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1.  TUTORIAL 1 - Simple Benchmark Example for Testing of Software -
A Strut under Axial Force

The column of CHS 88.9x3.2, grade S275 steel and length 5m has a boundary
condition as one end pin and one end fixed. Determine the axial load resistance and
buckling load of the column by second order analysis. Do not assume effective length
for the column as it is unknown for most compression members in real frames.

CHS 88.9x3.2, 5275 P

p——

| 5m
[

—
-t

Y

1.1  Step 1- Start NIDA

Double click the “NIDA” icon on the desktop or in the corresponding folder upon
successful installation of NIDA.

1.2  Step 2 — Create a new project file
Click the File > New command,

File | View Tools Help
Ch Mew Cirl+M
Mew Model from Templates ...

cu

[ Open... Ctrl+0

or find the <New> shortcut button in the toolbar;
D |

Enter the new project <Title> ‘Tutorial 1’ in the popped window and select the
<Gravity Direction> to be ‘-Y’, <Force Unit> ‘kN’ and <Length Unit> ‘m’.

NIDA — Nonlinear Integrated Analysis & Design 1



Tutorials — Step by Step

MNew Project E
Title:
Tutarial 1

Gravity Direction:
Force Unit Length Unit
N ) kgt Cimm &m
kN Oions {Cem

[ OK ] ’ Cancel ]

Click OK to continue.

Click the Analysis > Analysis & Design Parameters setting command,

fssign | Analysis | Post  Tools  Window  Help
i Run FS

Run a Batch of Files ...

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

The parameters already set could also be viewed or changed in the <General Settings>
window;

Select the steel design code HKSC (2011);

NIDA — Nonlinear Integrated Analysis & Design 2
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General | Active DOFs |
Title:
Tutonal 1 *
Floor Stiffness: 0 Gravity Direction: [-¥
Steel Design: -
Concrete Design: BS5350 (2000)
F Unit Eurocode3 (2005)
e st GBS0D17 (2003)
@N 20 kg AISC-LRFD {2010
@ kN ) tons Sem
Advanced ...
oKk || Cancel |[ Aooy |

Activate all the degrees of freedom under ‘Active DOFs’;

3

General Settings E

Degree of Freedom (DOF)
Translational: 1% Uy Uz
Rotational: = RY RZ

Fast DOFs

| Active AIT| [ Plane | | Tmss |

[ ok ][ Cencal J[ ooy |

Click Apply and then OK to continue.

NIDA — Nonlinear Integrated Analysis & Design



Tutorials — Step by Step

1.3  Step 3 — Create material

Click the Construct > New Material command,

View | Construct| Gr-Assign Analysis Post  Tox

| K] Mew Material. ..

Mew Frame Section L4

Mew Shell Sections...

or right click <Materials> in the Properties window and then click <New Materials>;

TR R
= g% Untitled.dat

Mew Materials. ..

= Set Visible/Invisible
Sort Materials. ..

L
Default steel grade set up in the program is S275;

LRI i s
[ gk Untitled.dat
= Materialz

B =275

Double click <S275> to view and change the material properties in the <Materials>
window if required, such as changing the material colour only for this tutorial;

Material A u

General |
] e, 527

e

() Poisson's Ratio: 0.3

= Shear Modulus of

@ Blasticity (cM/m2}: 7 8846e<007

Young's Modulus of

Blasticity (kM./m2): 2.0500e-+008

Density {(lkM./m3): 77

Coefficient of Themal 1 4000=-005

Expansian:

Yield Stress, fy (MN/m2):;  2.7500e+005

Click OK to continue.

NIDA — Nonlinear Integrated Analysis & Design 4
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1.4  Step 4 — Add nodes

Click the Construct > New Nodes command,

View | Construct| Gr-Assign  Analysis Post  Too

| ") Mew Material. .. E

Mew Frame Section L

Mew Shell Sections. ..

Mew Modes. ..

Mew Members. .,

or click the <Add Node> shortcut in the Properties window;

‘i-L‘,‘- TR R A

Ed.dat
aterials

Enter the X, y and z coordinates for node No. 1 and click Apply to continue adding

nodes;
rNew MNode "~ rNew Mode 1
o Mo 1 B Mo 2
¥ |0 X: |5
Y. |0 Y- |0
Z: |0 Z: |0
[Joffsetto Node []offset to Node
[ Apply ] [ Close ] [ Apply l [ Close l

On completion of the last node construction, click Apply and then Close to finish this
step.

To view the details of a particular node, click the node, then all the details including
coordinates, boundary conditions, loadings, etc, are displayed in the Details window;

NIDA — Nonlinear Integrated Analysis & Design 5
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Detailz o x
Attributes Values
Item Type Mode
Mo, 2
X 5.000
b 0.000
i 0.000
Y Boundary-Ux Free
Boundary-UY Free
X Boundary-UzZ Free
E Boundary-RX Free
Boundary-RY Free
Boundary-RZ Free
Loadings ]
Mum. of Members ]
Mum, of Springs ]
Mum. of Floors ]
Mum, of K_Modes ]
Mum. of Shells a0
< 1 | m

or double click the node to view the node details under ‘Coordinates’, ‘Boundary’,
‘Support Spring” and ‘Loading” menus, make changes in the Node window if needed;

= =y

Node
Coordinates | Boundary || Suppart Spring || Loading|
m No. o |2
X: |5
Y. |0
Zizz| 0
| ok ][ cancel

Click OK to continue.

1.5  Step 5- Add sections

Click the Construct > New Frame Section > New Sections command,

View | Construct| Gr-Assign Analysis Post  Tools  Window  Help

| 3 Mew Material. .. vl@ e | F an | =
I Mew Frame Section L Import Sections... -
Mew Shell Sections. .. Mew Sections...

I
or click the <Add Section> shortcut in the Properties window;

NIDA — Nonlinear Integrated Analysis & Design 6
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- Ax) v 2

or right click <Frame Sections> in the Properties window and then click <New Frame
Sections>;

nt PR R A
= g8 Untitled

E‘ Materials

= [ Frame Sections

Mew Frame Sections...

: Import Sections. ...
Click <Import> button in the <New Sections> window to import a new cross section;

General I

Q Mame: Sect 2 l Import ... | ¥

Type:  |4.CHS[Pipe] - | [ Customize... |

Material: [5355 v] Z

Section Properties (Analysis)

Crogs Sectional Area (A): m

Shear Area Comection Factor: 0 Dimensians

Second Moment of Area (y): 0.0000=-+000 B: D

Second Moment of Area (Iz): m D: |0

Torsional Constant {J): 0.0000e+000 T 0
Section Modulus {Design) bw: |0

About y-axds (Zy): 0.0000=-+000 @ g;;ic{z]. B2 |0

About z-mds (Zz): 0.0000e+000 T2 |0

Pbout v-ads (Sy): 0.0000e+000 & lF'Jlsaes.tic s) ds: |0

About z-=ds (Sz): 0.0000=+000 Becalculate

@ Rolled Section () Fabricated Section  (7) Coldformed @

Suppress Frame Eigen-Imperfection : T Yes @ No @

Imperfection along Minory-ais © /500 - [ Elastic ] Plastic
along Major z-ads © L/B00 -

Stress Type lSquarEH'oot of Stress v] Advanced .

o Lo o )

Select cross sections under different categories, country or shape;
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LK. W CHSICir. W
UK. Bow/Rect.
Japan CHS/Cir.
Europe 'H
.. Channel
China Angle
Select ‘CHS 88.9x3.2~’ in the <Section Table>;
F "y
Section Table
Name Bicm) D{cm) Ti{cm) tw{cm) Area(-w
CHS114.3%5.3 11.43 A 053 NA, 21.40
CHS114.3x5.0 11.43 A 0.50 NA, 17.20
CHS114.3x3.6 11.43 MNiA, 036 NiA 12.50
CHS114.3x3.2~ 11.43 NiA, 03z NiA 11.20
CHS88 98 3~ 3.89 A, 0.53 N 16.30
CHS88.9x5.0~ 8.89 A 0.50 NA, 13.20
CHS88. Gwd 0~ 3.89 A 0.40 NA, 10.70
iCHS88.9x3 .2~ 889 NiA 03z NiA 852
CHS78.1x5.0~ 7.61 A, 0.50 N 11.20
CHS7E.1x4.0~ 7.61 A, 0.40 NA, 9.06
CHS75.1%3.2~ 7.61 A 032 NA, 7.33
CHSTE. 12 94 7.681 MNiA, 025 NiA 667 E
CHS60. 3x5.0~ 5.03 NiA, 0.50 NiA 3.69
CHS60.3x4.0 6.03 A, 0.40 N 7.07
CHSE0.3x3.2~ 6.03 A 0.3z NA, 574 M
[il 1t | Ill
[ ok | [ Cancel ]

Click OK, then all the section properties are displayed in the <New Sections> window;

Select a different colour for each section, check all the section properties and make
changes if required;

Change the plastic modulus S about both axes from 2.3500e-005 to 2.1360e-005;

Select ‘Use Plastic (S)’ for second order analysis;

P — & imperfections of the member in this section are generated automatically by the
software according to the design code in use, but could be manually adjusted as well to
fulfil special requirement.

NIDA — Nonlinear Integrated Analysis & Design 8
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o S

General I Mernbersl
ﬂ MName: Q22372 [ Import ... ] Y
Type:  |4.CHS[Pipe] + | [ Customize... | / \
Material: | 5275 - z
Section Properties (fAnalysis) \3_\“
Cross Sectional Area (A): 8.6200e-004
Shear Area Comection Factor: 0 Dimensions
Second Moment of Area (ly): 7.9200=-007 B:  DoDess
Second Moment of frea (lz): 7.5200e-007 D: 0
Torsional Constant (J): 1.5800=-006 T | 0.0032
Section Modulus (Design) bw: | D
About y-aods (Zy): 1 ?EJDDE-DD& = Use Bz |0
EIastlc{Z} w2 [0
T~ :> About z-zds (Zz): 1 ?EJDDe-DD& - |0
poodyais (Sy: 21360005 @ gy | o [0
About z-mds (Sz): 21360005 Becalculate
@ Rolled Section () Fabricated Section () Cold formed @
Suppress Frame Eigen-Imperfection i Yes @ Mo
Imperfection along Minor y-axis Elastlc Plastic
along Major z-ads
Stress Type : | Sguare-root of Stress v
[ ok || cencel || foply

Click Apply to continue importing different sections and OK to finish adding sections.

There is a default frame section ‘UB 305 x 127 x 42’ generated by the software.
Delete it or change the properties if needed.

E‘ Frame Sections

1.6  Step 6 — Add members

Click the Construct > New Members command,

NIDA — Nonlinear Integrated Analysis & Design 9
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View | Construct| Gr-Assign Analysis  Post  Tools
‘ K] Mew Material. ..

Mew Frame Section L

Mew Shell Sections. ..

Mew Nodes...

Mew Members...

Mew Spring Elements...

or click the <Add Member> shortcut in the Properties window;

.;-J'- - ;- ﬁ;- ,é;
=1 g8, Untitled
{Add Member];

or click the <Add Member> shortcut in the toolbar;

Select the ‘Section’ and ‘End Condition’ in the < Member Properties > window;

Member Properties 1

Section: | CHS88.9x3.2~ ™

End Condition: | goth Rigid w
Both Rigid
Both Pin

One Pin one Rigid(P1R2)
One Rigid one Pin(P2R1)

Click the start node and then the end node; if this end node is connected to other
members, continue to click the next end node and right click to stop adding members.

Member Properties X

Section: | CHS88.9x3.2~ v

Y End Condition: |EIUth Rigid M
» X .

Click Close in dialog or press Esc in keyboard to finish this step.

NIDA — Nonlinear Integrated Analysis & Design
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1.7  Step 7 — Add boundary conditions

Double click the boundary node, set the restraints of displacement in Y and Z axes
manually in the Node window for this pin end node;

Node
General | Boundary |Support Spring || Loading|

& Displacement: UX (&) Free (O Restraint
Y OFree  (3) Restraint

UZ OFree (2 Restraint

Rotation: RX  (® Free (O Restraint

RY (®Free (O Restraint

RZ @free O Restraint

Fast Restraints

(2] 4% o]

[0k (o ) o]

Click Apply and OK to continue;
or select the node to be restrained;

1

and click the <Boundary Conditions> shortcut in the Properties window;

il = Y
= g, Untitled |
I Materiale |Boundary Conditions |

Set the other end node to be fixed by using ‘Fast Restraints’;

= =y

Node
General | Boundary | Support Spring || Laading|

s Displacement: UX (O Free () Restraint
UY O Fee (& Restraint

UZ (O Free (% Restraint

Ratation: RX (O Free (%) Restraint

RY (O Free (%) Restraint

RZ (O Fee (& Restraint

Fast Restraints

o)+l

[oxJ (Ccama J (oo ]

Click Apply and OK to finish this step.

NIDA — Nonlinear Integrated Analysis & Design 11
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1.8

Step 8 — Set visible/invisible

Click the View > Visibl

e/Invisible command,

Select | view | Construct Gr-Assign  Analys

E Set 30 View ...
Set 2D View ...

Zoom

Zoom In
Zoom Qut
Fit to Screen
Pan

Rotate

.

Alt+Z

Visible Irwvisible ...

Show Selection Only

F4

or click the <Visible/Invisible> shortcut in the toolbar;

w2k ([N RPN

iv =

Visible/Tnvisible

Tick ‘Member’,

‘Member-Number’,

‘Node’,

‘Node-Number’,

‘Node-Boundary

Condition’, ‘Global Axis’ and select ‘By Section’ in the <Visible/Invisible Settings>

window;

-

Visible/Invisible Settings

-,

Area

[JArea
[IMumber
[] Mormal Direction

Floor

& [IFloor
[IMumber
[ Mormal Direction
[] onefMwo-Way

Shell
[ shell
[IMumber
[] Mormal Direction
[] OneMwo-Way
[JFill Deformed
[CJFill Undeformed

Member/ Cable

= [¢]Member
[Jcable

"M% [¥] Number
[Jmaterial Mumber
[]Material Mame
[Jsection Number
[]section Name
[JLength

< []Local Axis

Bending Stiffness
O a

iY about y-y axis

0 Bending Stiffness
about z-z axis

[] Axial Stiffness

[JTorsional Stiffness

iz

Mode

5 [v]Mode
Mo 2] Number

z [Jsupport Spring
-y [ Local Axis

Member i Cable Color
(%) By Section
) By Material

) Uniform E

Show Mumber
[ selected Only

Others
»¢= "] Spring Element

{2 [¥]Glabal Axis

o< |

[ Cancel ]

| 2pply

Click Apply and OK to view the structure with properties constructed.

NIDA — Nonlinear Integrated Analysis & Design
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b4 {1}
- 4

1.9  Step 9 — Add load cases

Click the Construct > New Load Cases command,

View | Construct| Gr-Agsign Analysis  Post  Tools

! ‘ K] Mew Material. ..

— Mew Frame Section L4

Mew Shell Sections. ..

Mew Modes. ..
Mew Members, ..
Mew Spring Elements. ..

Mew Areas...

Mew Load Cases...

Mew Combined Load Cases...

or right click <Load Cases> in the Properties window and then click <New Load
Case>;

aF __,.r :;- ;- ﬁ;- o
= g Untitled
I Materials
=l E‘,‘ Frame Sections
@ cHsss.9x3. 2
= shell sections
IC=h Load Cases

Mew Load Case... ‘

Generate Combined Cases

or click the <Add Load Case> shortcut in the Properties window;

.,-.; :j- Ei- j',;;'
‘El,_r,gaLInﬁﬂed ‘

"+ £ welAdd Load Cose

Enter the ‘Name’ of new load case, select the load ‘Type’ and ‘Factor’ in the <New
Load Cases> window;
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1.10

New Load Cases

General |

MName : | fdal Load
Type : |IJve Load M
Mo.: |5

[ Auto Seff Weight

Show Loadings on Structure
Show Values:

| ok || cemcel || Apply |

Click Apply to continue adding new load cases and OK to finish this step.
There are four load cases set as default in the software;

i
=1 g&, Untitled
I Materials
=-IC3 Frame Sections
@ cHsaa. w32~
= shell Sections
-5 Load Cases
Self Weight{1.00)
Dead Load{1.00)
Live Load{1.00)
Wind Load(1.00)

Double click any load case to view or change the settings of this load case or right
click and select ‘delete’ as requirement.

Step 10 — Add loadings
Select node No. 1 and click the <Add Load> shortcut in the Properties window;

| Properties qx |
e e |
= g Untitled

5 Materials

= E‘ Frame Sections

Select ‘Load Case’, ‘Load Type’, ‘Axis’ and enter 100 kN ‘Force’ in positive X
direction in the <Loading Properties> window;
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Loading Properties

Load Case: |Axia| Load

)53

Load Type: |Joim Load

Force Moment
rx| [100 wx o |
Fy |D MY O
Axis
(=) Global ) Local

I Apply | l Close

Click Apply to continue.

1.11 Step 11 — Set visibility of loadings
Click the <Set Visibility of Loadings> shortcut in the toolbar;

7 o|v=|B])s @ |ivizEsa

[ Set Visibility of Loadings |

Select the ‘Load Case’, ‘Load Type’ and tick ‘Show Values’ in the <Show Loading>
window;
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Show Loading E
Load T
| nad Cace 03 ype
Axial Load [+] Jaint Load

[] 5ettlement

[ Trapezoidal Load
[IMember Pressure
[JPoint Load
[Jcable Force

Dﬁrea Objects .

[JTemperature

Select All [¥] Show Values Apply

Click Apply and Close to finish setting. Loading is then visible.

