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DESCRIPTION

Introduction

In current most widely used practice for structural design, an analysis is carried out to
determine forces and moments of all members in a frame under external loads. The
resistance of the members is then determined using the formulae in design codes and
compared with these moments and forces due to factored loads. When the resistance is
larger than the applied forces and moments, the structure is deemed to be adequately
safe. This process is illustrated in Figure 1.1.

Nonlinear Analysis for Simple
Idealized Individual Members

:

Linear Analysis

A 4

i Output of Member
'| Forces and Moments

Development of Design Rules

Individual Member Capacity | 1
Check “

Figure 1.1  Conventional Design Procedure

In this conventional process, the analysis is linear, but the actual behaviour of the
structure is non-linear and buckling occurs before reaching the squash or yield load.
Many realistic effects such as buckling and material yield are not considered in
analysis. The checking of buckling strength of members by design formulae is carried
out at a latter and independent stage using the design code formulae. These two steps
are separated but, buckling, instability and second-order effects influence the stiffness
and thus the force and moment distribution in the whole structural system. The linear
analysis program is therefore incorrect in force and moment computation. Furthermore,
error due to the effective length assumption used in design codes makes the final
design output unreliable and inaccurate.

For slender members and most steel or metal structures, instability or second-order
effects will amplify the stress calculated from a linear analysis, so that the
conventional method is either uneconomical or exceeding the adequate safety margin.
Various design codes (e.g. Eurocode-3 [2005], AISC-LRFD [2010], and CoPHK
[2011]) require the designer to include the P-A effect or stability check in the analysis
and design when the simplified formulae in codes cannot cover the effects.

“Advanced analysis” is a new design method for steel structure in which the first-order
and second-order or buckling effects are included, together with the characteristics of
realistic structures, so that section capacity check as presented below is adequate for
strength design.
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P +(MY+PAY+P5)’)+(MZ+PAZ+P52)

DA M. M. =¢<1 (1.1)
where
A Displacement due to sway of the frame measured at nodes
d Displacement due to member curvature or bowing, measured along a member
P Axial force in member
A Cross sectional area

Py Design strength

Mc ~ Moment capacity about principal y-axis
Mc; Moment capacity about principal z-axis
My External moments about principal y-axis
M, External moments about principal z-axis

[0) Section capacity factor. If ¢ >1, member fails in section capacity check.

The method has been stated in Eurocode-3 (2005), AISC-LRFD (2010) and CoPHK
(2011) and well-researched (Chen and Chan 1995). Using this more rigorous approach,
we can directly compute the applied sectional moments, forces or their resulting stress
due to factored loads and compare against the structural resistance. In doing so, we can
then skip the complex and unreliable process of checking individual member buckling
strength based on simplified boundary and loading conditions. This better process is
summarised in Figure 1.2.

Second-order Nonlinear Analysis
With allowance for design code requirements

A 4
Section Capacity Check

Figure 1.2 Nonlinear Analysis Design Procedure

This program is aimed for this type of second-order non-linear analysis and the design
meeting the code requirement for strength and stability design. When using the plastic
modulus in input sectional properties, it follows the most widely used
“first-plastic-hinge design concept” that the design load is obtained as the load causing
the formation of the first plastic hinge. When the elastic modulus is used for input
sectional properties, the analysis becomes an elastic analysis and design. The effect of
effective length is automatically and accurately considered in the computer program
and need not be assumed as the P-5 and the P-A moment simulating the effective length
is automatically determined from the buckling analysis of the frame. In reality, in many
practical situations, the effective length can hardly be determined (For example, the
effective length of scaffolding, domes and many types of steel frames). The use of the
linear analysis computer programs may be dangerous in actual design.
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1.5

More details about nonlinear analysis can be found in the papers and book by Chan and
Chui (2000), and Chan (2001).

For design purpose, the present program adopts the Eurocode3 (2005) and the CoPHK
(2011) design approaches where the initial imperfection is obtained from Table 5.1 in
the Eurocode3 (2005) and Table 6.1 in the CoPHK (2011). For design of cold-formed
and welded sections, the initial imperfection is amplified to simulate the effects of
residual stress.

This program contains conventional beam-column, shell and cable elements.

Features of NIDA

The present program, NIDA, is the ninth commercial version for non-linear analysis
and combined design and analysis of frame, cable and shell structures.

At the moment of preparing this manual, NIDA contains the linear analysis, geometric
and material non-linear static and dynamic analysis, response spectrum analysis,
eigenvalue buckling and vibration analysis of framed and shell structures.

Special features contain second-order P-A-6 analysis with considerations both of global
and local initial imperfections, semi-rigid connections, load and construction sequences
and cable structures.

The theory of the program can be found in Chan and Zhou (1995), Chan and Chui
(2000) and Chan (2001). For non-linear solution method, Chan (1988) should be
referred to. The program follows the concept associated with the ultimate limit state
design code with the “first-plastic-hinge” limit load criterion used in the AS4100
(1990), BS5950 (1990, 2000), Eurocode-3 (2005), AISC-LRFD (2010),and CoPHK
(2011).

Important Disclaimer

Considerable care has been taken to ensure the accuracy of the program. Nevertheless,
responsibility for the use of the program rests with the user and the authors will not be
responsible for any kind of damage caused by the use or misuse of the computer
program.

Program Limitations

The program checks the lateral-torsional buckling of a beam using the code effective
length method in which the effective length for beams can be easily assumed using
code formulae whereas the effective length for columns is very much more
complicated to assume. Also, the local plate buckling will be checked by the effective
strength method. The effects of eccentric connection in unsymmetrical sections like
angle and channel are ignored in default and need to be considered manually if these
effects are significant.

Assumptions
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1.6

1.7

The analysis program is based on the second-order non-linear elastic and plastic,
displacement based stiffness method of analysis. The right hand rule is assumed as the
sign convention for the whole computer program.

Copyright

The computer program NIDA is proprietary and copyrighted products. Worldwide
rights of ownership rest with Professor S.L. Chan. Unlicensed use of the program or
reproduction of the documentation in any form, without prior written authorization
from Professor S.L. Chan is explicitly prohibited.

Several trademarks and registered trademarks have been introduced in this manual as
follows:

Windows, Excel, Access : Trademark of Microsoft Corporation

AutoCAD : Registered Trademark of Autodesk, Inc.

SAP2000, ETABS : Registered Trademark of Computer and Structure, Inc.
STAAD : Registered Trademark of Bentley.

Installation of NIDA

The program can be used in Windows 9x, Windows 2000, Windows XP, Windows
Vista and Windows 7 compatible.

The package available to you will contain a manual, a USB key for protection of the
version of your own program and a CD.

Insert the compact disc to your computer and automatically the program, NIDA, is
installed inside a directory you prefer. Alternatively, you can install the program by
activating install.exe in the CD directory. During the installation process, it requires
the directory, user name and company name. Click appropriate buttons until the whole
installation process is completed which is indicated by a message on screen.

After installation of NIDA, you need to install the key driver for standalone version
and the server of network version. For network version, the client computer need a
system variable in “Environment Variables” named as NSP_HOST with the value of
IP_address of the server. For more details, the document “NIDA Installation — Step by
step” can be referred to.
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2.

GETTING STARTED

This chapter includes different kinds of NIDA commands, providing a demonstration
for the general process of computer model creation by NIDA.

Start a model by clicking the File > New command to access the New Model form.

Add structural objects from one of the built-in NIDA templates by clicking the
File>New Model from Templates. See New Model from Template for detailed
information.

Set the units and degrees of freedom of the model by clicking the Analysis>Analysis &
Design Parameters Setting.

Use the commands available in the Construct group to define Material, Frame Section,
Shell Section, Load Case , Combined Load Case, Combined Member and Group and to
create Node, Member, Spring element, Floor and Area.

Use the Edit commands to modify the geometric properties of the model. There are two
special commands, Mesh and Split member, providing certain operations. The Edit >
Mesh command is used to mesh the areas, floors and shells. The Edit > Split members
command can be used to break the member at intersections with selected members or
selected Nodes.

Use the Gr-Assign commands to assign relative properties to the model, i.e. the
properties for the members (e.g. Section, End condition), nodes (e.g. Boundary
condition, Nodal spring), shells , floors and areas, and to assign different types of
loading (e.g. Member Loads, Nodal Loads, and Floor Pressure).

If you want to read the input file of the model in text format, you can use the Tools >
Show Data File command. You can directly edit and then save the data file. Please
re-open the data file so that your change can be taken effect.

Use the Analysis > Set Analysis Cases... to define and modify the analysis cases

Use the Analysis > Analysis & Design Parameters Setting... to select the steel design
Code, determinate the floor stiffness, and direction of Gravity and so on.

The current model can be run by clicking Analysis >Run. Several individual models
can be run simultaneously by clicking Analysis >Run a Batch Files.

The deformed shape will be displayed automatically after the analysis is completed.
The animation of the deformed shape or mode shape can be played by clicking the
Play button in the Post bar. The cycle and speed of animation can be specified in the
animation option bottom.

To view the result, click the Post commands to display analysis results on your model.
The Nodal Reaction, Load Deflection Curve/Reaction, Member Statistics, Bending
Moment/Shear Diagram and Shell Result can be generated and displayed on screen by
applying corresponding functions.

Alternatively, use the Post>Show Result Files to show analysis results in text file.
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Graphical User Interface

3. GRAPHICAL USER INTERFACE

3.1 Main Screen

Menu Bar
[ Nida - [SH_HINGED CYLINDRICAL SHELL] ﬁ ‘ ‘ [P=TER)

E’#IE Edit  Select  View  Construct Gr-Agsign ~ Analysis Fost ools  Window _F|Ep
- T o
=& = LA e e Yl | T (5 2 7 2 a5 ]
|

Wrilgm s e le + o = [ = ' Cycle 73/ 180 Load Factor: [0.4314 | b |m EENS
@ Properties ax
@ 3 T R
o Standard Bar View Bar g SH_HINGED CYLIN «
= POSt Bar 3 Materials B

: ; I Frame Sections,
Properties WindOW——— . .= ¢ sections
-3 Load Cases ' —
{3 Combined Loar

- ——Draw Bar e
Plot Zone Detals X
Attributes =

Itern Type g
Mo, 18
#——Snap Bar Details Window———————sezt vo. e

Area b
Model S
Status Bar Mod2 i

< | mn 3

Output Zone
|-
Rﬁdy Ana. Case: LZ.7mm THE Onit: KN, mm

3.2 Menu Bar

[Eile Edit  Select  Wiew  Constructk  Gr-Assign Analysis  Post Tools  Window uelp]

The Menu Bar provides the most commonly used functions in NIDA. The details of
each operation are provided in Menus Chapter.

3.3 Standard Bar
O=H =

The Standard Bar includes shortcuts of certain functions (e.g. New Project, Open
Project, Save, ...) available in the Menu bar for the ease of structure construction.

3.4  Plot Zone
The drawing area visualizes the overall structure to the user. It mainly shows:

- the position of nodes,

- how objects are connected,

- the direction and magnitude of loadings,

- the direction of member local axis, and

- the presence of the boundary conditions, end releases, etc.
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35 View Bar
HEQ [Bo Fove| ks L |wizkEse

The view bar provides shortcuts to view certain properties of the model easily,
including:

- Fit to Screen

- Zoom In

- Zoon Out

- Set 2-D or 3-D View

- Perspective Mode

- Extrude View

- Show Selection Only

- Visible/Invisible

- Set Visibility of Loadings

- Show Boundary Condition

- Show Nodal Spring

- Show Moment Release in y-direction
- Show Moment Release in z-direction
- Show Global Axis

- Show Member Local Axis

3.6 Draw Bar
ey

i

»ta
Gj-
i
D.i-
The draw bar provides shortcuts to create certain objects easily, including:

- Add Member

- Add Spring Element
- Add Floor Element
- Add Shell Element
- Add Area Object

3.7  Snap Bar

The snap bar provides shortcuts to select certain objects easily, including:

- Snap Node
- Snap Member
- Select by intersecting curve
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- Select by intersecting line

3.8 Post Bar
[ﬁn@mﬁ,.a_c.g.ﬁ_m B [l : CycIeTSHBU]

(Load Factor: [0.4314 | » [m]|ER | & *= %)

The post bar provides shortcuts of to show certain analysis results easily, including:

- Show Undeformed and Deformed Shape
- Show Undeformed Shape

- Show Deformed Shape

- Display Scale

- Show Section Capacity Factor Statistics
- Show Load Deflection Curve/Reaction

- Show Member Statistics

- Show Nodal Displacements/Reactions

- Show Bending Moment/Shear Diagram

- Section Capacity Color

- Show Nodal Displacement

- Show Shell Nodal Stress

- Select Analysis Case

- Select Load Cycle

- Play Animation

- Stop Animation

- Animation Options

- To Export Summary of Analysis Results
- To Export Statistics of Analysis Results
- Export Eigen-buckling Load Factors

3.9  Properties Window

o TR R
g SH_HINGED CYLINDRICAL SHEL

- Shell Sections
127

o, 635

-5 Load Cases

-.i Combined Load Cases
-3 Groups

- Advanced Groups

i | 1] | 3

In the top of the properties window, there is also a toolbar named “Add Bar”. It helps
to add the following objects to the NIDA project.
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- Nodes

- Members

- Sections

- Load Cases

- Loadings

- Boundary Conditions

The Properties Window gives a systematic view of the project. It shows the main
components of the structure in format of a tree.

The topmost level is the project name.
The components on the second level are :

- Materials

- Frame Sections

- Shell Sections

- Load Cases

- Combined Load Cases
- Groups

- Advanced Groups

3.10 Details Window

Details o x
Attributes Values
em Type Section \
f| Name CHS508.0:12.5
Mo, 1
Material 5355
B 508.000
Tf 12.500
Areald) 1.950e+004

Secend Moment(ly) 5.980e+008
Second Mamenti(lz) 5.980e+008
Tarsional Constant())  1.200e+009
Elastic Modulus(Zy) 2.350e+006
Elastic Modulus{Zz) 2.350e+006
Plastic Modulus(Sy) 3.070e+006
Plastic Modulus(5z) 3.070e+006
Radius of Gyration(Ry) 1.750e+002
Radius of Gyration(Rz) 1.750e+002
MNumber of Members 0

N /

The Details Window gives further details about the components of the project. When
the user clicks on any object of the project, its own attributes will be available in this
window immediately, providing a quick view to the user.

3.11 Status Bar

“l Mode 3 Member Ana. Caze: LC1 Unit : kM, m ¥Z Plane (X=0.0000)
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The status bar shows the following items:

- The number of objects selected or the status information about what the program is
doing currently

- The activated analysis case

- The current units

- The information of 3D view or 2D view
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4. MENUS
41  File
411 New
Click the File > New command to start a new model. Enter the project title in the
window shown below.
Select the force unit, length unit, and direction of gravity.
Shortcut : Toolbar : [ Keys : Ctrl+N
[ Mew Project @1
Title:
Gravity Direction: R -
Force Unit Length Unit
N (" kof " mm * m
f* kN " torf " cm
QK Cancel
4.1.2 New Model from Templates
Click the File > New Model from Templates command to start a new model.
The templates contain a number of common structural forms to assist the user to
prepare a data file quickly. The list of the structural forms will be displayed on the next
page.
In current version, there are typical frame structural forms, several shell type structures
as well as some extrude sections available for selection.
Click the one preferred and input necessary parameters, the structure will then appear
on the screen.
NIDA — Nonlinear Integrated Analysis & Design 11
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—
e

Force Unit——————
|7 N  kaf

 tonf

|

Length Unit
& mm
" om

* m

General | Shell | Extrude Sections |

a
E

Force Unit——————
TN  kof
] " tonf

|

Length Unit
" mm
 om

General Shell |Ex'trude Sections |

B

s

it

Templates

Force Unit——————
|7 N  kaf

 tonf

|

Length Unit
 mm
o

General | Shell Extrude Sections |

TOCL

4.1.3 Add from Templates
Click the File > Add from Templates command to add a template model to the model

being constructed.

NIDA — Nonlinear Integrated Analysis & Design
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414

415

4.1.6

Coordinates of Insertion Point

cx | cy 0

General | Shell

R AVAVAYAR =00

Input coordinates of insertion point, click a template preferred and input necessary
parameters, the structure will then appear on screen.

Open

Click the File > Open command to open an existing NIDA data file (*.dat). Select the
directory where the NIDA file is located. The project will be loaded and the structure
will be shown on the screen.

Shortcut : Toolbar : = Keys : Ctrl+O

Close
Click the File > Close command to close the current project.

Save
Click the File > Save command to save a NIDA model.

NIDA will provide a file path and name for a new model. If the model has been saved
before, NIDA will save the file with the same filename in the same location, and the
previous file will be automatically overwritten.

32 32

Once there has been a change in data file, there will be an asterisk sign shown in

the Window Title before saving.

After saving, the asterisk “*” sign will hide until the project is changed again.

Shortcut : Toolbar : [&E Keys : Ctrl+S
"# Nida - [Save *] | 35 Nida - [Save] [

5] File Edit Select View B File Edit Select View

D= K == K
Once there has been a change in | After saving, the asterisk “*”

NIDA —
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4.1.7

4.1.8

4.1.9

4.1.10

41.11

4.1.12

data file, there will be an asterisk | sign will hide until the project is
“*” sign shown in the Window | changed again.
Title before saving.

Note: The model will be saved automatically when the analysis is running.

Save as
Click the File > Save As command to save the current project to a new location.

Import DXF

Click the File > Import DXF command to import an AutoCAD generated file, with a
“.dxf” extension usually. Only nodal coordinates and connectivity can be imported. For
sake of convenience, sections are exported/imported as layers.

Noted that the imported file must be further modified before NIDA can produce an
analysis.

Import STAAD

Click the File > Import STAAD command to import an STAAD generated file, with a
“.std” extension.

Noted that the imported file must be further modified before NIDA can produce an
analysis.

Import ETABS (*.mdb)

Click the File > Import ETABS (*.mdb) command to import an ETABS generated file,
with a “.mdb” extension.

Noted that the imported file must be further modified before NIDA can produce an
analysis.

Import SAP2000 (*.mdb)

Click the File > Import SAP2000 (*.mdb) command to import a SAP2000 generated
file, with a “.mdb” extension.

Noted that the imported file must be further modified before NIDA can produce an
analysis.

Export DXF

Click the File > Export DXF command to export an AutoCAD generated file with a
“.dxf” extension usually. Only nodal coordinates and connectivity can be exported.

NIDA —
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4.1.13 Export BMP

Click the File > Export BMP command to export a Bitmap generated file with a “.dmp”
extension usually.

4.1.14 Print

Click the File > Print to enter the printer setting page to select the printer, specify the
range of pages to be printed, the number of copies, and set the page size, orientation
and output format.

Shortcut : Toolbar : & Keys : Ctrl+P

4.1.15 Print Preview

Click the File > Print Preview to show the document which would appear when
printed. The print preview window will appear and replace the main window when you
select this command. View one or two pages at the same time, zoom in or zoom out the
document, and start the print job.

4.1.16 Print Setup

Click the File > Print Setup to set the color, font, size and date information, and to
select the information which is required to be included such as the company name,
section, and material information.

4.1.17 Exit
Click the File > Exit to quit the program NIDA.
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4.2  Edit
4.2.1 Undo
Click the Edit >Undo command to cancel last operation in model processing.
Shortcut : Toolbar : «3 Keys : Ctrl+Z
4.2.2 Redo
Click the Edit > Redo command to restore last action in model processing.
Shortcut : Toolbar : ca Keys : Ctrl+Y
423 Cut
Click the Edit > Cut command to cut the selected objects from the current model.
Shortcut : Toolbar @ % Keys : Ctrl+X
4.2.4 Copy

Click the Edit > Copy command to copy the selected objects (nodes, members, shells,
floors, areas ...) to the current model.

Shortcut : Toolbar : Keys : Ctrl+C
425 Paste

Click the Edit > Paste command to paste the selected objects to the current model.

Shortcut : Toolbar : @ Keys : Ctrl+V

There are 4 methods to paste new objects: Linear, Mirror, Radial, and Along Path.

e Linear

() Radial ) Along Path

Increment Mum. of Inc.
Incx: 0
Incy 0

Incz: 0
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Enter the number of increments, increments along X, Y and Z axes. And then, click
OK button, the new structural objects such as nodes, members, and shells will be
shown on the screen.

e  Mirror

() Linear

() Radial

) Along Path

About

@ ¥-Y Plane

(1 ¥-Z Plane

at Z-Coordinate . 0

) Y-Z Plane

Select the X-Y, X-Z or Y-Z plane, and then input the coordinate of the corresponding
axis. Click OK button and the new structural objects such as nodes, members, and

shells will be shown on the screen.

e Radial

() Linear () Mirrar

) Along Path

Rotate about
@ X-Auis
) Y-Axis
) Z-Auis

Increment

Angle:

Mumber:

]

The increment angle is positive for clockwise. Click OK button and the new structural

objects such as nodes, members, and shells will be shown on the screen.

e Along Path

() Linear () Mirror

Path (2 Modes) :

Increment

Distance - |

23,31

Mumber: 1

NIDA — Nonlinear Integrated Analysis & Design
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Pick up two nodes as a path, put into the incremental distance, click OK button and the
new structural objects such as nodes, members, and shells will be shown on the screen.

4.2.6 Paste Special

Click the Edit > Paste special command to paste the selected nodes, members, floors,
shells or all objects from Text/MS Excel file, other NIDA model to the current NIDA
one.

1694 Nodes pasted
3184 Members pasted
1520 Floors pasted

0 Shell pasted

The number of objects pasted would be listed.

4.2.7 Delete
Click the Edit > Delete command to delete the selected objects from the current model.

e For Node, Member, Shell, Floor and Area
Select nodes, members, shells, floors and/or areas on the screen.

Click the Edit > Delete command or press <DEL> key on the keyboard.

e For Material

Select one of the materials from the Properties Window, right click and choose delete
or press <DEL> key on the keyboard.

e For Section

Select one of the sections from the Properties Window. Press <DEL> key on the
keyboard then choose “Delete Members” or “Move Members to other Section”, see the
options as below.
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Press OK button.

e For Load Case
Select one of the load cases from the Properties Window.

Press <DEL> key on the keyboard and then choose “Delete Loadings” or “Move
Loadings to other Load Case”, see the options as below

1 Move Loadings to Other Load Case
DL (0.4kPa+0.5kPa+0.8kPa)

[ Cancel

Press OK button.

e For other objects (Group, Combined Load Case, etc.)

Select the objects from the Properties Window or on the screen and press <DEL> key
on the keyboard.

4.2.8 Mesh Areas

Click the Edit > Mesh Areas command to mesh the selected area objects into shell
elements.
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Meszh Selected Areas Iﬁ
Delete Areas after Meshing
Mesh Method Shell Shape
© Advanced: @ Triangle
() Simple ) Quard
[ Size Control ... ] [ Merge Modes ... ]
[ Mesh ] ’ Close ]

Delete Objects after Meshing option. The selected area objects would be deleted
after meshing if this option is selected.

Mesh Method - Advanced option. A group of high quality shell elements would be
created by using this option. This function is very useful for meshing the complex area
objects.

Mesh Method - Simple option. A group of simple shell elements would be created
by using this option. This function is suitable for meshing the regular area objects.

Shell Shape - Triangle option. The shell elements with triangle shape would be
created by clicking this option.

Shell Shape - Quard option. The shell elements with quadrilateral shape would be
created by clicking this option.

Normally, the objects to be meshed should be assigned the shell section and mesh size.
If the user forgets to do the assignment or wants to mesh the objects with new meshing
parameters, click Size Control button to set meshing parameters as below.

Set Meshing Parameters m‘ M

Parameters ]

Shell Section : [ 10mm THK -

() Mumber of Divisions of Edges 1 I

e
-

OK ] [ Cancel Apply
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429

Shell Section option. Choose which kind of shell section to be meshed to.

Length of Divisions option. Each edge of selected objects will be divided into
several parts by the assigned division length.

Number of Divisions of Edges option. Each edge of selected objects will be divided
into N parts by the assigned number N.

After the appropriate options are selected, the meshing process can be started by
clicking Mesh button.

Mesh Areas(0),success(0),failed(D)
& l % Mesh Floors(1560), success(1560) failed(0)
Mesh Shells(0),success(0) failed(D)

Click OK button to return to the main window of Mesh. The detailed operation can be
checked by clicking the >> button.

Click Merge button to merge duplicate nodes before meshing if needed.
Merge Duplicate Nodes n by » M

Modes Distance Tolerance (mm): i]

MNode Retention Priarity : INumber of Loading v]

[ Merge l [ Close I[Repor‘t}}]

More details can be referred to Merge Duplicate Nodes.

Merge Areas
Click the Edit > Merge Areas command to merge the selected area(s) into one.

@ Areas

7118,132,133,134,136,137,138

) Merge into Area* 140

*MNote : Only the properties (e.g. Loading, Section)
of this Area will be kept after merging.

| Aoy |

To merge Areas into the big Area*, the selected Areas should be adjacent to Area*.
You may pick up areas on screen to input Areas or Area*.

NIDA —
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Some Area(s) failed to be merged.

__I; To show the detail information?

Sometimes not all areas input can be successfully merged into one. You may click Yes
button of the popup dialog to get the information shown in Output Zone.
I IOll.ltput
Floor(679) -= Area(219)
Floor(680) -= Area(220)
Area(140,92,93,94,96,97.98.112,113.114,118,132,133,134,138) have been merged into Area(234).
Area(116) : The connection of the two Areas are too complicated. The Areas could not be merged.
Area(117) : The connection of the two Areas are too complicated. The Areas could not be merged.
(
(

Area(136) : The connection of the two Areas are too complicated. The Areas could not be merged.
Area(137) : The connection of the two Areas are too complicated. The Areas could not be merged.

):
):

In more complicated case, more trials are required if the first merging operation fails.

4.2.10 Divide Areas

Click the Edit > Divide Areas command to divide the selected area(s) into two parts by
members of two nodes.

When By Member(s) is active, only one selected area can be divided by selected
members.

Divide Area(s)
By Members | By Two Nodes

Area: |50
Members: {19

When By Two Nodes is active, several selected areas can be divided by the line linked
by two selected nodes.

Divide Areas)
By Two Nodes

MNodel1: 2537 MNode2: 2539

Areas to be divided

60l
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4.2.11 Drop Edge Nodes of Areas

Click the Edit > Drop Edge Nodes of Areas command to drop nodes (if any) of the
edges of the selected areas.

Area(420)

Area(2732) -
Area(2741) - (7729, 7712, 7730, 7737, T747)->(771
Area(2765) - (7839, 7729, 7752, 7807, 7837)->(78
Area(3353) - (3865, 3810, 3812, 3813, 3866)->(3865, o
Area(3356) - (3866, 3613, 3814, 3818, 3867)-=(3866, 3813, 3
Area(3364) - (3839, 3621, 3824, 3832, 3841)->(3839, 3821, 3
Area(3395) - (3872, 3880, 3922, 3939, 3875)-=(3872, 3922, 3
Area(3401) - (3939, 3922, 3940, 3947, 3957)-»(3939, 3922, 3
Area(3423) : (4049, 3939, 3962, 4017, 4047)->(4049, 3939, 40:
Area(3454) : (4102, 4053, 4052, 4046, 4094)->(4102, 4053, 4046, 4094)
Area(3489) : (4309, 4270, 4176, 4148, 4150, 4299)->(4309, 4270, 4148, 4150, 4299)
Area(3530) : (4397, 4337, 4338, 4339, 4402)->(4397, 4337, 4339, 4402)

(7662, 7670, 7712, 7729, 7665)->(76

4.2.12 Trim/Extend Members

F |
Extend,Trim Member(s) [
=N

[¥] Trim Reference Line :

Members to Be Modifed
1,234567851011,12,13,14,15,16,17,18,15,20,21,22 2 a“

2

Options
Enable Member Intersection
[ Split Reference Member

[] Member Distance Tolerance

e | e |

ke

Click the Edit > Trim/Extend Members command to modify members by trimming or
extending them with the reference line which they are not parallel to.

User needs to input the reference line by selecting a member on screen. Further, user
needs to select members for trimming or extending or both.

Enable Member Intersection

To enable splitting reference member at the intersection points (if any) between the
modified members and reference member.

Split Reference Member

If this option is active, the reference member will be split into two members at the
intersection point.

Member Distance Tolerance

This indicates to split the reference member only if the distance of two points
perpendicularly between the modified member and reference member is less than the
[member distance tolerance].
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4.2.13 Split Members

Click the Edit > Split Members command to split the selected members into n equal
parts. In “Options”, you can offset the member with a given value along member local
y or z direction to specify the member imperfection manually or to create a curved
member by several elements.

F ~
Split Selected Members @

(@ Divide into 2 Parts
(") Break at Intersections with Selected Members

() Break at Intersections with Selected Modes

lgnore Free Modes

r |
Dptions @

Shape
() Straight

Cffset
Direction : @ Local y-ais
) Local z-ads

Amplitude: 0.002

Mote: el is amplitude, L is member length
or span, R is radius {if any).

[ 0K J ’ Cancel ]

e

You can break the members at intersections with selected members or selected nodes.

In Advanced setting, the variable I, CHS, Tee and RHS sections can be simulated by a
number of members with a series of uniform sections. The parameters of the section at
two ends will be input and the section will be changed uniformly from the large section
to a small one.
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-

Split Selected Members

i@ Divide into 2

Parts

(") Break at Intersections with Selected Members

(7) Break at Intersections with Selected Nodes

lgnore Free Modes

Variable Section

Prefix of Section

MName: Wl

Node1

Blem) 30,77
Dicm)  932.66
tflem)  3.20
twicm)  1.95

Node2
Bicm)
Di{cm)
tficm)

twicm)

Cancel

Advanced <<

) i,

@I/H ©CHS © Tee © RHS
¥ ItTf

4185

91.18 ! £

3.20 L

154 “%

4.2.14 Merge Duplicate Nodes

Click the Edit > Merge Duplicate Nodes command to join those nodes with duplicate
properties.

Merge Duplicated Nodes

Modes Distance Tolerance (mm). 1

Mode Retention Priority - ’

l Close l ’Report>>]

ke

The Nodes Distance Tolerance value according to the minimum size and the units of
the structure should be input before starting this action. After that, the nodes whose

distances are less than [Nodes Distance Tolerance] will be merged to one.

The Node Retention Priority option will help to select the node to be remained
automatically.

NIDA — Nonlinear Integrated Analysis & Design
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"Verge Duplicated Node N =]

Modes Distance Tolerance (mm}.  0.01

Mode Retention Priority - [Number of Loading v]

| Close | | Report<= |

(481)-=427; F
(486)->440;

(428)->470;

(475)->472,

(471)-=474;

(473,477)-=476;

Click the Report button to show the details of the nodes merged already.

4.2.15 Move Nodes

Click the Edit > Move Nodes command to move the selected nodes (including the

objects connected to the nodes) to the new position.
Shortcut : Toolbar : None Keys : Ctrl+M

e By Increment

This option is to move the selected nodes to a new position by incremental coordinates

in X, Y and Z axes with respective to the original one.

() Along Path

Increment

Incx:

Inc.Y:

Inc.Z:

e Along Path
This option is to move the selected nodes along a path defined by 2 nodes.
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Path (2 Nodes) :

Increment

Distance: 0

Note: The connected objects by the nodes will be changed after this operation.

4.2.16 Rotate Nodes

Click the Edit > Rotate Nodes command to rotate the nodes (including the objects
connected to the nodes) about X, Y or Z axis.

Direction : @ Clockwise

) Anti-Clockwise

User needs to select an axis and fill in two coordinates to determine the reference axis.
And then fill in the angle and select the direction to rotate. After that, the selected
objects will be re-generated by rotating the reference axis with the angle.

The original objects will be deleted forever.

4.2.17 Align Nodes

Click the Edit > Align Nodes command to align selected nodes (including the objects
connected to the nodes) to X, Y and/or Z coordinates or lines.

Align to Coordinate(s) option.
given coordinate(s).

The command is to align the selected nodes to the

NIDA — Nonlinear Integrated Analysis & Design
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() Align to Coordinate(s)

Reference Line (2 Nodes):

Modes to Be Aligned

2

4.2.18 Sort Serial Numbers

Click the Edit > Sort Serial Numbers command to re-sort the number of node, member,
shell, floor and spring elements according to their coordinates.

Sort Serial Number ﬁ
;
Second Order z -
Flor z. .-
[ Floar
[7] Spring

[7] Combined Member

| ok || coned

4.2.19 Check Node for Rigid Body Rotation

Click the Edit > Check Node for Rigid Body Rotation command to check if there are
any nodes which have not been rigidly linked.

If some of the nodes have not been rigidly linked, they will be shown as below.
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rNida I — r

Mode 25811 14 17 20 23 have no member rigidly linked.We
P l % recommend to have one member rigidly linked to each node,
Proceeding now 7

[ Nida |

l h All nodes have member rigidly linked! Mothing changed.

4.2.20

4.2.21

If all nodes have been rigidly linked, then a message dialog will pop up as below.

e

Important: Once some of the nodes have not been rigidly linked, the stiffness matrix

may be singular and the structure will be unstable, and the stability problem may occur
in the process of analysis. This checking is very important for nonlinear analysis.

Check Overlap Members

Click the Edit > Check Overlap Members command to check if there are any members

overlapping each other. The overlapped members can be stored in group for further

operation.

Check Overlap Members ﬁ

4 Tolerance Anale (@) :
M
a
Member 2 5|
embet i _ Tolerance Angle (b)
b1 Tt — b2
tember j 3
b =Maxibl, b2)

[7] Add Results to Group

| ok || Coneel

Check Coplane of Shell & Floor

Click the Edit > Check Coplane of Shell & Floor command to check if there are any
four nodes of shell and/or floor elements not in the same plane. The shell and/or floor
elements with noncoplanar nodes can be stored in group for further operation.

NIDA —
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[ Check Coplane of Shell & Floor &Jﬂ
Floor
Tolerance(in Degree): 3
Add Results to Group
[ oK ] [ Cancel

4.2.22 Find
Click the Edit > Find command to find the node, member, shell, spring, floor and area

objects by their unique numbers in the project quickly.

None

Shortcut : Toolbar :
[ Find )
@ Mode ) Member () Spring
() Floor ) Shell () Area
Ma.: 12
[ Find ] [ Close ]

Keys

Ctrl+F

Input the No. of a certain kind of objects (e.g. Node, Member, Shell, Spring, Floor and
Area) and click Find button. If the number is valid, the corresponding object will be
highlighted on the screen.
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4.3 Select
]
When the Select function is on, left click and hold the mouse to enclose all the
objects to be selected before releasing. There is a general rule regarding the direction to
which the mouse moves.

When the mouse moves rightwards following the paths like the arrows below, objects
with any part enclosed by the dotted line will be selected, indicated in black.

Z

N

4 4

When the mouse moves leftwards following the paths like the arrows below, only
objects with all nodes completely enclosed by the dotted line will be selected, indicated
in black below as well.

z "4
| {

To multi-select or add objects in addition to the existing selection, press the Ctrl key
while undergoing the Select procedure;

Or to unselect any one of a group of objects, press the Ctrl key and click on the objects
to be unselected.

4.3.1 Select All
Click the Select > Select All command to select all objects of the project.
Shortcut : Toolbar : None Keys : Ctrl+A
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4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.3.7

Deselect

Click the Select > Deselect command to deselect the objects which were selected on
the screen.

Shortcut : Toolbar : None Keys : Ctrl+D
Inverse

Click the Select > Inverse command to inverse the selection so that the unselected
object can be selected and the selected object becomes unselected.

