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GT STRUDL Introduction

Chapter 1

Introduction

Version 28 covers GTSTRUDL operating on PC’ sunder the Windows X P, Windows 2000,
Windows NT, Windows ME, and Windows 98 operating systems. Chapter 2 presents the new
features and enhancementswhich have been added sincetheVersion 27 release. Chapter 3 provides
you with details regarding error corrections that have been made since the Version 27 release.
Chapter 4 describes known problems with Version 28. Chapter 5 describes prerel ease features --
new features which have been developed and subjected to limited testing, or features for which the
user documentation have not been added tothe GTSTRUDL User ReferenceManual. Thecommand
formats and functionality of the prerelease features may change before they become supported
features based on additional testing and feedback from users.

The Prereleasefeaturesin Version 28 are subdivided into Design, Analysis, and General categories.
The features in these categories and their sections numbers in Chapter 5 are shown below:

52 Design Prerelease Features
5.2.1 LRFD3 Steel Design Code and Parameters
5.2.2 LRFD3Tables
5.2.3 BSH950 Steel Design Code and Parameters
5.24 Steel Design by Indian Standard Code 1S800
5.2.5 1S800 Tables
5.2.6 Stedl Deflection Check and Design
5.2.7 Brazilian Table
5.2.8 ACI Code 318-99
5.2.9 Rectangular and Circular Concrete Cross Section Tables
5.2.10 ASD9-E Code

5.3  Analysis Prerelease Features
5.3.1 Calculate Error Estimate Command
5.3.2 Output of Response Spectrum Results
5.3.3 Form Static Load Command
5.34 Form UBC97 Load Command
5.3.5 Form 151893 Load Command
5.3.6 Element Properties Command for Nonlinear Hysteretic Spring Element
5.3.7 Nonlinear Dynamic Analysis
5.3.8 The Viscous Damper Element for Linear and Nonlinear Dynamic Analysis
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54 General Prerelease Features

54.1
5.4.2
54.3
54.4
5.4.5
5.4.6
54.7
5.4.8

Align Command

Rotate Load Command

Run Command

Coutput Command

Reference Coordinate System Command

Hashing Algorithm to Accelerate Input Processing
Add/Delete Without Commands

List Sum Forces Command

We encourage you to experiment with these prerel ease features and provide us with suggestionsto
improve these features as well as other GTSTRUDL capabilities.

Note that GTMenu is described in Volume 2 of this Release Guide.



GT STRUDL New Features

Chapter 2
New Featuresin Version 28

This chapter provides you with detail s regarding new features and enhancements that have
been added to many of thefunctional areasof GTSTRUDL inVersion 28. Thisreleaseguideisalso
availableonlineupon execution of GTSTRUDL under Hel p/Reference Documentation/GTSTRUDL
Release Guide. Other documentation has also changed in Version 28. Y ou should aso review the
following online documentation which is also available under Help:

. GTMenu

. Getting Started
. Analysis Guide
. Design Guide

Furthermore, the GTSTRUDL Reference Manuals are available under Help as shown below:

GT STRUDL 28 Output - GTStrudl
Eile Edit Modeling Analysis Resulks SteelDesign RC_Design  Plugins Tools  Yiew Nal

DEH- & B a B Rl % - dh

Getting Started

Analysis User Guide
Design User Guide

GT STRUDL Release Guide
GTMenu

Yolume &

Abstract of Commands

-
+ Comman d: -

Reference Manual, Yolume 3: Finite Elements, Dynamics, Advanced Analysis
Z Ip

A tip on the contents of the various Reference Manualsis shown at the bottom of the above window
under the Command line. In the above example, the tip indicates “ Reference Manual, Volume 3:
Finite Elements, Dynamics, Advanced Analysis.”
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21 GTSTRUDL Startup

Model Wizard
1. A new Tank option has been added to the Model Wizard as shown below:

GTStrudl ModelWizard 2.1 §|

To start uging Modelwizard, select a structure twpe from

the palette below.