1.12 Step 12 — Set and run analysis cases

Click the Analysis > Set Analysis Cases command;

Gr-Assign | Analysis | Post  Tools  Window  Help
v Run F5 |
Run & Batch of Files ... —

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

Add ‘Nonlinear Analysis’ to determine axial load resistance;
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Analysis Cases ﬁ
Show |ALL M Num. of items: | 0/0
Marne In} Type Run
Edit SetRun Flag
Add ¥ Linear Analysis [ Run / Mot Run ]
Rename | Modal Analysis [ AllNotRun || AlRun |
Eigen-Buckling Analysis
Response Spectrum Analysis  k
Use Process
Time History Analysis I Gugliow l I gk l

Select ‘Nonlinear Analysis + Design’, enter the ‘Total Load Cycles’ to be 120,
‘Incremental Load Factor’ to be 0.01 and select ‘Imperfection Method & Direction’

in the <NONLINEAR> window;

-
Monlinear

S|

Name:  Monlinear

Type: lSecond-order Analysis + Design V]

(7) PEP Element @ Curved Stability Function

A Enable Plastic Plastic Element
Advanced Analysis {@ Plastic Hinge

Total Load Cycles : 120

|| Target Load Factor :

Madmum terations for
each Load Cycle : 100

Number of terations for
Tangent Stiffness Matrix :

Minimum Member Imperfection = L/ 1000 : 1

Second-Order Analysis | Applied Loads I Construction Sequence I

Numerical Method

@ Mewton-Raphson

= (Constant Load) Method

=, Single Displacement Cortrol
= (Constant Disp.) Method

= Arc Length Method + Minimum
= Residual Displacement Method

terative & Incremental Parameters |

Incremental Load Factor

Imperfection Method & Direction : Displacemert - About both principal ads -

Advanced ...

ok || cancel || mppiy |

e

Apply ‘Load Case — Axial Load’ to this analysis case;

NIDA — Nonlinear Integrated Analysis & Design
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NONLINEAR

Second-Order Analysis | Applied Loads | Constuction Sequ

Al
Al

General Load Cases Loads Applied
Type: | Load Case M Name Type Factor
Pudal Load Load Case  1.00

00]y]

[] Enable Load/Construction Stage

l

oK | [ cancel | oy

Click OK to go back to the <Analysis Cases> window;

Use Processors:

Analysis Cases m
Show |,e.,|_|_ M Mum. of items:
Mame In] Type Run
INOMLINEAR 1 MNOMNLINEAR YES

Edit Set Run Flag
add  » | Modiy.. | | Duplicate | |  Run/NotRun |
Rename ] l Delete ] IAII NotRun“ All Run ]

” Run Now l QK l

Click Run Now to run the analysis case or click OK to close this window and click the

Analysis > Run command.

NIDA — Nonlinear Integrated Analysis & Design
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Analysis | Post Tools Window  Help

Run F5
Run a Batch of Files ...

Set Analysis Cazes ...

Analysiz & Design Parameters Setting ...

When the analysis is completed, click OK to close the <Analysis complete!> window;

o =

Analysis complete!
Start Time : 2011-11-2Z 15:38:Z22 Time Elapsed : 00:00:13
EC¥C= 120 ITER.= 2 MNCRM detU/U, resF/FCE = 0.8383E-02 0.c047E-04 hl
**+* T HE SYSTEHM IS5 STABLE ***
LOAD STRGE = 0 ; LOARD FACTOR = 1.z2000 , 0.0000 inc.
ECY¥C= 120 ITER.= 3 MNORM detlU/U, resF/FCE = 0_Z526E-03 O0.2310E-05

[ 1] Beam-coclumn elements have been completed ...

Dete : ZO0L111:ZZ Time : 15:3B8:34 Zone @ +0800

and the post analysis toolbar will appear under the function toolbar;

= Nida - [Untitled]

g:l File Edit Select Wew Construct Gr-Assign  Analysis Post  Tools Window Help

4 | 5 @ Man [ve o |Fale|lalz mizia

YT 72— | R [*] pimp Load Factor: [0.0050 | » -|*xm=]
N

ey = By i | o0 ca |5 gl b

1.13 Step 13 — View result: structural deformation

Click the Post > Show Deformed & Undeformed command;

Analysis | Post| Tools Window  Help
C"‘% Q ||: Show Deformed Shape
Eli [<_] Show Undeformed Shape
Show Deformed & Undeformed

or click the <Show Undeformed and Deformed Shape> shortcut in the toolbar;

AT /7 [mm e e =

[} |Show Undeformed and Deformed Shapei

Change the load factor in the sliding bar to view the deformed shape under different
load factors;
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B (<] L[] cycle 120 1 120 Load Factor: > u B[ e
The deformed shape of the structure under 100kN * (LF=1.2) is shown as below;
Y
X {1)

1.14 Step 14 — View result: show load-deflection curve

Click the Post > Show Nodal Results > Load Deflection Curve/Reaction command;

¢sis | Post| Tools Window Help

Y |[ Show Deformed Shape S |§Y iz | L Ry
:_I Show Undeformed Shape L5l Erm e ) m | EI ]

—_— Show Deformed & Undeformed

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Modal Results 4 Reactions,Displacements
Member Results 4 Load Deflection Curve /Reactions ...
Shell Results 4 Show Seleted Displacements /Reactions ...

or click the <Show Load-Deflection Curve/Reaction> shortcut in the toolbar;

m e fe ot = m | (<]

[Show Load-Deflection Curve /Reaction |

Select the node for which the Load (y) — Deflection (x) curve is determined, tick
‘Draw with Line’ and ‘Draw with Symbol’;

For this tutorial, the Load — Deflection curve for horizontal deflection along X axis of
node 1 and rotation about Z axis of node 1 are both obtained in the <Nodal Deflection
/ Reaction> windows as below.
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Nodal Deflection / Reaction &

Load Deflection | Displacement Statistics | Reactions | Pushover Curve |

Node x=0y=02z=0 ﬂ Draw with Line

Deflection Curve

Load-Deflection Curve
Loading Factor [Flux <
Ouy <

uz <
Ratation Curve
Orx @
Ry =
Rz =

Pues

® X - Deflection

Y - Load Factor

O X - Load Factor
Y - Deflection

Cycle (1-120)

From
T [0

0.002 0004 0006 0008 001 0012
Deflection Load Stage ﬂ

0K || Cancel

Nodal Deflection / Reaction X
Load Deflection | Displacement Statistics | Reactions | Pushover Curve|
Mode -1 - x=0y=02=0 =] Draw with Line
: J Draw with Symbol

Load-Deflection Curve el camCars

Loading Factor Oux ©
' FEur o
_____ R Juz o

Rotation Curve
---------------------------- -e-- [CRx L]
Ory <
------------------------------- Rz «

06 Pues

""" ®X-De°ﬂection
Y - Load Factor
4 O X - Load Factor
Y - Deflection

0.2 Cycle (1-137)

From

T [l f2
-0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0. -

Deflection Load Stage [0 [w|

oK | [ Ccancel
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2.1

TUTORIAL 2 — A Braced and an Unbraced Portal — Second Order
Analysis and Elastic Critical Load Factor Analysis

The section used for both columns and beam is UC356x368x153 and grade S275 steel.
Assume the portal is braced and unbraced as two cases. Cross brace of channel 230 x
90 x 32 of same steel grade is used for the braced case.

1000 kN
All members: UC356x368x153, S275
60 kN L

—— [}

\/’

Moment Joints

10 m
Pinned Joints

/ \ |

1. Determine Elastic Critical Load Factor A for both cases.
2. Carry out P-A-9 analysis and perform member check as per clause 8.9.1 of the CoP
for the Structural Use of Steel 2011 for both cases
- P-d effects are considered by incorporating Table 6.1 during analysis
- P-A effects are considered by iterative procedure of adding deflections to
the original structural geometry
- Most unfavorable direction such as through the use of the elastic buckling
mode for the initial bow be established when using Table 6.1

Step 1 — Start NIDA

Double click the “NIDA” icon on the desktop or in the corresponding folder upon
successful installation of NIDA.

NIDA — Nonlinear Integrated Analysis & Design 22



Tutorials — Step by Step

2.2

Step 2 — Create a new project file

Click the File > New command,

File | View Tools Help

Mew Cirl+M
Mew Model from Templates ...

= Open... Cirl+0

or find the <New> shortcut button in the toolbar;

D= d

h [rew

Enter the new project <Title> ‘Tutorial 2 Braced’ in the popped window and select the

<Qravity Direction> to be *-Y’, <Force Unit> ‘kN’ and <Length Unit> ‘m’.

-~

New Project

Title:
Tutorial 2 Braced

Gravity Direction:

Force Unit Length Unit
ON O kgt Omm ®m
®kN  Citons O em

[ QK l l Cancel ]

Click OK to continue.

Click the Analysis > Analysis & Design Parameters setting command,

&szign

Analysis | Post  Tools Window  Help

e
IR

Run F5
Run a Batch of Files ...

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

The parameters already set could also be viewed or changed in the <General Settings>

windo
Select

W,
the steel design code HKSC (2011);

NIDA — Nonlinear Integrated Analysis & Design 23



Tutorials — Step by Step

General | Active DOFSI

Title:
Tutorial 2 Braced -~
Floor Stiffness: 1] Gravity Direction: |-Y =
Steel Design: -
Concrete Design: BS5950 (2000)
Fi Unit Eurocoded (2005)
ot GBS0017 (2003)
DN D kdAISC-LRFD (2010}
@ kN (7 tons iem
Advanced ...
ok J[ Cancel J[ oy |

Select ‘Fast DOFs — X-Y Plane’ under ‘Active DOFs’ for a plane portal frame;

3

[
General Settings

X

Degree of Freedom (DOF)
Translational: [#]{1% Ur Fuz

Rotational: CJrRx [RY R7

Fast DOFs

| Active Al | XY Plane | | Tuss |

| oKk || cancel |

Apply

Click Apply and then OK to continue.
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2.3  Step 3 — Create material

Click the Construct > New Material command,

View anstructl Gr-Assign  Analysis  Post  Too

| K7 Mew Material. ..

Mew Frame Section

Mew Shell Sections. ..

or right click <Materials> in the Properties window and then click <New Materials>;

.P;I}Jﬂﬁ}g

= o, Untitled. dat
i Materials. |
Mew Materials. ..
BE Set Visible Invisible
--I': Sort Materials. ..

Default steel grade set up in the program is S275;

.;; Ijﬂjﬂﬁ}g

[ g% Untitled.dat
=5 Materials

- G

Double click <S275> to view and change the material properties in the <Materials>

window if required, such as changing the material colour only for this tutorial;

MNew Materials A e e
General |
() Poisson’s Ratio: 0.3
= Shear Modulus of
@ Blasticity fN/m2): 7.8846e+007
Young's Madulus of
Hlasticity (<N/m2): 2.0500=-008
Density flkN/m3): 7
Coefficient of Themal 1.4A000e-005
Expansion:
Yield Stress, fy (kMN/m2):  2.7500e+005
[ QK ] [ Cancel ] [ Apply

Click OK to continue.
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2.4  Step 4 — Add nodes

Click the Construct > New Nodes command,

View | Construct| Gr-Assign  Analysis  Post  Too

| "] Mew Material...

Mew Frame Section

Mew Shell Sections. ..

[

y —

Mew MNodes...

Mew Members. ..

or click the <Add Node> shortcut in the Properties window;

.i-l/,‘- :9;ﬁ;5;;

Ed.dat
aterials

Node No.

4

Enter the X, y and z coordinates for node No. 1 and click Apply to continue adding

nodes;
New Node New Node
B No: 1 B No.: |5
o0 x 15
¥ 0 Y: |5
Z: |0 Z: 0

[Joffsetto Mode

| Appy

l [ Close

]

[Joffsetto Node

[ Apply ][ Close ]

On completion of the last node construction, click Apply and then Close to finish this

step.

To view the details of a particular node, click the node, then all the details including
coordinates, boundary conditions, loadings, etc, are displayed in the Details window;
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Details o x
Attributes Values
Item Type Mode
Mo, 5
X 15.000
I‘3 Y 5.000
i 0.000
Boundary-LX Free
Boundary-JY Free
Boundary-Z Free
Boundary-RX Free
Boundary-RY Free
‘I. Boundary-RZ Free
Loadings 0
Mum. of Members 0
Mum. of Springs 0
Mum. of Floors 0
Mum. of K_Modes 0
Mum. of Shells 0
< | e | [L]

or double click the node to view the node details under ‘Coordinates’, ‘Boundary’,
‘Support Spring” and ‘Loading” menus, make changes in the Node window if needed;

-

-,

X

Node
General | Boundary || Support Spring || Loading|
® No.: |5
X [15
e k]
Z: |0
[ ok ][ cancel

Click OK to continue.

2.5  Step 5- Add sections

Click the Construct > New Frame Section > New Sections command,

View | Construct| Gr-Assign Analysis Post  Tools  Window  Help

| [ Mew Material. ..

MNew Frame Section

Mew Shell Sections...

[wle ¢ | ove

Import Sections...

Mew Sections. ..

or click the <Add Section> shortcut in the Properties window;
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- (2w oa

or right click <Frame Sections> in the Properties window and then click <New Frame
Sections>;

- ’J :;. ;. I-t;a ey
= g Untitled

E‘ Materials
=I5 Frame Sections

Mew Frame Sections...

Import Sections......

Click <Import> button in the <New Sections> window to import a new cross section;

General |
ﬂ Name: |Sact? [ Import .. ] bd
Type:  |4.CHSIPipe]l || Customize.. |
Section Properties (Analysis)
Cross Sectional Area (A): 0.0000=-+000
Shear Area Comection Factor: 0 Dimensions
Second Momert of Area (ly): 0.0000e-+000 =
Second Moment of Area (lz): 0.0000e-+000 D: (o
Torsional Constant (J): 0.0000e+000 ™ 0
Section Modulus {Design) tw: |0
About y-ads (Zy): 0.0000=+000 o Use B2 |0
—— = Hastic{Z) w2 [o
About z-ads (Zz): 0.0000=-+000 - |0
) ~ Use . [n
About y-ads (Sy): 0.0000e-+00d '] Plastic(S) ds: u
About z-ads (52): 0.0000e-+000 Becalculate
@ Rolled Section ) Fabricated Section () Coldformed @
Suppress Frame Eigen-Imperfection : T Yes @ No @
Imperfection along Minor y-ads © /500 - [ Hastic ] Plastic
along Major z-axdis ©  L/B00 -
Stress Type lSquare—root of Stress v] Advanced ...
[ ok || cancel || appiy |

Select cross sections under different categories, country or shape;
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LK. L3 'H b
WK Box/Rect.
Japan CHSICIr.
Europe fIH
s, Channel
China Angle
Select ‘UC 356 x 368 x 153#’ in the <Section Table>;
p
Section Table
MName Bicm) Dicm} Tficm) twicm} Area(-h]
UC3SEx406x46T8# 4122 4386 5.80 3.58 595.00
UC3SEx406x303%  40.70 41.90 492 3.068 501.00
UC3SEx406x340%  40.30 4054 429 266 433.00
UC356x406x287%  39.80 39.35 365 2.26 366.00
UC3SEx406x2354 30943 38.10 3.02 1.84 259.00
UC3ISEx3ISEx202% 3747 3746 270 1.65 257.00
UC3SEx3EEx1TTE  37.26 35.82 2.38 1.44 226.00
iIC356x368x153# 3705 3620 2.07 1.23 195.00
UC35Ex358x120% 3585 3555 175 1.04 164.00
UC305x305x283 1222 3553 4.41 258 350.00
UC205x305:240 31.84 3525 377 2.30 306.00( =
UC205x205%198 31.45 33.39 314 1.91 252.00
UC3I05x305x158 M2 327 2.50 1.58 201.00
UC305x205%137 3052 3205 217 1.28 174.00
UC305x205%118 30.74 31.45 1.87 1.20 1 SD.DDM
[il I | [l]
| ok | [ cancel ]

Click OK, then all the section properties are displayed in the <New Sections> window;

Select a different colour for this UC section, check all the section properties and make
changes if required;
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o =

General I Membersl
E Name:  |C35RcI6R] 5L [ Import ... ] | ¥ | e
Type: [5. |/H-=ection v] [ Customize... ]

Section Properties (Analysis) i
Cross Sectional Area (A): 1.9500¢-002 HEi R
Shear Area Comection Factor: 0 Dimensions
Second Moment of Area (iy): 1.7600=-004 B:  037s
Second Moment of Area (lz): 4 8500e-004 D: 0362
Torsional Constant {J): 2.5100=-006 T 0.0207

Section Modulus (Design) bw: 0.0123
About y-axis (Zy): 9.4500=-004 @ Hse 2 Bz |0

= Hastic . n
About z-ais (Zz): 2 6800e-003 T2 |0
. -~ Lze o n
About y-axis (Sy): 1.4400e-003 (@] Plastic(S) ds: u
About z-axis (Sz): 2.9700e-003 Recalculate
© Rolled Section () Fabricated Section () Coldfomed i)
Suppress Frame Eigen-Imperfection : TiYes @ No @
Imperfection along Minory-ads © /400 - Plastic
glong Major z-ais : L300
Stress Type : | Direct Sum of Stress - Advanced .
OK || caneel || oy

P — 6 imperfections of the member in this section are generated automatically by the
software according to the design code in use, but could be manually adjusted as well to
fulfil special requirement.

Click Apply and Import to continue to add a new section Channel 230 x 90 x 32;

Find the Channel 230 x 90 x 32 in the <Section Table> window under the
‘UK-Channel’ category;
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I
Section Table
Name Bicm) Di{em) Ti(cm) T (cm) Area(-[ﬁ]
[430=100=64 10.00 43.00 1.80 1.10 23 40
[380=100=54 10.00 38.00 1.75 0.95 F0.10
[300x100x46 10.00 30.00 1.65 0.%0 58.50
[300=50241 9.00 30.00 1.55 0.90 53.30
[260=50x35 5.00 25.00 1.40 0.280 45 40
[280x75=28 7.50 26.00 1.20 0.70 3580
[230x80x32 5.00 23.00 1.40 0.75 4160 =
[230=75x26 7.50 23.00 1.25 0.65 3320
[200=9030 9.00 20.00 1.40 0.70 3r.o80
[200=75x23 T7.50 20.00 125 0.60 30.40
[180x50x25 5.00 13.00 1.25 0.65 3410
[180=75x20 7.50 18.00 1.05 0.60 26.60
[150x50x24 5.00 15.00 1.20 0.65 3040 —
[150=75x18 T7.50 15.00 1.00 0.55 2280
[125x65x154# 6.50 12.50 0.85 055 19.00 M
I(_] 1111 ] [ll
[ aK ] [ Cancel ]

Click OK, then all the section properties are displayed in the <New Sections> window;

e o ==

General I Membersl
ﬂ Mame:  [230x5032 [ Import ... ] Reit | IE'f
Type: [?. Channel '“ Customize... ]
Material: [52?5 vl g £
Section Properties (Anabysis) i
[::' >[Cross Sectional Area (A): 4.1000e-003 ] ﬁ:i

Shear Area Comection Factor: 0 Dimensions
Second Moment of Area (ly):  3.3400e-006 B: D09
Second Moment of Area (Iz): 3.5180e-005 D: 023
Torsional Constant (J): 1.9300e-007 T 0014

Section Modulus (Design) tw:  0.0075
Aboutyaxs @y):  SS000U05 g Use o2 [0 |
About zads (Zz;  30600e004 owe@ om0 |
About y-ads (Sy): 5.8900e-005 © leestic{S} ds: D
About zaxs Sz 3.5500e-004 | Becalculate |

® Rolled Section () Fabricated Section ) Coldfomed [

Suppress Frame Eigen-Imperdection : ) Yez @ Mo @
Imperfection along Minor y-adis @ 1L/300 [ Hasdic ] | Plastic |

glong Major z-ads © L300 -
Stress Type : | Direct Sum of Stress -
ok o ) o |
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Select a different colour for this channel section, check all the section properties;

Change the cross sectional area from 4.1600e-003 to 4.1000e-003;

Click OK to finish adding sections.