Shortcut : Toolbar : None Keys : Ctrl +Shift +I

Nodes by Boundary Condition

Click the Select > Nodes by Boundary Condition command to select the nodes by
typical boundary conditions such as Fixed, Pin, Roller, Fully Free.

Members by Plastic Hinge

Click the Select > Members by Plastic Hinge command to select the members which
are allowed for plastic hinges or those are not allowed for plastic hinges by clicking
“Allowed” or “Disallowed”.

Shells by Normal Direction

Click the Select > Shells by Normal Direction command to select the shells by normal
direction. The direction vector can be defined by picking up members, shells or floors
on the screen.

Select Shells ]

Pick up the members, shells or floars on screen to
determine the direction vector or input the vector directly.

Direction % [i Y 0 Z 0
Vector(W0):

X 0 Y 0 zZ 0

Angle between Normal Vector and V0 == 5

[ Select ]| Close

Floors by Normal Direction

Click the Select > Floors by Normal Direction command to select the floors by normal
direction. The direction vector can be defined by picking up members, shells or floors
on the screen.

NIDA —
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r B
Select Floors M

Pick up the members, shells or floars on screen to
determine the direction vector or input the vector directly.

Direction X 0 Y 0 Z 0
Vector(W0):

®x 0 Y 0 zZ 0

Angle between Normal Vector and V0 == 5

selet | | Close |

4.3.8 Sections
Click the Select > Sections command to select members by section name.

[5275]5H5120x5.0
SH5160x6.3~
[S275]RHS160x80x4.0
[5275]3H3250x6.3
[355]58H5250x10.0~
[5275]RH3400x300x5.0
[S275]RHE400x300x12.5

| | cancel

4.3.9 Materials
Click the Select > Materials command to select members by material name.

| [ Gonee

4.3.10 Multi-select Objects

NIDA — Nonlinear Integrated Analysis & Design
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Click the Select > Multi-select Objects command to select the specified range of
objects by number.

Node ) Member
(0 spring () Floor

List of Objects

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

[ select | [ Close |

Select the object type and input the number of the objects or pick up them from the
screen. Click the Select button and the selected objects will be highlighted on screen.
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4.4 View

44.1 Set3-D View
Click the View > Set 3-D View command to adjust the 3D view.

[ Set 30 View =)
Rotation
X &2 YH z£~s
Angle:  E
>
| Besst || Aoy |

The X, Y or Z axis can be rotated with a specific angle for better view.

The 3-D view could also be set by clicking the button in view bar.

Relative topic: Set 2-D View

442 Set2-D View
Click the View > Set 2-D View command to set the 2D View.

Set 2D View |

........................

@Y-ZPlanei  X=  [5.1440 S
#-Z Plane Y= 0.0000
(71 ¥ Plane Z=

| ey | [ cance

LS

The Y-Z, X-Z or X-Y plane could be selected by choosing an appropriate X, Y or Z
coordinate.

The 2-D view in Y-Z, X-Z or X-Y plane could also be set by clicking the ,

@xz v or 8 vz v|button in view bar.

Relative topic: Set 3-D View

443 Zoom
Click the View > Zoom command to enlarge a specific part of the model to view.
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Shortcut : Toolbar : 7 Keys : None

4.4.4 Zoom In and Zoom Out

Click the View > Zoom In or View > Zoom Out command to zoom in or zoon out the
model on the screen.

Shortcut : Toolbar : & & Keys : +,- (in Num. keyboard)

4.45 Fit to Screen

Click the View > Fit to Screen command to redraw and fit the entire structure on the
screen.

Shortcut : Toolbar : & Keys : Alt+Z

446 Pan

Click the View > Pan command to move the entire structure on the screen. The mouse
pointer will change to “Hand” sign.

Shortcut : Toolbar : &7 Keys : Arrow (up, down, left, right)

44,7 Rotate

Click the View > Rotate command to rotate the entire structure on the screen.
Semi-circular arrow will be shown on the plotted area for rotating the structure by
moving the mouse.

Shortcut : Toolbar : @ Keys : A, S,.D,W

4.4.8 Visible/Invisible

Click the View > Visible/Invisible command to select the different objects to be
displayed on the screen.

Shortcut : Toolbar : == Keys : F4
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r N
Visible/Invisible Settings [

Area Member / Cable Node

~ [¥] Member = Node

E :“mb‘“ifn' Cable M2 7] Number

S
eme on B (] Number #% [C] Boundary Condition

Floar .
. Floor [7] Material Number z [ Support Spring

[7] Number [ Material Name l{D AE i

[ Nomal Direction [ Section Number S

[C] One/Two-Way [7] Section Name @ By Section
Shell [[] Length ) By Material

[ Shel % [ Local A © Uniforn )

[] Number Bending Stiffness

[ Momal Direction ZY O about y-y ads Show Number

K Bending Stiffness [ Selected Only

[C10ne/Two-Way ZZ Dabout 7-Z &ds Others

Fill Deformed [ Aal Stiffness += || Spring Blement

Fill Undeformed [ Torsional Stiffness I‘E [ Global fds

ok | [ Canesl | [ ey |

Select the item by a “tick” in the box, and then press OK or Apply button. Your
selected items will be displayed on plotted area.

4.4.9 Show Selection Only
Click the View > Show Selection Only command to view the selected objects only.

Shortcut : Toolbar : £4 Keys : None

e Before operation:

2 Nida - [Untitied.dat o ]
SE] Fle Edit Select View Construct GrAgsign Analysic Post Tools Window Help
DSE|: BEloc | Gns madBe s |dotelkls iy Es
Q AT E RS
] =g Untitled dat -
2 & Materials
=l (155 Frame Sections
~ X uB305:a2742
i - Shell Sections
o
at
&
]
Pl
N X
7 Ttem Type
No. 1
Length 2236
Weight 0919
Slendemess() 8285
Slendemess(Z) 1804
Node1 7
Node 2 8
Section UB305:127:42
Angle 000
Bending Stiffness 1 (y.. Rigid
« i
wRead! I Unit : kN, m I |

e After operation:
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4.4.10

4411

4412

4.4.13

51 Fle Edit Select View Construct Gr-Agsign Analysis Post Tools Window Help

DSHE $BR o |(Ghs 88 R g |@Ee k(s 1|z [Es
]
Q Ll e
& Eraf Untitled.dat
5 Materials
= =0 Frame Sections
~ X UB05:d27:42
et =3 Shell Sections.
v A Shell 1
¢ -3 Load Cases
] Self Weight(1.00)
4 ead Load(1.00)
¥ B L d(1.00) L]
'Wind Load(1.00)
f‘ 5 Combined Load Cases
> T Details ax
N x Attributes Values nl
Trem Type Membe
Ne. 14
Length 223
Weight 0919
Slendemess() 8285
Slenderness(Z) 18.04

Nede1
Node 2

Section

Angle

Bending Stiffness 1 (y..
o i

8

UB305:4 27,42
000

Rigid

Unit : kN, m

To reshow all objects, un-press 3 button in the Toolbar.

Remove Selection from View

Click the View > Remove Selection from View command to remove the selected objects
from the screen. To show the hide objects again click the View > Show Selection Only
command.

Shortcut : Toolbar : None Keys : Alt+R

Extrude View

Click the View >Extrude View command to access the extrude view. The section shape
of members can be shown on the screen. Select member(s) and zoom in, then the shape
can be viewed more clearly. This function can help to identify the member local axis.

Shortcut : Toolbar : Keys : None

Un-press X button, then the members will be redrawn by line only.

Perspective Mode
Click the View > Perspective Mode command to view the model in perspective modes.
Shortcut : Toolbar : 7

Keys : None

Toolbar

Click the View > Toolbar command to select the toolbar items, standard, view, snap,
output, post, properties and details window, to be shown in the main window.

To reset the toolbars to default location click the View > Toolbar> Reset command.
Reference: Graphical User Interface

NIDA —

Nonlinear Integrated Analysis & Design 38



Menus

4.4.14 Status Bar

Click the View > Status Bar command to select whether or not to show the status bar at
the bottom of the window.
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45 Construct

45.1 New Material
Click the Construct > New Material command to define a new material.

New Materials £
General
g zme: 5235 Import ﬂ——l
- Bl
Type: | Steel - Mai‘rial Table ﬂ

() Poisson’s Ratio 0.3
@ %’;:rm":"ﬂiﬂﬂ;g} 7.88462+007
Standard: |BSEN -
Young's Modulus of 2 0500c+008 Grade: S335 -

Elasticity fkN/m2)
Density fkM/m3) 77

Coefficient of Thermal 1 4n00e-005
Expangion
“ield Stress, fy feM/m2)  2.3500e+005

[ OK ] [ Cancel l

oK | [ Cancel | [ Apply

Click the Import button to import a new material according to the available design
codes, and the material properties will be filled in the material dialog automatically.
The material properties can also be input manually.

After the material is defined, the new material entry will be shown in the Properties
Window on the right side of the screen. Right click the head of material, then a pop-up
menu will be shown as below.

= g Nommedat  Right click &
=3 Materials  ——p | MNew Materials... |
B 5235

Set Visible/Invisible
Sort Materials...

L
B s4a0
(=} Frame onz
£ CHE508.0x16.0~
L L120:120:1 54
IC UBD14:305:201#
T Dalo0x100%s
=10 Shell Sections
A& Shell 1
2 Shell 2

Delete, Duplicate or edit the properties of the selected material, and Set Color for the
material by right clicking the Material Row of Properties window.
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Delete

Duplicate
Set Color

Properties

To edit a material, double click the head of material and the Material Dialog will pop
up. Change the values and click OK button

To Delete a material, highlight the head of material and press <Delete> key. Noted that
only the mateiral which has not been assigned to any objects can be deleted directly.

45.2 New Frame Section

Click the Construct > New Frame Section command to define a new frame section. A
group of sections could be added by using Construct > New Frame Section>Import
Sections command and the section type be selected from available section table. There
are several commonly used section types available according to the five major standard
codes such as U.K., China, Europe, U.S. and Japan codes.

Shortcut : Toolbar : 5~ Keys : None
P |
Section Table
LK. - 1/H -
Mame Bicm) Dicm) Thicm) twicm) Arealor
UB457x 15274 15.44 46.20 1.70 0.96 54.50
UB45 715267 15.38 45.80 150 0.50 85.60
UB457x 15260 15.29 4546 1.33 0.81 76.20
UB457x 15252 15.24 44 93 1.09 076 BE.60 |:|
UB406x1 7874 17.55 4128 1.60 0.95 54 50
UB406 17867 17.88 40.94 143 D88 85.50
UB4D6x 1780 177 40.64 128 079 76.50
UB4061 7854 17.77 40.26 1.09 077 69.00
UB406x 1 4ke46 1422 40.32 1.12 0&8 58.60
UB406x 1435 14.18 35.80 0.86 D64 45.70
UB356:171xE7 17.32 3634 1.57 0.91 85.50
UB356x:17 157 17.22 35.80 1.30 0.81 7260 -
4| 1 | F
[ ok | [ Caneel
L

Select the frame section(s) and click OK button.

Sections could also be added one-by-one using Construct > New Frame Section> New
Sections command.
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[ Section ﬂ-‘

General I Members I

E Name:  HEZ00B [ Import .. ] | ¥ | H

Type: [5. |/H-section v] [ Customize. .. J

Material: |S235 -

H—{ ]

i)

Section Properties (Analysis) offe
Cross Sectional Area (A): 7.8100=-003 %
Shear Area Comection Factor: 0 Dimensions
Second Moment of Area (i) 2.0030e-005 B: D2
Second Moment of Area (lz): 5.6960e-005 D 02
Torsional Constant {J): 5.5700e-007 T 0015

Section Modulus (Design) tw:  0.009
About y-ads (Zy): 2.0000e-004 - Use Bz: |0

- Elastic(Z) T2 |0

About z-ads (Zz): 5.7000=-004 - |0

) - se - In

About y-ads (Sy): 2.4000e-004 @ Plastic{S) S
About z-ads (Sz): 6.4300e-004 Recalculate

(@ Rolled Section ) Fabricated Section ) Coldformed @
Suppress Frame Eigen-Imperfection : i Yes @ Na @

Imperfection along Minor y-ads © /300 Plastic

glong Major z-axis . L4000 -

Stress Type : | Direct Sum of Stress v]

[ OK ][ Cancel ] Boply

A

Sections could be imported from available section table by clicking Import button in
the New Section Window.

User can also define a section by input the dimensions directly by clicking the
Customize button.

F ™y
Customize Section @

Section Shape: [5_ T ,]
— Show All
MName 1. Rectangular sm) twicm) Areajocm?2) byl
2. Circular

3. Box[RHS/5HS/Tube]

4. CHS Piie

5. I/H-gection

6. Mona |-Section
7. Channel

8. Single Angle

3. Tee Section

10. Double Angle
11. Double Channel
12. Double Box
13. |-Box Section
14. Two Baox

15. Z-Section

16. Cross Plate

17. Trap. Hollow
18. Triangle Hollow

| N I | 3

[ impot | [ add. [ Modty. |[ Dete || Qo |

There are 18 types of section available for customization, i.e. Rectangular, Circular,
Box [RHS/SHS], CHS [Tube], I/H-Section, Mono I-Section, Channel, Single Angle, Tee
Section, Double Angle, Double Channel, Double Box, I-Box Section, Two Box,
Z-Section, Cross Plate, Trap. Hollow and Triangle Hollow.
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Noted that only the sections with typical shape (e.g. Box [RHS/SHS], CHS [Tube],
I/H-Section, Channel) specified in design code can perform member stability check.

Select the section shape, and then click the Add button to input the dimensions of the
section. After that, click the Import button to import this section, and the section
properties of the customized section will be input in the New Section window.

r m— ~
Customize Section @
— )

Section Shape |5, y-section -

L B " Do Tilcmas Y "

5. I/H-section @
Mame: | W Tf
Dimensions (Unit: mm) ) :
B: 100
D: 200 L z >
T 10
tw tw

B2:

1 b
Ti2:

-l
1

ds:

ok [ camems | [ mpot | | [ Add. |[ Modity. |[ Deete |[ Close

Either elastic section modulus or plastic section modulus can be selected by clicking
Use Elastic (Z) or Use Plastic(S) button. The plastic section modulus is limited to 1.2
times the elastic modulus by default and user can modify it if needed.

Generally, NIDA will check the section classification by design code if the design
function is active in analysis. If “b/T” and “D/t” ratios cannot meet the requirements of
the code (e.g. Class 3 and Class 4 sections), the elastic section modulus will be
automatically used even the option “Use Plastic(S)” is selected.

Section Modulus
about y-mds (Zy) 3.3487e-005 @ gs:éﬁma
about 2-ads (Zz) 2.1955¢-004 :
about y-axis (Sy) 5.2880e-005 ©) gliestic[S}

about z-ads (Sz) 2.5480e-004

Suppress Frame Eigen-imperfection option enables the ignorance or allowance of the
members under this section group in computation of Eigen-imperfection of the frame.
This may be required by bracing members to avoid buckling mode of the frame being
dominated by the buckling mode of the braces.

Select the section type by clicking the Rolled section, Fabricated section or
Cold-formed section button. In some design codes (e.g. CoPHK 2011) the design
strength p%, of the compression member using fabricated section should be reduced by
20 N/mm*®. For other cases, user may enlarge the member imperfection by code for
fabricated and cold-formed sections.
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By default, the member local P-6 imperfection will be set for different section types
according to the design Code in use. For Eurocode-3 (2005), there are two types of
initial imperfection to select from, i.e. “Elastic Imperfection” and “Plastic Imperfection”
respectively.

The member imperfection is valid for nonlinear analysis and time history analysis. For
other analysis cases, the member imperfection will be automatically ignored.

Impefection along Minory-=ds | /500 Elastic Imp.
along Major z-amis | L4000 Flastic Imp

Generally, the Stress Type of circular and circular hollow sections should be
“Square-root of Stress” while other type of sections can be “Direct Sum of Stress”

JM2+M2
Square Root of Stress = % T S A

M

c

M
Direct Sum of Stress = E+—y + M,

M

cy cz

To create a group of tension members, set Stress Type as “Tension Only”. This option
is usually for cable elements.

To create a group of compression members, set Stress Type as “Compression Only”.
This option is usually for soil spring element, infilled wall.

User can modify the section properties by changing the dimensions. After changing the
dimensions, user needs to click the Recalculate button to confirm and calculate the
new values to overwrite the old ones.

Drimensicons

B 04

T 04

T 0.035%

ta: | 0.025 [ Nida =25

B2 |(]

Ti2: | (] l . Dimension(s) changed, recalculate section properties?
Recalculate [ ves || Mo || Concel

Click the Advanced button to view the advanced section design properties information.
If the properties are zero or blank, the program will automatically calculate them by
their dimensions if needed. Once the properties are input, the program will adopt the
user defined values for design. For slender (Class 4) section, the effective properties
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should be filled in if the effective width method is used, otherwise, the effective stress
method will be used. Also, the plastic limit could be modified in this dialog.

-— — -
ection Design Properties - &J
Limit for Plastic Modulus
[ Max. Sy = =7y Max. Sz= 1.2 7z ]

Effective Properties
Radius of Gyration (ry):  0.027

Aeff. 0
Radius of Gyration (rz):  0.124

Zyefii+): 0
ShearArea (Aw): 0 Zzefi(+) 0
Shear Area (Avz): 0 Syeff. 0

Sz eff: 0
Buckling Parameter (u); 0.872 Zyefii-): 0O
Torsional Index (x): 26.6 Zzefii-y 0
Warping Constant (lw):  8.46e-008 MNote: For slender

section anly.

Mote: For beam buckling only.

[ OK Jl Cancel l

The new frame section entry will be shown in the Properties Window on the right side
of the screen. Right click the head of Frame Section, a pop-up menu will be shown.

2 g% Wonsme dat S

=55 Materials
8 sos
8 w7
S 460 Right click

=W} Frame Sections R —— | Mew Frame Sections...
) CHE508 0x160~ Import Sections......
L L120x120x15# Set Visible/Invisible
I UB14:505:2014 Sort Sections...
'“' DA 100100

= Shell Sections
A Bhelll
£ Fhell 2

Delete, duplicate and change the settings of the frame section by right clicking the
Frame Sections Row of Properties window.
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| Delete

Duplicate

Assign to Selected Members
Set Material

Recalculate

Add to Section Table

Uze Elastic(Z) Section Modulus
Use Plastic(5) Section Modulus
Set Default Imp.

Set Imperfection

Set Color

Aute Color

Copy to Text

Properties

45.3 New Shell Section
Click the Construct > New Shell Section command to define a new shell section.

[Shell Section

B e Shei2

Material: ’Annealed

Type: | shell

Thickness(Bending): 0.015
Thickness(Membrane): | 0.01§|

o [ G

Input the name of the shell, thickness of the shell for bending and membrane, also
select the defined material and type for the shell section in the Shell Section window. If
the “Membrane Only” or “Plate Only” is selected, more boundary conditions may be
needed to restrain the in-plane or out-of-plane degrees of freedom.

In most cases, the thicknesses for bending action and membrane action should be same.
For some structural elements, the stiffness contribution of bending and membrane may
depend on the behavior of materials used. For instant, the bending stiffness of concrete
slab may be significantly affected by the concrete crack and in such case the bending
thickness should be reduced accordingly.

Noted that when the thicknesses are different the self-weight and structural masses will
be calculated using the maximum one.

After the shell section is defined, the new shell section entry will be shown on the
Properties Window on the right side of the screen.
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B g% Nonsmedat ~
=55 Materials
& 525
8 575
S 480
(=B i} Frane Sections
&) CHI508 0xl6 0~
L. L120x120x15%
IC UB914:x305:2014
1 DA100E1006 Right click
o2 ShellSeetions  ———————F1  New Shell Sections... |

. Shel 1 Set Visible/Tnvisibl
A Shell 2 151 MISIDe

Right click the head of Shell Sections, and a pop-up menu is shown. Delete, duplicate
and change the settings of the shell section by right clicking the Shell Sections Row of

Properties Window.

| Delete |

Duplicate
Set Material
Set Thickness
Set Color
Aute Color
Copy to Text

Properties

454 New Nodes
Click the Construct > New Nodes command to define a new node.
Shortcut : Toolbar : &* Keys : None

Fill in the nodal coordinates in the dialog, and then a new node will be created and

shown on the screen.

i Mew Mode lﬂ‘

= Moo 470
X: 0
Y: 0
Z: 0

[] Offset to Node 0

| sopy | [ Close |

b

Offset mode could also be used to create a new node by filling in incremental

coordinates.

NIDA — Nonlinear Integrated Analysis & Design

47



Menus

F N
New MNode lﬂ

B No.: 471
DX: 5
Dy: 0
pz: 0

[¥] Offsetto Node 470

oo [ Gess ]

e

The node properties can also be changed by simply double clicking it on the screen and
then a node properties dialog will pop up.

455 New Members

Click the Construct > New Members command to define a new member.

Shortcut : Toolbar : & Keys : None
Member Properties ﬁ

Section: IIPE-WD "']

End Condition: [Both Figid .]

Select the section and end condition of the new member and select the starting and
ending node for the new member.

4.5.6 New Spring Elements
Click the Construct > New Spring Elements command to define a new spring element.
Shortcut : Toolbar : & Keys : None

rSpring Element L-élﬂ

General | Stffness |

wa No.o Length : 0.050

Orientation Angle | Local Axis )

@ In Degress 0
1 K-Node -1

MNode 1 Mode 2
Na.: 4 Ma.: 1
] 0
] 0
Zz 0.05 Z 0
[ oK ] ’ Cancel ] pp

A

User can input or select two nodes on the screen to define a spring element. Each node
has six degrees of freedom. The definition of the local axis of the spring element is
same as general beam-column element. The local axis is important as the element
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stiffness is formed in this coordinate system first and then transferred to global
coordinate system.

The element stiffness matrix is formed by six independent springs, i.e., axial spring,
shear springs along y/z-axis, torsional spring, bending springs about y/z-axis. If the
contribution of the spring is ignorable the corresponding spring can be left blank.

Noted that the spring model can be defined in “Semi-Rigid/Spring Models”. If the
nonlinear spring model(s) is used, the spring element may behave nonlinearly.

[ Spring Element @1
General Stiffness ]
Fodal Spring:
Shear Spring along y-axis -
Shear Spring along z-zds :
[¥] Torsional Spring :

o B =+(CLASS B)-MB(CRUCIFORM BENDING
Bending Spring about y-2ds - 'RaC 4SS B}MT(ROTATIONAL MOMENT)

Bending Spring about z-axis : | RA[CLASS BF-MT{l +

5

[ ok || cancel |

The new spring element would appear on the screen when the OK button is clicked.

457 New Areas
Click the Construct > New Areas command to define a new area.
Shortcut : Toolbar : [ Keys : None
MNew Area IE'
Area l
Ma.: 1
Section : [Glass w7
Area Boundary Node Chain: @
1234
l Apply ] l Close ]
In the New Area window, input or pick up the nodes on the screen which are used to
form an area. Click the Apply button and a new area will be created.
A new area could also be created by clicking the shortcut and picking up the nodes on
the screen.
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45.8

To obtain more information about the construction of an area, click the information

button[.,

Warning: Areas are not structural objects and therefore all their properties such as
section assignment and loading assignment are invalid in the analysis before they are
converted to floor or shell elements. The area properties will be converted to the
corresponding floor/shell properties after they are converted to floor/shell elements.
The function of AREA is to help to create complex structures with floor/shell
elements.

New Load Cases
Click the Construct > New Load Cases command to define a new load case.

Shortcut : Toolbar : [ Keys : None

General l Loading ]

Mame :
Type: | Wind Load -

Mo. : 4
Factor: 1.0 -
[ Auto Seff Weight

[ Show Loadings on Structure

Show Values

[ ok || cancel || feply

A load case is a container to save loadings, such as dead loads, live loads, wind loads
and so on.

Fill in the load case name and factor in the New Load Case window. Click Show
Loadings on Structure and Show Values buttons to show all of the loadings as well as
the values belong to them on the screen.

If the self-weight are to be added to all members, shells or floors in the load case, click
the Auto Self Weight button. Click Settings button and a dialog will pop up as below.

-

Auto Self Weight

Amplification Factor:  []]

Direction +/-
)( +
@Y @-
Bz

[¥] All Members

[T] Al Floors
[7] All Shells

ok [ gomen |

A - —

After the load case is defined, the new load case entry will be shown on the Properties
Window on the right side of the screen.
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45.9

=0 na | Mew Load Case.. =3 Load Cases
Y Se , .
Dead Generate Combined Cases | | 7 self Weight(1.00)
D [&) Dead Load (j00
|_i\.rel_ Gene-ra-teAnaI?.fs-ls Cases | ¢ @ Li Lol[l Delete
- [B Wind Set Visible/Invisible |} 0 i Wind Load Duplicate without Loadings
== Combing = ;
Comb Sort Load Cases... =+ Combined Loa Set Load Factor
o ] COME — D Comb1
[ Comb2 i i Comb 2 Properties
Combs i i Comb 3
I Groups -4 Groups
-0 Advanced Groups - Advanced Groups

Right click the head of Load Cases, a pop-up menu will be shown. Delete, duplicate
and change the load factor and properties of the load case by right clicking the Load
Cases of Properties window.

New Combined Load Cases

Click the Construct > New Combined Load Cases command to define a new combined
load case.

Mew Combined Load ( X .,_|

MName: Comb1 + MNoo 1 Factor: 1.0

General Load Case: Combined Load Case:

Self Weight Load Case
Wind Load Live Load
ive Loa

Dead Load

] ’ Cancel ] [

A combined load case is a group of load cases with load factors for ULS (ultimate limit
state) check, SLS (serviceability limit state) check or other purposes. A combined load
case can be used in a linear, nonlinear, eigenvalue buckling or time history analysis.

Fill in name and factor for the new combined load case in the Combined Load Case
Window.

To add load cases into the combined load case, one or more existed load cases should
be selected from the left side, provide a load factor for the load cases, and press
button to add to the new combined load case. All of the load cases could be added
together into the combined load cases by pressing At- = | putton.

To remove load cases from the combined load case, you have to select one or more
existing load cases from right side and press |_==_| button to remove from the new
combined load case. All of the load cases can also be removed from the combined load

cases simultaneously by pressing button.
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After the combined load case is defined, the new combined load case entry will be
shown in the Properties Window on the right side of screen. Right click the head of
Combined Load Cases, and a pop-up menu will be shown. Delete, duplicate and
change the load factor and properties of the load case by right clicking the Combined
Load Cases of Properties window.

Analysis cases could also be generated directly with the selected combined load cases.

E|=_} Combined Load Cases

oy
e ; Delete
¢ _
E‘ ﬁ dluad MNew Combined Load Cases... Duplicate
[ Comb2 Generate Analysis Cases Set Load Factor
Sort Combined Load Cases... | Generate Analysis Cases
Properties

,_3' Advanced Groups

4.5.10 New Combined Members

Click the Construct > New Combined Members command to combine a group of
selected elements into a combined member for easy checking of deflection or consider
the imperfection as a single member. For the latter use, the combined members will be
like super elements.

All elements in a combined member should be continuous and parallel to each other.
When considering member imperfection, all elements in a combined member should be
assigned with same section and the local axes of all elements should be same direction.

Shortcut : Toolbar : None Keys : F7

If several members are successfully combined, a message will show as follows:

l L 1 Combined members generated.

To edit, delete the combined members, double click the head of “Combined Members”
in Properties Window on the right side of the screen as below.
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wf TR A
g%, pinned-pinned(¥)_4E.dat
l,j Materials
-3 Frame Sections
.[59 Shell Sections
@ Load Cases

J.i' Combined Load Cases
@ Groups

E@ Advanced Groups
‘Combined Membersi

.. Diaphragms

A dialog will pop up as below. This dialog shows the number of elements, total length
and setting of imperfection of each combined member.

To add a combined member, please select a group of elements on screen and then click
“Add” button.

To modify the imperfection, select a nhumber of combined members and choose the
direction such as “Both Axes”, “y-axis” and “z-axis” in “Options” and then click
“Modify” button.

“Both Axes” means that the imperfections of both major and minor axes will be treated
as a single member which follows a sinusoidal curve. “Y-axis” means that the
imperfection of the combined member in y axis will be treated as a single member
while the imperfection in z axis will follow the individual elements of it.

Combined Members ﬁ
Ma. Elements Length Imperfection
|
|
|
@}
|
|
|
|
|
|
|
G |
|
|
Blement List of a Combined Member: — :<— €g
1425 :
|
21 1
[ [ ][] |
| Select | [ Check Overap | | Check Duplcate | I
— : Imperfection in one
| direction of a
Congzider Imperfection az a Single Member | .
Along: (@) Both Axes () yads (D) z-ads (1) | combined member
|
[ Ange > 175 [] Same Section |
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Imperfection of each -
. Imperfection of all

element along y-axis )

elements along z-axis

as a single member

Imperfection of a combined member in “z-axis”

Generally “one element per member” is adequate to capture the structural behavior in
NIDA. The imperfection of combined member is usually for a member divided into

several elements or a physical member spanning across multiple members and its
buckling lengths in two directions are different.

4.5.11 Diaphragms

Click the Construct > Diaphragms command to define a new diaphragm. A diaphragm
is a group of nodes in the same plane connected to a C.G. Node with internal spring

elements with infinite stiffness “-1”. Generally, the nodes at the same story can be
assigned to a diaphragm.

Click Add New to define a diaphragm. The default stiffness of internal spring elements
is set as “-1” which means infinite stiffness. User can change the stiffness if needed.
When the stiffness is zero, the diaphragm will be ignored in the analysis. The default
C.G. Node is zero which means the C.G. Node should be further determined by user.

Select a number of nodes on the screen and choose Add Sel. Nodes, and then click OK
button to add nodes to the selected diaphragm.

Select a number of nodes on the screen and choose Remove Sel. Nodes, and then click
OK button to remove nodes from the selected diaphragm.

User can edit the CG Node and Stiffness manually or click Cal. CG Node to determine
it automatically.
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17

l Add MNew ] l Delete ]

[ Cal. CG Node ” Copy to Clipboard ]

| Add Sel. Nodes | lRemove Sel. Nodes]

(o] [ome]

After the diaphragm is defined, the new diaphragm entry will be shown on the
Advanced Groups of Properties window on the right side of screen.

4.5.12 Response Spectrum Functions

Click the Construct > Response Spectrum Functions command to define a new
response spectrum function.

Three seismic design codes, i.e. GB50011-2010 (China), Eurocode8 (2004) and IS
1893:2002 (India), and User Defined are available for defining a new response
spectrum. After selecting the design code, click the Add button to define a new
response spectrum function.

& |
Define Response Spectrum Functions ﬁ

Code: [GB50D11(2010) - Add
List: Modify
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GB50011 (2010)

-

Chinese Code: GB50011(2010)

Type: |Period vs. Sa/g Damping Ratio: 0.05
Seismic Intensity (S1): 7(0.15q) -
Max Influence Factor (Amax): 012 -
Period Reduction Factor: 1

Characteristic Ground Period (TG)
Seismic Design Group:
[ Customize: 0.35

Name: [ 5 B50011(2010]

Influence Factor

0,132
0.08%
0066
0033

00003 £0 1.20 1.50 2.40 3.00 3.60 4.20 4.50 5.40 6.00

Period

[ ok || concel

)

%

Seismic Intensity (SI) level: Six levels are available for selection.
Max Influence Factor (Amax): Two values are available for selection.
Characteristic ground period (TG): This value can be determined by.

(1)Site Classification and Seismic Design Group
Site Classification: Four site types are available for selection.
Seismic Design Group: Three groups are available for selection.

(2)User Defined

Customize: Define the characteristic ground period TG manually.
Function Damping Ratio: Enter the function damping ratio.

Period Reduction Factor: Range from 0 to 1.0. This value is to consider the influence

of non-structural elements such as infill walls to the periods.

Eurocode8 (2004)
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45.13

F ™
Eurocode8 (2004) [

NEV = [Eurocode8 (2004

]

Type: |Period vs. Sa Damping Ratio:  0.05

Function Direction: Ratio (avgfag): 1

Horizontal Ground 0.4
Accelation (ag): '

Spectrum Type: TB: 0.15

TD: 2
Soil Factor (5): 1.4

Spectrum Period

Lower Bound Factor (beta): 0.2

Behavior Factor (q): 2
0,770
0.577
]
S 0485
0.192
00005725 1,10 1.65 2.20 2.75 3.30 3.85 4.40 4.55 5.50
Period
[ oK ] l Cancel
L'
e 151893 (2002)
F ™
IS 1893(2002) [
Name: [ ENEEEE) |
Type: Period vs. Sa/g Damping Ratio:  0.05
Seismic Zone Factor (Z): 0.16
Importance Factor ([): 1
Response Reduction Factor (R): 3

[Nots: Ah=Z°1*Sa /(2R "a}]

.

b

Seismic Zone Factor (Z): Enter the value of seismic zone factor
Important Factor (I): Enter the value of importance factor

Response Reduction Factor (R”): Enter the response reduction factor

Soil Type: Select the soil type

Time History Functions

Click the Construct > Define Time History Functions command to define a new time

history function.
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Seven types of functions, i.e. User Record (Constant), User Record (Variable), Sine
Function, Cosine Function, Ramp Function, Sawtooth Function and Triangular

Function are available for defining a new time history.

. N
Define Time History Functions @

Type: | User RecordiConstant) V] Add

L

e User Record (Constant)

F ™y
User Time History Record (Constant Time Interval) [&J
Mame: USER-CONS Time Interval:  0.02
Relationship: [Time vs. Acceleration v] Scale 1
Edit Data ... | Response Spectrum .
2101000
S1050.500
|
5 o000
=
-
=3
<21050.500
-210L.000 535 10.69 16.04 21.38 26.73 32,08 37.42 42,77 48.11 53.46
Time
PEAK 2101.000
AT 11 440 SEC. (48.825, -47 735) ’ oK ] ’ Gancel ]

%

To scale an earthquake or artificial wave, user can select “By” or “To” mode. For “By”
option, the wave will be scaled by multiplying the factor. For “To” option, the scale
factor is equal to [given value] / [peak value].

