmﬁ-c-ma't?|:‘-rs:§§?_-£ais§§a




Structural Analysis | 10. Moving Load Analysis
(Basic)

2.6 Define Loads

In order to calculate the member forces due to a moving load, an influence line must be
calculated in advance. Define a traffic lane before calculating the influence line. As the
beam is simply supported, calculate the impact factors corresponding to span length.

Main Menu: Load / Moving Load / Moving Load Code
1. Moving Load Code > India

Main Menu: Load / Moving Load / Traffic Line Lanes

1. Click [Add]

2. Lane Name: ‘Lanel’

3. Eccentricity: ‘0’, Wheel Spacing: ‘0’

4. Impact Factor: ‘0’

5. Selection by > 2 Points > Click Nodes 1, 21

6.[OK]

7. After checking Lanel in the Traffic Line Lanes list, [Close€]
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Structural Analysis | 10. Moving Load Analysis
(Basic)

= = 3, Gen 2018 - [DAtest ing load ss] - = B X
[ s :
. (@suticLosds  (S)DynamicLoads  (Z)Settiemen{ 1 | Moving Load Code 2
4 Flg 1012 () TempPrestress (%) Construction Stage (2) Load Tables™ | india - = S ek |

Define traffic lane (st o ycation el | oS

(-~ NEITHEXER® HHR R 2D, !!! | Ao mm NG o

1 Stas =
4 [¥ MIDAS/Gen x | tert b | gea

a © Eccentricity i
. Mo Traffic Line Lanes A\ (=5
forks

2 1
I a~sf"§;'-: 21 Lane Name ad |

127 Elements : 20 Lane 1

© T Section:1
I 1:Beam
= o Boundaries

Traffic Lone Optimization

oA S 2
T A Type1(1110000] ane Jane Lane | YA iscon Lane Lape {ave fane fone fane d
A Type2([0111000] « | | @ Lane Element Cross Beam | | [ ey
= B Moving Load Analysis. Cross Beam Group
& Moving Load Code [india ] -
£ 8% Traffc Line Lanes 1
2 Traffic Line Lane 1[Lane 1]

a6 »E0E8IHE 52000 00X X

[Nio| E¥e [Eccen] -
m o l1F; =
)
2| 2 o
3] 3 0 - -
>> - 1
e ErRimm 6) o ) o | Can] o 5
N v]m ]S Do D@0 2 =
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Structural Analysis | 10. Moving Load Analysis

(Basic)
The moving load (User Defined Vehicle Class 70R - Boogie) is defined using the the
program.
Main Menu: Load / Moving Load / Vehicles
1. Click [Add User Defined]
2. Load Type > Wheeled/Tracked/Bogie
3. Vehicular Load Properties > Vehicular Load Name: ‘Vehicle 1,
4. Wheeled vehicles > P#: 10kN , D# : Om, Click > Add
5. Minimum Nose to tail distance : Om
6.[OK]
7. Check to see Vehicle 1’ in the Vehicles list, then [Close]
Vehidles G | [ oerne s ot et oo, === |
? Toad Type
Vehicle Name Type Add Standard @ Whe ckny e
»Fig.10.13 Vehidle 1 u:: Defined o —— e ’
i [ dquseroened__| e
Define moving load Permit Truck
Vehicular Load Froperties ’
S S I R
Tracked ____"%! Bogie yi _____ tf
4
] 3 : [
Vehicles u‘ I ':D me(k:‘; Spmnq::n} ) ’ l
‘ﬂ Bogie Cars
Vehicle Name Type Add Standard B0 -
Vehicle 1 U:Zr Defined {&
Add User Defined 5 )@ 0 - a2 O = LU m
Modify Qmmmum MNose to Tail Distance : ] ,,.l
==
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Structural Analysis | 10. Moving Load Analysis
(Basic)

Define vehicle load group used for moving load analysis.

Main Menu: Load / Moving Load / Moving Load Cases
1.[Add]

2. Vehicle Class Name: ‘Case 1

3. Check off > Auto Live Load Combination

4, Click on > Add

5. Input the data,

Min Number of loaded lanes > 0

Max Number of loaded lanes > 1

Select the vehicle > Vehicle 1

6. From the List of Lanes list, click Lane 1 followed by clicking [ = ]
7. Check to see Case 1 in the Selected Load list, then [OK]

8. [Close]
= .
Moving Load Cases (1) /[Qeﬁne Moving Load Case ﬂ
Load Case Description 2]
}Flg 1014 Case 1 I Load Case Name Case 1 J
; Description :
Define moving load 3 ?
cases D Auto Live Load Combination
[ |Load case for Permit Vehicle
Close | Multiple Presence Factor for Carriageway
Num of Loaded Lanes Scale Factor
1-2 1
3 0.9
-
4 Sub-Load Case Y E
=5
Load Case Data
5
. Scale Factor 1
Turnber of Design La
Min. Number of Loaded Lanes : 0 =
Sub-Load Cases
Max. Number of Loaded Lanes : 1 2

Vehicle  Scale |

e P e

Assign Lanes

List of Lanes Selected Lanes |
| ¢ ‘ T Lane 1
2dd |
|
0K [ <
—

7
q[ oK | [ Cancel ] [ Apply
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Structural Analysis | 10. Moving Load Analysis
(Basic)

2.7 Perform Analysis

Analyze the model.