There is a default frame section ‘UB 305 x 127 x 42’ generated by the software.
Delete it or change the properties if needed.

= [‘j‘ Frame Sections
JC UB305x127x42

2.6  Step 6 — Add members

Click the Construct > New Members command,

View | Construct| Gr-Assign  Analysis  Post  Tools

‘ K Mew Material. ..

—— Mew Frame Section

y —

Mew Shell Sections. ..

Mew Nodes, ..

Mew Members. ..

Mew Spring Elements. ..

or click the <Add Member> shortcut in the Properties window;

m" J » ;- E;- g
= g, Untitled
{Add Member)
or click the <Add Member> shortcut in the toolbar;
7
o
&

T

Add Meml:uer|

Select the ‘Section’ and ‘End Condition’ in the <Properties of Member> window;
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Member Properties W

Section: |UC356x368x153% M

End Condition: | gath Rigid w
Both Rigid

Both Pin

Cne Pin one Rigid(P1R2)

One Rigid one Pin(F2R1)

Click the start node and then the end node; if this end node is connected to other
members, continue to click the next end node and right click to stop adding members.

Change the member to channel section with both ends rigid,

Member Properties
Section: | [230x30x32 v
End Condition: ‘Bolh Rigid M

Click the left top node, the centre point and the right bottom node to add two rigidly
connected bracing members;

Y
i
X .
Add the other two bracing members with both ends pin connected,;
Member Properties
Section: | [230x90x32 v
End Condition: |Bom Bin M
[ 1
Y L
1
Hx u

Click Close in dialog or press Esc in keyboard to finish this step.
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2.7  Step 7 - Add boundary conditions

Double click the left boundary node, use the ‘Fast Restraints’ option to automatically

set this pin node in the Node window;

Node =]
L
General | Boundary | Support Spring || Loading|
o, Displacement: UX () Free (®) Restraint
UY (O Free (& Restraint
Uz Fra= Re
(| Fotation: R Free Re
vV R Free Restraint
A RZ (& Free (O Restraint
Fast Restraints
i sl
o ) Cooms ) Cm

Click Apply or OK to continue;
or select the node to be restrained;

|

and click the <Boundary Conditions> shortcut in the Properties window;

i S
) g8, Untitled |
== Materials |Bnundary Cnndiﬁnnsl

Set the this node to be pin end using ‘Fast Restraints’;

£ =X

Node Ed
General | Boundary | Support Spring | Loading|

2 Displacement: UX (O Free  (®) Restraint
UY OFee @ Restraint

Uz Free strairt

Fiotation: R

RY

RZ @® l:'r;; O Hesnamt
Fast Restraints
AlE ]

[ ok J[ cancel |[ ppy |

Click Apply or OK to finish this step.
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2.8 Step 8 — Set visible/invisible

Click the View > Visible/Invisible command,

Select | view | Construct Gr-Assign  Analys

Ba

Set 3D View ... | Q
Set 2D View ... —

Zoom

Zoom In

Zoom Qut

Fit to Screen Alt+Z
Pan

Rotate

Visible Irwvisible ... F4

Show Selection Only

or click the <Visible/Invisible> shortcut in the toolbar;

=1k S
Visible/Invisible i

Tick ‘Member’, ‘Member-Number’, ‘Node’, ‘Node-Number’, ‘Node-Boundary
Condition’, ‘Global Axis’ and select ‘By Section’ in the <Visible/Invisible Settings>

window;

[JMormal Direction
[] onefmwo-Way

Bending Stiffness
W
iz about z-z axis

[]selected Only
QOthers

[JFill Deformed
[JFill Undefarmed

[]Axial Stiffness
[JTorsional Stiffness

»¢= [ Spring Element
7 [v] Global Axis

Visible/Invisible Settings “

Area Member / Cable Mode
[JArea « [#]Member B [#]Node
[ Mumber []Cable Mo [ Mumber
] Normal Direction 5 EINumber 2

:onlrj Floor [ material Mumber a LI Support Spring
] Number [ material Name = e
[JMormal Direction []section Mumber A
[] One/Two-Way [ section Mame ® By Section

Shell [ILength ) By Material
[ Shell % [JLocal Axs Ounilorm |
[INumber B Ssgst";izir:ess Show Mumber

[ox |

[ Cancel ] [ Apply

l

Tick ‘Bending Stiffness about y-y/z-z axes’ to view the end releases of member 4 and

5; or press the buttons

i iz in toolbar.

Click Apply or OK to view the structure with properties constructed.

NIDA — Nonlinear Integrated Analysis & Design

35



Tutorials — Step by Step

1) . 3)

2.9  Step 9 - Add load cases

Click the Construct > New Load Cases command,

View | Construct| Gr-Assign Analysis  Post  Toals

! ‘ K7 Mew Material. ..

= Mew Frame Section

[ -

Mew Shell Sections. ..

Mew Modes. ..
Mew Members. ..
Mew Spring Elements. ..

Mew Areas...

Mew Load Cases...

Mew Combined Load Cases. ..

or right click <Load Cases> in the Properties window and then click <New Load
Case>;

. _.-"' :;- ;- ﬁ;- Ly
= g% Untitled.dat
[ Materials
=l E‘ Frame Sections
JL UC356x368x 153
C [230x90%32
[ shell sections
=171 Load Cases
Mew Load Case. ..

Generate Combined Cases

or click the <Add Load Case> shortcut in the Properties window;

a* ‘—_; :' E’t » .Y,
= g% Untitled

& £ WalAdd Load Cose]

Enter the ‘Name’ of new load case, select the load ‘Type’ and ‘Factor’ in the <New
Load Cases> window;
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New Load Cases =]

General

Mame : |Venical Load |
Type : |Other M
Factor : '

[J Auto Sef Weight

Show Loadings on Structurs

| ok || cemcel || Appiy |

Click Apply to continue adding more load cases;

W)

New Load Cases X<

General

Mame : |Horizorrta| Load |
Type : |Other ~|

[] Auto Seff Weight

Show Loadings on Structure

Click OK to finish this step.

There are four load cases set as default in the software;

B A TR RS
-3 Materials ]
5@ Frame Sections

..... L UC356x368x 153

..... C [230%20x32

-1 Shell Sections

----- Self Weight{1.00)

..... Dead Load(1.00)

..... Live Load{1.00)

----- Wind Load(1.00) | |
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Double click any load case to view or change the settings of this load case or right
click and select ‘delete’ as requirement.

2.10 Step 10 — Add loadings

Select node No. 3 and click the <Add Load> shortcut in the Properties window;

| Properties qx |
o ST B B
= g% Untitled

[T Materials

= E‘ Frame Sections

Select ‘Load Case’, ‘Load Type’, ‘Axis’ and enter 1000 kN ‘Force’ in negative Y
direction in the <Loading Properties> window;

= =1

Loading Properties
Load Case: ‘Vertiu:allnad M
Load Type: |J0intLuad M
Force Moment
Fix |0 My 0
FY -1000 MY |0
FZz |0 MZ O
Axis
(%) Global ) Local
| _#eoly | [ close |

Click Apply and Close to continue adding loads;

Select node 2 and apply the same procedure as for node 3;
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Loading Properties
Load Case: |H0rizonta| load Il]
Load Type: |J0intLoad |1|
Force Moment
FY |0 wy o |
Axis
(%) Global CilLocal
[ Apply ] ’ Close ]

Click Apply and Close to finish this step.

2.11 Step 11 — Set visibility of loadings
Click the <Set Visibility of Loadings> shortcut in the toolbar;

P e (Bs v izEa

| Set Visibility of Loadings |

Select the ‘Load Case’, ‘Load Type’ and tick ‘Show Values’ in the <Show Loading>
window;
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[JPoint Load
[ cable Force

[]Trapezoidal Load

[IMember Fressure

Show Loading
Load Type
Load Case
Vertical load [¥] Joint Load
Harizontal load [ Settlement

m Pressure on
Area Objects

[JTemperature

SelectAll | [¥]Show Values

Arrow

Apply

Click Apply and Close to finish setting. Loading is then visible.

)

-1000

1)

b

2.12 Step 12 — Set and run analysis cases

Click the Analysis > Set Analysis Cases command;

Gr-Assign | Analysis | Post  Tools  Window  Help

Run

Run a Batch of Files ...

F3

Set Analysis Cases ...
Analysis & Design Parameters Setting ...

3)

Add ‘Eigen-Buckling Analysis’ to determine elastic critical load factor A for the

braced frame;
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X]

Analysis Cases
Show |ALL M Mum. of items:
MName D Type Run
Edit Set Run Flag
Add » Linear Analysis [ Run /Mot Run ]
MNonlinear Analysis
Rename [AII Mot Run ” All Run l
Eigen-Buckling Analysis
Use P ESPONSE SpecTum Analysis
SErreLess Time History Analysis ’ Run Now ] [ i ]
Enter the name of analysis to be ‘Braced EIGEN-BUCKLING’ in the
<EIGEN-BUCKLING> window;
EIGEN-BUCKLING <]
Eigen-Buckling Analysis | Applied Lpadsl
Name: |Braced EIGEN-BUCKLING |
Mumber of Modes: I:l
COutput Control
Prirt =out () Yes () No
ok | [ Canesl Apply
41
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Apply ‘Load Case — Vertical/Horizontal Load’ to this analysis case;

EIGEN-BUCKLING <]
| Bigen-Buckling Anah'sisl Applied Loads ]
General Load Cases Loads Applied
Type: |Load Case | Nlam T Eactar,
Vertical load Load Case  1.00
Horizontal load Load Cagse  1.00
ALL =
[ QK l [ Cancel ] Apply

Click OK to go back to the <Analysis Cases> window;

Add ‘Nonlinear Analysis’ to carry out P-A-6 analysis and perform member check;

Y

Analysis Cases H
Show |ALL M Mum. of items:
Mame D Type Run
Braced EIGEN-BUCKLIMNG 1 EIGEN-BUCKLING  YES
Edit Set Run Flag
Add » Linear Analysis [ Run /Mot Run l
Monlinear Analysis
Modal Analysis | AllNotRun || AlRun |
Eigen-Budkling Analysis
Response Spectrum Analysis
Use Process
Time History Analysis ’ Rl ] [ oK l
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Select ‘Nonlinear Analysis + Design’, enter the ‘Name’ to be ‘Braced NONLINEAR”,
the ‘Total Load Cycles’ to be 1000, ‘Incremental Load Factor’ to be 0.001 and select
‘Imperfection Method & Direction” in the <NONLINEAR> window;

Braced NONLINEAR P

Second-Order Analysis | Applied Luads] Construction Sequence ]

Mame: Braced NONLINEAR Mumerical Method

] i@ Newton-Raphson
T = (Constant Load) Method

Type: [Secnnd-crder Analysiz + Design

_ - " ) -, Single Displacement Control
@ (&) (&)

@ PEP Blement () Curved Stability Function - {Constart Disp.) Methad
- Arc Length Method = Minimum

| Enable Plastic Flastic Blement "~ Residual Displacemert Method

Advanced Analysis {@ Plastic Hinge
lterative & Incremental Parameters :

Total Load Cycles : 1000

7] Target Load Factor - Incremental Load Factor :  0.001

Mapdmum herations for
each Load Cycle 100

Mumber of terations for

Tangent Stifrness Matrix : 1

Minimum Member Impedfection * L / 1000 : 2

Imperfection Method & Direction Eigen-buckling mode : About bath principal ,]lE]l

l
Set Eigenmode Imperfection A" 4 ﬁ

Magnitude of Imperfection for M -
Global Eigenvalue Mode 0.05

H/ 200 + (Calc. Options)

Mumber of Modes to Be Calculated : 5
Specify a Mode for Imperfection : 1

| oKk || Cancel |

b

To fulfil the requirement of implementing P-A imperfection, click Setting, enter the
‘Magnitude of Imperfection for Global Eigenvalue Mode’ in the <Set Eigenmode
Imperfection> window or select an ‘Auto Cal. Option’ according to the design code
applied, which is H/200 for this tutorial and click Auto Cal to obtain the value of
‘Magnitude’;

Apply ‘Load Case — Vertical/Horizontal Load’ to this analysis case;
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NONLINEAR

| Second-Order Analysis | Applied Loads | “orsinicion Sequence

(7]
[
[A
%]
[

General Load Cases

Type: | Load Case M

0[]

il
¥

Loads Applied
Mame Type Factor
Wertical load Load Case  1.00
Harizontal load Load Case  1.00

[ Enable Load/Construction Stage

I QK H Cancel l Apply

Click OK to go back to the <Analysis Cases> window;

Analysis Cases m
Show |alL M Mum. of items:
MName D Type Run

iBraced EIGEN-BUCKLING 1 EIGEM-BUCKLING  YES
Braced MOMLINEAR 2 MOMLINEAR YES
Edit ZetRun Flag
add  » | Modify. | | Duplicate | | Run/NotRun |
Rename l [ Delete l [NINotRun“ All Run ]
Use Processors: ' oK

Click Run Now to run both analysis cases or click OK to close this window and click

the Analysis > Run command.
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2.13

Analysis | Post Tools Window  Help

Run F5
Run a Batch of Files ...

Set Analysis Cazes ...

Analysiz & Design Parameters Setting ...

When the analysis is completed, click OK to close the <Analysis complete!> window;

- . —
Analysis complete!
Start Time : 2011-11-23 11:21:52 Time Elapsed - 00:01:27
BEEZIN SUBSPRCE TO FIND EIGENVALUES & EIGENMODES ... [A]

HMODE NO. LORD FACTCR

Date - 20111123 Time : 11:23:18 Zone : +0800
2
and the post analysis tool bar will appear under the function tool bar;
&= Nida - [Untitled]
:l File Edit Select View Construct Gr-Agsign Analysis  Post Tools  Window Help
Dl R | ShE 58] Bo v+ | do|ie|hk s»iliviz|ta
FT M 27| mm [ o we o+ o — 2 [ <] [>] Mode 1/6 Buckling LF: [14.6793 | » m B} | & == m]

%]

Step 13 — View result: eigen-buckling mode

For more than one analysis case, the first analysis case will display automatically upon
completion of program running. For this tutorial, the Eigen-Buckling Analysis result
displays the 6 eigen-modes firstly;

146 Buckling LF| (146793 |[»

The mode could be selected through the sliding bar and the corresponding ‘Buckling
LF’ could be viewed in the tool bar, so the elastic critical load factor for the braced
case, which is also the first mode buckling load factor, is

her = 14.6793;

[<]||||| [)’]Mud

wr

Click the Post > Export Eigen-Buckling Load Factors command,
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Analysis

Post| Tools ‘Window Help

2a|
)

or click <Export Eigen-Buckling Load Factors> shortcut in the post analysis toolbar;

Buckling LF: b B E

Show Deformed Shape
Show Undeformed Shape
Show Deformed & Undeformed

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Nodal Results
Member Results
Shell Results

Export Summary of Analysis Results ...
Export Statistics of Analysis Results ...
Export Eigen-Buckling Load Factors ...
Export Animation AV ...

>

fiid

Export Eigen-Buckling Load Factors k

Select the ‘Source File® direction, click Load Info in the <Export Eigen-Buckling
Load Factor> window to select the analysis case to be exported;

Export Eigen-Buckling Load Factor

Source File

C\Documents and Sellings'.mll)esldop'djnliﬂeddaﬂ

Analysis Cases

[Elrowse...] [Load Info.]

~F

0 itemns selected Select

port lose

1 items selected

Click Select and choose the analysis case in the <Select Analysis Case> window;
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Select Analysis Case m
Analysis Type: |EIGEN-BUCKLING
Load Factor From 0 5 | To (12
Unselected Selected
[] MName [8] MName
1 Braced EIGEN-BUC...
ALL ==
I QK l [ Cancel ]

Click OK to go back to the <Export Eigen-Buckling Load Factor> window;

Click Export , an excel spreadsheet titled “*** loadfactor’ will pop up including load
factors for all the eigen-buckling modes;

Do) ld9-™ TE Untitled_loadfactor - Microsoft Excel - = X
Toaly — 000
|Home| Insert Page Layout Formulas Data Review View Acrobat @ - 8 X

& N (Y EY Rt
FT 1 - = Mumber|| Styl Cell - &
aste - umioer 25 2lls
™ & |[E->-A] ol o e P
Clipbo... M Editing
T -
A B C D E A
! AmcsNo.  AncsName  Cycle No Load Factor 1
2 1 Braced EIGEN-BUCKLING 1 14.67% 3
3 1 Braced EIGEN-BUCKLING 2 35404
4 1 Braced EIGEN-BUCKLING 3 02.716
5 1 Braced EIGEN-BUCKLING 4 353.750
6 1 Braced EIGEN-BUCKLING b 446.799
7 1 Braced EIGEN-BUCKLING [} 5369.695
M 4 » M| |oad factor of cycles < %] [N m I
Ready | [ﬁnuli_fl .

Click the Post > Show Deformed & Undeformed command;

Analysiz Eosti Tools  Window  Help
C"‘% Q ||: Show Deformed Shape

Ele [<_] Show Undeformed Shape
—_— Show Deformed & Undeformed
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or click the <Show Undeformed and Deformed Shape> shortcut in the toolbar;

7 7 e e s =

[} |Show Undeformed and Deformed Shapei

To view the first eigen-buckling mode deformation in a larger scale, click the Post >

Display command,

Analysis | Post| Tools Window Help

Q Q ﬂ Shaow Deformed Shape -
[< ] i Show Undeformed Shape
Show Deformed & Undeformed —_

Display Scale ...

or click the <Adjust Scaling Factor> shortcut in the toolbar;

y L 2w e e o — v |
I | Adjust Scaling Facb:nri

Enter scaling factors of ‘Delta’ and ‘Angle’ in the <Scaling> window;

Scaling

Defta |20 (]

Angle (20 |2

The first eigen-buckling mode deformation of the structure is shown as below;

—68

-1000

X

PN

Change the load factor in the sliding bar to view the deformed shapes of higher

buckling modes.