Scale 1

to

To create elastic response spectrum, click Response Spectrum button. The obtained

spectrum can be plotted against those defined in Response Spectrum Functions.
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-
Elastic Response Spectrum

=

Mame: USER-CONS

Damping Ratio: 0.05 Response Spectrum Functions:

Scale Factor: 1 Draw

GB50011(2010)
[

[n} Damping... Scale Fa..
1 0.050 0.2

©salg @PSalg OV OPsY  ©sd

0.132
-1
-1
0.099
3
3 o066
By
0.033
00007560 120 180 2.40 3.00 3.60 420 4.80 540 6.00
Period
PEAK 0.127
3.260, 0.025
AT 0.080 SEC. (B2E00020) ok || cancel

e User Record (Variable)

-
User Time History Record (Variable Time Interval)

Name: USER-VAR Time: Value:
o
Relationship: [Time vs. Acceleration v] Scale 1
No. Time Value = B
’RESPOHSE Specum .| | 4 p -0.2458
2 0.02 -0.1081
0.550 3 004 0.0677
- 4 008 0.1652
g % 5 008 01165
g 041 0.107
5 0000
s 7 012 0.2215
=)
£ 0275 g8 014 0193
9 016 01707
0550365 739 11.08 14.78 1847 22.16 25.86 29.55 33.25 36.94 10| 018 0.0616
Time il T 3
(36.940, -0.011) l oK ” Gancel ]

e Sine Function
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-
Time History - Sine Function

===

Name: Relationship: | Time vs. Acceleration v]

Num. of Cycles: 5

Amplitude(Al): 1

Period(T): 1

1.000
_E 0.500
5
5 0000
[-F]
5]
=3
2 _0.800
L0050 00 LSO 200 2.50 3.00 3.80 400 450 500
Time
[ ok | | cance
e Cosine Function

-
Time History - Cosine Functicn

S

MName: COSINE

Mum. of Cycles: &
Amplitude(AQD): 1

Relationship: | Time vs. Acceleration v]

Period(T): 1

Acceleration

1.000

0.500

0.000

-0.500

L0 %0 100 LE0 200

280 200 350 400 450 &
ime

oK | [ Cancel

Ramp Function
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-
Time History - Ramp Functicn

===

Name: |G

Total Time: 20

Amplitude (ADY 1

Relationship: | Time vs. Acceleration v]

Ramp Time (TO): 1

Lo00

0.750

0.500

Acceleration

0.250

00007300 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Time

[ OK ] ’ Cancel

e Sawtooth Function

-
Time History - Sawtcoth Function

==

Name: |EEMGI]

MNum. of Cycles: 5

Ramp time(T0): 01

Relatienship: | Time vs. Acceleration v]

Period(T): 1

Amplitude(A0) 1

Lo00

0.500

0.000

Acceleration

-0.500

L0y S0 100 1.0

2.00 250 3.00 3.50 4.00 450 5.00
Time

OK | [ Cancel

e Triangular Function
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r h
Time History - Triangular Function M
Mame: m Relationship: | Time vs. Acceleration v]

Num. of Cycles: & Period(T): 1

Amplitude(A0): 1

1.000

0.500

0.000

Acceleration

-0.500

L0 s 00 LSO 200 2.50 3.00 3.80 400 450 500

Time

[ ok | | cance

4.5.14 Semi-Rigid/Spring Models

Click the Construct > Semi-Rigid/Spring Models command to define a semi-rigid
model for beam-column element or a spring model for spring element and support
spring.

i

Define Semi-Rigid/Spring Medels

L]
—

T‘_-'PEZ[ Moment-Rotation
Model: | Linear Model v]

List:  [RA(CLASS BFFP(PULL APRT) Add
RA(CLASS BMFS(SLIPPING FORCE)
RA(CLASS BF-MB{CRUCIFORM BENDI| [ Modiy
RA(CLASS BHMTIROTATIONAL MOME

Fe

Delete

Close

b

Type: Two kinds of relationships, i.e. Moment -Rotation and Force-Displacement are
available.

e Moment-Rotation
(1) Linear Model
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-
Moment-Rotation

Linear Model

30000.000

E:snn.nw
gsuun.noﬂ
=7500.000

0.000

001 001

Name: | [

Initial Elastic Stiffness (Re)

Litimate Rotation (Theta p)

I

OK

| [ Cancel

(2) Bi-linear Model

-
Moment-Rotation

Bidinear Model

240,000

£ 180.000
5

E 120,000
= 60.000

0.000 000 0.00

Name: MR

Initial Elastic Stiffness (Re)
Yield Momert (MO}

Yield Rotation (Theta 0)
Utimate Moment {Mp)

Ltimate Rotation (Theta p)

000

000 0.00
Rotation

2e+005
2e+002
0.0m
240
0.002

|

oK

| [ cancsl

(3) Three-parameter power model
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r h
Moment-Rotation u
Three-parameter Power Model (Kishi & Chen 1587)
80,885
£ 38141
s
E 25,427
E 12.714
0.000 0.0z 004 006 _0.08 0.0
Rotation
Name: MR7 @
Initial Elastic Stiffness (Re) 7200
Ltimate Moment Capacity (MO} 75
Shape Parameter (n) 057
Ltimate Rotation (Theta p) 0.15
Param. Def. [ ok | [ Cancel

(4) Four-parameter power model

-
Moment-Rotation

==

Four-parameter Power Mode! {Richard & Abbott 1575)

Strain-Hardening/Softening Stiffness (Rp) 144

Ltimate Rotation (Theta p) 01

65.143
£ 48857
]
E smn
E 16.286
0.000 0.0z 004 006 0.08 0.0
Rotation
Name: MR 2 @
Initial Elastic Stiffness (Re) Ta02
Ltimate Moment Capacity (MO} 75

Shape Parameter (n) 057

Cox ] [Comn

(5) Multi-linear model

NIDA — Nonlinear Integrated Analysis & Design

64



Menus

-
Moment-Rotaticn

Multidinear Model

0.800
0.600

0.400

Moment

0.200

0.000

002 LK

Initial Elastic Stiffness (Re)

Ltimate Rotation (Theta p)

Y A(CLASS B} MB(CRUCIFORM BENDING)

03 005 007 0.08
Rotation

15
02

M1 Thetal oo

0.80.085
Mn Thetan 0803

M2 Theta2 0.480.032

[ ok ][ Ccancel

e Force-Displacement
(1) Linear Model

-
Force-Displacement

Linear Model

20,000
15.000
10.000

Force

£.000

0.000 .00

0.00 001 001 001

Mame: FD 9

Initial Elastic Stiffness (Ke)

Ultimate Displacement (dp)

Displacement
]

00

[ ok || Cancel

(2) Bi-linear Model
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-
Force-Displacement

Bidinear Model

110.000
82.500
55,000

Force

17.500

0.000 0ol 0oL

MName: FD 10

Initial Elastic Stffness (Ke)
Yield Force (FO)

Yield Displacement (d0)
Utimate Force (Fp)

Utimate Displacement (dp)

0.02 002 0.3
Displacement

(e

Te+002
om
110
0.03

|

0K | [ Cancel

(3) Multi-linear Model

Force-Displacement

Multiinear Model

185000
113,750
142,500

T1.250

Force

0.000 220,00 440,00 660.00 §E0.00 1100.00

Displacement

Mame:

Initial Elastic Stiffness (Ke)

F1d1 oo

F2d2 59 50

107100

Fn dn 53150
47 200

4.5.15 Node Local Axis

Click the Construct > Node Local Axis command to define the local axis for specific

nodes.

There are two methods to create a node local axis, i.e. By 3 Nodes and By 3 Angles.
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F N
Define Nodal Local Axis eS| [ Define Nodal Local Axis

Name:  NLocAxis 1

@ By 2 Modes ) By 3Angles

MName:  NLocAwis 1

) By 2 Nodes

Node | 0 Rotation aboutY 0
Node J 0 Rotation aboutZ  Q
MNode K 0 Rotation aboutX™
[ Apply ] [ Close ] [ Apply ] l Close
b L

4.5.16 Groups
Click the Construct > Groups command to define a new group.

B

-
Define Groups

Name: | Efanag

List: Group 1

ame

Delete

Close

|

b

A group can contain a group of nodes, members, shells, floors, areas and their
combination.

You can add, rename and delete the group. After a group is defined, a new group entry
will be shown under the Groups of Properties window on the right side of screen.

EIIE.' Groups
Gru:n.|| Delete |
@ Advance Duplicate

Add to Group

Replace Group
Delete from Group

Copy (to Text)
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46  Gr-Assign

4.6.1 Nodes
4.6.1.1 Boundary Conditions

Click the Gr-Assign >Nodes>Boundary Conditions command to set the boundary
condition of an individual node or a group of nodes.

Shortcut : Toolbar : & Keys : None
rAssign Mode Properties [&r
Boundary l
< Displacement: UX (7 Free @ Restraint
UY (D) Free (@) Restraint
UZ () Free (@) Restraint
Rotation: RX  (7) Free @) Restraint
RY (D) Free (@ Restraint
RZ () Free (@) Restraint
Fast Restraints
(2]
[ ok |[ Camcel || pply

The boundary condition of the node could also be changed by double clicking the node
and changing it in Boundary tab window.

4.6.1.2 Node Support Springs

Click the Gr-Assign >Nodes>Node Support Springs... command to set the node
support spring of the selected nodes.

Assign Node Properties ﬁ

Support Spring l

Connect to Support E Spring Stiffness

Displacement: X (7 No | @ Yes
UY @ Ne () Yes LCASSESEE)

UZ @ Mo () Yes

Rotation: FX @ Mo ) Yes
RY @ MNo () Yes
RZ @ Mo () Yes

[ ok [ Cancel ][ Aopy |

The spring model(s) used should be defined in “Semi-Rigid/Spring Models” first. The
support spring could also be changed by double clicking the node in “Spring” tab of
node properties window.

4.6.1.3 Node Local Axis
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Click the Gr-Assign >Nodes>Node Local Axis command to set the node local axes of
the selected nodes. The node local axis is used to consider inclined support and the
joint loads in local axis.

Assign Node Local Auxis

e |

MNode Local Axes

MLocfds 1

Options
@ Add

) Replace

) Remove

Apply

Cloze

4.6.2 Members
4.6.2.1 Section

Click the Gr-Assign > Members>Section command to assign a defined section to an
individual member or a group of members.

L

Assign Member Properties I.éj
Section
Name: [UB3D52742 ~|
Cross Sectional Area (A): 0.00534
Shear Area Comection Factor: 0
Second Moment of Area (ly): 3.8%e-006
Second Moment of Area {lz): 8 2e-005
Torsional Constant (J): 2.11e-007
Blastic Section Modulus (Zy): 6.26e-005
Blastic Section Medulus (Zz): 0.000534
Stress Type: Direct sum of stress
[ ok ][ cance |

The member section could also be changed by double clicking the member and
changing it in member properties window.

The frame section can be defined in New Frame Section.

4.6.2.2 End Conditions

Click the Gr-Assign > Members>End Conditions command to assign the end condition
to both ends of an individual member or a group of members.
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-

o
Assign Member Prope rties‘ - @

End Condttions l

() End of Selected Nodes

Bending Stiffness about y-y ads at Node-l
) Pin @) Rigid Semi-Rigid
Bending Stiffness about z-z ds at Node-l
) Pin @ Rigid Semi-Rigid
Bending Stiffness about y-y &ds at Mode-J
() Pin @) Rigid Semi-Rigid
L Bending Stifness about z-z &ds at Node-J
) Pin @) Rigid Semi-Rigid
Torsional Stiffress

) Pin @) Rigid Semi-Rigid
Puial Stiffriess

() Pin @) Rigid Semi-Rigid

Fast

[ ok [ cancel |

L =

You can also change the connection stiffness of both ends by double clicking the
member and change it in “End Conditions” tab of member property window.

Fast function enables a quick select of the end condition. The Pin button means the pin
ends for both nodes. The Rigid button means the rigid ends for both nodes. The P1R2
button means pin end for the first node and rigid end for the second node. The P2R1
button means pin end for the second node and rigid end for the first node. Also Define
Semi-Rigid button can be used to define semi-rigid connections.

4.6.2.3 Effective Length

Click the Gr-Assign > Members>Effective Length command to assign the effective
length or effective length factor to an individual member or a group of members (Beam
and Column), and to select the loading condition (Normal or Destabilizing) for beam

design.
Assign Member Properties @
Hfective Length ]
Diesign Onhy
Beam Effective Length Facter @ Dle 1
[ Recommended Value
l|  Loading Condition (7 Nomal (@) Destabilizing

Column Effective Length Factor @ Le/L () le 1
about y- Az

about z- Auds @le/l Dle 1
Set Equivalent Moment Factors {my, mz)as 1.0

Effective length for column is not allowed nor
I reguired in second-order analysis. The factor wil
be automatically set to zero in analysis.

Tip ... |

[ ok ][ caneel |

A

You can also assign the effective length of the member by double clicking the member
and assign in Design tab of member properties window.
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Click the Tip button to view the definition of effective length.

Note: The recommended beam and column effective length factors refer to CoPHK
(2011) or BS5950 (2000). The column effective length factors are invalid in nonlinear
analysis.

4.6.2.4 Eccentricity

Click the Gr-Assign > Members>Eccentricity command to assign eccentricity to an
individual member or a group of members.

Aszsign Member Properties @

Eccentricity ]

End 1 Eccentricity along v (8¥1):  0.0000

along z e21):  0.0000
End 2 Eccentricity along v (8¥2)©  0.0000
| along z [ez2) :  0.0000

End Length Offset { Rigid Zone )

1 @ None Automatic () Manual
End 1 Length Offset © | 00000

! End 2 Length Offsst : | 0.0000

nnnn

Rigid Zone Factor ; | 1.0000

0Kk | [ Ccancel
\
1
€ €
& o 7 ]
i/j-Node | > |ﬁ
e . .
(at centroid) g i-Node j-Node

End Section Eccentricity End Length Offset

4.6.2.5 Member Local Axis

Click the Gr-Assign > Members>Member Local Axis command to define the member
local axis system by K-Node, degrees or K-Node coordinates.

(1) When “K-Node” is chosen, a node should be picked up on screen or input directly.
Note: the k-node should be defined before clicking Apply and local xy-plane will tilt to
contain k-node.
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) In Degrees

() K-MNode Coordinate

Mode Mo. 0

*¥gu may pick up the node on screen.

Ok ] ’ Cancel ] [ Apply ]

(2) When “In Degree” is chosen, an angle is required to be specified.

() K-Node
(1 K-Node Coordinate

Angle of rotation of the principal 20
axis to the global axis

Ok ] [ Cancel ] [ Apply ]

(3) When “K-Node Coordinates” is chosen, 3 coordinates should be input in global
coordinate system to define a k-node. Note: k-node needs not be defined before using
it.

) In Degrees
[-@- K-Mode Coordinate ]

X 10 Y 5 Z g

*¥ou may pick up the node on screen.

Ok ] [ Cancel ] [ Apply ]

4.6.2.6 Plastic Hinge

Click the Gr-Assign > Members>Plastic Hinge command to choose whether or not to
allow for plastic hinge.
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Assign Member Proj |
Allow Plastic Hinge

Allow Plastic Hinge | @ ifess (©

4.6.2.7 More Design Parameters

Click the Gr-Assign > Members>More Design Parameters... command to set the
member design type such as column, beam and brace and the seismic performance
according to GB 50011 of the selected members.

[ Maore Member Design Parameters ﬁ1
Design Type: [Column v]
Seismic Performance: []_[ v]

[ ok | | cancel |

4.6.2.8 Reverse Connectivity

Click the Gr-Assign > Members>Reverse Connectivity command to reverse the
connectivity of the selected members.

4.6.3 Springs
4.6.3.1 Stiffness of Spring

Click the Gr-Assign >Springs> Stiffness command to assign one or more than one
defined spring models to an individual spring element or a group of spring elements.
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v |
Assign Springs Stiffness [é]
Stiffness l

#dal Spring: RA(CLASS B)FP(R!

Shear Spring along y-axis : RA(CLASS B)-FP(PI ~

[¥] shear Spring along z-axis RA[CLASS B)FP(PI -

Torsional Spring : RA(CLASS B)-MTR ~

Bending Spring about y-axis | RA(CLASS B)-MT(R +

Bending Spring about z-axis | RA(CLASS B)-MT(R -

[ oK ] [ Cancel ] [ Apply ]

L

You can also select and double click a spring element and then change its stiffness in
spring properties window.

4.6.3.2 Spring Local Axis

Click the Gr-Assign > Springs> Local Axis... command to define the spring local axis
system by K-Node, degrees or K-Node coordinates.

Spring Local Axis &J

) K-Node
@ In Degrees
(") K-Mode Coordinate

Angle of rotation of the principal
axis to the global ads

]

Ok | [ Cancel | [ Apply |

4.6.3.3 Reverse Connectivity

Click the Gr-Assign > Springs>Reverse Connectivity command to reverse the
connectivity of the selected spring elements.

4.6.4 Shells
4.6.4.1 Section

Click the Gr-Assign >Shells> Section command to assign a section to an individual
shell or a group of shells.
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Assign Shell Pmpertiesm ﬂ

Shell Section |

ol

Material: Tempered

Thickness: |0.05

You can also select and double click a shell and then change its section in shell
properties window.

4.6.4.2 One-Way/Two-Way

Click the Gr-Assign >Shells>One-Way/Two-Way command to assign the load
distribution mode to an individual shell or a group of shells.

=)

[C1Floor Shell

() One-Way (Long Side)
() One-Way (Short Side)

| sepy || Close

4.6.4.3 Reverse Normal Direction

Click the Gr-Assign >Shells>Reverse Normal Direction command to reverse the
normal direction of the selected shells.

4.6.4.4 Convert to 2 Triangular Shells

Click the Gr-Assign >Shells>Convert to 2 Triangular Shells command to convert the
selected shells to 2 triangular shells.

4.6.4.5 Convert to 4 Triangular Shells

Click the Gr-Assign >Shells>Convert to 4 Triangular Shells command to convert the
selected shells to 4 triangular shells.
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4.6.4.6 Convert to Floor

Click the Gr-Assign >Shells>Convert to Floor command to convert the selected shells
to floors.

4.6.4.7 Convert to Area

Click the Gr-Assign >Shells>Convert to Area command to convert the selected shells
to areas.

4.6.5 Floors
4.6.5.1 Section

Click the Gr-Assign >Floors> Section command to assign a section to an individual
floor or a group of floors.

Assign Floor F‘mperflerm : ﬂ

Shell Section |

Name: [ RigidPanel - ]

Material: 5385

Thickness: |0.05

You can also change the section by clicking the floor and changing it in floor
properties window.

Noted that the section assigned to floor elements for calculation of self-weight and
structural mass and also for conversion of shell elements but not the stiffness. The
stiffness of all floor elements are defined in Analysis>Analysis & Design Parameters
Setting as below.
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-

General Settings

Title:

General | Active DOFs

[ Floor Stiffness:

16 ] Gravity Direction:

Steel Desion: | GB50017 (2003) r)
Caoncrete Design: IHH[I:{ZDM.EWCI} v]
Force Unit Length Unit
N () kgf Cmm  ®@m
@kN (tons D em
[ ok | [ cancel |[ Apply |

4.6.5.2 One-Way/Two-Way

Click the Gr-Assign >Floors>0One-Way/Two-Way command to assign the load

distribution mode to an individual floor or a group of floors.

[V Floor [ 3hell

() One-Way (Long Side)
) One-Way (Short Side)

[ Apply ][ Close ]

4.6.5.3 Reverse Normal Direction

Click the Gr-Assign >Floors>Reverse Normal Direction command to reverse the
normal direction of the selected floors.

4.6.5.4 Convert to 2 Triangular Shell Elements

Click the Gr-Assign >Floors>Convert to 2 Triangular Shell Elements command to

convert the selected floors to 2 triangular shell elements.

4.6.5.5 Convert to 4 Triangular Shell Elements

Click the Gr-Assign >Floors>Convert to 4 Triangular Shell Elements command to

convert the selected floors to 2 triangular shell elements

4.6.5.6 Convert to Quard Shells
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Click the Gr-Assign >Floors>Convert to Quard Shells command to convert the
selected floors to shell in a rectangular shape.

4.6.5.7 Convert to Area

Click the Gr-Assign >Floors>Convert to Area command to convert the selected floors
to areas.

4.6.6 Areas
4.6.6.1 Set Meshing Parameters

Click the Gr-Assign >Areas>Set Meshing Parameters command to set up the
parameters for meshing operation.

| Set Meshing Parameters @1
Parameters l
Shell Section :[ [12mm THK - ]
@ Length of Divisions {Unit : m) 0.5
() Number of Divisions of Edges 1
o] (oot ) Coowr )

Select the shell section and input the mesh size or the number of the parts for all edges
for meshing.

4.6.6.2 Reverse Normal Direction

Click the Gr-Assign >Areas>Reverse Normal Direction command to reverse the
normal direction of the selected areas.

4.6.6.3 Convert to Floor Elements

Click the Gr-Assign >Area>Convert to Floor Elements command to convert the
selected areas to floor element.

4.6.6.4 Drop Edge Nodes of Areas

Click the Gr-Assign >Drop Edge Nodes of Areas command to drop nodes (if any) at
the edges of the selected areas.

4.6.7 Node Loads
4.6.7.1 Joint Loads
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Click the Gr-Assign >Nodal Loads>Joint Loads command to assign joint load to
selected nodes.

Load Case: |Live Load

Load Type: I"Joint Load

Force Moment
Fx 30 Mx 0
Fy 0 My 0
Fz 0O Mz 0

Axis

@ Global

Fill in the value of forces and moments in X, Y and Z directions.

4.6.7.2 Settlements

Click the Gr-Assign >Nodal Loads>Settlements command to assign support settlement
to the selected nodes with boundary conditions.

r =
Loading Properties
Load Case: |Live Load -
Load Type: ||Setlement -
Settlement
Axis Direction
i@ Global Ox
71 Local @y
©z
[ Apply ] ’ Close
b
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Fill in the value of settlement and select the axis and direction.

4.6.8 Member Loads

4.6.8.1 Point Loads
Click the Gr-Assign >Member Loads>Point Loads command to assign the point load

to selected members.

Load Case: ’Live Load

Load Type: [’ Point Load

Magnitude(P) -10

Distance from Left  0.500

@ Relative () Absolute

Direction
()¢
@Y
Bz

Axis
@ Local
@ Global

[] Convert to Modal Loads Directly

Fill in the magnitude, distance from left (i.e. distance from the node with smaller
number to one with larger number), load distance type, and axis and direction.

4.6.8.2 Trapezoidal Loads
Click the Gr-Assign >Member Loads>Trapezoidal Loads command to assign the

trapezoidal load to selected members.
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Load Case: |Live Load

Load Type: | Trapezoidal Load

(T UDL @ Trapezoid () Triangle () Quadrangle

Magnitude at Near End (g1) -10

Magnitude at Far End (g2) -

Distance from Left (d)
Length of Distributed Load (c) |-
@ Relative Absolute
Axis Direction
@ Global (Distributed) (@]
) Global (Projected) @Y
@ Local ®Z

[] Convertto Nodal Loads Directly

[ aeely | [ close |

Four types of trapezoidal loads are available, i.e. UDL, Trapezoid, Triangle and
Quadrangle.

For Uniformly Distributed Load (UDL), you have to fill in magnitude q of the load,
element axis and direction.

q

T

For Trapezoid load, you have to fill in magnitude at near and far end (count from the
node with smaller node number), distance from left (i.e. distance from the node with
smaller number to one with larger number), load distance type, length of the distributed
load, element axis and direction. If the “Whole Length” is selected, that means the load
is applied to the whole member and the distance and length will be disabled.

a2
ql/\

d C

[e—re—

For Triangle load, you have to fill in magnitude of the load at top, distance from left
(i.e. distance from the node with smaller number to one with larger number), load
distance type, length of the distributed load, element axis and direction.
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/\

/\ /\
a b

[< >

v

For Quadrangle load, you have to fill in magnitude of load in 1 and 2, distance from
left (i.e. distance from the node with smaller number to one with larger number), and
distance from 1 to 2, load distance type, element axis and direction.

a1
/\qz
A\ /\
a b
et

Click Apply button and a new trapezoidal load entry will be shown on the load case
properties and it can be activated by double-clicking the load in the right properties
window.

4.6.8.3 Member Pressure

Click the Gr-Assign >Member Loads>Member Pressure command to assign pressure
to selected members.

.

Loading Properties

Load Case: |Live Load -
Load Type: || Member Pressure -

Magnitude () 10|

Loaded width
) Direct Input 0

@ Section Size B () Section Size D
() Max (B,D) () Sqrt (B*B+D*D)

Axis Direction

@ Global (Distributed) ox
) Glabal (Projected) @Y
) Local ©z

[ Convert to Modal Loads Directly

[ ey | | close |

h

Fill in the magnitude of member pressure.
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4.6.8.4 Cable Forces

Click the Gr-Assign >Member Loads>Cable Forces command to assign the cable load
to selected members.

Load Case: [Live Load

Load Type: l’ Cable Force

Pre-Stressing Force 50

Fill in the magnitude of pre-stressing force.

4.6.8.5 Self Weight

Click the Gr-Assign >Member Loads>Self Weights command to assign the self-weight
to selected members.

Load Case: ’Live Load

Load Type: [’ Selfieight

Amplification Factor: 1

Direction +-
&x ®+
@Y @ -
©z

For Selected Members
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Fill in the amplification factor, select the sign and direction for selected beam-column
elements only. The other structural objects do not allow for self-weight individually.

4.6.8.6 Temperature

Click the Gr-Assign >Member Loads>Temperature command to assign the
temperature load to selected members.

Load Case: |Live Load -
Load Type: || Temperature -

Temperature 20

Fill in the magnitude of temperature for selected beam-column elements.

4.6.9 Floor Pressure
Click the Gr-Assign >Floor Pressures command to assign pressure to selected floors.
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Load Case: |Live Load -
Load Type: I Pressure on Area Object vI

0 Al ) Shells ) Areas

Pressure -10

Direction

GlobalAkis (0 X @y

Mormal )

@ Convert to Member Loads first

(7 Convert to Nodal Forces directly

Mote: Area Pressure are invalid in analysis
before the areas are converted to Floor/Shell
elements.

Fill in the magnitude and select the direction of the pressure. The pressure can be
converted to either member loads or nodal forces directly.

e Convert to Member Loads First option. This command is to convert the floor
pressures to member loads first by one-way or two-way mode if there are some
beam-column elements under the floor elements.

e Convert to Nodal Forces Directly option. This command is to convert the floor
pressures to joint loads directly.

4.6.10 Shell Pressure
Click the Gr-Assign >Shell Pressure command to assign pressure to selected shells.
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Load Case: |Live Load

Load Type: | Pressure onArea Object

Al ) Floors @ Shells

Pressure -10

Direction
Global Axis (X

MNormal @

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

before the areas are converted to Floor/Shell
elements.

Fill in the magnitude and select the direction of the pressure. The pressure can be
converted to either member loads or nodal forces directly.

e Convert to Member Loads First option. This command is to convert the shell
pressures to member loads first by one-way or two-way mode if there are some
beam-column elements under the shell elements.

e Convert to Nodal Forces Directly option. This command is to convert the shell
pressures to joint loads directly.

4.6.11 Area Pressure
Click the Gr-Assign >Area Pressure command to assign pressure to selected areas.
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Load Case: ’Live Load

Load Type: IF'ressure on Area Object

0 Al () Floors ) Shells E:-Areas

Pressure  -10
Direction

Global Axis () X

Mormal @)

@ Convert to Member Loads first
(7 Convert to Nodal Forces directly
Mote: Area Pressure are invalid in analysis

before the areas are converted to Floor/Shell
elements.

Fill in the magnitude and select the direction of the pressure. The pressure can be
converted to either member loads or nodal forces directly.

e Convert to Member Loads First option. This command is to convert the area
pressures to member loads first by one-way or two-way mode if there are some
beam-column elements under the areas.

e Convert to Nodal Forces Directly option. This command is to convert the area
pressures to joint loads directly.

Warning: Area pressures are invalid in the analysis before the area(s) are converted to
floor/shell elements.

4.6.12 Copy Area Pressures

Click the Gr-Assign >Copy Area Pressures command to copy the area pressure from
one specified area to several areas.

Input the area No. in “Source”. You can also pick up an area on the screen.
Input several areas in “Target”. You can also select the areas from the screen directly.

Click Apply button and all pressures in different load cases of the “Source” area can be
copied to the “Target” areas.

Click Close button to quit this window.
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After this operation, all “Target” areas will be assigned with the same pressures in
many load cases of the “Source” area.

4.6.13 Remove Loads

Click the Gr-Assign >Remove Loads command to delete the loadings within the
selected load cases in the selected objects.

i B
Remove Loads ﬁ
Load Cases Load type
{7 Seff Weight Da Joint Load
DL Trapezoidal Load
LL
7] WLY Member Pressure
[ WLH(D) Poirt Load
[ WLH2{45) £ Seff Wi
ight
[ WLH3{50)
[F]WLH4{135) Temperature
[¥]WLH5{180) Cable Force
WLHG{ﬂE}
[ WLH7(270) B R
[#]WLH8(315) Floor Pressure
TU Shell Pressure
TLZ
EL1 {ﬂ} Area Pressure
7] FI FAR) i
[ Select Al ] [ Unselect ] [ Select Al ] [ Unselect ]
| oK | [ Cancel |
b

Select the load cases inside the load case and different load type to remove the loading
of selected objects.

4.6.14 Assign to Group

Click the Gr-Assign >Assign to Group command to add the selected objects to the
specific group.

i B
Assign to Group ﬁ
| Groups Options
@ Add
(") Replace
(") Remove
b

Choosing a group, the selected objects can be added, replaced or deleted from the
group. The group can be defined by clicking the button on the left side of Groups.
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IrDv.=.-f|r1e Groups §1
Name: | Add |
Close:

Note: Node, member, shell, floor and area objects can be assigned to one group.
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4.7  Analysis

4.7.1 Run

Click the Analysis>Run command to run a number of analysis cases which are set up
in Set Analysis Case step.

Shortcut : Toolbar : None Keys : FE5

4.7.2 Run a Batch of Files
Click the Analysis>Run a Batch of Files command to run a batch of NIDA data files.

Time elapsed: 0:00:00

Mida data files
*(1)EA20111114 Ko shan THEATER\Roof Truss 2.0dp 2. 5cc_revi1114 V4.2 dat
*[2)EA20111114 Ko shan THEATER\Roof Truss 2.0dp 2.5cc_rev1115 V4.5 dat

Click the Add file(s) button to add the NIDA files to run.
Click the Clear button to remove the selected NIDA data files.

Click the Run button to run the files in sequence.
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Time elapsed : 00: 00: 11

Mida data files

Add file(s)

*MEA20111114 Ko shan THEATER\Roof Truss 2.0dp 2.5cc_revi114 V4.2 dat -
*2)EA20111114 Ko shan THEATER\Roof Truss 2.0dp 2.5cc_revi115 vV4.6.dat S

Close

_ (Running file: 1)

CUBRRENT STIFFNESS / INITIAL STIFFNESS = 1.0000

LOAD STAGE = 0 ; LOAD FACTOR = 1.0000 , 1.0000 inic.
KCYC= 1 ITER.= 1 NORM detU/U, resF/FCE = 0.9802E+00 0.9823E+00
*** THE SYSTEM Is STRBLE #***

LOAD STAGE = 0 ; LOAD FACTOR = 1.0000 , 0.0000 inc.
ECYC= 1 ITER. 2 NORM detU/U,resE/FCE = 0.1567E-01 0.3415E-02
*** THE SYSTEM Is STABLE #***

LOAD STAGE = 0 ; LOAD FACICR = 1.0000 , 0.0000 inc.

During the analysis process, the message from analysis can be viewed by clicking the
Trace button.

4.7.3 Set Analysis Case

v] Mum. of items: /6

Type
LINEAR
NOMLINEAR
‘MODAL MODAL
EIGEMN-BUCKLING EIGEN-BUCKLING
RESPOMSE SPECTRUM RESPOMNSE SPEC...
TIME HISTORY TIME HISTORY

Edit Set Run Flag

[gad r] | moary_. | | Dupiicate | [ Run/NetRun ]

lBename ][ Delete ] ’NINotRun” All Run ]

Use Processors: [ Run Now ] [ OK
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Click Add button to add analysis cases. Six types of analysis (Linear Analysis,
Nonlinear Analysis, Modal Analysis, Eigen-buckling Analysis, Response Spectrum
Analysis and Time History Analysis) can be selected.

Analysis Cases l&]
Show [Aj_l_ v] Mum. ofitems: 6/6
Name D Type Run
SLS 1 LINEAR YES
ULs 2 NONLINEAR YES
MODAL 3 MODAL YES
EIGEMN-BUCKLING 4 EIGEN-BUCKLING  YES
RESPOMSE SPECTRUM 5 RESPOMNSE SPEC.. YES
TIME HISTORY 6 TIME HISTORY YES
Edit Set Run Flag
Add 4 Linear Analysis [ Run /Mot Run ]
Nonli Analysi
R |AlNotRun || AlRun |
Muodal Analysis
Use Process Eigen-Buckling Analysis l Rmblon l l oK l
Response Spectrum Analysis ]
N——— Time History Analysis |

Click Modify button to modify the analysis case.

Click Rename button to change the name of analysis case

Click Delete button to delete the analysis case.

Click Run/Do Not Run button to toggle the selection status of analysis.
Click All Not Run button to set all analysis cases in un-active status.
Click All Run button to set all analysis cases in active status.

Click Run Now Button to start running the active analysis cases.

4.7.3.1 Linear Analysis

Click Linear Analysis to define a linear type analysis case. Give a case name and
select the linear analysis type.

Noted that when selecting ‘Linear Analysis + Design” NIDA will check the member
adequacy by selected design code, for example, design strength reduced by plate
thickness, section classification, lateral-tortional bucking, column buckling. Otherwise,
the checking by code will be skipped.

The linear moment can be amplified by filling in the parameters in ‘Moment
Amplification Factor’ such as elastic critical load factor and/or the equation from
CoPHK (2011) when using CoPHK for steel design.
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[ uNEar =)

Linear Analysis | Applied Loadsl

Name: [ LINEAR

Analysis Type: ILinear Analysis + Design -

Moment Amplification Factar

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

oK | [ Cancel || ony

Click the Applied Loads tab to select the type of general load cases (Load case,
Combined and Spectrum Analysis Case) to be added to analysis case. Different factors
can be assigned to the analysis case.

[ h
LINEAR =5
Linear Analysis Applied Loads I
General Load Cases: Loads Applied
Tipe: Name Tpe  Factor
Wind Load 100 + | Deadlead load Case 14
Self Weight load Case 14
Live Load TG
ALL <<

ok || camcel |[ Mooy |

Reference: Definition of Linear Analysis

NIDA — Nonlinear Integrated Analysis & Design 93



Menus

4.7.3.2 Nonlinear Analysis

Click Nonlinear Analysis to define a second-order elastic or plastic analysis case.
Give a case name and select the nonlinear analysis type.

(NoNUNEAR =)

Second-Onder Analysis l Applied Loadsl Construction Sequence l

Name:[ NONLINEAR Numerical Method

Type: ISecond-crderAnah’sis+Design 'I Cl

@ PEPE i) il 3 -. Single Displacement Control
a lement v F n (@]
3 ") Curved Stability Functiol “C Disp.) M

- Arc Length Method + Minimum

Enable Plastic Plastic Element © Residual Displacement Method

DAcIvanced Analysis @ Plastic Hings

tterative & Incremental Parameters :

Total Load Cycles : 2
I ntal Load Factor: 0.5
[¥] Target Load Facter : 1.000 neremenal tead ractar

Maximum herations for
each Load Cycle 100

Mumber of terations for

Tangent Stiffness Matrix : 1

Minimum Member Imperfection * L/ 1000 : 1
Imperfection Method & Direction : Eigen-buckling mode : About one principal v] E
Coc ) o] oo

h

Noted that when selecting ‘Second-order Analysis + Design’ NIDA will check the
member adequacy by selected design code, for example, design strength reduced by
plate thickness, section classification, lateral-tortional bucking, column buckling.
Otherwise, the checking by code will be skipped.

Either PEP Element (Chan and Zhou 1994) or Curved Stability Function (Chan and Gu
2005) can be used to simulate the beam-column elements with initial member
imperfection.

Click the Enable Plastic Advanced Analysis to allow for the material yielding in
beam-column elements. Either Plastic Element or Plastic Hinge can be used for plastic
analysis method.

The nonlinear solution in NIDA is essentially based on the incremental-iterative
procedure. There are three numerical methods for Load Incremental Scheme and
Interactive Scheme, i.e. Newton-Raphson (Constant Load) Method, Single
Displacement Control (Constant Displacement) Method, and Arc Length Method +
Minimum Residual Displacement Method.