lane Frame Space Frame Tank

o
s~
Finite Element Bridge Trusz  Continuous Beam
Mesh
ak. | Canicel |

The new Tank Wizard can be used to generate finite element meshes of circular tanks with flat or
hemispherical shaped top and bottom surfaces using SBHQ6 or SBHT6 elements. Self weight,
internal pressure hydrostatic loads are also created. Furthermore, supports may also be created

including soil springs at the bottom of thetank. Examplesof several of the Tank Wizard dialogsare
shown below:

Geometry and top and bottom surfaces dialogs;

Tank ModelWizard Tank ModelWizard
Maw create the tank's basic geometrny. Continue to create the tank's geometry by
First, speciy the dmensions of the tank, zpecifying whether to inclide a top and bottarm,
Bottam B adius: Im v Include a top:
[ Top Radius: I—:| Bings: |4 3:
Height: m " Flat ™ Hemizpherical
Longitudinal Divisions: ~ [10° =] W s Bt
Circurnferential Divisions: 30 o Rings: m
ahd the centraidal axis direction. * Flat (" Hemispherical

Cx® oy OZ

Cancel < Back | Mest » | Cancel | < Back | Mest > |
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Thickness and Support Specification dialogs including soil springs on the bottom surface of tank;

Tank ModelWizard Tank ModelWizard

Sy o Cislorss e releeD Select a support status for the tank...
Body " Mo supports. | will add supparts later.
Wall thickness |1 :l |Inches ﬂ (" Supports at the battom of the tank body
« Steel  Concrete 1 Aluminum ~ =
Top

(" Supports at all bottom joints
{ {+

Top thickness |1 :l | Inches j

 Steel 1 Concrete 0 Aluminum

{* Elastic Sail Springs for bottam joints
B attom

Bottaom thickness |'| :I |Inches ﬂ ks of: |2 |KiI:'S ﬂ

* Steel  Concrete O Aluminum per cubic | Fest -
LCanicel | < Back | Mext » |

LCancel | < Back

Self weight, internal pressure, and hydrostatic load dialog;

Tank ModelWizard
Optional loading information:
Loading units
Force Length

| Pounds j | Inches j

W Self weight of tank elements

v Internal pressure of:

1an Pounds/nches*2
W Huydrostatic load
Gamma= |0.036 Pounds/Anches*3

Height= {30l |Fest -

above the bottarn of the tank body.

LCancel | < Back | et = |
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An example of atank created using the new Tank Wizard is shown below;

/\H/ff\

ST,
|
Y v

LA

%) iV VAW AW AW AW AWERW RWRW "

e

The Finite Element Mesh Model Wizard now includes In-Plane springs and Compression Only
options for springs normal to the plane of the element. The Compression Only spring option will
create a nonlinear spring curve and nonlinear spring elements. In-plane springs will be elastic
springs. An example of the new dialog for springsin the Finite Element Model Wizard is shown
below:

Finite Element Mesh ModelWizard

[v &dd Soail Springs to Mesh
v Cormpression anly [unrestrained liftaff)

[v |n-plane [othogonal] springs
In-plane spring ratio 0.4
K. af: |'| |Ki|:l$ ﬂ
per cubic | Feet -

All joints niot already dezsignated as supports
by the presvious bwa pages, will now be
declared as supportz.

Cancel ¢ Back | Mewt = |
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If the Compression Only option is used in the above dialog, a nonlinear compression only spring
curve is created and nonlinear spring elements are connected to every node with the equivalent
stiffness in the compression region of the nonlinear spring curve and zero stiffness in the tensile
region of the spring curve.

All of the Wizards available in the Model Wizard now allow you to control the starting names of
joints, members, or elements created in the various Wizards including the ability to specify
alphanumeric names. A dialog similar to the one shown below is availablein all of the Wizards:

Plane Frame ModelWizard

Chooze the units in which pou would like to wark.