2.14  Step 14 — View result: nonlinear analysis

To view the other analysis result, click <Select Analysis Case> shortcut near the

sliding bar in the post analysis toolbar;

||| (< ] (] Mode 1/6

Buckling LF: [14.6793 | b

|Select Analysis Case l
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Select the ‘Braced NONLINEAR’ case from the <Show Analysis Case> window;

Show Analysis Case
General | Multi-ltems |
| ] Analysis Mame Type
*1 Braced EIGEN-BUCKLING EIGEM-B...
i2 Braced NONLINEAR MONLIN...
| ok | [ close |

Click the Post > Show Deformed & Undeformed command;

Analysis | Post| Tools Window Help
&g Q |[ Show Deformed Shape
2 I‘_] Show Undeformed Shape
Show Deformed & Undeformed

or click the <Show Undeformed and Deformed Shape> shortcut in the toolbar;

AT 7| e -

[:;_ [show Undeformed and Deformed Shape |

To view the nonlinear deformation in a larger scale, click the Post > Display Scale
command,

Analysis | Post| Toolz Window Help

@g Q ||: Show Deformed Shape -

[(_] i Show Undeformed Shape
— Show Deformed & Undeformed —

Display Scale ...

or click the <Adjust Scaling Factor> shortcut in the toolbar;

ST e - |

N Adjust Scaling Facb:nri
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2.15

Enter scaling factors of ‘Delta’ and ‘Angle’ in the <Scaling> window;

Click the <Member Sect. Capa. Factor> shortcut in the post analysis toolbar, the range
of section capacity from +1.0 to -1.0 will be displayed in the <Member> toolbar;

ﬁnmjim.¢+fsz|bm B

IEH [ Member Sect. Capa. Factor l

Color of each member in the deformed structure indicates its range of section capacity
at different load factor;

<] [1>] cycle 1000 / 1000 Load Factor: [1.0000 | » m K ®x j

At load factor = 1.000, the deformed shape of structure and the section capacities of
deformed members is shown as below;

rMember 1 . 1'1000
Capacity —&f *2
%

=l 10
% +0.8
f +0.6 ;
f 0.4 Y -
f w02 A
f 00
f 02 X
F’ 04 AH = A
= 06 =
= 08 Delta |100 {:}
= 10 -
! Angle | 100 H
-Reset ==

Step 15 — View result: Show analysis procedure of nonlinear analysis

Click the Post > Show Result Files command:;

tnalysis | Post| Tools Window  Help

g Q ﬂ Show Deformed Shape b3
[‘ ] Show Undeformed Shape
Show Deformed & Undeformed —

Digplay Scale ...

Show Analysis Case ...

Show Result Files ...

Select the <*.log> file for the ‘Braced NONLINEAR’ analysis case from the <Result
Files> window;
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] Analysis Name Type
1 Braced EIGEM-BUCKLING EIGEM-BUCK. ..
2 Braced NOMLIMNEAR MOMLINEAR

File Type: D

~ out

Click Open, a text document showing load stage, load cycle, load increment and

convergence and so on. The possible warning and error messages will be also printed
here for checking model;

Part of messages has been extracted as below;
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) waes vorns A i

{| Eile Edit Format View Help

ANALYSIS  TYPE : NONLINEAR AMALYSIS B
STEEL CODE USED : HKSC (2011)

ANA. CASE NAME : BRACED NONLINEAR

ANA. CASE NO. : 2

DETERMINING LOCAL & GLOBAL INITIAL IMPERFECTIONS ...
USING iTh EIGEN-BUCKLIMNG MODE SHAPE. (EIMP)

THE SYSTEM IS5 STABLE
LOAD STAGE = -1 ; LOAD FACTOR = 1.0000 , 1.0000 init.

BEGIN SUBSPACE TO FIND EIGENVALUES & EIGENMODES ...

THE IMPERFECTION EIGENVALUE(S)

1st EIGENVALUE
2nd ELGENVALUE
Ird EIGENVALUE
4th EIGENVALUE
5th EIGENVALUE

0.1468E+02
0. 3540402
0.6272E+02
0.35328E4+03
0.4468e+03

THE NO.{ 1) POSITIVE BUCKLING MODE IS USED AS INITIAL IMPERFECTION.

BEGIN SECOND-ORDER MNOMLIMEAR AMALYSIS ...

wew T H E SYSTEM IS STABLE
CURRENT STIFFMESS / INITIAL STIFFNESS = 1.0000
LOAD STAGE = 0 ; LOAD FACTOR = 0.0010 , 0.0010 init.

KCYC= 1 ITER.= 1 NORM detu/U,resF/FCE = 0.1000E+01 0.2635E-02

2.16 Step 16 — Delete members for unbraced case

Click the Post > Show Undeformed Shape command;

Analysis Eosti Tools  Window  Help
% Q |[ Show Deformed Shape
[ﬂ Show Undeformed Shape

Show Deformed & Undeformed
or click the <Show Undeformed Shape> shortcut in the post analysis toolbar;

)z e+ =
""[;"' Show Undeformed Shape &

The structure returns back to its undeformed shape;
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=1000
g 2)
(1) - [3)
.
N
) — A

Click the Select > Sections command;

Edit | Select| Wiew Construct Gr-Assign  Analysi

d| % Select Al cul+a &

7 | = Deselect Ctrl+D [i]

R Inverse Ctrl+5hift+1 _
Modes by Boundary Condition 4
Members by Plastic Hinge 4

Shells by Mormal Direction ...
Floors by Mormal Direction ...

Sections ...

Materials ...

Choose the channel section 230 x 90 x 32 in the <Select by Section> window;

= =~

Select by Section

UC356x368x153#
[230x90x32

I oK ] [ Cancel I

Click OK to continue, four bracing members (4) — (7) are then selected, or simply
select the members on the screen;

Click the Edit > Delete command;
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Edit| Select View Construct Gr-Assign  Analysis  Post  Tools  Window  Help

| R [[@=  [vf ek 1zl
[ Bede gl '[2] Cycle 1000 / 1000 Load Factc
14 ot Cirl+x
Copy cirl+C (7 =1000
Paste Spedal 4 6
Delete
- (3)

The four bracing members disappear leaving only the node 5;

Click on the node 5 and repeat the above deleting procedure or press the ‘Delete’

button on the keyboard directly;

i -1000

1) . (3)
il
i

) — A

or left click and hold the mouse to select all the members and nodes to be deleted;

-1000

- {2)

£ A
Release the mouse, then members (4) — (7) and node 5 are selected,;

~1000

{2)

3)

K
Repeat the deleting procedure above, the unbraced frame is then constructed,;
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{2)

2.17 Step 17 — Unbraced portal frame

=1000

3)

All the other properties and load cases of the unbraced frame remain the same as the
braced one, perform the Eigen-Buckling Analysis and the Nonlinear Analysis again,

the analysis result is then obtained.
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3. TUTORIAL 3 - Space Frame

2]

[2]

/ v
i

[2]

[2]

z

2]

[2]

[2]

2]

—
3m

For vertical members, local y-axis in global Y-direction;

3m

Section:
[1] UB152x89x16
[2] UB203x102x23

Steel : S275

For horizontal members, local xy plane parallel to global z axis.

Determine the elastic critical load factor A¢, and check the structural adequacy by
second-order analysis under the following load combinations:

- LC1:1.4 Dead Load + 1.6 Live Load

- LC2: 1.4 Dead Load + 1.4 Wind Load
- LCS3:1.2 Dead Load + 1.2 Live Load + 1.2 Wind Load

3.1  Step1-Start NIDA

Double click the “NIDA” icon on the desktop or in the corresponding folder upon

successful installation of NIDA.
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3.2

Step 2 — Create a new project file

Click the File > New command,

File | View Tools Help

Mew Cirl+M
Mew Model from Templates ...

= Open... Cirl+0

or find the <New> shortcut button in the toolbar;

D)=

N=

Enter the new project <Title> ‘Tutorial 2 Braced’ in the popped window and select the
<Qravity Direction> to be *-Y’, <Force Unit> ‘kN’ and <Length Unit> ‘m’.

New Project -
ew Proj et S|
Title:
Tutorial 3 -
Gravity Direction: Z -
Force Unit Length Unit
@N () kaf ) mm @m
@ kM 7 tons i em
| ok | | Cancad |

Click OK to continue.
Click the Analysis > Analysis & Design Parameters Setting command,

4ssign | Analysis | Post  Tools  Window  Help
i EE Run F5

Run a Batch of Files ...

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

The parameters already set could also be viewed or changed in the <General Settings>
window;

Select the steel design code HKSC (2011);
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| General | Active DOFs |
Title:
-

Floor Stiffness: 0 Gravity Direction: [-Z2

Steel Design: | [HKSC (2011) v

Concrete Design: [HK[I: {2004, 2nd) v]
Force Unit Length Unit
DN D kdf Cimm @ m
@kN O tons & cm

oK) Cmon J [ v

Select ‘Fast DOFs — Active All’ under ‘Active DOFs’ for a plane portal frame;

r General Settings H

m Active DOFs
Degree of Freedom (DOF)
Translational: Ux [«#Juy [¢]UZ
Rotational: R RY RZ

Fast DOFs

[ Active Al| (%Y Pane| [ Tnuss |

[ ok J[ camce J[ 2py |

Click Apply and then OK to continue.

3.3  Step 3 - Create material

Click the Construct > New Material command,
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View gunsh'ucti Gr-Assign  Analysis  Post T

| (] Mew Material. ..

Mew Frame Section 4

Mew Shell Sections...

or right click <Materials> in the Properties window and then click <New Materials>;

v A TR R
= o, Untitled. dat

=1-ICh Materials

Mew Materials...
E‘ Set Visible Invisible
Sort Materials. ..

Default steel grade set up in the program is S275;

o TR R A
[ g% Untitled.dat
=5 Materials

- G

Double click <S275> to view and change the material properties in the <Materials>
window if required, such as changing the material color only for this tutorial;

General I

[ W 5275
Tpe

(@) Poisson's Ratia: 03 ]
= Shear Modulus of e T
' Hlasticty xN/m2); ~ [50/2=T
Young's Modulus of 00e

[ Blasticity {lcM./m2): 2.1000e ]
Density (<M m3): i7

Coefficient of Themal 1 4A000e-005

! .
Yield Stress, fy kN/m2): 27500005 ]

| ok || cancl

Click OK to continue.
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3.4  Step 4 - Set gravity direction

Click the View > Set 3D View command,

Select | Wiew | Construct  Gr-Assign  Analysis
Set 30 View ... L |

Set 2D View ...

Enter 90 for ‘Angle’, click the up arrow of X and Apply to rotate the existing

coordination 90 degrees about X axis;

-

Set 3D View

=2

Ruotation

x B v

Angle

z

5]

=

| | ooy |

A

=l

Click the up arrow of Z and Apply to further rotate the existing coordination 90

degrees about Z axis;

-

Set 3D View

==

Rotation
X =y

Angle

z @

50]

[ Reset

| e

Z
—
L"\"

A

Click Close in dialog or Cancel button to finish rotation;

Click the Analysis > Analysis & Design Parameters Setting command,

Agsign

Analysis | Post  Tools  Window  Help

P Run

Run a Batch of Files ...

F5

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

Change the ‘Gravity Direction’ to be ‘-Z’ in the <General Settings> window;
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General | Active DOFs |

Title:
"

-

Floor Stiffness: 0 lGlEl'u'it'_.r Dlirection: [-Z -
Steel Design: HKSC (2011) - |

Concrete Design: [HKCI: (2004, 2nd) v]
Force Unit Length Unit
|:| M |:::| kgf |:| mm |:§-:| m
@kN  (tons i cm
Advanced ...
| oKk || Ccancel Apply

Click OK to finish this step.

3.5  Step 5- Add nodes

Click the Construct > New Nodes command,

View gunsh'ucti Gr-fssign  Analysis  Post  Too

| [ Mew Material. .. :E

Mew Frame Section L

Mew Shell Sections. ..

Mew Modes. ..

Mew Members. ..

or click the <Add Node> shortcut in the Properties window;

.i-u :;-;-I—tj-g

Ed.dat
aterials

Enter the X, y and z coordinates for node No. 1 and click Apply to continue adding
nodes on the xy plane with z = 0;
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a1
\ 10
12
Node No.
1
"New Node B3| [New Node <)
B No 1 5 Mo 4
|3 ¥ |0
¥ |0 ¥: |0
Z: |0 Z: |0
[Joffsetto Mode [Joffset to Mode
| appy | [ Close ] |  apoy | [ Close ]

On completion of the last node within this plane, click Apply and then Close the <New
Node> window;

Click the View > Rotate command to view the overlapping nodes in a different angle
of view,
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select | Wiew | Construct  Gr-Assign  Analy

[ | Set 30 View ... , €

Set 20 View ... _

Zoom

Zoom In

Zoom Qut

Fit to Screen Alt+Z
Pan

Rotate

or click the <Rotate> shortcut in the toolbar;

gt

Click the View > Zoom In / Zoom Out / Fit to Screen adjust the size of the structure
on the screen;

Select E' Comstruct  Gr-Agsign  Analh
[ | Set 30 View ... , €
Set 2D View ... —
Zoom
Zoom In
Zoom Qut
Fit to Screen Alt+Z

or click the <Fit to Screen / Zoom In / Zoom Out> shortcut in the toolbar;

E Fit to Screeni
R (@

=R oW

or roll mouse wheel up and down to zoom in and out to obtain the best fit view;

To view the details of a particular node, click the node, then all the details including
coordinates, boundary conditions, loadings, etc, are displayed in the Details window;
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| Details o x|

Attributes Values
Item Type Node
Ma. 2
¥ 3.000
Y 3.000
Fi 0,000
Boundary-UX Free
Boundary-UY Free

L Boundary-UZ Free
Boundary-RX Free
Boundary-RY Free
Boundary-RZ Free
Loadings 1]
Mum. of Members i
Mum. of Springs a
Murm. of Floors i}
Mum. of K_MNodes a
Mum. of Shells i
< I 1 | [l]

or double click the node to view the node details under ‘Coordinates’, ‘Boundary’,
‘Support Spring” and ‘Loading’ menus, make changes in the Node window if needed,;

-

-,

Node

X

General | Boundary || Support Spring || Loading|

m No.: |2
X |3
W3
Z: |0

[ ok || Canecsl

Click OK to continue.

3.6  Step 6 — Copy and paste nodes

Click the Select > Select All command,

Edit

=R

or left click and hold the mouse to frame all the nodes in,

Select | View Construct  Gr-Agsign  Analysis

Select All

Deselect

Ctrl+A
Ctrl+D

ol
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—N

VL"-—-\Y

Click the Edit > Copy command;

File | Edit| Select Wiew Construct Gr-Assign  Analysis
= [ v? Uundo crl+z B &
- R
& cut Cirl+x
By Copy Ctrl4C

or click the <Copy> shortcut in the toolbar;

Dy %g | o
il |Sepy ]
Click the Edit > Paste command:;

File | Edit| Select Wiew Construct Gr-Assign  Analysis
= [« Unde crl+z B g
Cu I
3 cut Cirl+¥
Copy Cirl+C
B Paste Cirl+V

or click the <Paste> shortcut in the toolbar;

Nl

Select ‘Linear’, enter the ‘Increment’ along Z axis and ‘Num of Inc.’ in the <Paste>
window;
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= =%

Paste
@ Linear O Mirror (O Radial (O Along Path
Increment Mum. of Inc.
Incx |0 2
IncyY |0
Inc.Z |3
| ok | [ Close ]

Click OK, then a message box will pop up recommending merging duplicate nodes;

Nida s

We strongly recommend you to merge duplicate nodes.
[ Do you want to proceed?

| es §|[ Ma l

Click Yes to proceed and the message box will close;

=,

Merge Duplicate Nodes

Modes Distance Tolerance (mm): | 4|

Mode Retention Priority - |Numher of Loading M

[ )
[ iClose I ’Reportrﬂ]

Click Merge, a new message box will pop up to show the number of nodes merged:;

P =

Nida

L] ': Mone of selected nodes is merged.
L]

Click OK , and Close the <Merge Duplicate Nodes> window to finish this step;
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i

Merge Duplicate Nodes <

Modes Distance Talerance (mm: |:|

Mode Retention Priority : |Number of Loading M

Merge [ Close l lRepgrt;-;-]

Then all the nodes are constructed as shown below.

3.7  Step 7 — Add sections

Click the Construct > New Frame Section > New Sections command,

View Qunstructi Gr-Assign  Analysis  Post  Tools  Window  Help

|rJ Mew Material. .. VI‘@ s | 2o | M o=
I Mew Frame Section r Import Sections... -
Mew Shell Sections. .. Mew Sections...

I
or click the <Add Section> shortcut in the Properties window;

o %) v 2

= g% Unii
a3 Add Section

or right click <Frame Sections> in the Properties window and then click <New Frame
Sections>;
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o ATRE R
= g Untitled

E‘ Materialz

= [ Frame Sections

Mew Frame Sections...

Import Sections......

Click <Import> button in the <New Sections> window to import cross sections;

General |
ﬂ Mame:  Sect? Import ... b

Type: |4 CHS[Pipe] ~ | [ Customize... |

Section Properties (Analysis)

TH

Cross Sectional Area (A): m
Shear Area Comection Factor: 0 Cimensions
Second Moment of Area (ly): 0.0000=+000 B: 0
Second Moment of Area (lz): 0.0000e-+000 D: (o
Torsional Constant (J): m T 0
Section Modulus (Design) bw: |0
About y-axis (Zy): 0.0000=-+000 @® g.;esﬁc{z} B2 |0
About z-ds (Z2): 0.0000e-+000 T2 |0
About y-ais (Sy) 0.0000e+000 & Hiestic g & D
About z-ads (Sz): 0.0000=-+000 Becalculate
@ Rolled Section  (® Fabricated Section @ Coldformed @
Suppress Frame Eigen-Imperfection : 1 Yes (@ No @

Impefection along Minor y-ads @ LS00 [Elastic] Plastic

along Major z-axdis ©  L/B00 -

Stress Type : | Square-oot of Stress -

[ ok || cancel || apoiy |

Select cross sections under different categories, country or shape;

UK. W I'H A
UK Box/Rect.

Japan CHSICir.

Europe fIH

.5, Channel

China Angle

Choose a UB section UB 152 x 90 x 16 from the <Section Table> window;
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I iy
Section Table

Name: B{cm) D(cm) Ti{cm) twicm) Area(uw
UBZ254x102x25 1019 2572 0.84 0.60 32.00
UBZ254x102x22 1016 25.40 0.68 0.57 28.00
UB203x133x30 13.39 20.568 0.96 0.64 38.20
UB203x133x25 13.32 20.32 0.78 0.57 32.00
UB203x102x%23 1018 2032 0.93 0.54 25 40
UB178x102x19 1012 17.78 0.79 043 2430

iUB152x89x16 8.87 15.24 077 0.45 20.30
UB127x7T6x13 7.60 1270 0.76 0.40 16.50 H
UBP356x363x174# | 37.85 3514 2.04 203 221.00—
UBP356x368x152% | 3760 3564 179 1.78 184 00
UBP35Ex363x133# 3738 3520 157 156 169.00
UBP3S6x368x108%  37.10 34.84 1.29 1.28 139.00
UBP305x305x223% 3257 33.79 3.04 3.03 284.00
UBP305x305x136%  32.09 32.83 256 255 237.00
UBP305x305x145% 3160 31.85 207 206 1BD.DDM

[{_] 111} ] m

| ok | [ Cancel ]

Click OK to import UB 152 x 89 x 16 and then all the section properties are displayed
in the <New Sections> window;

General | Mernbersl
[[7)] Name:  UB152x8316 [ mpot ... || ¥4 [TF
Type: [5. |#H-section v] [ Customize... ]
Material: | 5275 v 5 2
Section Properties (Analysis) ki
Cross Sectional Area (4): 1.5000=-003 q
Shear Area Comection Factor: 0 Dimensions
Secaond Moment of Area (y): 5.2600e-007 B: 00887
Second Moment of Area (lz): 7.2640=-006 D: 01524
Torsional Constant (J); 3.2400e-008 T 0.0077
Section Modulus {Design) tw:  0.0045
Moodyoi @) 20005 g L B2 [0 |
T nnnn nn. — Elastic .
About zmds (Zz):  1.0900=-004 |
) . lse .
About y-axis (Sy): 31200005 © pygric(s) ds: D
About z-ands (Sz): 1.2300e-004 | Recalculate |
® Roled Section () Fabricated Section ) Coldfomed [
Suppress Frame Eigen-lmperdection : T Yes @ No @
Imperfection along Minory-axis : /500 [ Hasiic ] | Plasiic |
along Major z-ads - L/A400 -
Stress Type © | Direct Sum of Stress V]
o] Coms ) [ i |
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Select a different colour for this UB section, check all the section properties and make
changes to the area, second moment of area and torsional constant as requirement;

P — & imperfections of the member in this section are generated automatically by the

software according to the design code in use, but could be manually adjusted as well to

fulfil special requirement.