In Single Displacement Control method and Arc Length Method + Minimum Residual
Displacement Method, user can set the parameters for load incremental scheme and
interactive scheme.
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-
NONLINEAR

==

Name: MOMLINEAR

Type: ’Second-order Analysis + Design V]

@ PEP Bement () Curved Stability Function

= Enable Plastic Plastic Blemert
Advanced Analysis @ Plastic Hinge

Total Load Cycles : 2
Target Load Factor : 1.000

Maxdmum hterations for
each Load Cycle : 100

Number of terations for

Tangent Stiffness Matrix : 1

Minimum Member Impedection * L / 1000 : 1

Second-Order Analysis | Applied Loadgl Construction Sequence I

@eﬁcal Method \

=, Newton-Raphson
" (Constant Load) Method

(@ Jingle Displacement Control
= (Constant Disp.) Method

=, Arc Length Method + Minimum
" Residual Digplacement Method

tterative & Incremental Parameters

Incremental Displacement :  0.001

le Node: 21 | DOF:

Imperfection Method & Direction - Eigen-buckling mode : About one principal v] E

ok | [ cancel || Aeply |

It is also required to specify the total load cycles, target load factor, maximum
iterations for each load cycle, number of iterations for tangent stiffness. The definition

of each parameter is explained in General Nonlinear Parameters for Analysis.

r
NONLINEAR

E=)

Name: NOMNLINEAR

Type: [Second-order Analysiz + Design V]

(@ PEP Element (7 Curved Stability Function

& Enable Plastic Plastic Elemert
Advaneed Analysis (@ Plastic Hinge

Total Load Cycles : 20

[#] Tanget Load Factor : 1.000
Maximum herations for
each Load Cycle : 100

Number of terations for

Tangent Stiffness Matrix - 1

Minimum Member Imperfection * L /1000 : 1

Second-Order Analysis | Applied Loadsl Construction Sequence I

Numerical Method

= Newton-Raphson
= (Constant Load) Method

= Single Displacement Control
= (Constant Disp.) Method

@ Arc Length Method + Minimum
" Residual Displacement Method

terative & Incremental Parameters

Initial Incremental o1
Load Factor : :

Expected fterations for El

Mext Load Cycle :

Maximum Arc Distance : 4

Imperfection Method & Direction - Eigen-buckling mode : About ane principal v] E

ok | [ Cancel |[ ey |
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Total Load Cycles

It describes the maximum number of total load cycles for the nonlinear analysis. The
analysis process will be terminated once the maximum cycle reaches. The analysis
process may be also terminated when input errors or divergence found, or when the
target load factor reaches if Target Load Factor function is enable.

Target Load Factor

It describes the expected load factor for the nonlinear analysis. The analysis process
will be terminated once the load factor reaches the target one even though the load
cycles may be less than the total load cycles. The load factor may be not able to reach
the target one due to structural problem or limitation of total load cycles. For the
former user need to redesign the structure while for the latter user may increase the
total load cycles.

Maximum lIterations for each Load Cycle

It describes the maximum number of iteration for each load cycle in the analysis. If the
equilibrium condition is satisfied before this number is reached or the iteration number
is equal to this assigned iteration number, another load step will be imposed until the
permitted number of load steps is reached. The tolerance for equilibrium check is 0.1 %
by default. That is, when the Euclidean norms of the unbalanced displacements and the
unbalanced forces are less than respectively 0.1 % of the total applied forces and the
total accumulated displacements, the equilibrium condition is assumed to have been
satisfied.

Number of Iterations for Tangent Stiffness Matrix

It describes the number of iterations for the tangent stiffness matrix to reform during
the iterative process. When this number is specified to be very large or simply equal to
the “maximum number of iterations for each load cycle” above, the iterative scheme
will then become the modified Newton Raphson method. If the number here is
specified as "17, it becomes the Newton Raphson method. If the number is between
these two extremes, the method is a mixed Newton-Raphson method. When compared
to modified Newton Raphson method, the Newton Raphson method generally requires
less number of iterations for convergence, but longer time for each iteration. It is
recommended to use the Newton Raphson method

Incremental Load Factor

This factor will be used as the first load factor used for the analysis and the load factor
increment in subsequent analysis. It is different from the design load factor behind
“header load” which is multiplied to the input load to obtain the design load vector and
will not appear in the plotting of equilibrium or load-deflection curve with its value
generally taken as, for example, 1.6 for wind, 1.4 for self-weight etc. The load factor
described here is used as the ratio of the current applied load to the input design load.
For example, if a structure yields at a load factor of 2.6, it means when the applied load
is 2.6 of the design load, the structure yields.
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Parameters for Numerical Methods

1. Newton-Raphson (Constant Load) Method
a. Incremental load factor — constant load increment ratio
2. Single Displacement Control (Constant Displacement) Method
a. Incremental displacement — constant displacement increment
b. Control node — monitored node
c. DOF - degree of freedom of control node
3. Arc Length Method + Minimum Residual Displacement Method
a. Initial incremental load factor — load increment ratio for first load cycle
b. Expected iterations for next load cycle — iterations to control the load increment
c. Maximum arc distance — limit of arc distance increment

Minimum Member Imperfection

The minimum magnitude of initial imperfection is taken as 1 (Input value) /1000 of the
member length if the initial imperfections are allowed.

Imperfection Method & Direction

It describes the direction of initial imperfection. It can be no initial imperfection, initial
imperfection in one principal plane causing less severe effect than initial imperfection
in both the principal planes.

The frame global and member imperfections should be defined in analysis. There are
three types of imperfections including ‘displacement (DIMP)’, ‘eigen-buckling mode
(EIMP)’, and “notional force (NIMP)’. The imperfection could be added in one or both
principal axes of a beam-column element. If no initial imperfection is required, select
the ‘No Imposition of Initial Imperfection’. Click the Setting... button to set the
required parameters for imperfection analysis.
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- hl
NONLINEAR (S
Second-Order Analysis | Applied Lcads] Construction Sequence ]
Mame: NONLINEAR Numerical Method
Type: [Second-order Analysis + Design '] @ Newton-Raphson

= (Constant Load) Method

@ ® " ; = Single Displacement Coritrol
@ PEP Blement () Curved Stability Function ~) Constant Disp ) Method

Enable Plastic Plastic Blement 7 e Length Method + Minimum

: = Residual Displacement Method
Dﬂ.d\ranced Analysis @) Plastic Hings P
lterative & Incremental Parameters

Total Load Cycles : 2
[¥] Target Load Factor : 1.000

Maxdmum kerations for
each Load Cycle : 100

Number of kerations far
Tangert Stiffness Matrix :

Incremental Load Factor: 0.5

1

\

Imperfection Method & Direction [Bga']-budthngmode - About one principal ,] E]
Mo Imposition of intial imperfection

Displacement : About both principal axdis
Displacement : About one principal zxis

Eigen-buckling mode : About beth principal xds

Minimum Member Imperdection * L / 1000 : 1

Motional Force : About both principal axis
Motional Force : About one principal axds |

[ —— - —

Magnitude of Imperfection for Global Eigenvalue Mode

This value is the magnitude of imperfection when eigenvalue buckling mode is adopted.
After the eigenvalue analysis, the eigen-mode is determined and a set of initial
imperfection is determined for the structure with this mode shape. This number is for
the magnitude (maximum) of the initial deflection for the eigen-mode which is then
added to the initial geometry of the structure.

F ™
Set Eigenmode Imperfection &J

Magnitude of Imperfection for I -
Global Eigenvalue Mode : 0.05

H/200 » (Calc. Options)

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

| ok || cancel |

Click the Advanced Setting button to select the recovery force method.

Click the Applied Loads tab to add loading for analysis. Appropriate load factor can be
input for load combination purpose in the analysis case.
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[ MIULSS111.4DL1 + DL2) + L6(LL1 + LL2)+1.2(Temp1) =5)

Second-Order fnalysis  Applied Loads ICc-nstru-:‘tic-n Sequence |

General Load Cases: Loads Applied

Type: Name Type Factor

DL1 = [MI[ULS51]1.4DL1 ... Combined  1.00
DL2 —
LL1 u
L2

TEMP1

TEMP2

WIND1_VEX

WINDZ_-VEX

WINDI_+VEZ

WIND4_-VEZ

SEIS_sVEX

SEIS_sVEY

LL3FT

WINDS_+VE-Y |
WINDE_-VEY
[MI[ULS21]1.4(DL1 = DL2) -
[MI[ULS22]1.2(DL1 = DL2 +
[MIIULS23]1.2(DL1 = DL2 +
MMIIULS241 2(DL1 + DL2+ ~

=
A

<

E - \\;
Y

£
=
"

[ Enable Load/Construction Stage

oK | [ Cancel ][ feply

Click the Construction Sequence tab to add different construction stage.

' ™y
CONSTRUCTION(DEAD) ==
Second-Order Analysis | Applied Loads Construction Sequence |
Groups: Active Groups:
Grp. Mo, MName Congtr. Stage
1 STORY1-5Q 1
2 STORY2:5Q 2
i 3 STORY35Q 3
| ok || cancel Apply
References:

Definition of Nonlinear Analysis

Numerical Method
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Load Incremental Scheme

Interactive Scheme

Imperfection

4.7.3.3 Modal Analysis

Click the Modal Analysis to define a modal analysis case. Give a case hame, select the
mass type (Lumped or Consistent) and determine whether the output results have to be
printed in *.out file or not. The number of required modes should be input.

Modal Analtysis | Mass from Load Cases | Initial Loads

MName: MODAL

Mass Type
@ Lumped

Output Control

Prirt * out ) Yes @ No

Number of Modes D Advanced >

Click the Advanced button to activate the function for determining the mode numbers
automatically by specifying the effective modal masses ratios.
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Modal Analysis | Mass from Load Cases | Initial Loads |

Name: MODAL
Mass Type
@ Lumped

Output Control
Print *.out

MNumber of Modes :

Determine Required Modes Automatically
) Active @ Inactive

Effective Modal Masses
Ratios () »=

Incremental Number of Modes :

Modal Analysis | Mass from Load Cases | Initial Loads

Name

Dead Load
Live Load
Wind Load

General Load Cases Additional Masses

taken as Additional Mass.

Note : The gravity direction is Global -Y-axis. Only the loadings in the gravity direction will be

Click the Mass from Load Cases tab to define additional masses from load cases. The
self-weight of structural objects will be automatically included in the modal analysis.
However, if additional masses due to other dead and live loads have to be considered,
you may consider them by adding load cases which include mass components. Noted
that only the loadings in gravity direction will be added to the mass matrix.

Click the Initial Loads tab to consider stiffness change in structural system due to loads

like temperature and pretension forces. The effect of initial load is not necessary for all

kinds of structures.
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| Modal Analysis | Mass from Load Cases| Initial Loads |

General Load Cases Initial Loads

Name

MNote : The stiffness matrix will be determined after initial loads {if any).

oK | [ Cancel

Reference:
Definition of Modal Analysis

4.7.3.4 Eigen-buckling Analysis

Click the Eigen-buckling Analysis to define an eigen-buckling analysis case. Give a
case name and determine whether the output results have to be printed in *.out file or
not. The number of modes required for observation should be given.

— — .
acevsuoune N e
Eigen-Buckling Analysis | Applied Loads

GWC R IGEN-BLUCKLING

Number of Modes: D

Output Control
Prirt “out () Yes @ No
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Click the Applied Loads tab to add the loads for analysis. The default load factor for
each load case is 1.0 and it can be changed if needed.

EIGEN-BUCKLING =]

Eigen-Buckling Analysis Applied Loads |

General Load Cases Loads Applied

Type: Name Type Factor

Seff Weight Live Load Load Case
Dead Load :
Wind Load

Reference:
Definition of Eigen-buckling Analysis

4.7.3.5 Response Spectrum Analysis

Click the Response Spectrum Analysis and select One Direction Only or Directional
Combination to define a response spectrum analysis case.

TR )
~ | Num. ofitems: o1

ID

Show [,\\|_|_

MName Run

Type

Set Run Flag

Add ¢ Linear Analysis [ Run / Mot Run ]
Monlinear Analysis [.»‘\II NotRun ” AllRun ]

Modal Analysis

Use Process Eigen-Buckling Analysis [ 1 [ 1
I Response Spectrum Analysis 3 One Direction Only

Tirme History Analysis Directional Combination
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e Response Spectrum Analysis - One Direction Only

Define a response spectrum analysis in one direction.

.
RESPONSE SPECTRUM

S5C)

Response Spectrum Analysis l

Mame: RESPOMSE SPECTRUM
Use Modes from Modal Analysis Case:

Seismic Direction

@ Horizontal

Excitation Angle: 0

) Vertical

[Modal -
Response Spectrum Function
[GB50011(2010) -
Modal Combination
@ Cac I5RS5 () ABS X

Modal Damping Ratio:  0.05

[ ok || Cancel |

For one direction only, input the name of analysis case and select the Use Modes from
Modal Analysis Case.

Select the Response Spectrum Function from the dropdown list if any or click the
Define button [+ to create a new spectrum function for selection.

Select the Modal Combination , there are three methods available, i.e. CQC (Complete
Quadratic Combination), SRSS (Square Root of the Sum of the Squares) and ABS
(Absolute Sum).

COC (Complete Quadratic Combination) Method

The CQC method takes into account the statistical coupling between closely-spaced
modes caused by modal damping. You may specify a CQC damping ratio (damp)
measured as a fraction of critical damping: 0 <= damp<1. This should reflect the
damping that is present in the structure being modeled. Note that the modal damping
ratio is different from the function damping ratio defined in the Response Spectrum
Function. The latter is developed independently for an assumed value of structural
damping. Normally these two damping values should be the same. If the damping is
zero, this method degenerates to the SRSS method.

SRSS (Square Root of the Sum of the Squares) Method
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The SRSS method is to combine the modal results by taking the square root of the sum
of their squares. This method does not take into account any coupling of Modes as in
the CQC method.

ABS (Absolute Sum) Method

The ABS is to combine the modal results by taking the sum of their absolute values.
This method is usually over- conservative.

Modal Damping Ratio: For CQC method only. This ratio is to consider the coupling
between closely-spaced modes.

Seismic Direction and Excitation Angle: To define the seismic direction. When the
seismic direction is “Horizontal”, the “Excitation Angle” should be further defined to
indicate the seismic direction. The vertical direction is the same as the gravity
direction.

e Response Spectrum Analysis - Directional Combination
Combine the results of two or three “one direction response spectrum analysis”.

RESPOMSE SPECTRUM COME [

Response Spectrum Analysis (Directional Combination) l

Mame: RESPOMSE SPECTRUM COMEB
Directional Combination

@ SRSS (7 ABS () Modfied SRSS(Chinase)

Response Spectrum Analysis for Combination

EG1 {Horizonal): [E)( v]
EG2 (Horizonal): [EY v]
EQ3 (Vertical): [Ez v]
[ QK H Cancel ] Apply

S

To select the method of Directional Combination, there are three available — SRSS,
ABS and Modified SRSS (Chinese).

SRSS
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Combine the directional results by taking the square root of the sum of their squares.
This method is in variant with coordinate system, i.e., the results do not depend upon
the choice of coordinate system when the given response-spectrum curves are the same.
This is recommended for directional combination.

BS

Combine the directional results by taking the sum of their absolute values. This method
is usually over- conservative.

Modified SRSS (Chinese)

Combine the directional results by a modified SRSS method complied with Chinese
Seismic Design Code GB50011-2001

Select the Response Spectrum Analysis cases for combination in EQX, EQY and EQZ
directions.

4.7.3.6 Time History Analysis

Click the Time History Analysis to define a time history analysis case. Give a case
name and select the mass type, time history type and time history motion type.

TH(Northridge 1994)-Plastic[45] =

Time History Analysis l Dynamic Function / Addtional Mass] Intial Loads]

Mame: TH(Northridge 1994)-Plastic[45]

Type: [Seccnd-order Analysis + Design V]

) ) Integration Method:
@ Lumped Mass () Consistert Mass

Newmark
Time History Type Damping
@) Direct Integration Mode Superposition alMFbIK]
Time History Motion Type Time Step
@ Transisrt Periodic Total Time Steps: 1250

Time Increment (sec.): 0.02

MNonlinear Settings ...

0K || Cancel |[ Appy |

Select an integration method and fill in the parameters as required.
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F "
Mumerical Method - r— u

Methods

@ iNewmarki Gamma

Wilson Beta p2s

Hilber-Hughes-Taylor

E OK ] [ Cancel

Define the damping as below.

Damping
alM}-b[K]

L - - h
Damping u

Rayleigh Damping

() Direct Input 1stPeriod 1.4883

L

() Calculate by Frequency

£ ] 2nd Period  1.4001

Damping Ratio1 0.05

Damping Ratio2 0.05

[ oK ][ Cancel ]

[—— = — —

Fill in the total no. of time steps and time increment.

Time Step Data
Total Mo. of Time Step: 2000
Time Increment: 0.02

For more advanced settings for nonlinear solution, click Advanced Setting button and a
dialog will pop up as below.
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r B
Monlinear Settings ﬂ

Mumerical Method
@ PEP Element  (7) Curved Stability Function _ Newton-Raphson
= (Constant Load) Method

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

= Ao Length Method + Minimum

@) Plastic Hinge () Plastic Element © Residual Displacement Method
Number of Cycles for Each 5 terative & Incremental Parameters i
Time Step :
Target Load Factor : 1 Incremental Load Factor : 05 N

Masimum terations for Each
Cycle - 100 f

MNumber of terations for 1 |
Tangent Stiffness Matrix :

Minimum Member Imperfection = L/ 1000 : 1 t

Imperfection Method & Direction : Mo Imposition of initial imperfection ']

o) o)

Click Dynamic Function / Additional Mass tab to select one or more than one dynamic
functions as earthquake input. Also, the additional masses from load cases such as dead

load and live load can be input in this tab.

F ™y
TH(Northridge 1994)-Plastic[45] =3

Time History Analysis  Dynamic Function / Additional Mass | nitial Loadgl

Dynamic Function:

Eldhgihlig?gr MName Scale Fac Amival Time _Seizmic i Excitation
NOHTHHlDGE [NORTHHl... 2500 0.00 0 (Horizon... 45.00

SAN FERNAN E

Load Cases: Addttional Mass:
Sw 100~ Name Type Factor
DL (5Pa) Load Case  1.00
LL (#Pa) Load Case  0.50
ALL >

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

[ ok ][ cancel Apply

Click Initial Loads tab to consider static loads such as dead load and live load.
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-

|
i

TH(5an Fernando 1571)-Plastic[20]

Time History Analysis I Dynamic Function / Additional Mass ~ Inttial Loads

General Load Cases Initial Loads
Type: MName Type Factar
1.00L+0.5LL (Mass) 100 - | 10SW=1.0DL-05L.. Combined  1.00
|
!

i oK ] l Cancel Apply

4.7.4 Analysis & Design Parameters Setting

Click the Analysis>Analysis & Design Parameters Setting command to change the
general settings of the model.

F ™
General Settings ﬁ
General | Active DOFs |
Title:
Bxample 1| -

Floor Stiffness: Iﬂl [ Gravity Direction: I-Y vl]

Steel Design:  [HKSC (2011) |
Concrete Design: IHKCC (2004, 2nd) j
Force Unit ——— ~ Length Unit
N kg Cmm *m
|7 ® kN tonf |7 " cm

Advanced ... |

0K | Cancel | Aoy |

|

The first tab window is the general information and global control parameters of the
project. You can change the project title, define the floor stiffness, set the direction of

gravity, select the steel and concrete design code, and change the force unit as well as
the length unit.
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Click the Advanced button to select the Skyline Profile Minimization Indicator for
memory optimization and modify the tolerances for convergence of analysis.

r B
Advanced Setting ﬁ

Skyline Profile Minimization Indicator:

[Activation -

Tolerance for Analysis
Monlinear lteration: 0.001
Subspace Ilteration: 1e-007

[ OK ] [Cancel]

The second tab window is used to set the activation of degrees of freedom in 6
directions (Ux, Uy, Uz, Rx, Ry and Rz). You can use the ‘Fast DOFs’ function by
clicking the Active All, X-Y Plant or Truss button to set up the degrees of freedom in a
fast way.

F ™
General Settings ﬁ

General  Active DOFs |

Degree of Freedom (DOF)
[Tlanslational: )C uy uz ]

Rotational: = RY RZ

Fast DOFs

[Active Al | [%YPane| [ Tuss |

[ ok || Cancel Ponly J
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4.8 Post

4.8.1 Show Deformed Shape
Click the Post>Show Deformed Shape command to view the deformed shape of the
model after finishing the analysis.
Shortcut : Toolbar : /7 Keys : None

4.8.2 Show Undeformed Shape
Click the Post>Show Undeformed Shape command to view the undeformed shape of
the model.
Shortcut : Toolbar : [1 Keys : None

4.8.3 Show Deformed & Undeformed Shape
Click the Post>Show Deformed & Undeformed Shape command to view the deformed
and undeformed shape of the model together at the same window.
Shortcut : Toolbar : ¥¥ Keys : None

4.8.4 Display Scale
Click the Post>Display Scale command to magnify displacement of nodes and rotation
of the members of deformed structure.
Shortcut : Toolbar : fwd Keys : None

Delta 10 =
Angle 1 :

To magnify the deflected shape, change the value of “Delta” or “Angle” or both of
them. The displacement or rotation of the nodes will be multiplied by this factor. Click
“Reset” button, all values will be reset to 1.

4.8.5 Show Analysis Case
Click the Post>Show Analysis Case command to show the results of the selected
analysis case on the screen, such as internal forces and moments, nodal displacements
and reactions, shell stresses and so on.
Shortcut : Toolbar : & Keys : None
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General | Multi-ltems

1D Analysis Name
1 [DI[SLS11.0{0L+LL) NOMNLIM...

[DI[SLS2]0.8({LL+WD+DRAG) NONLIN...

3 [DISLS3J0.8(LL+WU+DRAG) NONLIN...

4 [DISLS4]0.3(LL+WU+DRAG+WLX) NONLIN...

4.8.6 Show Result Files

Click the Post>Show Result Files command to open the results in text file. There are
four types of result file associated with different information.

r ™
Result Files ﬂ
D Analysis Name Type i
1 [D][SLS1]1.0DL+1.0LL+1.0WD MNONLINEAR
2 [ONSLS2]1.0DL+1.0WU MNONLINEAR
3 [DIULST]1.00L+1 4WU+1 2T NONLINEAR
4 [DIULSZ]1.00L+1 4WU-1.2T MNONLINEAR
5 [ONULS3]T.40L+1 4WD+1.2T MNONLINEAR
] [DIULS4]1 4DL+1 4WD-1.2T MNONLINEAR
7 [DNULS5]1.200+1 2LL+1 2WD+1 2T NONLINEAR|=
8 [DNULSE]1.200+1 2LL+1 2WD-1.2T NONLINEAR
9 [DIULS7]1.4DL+1.6LL+1.2T NONLINEAR
10 [DIULSEIN.4DL+1.6LL-1.2T MNONLINEAR
1 [MA][SLS1]1.0DL+1.0LL+1.0WD MNONLINEAR
12 [MAN[SLS2]1.00L+1.0WU MNONLINEAR
13 [MAJULS1]1.0DL=1 4WU=1.2T NONLINEAR
14 [MAJ[ULS2]1.0DL=1 4WU-1.2T NOMLIMEARL !
15 [MAJULS3]1.4DL=1.4WD=1.2T MNONLINEAR
16 [MAJ[ULS4]1.4DL=1.4WD-1.2T NOMNLINEAR
17 [MAJ[ULS5]1 2DL+1 2LL+1 2WD=1.2T NONLINEAR

e *out

It is a text file which includes the detailed input data, analysis results such as nodal
displacements, member internal forces and moments, shell stresses and nodal reactions.
Each analysis case contains a *.out file with analysis case number.
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e *log

It is a text file which stores important messages during analysis procedure, such as load
increment, divergence and singular information. Some information of error, warning
and note may be important for correct solutions.

Each analysis case contains a *.log file with analysis case number.

e *mon

It is a text file which stores some messages during data reading procedure. The
information may help correct the errors due to modelling.

4.8.7 Nodal Results
4.8.7.1 Reactions/Displacements

Click the Post>Nodal Results >Reactions/Displacements command to show the nodal
reaction forces and displacements when you click the node of deformed structure.

4.8.7.2 Load Deflection Curve/Reactions

Click the Post>Nodal Results>Load Deflection Curve/Reactions command to show the
load-deflection curve, displacement statistics and reaction forces and moments.

Shortcut : Toolbar : & Keys : None

e Load-Deflection Curves

When loading is applied to a structure, it will deform according to the load factor.
The deflection versus load plot and other information about nodes can be viewed in this
Load-Deflection Curve window:
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-

MNodal Deflection / Reaction

S

Load Deflection | Displacement Statistics | Reactions | Pushover Curve |

Load-Deflection Curve
Loading Factor

0.02 0.04 0.06 0.08 0.1 012 0.14 0.16

Node 21 v x=12y=2252-0 =] [¥] Draw with Line

Deflection load Stage 0

Deflection Curve

@ux —
Eluy —
[fuz —

Ritation Curve

[FIRx —
EIRY
IRz —

Pxes

@ X - Deflection

= - Load Factor
= X - Load Factor
= - Deflection

Cycle (1-95)
From 1
To 95

-

oK || Cancel

The first tab represents the deflection of selected node against load factor. The two
axes represent the change of load factor and deformation of a node. The number of

cycle can be set in Cycle box.

Six different curves against load factor can be plotted, i.e. deflections in X, Y, Z, and
rotations about X, Y, Z with appropriate selection. Tick the check boxes at right hand

side of diagram to show/hide the curves and draw the curve with line or symbol.

To save the results in text file, just click the button & at top right of this window.

e Displacement Statistics
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F Rl
Nodal Deflection / Reaction - =

Load Deflection  Displacement Statistics I Heactionsl Pushaover Cunrel

Cycle Mumber [C)"de 14 /95 V] a

Node MNo. Lkx Ly Uz Displacem... Rx i

0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000==00!
22722003 -2640e-004 0.000e+000 22332003  0.000e:00!
5041e-003 -4.884=004 0.000e+000 5065e-003 0.000==00
7.897e-003 66882004 0.000e+000 7925e-003  0.000==00
1.045e-002 3013004 0.000e+000 1.0422-002  D0.000e=00
1.252e-002  -5.355e-004 0.000e+000 1296002  0.000e=00
1.411e-002  5554e-004 0.000e+000 1415002  0.000e=00
0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000==00
2222003 5278004 0.000e-000 22842003  0.000e+00
5.028e-003  -9.604e-004 0.000e+000 5115003  0.000e+00
7.891e-003 13359003 0.000e+000 38.004e-003  0.000e+00
1.041e-002  -1.617-003  0.000e+000 1.054e-002  0.000e+00
1.291e-002  -1.8355e-003 0.000e+000 1.304e-002  0.000e<00
1.405e-002  -1.548=-003  0.000e+000 141%-002  0.000e=00
0.000e+000 0.000e+000 0.000e<000 0.000e+000 0.000e=00
2277003 -33882004 0.000e+000 22532003  0.000e=00
5.025e-003 -6.144e-004 0.000e+000 50632003  0.000==00
78932003 -8264e004 0.000e+000 7937003 0.000==00 ~
[0 | 2

L= - R R L

EdsormRIs "

-~

[ ok [ cencel |

A

The second tab shows detailed displacements and rotations in specified load cycle and
load stage. When cycle number is changed, the results will be changed accordingly.

|Ux|,|Uy| and |Uz| are the displacements in X, Y and Z-axes respectively, Displacement
is the total translation between original and new positions, and |Rx|, |Ry| and |Rz| are
the rotation about X, Y and Z-axes respectively.

Click the column header (e.g. |Ux|, |Ry|, etc.) to sort that column in ascending or
descending order for finding the maximum and minimum values.

To save the results in text file, click the button & at top right of this window.

e Reactions
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r ™y
Nodal Deflection / Reaction - . =
Load Deﬂedionl Displacement Statistics  Reactions | Pushaover Cunrel

Cycle Number [C)'de 8/95 v] a

MNode No. Force-X Force-Y Force-Z Moment-X Moment-Y

1 -1.58%¢+000 7.561e+001 0.000e+000 0.000e+000 0.000e+000

8 6.041e+000 1.960e+002 0.000e+000 0.000e+000 0.000e+000

15 -4.8250+000 9.685e+001 0.000e+000 0.000e+000 0.000=+000

] 1 | +

[ ok ][ canca |

|

This tab lists the reaction forces and moments of each load cycle.

To save the results in text file, click the button & at top right of this window.

e Pushover Curve

F B
Nodal Deflection / Reaction - . =

Load Deﬂedionl Displacement Statisticsl Reactions  Pushover Curve |

Node 7 w w=ly=225z=0 a Drraw with Line

[T Draw with Symbal
Pushover Curve Deflection Curve
Base Shear Fux —
T Ao —
[[uz —
Rotation Curve

Crx —

Fues
@ X - Deflection
=Y - Base Shear
= - Base Shear
=Y - Deflection
Cycle (1-55)

From 1

To 95

0.02 0.04 0.06 0.08 0.1 012 0.14 0.16
Deflection load Stage 0 =

[ ok [ canesl |

A

This diagram shows change of base shear against nodal deflection for pushover
analysis.

To save the results in text file, click the button B at top right of this window.
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4.8.7.3 Toggle Displacements/Reactions Dialog

Click the Post>Nodal Results>Toggle Displacements/Reactions Dialog command to
choose whether reactions or displacements to be shown on the popup dialog when

double-clicking a node.

Displacements @ Reactions @
NODE: | - NODE: hs ™
L 1.401e-001 Fi: -5.082e+001
LY : -6.028e-003 FY: 1.000e+003
UZ: 0.000e+000 FZ: 0.000e+000
Ri: 0.000e+000 Mx: 0.000e+000
RY: 0.000e+000 MY : 0.000e+000
RZ: -1.206e-002 MZ: 1.045e+002

4.8.8 Member Results
4.8.8.1 Member Statistics/Moment-Rotation

Click the Post>Member Results>Member Statistics/Moment-Rotation command to
show the member information such as the section capacity factor, end moment, shear
stress, axial force and torsional moment and the Moment-Rotation curve in each load

cycle.

Shortcut :

e Member Statistics

Toolbar : .2

Keys

None
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F k|
Member Statistics / Mement - Rotation M
Member Statistics | Maoment - Raotation I
Cycle Number [Cyde 11 /95 v] a
Member No.  [SectionC... Myl Mz1 Wyl Wzl it
1 0.084 0.000e+000 6.882e+000 2.157e+000 D.DDDeaDDﬂ
2 0.073 0.000e+000 4.822e+000 2225¢+000 0.000e+D0
3 0.062 0.000e+000 2.737e+000 2.241e+000 0.000e+D0
4 0.056 0.000e+000 6.357e-001 2245000 0.000e+D0
5 0.048 0.000e+000 -1.423e+0.. -9.541e-001 0.000e+D0
] 0.044 0.000e+000 -5.289%¢-001 -9.567e-001 0.000e+D0
7 0.048 0.000e+000 3.680e-001 -9.54%-001 0.000e+D0
8 0.052 0.000e+000 1.263e+000 -9.4872-001 0.000e+D0
] 0.048 0.000e<000 -2566e+D... -1.654e+0.. 0.000e+D0
10 0.040 0.000e+000 -1.415e+0... -1.660e+0.. 0.000e+D0
1 0.042 0.000e+000 1407001 -1.65%-+0.. 0.000e+00
12 0.050 0.000e+000 1696e+000 -1.653e+0.. 0.000e+D0
13 0.059 0.000e+000 -6.760e+0... -4.01%e+0.. 0.000e+D0
14 0.040 0.000e+000 -2592e+D.. -4.028e+0.. 0.000e+D0
15 0.048 0.000e+000 7840001 -4.025e+0.. 0.000e+D0
16 0.067 0.000e+000 4558e+000 -4.012e+0.. 0.000e+D0
17 0.068 0.000e+000 -3572e+0.. -2.003e+0.. 0.000e+D0
;IRl n ﬂdﬁr" 0= -1 RSdsaD -2 M %wan n Wh;l':ﬂ S
[ ok || cancal |
L

When different loading is applied on the structure, the internal forces on the members
are changed accordingly. Some useful information about the force on each member:
stress, axial force and torsional moment can be found here.

To find the minimum/maximum section capacity factor, axial force or torsional
moment among the members in the structure at a certain load factor, select the cycle
number and click on column header to sort it in ascending/descending order.

To save the results in text file, click the button B at top right of this window.

e Moment-Rotation

-
Member Statistics / Moment - Rotation

[=X=)

Member Statistics Moment - Rotation |

Member 23 v Nodel=7 Node2s8 =]

Moment - Rotation Curve

Moment

----------------------------------------------

__________________________________________

[¥] Draw with Line

[¥] Draw with Symbol
Show Curve
Cheta 1y ©
[V Theta 1z ©
[(Thetay ©
Cheta2z

Axes

@ X - Rotation
Y - Momert

P-Hinge Rotation v
Cycle

load Stage 0

X - Moment
Y - Rotation

From 1

To 400
1to 400
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This diagram shows change of moment against rotation for second-order plastic
analysis and time history analysis.

4.8.8.2 Show Section Capacity Factor Statistics

Click the Post>Member Results>Show Section Capacity Factor Statistics command to
show section capacity factor statistics.

Shortcut : Toolbar @ | Keys : None

This function is useful to check the utilization of each section group. User can reduce
or increase member size according to charts.

Clustered Bar | Scatter Chart

Options

Background E
Axies ﬂ
Font ﬂ

@ By Count

() By Weight

4.2%

S5 22% 20% 1.5y [ ExportBuP.. |
: Expol

07 08 09 10 =10 [ clse |

Clustered Bar | Scatter Chart

Analysis Case ...

Options
Background ﬂ

Axies

Font

Grid line

Point Color

PointSize § =

Auto Fit

LENE
s Am

-
| e, fn

Capacity Factor

1

Export BMP...
Close
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Click the Analysis Case button to select the analysis case to be included.
Click the Section button to select the section to be included.

The color of background, axis, front, grid line and point color can be selected. The
chart can be exported to a BMP file.

The color of each member in deformed structure depends on the section capacity factor
at each load cycle.

Shortcut : Toolbar : = Keys : None

Member... @ Member Color @
(| Show Values

[ Show Bar

[y
&
k=]
@
5]
=
b
k=1

Gl

¥]

&

OO O

+1.0

+
5
=

+0.8
+0.6
+0.4
+0.2
0.0
-0.2
-04
-0.6
-0.8 0.8

4.0 -1.0

P 11

|

Coiom | [ v
= (= 6] [ o= |

It is divided into 12 different colors by different ranges of section capacity factor. The
first one represents the member with stress value larger than or equal to 1.0 (i.e.
exceeding the tensile yield stress), whereas the last one represents the stress value is
less than -1.0 (i.e. exceeding the compressive yield stress).

Unifarm

L |

Reset

V]
W

Change these colors by simply clicking the color boxes and select the new one from
color palette.

4.8.8.3 Show Bending Moment/Shear Force Diagram

Click the Post>Member Results>Show Bending Moment/Shear Force Diagram
command to show the bending moment and shear force diagram of all the members on
the screen in undeformed configuration.

Shortcut : Toolbar : 4= Keys : None
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Show Diagrams

Bending Momerts

] about y-axis

Shear Forces
[ along y-zds [ dlong z-ads
[ Aedial Force [ Torsion

Options
[ Show Values Scaling Factor: 1

(Ee] [w ) [Com ]

A

To show bending moment and/or shear force on undeformed structure in main window,
select one or more than one items to be shown on the screen.

e Bending moment about y-axis

e Bending moment about z-axis

e Shear force along local y-axis (xz plane)

e Shear force along local z-axis (xy plane)

e Axial force

e Value of bending moment, shear force and axial force

Afterwards, tick the members you want to draw curves and press Apply.

rug:m - pEnD
. T
T g

2.94E+01

Please be reminded that too many curves will reduce the quality of the diagram. It is
recommended that only diagrams of selected members would be shown simultaneously
on the screen.