Length -
Force: |Eips hd

Start naming with:

Jaints 1 Starting integer value
Alpha prefix

Members |1 Starting integer value
Alpha prefix

Cancel | < Back | Hest » |

The Plane Frame Model Wizard now provides you the ability to create the model with either Space
Frame or Plane Frame members with Space Frame being the default. In addition, you may now
specify an offset from the originin all of the Wizards. This offset will be added to the coordinates
created intheWizard. Anexampleof oneof the Plane Frame M odel Wizard dialogsis shown below
illustrating the member type and offset specifications:

Plane Frame ModelWizard
Muodel creation optiohs

Plane and Member Type
* Wy plane ¢ YZplane { #Z plane

* Spaceframe © Plane frame

[v Offzet
b ove the model origin from (0, 0, 0] ko
* Specific location

¥ |0 |0 Z |20
~

Ii
LCancel | ¢ Back | Mewt = |
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22  GTSTRUDL Output Window

Numerous new features and enhancements have been added to the GTSTRUDL Output Window.
These additions are presented over the following pages by the menu headings located at the top of
the GTSTRUDL Output Window.

File Pulldown Edit Modeling Analvsis Results Ste
Mew STRUDL Job Chrl+h
X i Cpen... Chrl40r
The new File pulldown is shown: Save v
Import 4
E:xport b

Create a MEW kext input file
‘Wiew Current Command History
“Warking Directary...

PErint... Chrl+P
Prink Prewview
Print Setup...

1 plate_08oct03_1017.qts

2 PMLZFADF.inp

3 Cidgestrodl, \Lab-bldgl .gts
4 mulkicelbwithloads, gti

5 dynamics_buckling.gti

& plate_principalbending. gts
7 Cidgestrodl, Abest.gts

& 3D Modell .gts

9 30 Madel.qts

Exit

The Import DXF option has been enhanced to convert lines and polylines into GTMenu
Construction Points and Lines which can later be used to create the model in GTMenu. Theinitial
dialog that appears now gives you the option to create Joints, Members, and Elements, or
Construction Points and Lines as shown below:

&1 DXF - GTSTRUDL Converter Version 3.1

*xx CASE Cenfer ™™

Georgia Institute of Technology

Please choose the conversion type

" Create Joints, sembers and/or Finite Elements

" Create Construction Points, Lines for seshing
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The Properties option in the above dialog alows you to specify the starting names (IDs) for the
Construction Points and Lines as shown below:

Output Properties E|

Humbering l Units ] La_l,lers] Settings]

First point 10 i‘
First construction line 1D 1 i‘

Ok | Cancel |

Other tabsin the dialog allow you to specify the Units for the Construction Points, the Layersto be
used in the DXF file, and the Settings to be used.

The*“CreateaNew Text Input File” optionisanew feature added to the File pulldown. Thisallows
you to create atext input file as you would from GTMenu without requiring you to enter GTMenu.
Y ouwill beprompted for theinput file name and theinput file created using thisoption hasthe same
limitations as described in the GTMenu Release Guide. Y ou should review the GTMenu Release
Guide under Help 6 Reference Documentation 6 GTMenu to understand these limitations.

Modeling Pulldown

Gl s Analvsis  Resulks  Steel
Garaphical Modeling (GTMenu)
Modelizard

The Modeling pulldown has been restructured and new features Data Sheste

have been added. The modified Modeling pulldown is shown : Loads

Monlinear EFfects

Dwvnamic properties

Foundation {Soil) Springs

Create Joint Constraints

T ¥ v v

Generate Cable Elements
Define Cable Metwarks

Data Managerment

Create data files (DEX)
Text output of Model data
Maodel Werification

T ¥ v v

A feature that has been requested by a number of users is the
ability to create additions to an existing model using the Model
Wizard. As shown above, the Model Wizard is now the second
lineinthe Modeling pulldown. When using this new feature with

General r
Antenna Towers

2-7
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an existing model, you should verify that you have specified the starting names (joint, member, and
element IDs) for the new portion of the model so as to avoid duplicate names with the existing
model.

If data already exist when the Model Wizard is initiated, the following popup dialog will appear:

ModelWizard 3

Data already exists in this GTSTRUDL session,
\_‘/ Do you want ko keep this existing data and add the new data
from the Modelwizard?
YES will add the new data from the Modelwizard ko the existing data.

MO will delete all of the existing data and only the new data
from the Modelwizard will exist.

CANCEL will quit the Modelwizard.