Click Apply and Import to continue to add a new section for the column;

Choose a UB section UB 203 x 102 x 23 from the <Section Table> window with
similar section properties to those required for the columns;

Section Table
Name Blcm) D(em) Tiem) tueicm) Area(| |
UB254x146x31 14,61 25.14 0.25 0.60 38.70
UB254x102:23 10.22 26.04 1.00 0.63 36.10
UB254x102:25 10.18 2572 0.34 0.50 32.00
UB254x102:22 10.18 25.40 0.68 0.57 28.00
UB203x133%30 13.38 2068 0.95 0.64 38.20
UB203x133:25 13.32 2032 0.73 0.57 32.00
B30T 053 LR 5755 (5] HEd 55745
UB178x102x18 10.12 17.78 0.79 0.43 2430 [;]
UB152x¢89%16 8.87 15.24 0.77 0.45 20.30
UB127x76x13 7.60 12.70 0.76 0.40 16.50
UBP3SEx368x1T4% 3785 3614 204 203 221,00
UBP358x368x152%  37.60 3564 1.78 178 184.00
UBP3SEx368x133% 3738 35.20 157 1.58 169.00
UBP35Ex368x100%  37.10 34 64 1.9 128 139.00
UBP30SX305:223% 3257 33.79 3.04 3.02 284.00[w|
[{ ] fm | [’]
OK ] [ Cancel ]

Click OK to import UB 203 x 102 x 23, then all the section properties are displayed in
the <New Sections> window;
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o ==

General | Membersl
B Neme:  UB20310223 [ Impot .. | W
Type: [5. |#H-section v] [ Customize... ]
Material: 5275 - | 3 5
Section Properies (&nalysis) L
Cross Sectional Area (A): 3.2330e-003 q
Shear Area Comection Factor: 0 Dimensions
Second Moment of Area (ly): 1.5000=-006 B: 01018
Second Moment of Area (lz): 2 2354005 D: 02032
Torsional Constart {J): 1.0000e-007 T 0.0093
Section Modulus (Design) tw:  0.0054
About y-ais (Zy): 3.2200e-005 o Hse 2 B2 |0
= Hastic . In
About z-ads (Zz): 2.0700e-004 T2 |0
) . l=se ™
About y-aeds (Sy): 4.9800e-005 @ PlasticiS) ds: |0
About z-ads (Sz): 2. 3400004 Becalculate
© Roled Section () Fabricated Section () Coldfomed [}
Suppress Frame Eigen-lmperfection : 7 Yes @ No @
Imperfection along Minory-ads © /500 - Plastic
glong Major z-ads ©  LA00 -
Stress Type © [Direct Sumof Siress |
| oK || cCancel || 2oply

Select a different color for this section for columns and check all the section
properties;

Click OK to finish adding sections.

There is a default frame section ‘UB 305 x 127 x 42’ generated by the software.
Delete it or change the properties if needed.

3.8  Step 8 — Add members

Click the Construct > New Members command,
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View | Construct| Gr-Assign Analysis  Post  Tools

‘ K] Mew Material. ..

— Mew Frame Section r

Mew Shell Sections. ..

Mew Nodes...
Mew Members...

Mew Spring Elements...

or click the <Add Member> shortcut in the Properties window;

= J P ;- ﬁ;- ,é;
2l g, Untitled
{Add Member)
or click the <Add Member> shortcut in the toolbar;
Y
0
&

s

Add Member|

Select the ‘Section” and ‘End Condition’ for the column members in the <Properties of
Member> window;

Member Properties
Section: | UB203x102:23 v|
End Condition: |Bom Rigid M

Click the start node and then the end node; if this end node is connected to other
members, continue to click the next end node and right click to stop adding members.

Change the member to beam section with both ends rigid,

Member Properties
Section: {UB152x89x18 v
End Condition: |Bmh Rigid M

Add members to form the lower level beams first and then click Close in dialog or
press Esc in keyboard,;

Apply copy and paste procedure to the beams for the upper level ones;
Click the Select > Sections command,;
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Edit | Select| Wiew Construct Gr-Agsign  Analys

= Select Al cr+a )

Deselect Ctrl4+D

Inverse Ctrl+5hift+1

Modes by Boundary Condition 4
Members by Plastic Hinge 4
Shells by Mormal Direction ...
Floors by Mormal Direction ...

Sections ...

L PO

Select beam section UB 152 x 89 x 16 from the <Select by Section> window;

Select by Section

(UB152%89x16
UB203x102%23

[ OK ] ’ Cancel l

Click OK to close the window then the beam members are selected, or simply select
the beam members on the screen;

oY

Click the <Copy> shortcut and the <Paste> shortcut in the toolbar;
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Copy
Select ‘Linear’, enter the ‘Increment’ along Z axis and ‘Num of Inc.” in the <Paste>
window;
Paste
(#Linear (Mirror ) Radial () Along Path
Increment Mum. of Inc.
IncxX |0 1
Incy |0
Incz |3
| ok | [ Close ]

Click OK, then a message box will pop up recommending merging duplicate nodes;

-,

-
Nida Pt

We strongly recommend you to merge duplicate nodes.
. Do you want to proceed?

[ ves | [ Mo l

Click Yes to proceed and the message box will close;

Merge Duplicate Nodes

Modes Distance Tolerance (mmy): | 9|

Node Retention Priority :| Number of Loading v |

[ |
[ close | [ Report>- |

Click Merge, a new message box will pop up to show the number of nodes merged;

= =]

Nida
! E 4 nodes have been merged.

Click OK , and Close the <Merge Duplicate Nodes> window to finish this step;
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Merge Duplicate Nodes 5|

Modes Distance Talerance (mm}. | A

Mode Retention Priority : |Number of Loading M

Merge [ Close I lRepgrt;-;-]

Then all the nodes are constructed as shown below.

oY

Check the numberings of this structure and change them according to a successive

sequence if needed.

3.9  Step 9 - Add boundary conditions

Click the Select > Multi-Select Objects command,

Edit | Select| Wiew Construct Gr-Assign  Analysic
=N Select Al cri+a R &
o Deselect Ctrl+D .
Inverse Ctrl+Shift+I

Modes by Boundary Condition L4
Members by Plastic Hinge 4
Shells by Mormal Direction ...

Floors by Normal Direction ...
Sections ...

Materials ...

Multi-Select Objects ...

Select ‘Node’ and enter 1-4’ to the ‘List of Objects’;
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Select by Number
(*) Node ) Member (1 Shell
) Spring ) Floaor () Area

List of Ohjects
1-4

For example, 10,15,20-22 30-35

| setect | | Close |

Click Select then the selected nodes are shown as below;

F

'L

Click the Gr-Assign > Nodes > Boundary Conditions command to assign boundary
conditions to the nodes in a group;

Construct | Gr-Assign | Analysis Post Tools  Window  Help

] |§ i | Modes L4 Boundary Conditions... E | ;
Members 4 Modal Springs... —
Shells 4 Modal Local Axis...

- ol

Click the ‘Fast Restraints — Fixed’ to restrain all the degrees of freedom for these
nodes in the <Assign Node Properties> window;

~.

Assign Node Properties

Boundary |

A Displacement: UX (O Free (¥ Restrairt
UY (O Fee (® Restraint

UZ O Fee (® Restraint

Rotation: RX (O Free  (3) Restraint

RY (O Fee (® Restraint

RZ (O Fee  (® Restraint

Fast Restraints

[2] & %]

| ok || cancel

Click OK to finish this step.
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3.10 Step 10 — Set visible/invisible

Click the View > Visible/Invisible command,

Select | view | Construct Gr-Assign  Analys

Ba

Set 3D View ... | Q
Set 2D View ... —

Zoom

Zoom In

Zoom Qut

Fit to Screen Alt+Z
Pan

Rotate

Visible Irwvisible ... F4

Show Selection Only

or click the <Visible/Invisible> shortcut in the toolbar;

7w |vE)r 5 7 viz
Visible/Invisible l
Tick ‘Member’, ‘Member-Number’, ‘Node’, ‘Node-Number’, ‘Node-Boundary

Condition’, ‘Global Axis’ and select ‘By Section’ in the <Visible/Invisible Settings>

window;

-

Visible/Invisible Settings

-,

Area

[JArea
[IMumber
[TWermal Direction

Floar

& [Floor
[ Wumber
[TMormal Direction
[] onefmwo-Way

Shell
[Ishel
[JWNumber
[IMormal Direction
[ onefMmwo-Way
[CTFill Deformed
[JFill Undeformed

Member / Cable

~ [v]Member
[Jcable

"% [#]Number
[ material Mumber
[IMaterial Mame
[]5ection Mumber
[[]section Mame
[T]Length

<+, [Local Auis

Bending Stiffness
W
iY about y-y axis

Bending Stiffness
iZ about z-z axis

[] Axial Stiffness
[ Torsional &tiffness

MNode

=5 [v|Node
Mo [#] Number
g
7 []Support Spring
-y [ Local Axis

Member/ Cahle Color
(*) By Section
) By Material

() Uniform E

Show Mumber
[Jselected Only

Cthers
== [T Spring Element
17} [v]Global Axis

=

[ Cancel ]

[ Apply

l

Click Apply and OK to view the structure with properties constructed.
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12
41
9
B0
(6)
2)
b (4)
¥
5
T p—"
(5)
(1) ,
LB £
b
fb

3.11 Step 11 — Rotate member local axis

Click the View > Extrude View command,

Select | View | Construct Gr-Assign  Anz

Set 30 View ...

[

E— Zoom —

L]

Set 2D View ...

Zoom In

Zoom Out

Fit to Screen Alt+Z
Pan

Rotate

Visible Invisible ... F4
Show Selection Qnly

Extrude View

Perspective Mode

or click the <Extrude View> shortcut in the toolbar;

A=k 3

For the vertical members, local y-axis should lie in global Y-direction;
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For the horizontal members, local xy plane should parallel to global z axis;

As shown in the following extrude view of the structure, the beams cannot meet the
requirement;

Click the <Show Member Local Axis> shortcut in the toolbar to view the local axis of
each member;

Bl 1 |wiz|a

[ Show Member Local fxs r

Red arrow indicates local x axis, green arrow indicates local y axis and blue arrow
indicates local z axis;
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2| A
- |
| L i
[~ N
=
kL,
e I
- |
| L i
B |
=
- f
[ ']
[ |

5elect by Intersecting Curve |
=

Left click and hold the mouse to draw a line intersecting all the members to be
selected;

<

/'\\.&
c- e \‘--uc

Click the View > Show Selection Only command to show the selected members only
on the screen;
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Select | View | Construct Gr-Agsign  Analysis

[ Set 30 View ... , G

Set 2D View ... .

Zoom

Zoom In

Zoom Qut

Fit to Screen Alt+Z
Pan

Rotate

Visible Invisible ... F4
Show Selection Qnly

or click the <Show Selection Only> shortcut in the toolbar;

[ Show Selection Only ]

Only the selected beam members are displayed,;

= =
= =

Click the Gr-Assign > Members > Member Local Axis command,

onstruct | Gr-Assign | Analysis  Post  Tools  Window  Help
EY PSS RN RN AP
—— Members 4 Section. .. _
Shells » End Conditions. ..
Floors 4 Effective Lenath...
Areas 4 Eccentricty...
Nodal Loads N Member Local Axis. ..

Select the local axis to be set ‘In Degrees’ in the <Member Local Axis> window, enter
the ‘Angle of rotation of the principal axis to the global axis’ to be 90;
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Member Local Axis

) K-Mode
(%) In Degrees
) K-Mode Coordinate

Angle of rotation of the principal

axis to the global axis 90

QK ] [ Cancel ] [ Apply

l

Click Apply and OK to close the <Member Local Axis> window and view the rotation

of local axis of the selected member;

| o
| =
1. i
[~ N
kL,
T
[ =
L i
B N
-
| ]

The local xy plane of each beam member is turned to parallel to global z axis;

I

f

‘\

Click the <Extrude View> shortcut in the toolbar to view the 3D orientation of each

member.
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3.12 Step 12 — Add load cases

Click the Construct > New Load Cases command,

Wiew Qanstructi Gr-Agzign  Analysis  Post  Tools

! ‘ K] Mew Material. ..

1 Mew Frame Section 4

Mew Shell Sections. ..

Mew Modes. ..
Mew Members, ..
Mew Spring Elements. ..

Mew Areas...

Mew Load Cazes. ..

Mew Combined Load Cases...

or right click <Load Cases> in the Properties window and then click <New Load
Case>;
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a4 TR

= B, Untitled.dat
@ Materials
=55 Frame Sections

...... JC UB152x89x 16

...... X UB203x102x23
-5 shell Sections

Mew Load Case...

Generate Combined Cases

or click the <Add Load Case> shortcut in the Properties window;

L o el SN
‘E&Unﬁﬂed

5 © MalAdd Load Case

There are four load cases set as default in the software, just the four load cases
required for this tutorial;

a” ’; :;- ;- ﬁ;- Ly,
@ Materials w
|_——_|E' Frame Sections

- UC356x368x153%
[E [230x30x32
w-C shell sections

) Self weight(1.00)
..} Dead Load(1.00)
Live Load{1.00)
(- Wind Load(1.00) | |

Double click ‘Load Case — Self Weight’ to view and change the settings;

-,

(Toad Case Ed

General | Loading|

Mame : | Self Weight

Type : | Dead Load |
No.: |1

Auto Self Weight

Show Loadings on Structure

[ ok || cancel |  pmh

Tick ‘Auto Self Weight’ in the <Load Case — General> window and click ‘Settings’;
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3.13

Auto Self Weight

Amplification Factor: 1

Direction +/-

Ox O+

[] All Members
[]All Floors
[]All Shells

[ Ok ] ’ Cancel

]

Check the settings of auto self weight in the popped window and select ‘All Members’

only, set the direction of self weight to be in negative Z direction;

Click OK to close the <Auto Self Weight> window and click OK to close the <Load

Case> window;

For all the other three load cases, keep the default settings.

Step 13 — Add loadings

Click the <Add Floor> shortcut in the toolbar;

-

Q'!

Add F
a.i‘

oor

Move the mouse and click on four nodes that can form a floor to apply pressure on;

of L
r J- T
]
e -
£, *[
i
. r4
£ L
WY
| ]
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Select the two floors to be loaded:;

e Tl

Click the Gr-Assign > Floor Pressure command;

Construct | Gr-Assign | Analysis  Post Tools  Windo

u |% [ MNodes

Members

Shells

Floors

Areas

3

3

3

3

MNodal Loads
Member Loads

Floor Pressure. ..

Shell Pressure. ..

Apply 5kN/m? dead load pressure

‘Convert to Member Loads first’;

i

to both floors in negative Z direction and select
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Loading Properties

Load Case: |Dead Load

Load Type: |Pressure on Area Object

Al (¥ Floors () Shells

Fressure -5

Direction

Global Axis (OX Oy
Mormal

(%) Convert to Member Loads first

elements.

) Areas

() Convertto Nodal Forces directly

Mote: Area Pressure are invalid in analysis
hefore the areas are converied to Floor/Shell

| ooy

|

Close

Click Apply to continue adding 2kN/m? live load pressure to both floors in negative Z

direction;
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Loading Properties

Load Case: |Live Load

==

Load Type: |Pressure on Area Object

{IAll (& Floors (O Shells (O Areas

Fressure -2

Direction
Global Axis (OX Oy (OF4
Mormal

(%) Convert to Member Loads first
(") Convert to Modal Forces directly
Mote: Area Pressure are invalid in analysis

hefore the areas are converied to Floor/Shell
elements.

[ Apply l [ Close l

Click Apply and Close to continue adding other loads;

Click the Select > Multi-Select Objects command;

Edit | Select| Wiew Conmstruct Gr-Assign  Analysis
d| & Select Al coi+a R @ |
- Deselect Ctrl4D -
Inverse Ctrl+5hift+I

Modes by Boundary Condition 4
Members by Plastic Hinge 4
Shells by Mormal Direction ...

Floors by Marmal Direction ...
Sections ...

Materials ...

Multi-Select Objects ...

Enter Node ‘6, 7’ of the lower layer of the frame in the <Select by Number> window
and click Select;
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Select by Number 9
(*) Mode () Member ) Shell
{1 Spring ) Floor () Area

List of Objects

8,7

For example, 10,15 20-22 30-35

[ Select ] [ Close ]

Choose the ‘Load Case — Wind Load’ and ‘Joint Load’, enter the value of force in
global negative Y direction;

Loading Properties

Load Case:| | Wind Load

K3 (K3

Load Type: |J0int Load

Force Moment
FY w0 |
Fz0 | we
Axis
(® Global () Local
| Apply | [ Close l

Click Apply and the wind load will be displayed as below;
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g=_=11.25
pe_=11.25

Close the <Loading Properties> window and select the other two nodes on the upper
layer of frame;

Select by Number =
(%) Node ) Member 1 Shell
() Spring ) Floor () Area

List of Objects
10,11

Forexample, 10,15,20-22,30-35

[ Select ] [ Close ]

Change the value of wind load to be 5.625 in global negative Y direction;
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e

Loading Properties

Load Case: ‘Wind Load

K3 |3

Load Type: ‘Jnim Load

Force Moment
Fx 0 M{ 0
FY |-5.625 My |0
FZz 0 Mz 0
Axis

(%) Global () Local

[ Apply l [ Close ]

Click Apply and Close the <Loading Properties> window to finish this step;

3.14  Step 14 — Set visibility of loadings
Click the <Set Visibility of Loadings> shortcut in the toolbar;

| Set Visibility of Loadings |

Select the ‘Load Case’, ‘Load Type’ and tick ‘Show Values’ in the <Show Loading>
window;
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Live Load
Wind Load

Select All [*] Show Values

[]Trapezoidal Load
[IMember Pressure
[[]Point Load
[[]cable Force

Show Loading E
Load Type
Load Case
Self Weight [+] Joint Load
Dead Load [ =Settlernent

W L
ﬁ.rea Objects .