The result could also be viewed in a separate window by clicking the specific member,
and then a dialog will pop up to show the bending moments and shear forces as below.
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Force Diagram (188)

Design Procedure

Mode [25]to Mode [160]

Section Capa.Fac. -3611e-002 E]
Puial Force -1.681e<001

Torsional Moment  0.000=+000

Section CHS114.3x6.3-1

Show Moment Show Shear Force
About y-adis / Mlong y-axis

Momert Shear Force
7.94e-002 -1.98e-001
0.00=+000 1.98-001
1.98e-001 - T —_1.98e-001
0.00e+000 . 0.004+000

0.00e+000@-0.00
e |
o 1
About z-ads / Mlong z-axis

Moment Shear Force
0.00e-+000 01.00e+000
1.94¢-001 0.00e+000
0.00e+000 0.00e+000

U.UUE+UUU@—U.UU
o

[DEEIGM ELEMENT]= 188, [NODE1]= 25, [NODEZ]= 160; [LENGTH]=

<AMALYSIS CASE=>: 1.35DL+0.98LL+0.84WLH1+0.85TL1 =LNIT=:

Load Stage : 0 Load Cycle : 1

[My1]= 0.0000E+00 [Mz1)= 0.0000E+00; [My2]= 0.0000E+00 [Mz2]= 0.0000E+00
My1l= 0.1977TE+00 [Wz1)=-0.2984E-17; Vy2)=-0.1977E+00 [Vz2]=-0.2984E-17
[P 1=-0.1681E+02 (Compression), [Mt]=0.0000E+00 (Torsion)

Design Moments: [Myd]=-0.7940E-01 [Mzd]= 0.1943E+00 [ af}= 0.5000E+00
Design Type : "Beam-Column” Design Code @ "HKSC[2011]"

Seismic Design: 0 (Not Considered)

=MATERIAL PROPERTIES= : (1345

Elasticity Modulus, [E}= 0.2050E+09; Yield Strength, [py]= 0.3100E+06|
Design Strength: [py1]= 0.3100E+06(Bending), [py2]= 0.3100E+06(Axial)

<SECTION PROPERTIES= : CHS114.3X6.3-1

Area = 0.2140E-021z =0.3130E-051ly =0.3130E-05J =0.6250E-05
Zz(+)= 0.5470E-04 Zy(+)= 0.5470E-04 Zz(-)= 0.5470E-04 Zy(-)= 0.5470E-04|
S5z =0.6290E-04 8y =0.6290E-04rz =0.3820E-01ry =0.3820E-01

Note: The plastic modului are limited to Sy= 1.15 Zy, Sz= 1.15 7z

<SECTION CLASSIFICATION= :

Rolled; CHS[Pipe]

Double click the dialog to open it by external
editor tool such as “Notepad.exe”.

m

The first diagram shows bending moment about y-axis and shear force along y-axis (i.e.
xz plane) of the selected member. The second diagram shows bending moment and
shear force about z-axis and along z-axis (i.e. Xy plane) respectively.

Note: all these diagrams are drawn in member local axis.

4.8.8.4 Show Plastic Hinge

Click the Post>Member Results>Show Plastic Hinge command to show the plastic
hinge if it is a plastic analysis allowing for plastic hinges formation.

The plastic hinge may occur at one or both ends of the member with blue or red
circular mark. The blue mark means partially yield plastic hinge while the red one

means full yield plastic hinge.

4.8.9 Shell Results
4.8.9.1 List Nodal Stress

Click the Post>Shell Results>List Nodal Stress command to list the nodal stresses.
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Cycle Number ’Cyde 74180

Mode No.  Face S Won.Mises  S1

7 TOP -1.482-... -... -.. 1497e-..  0.000e+.
37 BOT -9.91%-... - - 9.982e-..  -1.084e-.
38 TOP -8.073e-... - -.. 8.116e-.. -1.057e-.
38 BOT -1.700e-... -... -.. 1.708e-.. -2.953e-.
39 TOP -1.284e-.. - - 1.287e-..  -1.55%e-.
39 BOT -1.427e-... -... - 1.42%-.. -2.43%e-.
40 TOP -3110e-... ... - 31Me-.. -2.922e-.
40 BOT 2.363e-... oo 2372e-..  2.370e-..
41 TOP -9.461e-... - - 9462e-.. -1.90%e-.
41 BOT 6.543e-... .. 6543e-.. 6.543e-.
46 TOF 5.831e-.. -... -.. 9.884e-.. -1.278e-.
46 BOT -1.325e-... ... - 1.33e-.. 41228
47 TOF 6.944e- .. -... -.. BS977e-.. -1.22%e-.
47 BOT -1.619-... ... -.. 1626e-.. -2.883e-.
43 TOP -1.209-... -... - 121e-..  -1.963e-.
43 BOT -1.253e-.. - - -, 1.28%e-..  -1.857e-.
43 TOP -2.960e-... - - 296%e-..  -3.713e-.
43 BOT 4.024e-... ... 4028e-.. 4.028e-. -
4 | 3

[ ok [ cance |

You may obtain 6 types of information of each node in different load cycles. When
cycle number is changed, the load factor will also be varied.

Sx The nodal stress in x-direction (Global coordinate system)
Sy The nodal stress in y-direction (Global coordinate system)
Txy Shear Stress (Global coordinate system)

von.Mises von Mises Stress

S; The First Principle Stress

S The Second Principle Stress

Note: Principle stresses and von Mises stress are calculated as below.

2
S, = Sx ;SY + (SX ;SYJ +T2,

S, +S S, —S. Y
82: X2 Y ( X2 YJ+T>(2Y

Suwms :\/S>2( +S$_SXSY +3TX2Y

Click the column header (e.g. Sx, Von Mises, S;, etc.) to sort that column in ascending
or descending order in order to obtain the maximum and minimum values.

To save the results in text file, click the button & at top right of this window.
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4.8.9.2 List Shell Stress
Click the Post>Shell Results>List Shell Stress command to list the shell element

stresses.

Shel Stress |

Cycle Number ’Cyde 17180

Shell No.

65
65
66
66
67
67
68
68
69
69
70
70
7
Al
72
72
81
81

Face

TOP
BOT
TOP
BOT
TOP
BOT
TOP
BOT
TOP
BOT
TOF
BOT
TOF
BOT
TOP
BOT
TOP
BOT

Sx

-8.077e-...
-8.997e-...
-2.314e-..
-2.768e-...
-1.383e-..
2.940e-...
-2.874e-...
-2.677e-...
-3.58%-...
2.664e-...
-5.986e-...
1.420e-...
-9.166e-...
8.227e-...
-1.257e-...
6.378e-...
-5.817e-...
-9.581e-...

Won Mises 51

1.983-..
3.086=-...
207%-...
313Ne-.
1713
452%- .
2 T4Be-...
- 4243
3816
4.568e-...
5.787e-..
. 4507
1.03%-...
7547 .
1111e-...
6.777e-...
15923
3374e-..

<

-8.007e-..
-8.957e-..
-5.443e-.
6.367e-...
-1.238e-.—
3.123e-...
-1.922e-..
2.014e-...
-3.034e-.
2.748e-...
-4.063e-..
4.664e-...
-8.368e-..
8.645¢-...
6.612e-.
7.754e-...
-4.088e-..
£.202e-..

You may obtain 6 types of information of each shell element in different load cycles.
When cycle number is changed, the load factor will be changed accordingly.

Sx

Sy
Txy

von.Mises

S1
S

The element stress in x-direction (Local coordinate system)

The element stress in y-direction (Local coordinate system)

Shear Stress (Local coordinate system)
von Mises Stress

The First Principle Stress

The Second Principle Stress

Click the column header (e.g. Sx, Von Mises, S1, etc.) to sort that column in ascending
or descending order in order to obtain the maximum and minimum values.

To save the results in text file, click the button B at top right of this window.

4.8.9.3 Show Displacements

Click the Post>Shell Results>Show Displacements command to show the displacement

contour.
Shortcut :

Toolbar :

Keys

None
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SW0 File Edit Select View Construct Gr-Agsign Analysis Post Tools Window Help
DFdl: Rl (@ns HQE([En v+ |Fe|te|k(s i vizEs
ST 1[G 5 e+ = | ¢ =] " Cycle 72/ 180 Load Factor: [0.4387 | » [m
Drisplacement( ) Properties ox
+0.0004+00 L
L] LI )-a%, SH_HINGED CYLINDR
fo] l+2 SEle-02 2 Materials
— l+3 872e-02 I3 Frame Sections
A s -3 Shell Sections
e U+5 453e-02 [#-3 Load Cases
& LI 23 Combined Load C
" D+9 035e-02 {2 Groups
= D+1 033e-01 25 Advanced Groups
Q’ Evl 162e-01
l+1 291-01
I i l+1420e-Ul
o | gt
0| Maerment N —— »
2
~ etails I
Attributes Val
« i v
Read ||Ana. Case:12.7mm THK Unit : kN, 1

You may obtain 7 types of displacement of each shell in different load cycles. When
cycle number is changed, the load factor will be changed accordingly.

Ux Displacement in X-axis

Uy Displacement in Y-axis

Uz Displacement in Z-axis

Disp Total displacement, Disp = U2 +UZ +U?
Rx Rotation about X-axis

Ry Rotation about Y-axis

Rz Rotation about Z-axis

The different colors in the shell element indicate the different levels of deformation.

4.8.9.4 Show Nodal Stress (Surface)

Click the Post>Shell Results>Show Nodal Stress (Surface) command to show the
nodal surface stress contour.

Shortcut : Toolbar : = Keys : None
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SE) Fle Edit Select View Construct Gr-Asign Anslysis Post Tools Window Help

DNEE|: Ba|o (@ wqq (@B e |[Fo|me|ks i |viEs

T o e 4t — ] = ' Cycle 72/ 180 Load Factor: 04387 | b [m

Q Hodal Stress(Sx) Properties X
a T " T A
g% SH_HINGED CYLINDR
5 Materials
L[5 Frame Sections

3184202

-2.768e-02
-2.352e-02
-1.936e-02
-1.51%e-02
1103202
-6.2712-03
271003
+1.4526-03
+3.6146-03
| pese03
+1.394.-02

{5 Shell Sections
5 Load Cases

_[7 Combined Load C
> Groups
(& Advanced Groups

+1.810-02

| Ma226e02 N —— D

2
~ Details ax
Attributes Val
« m ] v
I [Ready |/Ana. Case : 12.7mm THK |[Unit s kN, {

You may obtain 6 types of stress of each node in different load cycles. When cycle
number is changed, the load factor will be changed accordingly.

Sx The nodal stress in x-direction (Global coordinate system)
Sy The nodal stress in y-direction (Global coordinate system)
Txy Shear Stress (Global coordinate system)

Von.Mises von Mises Stress
S1 The First Principle Stress
S2 The Second Principle Stress

The different colors in the shell element mean the different level of stress.

4.8.9.5 Show Shell Element Stresses (Surface)

Click the Post>Shell Results>Show Shell Elem Stress (Surface) command to show the
shell element surface stress contour.
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Window  Help

iR File Edit Select View Construct Gr-Assign Analysis Post Tools

b Cycle 72 /180

D@l meoc g =mqq@Be -+ |[Feo me|kls i |ye@Es
= Load Factnr:P E

By SulV7] oA RS S - R =
Shell Stress(Sx) [,

-2.3012-02
-2.023e-02
-1.745e-02
-1 46702
-1.189.-02
-9.107e-03
-6.327e-03

1
1
1
I
0
0
0
Gt
0
I
1
]
1

P Rhe it BCE

Properties ax
e AT R
B ﬁSﬁ SH_HINGED CYLINDR|

5 Materials
[ Frame Sections
{5 Shell Sections
15 Load Cases
L3 Combined Load C
3 Groups
15 Advanced Groups|

e v

Details ax I

Attributes Val

] 3

|/Ana. Case:12.7mm THK

w Read;’

Unit : kN, {

You may obtain 6 types of stress of each node in different load cycles. When cycle
number is changed, the load factor will be changed accordingly.

The element stress in x-direction (Local coordinate system)

SX

Sy The element stress in y-direction (Local coordinate system)
Txy Shear Stress (Local coordinate system)

Von.Mises von Mises Stress

S1 The First Principle Stress

S2 The Second Principle Stress

The different colors in the shell element indicate the different levels of stress.

4.8.10 Export Summary of Analysis Results

Click the Post>Export Summary of Analysis Results command to export the analysis

results to MS Excel file or Text file.

Shortcut : Toolbar :

El

Keys : None
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Analysis Cases Output Format

0 ltems Selected @ MS Excel File () Text File

Output Path:  E:201110120111020 NIDAtestNSDO8 Examples\NSDO8 Exal «

Output Options

Items

Max Section Forces & Moments
Modal Displacements

Modal Reactions

Internal Forces & Moments
Deflection of Members

Deflection of Combined Members

Step 1: Click Select ... button to select analysis case, load cycle and/or load stages.

Analysis case(s) with load stages:

Analysis Type: |l Available v| AnaCase2/3)

1] Ana.Case Name Selected LStage(s) Load Stage

@1 o | [~ -
2 (TH+2V 1
3 VaH 1

[ Show Selection Only
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Analysis Case & Load Stage(3)

Load Cycles

Ana Case
1

2
3

Load Stage(s)
1
1
0

Selected(s)
1

Load Cycle  Load Factor

Auto Select

@) Load Factor Range
055 and 1.05%

() Cycle No.

Select

1

<Back || Finish

] [ Cancel

Analysis case(s) without load stages:

[Saec sl Coe B -

Analysis Type: INonIinearAnaIysws

Unselected (0)

v}

Mame

Load Factor
From 085

To

[T All Load Factor

1.05

)
Selected (12)
o Name Load Factor...
1 1.2DL+14WIND_DAIl  (0.95,1.05)
2 1.2DL+1.4WIND_45... (0.95,1.08)
3 1.2DL+1.4WIND_90... (0.95,1.08)
4 1.2DL+1.4WIND_13.. (0.95,1.08)
5 1.2DL+1.4WIND_18... (0.95,1.05)
ALL << 6 1.2D0L+14WIND_22..  (0.95,1.05)
7 1.2DL+1.4WIND_27... (0.95,1.05)
8 1.2DL+1.4WIND_31... (0.95,1.05)
9 1.2DL+1.4WIND_N...  (0.95,1.05)
10 1.2DL+1.4WIND_N...  (0.95,1.05)
11 1.2DL+1.4WIND_N...  (0.95,1.05)
12 1.2DL+1.4WIND_N...  (0.95,1.05)
4 1 | »
OK ] [ Cancel

Step 2: Click the Browse button to select the output path to save results.

Step 3: Choose the item(s) to be included in output. Items(result type) can be specified
(Max Section Forces & Moments, Nodal Displacements, Nodal Reactions, Internal
Forces & Moments, Deflection of Members and Deflection of Combined Members);
and options are provided for each item. Star (*) in option means further setting is

provided.
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11 ltems Selected

Qutput Format

@ MS Excel File ©) Text File

OutputPath:  E-201110\20111020 NIDAtestNSDOS Examples\NSDOS Exal

ltems

Max Section Forces & Moments
MNodal Displacements

Nodal Reactions

Internal Forces & Moments
Deflection of Members

Deflection of Combined Members

Qutput Options

[7] Details of Analysis Cases
[¥]Envelope(Max & Min)
[T]Selected Nodes Only
[]5elected Members Only
Selected Sections Only(*)
[¥]Sect.Capa.Fac.(*)

| Selectal | | Unselect | | Setiing

)

Export Analysis Results

Anzlysis Cases

0 ems Selected

Output Path:  (\Users'ceyplin\ Desktop \NIDA Files

ftems
Max Section Forces & Moments
Modal Displacemants

I Intemal Forces & Moments '

|| Deflection of Members
Deflection of Combined Members

-
Set Filter of Section Capacity Factor

Lower Limit: o

Upper Limit: 11| Infinity

By Absolute Value

[ ok | [ cancel |

Sect.Capa.Fac (%)

Select Al

[ select All | [ Unselect | [ Setting |

Export Close

Click Export button and an MS Excel file or Text File will be shown as below.

e MS Excel File
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4.8.11

1 LIDL~1.4WIND_0 Al

|Member No."Node No© Ancs No.” Stage” Cyele’LoadFactor P 7 My " Mz " T 7 Wy 7 Vz 7 SCFactor’
kN EN*m EN*m EN*m kN kN 1

1077 381 1 o 2 100 -B3ME-2  4112EX0  -6.0M4E-D0 -6.814E-04 TASIEHD 5.220E+00
1077 397 1 o 2 100 -B3ME2  4A117EX0 . 4E1IE-M -6.814E04 -5.195E+00
1077 381 Max -B3GME-02 4112E-00 -6.004E-D0 -6.814E-04 5.220E+00
1077 3Bl Min -B3G4E-02 4112E-00  -6.904E-D0 -6.814E-04 522000
1077 397 Max -B3ME-02 411TEH 4.B12EHM -6.814E-04 -3.185E+00
1077 397 Min -B3ME-02  411TE-I0 4.B12E00 -6.814E-04 -3.185E+00
1078 383 1 o 2 100 6.B50E02 6.150E-00  -2.B43E-D0 6.540E04 -3.010E-00 6.521E+00 -6.863E-01
1078 398 1 [ 2 100 -6850E-02 4100E+00 -3 303E+00 6.540E-04 3 876E+00  -6.4BTEHM -6 B63E-01
1078 383 Max -6.850E+02  6.150E+00  -1.B43E-D0 6.540E04  -3.910E-D0 6.521E+00 -6.863E-01
1078 383 Min -6.830E-02  -6.130E-+00  -2.B43E+00 G.540E-4 -3.910E-00 6.321E+00 -6.863E-01
1078 388 Max -6.B30E-02  4.100E-00 6.540E-14 3.BTEE-0D  -6.4RTE-D -6.863E-01
1078 398 Min -6.850E+02  4.108E+00  -3.303E+0D 6.540E-14 3.BTEE-0D  -6.4BTEHD -6.863E-01
1125 397 1 [ 2 100 -B338E+02 4 117E+00 4 B11E+00 -1.381E-05 4 310E+00  -531BE+MD
1125 413 1 o 2 100 -B.33BEH2 4.306E+00 2.B10E-00 -13B1IEDS 4.54E-I 5.352E+00
1125 397 Max -8.338E+02 4.117E~00 4.811E~00 -1.381E-035 4.810E~00  -3.318E+D
1125 397 Min -8.338E02 4.117E-00 4.811E~00 -1.3B1E-D35 4.810E-00  -5.31BE~0D
1125 413 Max -8.338E-02 4.306E-00 2.810E+00 -1.321EQS 4.344E-D 5.352E+00
1125 413 Min -B.338E-02 4.306E+00 1.810E+00 -L.3F1E0F 4. 044E-00 5.350E+00
1126 398 1 o 2 100 -6.82BE-2 4.108E+00 3.303E-00 4. 3B4E-4 4.815E+00  -3.3B3E+W -6.416E-01
1126 414 1 o 2 100 -6.828E-02 1.373E+00 4.325E+00 -4.3B4E-04 4.340E-ID 3.61TE-0 -6.416E-01
1126 398 Max -6.828E+02 4.108E+00 3.303E-00 -4.3B4E-04 4.815E+00  -3.5B3E+MD -6.416E-01
e TextFile
unit kN, m
Member = 1077
NodeI = 381
AncsNo. Loadstage cycle P My Mz T vy vz Capacity
1 [+] 2 -8.364e+02 -4.112e+00 -6.924e+00 -6.814e-04 -7.451e+00 5.229e+00 -8.392e-01
Max -8.364e+02 -4.112e+00 -6.924e+00 -6.81l4e-04 -7.451e+00 5.229%e+00 -8.392e-01
Min -8.364e+02 -4.112e+00 -6.924e+00 -6.814e-04 ~-7.451e+00 5.229e+00 -§.392e-01
Nodel = 397
ANCSNO. Loadstage cycle P My Mz T vy vz capacity
1 4] 2 -8.304e+02 .117e+00 -4.812e+00 -6.81l4e-04 7.417e+00 -5.193e+00 -§.392e-01
Max -8.364e+02 .117e+00 -4.812e+00 -6.814e-04 7.417e+00 -5.195e+00 -8.392e-01
min -8.364e+02 .117e+00 -4.812e+00 -6.81l4e-04 7.417e+00 -5.195e+00 -8.392e-01
Member = 1078
NodeI = 383
ANCSNO. Loadstage cycle P My Mz T vy vz Capacity
1 [+] 2 -6.850e+02 -6.159e+00 -2.843e+00 6.540e-04 -3.910e+00 6.521e+00 -6.863e-01
Max -6.850e+02 -6.15%e+00 -2.843e+00 6.540e-04 -3.910e+00 6.521e+00 -6.863e-01
min -6.850e+02 -6.159e+00 -2.842e+00 6.540e-04 -2.910e+00 6.521e+00 -6. 863e-01
Nodel = 398
ANCSNO. Loadstage cycle P My Mz T vy vz Capacity
1 o 2 -6.850e+02 -4.10%e+00 -3.303e+00 6.540e-04 3.876e+00 -6.487e+00 -6.863e-01
Max -6.850e+02 -4.109e+00 -3.303e+00 6.540e-04 3. 876e+00 -6.487e+00 -6.863e-01
Min -6.850e+02 -4.10%e+00 -3.3032e+00 6.540e-04 3.876e+00 -6.487e+00 -6.863e-01
Member = 1125
NodeIl = 397
ANCSNO. Loadstage cycle P My Mz T vy vz capacity
1 [+] 2 -8.338e+02 4.117e+00 4.811e+00 -1.381e-05 4.810e+00 -5.318e+00 -7.826e-01
Max -8.338e+02 4.117e+00 4.811e+00 -1.381e-05 4.810e+00 -5.318e+00 -7.826e-01
Min -8.33Bet+02 4.117e+00 4.8lle+00 -1.38le-03 4.810e+00 -5.318e+00 ~-7.826e-01
Nodel = 413
ANCSNO. Loadstage cycle P My Mz T vy vz Capacity
1 o 2 -8.338e+02 4.306e+00 2. 810e+00 -1.38le-03 -4.844e+00 5.352e+00 ~-7.826e-01
Max -8.338e+02 4.306e+00 2. 810e+00 -1.381e-05 -4.844e+00 5.352e+00 -7.826e-01
Min -8.338e+02 4.306e+00 2.810e+00 -1.381e-05 -4.844e+00 5.352e+00 -7.826e-01

Export Statistics of Analysis Results

Click the Post> Export Statistics of Analysis Results command to export the statistical

results in an MS Excel file.

Shortcut :

Toolbar

Hax,

Keys

: None
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Export Statistical Results Iﬁ
Source File
ChUsers\ceypliv\De.. \20121123 frame of CGW di TR
Analysis Case
104 kems Selected Select...
Node
] Ewport |1 Displacements Soted by | |JjResultant)
[ Export |1 Reactions Sorted by F(Resuttant)
Member
Export 1 Members Section... 6 Selected
Extreme Values for | Each selected s + | Sorted by
|| Bxport Intemal Forces & Moments [7] Add Comments
Export Member Design Details (" MSD File)
[ ok | | Cancel |

Analysis Cases Selection: refer to Step (1) of 4.18.10 Export Summary of Analysis
Results.

Node result output:  Most top (max) N result items sorted by Option will be exported
if the checkbox enables. The item Count ‘N’ can be specified and
Option(Resultant/Ux/Uy/Uz/Rx/Ry/Rz) is provided for displacement while
Option(Resultant/Fx/Fy/Fz/Mx/My/Mz) is provided for reaction.

Member result output:

“For” Option: items are categorized by Each selected section/Each member or not
categorized, i.e. All.

“By” Option: items are sorted by |Section capacity factor| (Absolute value) /Axial
force/Bending moment/Shear force/Torsional moment;

Section filter:
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Analysis Type: [Nonlinearﬁ\nalysis

Unselected (0)

D

Name

Load Factor

From 0.95

To 1.05

[] All Load Factor

Selected (12)

R R R R R S

.
M = o

MName

1.2DL+1.4WIND_D All
1.2DL+1.4WIND_45.

1.2DL+1.4WIND_90...
1.2DL+1.4WIND_13...
1.2DL+1.4WIND_18...
1.2DL+1.4WIND_22..
1.2DL+1.4WIND_27 ...
1.2DL+1.4WIND_31...

1.2DL+1.4WIND_M...
1.20L+1.4WIND_M...
1.2DL+1.4WIND_M...
1.2DL+1.4WIND_M...

Load Factor.

(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)
(0.95,1.05)

OK ] [ Cancel

]

An exported MS Excel file will be shown as below.

1 12DL+1 4WIND_0 All
4 12DL+14WIND_135 All
3 12DL+14WIND 315 Al
4 12DL+14WIND_135 All
4 1.2DL+1 4WIND_135 All
1 12DL+14WIND_0 All
3 12DL+14WIND 315 Al
1 12DL+1 4WIND_0 All
1 12DL+1 4WIND_0 All
4 12DL+14WIND_135 All
3 12DL+14WIND_315 Al
6 1 2DL+14WIND 225 All
1 1.2DL+1 4WIND_0 All
1 12DL+1 4WIND_0 All
3 12DL+14WIND_315 Al

Coo0 Do o000 DoDo0 oo o

L L R S R N R Sy ]

e g g e

1 copy of A130X17
1 copy of A200325
1 A100X8

copy of A200X30
A120X8
A130X10
A130X12
A130X9
A130X11
A150X12
A150X15
AZ00X15
A200X20
A200X25

A45X5

" SectNo. ' MemberNo.”  Sect Capa, Fac.
1 1077 0839
2 1003 0903
3 930 0139
1 59 0966
5 1430 0241
6 194 0730
7 1332 04135
8 1186 0543
o a1 0483

10 1y 0842
1 07 0533
2 1008 0809
13 7 0963
14 1388 Y
15 319 0398

“Export Member Design Details (*.NSD file)” option can output the details of design
procedure of critical members for calculation report.
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-

mj Design Procedura.txt - Notepad

e

Eile Edit Format VYiew Help

Seismic Design: 0 (Not Considered)
<MATERIAL PROPERTIES> : Q345

Elasticity modulus, [E]= 0.2050E+09; vyield strength, [py]

<SECTION PROPERTIES> : (CH5139.7x10.04

NOTE: PLASTIC MODULUS IS5 USED IN DESIGN.

[DESIGN ELEMENT]= 358; [nNoDE1l]= 270, [NODE2]= 276: [LENGTH]= 3.0000
<ANALYSIS CASE> : 1.35DL+0.98LL+0. 84wWLH1+0. 98TL1 <UNIT> : kN, m
Load Stage Load Cycle

0 1
[Myll= 0.4987E+01 [Mz1]=-0.13456+02; [My2]=-0.1087E-08 [Mz2]= 0.6162E-09
[Vyll= 0.44856+01 [vz1]=-0.1662E+01; [Vy2]= 0.4485E+01 [vz2]=-0.1662E+01

[P 1=-0.6318e+02 (Compression); [Mt ]=-0.1956E-08 (Torsion)
Design Moments: [Myd]= 0.4987E+01 [Mzd]=-0.1345e+02 [ at]= 0.0000E+00
Design Type : "Beam-Column” Design Code : "HKSC[2011]"

= 0.3100E+06

Design strength: [pyl]= 0.3100E+06(Bending), [py2]= 0.2100E+06(axial)

0.1720E-04
0.1230e-03
0.4600E-01

Area = 0,4070E-02 Iz = 0.8620E-05 Iy = 0.8620E-05 1

zz(+)= 0.1230e-03 Zy(+)= 0.1230e-03 zz(-)= 0.1230E-03 zy(-)

5z = 0.1414e-03 sy = 0.1414E-03 rz = 0.4600E-01 ry

Avz = 0,2442e-02 Avy = 0,2442E-02

Note: The plastic modului are Timited to Sy= 1.15 zZy, Sz= 1.15 Zz.
<SECTION CLASSIFICATION= Rolled; cHs[Pipe]

Mat. Coeff. [e]= 0.9419 [ =sqQRT(275/py) ]

web : [d/t]= 12.9700 <= 40er2 = 35.4839

F1ange : [b/T]= 13.9700 == 40er2 = 35.4839

section Class = [1] "plastic”

strength Reduction Factor for Slender Section = 1.0000

m

4.8.12 Export Eigen-buckling Load Factor(s)

Click the Post>Export Eigen-buckling Load Factor(s) command to export the

eigen-buckling load factor to an MS Excel file.
Shortcut : Toolbar : e

Source File

E201109120110920 TOWERMdya31\4DYA3 1v1. da] Browse... ||| Load Info.

Analysis Cases

g items selected

Results.

4.8.13 Export Animation AVI

Keys :

None

Analysis Cases Selection: refer to Step (1) of 4.18.10 Export Summary of Analysis

Click the Post>Export Animation AVl command to export an animation file with AVI

format.
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49.1

4.9.2

4.9.3

E201109120110920 TOWERMdya3 1\4DYAI1v 1. avi| -

Load Cycles

@ MultiCycles - from [10(050)  ~|to [20(100)  ~]

() Specified Cycle 1/0(0.50)

Duration(Seconds): 10 = Resolution | | G40*480 -
RepeatTimes: 2

Multi-Cycles option provides a video which plays the deformation of the structure
under loading from one load cycle to another.

Specified Cycle option provides a video which plays vibration between the
undeformed and deformed shape of the specified load cycle.

Tools
Show Data File

Click the Tools>Show Data File command to open the data file in text format, which
contains all information of the model. User can modify the model by editing the file
directly and reload it to confirm the change.

Export Tables

Click the Tools>Export Tables command to export the definition of the model such as
node coordinates, beam and shell connectivity, materials, sections, load cases and load
combinations.

] Frame Sections

[] shell Sections

[ Node Coordinates

[ Node Boundary Conditions

] Member Length & Weight

[T Member Connetivity & End Conditions

[“| Member Properties & Design Parameters
[T Load Cases

[[] Combined Load Cases

[] Analysis Cases

Check Nodal Distance
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Click the Tools>Check Nodal Distance command to calculate the distance between
two selected nodes.

Check Distance Iﬂ

Mode [: B Node J: ]

Distance: [ 7.200 ]

4.9.4 Statistics

General | Selection | Frame Section | Shell Section [ [+ | »

Attributes Values

Mo. of Members 1592
Mo. of Modes 247
Mo. of Materials

Mo. of Frame Sections

Mo. of Shell Sections

Mo. of Shells

Mo. of Floors

Mo. of Springs

Total Weight (tons)

Max Lengthim): X-axis

Max Lengthim): Y-axis

Max Length{m): Z-axis

The General tab lists the number of member, nodes, materials, sections, shells, floors,
the total weight of the model, and the maximum length in X, Y and Z axes.

The Selection tab shows the number of member, node, shell, floor and the total weight
of the selected objects.

The Frame Section tab shows the number of the members and the total weight of the
members in the frame sections.

The Shell Section tab shows the number of the shells and the total weight of the shells
in the shell sections.

The Load Case tab shows the name, load factor and number of loadings in the
corresponding load case.
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495 Options

Click the Tools>Options command to set the color of each object as well as the display

options.
~
Options ﬂ
Display | Geneﬁlll
General Load
E Background [J| cable Force
ﬂ Selection ﬂ Poirt Load
Object ﬂ Trapezoidal Load
B Noce B ot Load
|—_ Boundary Condttion .v Settlement
! Support Spring |_, Floor Pressure
[.| Spring Biemert [| shel Pressure
|—v-. Floor (Tep / Bottom) E Area Pressure
E Area Outline
Number & Name 7] Member - [7] Shel
D Nod [ Roar ] Area
| Node
ﬂ Member Transparence
|_' Floor [#]Foor  [7] Shell
[ shel Undsformed Member
ﬂ Area () Solid Line @ Dotted Line
ok J[ cancel ][ mety |

Select an object on the list . The button beside the object will show the current color of

that object. Click it to change the color scheme.

Line Thickness (pixels): 1
Point Size (pixels): 5
Fort Height {mm): 1

Display Scale Factor

NumEeﬂng Fomat

Object (No.)
Section [No ]
Material {Mo.}

Loading :  1.00 Boundary Condition : 1,00

Show Number of Selected Objects
[ Show Qutput Window automaticalty
[ Rotation about Global Axds

i B
Cptions ﬁ
Display General I
Editor for Data File E]

b

[ ok || cancel |[ Apply

]

Change the thickness of line, choose the tool for opening the data file and so on.
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410 Window

4.10.1 New Window
Click the Window>New Window command to open a new window.

4.10.2 Tile Vertically
Click the Window=>Tile Vertically command to show the windows vertically.

4.10.3 Tile Horizontally
Click the Window>Tile Horizontally command to show the windows horizontally.
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411 Help

4.11.1 Tutorials
Click the Help>Tutorials command to view the step-by-step tutorials.

4.11.2 User Manual
Click the Help>User Manual command to view the manual document.

4.11.3 About Nida

Click the Help>About Nida command to show the name and version of the program,
and the license information.
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5. ANALYSIS THEORY
51  General Concept for Ultimate Behaviour of Structures

The strut under compression in Figure 5.1 represents the typical behaviour of a member

under compression.

f
Load factor A / Plastic collapse load = pyA =\ »P
LeP
NP frofe o E l.a.$.t.i9jl.3.us:.l.<.l.ing.LQ@Q.?.@.Z.E.I./.LZ.E&.c.rP
Flrst—orde_r linear Second-order elastic analysis
Analysis
AP o A Design resistance or collapse load by
WP \ Second-order Plastic Analysis
Design resistance by "First-plastic-hinge"
5 AP where P = design load
d Deflection
Figure 5.1 Typical Behaviour of An Imperfect Strut
Note: (1) A is a load factor multiplied to the factored design load P.
(2) A should not be less than 1 to ensure resistance is not less than design load.

5.1.1 Elastic Critical Load Factor Acr

Elastic Critical Load Factor (Ac) is an indicator for buckling sensitivity of a structure.

The larger the value is, the less sensitive to sway buckling effect the structure is. It can

also be used to compute the amplification moment (M) from the moment obtained by a

linear analysis (M ) as,

ﬂ N
M=—"YxM (5.1.1)
Ay —1

By definition, A is a factor multiplied to the design load to cause the structure to

buckle elastically and drastically, such that the structure does not exhibit pre-buckling

deflection. This condition is impossible to attain in practice since structures deform in

all directions, no matter how small, once external loads are applied. As the large

deflection and material yielding effects are not considered here, the factor is an upper

bound solution that cannot be used directly in design. However, A is useful in

assessing the stability condition.

The following requirements are imposed in the CoPHK (2011).
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512

513

(1) When A < 5, a structure must be designed by a second-order analysis discussed
below (i.e. the P-A moment must be considered by a second-order analysis and the
first-order linear analysis with or without moment amplification cannot be used)

(2) When 5< A < 10, the structure is sway-sensitive and moment must be amplified for
the sway effect (i.e. the P-A moment must be considered and the first-order linear
analysis with moment amplification method can be used) and

(3) When A >10, the frame is sway insensitive that the sway effect can be ignored (i.e.
the P-A moment can be ignored)

Aer Can be determined either by the deflection method in the CoPHK (2011) or in
computer. In all cases, the P-6 moment must be considered in using imperfect member
in analysis or the buckling curves in design code.

Second-order analysis can be used in all cases above.