Mo | Cancel |

The new options in the Model Wizard should be used to specify new starting names for joints,
members, or elementsto avoid duplicate nameswith the existing model. A check ismadeat theend
of the Model Wizard to determine if there are any conflicts with the joint, member, or element
names. If duplicates exist, a dialog such as the one shown below will appear:

Duplicate names FZ|

Cne or more generated joint names already exist in your model,
The first duplicate is 1.

One or more generated member names already exist in vour model,
The first duplicate is 1.

Please use the '« Back' butkon and choose appropriate
starting integers or alpha prefixes,

If duplicate load names exist, the following dialog will appear which will allow you to rename the
new loadings.

Duplicate names &l
The default name of these loadings  Existing =
are duplicated in the existing data. names

Self weight of all members
1a

Unifarm dead load on all beams
2a




GT STRUDL

New Features

Y ou can not append to existing loadings but you can use the Form L oad command to merge various
independent |oadings.

A new option is available under Loads to create Area L oads as shown below:

W= EN Analvsis  Fesults  SteelDesign  RC_Design Plugins  To

araphical Modeling {GTHMenu)
Modelwizard

Data Sheets

-

Monlinear Effects
Dwnamic properties
Foundation (Soil) Springs
Create Jaink Canstraints

- v

Generate Cable Elements
Define Cable Metwaorks

Data Managerent

Create data files (DB
Text output of Model data
Model Verification

v v v v

General r
Ankenna Towers

R % - d

Self weight

Mew load case

Mew load combinations
Edit existing combinations
CREATE load combinations
Zreate combinations

Form new loading

Moving loads

Area loads

Cevnarnic 14

An example of the new Area Load dialog is shown below:

(=13

Done Help
Mew Loading

New Area Load

Load name |10

Use the New Loading button to start an Area Load

(x

Description ‘secnnd floar

Direction
[ fe &t

loading plane

Plane tolerance |2.000

This is the glabal direction perpendicular to the

2z

Inches

Cancel | | Help

| [ o
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After establishing the loading name, description, and direction, you will then set elevations for the
area load using either the coordinates of the plane, or ajoint in the plane. The loads will be
distributed to the members on a particular elevation using either one way or two way distribution.
An example of this dialog is shown below:

B Area Load

Done | Help Use the Set Elevation button to determine areas

New Loading =3
Elevation X
Set Elevation —

Plane perpendicular o'y st

= Value [12 Feet

" Joint

¥ Standard load settings
Distribution Type

& Twoway " Onewsy *
z

Load walue |01 Kips/Feet™2

Cancel | Help | 1]

For two way systems, the area load is distributed to surrounding members by tributary area. As
shown below, division linesin the loaded areas indicate the tributary areas.

M Area Load

Options  Loading

Done | Help | M Unioaded M Loaded
[l |

For one way systems, the area load is
distributed to the surrounding membersin the direction specified. Thiswill leave members parallel
to the one way direction unloaded. Y ou will seelinesin the one way areas parallél to the loading
direction. Thevaluesin the direction boxes (labeled X and Z in the example) areratios, so any two
equal numbers will yield a 45 degree angle. Any number in the X box and 0 in the Z box would
result in aone way distribution in the X global direction.
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The loads and regions may also be edited to remove any loadings or change the value of loadings
in selected regions.

The new Area Load featureis further described in Section 2.5.

The Foundation (Soil ) Springs option under the Modeling

pulldown now has the ability to create Compression Only |« jomation oriy - don't create the springs
q)” ngs and tO al 0 Creme I n_pl ane Spl’l ngS Wh| Ch area ratl 0 & Create the springs - joints must already be supports

[ Show calculations - contributions of each attached element

of the normal springs. The new Calculate Foundation | = comprsssion ony unestisined itoff
v Ireplane [orthogonal) springs

Spring Values dialog is shown: implane spingraio [02

Direction of springs
" ¥ [alobal) % [alobal) & Z [global)

Specified plane value Feet
Plane talerance Feet

M odulug of Subgrade Reaction [Kg)

Kipz/Feet*3

Elements |

Create another k.s/Element set |

e
Cancel | Help | ak |

Joint Constraints may now be created under the Modeling
pulldown as shown:

Glfsl= e Analysis Resulks  Stee

Graphical Modeling (GTMenu)
Modelwizard

Data Sheets

Loads

Monlinear EFfects
Dywnamic properties
Foundation {Soil) Springs

v v v v

[ te Joint Conskraints

Generate Cable Elements
Define Cable Metworks

Daka Management k
Create data files (DEX) »
Text oukput of Model data »
Model Yerification ]
General k

ankenna Towers
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This figure illustrates the new Joint Constraint

dl aI Og_ ¥ Jaint Canstraints

" Jaint Tie

Slave Joint(z]: |

]
M aster Joint: | J

+ Rigid Body

Fiigid Body Mame: 2ndflaod

Type
" Plane * Plate " Pin " Solid

Slave Jointfs): [EXISTING 283236 T0 40

Master Joint: |27

[” Slave Releases
Active Units: FT KIPS DEG SEC StdaSs

[oanis i
Slave Joint(z]: | J

L L L
L L L

THE | THZ: | TH3,|

QK | Exit.-"Eanc:eI| Help | Delete Last Constraint

Cable elements and cable networks may now be created under the

. GGl Analysis Results  Steel
Modeling pulldown as shown:

Graphical Modeling (GTMenu)
Modelizard

Data Sheets

Loads

Monlinear Effects
Dwnamic properkies
Foundation {Soil) Springs
Create Joint Conskrainks

v v v v

aenerate Cable Elements

Define Cable Metworks

Daka Management k
Create data Files (DEX) k
Text output of Model data 3
Maodel Verification k
General »

anktenna Towers
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The new Cable Element and Cable Network dialogs are shown below:

Define Cable Networks ® Generate Cable Elements in Straight Line X
Active Units: FT KIPS DEG SEC StdMASS Change Urits Active Unitz: FT KIPS DEG SEC StdkASS

Generate Cable Elemerts Alona Straight Line | Active IPCABLE Elemert Properties for Generation

Cable Network Name: || I Replacs Existing Cable Metwork Data Cross Section Area 2 |0 Sw Global Direction
1}

X O Oz

Include IPCABLE Elements Self Weight Load S farcedlength

w oy Oz
| J Length Factar LF: |1

rpe“'y izl e il Elastic Madulus E: [0.144

" Sag Position

Coordinate Direction Start Joint; - End Joirt:
e i o
AtJoint: Tolerance: Hews Jaint D
Pasition: Character Prefix; |IPC Starting Number:

" Initial Tension Hew Cable Element 1D

Tirit: | At.Jninl'| Talerance: Character Prsfix: |IFC Starting Mumber:
Prestressing Algorithm Murnber of Cable Elements: |1 Humber of Nodes/Cable: |2

™ Adjust Cable Metwork Joint Coordinates
« ('_' «
aK Exit/Cancel | Help | |

Cable Generation Data

—
—

" Adjust Cable Length

Convergence Rate: |0
oK Exit/Cancel ‘ Help |

The Antenna Towers option shown at the bottom of the Modeling pulldown isa separately licensed
feature of GTSTRUDL. If you areinterested in licensing this feature, contact your GTSTRUDL
representative.
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Analysis Pulldown Results  SteelDesign  RC_Design

Activate/Inactivate Loads
A new static analysis equation solver (Hyper-Column Static Analysis (Stiffness Analysis)
Solver) has been implemented in Version 28 and added to

. i b

the Analysis pulldown as shown: Analysis problems found
Cryniamic Analysis b

This new equation solver will solve extremely large Norlinear/Second order b
problems much faster than the standard eguation solver Pushaver Analysis
used in STIFFNESS ANALYSIS. In addition, this new Cable Prestress Analysis Steps
equation solver will use external files during the solution Diefine Cable Metworks
procedure, thus alleviating the Windows limitation on Execute Cable Prestress Analysis
virtual storage (page file). The Hyper-Column Solver Linear Bucking Analysis

dialog is shown below:

Static Analysis with Hyper-Column Solver E|

Block Gige: |10000000

ok | cancel |

Thenew Hyper-Column Solver isfurther discussedin Section 2.12 al ong with some exampleswhich
illustrate the solver’ sefficiency and ability to solve problemswhich could not be solved in previous
versions of GTSTRUDL due to the Windows virtual memory limitation.