[ Temperature

Apply

Click Apply and Close to finish setting, the whole structure constructed with applied
loading is visible as below;

42
, 415625
(8) 7l5.625
(6)
2)
E @
L L 11.25
7)) =11.25
(5)
(1)
w—ay 3)

X

3.15 Step 15— Add load combinations

Click the Construct > New Combined Load Cases command;
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View | Construct | Gr-Assign Analysis  Post  Tools

| o] Mew Material, .. 4

= Mew Frame Section 4

Mew Shell Sections...

Mew Modes. ..
Mew Members. ..
Mew Spring Elements. ..

Mew Areas...

Mew Load Cazes. ..

Mew Combined Load Cases...

or right click <Combined Load Cases> in the Properties window and then click <New
Combined Load Cases>;

R N A Y
= g Untitled.dat
I Materials
= E‘ Frame Sections
aC UB152x89x16
L UB203x102%x23
[ shell Sections
£ Load Cases
|1 Combined Load Cases

Mew Combined Load Cases...

Generate Analysis Cases

Enter the ‘Name’ of the load case and select load cases from the ‘General Load Case’
menu to the ‘Combined Load Case’ menu with corresponding load factors in the
<New Combined Load Cases> window;

Load type of ‘Self Weight’ is the same as ‘Dead Load’, so apply the same load factor
to ‘Self Weight’ as for ‘Dead Load’;
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New Combined Load Cases )
Mame:| [LC1 M Mo |1 | Factor:
General Load Case: Combined Load Case:

Wind Load Load Case Fac...
Self Weight 1.4
Dead Load 14
Live Load 1.6
Al ==
ALL ==
’ QK ] ’ Cancel ] [ Apply l

Click Apply to continue adding new combined load case following the same

procedure;

New Combined Load Cases <
Mame: | |LC2 M] Mo |2 | Factor:
General Load Case: Combined Load Case:

Live Load L oad Case Fac..
1 N
Self Weight 14
Dead Load 14
| \Wind Load 1.4
ALl ==
ALL ==
’ QK ] ’ Cancel ] [ Apply l

Click Apply to continue to add the last load case for this tutorial;
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MNew Combined Load Cases

MName: || LC3

General Load Case:

Combined Load Case:

M Ma.: |3 | Factor:

Load Case Fac
| ((seifweight 1.2
~ | Dead Load 1.2
{ | Live Load 1.2
\WWind Load 1.2
Al ==
ALL ==
I QK ] ’ Cancel ] [ Apply

Click OK to finish this step.

3.16 Step 16 — Set and run analysis cases

Click the Analysis > Set Analysis Cases command;

Gr-Assign ﬁnalysisi Post Tools Window Help

i Run

Run a Batch of Files ...

F3

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

Add ‘Eigen-Buckling Analysis’ to determine elastic critical load factor A for the

frame;
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X]

Analysis Cases
Show |ALL M Mum. of items:
MName D Type Run
Edit 3et Run Flag
Add b | Linear Analysis [ Run / Not Run ]
Nanlinear Analysis
Rename | Modal Analysis | AllNatRun || AlRun |
Eigen-Buckling Analysis
Response Spectrum Analysis  #
Use Process
Time History Analysis l Gup o ] ’ OK l
Give the name ‘LC1’ to the 1* load combination case;
EIGEN-BUCKLING eq
Eigen-Buckling Analysis | Applied Loads|
Mame: |LC‘| |
Mumber of Modes: I:I
Dutput Contral
Prirt *out () Yes (® No
[ ok || Cancel Apply

Apply the load combination LC1;
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EIGEN-BUCKLING

| Bigen-Buckling .Anah'sisl Applied Loads ]

General Load Cases Loads Applied
Type: | MName Type Factor
T} LC1 Combined 1.00
LC3
ALL <=
[ ] [ Cancel ] Apply

Click OK to close the <EIGEN-BUCKLING> window and add another
‘Eigen-Buckling Analysis’ to determine elastic critical load factor Ac for load
combination 2;

Analysis Cases ﬁ
Show |,o\|_|_ M Mum. of items:
Mame Type Run
L1 EIGEN-BUCKLING  YES
Edit SetRun Flag
Add ¥ Linear Analysis ’ Run /Mot Run ]
Monlinear Analysis
Modal Analysis [Arnotrun || AlRun |
Eigen-Buckling Analysis
Response Spectrum Analysis  #
Use Process
Time History Analysis [ Skl ] [ O

Give the name ‘LC2’ to the 2" load combination case;
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' o

m

Eigen-Buckling Analysis | Applied Loadsl

MName: | Lcz |

MNumber of Modes: ICI

Output Control
Prirt "out () Yes (®) No

[ ok ][ Ccancel Apply

Apply the load combination LC2;

[ "1

m

| Eigen-Buckling Analysis | Applied Loads ]

General Load Cases Loads Applied

Type: |Combined Mame | Type | Factor |
Lcz Combined 1.00

LCT 1.00

1 T[]

£
=
v

[ ok ][ canesl Apply
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Click OK to close the <EIGEN-BUCKLING> window and add another
‘Eigen-Buckling Analysis’ to determine elastic critical load factor Ac for load
combination 3;

Analysis Cases ﬁ
Show |,a\|_|_ M Mum. of items:
Mame 10 Type Run
LCH 1 EIGEN-BUCKLING  YES
LC2 2 EIGEN-BUCKLING  YES
Edit Set Run Flag
Add p|  Linear Analysis [ Run / Mot Run ]
MNonlinear Analysis
Modal Analysis | AllNotRun || AllRun |
Eigen-Budkling Analysis
Response Spectrum Analysis  #
Use Process
Time History Analysis [ Sl ] [ i ]

Give the name ‘LC3’ to the 3™ load combination case;

EIGEN-BUCKLING |

Eigen-Buckling Analysis | Applied Loads |

MName: | LC3 |

MNumber of Modes: D

Output Control
Prnt “out () Yes ® Mo

oK ] [ Cancel Apply
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Apply the load combination LC3;

EIGEN-BUCKLING <
| Eigen-Buckling Analysis | Applied Loads ]
General Load Cases Loads Applied
Type: |Combined Mame Type Factar
TS Lc3 Combined 1.00
Lcz
ALL ==
ALL <<
| ok || cancel | o

Cases> window;

Click OK to close the <EIGEN-BUCKLING> window and go back to the <Analysis

Analysis Cases m
Show |,q|_|_ M Mum. of iterns:
Mame In} Type Run
LCA 1 EIGEN-BUCKLING  YES
LCZ2 2 EIGEM-BUCKLING YES
iLC3 3 EIGEM-BUCKLING  YES

Edit Set Run Flag

Add b | Modity.. | | Duplicate | |  Run/NotRun |
Rename ] [ Delete l ’AIINUtRun” All Run ]
Use Processors: [ Run Now l [ 0K
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To further add the second order analysis cases with the same series of load
combinations, right click <Combined Load Cases> in the Properties window and click
<Generate Analysis Cases>;

..i- ‘——r :.i- .i- I—t.i- g
= g tutd.dat
[ mMaterialz
= E‘ Frame Sections
aC UB152x89x16
IC UB203x102%23
[ shell Sections
[ Load Cases
=71 Combined Load Cases

Mew Combined Load Cases...

Generate Analysis Cases

Sort Combined Load Cases...

Select ‘Nonlinear Analysis’ type , enter a ‘Prefix — 2"order’ to ‘Combined Name’ in
the <Set Analysis Case> window;

-,

Set Analysis Case

Analysis Type: |Hnri|ea- Analysis M
Case Name
Prefic | Znd-order

+ Combined Name
[]+ Serial No.

Suffioc

Back Mend = ][ Cancel

Click Next to continue;

Remain the default settings of ‘Second-order Analysis + Design’ in the
<Second-Order Analysis> window;
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Second-Order Analysis

Mame:

Mumerical Method

Type: |S {order Analvsis + Desi M @NeMcn—Haphsnn

[Constant Load) Method

H Enable Plastic Plastic
Advanced Analysis Plastic
Total Load Cycles : 1
Mumber of terations for
each Load Cycles : 100

Mumber of ferations for i
Tangent Stiffness Matrix :

Incremental Load Factor: |1

Minimum Member Imperfection = L / 1000

1

{#) PEP Blement () Curved Stabilty Function Single Displacement Control

O {Constant Disp ) Method

O Arc Length Method + Minimum
Fiesidual Displacement Method

Imperfection Method & Direction : | Displacement : About one principal E}dEM Setting

| <Back || Fiish | [ Cancel

Click Finish to complete adding analysis cases;

Click the Analysis > Set Analysis Cases command to view the analysis cases

constructed;

Gr-Assign | Analysis | Post  Tools  Window  Help

Run

Run a Batch of Files ...

Fa

Set Analysis Cases ...

Analysis & Design Parameters Setting ...

NIDA — Nonlinear Integrated Analysis & Design

102



Tutorials — Step by Step

Use Processors:

Analysis Cases
Show [ALL Il] Mum. of items: | G/6
Marme D Type Run
iLC1 1 EIGEN-BUCKLIMNG  YES
LG2 2 EIGEM-BUCKLING  YES3
LC3 3 EIGEN-BUCKLING  YES
2nd order LCA 4 MOMLINEAR YES
2nd order LC2 5 MOMLINEAR YES
2nd order LC3 ] MOMLINEAR YES
Edit Set Run Flag
Add » | Modify . | [ Duplicate ] [ Run / Not Run ]
Eename ] [ Delete ] l All Mot Run ” All Run ]

l Run Mow ] l

OK

]

Click Run Now to run all the analysis cases;

or directly click the Analysis > Run command;

or press F5 key;

Analysis | Post Tools Window  Help

Bun

Run a Batch of Files ...

F5

Set Analysis Cazes ...

Analysiz & Design Parameters Setting ...

When the analysis is completed, click OK to close the <Analysis complete!> window;
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3.17

. —
Analysis complete!
Stert Time : 2011-11-30 11:33:00 Time Elspsed : 00:00:03
BEGIN SUBSPACE TC FIND EIGENVALUES & EIGEMMODES ... [A]
MODE NO. LOAD FACTCR
1 | 2.1501
2 | 11.5863
3 | 15.5827
4 | 20.00z3
S | 28.9532
Date : 20111130 Time : 11:39:02 Zome : +0800

and the post analysis toolbar will appear under the function toolbar;

& Nida - [Untitled]

;:l Fle Edit Select \iew Construct Gr-Assign Analysis  Post  Tools Window Help

TN gmE e e+ 5 —am|E < [>] Mode 1/6 Buckling LF: [14.6793 | b m [} | ] *= 7

3

Step 17 — View result: eigen-buckling mode

For more than one analysis case, the first analysis case will display automatically upon
completion of program running. For this tutorial, the Eigen-Buckling Analysis result

displays the 6 eigen-modes firstly;

EAIm 2] Mmﬂ 6 Buckling LF} [6 6649

The mode could be selected through the sliding bar and the corresponding ‘Buckling
LF’ could be viewed in the tool bar, so the elastic critical load factor for the braced

case, which is also the first mode buckling load factor, is
Aer = 6.6649;
Click the Post > Export Eigen-Buckling Load Factors command,
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Analysis | Post| Tools Window Help

Q Q |[ Show Deformed Shape

[<_] Show Undeformed Shape
Show Deformed & Undeformed

>

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Nodal Results
Member Results
Shell Results

Export Summary of Analysis Results ...
Export Statistics of Analysis Results ...
Export Eigen-Buckling Load Factors ...

Export Animation AV ...

or click <Export Eigen-Buckling Load Factors> short cut in the post analysis toolbar;

Buckling LF- » |m B |E “n[ o

Export Eigen-Budding Load Facb:lrsi

Select the ‘Source File’, click Load Info in the <Export Eigen-Buckling Load Factor>
window to import the analysis case to be exported;

Export Eigen-Buckling Load Factor

Source File

Analysis Cases

C\Documents and SetingswulDesktop\step by steptut3iUr [Elrowse... | Load info. |

0 items selected Select

nort Close

|
|
h

3 items selected

Click Select and choose the analysis case in the <Select Analysis Case> window;
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Select Analysis Case &4

Analysis Type: | EIGEN-BUCKLING

Load Factor From |02 |T0 1.2 | [#] All Load Factor
Unselected Selected
D Mame 1D Mame
1 LC1
y e
= 3 LC3
[ QK l I Cancel ]

Click OK to go back to the <Export Eigen-Buckling Load Factor> window;

Click Export , an excel spreadsheet titled ‘*** loadfactor’ will pop up including load
factors for all the eigen-buckling modes;

Oa) | H9- - @3 | ¥ Untitled_loadfactor - Microsoft Ex... - = X
= |Ho;.||lnsert | Page Lay| Formula| Data | Review |View | Acrobat |@ - O X
& || Times MewRi~ |12 ~ = %, Al X - A7 |
F;ste % |B| I g ‘”A fl Alignment| Number || Styles | Cells E' %‘
e | O] || et e Ses et ||
Clipboa... ™ Font L] Editing |
| Al & S | Ancs No.
A B C D E F i

1 Cycle No Load Factor

2 3LC3 1 7.131

3 3LC3 2 9.7%0

4 3LC3 3 12.521

5 3LC3 4 17.654

6 3LC3 5 21.816

7 3LC3 6 31.601

8

9 2LC2 1 7.567

10 2LC2 2 11.066 =
11 2LC2 3 13.283

12 2LC2 4 19.588

13 2LC2 5 21.473

14 2LC2 6 29820

15

16 1LC1 1 6.665

17 1LC1 2 10.589

13 11LC1 3 12.326

15 1LC1 4 15.128

20 1LC1 5 42225

21 11LC1 6

M 4 » v | Load factor of

Ready |
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Click the Post > Show Deformed & Undeformed command;

Analysis | Post| Tools Window Help
&g Q |[ Show Deformed Shape
2 I‘_] Show Undeformed Shape

Show Deformed & Undeformed

or click the <Show Undeformed and Deformed Shape> shortcut in the toolbar;

| s Al A A -

[} Show Undeformed and Deformed Shape |

To view the first eigen-buckling mode deformation in a larger scale, click the Post >
Display command;

Analysis | Post| Tools Window Help

(':"l Q |[ Show Deformed Shape h
[(_] fm Show Undeformed Shape

Show Deformed & Undeformed —

Display Scale ...

or click the <Adjust Scaling Factor> shortcut in the toolbar;

N am | e - |

....I.:... Adjust Scaling Facb:nri
Enter scaling factors of ‘Delta’ and ‘Angle’ in the <Scaling> window;
Scaling

Delta |5 @
Angle |5 @

The first eigen-buckling mode deformation of the structure is shown as below;
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Change the load factor in the sliding bar to view the deformed shapes of higher
buckling modes.

3.18 Step 18 — View result: View another analysis case

To view another analysis result, click <Select Analysis Case> shortcut near the sliding
bar in the post analysis toolbar;

z||®| (<l (2| Mode 1/6 Buckling LF- [6.6649 | b

Select Analysis Casei

Select the ‘LC2’ case from the <Show Analysis Case> window;

Show Analysis Case
General | Multi-iterns
ID | Analysis Mame Type
1 LE1 EIGEM-B...
2 LE2 EIGEN-B... |
3 LC3 EIGEM-B...
| ok | | close |

Click the Post > Show Deformed & Undeformed command;

Analysis | Post| Tools Window  Help
&g Q |[ Show Deformed Shape

2 I‘_] Show Undeformed Shape
Show Deformed & Undeformed

or click the <Show Undeformed and Deformed Shape> shortcut in the toolbar;

AT 7| e =

[} |Show Undeformed and Deformed Shapei
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To view the first eigen-buckling mode deformation in a larger scale, click the Post >
Display command,

Analysis | Post| Tools Window Help

@g Q |[ Show Deformed Shape -

[(_] i Show Undeformed Shape

Show Deformed & Undeformed —_

Display Scale ...

or click the <Adjust Scaling Factor> shortcut in the toolbar;

Enter scaling factors of ‘Delta’ and ‘Angle’ in the <Scaling> window;

-,

[Scating
Delta 4 &,J
Angle |4 &,J

[ Reset ] L Apply {

The deformation of the frame under LC2 is show as below;

1
X

With its elastic critical load factor A = 7.5670;

(3| (>| Mode 1/6 Buckling LF: [7.5670

The same procedure applies to the 3™ load combination LC3, the deformation
therefore obtained as below;
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X

With its elastic critical load factor A = 7.1314.