P-A for nodal displacement / sway
P-3 for member curvature / bowing

Figure5.2 TheP-A and P-§ Moments

P-A-Only Analysis

P-A-only analysis is the simplest method in the family of non-linear analyses. In this
method, the only considered non-linear effect is the change of structural geometry due
to nodal displacements. The process is to simply add displacements to coordinates of
all nodes in a structure during an analysis. As the member curvature or the P-6 effect
indicated in Figure 5.2 is ignored and the member is assumed to remain perfectly
straight in an analysis, design formulae in a design code must be applied in this method
for checking the buckling resistance of a member with its length either of an effective
member length or multiplied by a rationally determined effective length factor (L¢/L).

P-A-6 Elastic Analysis

P-A-3 elastic analysis allows for the non-linear effects due to nodal displacement and
member bow. The consideration of these two effects is equivalent to reducing the
member resistance by the corrected value effective length (unfortunately this is
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5.14

5.15

unknown for most except the simplest structures). The resistance of a member in a
frame is adequate when the following equation for section capacity check is satisfied.

P (My+PA +P5)) (M,+PA,+P5,)

oA V. M =¢<1 (5.1.2)
where
A Displacement due to sway of the frame measured at nodes
d Displacement due to member curvature or bowing, measured along a member
P Axial force in member
A Cross sectional area
Py Design strength
Mc ~ Moment capacity about principal y-axis
Mc;, Moment capacity about principal z-axis
My External moments about principal y-axis
M, External moments about principal z-axis
[0) Section capacity factor. If ¢ >1, member fails in section capacity check.

The term “elastic” here indicates that the method disallows stress or moment
re-distribution. However, a small degree of material yield for compact or plastic
section based on the “first-plastic—hinge” concept can be used in Equation (5.2) by
replacing the elastic moduli (Zy and Zz) with the plastic moduli (Sy and Sz). Even with
this use of plastic modulus and plastic moment as moment capacity in this
“First-plastic-hinge” design approach, stress or moment re-distribution is not allowed.

P-A-0 Plastic Analysis or Advanced Analysis

The P-A-6 plastic analysis is not the same as the conventional rigid-plastic design
based on equalization of external work done and internal strain energy, which ignores
the effect of buckling or large deflection. P-A-8 plastic analysis allows for buckling and
material yielding and it extends the method of elastic analysis to plastic range utilizing
the mechanism of moment or stress re-distribution after the first plastic hinge formation.
This is in line with the ultimate limit state design which requires the structural
resistance allowing for the effects of buckling and plastic yielding larger than the
factored ultimate load. In the computer analysis, a plastic hinge is inserted to the end of
a member when a section along the member reaches the limit of section capacity in
Equation (5.1.2). The process is continued until a plastic collapse mechanism allowing
for P-A-6 buckling effects is formed at which the load is taken as the collapse load of
the frame.

Initial Imperfections

All structures contain imperfections due to member out-of-straightness and frame
out-of-plumbness and therefore they MUST be included either in analysis or in design.
As the presence of imperfections reduces the load resistance of a practical structure,
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their ignorance is on the unsafe side in design. The geometrical member
out-of-straightness is normally not greater than 0.1% of its length but a larger value is
commonly used in order to include the effect of residual stress by an enlarged
equivalent geometrical member imperfection. The CoPHK (2011) and the Eurocode 3
(2005) are possibly the only two codes giving explicit imperfections for members of
different cross sectional shapes while nearly all design codes allow the use of
second-order analysis without giving explicit guides. To include the effect, the
imperfections are assumed to have initial values before load applications. Thus,

0=0,+0, and A=A +A; (5.1.3)
in which s, 5, and &, are member total, initial and load-induced member bowing

displacements and A, Ao and A p are frame total, initial and load-induced
out-of-plumbness displacements.

5.1.5.1 Frame Imperfection

Frames can hardly be built perfectly vertical and out-of-plumbness should be allowed.
In the steel design codes, an inclination of 1/500 or 0.2% is commonly adopted
whereas temporary or other structures require a larger value of out-of-plumbness.
Although the effect of applying a notional force of 0.5% of the total vertical loads is
not exactly the same as the use of slightly inclined structural geometry in an analysis,
the codes allow the interchanged use of the two approaches. However, for irregular
frames like domes, both methods are difficult to apply, because of the irregularity of
the structural geometry. The CoPHK (2011) allows the use of the buckling mode as the
imperfection mode. The magnitude of imperfection should be taken to be not less than
the construction tolerance in analysis.

Imperfect frame geometry approach Notional force approach

Figure 5.3 Transformation of out-of-plumbness to
Horizontal Notional Force

5.1.5.2 Member Imperfection

Similar to frames which cannot be perfectly vertical, members can hardly be perfectly
straight. The initial imperfection or crookedness is not totally due to geometrical defect,
it also allows for residual stress in different sections. The procedure of curve-fitting to
obtain a lower-bounded match of imperfection against the buckling curve in the code
was discussed by Cho and Chan (2005) whose proposed imperfections are the basis of
the subsequently drafted the CoPHK (2011) and it is similar to the Eurocode 3 (2005).
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5.1.6 Elastic vs. Plastic Analysis

Elastic or first-plastic-hinge design has been used for century and plastic analysis is
mainly limited to portal frame design. While steel accepted for use in building
structures is reasonably ductile and has a minimum elongation at fracture of 15%, the
ignorance of favorable effect in redundant structures by using elastic analysis is
unjustifiable and un-sustainable for several reasons as follows.

e The elastic analysis discourages engineers to design robust and redundant
structure against local failure since the design stops at the first plastic hinge. The
approach does not allow engineers to consider in an analysis the strength reserve
after first yield of structures while redundant and robust structures do not fail at
the first plastic hinge.

e Engineers quite often like to make use of ductility of steel in their design and, for
extreme loads during rare events, elastic design is uneconomical and puts a
consultant using the elastic design into a non-competitive position.

e From past record, one can hardly find frame failure initiated by formation of
plastic hinges in beams. Inspection of steel structures after earthquake showed that
member buckling and cracking at connections were more common but plastic
hinge in beams was unusual. This indicates buckling and connection are two
important aspects in structural steel design against collapse and design allowing
for plastic behaviour and stress re-distribution is both a safe and a sensible
direction for design.

e For design of structures under static loads, the authors suggest the use of P-A-6
plastic analysis in ultimate load design and P-A-6 elastic analysis for design under
working loads, with both analyses allowing for mandatory frame and member
imperfections. This ensures that the structure will not collapse under ultimate
loads or yield to store energy under working load condition.

5.1.7 Design Hierarchy

With the introduction of the new design method, it will be useful to summarize the
relationship between various design methods for appreciation by engineers in choosing
a suitable design method for certain structure. The flow-chart below indicates their
relationship.
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l Modeling of the structure‘

Second-orderP-A-3 elastic analysis ’ First-order linear analysis ‘

with parameters to code requirements
A

’Checking of elastic critical load factor A«

N
Use plastic strength reserve ?‘
Y -
v If 3. 5| [Second-order analysis|

A
Second-orderP-A-3 plastic analysis Y N N

or "Advanced analysis" f If Aer <10 |
A

Second-orderP-A-only elastic analysis| | Amplify moment

with effective length factor (Le/L)=1

/

Design to charts and tables in code‘

Figure 5.4 Flow-chart of Structural Design under
the Contemporary Codes
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5.2

5.2.1

5.2.2

Analysis Types

Introduction

Second-order analysis is considered in many design codes as a more reliable and
accurate design and analysis tool for slender frames. For example, CoPHK (2011)
disallows the use of the first-order linear analysis when the elastic critical load factor
(Acr) is less than 5 while similar requirement also applies for other codes like AS4100
(1998), BS5950 (2000) and the Eurocode 3 (2005). However, unlike the first-order
linear analysis which has only one version of assuming the external force proportional
to displacement and stress, there are several versions of second-order nonlinear
analysis since many aspects of structural behaviour can be considered as non-linear or
assumed as linear. Being a powerful tool with saving in material weight, improvement
in safety margin and reduction in design effort and time, the second-order nonlinear
analysis can be dangerous if not used properly.

Background

In structural analysis and design, a suitable model to represent and simulate the true
behaviour of a structure is necessary for obtaining an accurate output. The first-order
linear analysis is based on the assumption of elastic material behaviour and
undeformed structural geometry for equilibrium check. The elastic analysis does not
fully comply with the requirements of the limit state design (LSD) philosophy and
additional member check is needed to ensure nonlinear effects due to buckling and
plastic failure do not occur under the design loads. Also, the use of plastic moment
capacity in design and the adoption of an elastic analysis are inconsistent. More
critically, buckling is system behaviour while the design check is member-based and
they are not compatible with great uncertainty in effective length factor (Le/L).

A complete non-linear analysis traces the structural response until the limit state is
reached with allowance for non-linear geometrical and material behaviour and
imperfections. As such, the limit load from the analysis can be directly compared with
the factored design load and individual member design becomes unnecessary. Because
of this characteristic, the method is sometimes called the “Direct analysis” in the U.S.A.
However, in order to simplify the complexity of an analysis, different versions of
non-linear analysis are available. The engineer must therefore fully realize the
limitation of any one of these versions otherwise disaster due to over-estimation of load
resistance may occur. The P-A-only version of second-order analysis requires
additional checks using the tables in the code and the software is not fully “automatic”.
All software for second-order non-linear analysis, like the first-order linear analysis,
requires careful input of data file and interpretation of data output. This section
introduces the design concept for a second-order elastic and plastic analysis of steel
frames used in many real projects. Below is a summary of these methods which are
essential in understanding the new design theory.
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5.2.3 First-order Linear Analysis

As other structural analysis software, NIDA plots the bending moment and shear force
diagrams under the assumption that change in geometry under load does not affect the
structural stiffness.

5.2.4 Second-order Analysis
In this second-order analysis, NIDA performs the following functions.

e Calculate the displacements and rotations at all the nodes or junctions of elements
or members, allowing for the change of structural geometry (P-6 and P-A effects)
upon loading.

e Calculate the bending moments about the element cross sectional axes, torsional
moment about the longitudinal axis and axial force in the member, allowing for
the second-order non-linear effects due to axial force. Shear will also be
determined in the computer output.

e Design a structure by section capacity check that effective length is not required to
be assumed.

e Check the instability of members as well as global structure.

e Design the structure by a system approach, in contrast to the traditional
“member-based” design method.

5.2.4.1 Second-order Elastic Analysis

In the design of steel structures by second-order non-linear analysis, the program
increments the load in a step-by-step and incremental-iterative manner. Thus, a small
increment of, say, from 5 to 25%, of expected design load is applied to the structure
and the displacements are then computed and used to calculate the resistance. Iteration
for equilibrium is carried out if they do not balance and convergence is assumed when
the error of the norm of the unbalanced forces is smaller than 0.1% of the applied force.
After convergence, the section capacity is checked for each member using Equation
(5.1.2). When any one of the members fails to meet the section capacity check, it is
considered to have failed and it is then indicated in red and shown in post-viewer. After
this step, a new load increment is applied and the same iterative procedure is exercised.
This incremental-iterative procedure is activated until the specified number of load
increments has been applied and the analysis is completed or when divergence occurs.
In the whole design and analysis process, no assumption of effective length is needed
since the P-5 and P-A effects have been considered in Equation (5.1.2).

5.2.4.2 Second-order Plastic Analysis or Advanced Analysis

This type of second-order plastic or advanced analysis is similar to the above elastic
analysis except it needs not stop at the first plastic hinge as its design resistant load.
When a member fails, a hinge is inserted to the member end close to the hinge position
and analysis continues until the collapse load is reached. The collapse load is taken as
the load level which does not allow further load increase indicated as a curve reaches
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525

plateau, descends or stagnates in the load vs. deflection plot. In design, this collapse
load should be greater than or equal to the factored design load in all load cases.

In Plastic Advanced “plastic element” analysis, when a member reaches its design
resistance, the axial force and moments of the member are kept constant and not
allowed to change with the increasing load. This implies additional loads will be
re-distributed to other members.

In plastic advanced “plastic hinge” analysis, when a member reaches its design
resistance, a plastic hinge will be inserted to the node close to the location of plastic
moment.

Note that, in second-order elastic-plastic analysis, the load increment should be smaller
and generally should be less than 1% of the expected design load. Also, the arc length
plus minimum residual displacement method should be used with control parameters
sufficiently smaller, normally between 2 to 3.

Vibration and Buckling Analysis

NIDA determines the natural frequency by lump mass or consistent mass assumptions
and the eigen-value buckling load factor as follows.

* For natural frequency analysis

|K_+®’M|=0 and period T =27/ (5.2.1)

* For eigenvalue buckling analysis

|K, +AKg|=0 (5.2.2)
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5.3

5.3.1

5.3.2

5.3.3

534

5.3.5

General Nonlinear Parameters for Analysis

Total Load Cycles

It describes the number of total load cycles for the nonlinear analysis. The number is
equal to the total number of load cycles required in the Analysis.

Maximum Iterations for each Load Cycle

It describes the maximum number of iteration for each load cycle in the analysis. If the
equilibrium condition is satisfied before this number is reached or the iteration number
is equal to this assigned iteration number, another load step will be imposed until the
permitted number of load steps is reached. The tolerance for equilibrium check is 0.1 %
by default. That is, when the Euclidean norms of the unbalanced displacements and the
unbalanced forces are less than respectively 0.1 % of the total applied forces and the
total accumulated displacements, the equilibrium condition is assumed to have been
satisfied.

Number of Iterations for Tangent Stiffness Matrix

It describes the number of iterations for the tangent stiffness matrix to reform during
the iterative process. When this number is specified to be very large or simply equal to
the “maximum number of iterations for each load cycle” above, the iterative scheme
will then become the modified Newton Raphson method. If the number here is
specified as "17, it becomes the Newton Raphson method. If the number is between
these two extremes, the method is a mixed Newton-Raphson method. When compared
to modified Newton Raphson method, the Newton Raphson method generally requires
less number of iterations for convergence, but longer time for each iteration. It is
recommended to use the Newton Raphson method

Incremental Load Factor

This factor will be used as the first load factor used for the analysis and the load factor
increment in subsequent analysis. It is different from the design load factor behind
“header load” which is multiplied to the input load to obtain the design load vector and
will not appear in the plotting of equilibrium or load-deflection curve with its value
generally taken as, for example, 1.6 for wind, 1.4 for self-weight etc. The load factor
described here is used as the ratio of the current applied load to the input design load.
For example, if a structure yields at a load factor of 2.6, it means when the applied load
is 2.6 of the design load, the structure yields.

Imperfection Method & Direction

It describes the direction of initial imperfection with different methods. It can be no
initial imperfection, initial imperfection in one principal plane causing less severe
effect than initial imperfection in both the principal planes. The minimum magnitude of
initial imperfection is taken as 1/1000 of the member length if the initial imperfections
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are allowed. For some sections such as cold-formed sections, this value may not be
adequate. For global imperfections of a structure, the notional force can be used in
place of member imperfections.

5.3.6 Magnitude of Imperfection for Global Eigenvalue Mode

This value is the magnitude of imperfection when eigenvalue buckling mode is adopted.
After the eigenvalue analysis, the eigen-mode is determined and a set of initial
imperfection is determined for the structure with this mode shape. This number is for
the magnitude (maximum) of the initial deflection for the eigen-mode which is then
added to the initial geometry of the structure.
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5.4  Numerical Methods for Nonlinear Analysis

5.4.1 Load Incremental Schemes

It describes the solution method for control of load increment size. There are five
methods to be selected.

Newton-Raphson (Constant Load) Method
Single Displacement Control Method
Minimum Residual Displacement Method
Arc Length Method

Constant Work Method

5.4.2 lterative Schemes

It describes the solution method for control of iterative scheme. Same as above are five
methods to be selected.

Newton-Raphson (Constant Load) Method
Single Displacement Control Method
Minimum Residual Displacement Method
Arc Length Method

Constant Work Method

5.4.3 Incremental-lterative Schemes

Generally the numerical methods for incremental-iterative procedure can be any
methods mentioned above. For easy use, three common combinations are provided.

Newton-Raphson (Constant Load) Method

For constant load increment method, the Newton-Raphson method will be used for
load incremental scheme and iterative scheme.

Single Displacement Control (Constant Displacement) Method

For constant displacement increment method, single displacement control method will
be used for load incremental scheme and iterative scheme.

Arc Length Method + Minimum Residual Displacement Method

Arclength method will be used for load incremental scheme and minimum residual
displacement method will be used for iterative scheme.
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5.4.4 Solution Methods
5.4.4.1 Newton-Raphson (Constant Load) Method

This is the only method providing the response of a structure at the input load in terms of
buckling strength and therefore it should be used check the adequacy of a structure under
a set of factored design loads. In the Newton-Raphson method, iteration is activated to
obtain the equilibrium condition between the applied forces and the internal structural
resistance within a load step. Unlike the pure incremental method in which no
equilibrium check is performed, the unbalanced force is dissipated via the iterative
procedure and can therefore be eliminated by this method. Being free from the drift-off
error, the solution is more accurate and the computational time is reduced when
compared to the pure incremental method. The general procedure can be summarized by
the following recurrent equations. The quantities in the following can be referred to
Figure 5.5 and Figure 5.6. The load increment at the k-th cycle and the i-th iteration,

{AE}, can be obtained from the external load vector {F} as,

{AFY=A{F} (5.4.1)

in which A 2¥is an incremental load factor at the k-th load cycle.

Divergence Load

Applied
Load, F R =7
Equilibrium Path 7~ ="
s U T
£ Limit Point ~T
-
'y [ S i’ d
AFy [ 717 \
Y.L, Solution Point
!/
AF, ;
/
Y Fé _ -
i S Kt = Tangent stiffness matrix
:? AU] ﬂ\ U2
/ (Variable for every iteration)
/| oK
/a
/
>

Displacement, U

Figure 5.5 Conventional Newton-Raphson Method
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Applied A Divergence Load
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/
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Figure 5.6 Modified Newton-Raphson Method

For the i-th iteration within this load step, the displacement increment {Arf} can be
determined as,

{Ar3=[KIT{AFT (5.4.2)
in which [K[], is the instantaneous tangent stiffness matrix; the superscript i is for the

i-th iteration. Thus, the updated total displacement {rk.}can be added by the last
displacement {/}to this displacement increment as,

{rid={r3+{ar} (5.4.3)

The resistance of the structure {RX,}and the unbalanced force {A EX}can be calculated
as,

{RE}= 2T K I{rk}
A=A QK (5.4.4)

{AFEY = 2 {F}-{RED

in which [ ¢kk,]is the element stiffness at local coordinate and {rk,}is the element

nodal displacement extracted from the global displacement vector and transformed to the
element local axis. The procedure from Equations (5.4.2) to (5.4.4) is repeated until
convergence is reached.

For the conventional Newton-Raphson method, the tangent stiffness matrix of the
structure [KK], will be updated at every iteration while for the modified

Newton-Raphson method, it is reformed only in the first iteration and is kept unchanged
within the load cycle.
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The conventional and the modified Newton-Raphson methods usually provide a rapid rate
of convergence in the stable equilibrium range. However, when approaching the limit
point of the load-deflection curve, a large number of iterations will be required even for a
small load increment. In the Newton-Raphson method, the solution point at the
specified applied load level is sought and therefore any unloading path cannot be traced.
Consequently, the solution scheme diverges near the critical point due to the
ill-conditioning of the tangent stiffness matrix or simply due to the size of the load
increment being greater than the limit load as shown in the Figure 5.5 and Figure 5.6.

5.4.4.2 Single Displacement Control Method

Unlike the load control methods previously described, a constraint equation for
displacement is imposed in this approach. The displacement control method was
originally proposed by Argyris (1965). In his study, however, the symmetrical nature of
the tangent stiffness matrix is destroyed by adding the displacement constraint equation.
In order to retain the symmetrical property of the tangent stiffness matrix, Batoz and Dhatt
(1979) imposed the constraint for displacement via iteration. According to their procedure,
a single displacement degree of freedom is chosen to be constrained. The accumulated
value of this displacement within a load cycle is given by,

k= T # (A 2K T+ A 119) (5.4.5)

in which ¢k is the accumulated displacement for the j-th degree of freedom, at k-th

load cycle and in the i-th iteration; A ¥ is the incremental load factor; and fand
A Trkare respectively the displacements for the unbalanced force and for the reference
load vector at the j-th degree of freedom.

In the first iteration, we have Irk=A Ifk=0and hence Equation (5.4.5) can be
simplified as,

Ir

Apr=- 7

(5.4.6)
in which 1T is the specified displacement increment at the j-th degree of freedom.
After the first load increment, the control displacement is kept constant so that,

k= ik (54.7)

Substituting Equation (5.4.7) into (5.4.5), the adjustment on the load factor at i-th
iteration, A 41X, can be obtained as,

A Trf

ip

A pk=- (5.4.8)

The diagrammatic presentation of the above procedures is depicted in Figure 5.7.

The constant displacement method does not exhibit any difficulty in passing the
snap-through limit point but fails to converge in snap-back problems. Thus, it is usually
used in conjunction with other solution schemes in order to solve general nonlinear
problems. For example, Sabir and Lock (1972) used the constant load Newton-Raphson

NIDA — Nonlinear Integrated Analysis & Design 154



Analysis Theory

method, which can handle the snap-back but not the snap-through problem, together with
the constant displacement method in their nonlinear analysis of shell structures exhibiting
snap-through and snap-back behaviour.

Applied
Load, F AT, S
—"‘*_J*— /' i y \
;’I / pd AF, Equilibrium
;A0 7 } Path
;—b-|/ - \

Iy
[ /] F——— Solution Point
| ___,"

[/
’7L' Specified Displacement
/,

// Increment
i

/ |
é

\Last Solution Point

AT,

Displacement, U

Figure 5.7 Displacement Control Method

5.4.4.3 Constant Work Method

Similar to the constant displacement method, the basic idea of the constant work method
is to impose a constraint equation to guide the incremental load. In this case, the work
done by the external loading is kept constant within a load increment. The use of this
concept on nonlinear analysis has been reported by many researchers including Honecher
(1980), Powell and Simons (1981), Karamanlidis et al. (1981), Bathe and Dvorkin (1983)
and Yang (1984).

Before introducing the constant work constraint, Equation (5.4.5) is first rewritten in
terms of the complete displacement vector instead of a single degree of freedom as,

LY =4y + (a2 i3+ {ary) (5.4.9)
Assume S\, to be the specified work increment in a load step. For the first iteration,
{r}, and {Ar}‘ arezeros. Hence, we have,
S W, ={F¥{r} = (A 1)’ {F} {7} (5.4.10)

and,
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{FY {7}
in which 5\, can be calculated according to the work done by the specified load in the
first cycle; and {f} is the displacement increment due to the reference external load as,

{i}=[k1, " {F} (5.4.12)
For the second and subsequent iterations, the external work done is kept constant and thus
there should be no work done due to the change in displacement. This condition can be
expressed as,

Apk= [5—""] (5.4.11)

ALEY (A 2 +{A Ty )=0 (5.4.13)
and the load factor, A A, can be expressed as,
=T k
o= AFFATY (5.4.14)
{F} {i}

Graphical illustration of the procedure for the constant work method is shown in Figure
5.8. It can be seen from the figure that the load increment is directed towards the
load-deformation curve so that there would not be any difficulty in handling both general
snap-through and snap-back problems. Exception of this will be the case when the loaded
degrees of freedoms exhibit snap-back behaviour. This characteristic has been discussed
by Chan and Ho (1990). However, Bathe and Dvorkin (1983) showed that its rate of
convergence is slow when compared to the arc-length method which is discussed in the
following sub-section.

Applied
Load, F

. B

\\ Last Solution Point

o
|

Displacement, U

Figure 5.8 Constant Work Method
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5.4.4.4 Arc Length Method

Different forms of the arc-length method have been proposed by Wempner (1971), Riks
(1979) and Ramm (1980; 1981) for nonlinear analysis. In NIDA, the spherical constant
arc-length method suggested by Crisfield (1981) is adopted as it shows to be more reliable
than others.

The basic concept of the spherical arc-length method is to constrain the load increment so
that the dot product of displacement along the iteration path remains constantly in the
2-dimensional plane of load versus deformation. This means that the constraint condition
IS given by,

kv a oy | oY+ a 2 @m+any ¢ (54.15)
inwhich S is the specified constant arc-length.

For the first iteration, {r}('j ={Ar}=0. Thus, the first incremental load factor is given
by,

A

AL = S (5.4.16)

AT (a
={f) {F)
It is noted that the sign for the load increment will be the same as that for the determinant
of the updated tangent stiffness matrix. In other words, a positive determinant will lead to
an increase in loading while a negative determinant will result in a decreasing load. This

concept of choosing the sign was first suggested by Bergan and Soreide (1978) in their
studies using the method of current stiffness parameter.

The load increment for the second and subsequent iterations can be calculated by
expanding Equation (5.4.15), which yields a quadratic equation in A 4! as,

be (AZF) +hby (A4 +bo=0 (5.4.17)
where,
b, ={f} {f}
K K\T  ra
bi=2 ({r¥ + {AT}) o{i} (5.4.18)
T A
bo=({r¥y + {ATY ) o({r}, +{Ar} ) - §
In general, two different roots for A 1 can be obtained from Equation (5.4.17). The
proper solution to be used would be the one which satisfies the following condition as,
AR {1} >0 (5.4.19)

In case when both roots satisfy Equation (5.4.19), the one close to the linear solution
given below should be chosen as,

A= Do (5.4. 20)

1
If the solution point is approaching the limit point, a smaller arc-length should be used to
prevent divergence. The specified arc distance at a particular i-th iteration is given by,
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1
A A la |2
Sk = Ska (5.4.21)

lk4
inwhich §, and §,, are the arc-lengths for the k-th and (k-1)-th load cycle; |, is the

desired number of iterations; and ., is the number of iterations used in the last or
(k-1)-th cycle.

The procedure of the spherical arc-length method is illustrated in Figure 5.9. Owing to its
accuracy, reliability and satisfactory rate of convergence, it is probably the most popular

method for nonlinear analysis and it was noted to be robust and stable for pre- and
post-buckling analysis.

. AU AT,
Applied ! P o
Load, F i
~~ " j A
- U Pﬁ./\__.,_ Solution Point
g A
i
<
4
: AF;
Spherical Path
Equilibrium Path
Y
‘\Last Solution Point
-

Displacement, U

Figure 5.9 Arc-length Method

5.4.4.5 Minimum Residual Displacement Method

The basic idea of this method originally proposed by Chan (1988) is to minimize the norm
of residual displacement in each iteration. The constraint equation can be written as,

ddﬂ [(any+azm ) (an+a ) J-o (5.4.22)
Re-arrange the above equation, there obtained,

~T k
r Ar}
Ak =- {}:# (5.4.23)
{r} «{i}
in which A 4¥ is the load increment factor to be determined for all iterations except the
first one. For the first iteration, the load increment factor is chosen to be,
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BT el
M (5.4.24)
{F} o{f}

in which » is a parameter defined by the analyst for the control of load size and the sign
of the load factor is taken to be the same as that of the determinant of the updated tangent
stiffness matrix. The choice of A if is indeed arbitrary. It is later found that the

procedure of spherical arc-length method in determining the load factor for the first
iteration is more appropriate.

Az'f:A/ﬁ[

The graphical representation of the procedure is demonstrated in Figure 5.10. From the
figure, it can be seen that this constraint condition enforces the iteration path to follow a
path normal to the load-deformation curve. It adopts the shortest path to arrive at the
solution path by error minimization and thus is considered to be an optimum solution. In
addition, the procedure from Equations (5.4.22) to (5.4.24) is much simpler to use than the
arc-length method. Generally speaking, owing to its efficiency and effectiveness in tracing
the equilibrium path, the minimum residual displacement method is usually chosen to
perform the iterative procedure and combined with the part for load size determination in
the first iteration by the arc-length method. Unless otherwise specified, the combination
for the nonlinear solution strategy is used in NIDA for static analysis.

A
Applied AUy ¢ AU, —
Load, F -— ~
;'f N\ " 1
v 4 1
/ /A7 ™% Solution Point AF,
h -
f /f Y
.f g
i
!/ AT,
f ;//
/ e
J/ Equilibrium Path
/

Last Solution Point

Displacement, U

Figure 5.10 Minimum Residual Displacement Method
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5.5

Beam-Column Element

5.5.1 Coordinate Systems

All structural analyses require a set of consistent coordinate systems to define the
vector quantities. A properly defined coordinate system is essential for the
development of reliable, convenient and user-friendly analysis computer program. In
some cases the loads are referred to in a global coordinate system such as the structural
dead weight and the gravitational loads. In other cases, the loads are referenced by the
local coordinate system which belongs to the element itself. This loading type includes
the pressure load perpendicular to the element axis. Wind load can act on the projected
area about either the global or the local axes, depending on the load case being
considered.

About the output of NIDA, nodal displacements are always defined in global
coordinates. However, internal forces and moments are output in local coordinate
systems.

In NIDA, two coordinate systems are adopted to describe analytical model, i.e., global
coordinate system describing the structural model and local coordinate system
describing the finite element model. To illustrate the relationship between global
system and local system, a coordinate system of reference, named reference coordinate
system, i.e., default local coordinate system, is introduced to help transform arbitrary
local system to global system.

All coordinate systems are right-handed, 3D Cartesian systems.

5.5.1.1 Global Coordinate System

The global coordinate system OXYZ is a set of coordinate axes for the complete
structure. The stiffness and applied forces for all the elements must be transformed to
this coordinate system for global superposition.

The location and orientation of global coordinate system is arbitrary. In default the Y
-axis is upward, but could be altered according to required conditions.

5.5.1.2 Reference Coordinate System

For sake of convenience, global coordinate system OXYZ and local coordinate system
oxyz can be linked by reference coordinate system oxyz, which could be defined as
below:

1. Z-axis always parallels to global XZ plane;

2. Angle a between local >_<—3_/ plane and global X-Y plane should satisfy
0<a<90;

3. When element or member is perpendicular to global XZ plane, i.e., =90, z -axis
and global Z-axis are in the same direction.
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Mode 2.,

Z .
Mode 1.,

Global coordinate system« Reference coordinate system+

Figure 5.11 Coordinate Systems of Beam-Column Element

Reference coordinate system is the default local coordinate system in NIDA.

5.5.1.3 Local Coordinate System
In default, local coordinate system oxyz is the same as reference coordinate system

oXyz.

However, the default local coordinate system may be oriented differently from the
considered member section. Generally, an angle, named S (see Figure 5.12), lies
between the real local coordinate system and reference coordinate system.

Once the orientation of local coordinate system is different from that of reference
coordinate system, i.e. =0, the angle £ should be specified in NIDA or edited in
the input file manually. Alternatively, K-node (see Figure 5.13) could be specified to
determinate the local xy plane expediently.

Figure 5.12 Orientation Angle
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Figure 5.13 K-node for Local Axis

5.5.2 PEP Element
5.5.2.1 Introduction

Pointwise Equilibrating Polynomial (PEP) element based on a fifth-order polynomial
shape function was developed to enable the second-order analysis by using one single
element per member. With the inclusion of initial imperfection, the improved PEP
element shows good performance in predicting the buckling behaviour of slender
structure. The behaviour of high slenderness ratio steel member can be precisely
captured by using PEP element. On the contrary, the conventional cubic Hermite
element can only reflect the behaviour of the low slenderness ratio member. With the
invention of PEP element, practical and reliable second-order analysis and design
become possible.

5.5.2.2 Assumptions

The PEP element was based on the following assumptions.

The theory is based on the underlying assumption of the beam-column theory by
Timoshenko and Gere.

The element is prismatic and elastic.

The applied loads are conservative and nodal.

Small strain but arbitrarily large deflection is considered.

Warping is ignored.

The member but not the frame is assumed to be prevented against any
out-of-plane deformation due to instability caused by moments.

Rotations between the tangent at member ends and the chord joining the two ends
are small.

5.5.2.3 Formulations

The shape function of the lateral displacement along one principal plane of the PEP
element as shown in Figure 5.14 is assumed to be a fifth-order polynomial which is
given by

NIDA — Nonlinear Integrated Analysis & Design 162



Analysis Theory

el —f—

IO e S (DR

| /2 Y L/2 I

¥ 1
M 1 vo / 2
Initial element shape
| L+e -
Figure 5.14 Basic Forces vs. Displacements Relations in PEP Element

(with Initial Imperfection)
v=a, +aXx+a,x* +a,x® +a,x* +ax’ (5.5.1)

The initial curvature as shown in Figure 5.14 is assumed to be a quadratic function
which is given by

LZ
In order to solve the six unknown coefficients of Equation (5.5.1), six boundary

conditions are required. The differential equilibrium equation which takes the effect of
axial force into consideration can be written as follows:

v :50(1—ﬁj (5.5.2)

EIv”:P(v+vo)+W(x+%j—Ml (5.5.3)
Differentiating both sides, obtained
Elv" = P(v’ +v0'j+w (5.5. 4)
For equilibrium state, the boundary conditions are given by
ElvV' = P(v+50)——M1_ M,
At x=0, y |v|2 (5.5.5)
ENV" =PV + 1 2
The four boundary conditions for geometrical compatibility are:
L '
At X:_E' v=0 and V' =6, (5.5. 6)

L '
AtX:E, v=0 and V' =6,

Applying boundary conditions from Equations (5.5.5) to (5.5.6), the coefficients of
Equations (5.5.1).can be solved. Unlike the stability function, the shape function
derived of a PEP element is valid for positive, zero and negative values of P.

For axial deformation and torsion, their respective shape functions can be assumed to
be linear as:

u=h,+bx (5.5. 7)
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0 =cC, +CX
At x=0, U=u, and 6, =0,
At x=L, u=u, and 6, =0,

With the above boundary conditions, the shape functions of axial deformation and twist

can be obtained:
X X
u= (l_E]ul +EU2

6, = [1—%@1 + X,
L L

The total potential energy function, IT, is given by:

n=u-v (5.5.9)
in which U is the strain energy and V is the external work done. The strain energy, U,
can be written as:

(5.5.8)

U= lj EAu'de+1j Elv”dx+lj P(v’z + 2v'vo'jdx (5.5.10)
2 L 2 L 2 L

The secant stiffness matrix can be found from the first variation of the strain energy
function.

The tangent stiffness matrix can be found from the second variation of the total
potential energy function.

5.5.2.4 Transformation Matrices

Before carrying a second-order analysis, the element stiffness matrix must be
transformed from the local system to the global system. The stiffness matrices above
are derived basically for an element has 6 degrees of freedom, namely,
[6x 6y1 60,1 Oy By, 6,,]. These 6 independent forces and moments are required to be
expressed in terms of 12 degrees of freedom as:

[FI=[TIP] (5.5.11)
in  which [F] is the 12x1 local element  force  vector
[Fxl Fyl le Mxl Myl le FxZ Fyz FZZ sz Myz Mzz ]T ' [P] is the 6x1
elemental force vector [F, My, M, M, M,, M,]" and [T] is the
transformation matrix as
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-1 0 0 0 0 0
o o0 YL 0 0 1L
0 -L 0 0 -IL O
0o 0 0 -1 0 0
o 1 0 0 0 0

- o 0 1 0 0 0
1 0 ©0 0 0 0
0 0 -L 0 o0 -1L
o L 0 0 YL 0
o 0o o0 1 0 0
0o 0 0 0 0
0 0 0 O 1|

With the transformation matrix [T], 6>6 the element stiffness matrix [k.] in the
local coordinate system having the dimension of 1212 can be obtained as

[k I=[T Ik ITT (5.5.12)

Rotational transformation matrix for principal axes

For asymmetric members such as angles, the principle axes are not parallel to the
global axes. In order to relate the sectional properties of the member in the principal
axes to those parallel to the global axes, a rotational transformation matrix is required
as shown as follows.