Goto Analysis / Moving Load

Input the maximum successive vehicles : 1

Main Menu: Analysis / Perform Analysis

1. Display Node Numbers (Toggle off)

2. Check for successful completion in Message Window.

» Fig. 10.15

Message fora s ;

successful run i!hmww Options
13 Batch Anatysis

T Import Analysis Resu

Main | P-Delta Bucking Eigenvaiue Heat of Maving Settlement Noniinear Construction Boundary Change
Control Data Hydeation Load Stage ment

[ Moving Load Analysis Control Data

£F Works

= &f Analysis Conrol Data Inflence Generating Points
&' Moving Load Analysis Data

= 3 Stuctures © Number/Line Element :
* , Nodes 21

“/» Elements 20

°7 Beam 20

Distance between Points :

[ Properies Analysis Results
[Z] Material: 1 Plate Frame
2 1:m30 Center Normal
= X Section:1
I 1-Beam ) Center + Nodal @ Normal + Concurrent Force/Stress
1w Boundanies Stress V| Combined Stress ‘ ‘ ‘ ‘ .
2 Supports -2 |

A Type 1{1110000]
¥ 2 T{:::[“"“:“] Calculation Fitters
£ Moving Load Code [ India | V] Reactions
- B Traffic Line Lanes : 1 oM Group -
&2 Trafic Line Lane 1 [Lane 1]
5 Vehicles |1 V| Displacements
% Vehicles 1[ Vehicle 1 User Define.

Al : -
5 B MovingLoad Cases - 1 @ kot
&5 MovingLoad Case 1(Case 1] 7| Forces/Moments
@A Group : -
Bridge Type for Impact Calculation : @ Stoel RC

O6» 006006232 0L 00X

Maxmum Successwe Vehices 1

>

[ J[ ome ]
2 OLUTION TERMINATETD
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\test mov\moving load ss
TOTAL SOLUTION TIME..: 0.27 [SEC]

- |

In case the above message fails to appear, the previous input must be checked again.

10-19



\

\

Structural Analysis | 10. Moving Load Analysis
(Basic)

2.8 Check Analysis Results

Check the influence line for the reaction at the support Node 1.

Main Menu: Results / Influence Lines / Reaction...
1. Hidden (Toggle off), Iso View (Toggle on)

2. Line/Surface Lanes > Lane 1

3. Key Node: “1’, Scale Factor: 2’

4. Components > FZ

5. [Apply]

View Structure  Mode/Hlement  Properties  Boundary Load  Analysis

(Gen 2018 - [Di\test movimaving load ss] - [MIDAS/Gen]

> Flg 1016 % “-Reactions ~  Gyf~ [ JQBeam/Element ~ 4 Mode Shapes = Aot Lioes - —
Influence line for reaction f Deformations ~ {7~ | 4~ Local Direction. 7 Modal Damping Ratio. | % Influ. Surfaces = | il TH Graph/Text -
at Node 5 Cﬂnllziing(inn Fyg Forces - £3- | T1 Displacement Participation Factor | | * Modal Results of RS &k Moving Tracer - | [l Stage/Step Graph Tm:i

i SEITTHEXAWB® I FE R HAD .

4 [¥ MDAS/Gen x |

| 00DEBhhpEams
. B0 B BB 3 R e
38007 @57 507 YOB 6 B0 S5

OB 8001351601951 00y

LT T Y

8800 CROPBDO0 B0y

@A 0DF0HMas
i)

Mb
Local if defined)

Type of Display
contour o] [legend [

p—)

Wirite ta File...

(5 G Com ]

ILOADED LANE COMBINATION. E
MOVING LOAD ANALYSIS

SOLUTION TERMINATETD
[YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\test movimoving leoad ss
0.27 [SEC]

90=8086 R 4%R 0L o0 ¥ Il E mEE

I«

|0 [ command essage ), Anatysis message |
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Structural Analysis | 10. Moving Load Analysis
(Basic)

Check the influence line for moment at j-End of Element 4.

Main Menu: Results / Influence Lines / Beam Forces/Moments...

1. Display Node Numbers (Toggle off), Display Element Numbers (Toggle on)
2. Line/Surface Lanes > select Lane 1, Key Element: ‘4’, Scale Factor: ‘2’

3. Parts >

4. Component > My Type of display > Values

5. [Apply]

I=T= s =1

Gen 2018 - [DAtest movimoving load ss] - [MIDAS/Gen]

» Fig. 1017 "
Influence line forj_End % R Y- | T8 Beam/Bement - TH Results -

i Deformations = §7j+ | 1~ Local Direction. TH Graph/Text = ¢
moment of Element 4 coihn bifows 5| it s o | LB B 2

4

Key Element:

Seale Factor: 2.000000

Type of Display
contour i) Legend )

3 Cont j-End of Element 4

vaes [ Animate

%

LOADED LANE COMBINATION.
[MOVING LOAD ANALYSIS

- SOLUTION TERMINATED
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\test movimoving load ss

LT s wosson |
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Structural Analysis | 10. Moving Load Analysis

(Basic)

» Fig. 10.18

Negative moment due
to moving load

10-22

Check the moment due to the moving load.