E3

>| Mode 1/6

Buckling LF

3.19 Step 19 — View result: check the structural adequacy by second-order analysis (i)
Export Statistics of Analysis Results

Click the Post > Export Statistics of Analysis Results command,

Analysis

Post| Tools Window  Help

24|
<]

Show Deformed Shape
Show Undeformed Shape
Show Deformed & Undeformed

b 1

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Nodal Results
Member Results
Shell Results

Export Summary of Analysis Results ...
Export Statistics of Analysis Results ...
Export Eigen-Budding Load Factors ...

or click the <Export Statistics of Analysis Results> shortcut in the toolbar;

Load Factor: (| |E| Tk | e

|Export Statistics of Analysis Results h
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ot it et =
Source File
C:\Usersthknida™Desktop NIDA Files' Tutorials tut 3 .dat Erowse. . Load Infa
(Losd i |
Analysis Case
0 ltems Selected Select...
Mode
Bport |1 Displacements Sorted by U{Resultant)
Export |1 Reactions Sorted by F(Resuttant)
Member
Export |1 Members Section... 0 Selected
Bxdreme Values for Each selected sect Sorted by Section capacity {
BExport Intemal Forces & Moments Add Comments
BExport Member Design Details (*.MSD File)
oK Cancel

‘Browse’ the ‘Source File’ direction in the <Export Statistical Results> window and
click the ‘Load Info’ button, then the ‘Select’ of ‘Analysis Case’ option becomes

enable;

Click ‘Select’ for the ‘Analysis Case’ in the <Export Statistical Results> window, the
<Select Analysis Cases> window will pop up;

Select Analysis Cases

Analysis Type: | Nonlinear Analysis

]

Unselected (0) Selected (3)
D Mame rID Mame Load Facto..
4 2nd order LC1 (0.95,1.05)
5 2nd order LC2 (0.95,1.05)
_— LE 2nd order LC3 (0.95,1.05)
ALl ==
ALL ==
Load Factar
From |0.95 | To |1.05 |
[JAll Load Factor <] T | [2
[ QK ] l Cancel ]
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Click OK to export the analysis cases considered and go back to the <Export Statistical
Results> window;

The number of items selected will be shown under ‘Analysis Case’;

o s s

Source File

C:\Users\hknida'\Desktop NIDA Files\T.. \tut3 dat ’ Browse. ] [Lcad m]
Analysis Case

oS

MNode

[] Bsport |1 Displacements Sorted by U{Resuttart)

[ Bwort |1 Reactions Sorted by FiResultart)

Member
[ Export 1 Members] | section... 2 Selecte.-d]

Extreme Values for [Eac:h selected sect v] Sorted by [ISectiun capacity f v]

[ Export Intemal Forces & Momerts [7] Add Comments

[ Export Member Design Details (*NSD Flle}]

| oK | Cancd

Choose to export ‘1 member extreme value for each selected section by section
capacity factor’;

Following a similar process, select the ‘Member — Sections’ by clicking the ‘Section’
button and choose the sections to be exported in the <Select Sections> window;

Select Sections iii
Ayailable Section Selected Section
D MName lIn] Mame
2 UB152x8916
- 3 LB203x102%23
AL ==
0K l l Cancel
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Click OK to go back to the <Export Statistical Results> window and click OK, an

excel spreadsheet will be generated displaying the extreme section capacity factor for
each section used in this tutorial,

"/63-3\\ = - =R tut3 - Microsoft Excel - =2 Xx
kR
- Home Insert Page Layout Formulas Data Review View Acrobat @ - T X
=S ¥ TimesNewRi~ 12 - ||| = =| 5! General 2 5= Insert ~ X~ W [?a
= 2 |||B L U -(|A A E ={i=T Rl =T B 3 Delete - | (8]~
Paste || styles | .. Sort & Find &
- | A [| 3| %58 5% - || B Format~ || <2+ Fitter~ select+
Clipboard ™= Font (F] Alignment s Mumber = Cells Editing
| Al - fe | ANCS No.
A B c D E F G H 1 Y
e ——— N ~ h | N N h | h | N
1 ANCS NoJANCS Name Load Stage Cycle Cycle Fac. Sect Sect No. Member No. Sect Capa. Fac.
2 5 2nd order LC2 ] 1 1 UB152x8%x16 2 11 -1_299]
3 5 ?nd order LC2 ] 1 1 UB203x102x23 3 1 -0.929
a
4 4 » M| Member sort by Sect.Cap.Fac. . ¥J m I
Ready |5/ D} 200%,(=) U (';)_!!-!:,

From the above spreadsheet, UB152x89x16 is observed to have a section capacity
factor exceeding 1, which would not be acceptable for design.

The member design details based on the selected design code for each critical member
can be seen in the ***.nsd file which is located in the directory of data file when
‘Export member design details (*.NSD file)’ option is selected.

Part of the design details is shown as below.

[DESIGN ELEMENT]=  1;[NODE1]=  1,[NODE2]=  5;[LENGTH]= 3.0000

<ANALYSIS CASE>: LC2

<UNIT>: kN,m

Load Stage 0

Load Cycle 1
[My1]=-0.5001E+00 [Mz1]=-0.2565E+02; [My2]= 0.9307E+00 [Mz2]= 0.1229E+02
[Vy1]= 0.1265E+02 [Vz1]= 0.4770E+00; [Vy2]= 0.1265E+02 [Vz2]= 0.4770E+00
[P ]=-0.4947E+02 (Compression); [Mt ]= 0.1344E-03 (Torsion)

Design Moments:  [Myd]=-0.5001E+00 [Mzd]=-0.2565E+02 [ at]= 0.0000E+00

Design Shears :  [Vyd]= 0.1265E+02 [Vzd]= 0.4770E+00 [ at]= 0.0000E+00

Design Type

Seismic Design:

"Beam-Column"
0

Design Code

(Not Considered)

<MATERIAL PROPERTIES> : S275

Elasticity Modulus, [E]=
[pyl]=

0.2100E+09; Yield Strength, [

Design Strength: 0.2750E+06(Bending), [py2]=

<SECTION PROPERTIES> : UB203X102X23

"HKSC[2011]"

py]= 0.2750E+06
0.2750E+06(Axial)
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Area=0.3233E-021z =0.2235E-041ly = 0.1500E-05J = 0.1000E-06
Zz(+)=0.2070E-03 Zy(+)= 0.3220E-04 Zz(-)= 0.2070E-03 Zy(-)= 0.3220E-04
Sz =0.2340E-03Sy =0.3864E-04rz =0.8460E-01ry =0.2360E-01
Avz =0.1893E-02 Avy =0.1097E-02

Note: The plastic modului are limited to Sy=1.20 Zy, Sz=1.20 Zz.

<SECTION CLASSIFICATION> : Rolled; I1/H-Section

Mat. Coeff.[e]= 1.0000 [=SQRT(275/py)]

Web ([dff]= 341852 <=80e/(1+rl) = 67.7695
Flange : [b/T]= 54731 <=0e = 9.0000
Section Class = [1] "Plastic"

Strength Reduction Factor for Slender Section = 1.0000

NOTE: ELASTIC MODULUS IS USED IN DESIGN.

3.20 Step 20 — View result: check the structural adequacy by second-order analysis (ii)
Export Summary of Analysis Results

To further examine detailed second-order analysis results, click the Post > Export
Summary of Analysis Results command;

Analysis | Post| Tools ‘Window Help

{11 Q E Show Deformed Shape e E
[< ] Show Undeformed Shape

Show Deformed & Undeformed —
Display Scale ...

Show Analysis Case ...

Show Result Files ...

Modal Results L4
Member Results 4
Shell Results 4

Export Summary of Analysis Results ...

Export Statistics of Analysis Results ...

or click the <Export Summary of Analysis Results> shortcut in the toolbar;

Load Factor: [1.0000 [P m B ®=x e

iExpu:urt summary of Analysis Resultsl

The <Export Analysis Results> window will pop up including the selection of analysis
cases, items and output options;
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Export Analysis Results E

Analysis Cases CQutput Format

0 ltems Selected (&MSExcelFile (O TextFile

Output Path: | C:\Documents and Settingswui\Desktopistep by stepitut3 M [ Browse... ]

lterns CQutput Options

Max Section Forces & Moments
Modal Displacements

Modal Reactions

Internal Forces & Moments
Deflection of Members

Deflection of Combined Members

w

[ Select Al ] [ Unselect ] [ Select Al ] [ Unselect ] etting

(oo ] [_gose |

Click ‘Select’, choose the analysis cases to be considered from the <Select Analysis
Cases> window;

Select Analysis Cases E
Analysis Type: | Nonlinear Analysis |
Unselected (0) Selected (3)
D Mame D Mame Load Facta...
4 2nd order LC1 (0.95,1.08)
L 2nd order LC2 (0.95,1.058)
i} 2nd order LC3 (0.95,1.05)
Al ==
Al ==
Load Factor
From | 0.95 To [1.05
[JAll Load Factor <] T | [2]
[ QK l [ Cancel ]

Click OK to go back to the <Export Analysis Results> window;
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3.21

Export Analysis Results

Analysis Cases

3 ltems Selected

Output Format

(%) MS Excel File () Text File

Output Path: | C\Documents and Settingswu\Desktopistep by stepiut3 M [ Browse... I

ltems

Max Section Forces & Moments
Modal Displacements

Modal Reactions

Internal Forces & Moments
Deflection of Members
Deflection of Combined Members

CQutput Options

[#]Details of Analysis Cases
[¥]Envelope(Max & Min)
[]3elected Modes Only

| selectan | | Unselect |

| Selectall | [ Unselect | seting

[ Export H Close ]

Click Export, all the outputs will be generated by excel spreadsheets.

Step 21 — View result: check the structural adequacy by second-order analysis (iii)
Show Section Capacity Factor Statistics

Click the Post > Member Results > Show Section Capacity Factor Statistics

command;

Analysis | Post| Tools Window  Help

C-l-% Q |[ Show Deformed Shape
[il Show Undeformed Shape
Show Deformed & Undeformed

> § v iz flils £

Load Factor: P = | | ®x

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Modal Results
Member Results
Shell Results

Export Summary of Analysis Results ...

Export Statistics of Analysis Results ...

Member Statistics ...
Show Section Capacity Factor Statistics ...
Show Bending Moment/Shear Force Diagram ...

Show Plasic Hinge

or click the <Show Section Capacity Factor Statistics> shortcut in the toolbar;

T 7 |mE e ae - |

|Shu:uw Section Capacity Factor Staﬁsﬁu:sr
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The <Section Capacity Statistics> window will appear;

'Section Capacity Statistics

 Clustered Bar | Scatter Chart

| Analysis Case ... |

=

Options

Background Q
Axes ﬂ
Font ﬂ

() By Count

) By Weight

Export BUP...

Close

Click ‘Analysis Case’ in the <Section Capacity Statistics> window, the <Details>
window will pop up;

-,

-

Details

Analysis Case Type: |AII Available

]

D

[ 4
[ 5
[*] &

Mame Load Stage
Z2ndor.. 0
Zndor. 0O
Z2ndor. 0O

Load Cycle

o

Unselect [ show Selection Only

Select a Load Stage

Select a Load Cycle

Select tems™

(#) Load Factor Range

0.95 and 1.05

() Cycle No. 1

(Saea]

*MNote:For Monlinear Analysis Cases or
Time History

[ DK I [ Cancel ]

Click ‘Select All’ and then ‘Select’ items with ‘Load Factor Range 0.95 — 1.05’, then
the ‘Load Cycle” will be displayed after each analysis case;
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Details
Analysis Case Type: | All Available v
D Mame Load Stage Load Cycle e [T
4  ondor. O 1(1.00) electaload slage
5 ndor.. 0 1(1.00) Select a Load Cycle
& 2ndor. O 1(1.00)
Select tems*

(¥) Load Factor Range

0.95 and 1.05

() Cycle No. 1

*Mote:For Monlinear Analysis Cases or
Time Histary

[Selecmll] l UﬂSElEC’E] [ show Selection Only I oK l ’ Cancel ]

Click OK to go back to the <Section Capacity Statistics> window and then select
sections by clicking ‘Section’ in the <Section Capacity Statistics> window, the
<Select Sections> window will then pop up;

-

Select Sections
Available Section Selected Section
D Mame o} Mame
2 UB152x89x16
3 UB203x102x23
ALL ==
ALl ==
[ QK l [ Cancel I

Import the sections to be considered and click OK to go back to the <Section Capacity
Statistics> window;

The bar charts showing the section capacity distributions could be sorted either by
counting the number of members —By Count’ or by summarizing the weight of
members — By Weight’ within each percentage range as shown below;
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Clustered Bar | Seatter Chart|

Analysis Case .

Section ...

25.0%25.0% 25.0%

~Options

Background ﬂ
Axes ﬂ
Font ﬂ

() By Weight

[_cwse |

12.5%62.5%

Export BMP ...

01 02 03 04 05 06 07 082 09 10 =10 Close

Clustered Bar | Scatter Char1|

Analysis Case ..

Section ...
25.0%25,0% 25.0%

~ Options

Background ﬂ
Axes ﬂ
Font ﬂ

) By Count

14.8%

10.2%

Export BMP ..
01 02 03 04 05 06 0F 08 09 10 =10 Close

To have an overview of the section capacities of every member, a scatter chart could
also be produced;

NIDA — Nonlinear Integrated Analysis & Design 119



Tutorials — Step by Step

Section Capacity Statistics

Clustered Bar | Scatter Chart
| Analysis Case .. }

1IDL: R EEEEEEEEaaE e i Options
Background ﬂ
o Axes ﬂ
oo Font ﬂ
° Grid line ﬂ
08 Point Color
0.5 Sec.Capa. v
0.4 PointSize |5 |3
0.3
0.z Capacity Factor
0.1 |
| sect.Capi-1.30); Member(a); Cycle(1); Stage(0); Ana Case(s); |

Move the mouse to one of the points with section capacity factor exceeding 1.0, the
value of section capacity and member/cycle/stage/analysis case numbers will be
displayed below the chart;

Section Capacity Statistics

Clustered Bar | Scatter Chart

/

| Analysis Case .. |

REEEEEEREEERSEEE T T —
Background ﬂ
o Axes ﬂ
oo Font ﬂ
° Grid line ﬂ
08 Point Color
05 Sec.Capa. v
0.4 PointSize |5 |3
0.3
0.z Capacity Factor
0.1 |
[sect.Cap(-1.30); Member(11); Cycle(1); Stage(0); Ana Case(5}; |
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Both of the two members (9) and (11) with section capacity factors -1.3 belong to
analysis case 5 — 2" order LC2;

Click the <Select Analysis Case> shortcut in the post analysis toolbar;

| (elm ] >] Dimp

Select analysis case ‘5 — 2" order LC2’ from the <Show Analysis Case> window;

~.

Show Analysis Case
General | Multi-tems |
D Analysis Mame Type
1 L EIGEN-B...
2 LC2 EIGEN-B...
3 LT3 EIGEN-B...
4 2nd order LC1 MOMLIM...
87 Snd order LE2 MONLIN
g 2nd order LC3 MOMLIM...
| ok | [ Close ]

Click OK to close the <Show Analysis Case> window, the deformed configuration is
then displayed on the screen as below;
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)
4]
=
[
(%)
=3
XS

+0.8
+0.6

+0.4

+0.2 F-_____,_,.--'""'"‘ 9]

11
02 ) S

S|

Uniform
F .

2 rl x

Reset

Cls

Select both of the two points described above,

Section Capacity Statistics

Clustered Bar | Scatter Chart |

AN R R AR S A S AR A

- b

Lo

0.9

0.2

0.7

0.6

0.3

0.4

0.2

0.2

0.1

Options
Backaround | _
S
Font ﬂ
Grid ling ﬂ
Point Color

Seccan |y

Point Size |5 %

Capacity Factor

1
Export BMP...

Close

:

Click the <Show Selection Only> shortcut in the toolbar;
7= k(s Dz

[ Show Selection Only ]
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The two members that have failed the 2" order analysis are then displayed as below.

\‘g)\
11)

o]
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4.1

4.2

TUTORIAL 4 — Modal Response Spectrum Analysis

A six-story rigid steel space frame originally studied by Orbison et al. is adopted here
for demonstration of the modal response spectrum analysis (MRSA) by NIDA. The
details of the space frame are given as below:

(a) Geometrical dimensions and section sizes: shown in Figure as below;

(b) The material properties for all members: Young’s modulus E=206850 MPa, shear
modulus G=79293 MPa, yield strength py=250 MPa;

(c) Applied loads: uniform floor pressure=9.6 kN/m2, wind loads simulated by point
loads of 53.376 kN in Y-direction at every beam-column joints;

(d) Boundary conditions: all columns are fixed to foundation.

z Node=21
N
I
I I
—_— = =
~1% aB
-~ 1 £ = =
— o 5
2| 1 = £
=
=
£ ua 7 YI
(2] rd T i
A - ; I - Wix26 W 12x26 -
] - ] ] g =t ] ——
g -1 E A1 & g
b d = i ] = & _;:: E [ E
: - = z - o & a
o = =11 % - g a - -
2 J & ] ~ o
4.1 31" 11" =12 2 z E
2 | Py = W12x26 W 12x26 X
o =11 -
1 = L
Ymbm—'— MJ&} — malbra —
o X 7.315m 7.315m
— 7«4* e e 2] ——_—
(a) 3D view (b) Plan view
Member=13

Step 1 — Build the structural model

Input the nodal coordinates, material properties, section properties, applied loads,
boundary conditions, etc., more details can be referred to tutorial 1 to 3.

Step 2 — Define a response spectrum function

Click the Construct > Response Spectrum Functions command,
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Define Response Spectrum Functicns | S|

Code: [GB50011(2010) v Add

[ ox ]

Select the seismic design code ‘GB50011 (2011)’ and click Add to create a response
spectrum function;

According to GB50011, the design seismic intensity of Hong Kong is 7 (0.15g), and
the seismic design group is 1. The site classification should be given by official
department or site investigation, it is specified as 2 here for demonstration.

r ™y
Chinese Code: GB50011{2010) [

Mame: GE50011(2010)

Type: IF‘erind vs. 5a/g Damping Ratio: 0.05

e [[?{D.'Iﬁg} ~||
Max Influence Factor (Amax): 012 -
Period Reduction Factor: 1

Characterstic Ground Period (TG)
Seismic Design Group: [‘l v]

Site Classffication: [II V]
[ Customize: 0.35

0.132

0.0%8

0.066

0.033

Influence Factor

0.000™5 60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 £.40 6.00

Period

| ok || Concel

e

Click OK to continue.
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4.3  Step 3 — Define a modal analysis

Click the Analysis > Set Analysis Cases... command,

- —_ -
e =
Show: [ALL v] MNum. of ltems: 0/0

Mame D Type Run
Edit Set Run Flag
Add ¢ Linear Analysis I Run / Not Run ]
MNenlinear Analysis ’ Al Mot Fun ” Al Run ]
Modal Analysis
Use Processors Eigen-Euckling Analysis [ Run Now ] ’ oK ]
Response Spectrum Analysis 3

Time History Analysis

o~ S

Modal Anafysis | Mass from Load Cases | Initial Loads |

MName: MODAL
Mazz Type
@ Lumped () Consistent

Output Cortrol
Prirt *.out |:::| Yes |:§:| MNao

[Nurnberof Modes: 15 ] ‘Advanced <<;

Determine Required Modes automatically

) Active @ Inactive
Effective Modal Masses
Ratios(%) ==

Incremental Number of Modes

It should carefully consider the structural masses to get the natural periods and
vibration modes. Besides structural self-weight, the other dead loads and part of live
loads should be taken as structural masses manually, seen figure as below. Noted that
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the structural self-weight is automatically included and therefore user need not add
them as additional masses once more.

Modal Analysis Mass from Load Cases | Inital Loads | |

General Load Cases: Addttional Masses
Type: |Load Case - e T Coete
DL 100 - | SPL Load Case

WL Load Case

ALL <<

Elally| i
¥

Note : The gravity direction is global Factor-ais. Only the loadings in the gravity direction will
be taken as addtional masses.

0K | Cancel || spply

Click OK to continue.

After performing the modal analysis, the modal participating mass ratios will be
shown in the trace window as below.