1 0 0
[L,]=|0 cos¢ sing (5.5.13)
0 —sing cosg¢g

And

[L]= L] (5.5. 14)

Local to global transformation matrix

In order to transform the stiffness matrix for the elements from the local coordinate
system to the global coordinate system, the following transformation matrix is
required.
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553

C C
Ll=|-—2S e 9% (5.5. 15)

And

L] (5.5.16)

inwhich ¢, ¢, and c, are the direction cosines of x, y and z axes.

However, when the member is vertical, i.e. |cy| =1, ¢, =c, =0, the following
matrix for [L;]" should be used.

0 -c, O
[Ll]': c, 0 0 (5.5.17)
0 0 1

The overall transformation matrix [L] is the product of the rotational and the local to
global transformation matrices. i.e.

[L]=[L L] (5.5.18)

The global tangent stiffness matrix of an element is given by

ke 1= [LT [k L (5.5.19)

Curved Stability Function

Real structural members contain imperfection and so design codes require implicit (via
use of different buckling curves) or explicit (via element formulation) consideration of
initial imperfection in element geometry. The conventional stability function with high
accuracy in beam-column analysis is improved to consider member initial bowing.

Imperfections are first assumed to be in a half sine curve with an assigned amplitude at
mid-span as follows (see also Figure 5.15).
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Figure 5.15 Stability Function Element with Initial Crookedness
V, =vmosin7Z—LX (5.5.20)

in which vO is the lateral deflection, vy, is the magnitude of imperfection at the
mid-span, x is the distance along the element longitudinal axis and L is the element
length (Figure 5.15).

The equilibrium equation along the element length can be expressed as,

d®v M, +M
El ] le =—P(v,+V,) +%
in which El is the flexural rigidity, M; and M, are the nodal moments and v; is the
lateral displacement induced by loads.

X—M, (5.5.21)

Making use of the boundary conditions that when x=0 and x=L, v;=0, we have,

Vl:l\/ll[sin(?é—kX)_L—><}_|V|2[Si_ﬂkx_i}+ 9 inZX  (5.5.22)
P sing L P |sing L L

Superimposing the deflection to the initial imperfection, we have the final offset of the
element centroidal axis from the axis joining the two ends of the element as,

_ _ M sin(@—kx)_ﬂ _ M sinkx_z 1 . TX
VEVitVe = [ sin @ L ] P [sinq) L] + 1-q VmoSIMT (5.5.23)
in which,
[P P
k=,—,¢=kL,g=— 5.5.24
T ¢ q P ( )
_

And P.,. is the buckling axial force parameter given by P, = T
Differentiating Equation (5.5.22) with respect to x, and expressing the rotations at two

. . d d
ends in terms of the nodal rotations as,% lyeo = 91,% Lo = 6, , We have,

El Vo

M, =T[c191+c2492 +c0( L ﬂ (5.5.25)
El Vo

M, =T[01¢91+0292 —co( L ﬂ (5.5.26)
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in which cq, ¢, and c, are stability functions given in appendix. Axial strain can be
expressed in terms of the nodal shortening, the bowing due to initial imperfection and
deflection as,

(5.5.27)

o, O, U
___+_
L L L
in which u is the nodal shortening, &, and &, are the shortening due to bowing of
initial imperfection and deflection given by,
1, [dvo ]’ 1, [dv]’

== | == dx ;. ==[ |—| dx 5.5.28

Substituting Equations (1) and (4) into Equations (10) and (11), we have,

2
u mo mo
P=EAs= EA|:E ~bi(61+ 02)* - ba(0:-02)° - bvsVT(el-ez) - bW(VL ] } (5.5. 29)

in which b;, b,, b,s and b,, are curvature functions and A is the cross sectional
area. These functions need to be repeatedly derived for the cases of positive, zero and
negative values of axial force parameter, q. Expressions for b, and b, are given in
appendix for completeness and these coefficients are originally given by Oran who,
however, considered only a straight element and b,s and b, are listed in appendix.

Defining [F] and [u] as the basic nodal variables at two ends of an element as,

[F1=[ M. M2, May Moy MP1" (5.5. 30)

[U]=[6, 02, 61y G2y 6: U] (5.5. 31)

the tangent stiffness equation for the incremental forces and displacements can then be
written as,

[AF]=[L]" ({T] [keJ [T1+INDILI[A U] (5.5.32)

in which [L] is the global to local transformation matrix, [T] is the transformation
matrix relating the 6 local forces and moments to the 12 nodal forces and moments in
local element coordinate system, [N] is the geometric matrix accounting for nodal

translations and [k,] is the element tangent stiffness matrix in the local co-ordinate
system given by,

Glzz G1.G2; G1.Gyy G1:.Gay 0 Gy,

772C1z+7[27H 77202z+7[27H 7;27H 71.27H i

G2, 2 2 2 0 2

M,C2z F 67;2?42 1,z SZZIZ-| G;z?_'ly G;f:y CL5|2_|

GGz G1yGo2: - +Gilzy _ +Glszy 0 Gy (55 33)

[ke]:E 7*H 7*H e LH

L G2yG1z G2yGa:, —— G1,Gay +G7§y 0 Gay

72H Z2H yCay T 17yCy 2H LH

0 0 0 0 GJ+prd 0

El

Gy Gz Gy Gay 0 °

LH LH LH LH L°H |
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5.6

5.6.1

Shell Element

Triangular Shell

In NIDA, the triangular shell element is a flat type element which superimposes plate
bending and membrane element stiffness, in conjunction with the Kirchhoff thin shell
theory.

Membrane Stiffness

In NIDA, the constant strain triangular (CST) with drilling degree of freedom
developed by Allman (1984) is used. The strain vector can be expressed in terms of
the displacement in the element and then to the nodal displacements as,

o
“x o (5.6. 1)
_ _ ov _ .6.
du ., ov
“xy _a; ox |

in which [uy,] =[u, vy 0, u, v, 0, us v 0,3]7 is the nine element nodal
displacements and rotations (see Figure 5.16) and [Bm]is the strain vs. displacement
matrix given by,

[B.,]=
2A
-y, 0 o w0 00 0
0 x-x X(st‘xz) 0 —x, & —ZX)Xs 0 x, _Xz(xz_x) (5.6. 2)
X3 =X, Y, w A (X_Xz)zys‘*'xsy X, 0 Xz(y;_y)
in which x; and y; are the coordinates of vertex i in local coordinate with x-axis

passing through node 1 and 2.
The membrane element stiffness can then be obtained by a standard procedure as,

[K,]=[[B,] [D,] [B,] tA

A

(5.6. 3)

in which [D,,] is the elasticity matrix, t is the element thickness and A is the
element area. The elasticity matrix is defined as follows,

1 v 0
E
D, ]=—|v 1 © (5.6. 4)
1-v 1-v
0 0 —
2
where v is the Poisson’s ratio and E is the Young’s modulus of elasticity.
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Bending Stiffness

Discrete Kirchhoff triangular (DKT) element proposed by Batoz et al. (1980) is used
in NIDA. In the element, the Kirchhoff hypothesis is imposed on the element at its
corners and mid-side nodes only. The bending stiffness of the element is based on the
assumption of zero shear strain energy. The curvature [k] of the plate can be derived
in terms of the nodal displacement [u,] as,

Op3,
OX
oL,

oy
aﬂx 4+ aﬂy
| oy Oox |
in which [up] = [wy 0y1 6y1 Wy Oy, 0, w3 6,3 By3] is the nodal displacement
degrees of freedom, as shown in Figure 5.16, B, and B, are the rotations of the

normal to the undeformed middle surface in the x-z and y-z planes and [B,] is the
strain vs. displacement matrix given by,

1 yS[Hx,é]
Bl=or| -l JexlH,] (5.6.6)
- X3[Hx,§]+ X [Hx,n]*' Y3 [H y@]

where ¢ and 7 are the area coordinates; [H,¢| and [H,,| are the derivatives of
the interpolation function [Hy,,] with respect to ¢ and n while [H,¢] and
[H,,,] are the derivatives of the interpolation function [H, )] with respect to ¢
and n .

[k]=

= [Bb][ub] (5.6.9)

Using the principle of total potential energy, the bending stiffness of the element can
be derived as,

1 T
[K,]=2A[B,] [D,] [B,]dedn (56.7)
in which [D,] is elasticity matrix for plate bending and it can be expressed as follows.

0

[D,]= - E-

grT (5.6. 8)

o X BB
O = <

1-v
2

Geometric Stiffness Matrix

The geometric stiffness matrix is formed by the product of the initial stress and the
quadratic strain tensor energy due to the motion of an element. The initial stresses are
taken as the average of their respective element stresses calculated from the membrane
stiffness. Mathematically the geometric stiffness matrix can be written as Zienkiewicz
and Taylor (1989)

NIDA — Nonlinear Integrated Analysis & Design 170



Analysis Theory

o-JleT| 7 7| e 6.9

Xy y

in which T, , T, and T,, are the product of the average membrane stresses and the
plate thickness.

The matrix [G] is the derivative of the shape functions given by

(aHx(z:,n)jT
OX

[6]= (MJT

(5.6. 10)

oy

Element Stiffness Matrix

The flat shell element is superposed by CST and DKT and the complete element
stiffness can be obtained from Eqns (5.6.3) and (5.6.7) as,

[K. I=[K,]+[K,] (5.6.11)

in which [K_] is the shell element composed of membrane and bending stiffness. The
incremental tangent matrix can be written as below.

[AK,]=[AK, ]+[AK,] (5.6.12)
z
Local Axis
7 y
X A
Wi
1 y
NG
2 9},3
| I\
X u3 /3 X 9,\3/3
(a) Membrane stiffness (b) Bending stiffness

Figure 5.16 Shell Element (CST + DKT)
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5.7

Response Spectrum Analysis

5.7.1 Response Spectra of SDOF Systems

Although a real structure may be very complicated and possess many degrees of
freedom, the design spectra are essentially obtained from a single-degree-of-freedom
(SDOF) system as shown in Figure 5.17. For this typical SDOF system, the equation of
motion can be formulated by expressing the equilibrium of all forces acting on the
system.

F()-F ) - Fo®)—F (1) =0 5.7.1)
in which, F(t) istime-varying force, F;(t) is inertial force, F,(t) is damping force,
Fs(t) is elastic restoring force. The governing equation of motion can be rewritten as

mii(t) + cu(t) + ku(t) = —miiy(t) (5.7.2)
where m is mass of the SDOF system produced inertial force, ¢ is damping constant

presented energy dissipation mechanism, k is linear stiffness of the spring provided
elastic resistance.

F(t)

(a) (b)
Figure 5.17 SDOF System under Horizontal Force

By defining the natural frequency and damping ratio as

o= |X (5.7.3)
m
£=— (5.7.4)
2Jkm o

The governing equation of a SDOF system subjected to ground acceleration iig ()
becomes

() + 204 u(t) + w’u(t) =—U, (t) (5.7.5)
The Eq. (5) clearly shows that for a given ii,(t) the displacement response u(t) of
the system depends only on its natural frequency w (or period T) and damping ratio
¢ . That is, the same response u(t) will be produced for any two systems having the
same values T and ¢ under a specified earthquake. Thus, the response spectrum
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5.7.2

determined from a SDOF system can be applied to any structures though their stiffness
and mass may be very different.

The evaluation of the dynamic response such as displacement, velocity, acceleration,
internal force and stress at every time instant during an earthquake is usually conducted
by numerical integration (e.g. Newmark’s method, central difference method). For
engineering application purpose, only the maximum absolute values of displacement,
velocity and acceleration responses experienced by a structure are of interest as below:

Sd = |u(t)|max - Sd (T’é/)
S, =/0(0),, =5,(T.0)
S =[U(t)]., = S.(T, &) (5.7.6)

in which S; is spectral displacement, S, is spectral velocity, S, is spectral
acceleration.

In engineering practice, the following approximations are generally employed:
{SDV =wS, =8,

Sy = »’S, =S, (5.7.7)
Where S,,, is pseudo-spectral velocity, S,, is pseudo-spectral acceleration. The
prefix ‘pseudo’ indicates that such values do not correspond to the actual peak spectral
velocity and acceleration. The above spectral relationships significantly expedite the
construction of earthquake response spectra because only the spectral displacement S,
needs to be determined by numerical integration.

A plot of the peak value of a spectral ordinate (i.e. S4, S, or Sp,, S, or S,,) against
the natural period T is called the response spectrum for that spectral ordinate. Each
such plot is for SDOF systems having a fixed damping ratio ¢ and therefore a family
of plots will be produced to cover the range of damping values encountered in real
structures.

Design Spectra

The response spectrum mentioned above is obtained from a specified past earthquake
record. The shape of the response spectrum is normally very irregular for a given
earthquake. However, certain similarities exist among the earthquake ground motions
recorded under similar conditions. Thus, the design spectra can be derived from
statistical analyses based on the response spectra obtained from earthquakes with
common characteristics. The design spectra in seismic codes are usually presented as
smooth curves and/or straight lines.

Acceleration response spectra are commonly implemented in seismic design codes
such as GB50011, Eurocode 8 and UBC97 because they are related directly to the base
shear used in the seismic design. For long period structures, the displacement response
spectra become more and more important for seismic design.

It is convenient that the pseudo-spectral acceleration S,,, is normalized by gravity
acceleration g (GB50011, UBC97) or design acceleration a, (Eurocode 8) to a

dimensionless quantity. In GB50011, this dimensionless quantity is called seismic
influence coefficient defined as
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a=S,/g (5.7.8)

5.7.3 Modal Response Spectrum Analysis

Modal response spectrum analysis (MRSA) is used to find the maximum responses
rather than the full responses during a likely earthquake. This method is performed
using mode superposition.

For a multi-degree-of-freedom structure, the governing equation of motion of the
structure undergone an earthquake is given as

[M KU} +[CIu®)}+[KKu®)} = IM K, (1)} (5.7.9)

where [M] is mass matrix, [C] is damping matrix, [K] is stiffness matrix, and
{ii;(©)} is ground acceleration vector.

Making use of the modal decomposition method,

{u®}=[0Har=> {s}a;®)
= (5.7.10)
the following modal equation can be obtained

G; (1) +200,¢ 56, (1) + @ q; (1) = —,U, (1) (5.7.11)

in which w; is natural frequency, ¢ is damping ratio, and

B 311\ 8 1 L), O M,
oM IR S

ji

(5.7.12)
in which {¢}; is the modal shape for jth mode which can be determined by modal
analysis, and y; is the earthquake participation factor for jth mode.

The modal response q;(t) for jth mode can be obtained by the Duhamel integral
expression

6, () ="' ()sinw, (t—r)dr = 7,4, (1)
@i (5.7.13)
where

L .
Aj(t):—;joe GG (2)sinw, (t-7)dz

i (5.7.14)
Once the modal response q;(t) is obtained, the displacement and acceleration
responses for ith DOF in physical coordinates can be determined by
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(0= 20,06, = X718, 08,

U, (t)= iq] (t)¢ji = Zn:yjAj (t)¢ii

(5.7. 15)
The inertia force on ith DOF is expressed as
Using the relationship Z;/j¢ji =1, we have
j=1
Ug t)= 271¢jiug (t)
= (5.7.17)

Substituting Egs. (5.7.15) and (5.7.17) into Eq. (5.7.16), the inertia force on ith DOF
for jth mode can be written as

I:ji(t) = mi7j¢ji[Aj(t)+ug (t)] (57 18)
For engineering applications, we only need to know the maximum inertia force.
Fi =76 (5.7.19)
where
oy ={ A () + Uy (1) | (5.7. 20)
G =mg (5.7.21)

The displacement response of ith DOF for jth mode can be calculated as

1
Ui =—7 7%
j (5.7.22)

Thus, the other responses such as internal force and stress can be further determined
from displacement response.

AO

120max |~

Tg v
a= (?) p1ote

0450,

a=[1,0.2" =, (T =5T; )],

T(s)
>

001 T, 5T, 6.0

Figure 5.18 Seismic Influence Coefficient (GB50011)
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5.74

Although there are many seismic design codes in the world, the difference between
them when using MRSA mainly lies in the difference of determination of the
coefficient a;. Eq. (5.7.8) shows the definition of the coefficient «;. Figure 5.18
shows the curve for determination of «; specified in GB50011.

Participating Mass Ratio

From above, it can be seen that the response spectrum analysis is based on the modal
analysis which is used to find the natural frequencies and the vibration modes of the
structures. When performing a modal analysis for a structure with large degrees of
freedom, it only need to consider a relatively small number of modes P in the
response calculations, such that p << n (n is the number of all modes). Otherwise, it
needs huge computer time to calculate all vibration modes. Thus, the displacement
response in Eq. (5.7.15) can be approximated as

p p
u(t) = qu (t)¢ji = z7jAj (t)¢ji (p<n)
= = (5.7.23)
in which #;(t) represents the truncated response for p < n.

However, the number p cannot be too small though small value of p means time
saving. Otherwise, some important higher-mode effects will be ignored and,
consequently the output may be not accurate enough. For this, the effective mass
concept is widely used to determine the number of modes p to be input in the modal
analysis. The effective mass for jth mode, M,;, is defined as

n 2
(Zmi¢jij
My ={g} M1}y, =~—7—=

2 mg;

i=1 (5.7.24)
The sum of the effective masses for all modes is equal to the total mass M of the
structure, i.e.

M=> M,
= (5.7.25)

This leads to a means for determining the number of truncated modes necessary to
accurately represent the structure response. If the structural response is calculated from
the truncated modes, the ratio calculated by the sum of the effective masses from these
modes over the total mass M should be not less than a predefined percentage. This
ratio is called participating mass ratio which is given by

p
Py =) M /M
= (5.7. 26)
Many seismic design codes specify that at least 90% of the participating mass of the
structure must be included in the response spectrum analysis.
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5.7.5

5.7.6

Combination of Modal Responses

Noted that the maximum responses for different modes do not occur simultaneously
and therefore the maximum structural response cannot be obtained by taking the sum
of the maximum modal responses. Two methods have been widely used for modal
combination, i.e. the square-root-of-the-sum-of-the-squares (SRSS) method, and the
complete-quadratic-combination (CQC) method.

(1) SRSS method

The SRSS method is usually applied for calculating the maximum response for
two-dimensional systems exhibiting well-separated modes. In this method,

p

Sex = Zsf
i=1 (5.7.27)
in which, Sgx is the structural response such as internal force and displacement
considering all selected modes, and S; is the structural response for jth mode.

(2) CQC method

The CQC method is usually applied for calculating the maximum response for
three-dimensional systems and/or systems with closely spaced modes. In this method,

p
Sek = Zzpjksjsk

p
ik (5.7.28)

in which, pj, is the correlation coefficient for jth mode and kth mode. When using
constant damping ratio ¢, this coefficient is calculated as

P 8L%(L+r)r¥?
K-t 4L (L) (5.7.29)

where r = w,-/wk and must be not greater than 1.0.

Combination of the Effects of the Components of the Seismic Action

In real world, an earthquake may come from any directions such that a designed
structure should be capable of resisting earthquake shaking from all possible directions.
Generally, two horizontal components and one vertical component of seismic action
should be considered to act simultaneously on a spatial structure. There are denoted
here as Sgxy and Sgy for the structural responses of the two horizontal components
and Sg, for the vertical. Since the peak value of the seismic action effects do not
occur simultaneously, a combination rule is required to produce reasonable results.
Two approaches have been widely used for directional combination, i.e. the
square-root-of-the-sum-of-the-squares (SRSS) method, and the absolute-sum (ABS)
method.
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(1) SRSS method

The SRSS method for directional combination assumes the components are
independent of each other. In this method,

SEK :\jséx +SI§Y +Séz (5.7.30)

(2) ABS method

The ABS method assumes that when the maximum response from one component
occurs, the responses from the other two components are taken part of their maximum.
In this method,

(5.7.31)
where
S_l = SEX +/1(SEY +SEZ)
Sz = SEY +2‘(SEZ + SEx)
Ss = SEZ +;L(SEX +SEY) (5.7.32)

The value A in Eq. (5.7.32) is usually taken as 0.3 in seismic design codes.
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5.8

Time History Analysis

5.8.1 Direct Integration for Equation of Motion

The incremental form of the equation of motion Eq. (5.7.8) can be written as.

[MHAG}+[CHAU}+[K AU} ={AF} (5.8.1)

in which {AF} is equal to —[M]{Au'g}. For simplicity, the “(t)” in acceleration ii(t),
velocity u(t) and displacement u(t) will be omitted hereafter.

Noted that the damping matrix [C] is usually employed the Rayleigh damping model
which is given as

[C]=a[M]+b[K] (5.8.2)

in which a is mass proportional coefficient, and b is stiffness proportional
coefficient. The two coefficients can be calculated by

a= 4n(&iT = ¢,T,)
- 2 T2
(T -T;)
b= T1T2 (é'le — §1T2)
2 2
(T -T;) (5.8.3)
in which T, and T, are the first and second natural periods of the structure

respectively, and ¢, and ¢, are the damping ratios corresponding to Tjand T,
respectively.

MRSA solves the dynamic equilibrium equation by mode superposition approach while
THA widely adopts numerical integration method. In NIDA [1], the Newmark method
is utilized for step-by-step solution of Eq. (5.8.2).

Newmark truncated the Taylor’s series for displacement {u}and velocity {u} and
finally expressed them as,

{1y ={ a3+ @ )AL @+ A" i} (5.8. 4)
{7 up={ ul+At{ u}+ (0.5 ) (A)*{ W+ S(An)*{ i} (5.8. 5)
where {‘uf, {'u} and {'u} are the total displacement, velocity and acceleration

vectors at time t, and At is time increment. The parameters y» and £ define the

variation of acceleration over a time step and determine the stability and accuracy
characteristics of the method. Typically, »=0.5 and 1/6<4<1/4 can provide

stable results.

By using Egs. (5.8.4) and (5.8.5), the equation of motion Eg. (5.8.1) can be finally
written as,

[Ker 1 AU} =[AF, ] (5.8.6)
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5.8.2

in which
[Ker ]=c.[M]+c,[C]+[K] (5.8.7)
[F 1={ AR}~ (C,IM]+c[CD{ U}~ (c,[M]+c [CD{ 0} (5.8.8)
with
1 1 1

Q=" &=~ » G=—72
B(AY) Pt 2p

Y. V. Y
c,=——; C.=—=—; ¢C,=—("—=-DAt
ot 2Bt 2B (5.8.9)
After obtaining {'Au} from Eg. (5.8.6), the incremental velocity {‘Au} and

acceleration {‘Au} can be calculated by

{Au}=c,{ Au}+c{u}+c{u} (5.8. 10)
{ Au}y=c{ Aup+c,{ up+c{ 0} (5.8. 11)

Further, the total vectors for next time step are updated as

{up={up+{Au}
{u}={u}+{Ad}
{m={ 0+ { Ax}
{Fy={F}+{AF} (5.8.12)

For nonlinear dynamic analysis, iterations for solving Eq. (5.8.6) are needed for
correction of equilibrium error. To check the equilibrium, both the displacement and
force norms are recommended, i.e.

{%<TOLERANCE
i i (5.8. 13)
{tﬁ!: *}1{6!: i < TOLERANCE
{FR{"F), (5.8. 14)

in which the subscript “i” is the number of iterations within a time step, and {tAF*}

is the unbalanced residual force increment vector determined by
{AF}={""F}~(MH{"" @+[CH{ " up+{""R}) (5.8.15)

where {“A‘R} is the resisting force of the complete structure.

Once the conditions given in Egs. (5.8.13) and (5.8.14) are satisfied, the procedure

presented in Eqgs. (5.8.6-5.8.14) is repeated for next time step until the target time steps
reach or the structure is collapsed.

Selection of Earthquake Wave

It should be pointed out that the artificial/recorded/simulated waves of ground motion
selected for a time history analysis may significantly affect the outcome. Therefore,
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seismic design codes explicitly or implicitly specify some requirements for selecting
earthquake waves when performing a nonlinear dynamic analysis.

The theoretical background for selection of earthquake wave is generally based on the
three characteristics of ground motion, i.e. peak ground motion, time duration and
frequency content. Peak ground motion, primarily peak ground acceleration (PGA),
influences the vibration amplitude and has been commonly employed to scale
earthquake design spectra and acceleration time histories. Time duration of ground
motion affects the severity of ground shaking. For example, an earthquake with a high
PGA poses a high hazard potential, but if it is sustained for only a short period of time
it is unlikely to inflict significant damage to many types of structures. On the contrary,
an earthquake with a moderate PGA and a long duration can build up damaging
motions in certain types of structures. When the frequency content of the ground
motion is close to the natural frequencies of the structure, the resonant phenomenon, in
which the vibration amplitude of the structure grows indefinitely in theory, will occur.

From above, the general rules for selection of earthquake waves in GB50011 are listed
as below.

(1) Minimum Time Duration

The duration of the input wave should be long enough, which is generally taken as not
less than 5 to 10 times of the fundamental period of the structure.

(2) Minimum Number of Waves

GB50011 specifies that at least 2 sets of recorded strong earthquake waves and 1 set of
artificial wave, based on the seismic intensity, design seismic group and site
classification, should be employed.

(3) Minimum Base Shear

The seismic action represented by the input waves should conform, on average, to the 5%
damping elastic response spectrum so that the waves used may have the statistical
meaning to some extent. GB50011 states that when performing an elastic time history
analysis, the base shear obtained from each wave shall not be less than 65% of that
from the response spectrum method, and the average value from all waves shall not be
less than 80% of that from the response spectrum method.
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5.9

Semi-Rigid Connection

A semi-rigid connection must have the required strength, stiffness and ductility. Some
typical moment versus rotation (M-0) curves and various analytical and mathematical
models representing the M-0 relationships can be found in previous chapters.
Conveniently, a joint can be considered in an analysis as dimensionless with location at
the intersection of the element centre lines. Further, a rotational spring element
satisfying the M-0 relationship is inserted into each end of beam element to model the
connection behaviour. The joint equilibrium condition can be expressed as,

M. +M; =0 (59.1)

in which M, and M, are the moments at the two ends of a connection (see Figure

5.19a). The corresponding external node is connected to the global node and the
internal node is joined to the beam element.

M, M,
Global
Node G\@\ Beam (( ________
% JJ 0.
92i
(a) Equilibrium at a joint (b) External and internal rotations

Figure 5.19 Modeling of Semi-Rigid Jointed Member

The stiffness of the connection, S, can be related to relative rotations at the two ends
of the connection spring as,

M M

S= e — i
6.-6) (6-6) (5.9.2)
where 6, and 6 are the conjugate rotations for the moments M, and M, (see

Figure 5.19b). Rewriting Equation (2) in matrix form, the stiffness matrix of a
connection spring can be written as,

5 Sl

A typical beam element bending stiffness matrix can be expressed as,

{kn ku}rﬁ } _{Mﬂ}
k21 k22 92i MZi (59 4)

in which k; is the stiffness coefficients of a prismatic beam. Here, the imperfect PEP

element proposed by Chan and Zhou (1995) is adopted and more details can be referred
to the original reference. Therefore, a hybrid element can be obtained by directly
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adding the two ends connection stiffness to the PEP element bending stiffness matrix
as,

S, S, 0 0 || 6, M,
_Sl k11 + Sl k12 0 eli M i
0 k21 k22 + S2 _Sz 92i ) M 2i
0 0 =S, S, [|6,] | M,

(5.9.5)

in which the first subscript refers to node 1 or node 2. The internal degrees of freedom
of the stiffness expression can be eliminated by a standard static condensation
procedure. The stiffness expression of a beam element with both ends connected to a
pair of springs can be finally written as,

[ke][ee]:[Me] (5.9.6)
in which,
[09]2[019 QZe]T’ [Me]z[Mle MZE]T (59 7)
[k ] = £|:Slﬂ_ S12 (S, +ky) Ki,S:S, }

) ﬂ kzlslsz Szﬂ - S22 (Sl + kll) (5.9' 8)

and g isgiven by,

k., +S k
= det 11T 12 (5.9.9)
k21 kzz + Sz

where S,and S, are the connection stiffness at nodes 1 and 2, respectively. When the
spring stiffness S, is zero, it means that the corresponding end is pinned end; when
the spring stiffness S, is infinite, it means that the corresponding end is rigid end. For
semi-rigid case, the spring stiffness S, can be determined by the given M-6 function.
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5.10

Plastic Hinge Method

In the process of time history analysis by NIDA, a simple, accurate and efficient
method for determining the plastic hinge(s) is used to capture the progressive strength
and stiffness degradation of the structure under an earthquake attack.

The basis of the plastic hinge method is cross-section plastification. Material yielding
Is accounted for by zero-length plastic hinges at one or both ends of each element.
Plasticity is assumed to be lumped only at the ends of an element, while the portion
within the element is assumed to remain elastic throughout the analysis.

In NIDA, two predefined section springs (see Figure 5.20), which are used to simulate
plastic hinge, will be set at the two ends of each beam-column element. The end
section springs will be finally formulated into the element stiffness matrix of the
curved stability function beam-column element (Chan and Gu 2000) which has been
widely used for second-order P-A-& analysis. More details about the plastic hinge
method can be referred to Chan and Chui (2000).

End Spring
Node 1 Node 2 MM,
My S,
P Bur AN
e &) Ay -
01 Sy B2
M2
Figure 5.20 Internal Forces of the Curved Element with End Springs

The hysteresis model for steel material used in NIDA is shown in Figure 5.21. As
illustrated in Figure 5.21, initial yielding occurs at point A when the first yield moment
capacity Mei is attained. On the curve AB, the gradual yielding occurs and the plastic
moment capacity Mp is reached point B. When unloading takes place at point B,
gradual yielding characteristics disappears and the path follows the line BDC in which
the moment at point C is less than the initial yield moment Mei at point D. On
reloading, the path moves along the line CD under the perfectly elastic state and then
follows the curve DE under the partial yielding state. Similarly, under unloading
conditions at point E, the path moves along EFG’H.
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M Elastic-perectly plastic model
\

Refined-plastic model
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&

L4

H

Figure 5.21 Elastic-Perfectly Plastic & Refined-Plastic Models
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5.11

Load and Construction Sequences

Sequential loads and segmental structural components are considered by assigning
design load cases and structural elements to different load stages and they are applied
by the load stage number sequentially, see Figure 5.22. Applying a set of loads in the
first load stage and keeping them constant in the second load stage with a set of
additional loads allow us to simulate load sequence.

The strength, stability and deflection checks in the conventional design are essentially
based on the complete structure without consideration of construction process. In fact,
the behaviour of the components or units in the erection process may be different from
the ideal case because instability and excessive deflection may occur in the
construction stage with limited propping. Furthermore, shortening and undesirable
deformations of the incomplete structure under self-weight and construction loads are
inevitable. Generally speaking, the structural self-weight, external loads, boundary
conditions and materials are depended on stages during the construction process and
their variations are easily overlooked in conventional design.

....... . Inactiveelements —— Active elements
r========= 1
1 |
1 1
1 1
I I
1 ]
Cons. Stage 1 Cons. Stage 2 Cons. Stage 3
Figure 5.22 Construction Sequence Analysis

The deformation and stress level during construction are key considerations by
structural engineers.

Unlike previous work using the first-order linear analysis which treats the limit states
design and the construction analysis as two separate procedures with analysis by
computers and design by charts, the proposed method integrates analysis to design and
therefore the design and analysis models are consistent. Moreover, the P-A and P-8
effects, initial imperfections, pre-deformation and material yielding are all taken into
account. The flow chart of the proposed procedure is shown in Figure 5.23.

The steps in the flowchart in Figure 5.23 are explained as follows.
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(1) Define Construction Sequence

Engineers group structural elements in the design model into a number of construction
units according to the construction scheme and assign each of them a unique
“Construction ID”. Only the elements in the active groups are considered in analysis at
a particular loading stage with other non-active structural elements ignored. New
elements are added to the structure at initial stage.

(2) Apply Dead Loads (DL) and Construction Loads (CL)

Dead loads are mainly from the structural self-weight and a load factor of 1.2 is
suggested. Construction loads include the live loads, self-weight of equipments and
others.

(3) Pre-set Deformation
Excessive deflections can be reduced by pre-cambering through pre-set displacements.

(4) Construction Analysis

Stiffness matrix of the members in active groups is solved with the nonlinear
incremental-iterative procedure adopted to improve convergence.

(5) Strength and Instability Check

With the consideration of initial imperfections and P-A and P-8 effects, a fast and
accurate instability and strength checks can be conducted by the section capacity check
in Eq. (9). Modification is needed when some members fail.

(6) Deflection Check

As checking for serviceability limit state, this step ensures deflection limit is not
violated otherwise member re-sizing or pre-cambering is activated.

(7) Permanent Load Design Check

The conventional ultimate and serviceability limit state design load checks are carried
out as the final safety and serviceability checks. The consideration of load sequence
may affect the final force and moment distribution as some construction loads are
present earlier than some members which do not share these construction loads.
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: . ! Conventional Second-order |
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Define Construction Sequence
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Deflection Check
Apply other loads
FATL
Note:

ULS = Ultimate Limit State

SLS = Serviceability Limit State
DL = Dead Loads

CL = Construction Loads

Figure 5.23 Flow Chart of the Integrated Design and Construction Procedure
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6. EXPLANATION OF INPUT FILE

6.1 Comment and General Rules

« Using "!" for comment which will be ignored when reading the file.
«  All names such as material, section, load case should be put into "< >".

6.2  Project Title and Information
To record the project title and other project information and will be output in *.out file.

*TITLE

Noted that more than one lines is allowed, but should not include the KEYWORD:s.

6.3 Version

To verify whether the data file is supported by the current version of NIDA or not.

*VERSION [Number]

6.4  Active Degree of Freedom

To active some of the degrees of freedom for analysis. User can set 2D problem such
as XY plan here

*ACTIVEDOF [Number]

[Number]
(1) 0 or 1 only;

(2)0 = inactive; 1= active

(3) Combine with maximum 6 digitals, for example, 111111

6.5  Unit System
To define the units used in the project.

*UNIT [Force Unit] [Length Unit]

Item Unit
Force N, kN, kgf, tonf
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Length mm, cm, m
Rotation DEGREE, RAD
Temperature °C

Time s (second)

6.6  Numbering Optimization

Active or inactive the nodal numbering optimization for reducing memory used in
analysis.

*KMIN [Number]

[Number]

=0 Inactive nodal numbering optimization for reducing memory used,;
=1 Auto active this function (default);

=2 Always active this function.

6.7  Tolerance
Set the tolerances to change the accuracy of analysis results.

*TOLERANCE [Numberl] [Number2]

[Numberl] : For nonlinear iteration, Default Value = 1e-3
[Number?] : For subspace iteration, Default Value = 1e-7

6.8  Design Code Used
To define the design codes for design purpose.

*DESIGN [Steel Code] {[Concrete Code] [Composite Code]}

[Steel Code] : Steel design code used

Number Design Code

1~10 HKSC (2011)
11~20 BS5950 (2000)
21~30 Eurocode3 (2005)
31~40 GB50017 (2003)
41~50 AISC-LRFD (2010)
>50 Undefined

[Concrete Code] : Concrete design code used

Number | Design Code
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1~10 HKCC (2004, 2nd)
11~20 BS8110 (1997)
21~30 Eurocode2 (2004)
31~40 GB 50010 (2002)
> 40 Undefined
[Composite Code] : Composite design code used
Number Design Code
1~10 HKSC (2005)
11~20 BS5950 (2000)
21~30 Eurocode4 (2004)
31~40 GBJ138 (2001)
> 40 Undefined

6.9  Gravity Direction

To define the direction of gravity. It is important to define the gravity direction as
many parameters are related to it. For modal analysis or time history analysis, user may
need to add additional mass from load cases (in the gravity direction) into the structural

system.

*GRAVITY [Number]

[Number] : Direction of gravity

6.10

= +/-1, Global axis +/-X;
= +/-2, Global axis +/-Y;
= +/-3, Global axis +/-Z;

Analysis Case

To define analysis case and analysis parameters.