Main Menu: Results/ Forces / Beam Diagrams...
1. Display Element Numbers (Toggle off), Front View (Toggle on)
2. Load Cases/Combinations > MVmax: Casel
3. Components > My
4. Display Options > 5 Points
5. Type of Display > Contour, Values (Check on)
Click [...] next to Values, MinMax Only, Abs Max (Check on),
Check on Set Orientation, enter ‘0’, Apply upon OK (Check off), [OK]
Output Section Location > Al

[Apply]

4 Mode Shapes ~ e Ty, Lines ~ TH Results =
7] Modal Damping Ratio. | g Influ. Suriaces = | I TH Graph/Text ~
" Nodal Results of RS | 8 Maving Tracer ~ | i Stage/Step Graph

+ -
% i Deformations = {7~ | 4+ Local Direction.
Commaation | " Forces < &3 | 11 Displacement Participation Factor

& MIDAS/Gen x

Companents

Fant | Total -

00
e

" 1ig0 gl BH
1201438 |4g | 4d4 | 415 | 4q g [4g0[438 1420

5 J Type of Display.

B0 %200 A 00 X Ix

Vcomour (o] [TJoeform [

Fveises ) Fliegend (2] a
animate [ [ Undeformed o
e [ Qukview [ LOADED LANE COMBINATION. =

OVING LOAD ANALYSIS
Yield Paint é‘
~ - - - -SOCLUTION TERMINATETD FE
4 n » YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED....... D:\test movimoving load ss - ﬂ:

[ T TH command cssape ) Amtysis essge [ |« v

= Model L [ 1 ) o) D)0 2
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Structural Analysis |

10. Moving Load Analysis

(Basic)
From the above diagram, it can be observed that the maximum moment takes place at j-
End of Element 12 (Node 12) due to the moving load. At this instance, the position of the
moving load is examined, which is determined by the influence line. From the diagram
below, the position of the moving load, which causes the maximum negative moment, can
be identified on the influence line.
Main Menu: Results / Moving Tracer / Beam Forces/Moments...
1. Display Element Numbers (Toggle on)
2. Moving Load Cases > MVmax: Case 1
3. Key Element: ©12’, Scale Factor: 2’
4. Parts > |
5. Components > My
6. Type of Display > Contour, Applied Loads (Check on)
7.[Apply]
| 2 Flg 10.19 Column Shartening Story Shear
Position of moving load ———
which causes the |
maximum negative ot e o R | ii
moment at j-End of e |- R
Element4 : 1:
Mymax: Case L -
Seale Factor 2000000 . O o
4 = { e
“ © ) ’ o
s D,l 2 k] 4 ] [ 1 9 10 llll‘ 13 .14 15 16 17 |18 9 30 *‘l
R o o /' a
Mx @ My Mz L =
- [ =i
5 et vipley Influence line Q
7] contour () Legend [ Fod
/| Applied Loads =) ‘p
£
e e 49501001 % B
Write Min/Max Losd to File Y B
[LOADED LANE COMBINATION. =
IOVING LOAD ANALYSIS @
== &
N SOLUTIOCN TERMINATED El
i} » [YOUR MID; JOB IS SUCCESSFULLY COMPLETED....... D:\test movi\moving load ss . )
ree s N T e m o 2

kowfm ~]HE Gl 2 &
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10. Moving Load Analysis
(Basic)

3. Manual Calculations

The wheel load of 10kN is considered. Fig. 10.21 below shows the position of the vehicle,
which causes the maximum moment at Point B from the influence line analysis by midas
Gen, and the influence line at that instance. The values of the influence line in Fig. 10.21

have been linearly interpolated from the analysis results. The maximum moment at Point
B is thus obtained from the following:

Ms max=10x4.95=495kN m

4.95
» Fig. 10.20
Influence line calculation l 10kN
results 1

Max BM at B = 49.5 kN m

midas Gen produced the maximum moment of 49.5 kN m
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(Basic)

10. Moving Load Analysis

4, Exercise

Find the maximum moment, shear and reaction of the simply supported beam below
subjected to a moving load whose loaded length is longer than the span. Find the position
of the moving load causing the maximum of each force component. Material and section
properties are the same as those in Tutorial.

100
50 40

b

Unit: kN, m
110

5 I I I 6 I
20m ™
T
k - ——> X
74N VAN
| 20

10-25



I sisAjeuy |eanonans

Structural Analysis 1
Basic Analysis with MIDAS Software

o
Q
o
3]
>
)
=
<
o
7]
2
—
=
=
O
>
(0p)
2
o
=+
<
Q
o

I‘K") m ey Copyright © Since 1989 MIDAS R & D Centre India Pvt Ltd. Al rights reserved.

www.MidasUser.com