Start Time : Z2012-12-05% Z21:02:24 Time Elapsed - 00:00:05
-
MoODAL PRAERTICIPFPATING MAS S EATIOCS:
MODE FERIOD <l1> INDIVIDUAL. MODE (%) <2> CUMULATIVE SUM (%)
NUMBER (Sec.) | T Yy Uz | SUM-UX SUM-UY SUM-UZ \:l
1 Z2.5341 | @&%.8Z 0.00 0.00 | ®&9.82 0.00 0.00
z Z.1884 | 0.00 0.27 0.00 | &%3.8Z2 027 0.00
3 1.3708 | 0.00 g2.93 0.00 | &5.82 g3.20 0.00
4 1.4555 | 0.00 0.03 0.00 | &5%.&2 g23.24 0.00
5 1.074% | 1B.&0 0.00 0.00 | B8B.Z2Z B3 .24 0.00
g 1.0041 | a.00 0.58 0.00 | B8B.22 &83.81 0.00
7 0.8e3% | 0.00 13.3% 0.00 | 8&s.22 77.21 0.00
k2] 0.7l | 0.00 .71 .00 | B&B.22 g3.581 0.00
5 0.814% | 0.00 Z.583 0.00 | B8B.2Z B&.30 0.00
1a 0.5384 | 4.0% Q.00 0.00 | 3S&.31 8&.30 0.00
11 0.5257 | 0.00 Q.00 0.00 | 5z2.31 8&.30 0.00
1z 0.3752 | 4_85 0.00 0.00 | 98 .37 28 90 000
13 0.3715 | 0.00 0.00 0.00 I[ 3&6.97 B&.91 0.00 ] -
] [ o |

Noted that the number of modes should meet the requirement of “at least 90% of the
participating mass” in codes.
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4.4

Step 4 — Create “single direction” MRSA cases

Click the Analysis > Set Analysis Cases... command,

e
.] Num. of tems: 0/0

D

Set Run Flag

Linear Analysis ’ Run / Mot Run ]

Monlinear Analysis ’ All Not Run “ All Run l

Modal Analysis

Eigen-Buckling Analysis [ Run Mo ] l 0K ]
Response Spectrum Analysis 2 [ One Direction Only ]
Time History Analysis Directional Combination

Create a response spectrum analysis case in global x direction;

Response Spectrum Analysis |

Seismic Direction
@ Horizontal () Vertical
[ Excitation Angle: 0 ]

RS-U1C0C

Use Modes from Modal Analysis Case:
[MODAL -

Response Spectrum Function ra

((ces00112010) )| (]

Medal Combination
@ cac () SRSS (0 ABS

Modal Damping Ratio:  0.05
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Create a response spectrum analysis case in global y direction;

T

Fesponse Spectrum Analysis |

Seismic Direction
(@ Horizontal () Vertical

Name: |[GEEUPIeRS

Lze Modes from Maodal Analysis Case:

[ Excitation Angle: 90

]

[MODAL -

Response Spectrum Function Z

[[Gaamn{zmu) )| (=]

Madal Combination
@ cac () SRSS () ABS

Modal Damping Ratio:  0.05

Create a response spectrum analysis case in global z direction;

o I e

Fesponse Spectrum Analysis |
Seismic Direction

Use Modes from Madal Analysis Case:
[MODAL -

Excitation Angle: |0

Response Spectrum Function

[[Gaamn{zmu) -]]

Modal Combination
@ cac () 8RSS () ABS

Modal Damping Ratio:  0.05

Name: |[GREURTSRN _ ~
() Horizontal

45  Step 5 - Create “directional combination” MRSA cases

If the two horizontal components (vertical component may be also needed) of the
seismic action need to be considered simultaneously, user need to conduct directional

combination of several MRSA cases.
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Click the Analysis > Set Analysis Cases... command,

= i

Set Run Flag
Linear Analysis [ Run / Not Run |
Monlinear Analysis ’ A1l Not Bun ” A1l Run l
Modal Analysis
Eigen-Buckling Analysis [ Fun Mow ] l 0K ]
Response Spectrum Analysis 2 One Direction Only
Time History Analysis [ Directional Cembination ]

Mame:  RS-U1UZ(0 B5HCQC-5RSS
Directional Combination
()SRSS (D ABS @

Response Spectrum Analysis for Combination
EQ1 (Horizonal): Fﬂs_m{nc

EQ2 (Horizonal): || RS-U2-CQC

A\
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_
RS—U1U2—CQC—SRS- 5

Response Spectrum Analysis (Directional Combination) I

Mame:  RS-U1{0.8B)U2-COC-SRSS
Directional Combination
(T)SRSS (D) ABS @ Modified SRSS|Chinese)

Response Spectrum Analysis for Combination
EQ1 (Horizonal): | [HS-ZEAC
EQ2 (Horizonal): | [Rs-U1Cac

4.6  Step 6 — Create “load combination” considering both earthquake action and
other actions

Click the Analysis > Set Analysis Cases... command;

According to GB50011, the following load combinations are recommended in Hong
Kong:

(a) 1.2DL+0.28WL+1.3EQX
(b) 1.2DL+0.28WL+1.3EQY
(c) 1.2DL+0.28WL+1.3(EQX+EQY)+0.5EQZ

Create a linear analysis case “1.2DL+0.28WL+1.3EQX":
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Linear Analysis | Applied Loads |

1.2DL+0.28WL+1.3EQX]
Analysis Type: [Lhea.‘\ndysis+ Design

Momenrt Amplification Factor

hel0 ]

T El
Mote: Larger of (1} and (2) will be used if both are active.

Linear Analysis | Applied Loads |

General Load Cases: Loads Applied

Type: Name

Type

,
] DL
Spectrum Analysis Case SDL

WL
RS-U1-CQC

Load Case
Load Case
Load Case
Spectrum ...

Create a linear analysis case “1.2DL+0.28WL+1.3EQY”:
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1.2DL+0.28WL+1.3EQY]

Analysis Type: | Linear Analysis + Design

Momert Amplification Factor

A0 ]

TPEI

Mote: Larger of (1) and (2) will be used if both are active.

Linear Analysis

General Load Cases:

Type

Loads Applied

Name

Type

DL
SOL
WL

RS-UZ2-Cac
.

Load Case
Load Case
Load Case

Spectrum ..

Create a linear analysis case “1.2DL+0.28WL+1.3(EQX+EQY)+0.5EQZ”:
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4.7

——
 1.2DL+028WL+13(EQX+EQY)+0.

|| Linear Anaiysis | Appiied Loads |

Mame: DL+0.28WL+1. JEQX+EQY)+0.5EQ7Z]

Analysis Type: | Linear Analysis + Design -

Momenrt Amplification Factor

@ D A0

Ly
]
mEl
Mote: Larger of (1} and (2) will be used if both are active.

[ ok J[ Cameet J[ ooy |

[r——
| 1.2D1+0.28WL+13(EQX+EQY)+0

| Linsar Analysis | Applied Loads

General Load Cases: Loads Applied
Type: Name Tupe Factor
[Load Case 100 (Rsutcac Spectrum ... 1.30
Combined : -
e RS-U2CaC Spectrum .. 1.30
RS-U3CQC Spectum ... 050
DL Load Case 120
S0L Lload Case 1.20
\L LoadCase 028 )

ok ][ Cacel ]| opy

Step 7 — Run all analysis cases and view results

Click the Analysis > Run or press F5 key to run all analysis cases;
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Gr-Assign | Analysis| Post  Tools  Window Internal Use  Help

i Run F5 ]l
™ g | ﬁ Run a Batch of Files ...

= ||EI-E Set Analysis Cases ..

Analysis & Design Parameters Setting ...

The procedures for viewing and exporting analysis results can be referred to tutorial 1
to 3.
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tep

5. TUTORIAL 5 - Time History Analysis

A seven-story 2D steel frame is used here for demonstration of time history analysis
by NIDA. The details of the 2D frame are given below:

(a) Geometrical dimensions and section sizes: shown in Figure as below;

(b) The material properties for all members: Young’s modulus E=2.034x105 MPa,
Poisson’s ratio v=0.3, yield strength py=250 MPa;

(c) Applied static loads: shown in Figure 10;

(d) Boundary conditions: all columns are fixed to foundation and member connections

are rigid;

(e) Mass: 85 812.16 kg at each story (node 5, 8, 11, 14, 17, 20 and 23);

(f) Earthquake wave: the N-S component of the EI Centro 1940.

88.96 kN

66.72 kN

55.60 kN

44.48 kN

33.36 kN

22.24 kN

11.12 kN

p 2224110 23 W24X110 24 Roof
1 ¢ Ha ¢ Y
i i i
Sl woaxiio =l woaxtio  Zot | tevel?
= @ 5 ® | -
He sle o §
% 15 woaxt10 =iz woaxito  =)is @) Level6
b ® 5 ® = £
5O 5|@ @8
=113 waaxazo  Sha woaxaso S5 | Levels
S PR CHNE | PR < -
Jo Jlo Yo
Sl waaxizo S waaxaz0 3|12 | Leveld
g ) & £) 5 £
& © 5 3@ &
=l owoxier Sls woaxiso S|g o Level3
@ VB 5 &) el ¢
o o o
§4 woaxiso 3|5 wodaxiso Sl < Level?
< @ & @ 3 £
5o . 5|0 %
/7?:717 9.144m ;—727 9.144m = 3/& Ground
|
|
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The procedure for performing time history analysis in NIDA (2010) is detailed as
below.

5.1  Step 1 - Build the structural model

Input the nodal coordinates, material properties, section properties, applied loads,
boundary conditions, etc., more details can be referred to tutorial 1 to 3.

5.2  Step 2 — Define one or more than one time history functions

Click the Construct > Time History Functions command,

Define Time History Functions &J

Type: |(User Record(Variable) - Add

List:

o]

8

Select the type ‘User Record (Variable)’ and click Add to create a time history
function;

NIDA — Nonlinear Integrated Analysis & Design 137



Tutorials — Step by Step

F N
User Time History Record (Variable Time Interval) =5
N = Time: Walue:
ame:. (]
= o o
Relationship: I'I"lmevs. Acceleration v] Scale 1
5 Mo.  Time Value - E
_ [ Besponse Spectrum ... 1 0 0.0108
2 0042 0.001
0.319 3 0097 0.0159
= 4 0181 -0.0001
g 0.160 5 0.221 0.0189
g & 0263 0.0001
< 0.000 70291 00059
2 3 0332 £0.0012
£l
-0.160
< g 0374 0@
0318 0 0429 0.0237
' 121 247 363 485 606 727 548 9.69 10.90 12.11 1 Treaet P,
Time rl Y
o [
Click OK to continue.

5.3  Step 3 - Define a time history analysis case

Click the Analysis > Set Analysis Cases... command,

- — -
e I =
Show: [ALL v] MNum. of kems: 0/0

Name D Type Runi
Edit Set Run Flag
Add 4 Linear Analysis I Run / Not Run ]
Nonlinear Analysis I All Not Run ” Al Fun l
Modal Analysis
Use Processors Eigen-Buckling Analysis [ Run Now ] [ oK ]
Response Spectrum Analysis 3

Time History Analysis
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-

Menlinear time history ﬂw
Time History Analysis | Dynamic Function / Additional Mass | Initial Loads

Mame: Nonlinear time history Uze Modes from Modal Analwziz Case:
Type: [Second-order Analysis + Design v]

. Integration Method:

@ Lumped Mass () Consistent Mass A— ‘]

Time History Type Damping

@ Direct Integration Mode Superposition a[MJ+b[K] Settings...

Time History Motion Type Time Step

@ Transient Periodic Total Time Steps: 400

Time Increment {sec.): 0.0z
I[ MNanlinear Settings .. "

[ ok J[ Cancel J[ ooy ]

Input the case name, select ‘Lumped Mass’, ‘Direct Integration’, ‘Transient’; give the
“Total Num. of Time Step’ as 400 and ‘Time Increment’ as 0.02 second.

Click “Settings’ of integration method to give the parameters of Newmark method as

below:
MNumerical Method ﬁ
Methods
: Gamma: 0.5
Wilson Beta: 0.25

Hiber-Hughes-Taylor

[ oK ] [ Cancel

Click “Settings’ of damping to give the parameters of ‘Rayleigh Damping’ as below:
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f Damping &3 1
Rayleigh Damping
() Direct Input 1st Period 1.2732
["5' ] 2nd Period  0.4313

) Calculate by Frequency Damping Ratiol 0.05

Damping Ratio2  0.05

Click ‘Advanced Settings’ to set the parameters for nonlinear solution as below:

i N
Nonlinear Settings - @

Mumerical Method

(") Curved Stability Function _ Newton-Raphson
@ (Constant Load) Method

=, Single Displacement Control
Enable Plastic Advanced Analysis = (Constant Disp ) Method

- Arc Length Method + Minimum

R EEmEEe e "~ Residual Displacement Method

terative & Incremental Parameters
Time Step : ]
Target Load Factor :

Mumber of Cycles for Each [ 50
1

Incremental Load Factor : 002

Madmum terations for Each

Cycle : 100

Number of terations for 1
Tangent Stiffness Matrix :

Minimum Member Impedection = L / 1000 : 0 H

Imperfection Method & Direction : Mo Impasition of intial imperfection ']

o) o)

e

Noted that the Newton-Raphson method is used for the nonlinear incremental-iterative
solution when performing a time history analysis. In some cases the structural
behaviour may be highly nonlinear and therefore several cycles in each time step are
needed.

Click ‘Dynamic Function/Additional Mass’ tab to specify one or more than earthquake
records as seismic input and the additional mass may need to be considered here.

Select one of dynamic functions and click ‘>>’ to add it as seismic input for this
analysis case;

Select load case(s) and click ‘>>’ to add it as additional mass for this analysis case.
Noted that the structural self-weight has been automatically included.
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-
Monlinear time history g

Time History Analysis  Dynamic Function // Additional Mass | Initial Loads

Cynamic Function:

ELLentro ) ~ Mame Scale Fac...  Amival Time  Seismic Di... Excitation ...
I EL-Centro 20.00 0.00 0 (Horizon... 0.00

=

Load Cases: Additional Mass:
100 - Mame Tvpe Factor
JoirntMass Load Case  1.00
= Select load case(s) to consider
additional mass such as SDL,
ALL == LL

Mote: The gravity direction is global -Z-ads. Only the loadings in the gravity direction will be
taken as additional masses.

[ oK ” Cancel ] Apply

Double click the name of dynamic function and a dialog will pop up to set the ‘Scale
Factor’, ‘Arrival Time” and the seismic direction as below:
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ra | 53 |'\

Menlinear time history | J L

I=

Time History Analysis Dynamic Function / Additional Mass | Initial Loads

Cynamic Function: Double click the name

ElLCentro afE— Scale Fac...  Amival Time  Seismic Di... Excitation ...
ELLCentro 20.00 0.00 0 {Horizon... 0.00
=
E] Dynamic Function ﬁ

Load Cases: Mame: EL-Centro

Scale Factor: 20

Arrival Time: 0
Seismic Direction
S @ Horizontal ) Vertical

Excitation Angle: ]

£
Mote: The gravity dire | letion will be
taken as additional mg:

it
X
T

o

Click ‘Initial Loads’ tab to consider static loads such as dead loads before earthquake
attack.

5.4  Step 4 — Run time history analysis case(s)

Click the Analysis > Run or press F5 key to run all analysis cases;

Gr-Assign | Analysis| Post Tools  Window Internal Use  Help

i Bun 5 ].
s | E Run a Batch of Files ...

= |IEI'2 Set Analysis Cases ...

Analysis & Design Parameters Setting ...

55  Step 5 - View result: nodal displacements and base shear

Click the Post > Nodal Results> Load Deflection Curve/Reactions ... ;
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4nalysis | Post| Tools Window Internal Use Help

Show Deformed Shape

vz | s

3 @3

Show Undeformed Shape
Show Deformed & Undeformed

Display Scale ...

Show Analysis Case ...

Show Result Files ...

Load Factor: 3 El | FE| ®x

Modal Results

Member Results
Spring Results
Shell Results

Export Summary of Analysis Results ...
Export Statistics of Analysis Results ...
Export Eigen-Buckling Load Factors ...

Export Animation AVI ..

List Modal Displacements ...
List Modal Reactions ...

Show Modal Displacement Contour

| Load Deflection Curve/Reactions ... |

Show Seleted Displacermnents/Reactions ...

or press the button of post toolbar as below;

s+t — v2 = R

S5how Load-Deflection Curve/Reaction ]

Select node to observe the time history of nodal displacement(s);

-

MNodal Deflection / Reaction

===

MNode:

B~ | x=18.288y=Dz=28.0416

Time History of Deflection Curve

'
'
'
'

L
v
'
'
'
'

Time History | Displacement Statistics | Reactions I Base Shearl

E] Draw with Line
[] Drawe with Symbal
Deflection Curve
ux —
Yy —
Uz —
Rotation Curve
RX —
RY —
RZ —

Aes

A X - Deflection

=Y - Time

& X -Time

=Y - Deflection

Cycle (1 - 400)
From 1

To 400 =

-

load Stage 0

oK || Cancel
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Click ‘Base Shear’ tab to observe the time history of base shear in X, Y or Z direction;

-
Nodal Deflection / Reaction

23]

Base

Time History | Displacement Statistics | Reactions Base Shear |

Time History of Base Shear Curve

Shlear .

g Draw with Line
[] Draw with Symbol

Farce Curve
=
mFr —
[z —

Moment Curve
Cmx —
My —
oMz —

PAxes

Time

= - Base Shear

=Y - Time

@ X - Time

= - Base Shear

Cycle (1 - 400)
From 1

To 400 =

-

load Stage 0 =

0K || Cancel

5.6

Step 6 — View result: plastic hinge rotation of all time steps

Click the Post > Member Results> Member Load Deflection Curve... ;

Analysis

Post| Tools Window Internal Use Help

g @3

Show Deformed Shape

Show Undeformed Shape
Show Deformed & Undeformed

iz A
Load Factor: 4 El | ] #x e

Display Scale ..

Show Analysis Case ...

Show Result Files ...

Medal Results

Member Results

Spring Results
Shell Results

Export Summary of Analysis Results ...
Export Statistics of Analysis Results ...
Export Eigen-Buckling Load Factors ...

Export Animation AVI ...

List Member Internal Forces & Moments ...

£
| l Member Load Deflection Curve ... Il
Show Section Capacity Factor Statistics ...

Show Bending Morment/Shear Force Diagram ...

Teggle Show Plasic Hinge
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or press the button of post toolbar as below;

Select member to observe the time history of plastic hinge rotation;

b=

[

" Cycle 194 / 400

@] == 1 o

Member/Spring Load-Deflection Curve

=

Member 23 = Nodel=7 Node2=8

Moment - Rotation Curve

Rotation (rad.)

Draw with Line
Draw with Symbol
Show Curve
Theta Ty
Theta 1z

[¥] Theta 2y
[¥] Theta 2z

(I

Fxes

@ X - Rotation
=Y - Momert

) * - Momert
¥ - Rotation

Cycle {1 - 400)

From 1

load Stage 0

oK || Cancel

5.7  Step 7 — View result: plastic hinge location

Plastic hinge (s) may be formed in different time step (load cycle);

Plastic hinge (s) will be plotted on screen with dot marker as below:
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- - & ' Cycle 194 /400 Time: » [m]B
rScaIing e |
Detta: 20 = . *
Angle: 20 =
.

L
I
L
L
N

»
*
SE—
L ]
*

®

To toggle show plastic hinge (s) on screen click the Post > Member Results> Toggle
Show Plastic Hinge

5.8  Step 8 — View and export results

The procedures for viewing and exporting analysis results can be referred to tutorial 1
to 3.
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