*ANTY

SOLU [NO.J[TYPE][IF DESIGN /dummy] [IF RUN:1=RUN,0=NOT RUN] <NAME>

[TYPE]
Number Analysis Case Type
1~10 Linear Analysis
11~20 Nonlinear analysis
21~30 Modal analysis
31~40 Eigen-buckling analysis
41~50 Response spectrum analysis
51~60 Time history analysis
>60 Undefined
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6.10.1 Linear Analysis
SOLU [NO.J[TYPE=1~5][IF DESIGN][IF RUN:1=RUN,0=NOT RUN] <NAME>

LINP [Method_AmpMoment=0][Elastic Buckling Factor = 0]

USE [1=LOADCASE] [NO.] [FACTOR]
USE [2=COMBLOAD] [NO.] [FACTOR]

Note: Method_AmpMoment : Method for Moment Amplification (Linear Design only)
(1)HKSC (2005/2011)

0, No moment amplification;

7\'CI’
1, ;
Ao -1
2,————; (Default)
1- FCZLE
n El

3, Larger of 1 and 2;

(2) GB50017 (2003)

0, No moment amplification;

1,NA;

2 # , where N = 7°EA/(1.14%); (Default)

1-0.8A.
N

E

=3,NA;

6.10.2 Nonlinear Analysis

SOLU [NO.J[TYPE=11~20,11/13=PEP,12/14=STABILITY FUNCTION, 13~14 BEAM BUCKING]
[IF DESIGN] [IF RUN:1=RUN,0=NOT RUN] <NAME>

NONPT ...]

Note: All data should be in one line.

No. Parameter Description
1 MYIELD O=Elastic; 1=Plastic Element; 2=Plastic Hinge
2 Force Recovery Scheme 1= Total Secant Stiffness Method; 2= Incremental Tangent
Stiffness Method
3 CYCLES Total Load Cycles, 1
4 ITERATIONS Number of Iterations for Each Load Cycle, 1
5 INC LOADFACTOR Incremental Load Factor, 1.0
6 NUMERICAL METHOD | Numerical Method: 11=NR, 22=Single Disp.,

43=ArcLen+MRD
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7 ITER-PARAMETER Parameter for Numerical Method, 4
8 INC-PARAMETER Parameter for Numerical Method, 5
9 TANGENTS Number of Iterations for Tangent Stiffness Matrix, 1
10 IMPERFECTION +/-1, DIMP; +/-2, EIMP; +/-3, NIMP
DIRECTION 0, No Imperfection
11 MIN. MEMBER Minimum Member Imperfection, 1/1000.

IMPERFECTION
12 Stiffness Reduction Factor | 0.8~1.0 (AISC-LRFD 2010)
13 Target Load Factor Target Load Factor, 1.0
(-1=Disable this function)

IMPERFECTION DIRECTION: To determine GLOBAL and LOCAL imperfection

(a) IMPERFECTION DIRECTION=+/-1: “Displacement”, using deformed shape of applied forces as
global imperfection;

DIMP [MAGNITUDE OF GLOBAL IMPERFECTION, L]

(b) IMPERFECTION DIRECTION=+/-2: “Eigen-buckling mode”, using specified buckling mode as
global imperfection, need the following parameters:

EIMP [MAGNITUDE OF GLOBAL IMPERFECTION, L][>0, Directly Calc. MODES,5] [iTH MODE
USED, 1]

(c) IMPERFECTION DIRECTION=+/-3: “Notional Forces”, using notional horizontal forces as global
imperfection, need the following parameters:

NIMP [Angle about vertical axis (HORIZONTAL Direction), 0, DEGREE][% of Gravity Load]

Note: For all methods, “+ ve” considers member imperfections in both principal axis while “-ve”
considers only one principal axis which is adequate for most structures.

NUMERICAL METHOD (3 given schemes)
[NUMERICAL METHOD]

No. Description

NEWTON-RAPHSON

DISPLACEMENT CONTROL

MINIMUM RESIDUAL DISPLACEMENT
ARC-LENGTH

CONSTANT WORK

Q| W N

(a) Constant Load Increment [11]

Iterative Parameter : None
Incremental Parameter : None

(b) Constant Displacement Increment [22]
Iterative Parameter : Control Node + DOF (NODE.DOF)

Incremental Parameter : Incremental Displacement (L)

(3)Advanced Technique [43]

Iterative Parameter : Load Size of First Step

Incremental Parameter : Maximum Arc Distance
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AGRP [Construction Stage ID] [Active Group ID]
USE [1=LOADCASE] [NO.] [FACTOR] [Load/Construction stage]
USE [2=COMBLOAD] [NO.] [FACTOR] [Load/Construction stage]

[LOAD/Construction STAGE]

= -2 : For construction stage

=-1: For initial imperfections

= 0: Reserved, for traditional NO load stage

> 0: Defined by User

Note: If no “Load/Construction Stage” defined by user, this value should be left as BLANK.

6.10.3 Modal Analysis

SOLU [NO.J[TYPE=21~30,21=LUMPED MASS,22=CONSISTENT MASS][dummy][IF
RUN:1=RUN,0=NOT RUN] <NAME>

FREQ [EIGENVALUES,6] [IF PRINT: 1=PRINT, 0=NOT PRINT] [IF ACTIVE AUTO FUNCTION:
1=ACTIVE, 0=INACTIVE] [Modal Participating Mass Ratios,90%] [INC modes,10]

USE [-1=LOADCASE] [NO.] [FACTOR]  !for additional mass
USE [1=LOADCASE] [NO.] [FACTOR] !for determination of initial stiffness
USE [2=COMBLOAD] [NO.] [FACTOR]

6.10.4 Eigen-Buckling Analysis
SOLU [NO.J[TYPE=31~40][dummy][IF RUN:1=RUN,0=NOT RUN] <NAME>
BUCK [EIGENVALUES, 6] [IF PRINT]
USE [1=LOADCASE] [NO.] [FACTOR]
USE [2=COMBLOAD] [NO.] [FACTOR]

6.10.5 Response Spectrum Analysis
RESPONSE SPECTRUM ANALYSIS

SOLU [NO.J[TYPE=41~45][ dummy][IF RUN:1=RUN,0=NOT RUN] <NAME>
SPEC [MODAL ANALYSIS CASE NO.]

[MODAL COMBINATION:1=CQC,2=SRSS,3=ABS]

[SEISMIC DIRECTION: 0: HORIZONTAL, 1: VERTICAL] [EXCITATION ANGLE, 0]
[Modal Damping Ratio, 0.05]

USE [4=SEISMIC SPECTRUM FUNCTION] [NO.] [dummy] IResponse spectrum function
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RESPONSE SPECTRUM ANALYSIS(DIRECTIONAL COMBINATION)

SOLU [NO.J[TYPE=46~50][dummy][IF RUN:1=RUN,0=NOT RUN] <NAME>

DCMB [DIRECTIONAL COMBINATION:1=SRSS,2=ABS,3=Modified SRSS(Chinese)]
[Horizontal Spectrum Ana.: EQ1] [Horizontal Spectrum Ana.: EQ2] [Vertical Spectrum Ana.: EQ3]

{Scale factor for ABS, 0.3}

6.10.6 Time History Analysis

SOLU [NO.J[TYPE=51~60][IF DESIGN][IF RUN:1=RUN,0=NOT RUN] <NAME>

[TYPE]
Number | Analysis Case Type Mass Type
52 Nonlinear analysis (PEP) Lumped
53 Nonlinear analysis (STABILITY FUNCTION) Lumped
55 Nonlinear analysis (PEP) Consistent
56 Nonlinear analysis (STABILITY FUNCTION) Consistent
TIHIT ...
No. Parameter Description
1 TIME HISTORY TYPE 1= Direct integration; 2= Mode superposition
2 TIME HISTORY 1= Transient; 2= Periodic
MOTION TYPE
3 TOTAL NO. OF TIME <=0 depend on the time history function defined; >0
STEP stop when the total time reached
4 TIME INCREMENT 0.02 second
5 MODAL ANALYSIS MODAL ANALYSIS CASE USED for mode
CASE No. superposition (ignorable)
NONPT...]

Note: All data should be in one line.

No. Parameter Description
1 MYIELD O=Elastic; 1=Plastic Element; 2=Plastic Hinge
2 Force Recovery Scheme 1= Total Secant Stiffness Method; 2= Incremental
Tangent Stiffness Method
3 CYCLES Total Load Cycles, 1
4 ITERATIONS Number of Iterations for Each Load Cycle, 1
5 INC LOADFACTOR Incremental Load Factor, 1.0
6 NUMERICAL METHOD | Numerical Method: 11=NR, 22=Single Disp.,
43=ArcLen+MRD
7 ITER-PARAMETER Parameter for Numerical Method, 4
8 INC-PARAMETER Parameter for Numerical Method, 5
9 TANGENTS Number of Iterations for Tangent Stiffness Matrix, 1
10 IMPERFECTION +/-1, DIMP; +/-2, EIMP; +/-3, NIMP
DIRECTION 0, No Imperfection
11 MIN. MEMBER Minimum Member Imperfection, 1/1000.

IMPERFECTION
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12 Stiffness Reduction Factor | 0.8~1.0 (AISC-LRFD 2010)

13 Target Load Factor Target Load Factor, 1.0
(-1=Disable this function)

IMPERFECTION DIRECTION: To determine GLOBAL and LOCAL imperfection

(@) IMPERFECTION DIRECTION=+/-1: “Displacement”, using deformed shape of applied forces as
global imperfection;

DIMP [MAGNITUDE OF GLOBAL IMPERFECTION, L]

(b) IMPERFECTION DIRECTION=+/-2: “Eigen-buckling mode”, using specified buckling mode as
global imperfection, need the following parameters:

EIMP [MAGNITUDE OF GLOBAL IMPERFECTION, L][ >0, Directly Calc. MODES,5] [iTH
MODE USED,1]

(c) IMPERFECTION DIRECTION=+/-3: “Notional Forces”, using notional horizontal forces as global
imperfection, need the following parameters:

NIMP [Angle about vertical axis (HORIZONTAL Direction), 0, DEGREE][% of Gravity Load]

Note: For all methods, “+ ve” considers member imperfections in both principal axis while “-ve”
considers only one principal axis which is adequate for most structures.

DINT [NUMERICAL METHOD FOR DIRECT INTEGRATION, 1=Newmark] [Parameters ...]
(1) Newmark: [Gamma, 0.5] [Beta, 0.25]

DAMP [TYPE] [PARAMETERS ...] — Rayleigh Damping

(1)[Type=1, Direct input, {C}=a*{M}+b*{K} ] [Alpha, Mass Proportional coefficient] [Beta, Stiffness
Proportional coefficient]

(2)[Type=2, Calculate by Period] [T1, 1% period] [T2, 2" period] [Damping Ratiol 51] [Damping
Ratio2 &, ]

(3)[Type=3, Calculate by Frequency] [f1, 1% frequency] [f2, 2™ frequency] [Damping Ratiol & ]
[Damping Ratio2 ¢&,]
Note:
_ Az(&T,-4&,T)
(T12 _-|-22)
— T1T2 (§2T1 — é:sz)
72'(T12 _T22)

B

(a+fo’ =250, f=%)

USE [-1=LOADCASE] [NO.] [FACTOR] Ifor additional mass
USE [ 1=LOADCASE] [NO.] [FACTOR] Ifor static loads
USE [ 2=COMBLOAD] [NO.] [FACTOR] Ifor static loads
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USE [ 5=DYNAMIC FUNCTION] [NO.] [FACTOR] [Arrival Time, 0, ]
[SEISMIC DIRECTION: 0: HORIZONTAL, 1: VERTICAL]

[EXCITATION ANGLE, 0, DEGREE]

6.11 Material

To define material properties.

*MATP

MAT [NO.J[TYPE] <NAME> COLOR

Ifor time history function (Earthquake)

Number

Material Type

0

OTHER

STEEL

CONCRETE

ALUMINIUM

GLASS

A | WIN| -

REBAR

[E (short term for concrete), F/L?] [-1~0 =Poisson’s ratio; >0 = G] [Density, F/L’]
[Thermal coefficient][Yield strength, F/L?] {[Yield tensile strength, F/L?] [Long term
for concrete: E, F/L?]}

6.12 Frame Section

To define frame section properties.

*SECT

Note: The section ID for all sections should be unique.

Section axis

y

6.12.1 General and Steel Section
SSTL [NO.J[TYPE][SHEAR FACTOR] [SHAPE] <NAME> COLOR

LINEL: [MAT] [IMP-Y] [IMP-Z] [Limit SY, 1.2] [Limit SZ, 1.2]

[B (BDIDILTT (TfL)][tw]{[B2][TF2][ds]}
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LINE2: [AREA, LI [IY, L1 [1Z] [B,LT [ZY(+), L*] [ZZ(M)] [SY, L*] [SZ]

{lw, L [ZYO [ZZO)1

LINE3: {[Avy, L?] [Avz] [ry, L] [rz] [u] [X]}
LINEA: {[Aert] [Zyeri(+)] [Zze(+)] [Syert] [Szet] [Zyeri(-)] [Zzen(-)1}

Note:

(1) Line 2&3 can be ignored when the dimensions are defined.

(2) Line 2&3 cannot be ignored when LINE4 exists.

[SHAPE] — 5 DIGITAL AS BELOW: {N1}N,NsN N5

N1 -
N2 —

N3 —
N4 —

Indicator of considering eigen-imperfection or not (0,1)

Indicator of using elastic or plastic modulus

1~2: Effective stress method (1=Elastic, 2=Plastic)

Formed type of section (1= rolled, 2=fabricated, 3= cold-formed)

Section Axis (0 = yz axis; 1 = uv axis)

N5 — Stress Type for Stress Computation (1=Direct sum of stress, 2=Square-root of stress, 3= Tension
Only, 4=Compression Only)

Type | Name Dimensions Figure
0 Other N.A. N.A.
1 Rectangular B,D T
[alin)
LI
B
2 Circular D

3 Box B,D,Tf,tw
4 | Pipe D,Tf
5 I/H section(double | B,D,Tf,tw

symmetric)
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6 Monosymmetric B (B1),D,Tf1,tw,B2,Tf2 B
I-section - #r j
tw .
— 8
Ve
= :Fr ]
B2
7 Channel B,D,Tf tw
A =
tir
()
Z
5 |
8 Single angle B,D,Tf,tw I
T V]
-
4 ﬂLr_—
N
9 Tee section B,D,Tftw .
D %
.
fw
10 | Double angle B,D,Tf,tw,ds B ds B
- @ f
1
tw
11 Double channel B,D,Tf,tw,ds 5 ds B
“,:% F |
tw -
F A
12 Double box B,D,Tf,tw,ds B ds B
| [
| [
tw tw tw tw
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13 I-Box section B (B1), D, Tf,tw,B2 B B2 BT
#I | |
= E ]
1 Ty P
# gl
14 Two boxes B,D,Tf tw
tw tw tw .
B
15 Z-section B,D,Tf tw |‘ B
=
b
]
L B 777 7 :F.—‘
.8 |
16 | Cross plate B,D,Tf,tw i
T__:l:V 1 o
e
17 Trap-hollow B,D,Tf,tw,B2,Tf2 . B1 ‘
section ‘ ‘
W tw
=
o
=
B2
18 | Triangular-hollow B,D,Tf,tw | R |
section ‘ ‘
=
o ‘y
[}
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6.13 Area Section
To define area type section properties.
*ASECT
Note: The section ID for all sections should be unique.
6.13.1 Shell Section
SSHL [NO.] <NAME> COLOR
[MAT] [Type] [THICKNESS-BENDING] [THICKNESS-MEMBRANE] {[IsThickPlate]}
[TYPE]
=1: Shell (Membrane+ Plate)
=2 : Membrane only
=3 : Plate only
[IsThickPlate]
= 0: Thin Plate (Default)
=1: Thick Plate
6.14 Node
*NODE
[NO.J[X, LI[Y, L] [Z, L]
6.15 Semi-rigid Connection and Spring Models
*SEMIRIGID
SRModel [NO.>0] [Relationship] [TYPE] [Initial Stiffness] [Ultimate Rot./Disp.] [SIGN] <NAME>
Note: [Ultimate Rot./Disp.] =0 means no limitation.
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[Relationship=1]: Moment -Rotation

[TYPE=1] : Linear Model
SRModel [NO.] [1] [1] [Re Initial stiffness, F*L/RAD] [6, Ultimate Rotation, RAD] [SIGN] <NAME>

M

Y
@

[TYPE=2] : Bi-linear Model
SRModel [NO.] [1] [2] [Re=Mo/6, or dummy] [0, Ultimate Rotation, RAD] [SIGN] <NAME>
[M, Yield moment, F*L], [0, Yield Rotation, RAD] , [M, Ultimate moment, F*L]

RO, R =M,/6,

(0<6,) v

Mo oMo 5 0y 6 <o<o Mo

M = 0+W(_0)(0< <0,) M,
0 (0>0,)

Y
@

[TYPE=3] : Three-parameter power model (Kishi and Chen 1987)
SRModel [NO.] [1] [3] [Re Initial stiffness, F*L/RAD] [0, Ultimate Rotation, RAD] [SIGN] <NAME>

[M, Reference moment, F*L], [n Shape parameter, NO UNIT]

B R.0
[1+(016,)"]" M
R= (jjl\; = [1+(9/Ze)n](n+l)/n where 6, =M, /R,
0 !
. M N
R[L-(M/M,)"T'" O

[TYPE=4] : Four-parameter power model (Richard and Abbott 1975)

SRModel [NO.] [1] [4] [Re Initial stiffness, F*L/RAD] [0, Ultimate Rotation, RAD] [SIGN] <NAME>
[M, Reference moment, F*L], [R, Strain-hardening/softening stiffness, F*L/RAD],

[n Shape parameter, NO UNIT]
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M = (R —R,)0 +R O v
C{L+[(R.-R)OIMTF" P
do  {+[(R,—R)OI M IFmdm P = 0
ep
5 Mil-1+ (=R /R )"V R-M _)
0
R.-R, de

[TYPE=5] : Multi-linear Model
SRModel [NO.] [1] [5] [Re Initial stiffness, F*L/RAD] [0, Ultimate Rotation, RAD] [SIGN] <NAME>

[My, F*L], [6:, RAD] M
[M:], [62]

[M:], [6:]

A9 =6,-6

AM =M, -M,

R, _AM J7i+1, 0,<0,<0,
AO

M., =M, +R6,

[Relationship=2]: Force-Displacement

[TYPE=1] : Linear Model
SRModel [NO.] [2] [1] [k. Initial stiffness, F/L] [d, Ultimate Displacement, L] [SIGN] <NAME>

[TYPE=2] : Bi-linear Model
SRModel [NO.] [2] [2] [ke=Fo/dy or dummy] [d, Ultimate Displacement, L] [SIGN] <NAME>
[Fo Yield force, F], [d, Yield Displacement, L] , [F, Ultimate force, F]
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F
kd, k.=F,/d
e e 0 0 (deo) Fp
F-F Fo
F={F+-" (d-d;) (d,<d<d))
d,—d,
0 (d>d,) = d

[TYPE=3] : Multi-linear Model

SRModel [NO.] [2] [3] [k. Initial stiffness, F/L] [d, Ultimate Displacement, L] [SIGN] <NAME>
[Fla F]! [dll L]

[F2], [d]
[Fal. [dn]
= d
dl dm dj dp
Ad = dj —d,
AF = Fj -F
K AF j=i+l, d;<d, <d;
T Ad
Fm = Fu + ktdm

6.16 Beam-Column Element
To define beam-column elements.

*BEAM

[Mem NO.]J[SECT] [JOT1][JOT2] [Design Type:0=By Program (beam-column), 1= column, 2= beam,
3=brace][If Igored plastic hinge,-1=ignore,0=Default hinge model, >0 Plastic hinge model][Seismic
Design=0 No Seismic (Default),4,3,2,1]

6.17 End Conditions

To define the end connection of beam-column element.

*RELEASE
[Mem NO.] [SPRING 1~6: I1Y, 11Z, JJY, JIZ, 13T, 13X]

I1Y: connection stiffness at i-node and about y-y axis [-1=Rigid, 0=Pin, >0 Semirigid Model]
11Z: connection stiffness at i-node and about z-z axis [-1=Rigid, 0=Pin, >0 Semirigid Model]

JJY: connection stiffness at j-node and about y-y axis [-1=Rigid, 0=Pin, >0 Semirigid Model]

NIDA — Nonlinear Integrated Analysis & Design 204



Explanation of Input File

JJZ: connection stiffness at j-node and about z-z axis [-1=Rigid, 0=Pin, >0 Semirigid Model]
IJT: torsional spring [-1=Rigid, 0=Pin]
13X: axial spring [-1=Rigid, 0=Pin, >0 Semirigid Model]

6.18 Effective Length

*EFFLEN

[Mem NO.] [BEAM LE] [LOADING CONDITION] [COLUMN LE-Y, L for <0] [COLUMN LE-Z, L
for <0][Equivalent Moment Factors (my, mz): 1=Set as 1.0 (Default); 0=By program]

Parameters Steel Design Other Cases
[BEAM LE] Beam effective length 0(N.A)
[LOADING CONDITION] 0,1 0(N.A)

6.19 Combined Member

To define a complete beam-column element with a number of segments for deflection
checking.

*SEGMENT
MEMB [No.] [Start Node] [End node] {[Type]} <Name>

[Beam-column No. List ...]

6.20 Eccentricity
To define the eccentricity (offsets) of beam-column end.

*BMECCE
[Mem NO.] [Type=1, End Section Eccentricity] [ey;, L] [ez;, L] [ey;, L] [ez;, L]

[Mem NO.] [Type=2, End Length Offset (for Rigid Zone)] [0=Direct input, 1=By Program][e;>0, L]
[e>0, L] [Rigid Zone Factor= 0~1(Default), L1=L-f*( e; +€;)>=0]

Note: The end eccentricities and length offsets are relative to the centroid point of cross section in
member local axis.

1
5 Ej
1
i/j-Node | > |%
i-Node J-NOde

(at centroid)

. " End Length Offset
End Section Eccentricity
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6.21 Shell Element
To define shell elements.

*SHELL
[NO.] [SECT] [TYPE,1] [JOT1] [JOT2] [JOT3]

6.22 Floor Element
To define floor elements.

*FLOOR [STIFENESS, F/L]

[NO.]J[Shell Section] [JOT1] [JOT2] [JOT3] {[JOT4]}

[Shell Section] : 0 No shell section assignment

>0 Shell section ID

6.23 Beam-Column/Spring Element Local Axis

To define the local axis of beam-column or spring element.

*ANGL

[MEMBER NO.] [1=ANGLE; 2=KP] [VALUE, DEGREE for ANGLE]
[SPRING NO.] [11=ANGLE; 12=KP] [VALUE, DEGREE for ANGLE]

6.24 Node Local Axis

To define the node local coordinate system.

*NSYS
NSYS [NO.] [TYPE] <NAME>

TYPE=1(By 3 Nodes)

[Node i] [Node j] [Node k] (Right-hand rule)
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TYPE=2 (By 3 Angles)

[ROTATION,ABOUT Y 6, , DEGREE] [ROTATION,ABOUT Z* 6, DEGREE]

[ROTATION,ABOUT X [3, DEGREE]

6.25 Assignment of Node Local Axis

To assign the node local coordinate system to nodes.

*NLAXES
NLAXES [NSYS NO.]
[Node No. List ...]

6.26 Spring

To define spring element and node support spring.

6.26.1 Support Spring
SUPP [NODE] [DOF] [SRMODEL NO.]

6.26.2 Spring Element

ADJA [No.] [Type=2] [iNode] [jNode] [Ka] [Kby] [Kbz] [Kt] [Kvy] [Kvz]
Ka: Local axial element stiffness (along x-axis)
Kby : Local bending element stiffness about y-axis
Kbz : Local bending element stiffness about z-axis
Kt: Local tortion element stiffness (about x-axis)
Kvy : Local shear element stiffness along y-axis

Kvz : Local shear element stiffness along z-axis

V,=ij={X,; - X} (Local x-axis)
V, = jk={X,—X,} (Reference axis)
V, =V, xV, (Local z-axis)
V, =V, xV, (Local y-axis)
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Note: (1) Ka, Kvy, Kvz refer to *SEMIRIGID (SRMODEL NO.) — Force vs Disp;
(2) Kby, Kbz, Kt refer to *SEMIRIGID (SRMODEL NO.) — Moment vs Rotation;
(3) Ka, Kby, Kbz, Kt, Kvy or Kvz =0 is for ignorable spring.

6.27 Boundary Condition
To define the boundary conditions for nodes.

*BOUN
[NODE] [VALUE]

[VALUE]: Max. 6 number together, 0=Free, 1=Restraint, e.g. 110101

6.28 Group
*GROUP [NO.] <NAME>
@NODE
... [Node No. List, Max. Num per line = 10 (if any)]
@BEAM
... [Member No.List, Max. Num per line = 10 (if any)]
@SHELL
... [Shell No.List, Max. Num per line = 10 (if any)]
@FLOOR
... [Floor No.List, Max. Num per line = 10 (if any)]
@SPRING
... [Spring No.List, Max. Num per line = 10 (if any)]
@AREA
... [Area No.List, Max. Num per line = 10 (if any)]

6.29 One/Two-Way
To define one-way direction for floor/shell pressure assignment.

*ONEWAY
[Obj. Type: 1=Floor, 2=Shell] [Obj. No.] [Direction: 1=Side 1-3, 2=Side 2-4]

6.30 Load Case

*LOADCASE [NO.] [FACTOR] [TYPE]<NAME>
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Number Load Case Type
0 OTHER

DEAD LOAD

LIVE LOAD

WIND LOAD

TEMPERATURE

SEISMIC

EARTH

WATER

~N OO W N

6.30.1 Self Weight

SELF [-1][SYS][+/-][DIR][ Amplification Factor] IFOR ALL MEMBERS

SELF [-2][SYS][+/-][DIR][ Amplification Factor] IFOR ALL SHELLS

SELF [-3][SYS][+/-][DIR][ Amplification Factor] IFOR ALL FLOORS
SYS

= GL : Global axis (Not allowed local axis)

DIR
=X : X-axis; =Y : Y-axis; = Z : Z-axis

6.30.2 Pretension (Cable) Force
PRES [MEMBER][PRE-TENSION FORCE, F]

6.30.3 Joint Load
IJNTL [NODE] [FX, F][FY, F][FZ, F][MX, F*L][MY, F*L][MZ, F*L] {[SYS]}

SYS
= LO : Nodal Local axis

= GL : Global axis (Default)

6.30.4 Member Point Load
PNTL [MEMBER][VALUE, F][DIST FROM LEFT, L][SYS][DIR] {[IsNodalLoad]}

SYS
= LO: Local axis

= GL : Global axis

DIR
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=X : X-axis; =Y : Y-axis; = Z : Z-axis

[IsNodall oad]
=0 : Consider as Member Load (Default)

=1: Convert to Nodal Loads Only

6.30.5 Member UDL
UDL [MEMBER] [q, F/L] [SYS] [DIR] {[IsNodalLoad]}

q

SYS
= LO: Local axis
= GL : Global axis
=TG : Global axis (Distributed along Member)

DIR

=X : X-axis; =Y : Y-axis; = Z : Z-axis

[IsNodall oad]
=0 : Consider as Member Load (Default)

=1: Convert to Nodal Loads Only

6.30.6 Member TRAP
TRAP [MEMBER] [q, F/L] [a2, F/L] [d, L] [c, L] [SYS] [DIR] {[IsNodalLoad]}

a2

al

6.30.7 Member TRAPT
TRAPT [MEMBER] [q, F/L] [a, L] [SYS] [DIR] {[IsNodalLoad]}
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D
>

A
vy
A

v

6.30.8 Member TRAPQ
TRAPQ [MEMBER] [q;, F/L] [a2, F/L] [a, L] [b, L] [SYS] [DIR] {[IsNodalLoad]}

a1 %

6.30.9 Settlement
LODP [NODE][DOF=1,2,3][DISPLACEMENT, L] {[SYS]}

SYS
= LO : Nodal Local axis

= GL : Global axis (Default)

6.30.10Temperature
TEMP [MEMBER][VALUE, °C]

6.30.11Floor Pressure
FPRE [FLOOR] [TYPE] [DIR=N,X,Y,Z] [P1, F/L?] {[P2~ P4]}

[TYPE]
=0:CONVERT TO MEMBER LOADS AND THEN TO NODES

=1:CONVERT TO NODES DIRECTLY

6.30.12Shell Pressure
SPRE [SHELL] [TYPE] [DIR=N,X,Y,Z] [P1, F/L?] {[P2~ P4]}
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[TYPE]
=0:CONVERT TO MEMBER LOADS AND THEN TO NODES

=1:CONVERT TO NODES DIRECTLY

6.30.13Area Pressure
APRE [Area No] [TYPE] [DIR=N,X,Y,Z] [P (Uniform) , F/L?]

[TYPE]
=0:CONVERT TO MEMBER LOADS AND THEN TO NODES
=1:CONVERT TO NODES DIRECTLY

6.30.14Member Pressure
MPRE [MEMBER] [P, F/L’] [SYS] [DIR] [Loaded width]{[IsNodalLoad]}

P

Note: Similar to UDL.

SYS
= LO: Local axis
= GL : Global axis
=TG : Global axis (Distributed along Member)

DIR
=X : X-axis; =Y : Y-axis; = Z : Z-axis

[Loaded width]

< 0 : width input by user, L
=1 : Section “B”

=2 : Section “D”, (Default)
=3:Max (B, D)

= 4 : SQRT(B*B+D*D)

[IsNodall oad]
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=0 : Consider as Member Load (Default)
=1: Convert to Nodal Loads Only

6.31 Load Combination
*COMBLOAD
COMB [NO.] [FACTOR] <NAME>
[LOADCASE NO.][FACTOR]

COMB [NO.] [FACTOR] <NAME>
[LOADCASE NO.][FACTOR]

6.32 Response Spectrum Function

*SEISFUNC
SFUNC [NO.] [TYPE] [Relationship] [Function Damping Ratio, 0.05] [Direction]<NAME>

[Relationship]
=1  Period [L/s°] vs. Sa/g

=2 Period [L/s°] vs. Sa [L/s?]

[Direction]

=0 Horizontal

=1  Vertical

[TYPE]=0 User defined
[T1, s] [Sa(1)/g]
[T2, s] [Sa(2)/g]

[Ti, s] [Sa(i)/g]

[TYPE]=1 GB50011 (2010)

[Max Influence Factor: Amax=0.12] [Seismic Intensity: SI=7.5] [Characteristic Ground Period:
TG=0.35] [PERIOD REDUCTION FACTOR, 1.0]
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6.33

[TYPE]=2 Eurocode8 (2004)
Note: All data should be in one line.
No. Parameter Description
1 ag Horizontal Ground Acceleration
2 Spectrum Type Spectrum Type (1~2), 1
3 Ground Type Ground Type (1~5=A,B,C,D,E), 2
4 Soil Factor Soil Factor( S), 2
5 Accel. Ratio Acceleration Ratio(avg/ag) , -1 (<0 not
applicable)
6 B Spectrum Period(TB) , 0.15
7 TC Spectrum Period(TC) , 0.5
8 TD Spectrum Period(TD) , 2.0
9 Beta Lower Bound Factor(Beta) , 0.2
10 q Behavior Factor () , 2
[TYPE]=7 IS 1893 (2002)

[Seismic Zone Factor: Z=0.16] [Importance Factor: 1=1.0] [Response Reduction Factor: R=3] [Soil

Type I-111 = 1]

Dynamic (Time History) Function

*DYNAFUNC

DFEUNC [NO.] [TYPE] [Relationship] [Time interval, s] [Scale Factor] <NAME>

Scale to this value (Scale factor = This value / Peak valuge)

[Relationship]
=1  Acceleration [L/s°] vs. Time
=2  Displacement [L]vs. Time
=3 Force [F] vs. Time
[Scale Factor]
>0  Scale by this factor
<0
[TYPE]
=1  User time history record (Constant time interval)
[valuel] [value2] ... [valuei] ...
=2

User time history record (Variable time interval)
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6.34

[TimeO] [value] [Timel] [value] ... [Timei] [value] ...
Time History Sine Function:

[Total No. of cycles] [Period: T] [Amplitude: AQ]
A=A sin(z_l_—” t)

Time History Cosine Function:

[Total No. of cycles] [Period: T] [Amplitude: AQ]
A=A cos(z_l_—ﬁ t)

Time History Ramp Function:

[Total Time] [Ramp time: tO] [Amplitude: A0]
A:{kot, (t<t,)) where k,=A,/t,
A, (tE>1)

Time History Sawtooth Function
[Total No. of cycles] [Period: T] [Ramp time: t0] [Amplitude: AO]

kt, (t<t,) where k,=A,/t,

A, (t, <t<0.5T —t,)

A=JA —k,(t-0.5T +t,), (0.5T —t, <t <0.5T +t,)
—A,, (0.5T +t, <t<T -t,)

A +Kk,(t-T +t,), (T-t,<t<T)

Time History Triangular Function
[Total No. of cycles] [Period: T] [Amplitude: AQ]
kot, (t<0.25T) where k,=4A,/T
A={A —k,(t—0.25T), (0.25T <t<0.75T)
—A, +k,(t—0.75T), (0.75T <t<T)

Avreas are not structural objects and therefore all their properties such as section assignment and loading
assignment are invalid in the analysis before they are converted to floor or shell elements. The area
properties will be converted to the corresponding floor/shell properties after they are converted to
floor/shell elements. The function of AREA is to help to create complex structures with floor/shell
elements.

AREA [AREA NO.] [NODE NO. LIST]
AMESH [SHELL SECTION NO.] [AREA NO. LIST]
ALSIZE [Area No.] [M;(S1)~ M(Sn), Mi<O0 for parts , S;>0 for size, M;/S; =0 for at least one]

NIDA — Nonlinear Integrated Analysis & Design 215



Explanation of Input File

ASHELL [AREA NO.] [MESHED SHELL NO. LIST]
AFLOOR [AREA NO.] [MESHED FLOOR NO. LIST]

6.35 Diaphragm

To group a number of nodes to consider the diaphragm action.
*DIAPHRAGM
DIAPH [No.] [STIFFNESS] [CG Node] <Name> COLOR
{NODE List}
[Stiffness] =-1 : Rigid, the stiffness is determined by Program;
=0: No stiffness, the diaphragm will be ignored in Program;

> 0: Semi-rigid

[CG Node] = Node of diaphragm at Geometrical centroid

6.36 End of File

To indicate the end of the input file.

*END
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7. APPENDIX - FLOW CHART FOR ANALYSIS
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Appendix — Flow Chart for Analysis

STEP 7

STEP 8

STEP 9

STEP 10

STEP 11

Addition of Spring Stiffness from Supports

#

Impose Boundary Conditions

Apply Incremental Force Vector, [AF]

¢

Solve for Incremental Displacement

[Au]=[K] T [AF]
|

v

Updating of Geometry

X] = X' +[AY]

#

A

Modified Newton
Raphson Method
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Appendix — Flow Chart for Analysis

STEP 16

STEP 17

STEP 18

STEP 19

STEP 20

STEP 21

(o)
v

Compute Equilibrium Error

[aF=[F] - [R]
Calculate Norm of Equilibrium Error and Express in Percentage Fornj
Error = [aF] [aF]/[F] '[F]
Section capacity check &
Plastic hinge/element insertion
Yes
If Error > 0.1%
l No
Print Results
Yes
Next Load Increment 7
l No
F = Applied Force
R = Resistant Force sTOP
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