Also added to the Analysis pulldown are dialogs for the cable definition, solution control, and
prestress analysis for cable problems. These options are labeled Cable Prestress Analysis Steps,
Define Cable Networks, and Execute Cable Prestress Analysis. The Cable Prestress Analysis Steps
dialog shown below will step through the procedure for a cable prestress analysis:

Cable Prestress Analysis Steps E|
Step1. [ Define Cable Netwaorks
Step2 | Specify Cable Prestress Analysiz Data

Step 3. | Ewecute Cable Prestress Analysis and Exit Dialog

Cancel Help
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The Define Cable Networks dialog is used to define the
cable networks and is shown:

The Specify Cable Prestress Analysis Data dialog shown
below isused to specify cable prestress analysis dataand to
execute the cable prestress analysis:

x)

Specify Cable Prestress Analysis Data

Prestress Analysiz Control Data

b airnumn Murnber of Prestress lterations: |23
Prestress Analysis Convergence Talerance: |0.001

Monlinear Analyzis Control Data

P aximurm Number of E quilibrium Iterations: |50

Corvergence Tolerance: |0.001 ™ Displacement * Equilibrium

Prestress Loading Condition; -

™ Execute Prestress Analysiz

Cancel Help

Results Pulldown

The Results pulldown has been modified and new options
have been added in Version 28. The revised Results
pulldown is shown:

Define Cable Networks gl

Active Units: FT KIPS RAD SEC StdMass Change Units

Generate Cable Elements Along Straight Line |

Cable Metwork Hame: | I Replace Existing Cable Network Data
Include IPCAELE Elements
Specify Attach Joints

[ []

" Sag Position
Coordinate Dirsction

< e e At Jaint Tolerance:
Paosition:

" Initial Tension

Tiriit: | AlJoml:‘ J Tolerance:

Prestiessing Algorithm

(" Adjust Cable Network Joint Coordinates
-

" Adjust Cable Length ~ -~

Conwergence Rate: |0
i3 ExfCancel | Hep |

SteelDesign  RC_Design Plugins  Tools W

active/Inactive Loads

Static/Monlinear/2d order Resulks (Text autput) B
Dakasheets r
Create data files (DEX) *
Graphically review results

Dynamic Analysis Results 4

List Zable Element Lengths
List Cable Analysis Resultks

Plastic Hinge Results 4
Pushower Analysis Results »
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The Opt|0nsava||ab|e under Stanc Regﬂts GG SteelDesign RC_Design Plugins  Tools  Wiew  Help

ActivefInactive Loads 7 M2

ha\/e been mOdIerd as Shown In the StaticiMonlinear)2d ordet Results (Text output)  F Qukput Crdering »
H . Datashests 3 Qukput Format »
fOI l owl ng pUI I down' Create data files {DEX) 3 Qukput File Control
Garaphically review resulks i
Reactions
Dynamic Analysis Results > Sum reactions

Maximum Reactions Envelope

List Cable El t Length
15t -able Hemert Lenguns Joint Displacements

List Cable Analysis Resulks
¥ aximum Joint Displacements

Plastic Hinge Results 3

) Member End Forces
Pushover Analysis Resulks 3

Section Locations
Section Forces

Section Force Envelope
Section Displacements
Section Stresses

Average Element Results
Individual Element Results

Calculate Resultant FE Forces

Lisk Surnrnation of Forces

A new option has been added to the Section force option to
includethe output of corresponding forces. For example, for
the section location and loading that causes the maximum
value of MZ, the associated values of other force and | - orcison [0 =1

moment components will also be output. The modified | ~ ¢_. .. i scive losdings snd ssstions
Section Forces dialog is shown below: & Reqular resuls, plus & summny [mas and i

™ Surnmary only [max and min), but no regular results

Section Forces Pz|

Activaterslnactivate Loadings |

Output Format

Suramary value format [ With conesponding forces
" Fixed " Exponential * General

Feporting Locations
7 Use previously specified section locations
+ Specify locations just for thiz command

il J;I Humnber of equally spaced sections, or

Specify Locations
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A new option has been added called List Summation of Forces to report the resultant forces and
moments from a set of joints and members/elements at a joint or point. The force and moment
resultants will be reported for al active loading conditions. The List Sum Forces dialog is shown
below:

List Sum, Forces le

Active Unitz: FT KIPS RaAD SEC Stdmass Change Unitz
Optional Title:

Moment Center Joint or Foint

" Jaint: ,— J

" Paint: % | v z|

Orientation

© Angles: TH1 | THzZ | TH3 |

" Member/Element:

Jaints: .
Members/Elements:
]9 Cancel | " Help |

Datasheets for Joint Displacements, Member End Forces, and Member Section Forces are now
availablein Version 28 as shown below:

=8 SteelDesign RC_Design  Plugins Tools  View Help

ActivefInactive Loads ? K2
Skatic/Monlineari2d order Resulks (Text output) »

Datasheets Joint displacements
Create data Files (DBx) 3 Member End Farces
Graphically review results Section Forces
Dynaric Analysis Resulks 3

List Cable Element Lengths
List Cable Analysis Resulks

Plastic Hinge Results »
Pushowver Analysis Results »
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Previously, only the Joint displacement Datasheet was availablein Version 27. An example of the
new Datasheet for Member End Forces is shown below:

5 GISTRUDL - Member, End Forces Datasheet

File Edit Columns Fiker Sort Help
Menber ‘ Load | Joint | Force X Force ¥ Force E Moment X Moment T Moment Z el
1 4 1 £9.8407 -0.8361 0. 0000 0.0000 0.0000 -2.7E04
1 Z £ -23.8407 0.8261 0. 0000 0.0000 0.0000 -&.Z1l02
4 Z 3 19.9837 -l.5286 0. o000 0.0000 o.oo0o0o -8.1178
2 4 11 -15.9837 1.5a886 0. 0000 0.0000 0.0000 -7.7678
3 4 11 9.7214 -2 1473 0. 0000 0.0000 0.0000 -9.0348
3 z 1 -9.7214 Z.1473 0. 0000 0.0000 0.0000 -12.4384
4 Z 2 £3.2E830 -0.0475 0. 0000 0.0000 0.0000 -0.137&
4 4 7 -53.9530 0.0475 0. o000 0.0000 o.oo0o0o -0.276%
5 4 7 39.8121 -0.1458 0. 0000 0.0000 0.0000 -0._4529
£ 4 1z -38.8121 0.1458 0. 0000 0.0000 0.0000 -0.3651
g Z 1z 20.18&8 -0.183% 0. 0000 0.0000 0.0000 -0.7%60
3 Z 17 -Z0.1258 0.1539 0. o000 0.0000 o.oo0o0o -0.74z8
7 4 3 60.4127 0. 0000 0. 0000 0.0000 0.0000 -0._0000
7 4 8 -60.4127 -0.0000 0. 0000 0.0000 0.0000 0_o0000
8 z ] 40. 3964 0. 0000 0. 0000 0.0000 0.0000 -0.0000
8 Z 1z -40.33764 -0.0000 0. 0000 0.0000 0.0000 0.0000
El 4 13 20.1857 0. o000 0. o000 0.0000 o.oo0o0o -0.0000
9 4 18 -20.1857 -0.0000 0. 0000 0.0000 0.0000 0_oo000
10 4 4 £9.3830 0.0475 0. 0000 0.0000 0.0000 0.137&
10 z s -E£3.3530 -0.0475 0. 0000 0.0000 0.0000 02763
11 Z El 39.8121 0.1488 0. o000 0.0000 o.oo0o0o 0.43z9
11 4 14 -35.81z1 -0.1458 0. 0000 0.0000 0.0000 0.8651 w
1n = 14 20 1acs A 1Eaa A anan A annn A annn A naza
<

The Columns, Filter, and Sort pulldowns in the new Datasheets have the same functionality asin
Version 27. However, the File pulldown has several new features as shown below:

Edit
Write display to text window
Define Group

Prink

Wwrite <Tab:= file

Exit

Columns  Filker  Sort

The Print option in the above pulldown allows you to print
the datasheet using the dialog:

GISTRUDL Datasheet Printing

Cantent fort

@ Courier New 10
In the Print dialog, you may change the font, add a header
and footer, and print the dialog with or without the | I incldeHeader
gridlines in the Datasheet. | Couner New 2

Header text |

[ Include footer

Change |  Courier Mew 10
Fant

Foater text |

M arginz [mrm]

v Include Left |10 3: Top |10 EI:
gnid lines
Right |10 3: Battarn {10 EI:

‘ Print | ‘ Frint S etup

‘ Preview ‘ Cancel |
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Another new feature added to the Results Datasheetsisthe ability to write atab delimited file. This
filemay then be openedin Excel. Y ou may includethe column headingsinthefilein order toretain
themin Excel. The following dialog appears when you select the Write file option under the File
pulldown:

.xls [ =Tab= delimited) file to be created

Look jr: |_,'l Jacobs j |‘=_“F v

B test.xls

—
Files of type: |Excel files [* uls] =l Cancel

Thelnactive Modesdialog under Dynamic Analysis Resultshas e X
been enhanced to allow you to write the information in the [ suecied iighighted) mades wil be NACTIVATED.
dialog to the GTSTRUDL Output (text) Window. The revised | ' nmesr e medes: 18 nsctiveted 9

Order modes by:

. . . « . . » Automatic
Inactive Modes dialog with the new “Write to text window” | © Modemmber . Inactivatio
. . {+ % mazz paticipation percentage | —————
0pt| on is shown: " % mass participation percentage | Wirite to text
(™ Z mass participation percentage window
tode # Hmazz®  Ymassk Zmam i
10 72348 0.0000 0.0000
| 00000 0.0000 noo3
4 0.0000 0.0000 0.0000
5 0.0000 0.0000 17 5258
g 0.0000 0.0000 0.0000
E 0.0000 0.0000 0.0000
7 0.0000 0.0000 51380
3 00000 0.0000 02040
1 0.0000 0.0000 70,8533
2 0.0000 0.0000 0.0000

If the “Write to text window” option is selected, the following
dialog will appear which allows you to either write the data as
displayed, or write the modal data sorted on X, Y, and Z, and to
include inactive modes.

Write Modal Data to Text Window E|

Total % 87,2348 0.0000 93.7223
% ‘wfite data as displaved in dialog Active % a7.2348 0.0000 93,7223

™ wiite modal data sorted on ¥, % and 2 oKk | Help Cancel

¥ Include inactive modes

Cancel
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An example of the output which appearsin the GTSTRUDL Output Window is shown below if the
optionto sort on X, Y, and Z is selected:

| Output from the Inactivate Modes Dialog
Results for all modes
Sorted on Gorted on Sorted on
X mass % T mass % Z mass %
Mode % Cum. sum Mode % Cum. sum Mode % Cum. sum
10 §7.2348 §7.2348 10 0.0oo0 0.0o00 1l 70.8533 70,8533
9 0.0000 87.2348 9 0.00o0 0.0000 L 17.5288 88,3791
4 0.0000 87.2348 g 0.0000 0.0000 7 E.1380 93,5171
5 0.0000 87.2348 4 0.0000 0.0000 3 0.2040 93,7211
g 0.0000 g§7.2348 5 0.0oo0 0.0o00 El 0.0013 93,7223
& 0.0000 87.2348 & 0.00o0 0.0000 2 0.0000 93,7223
7 0.0000 87.2348 7 0.0000 0.0000 10 0.0000 93,7223
3 0.0000 87.2348 3 0.0000 0.0000 & 0.0000 93,7223
1 0.0000 g§7.2348 1 0.0oo0 0.0o00 g 0.0000 93,7223
2 0.0000 87.2348 2 0.00o0 0.0000 4 0.0000 93,7223
Total% 87.2348 0.0000 93.7223
Activet 87,2348 0.0oo0 93.7223

The List and Compute dialogs under Dynamic Analysis

results have also been modified. Separate buttons for the | ..i.uws rr kes rap sec suass E——
selection of Members and Elements now appear at the | omanteadn e s o Lot
bottom of the dial ogs where previously the Same bUttON Was | ¢ sewpa. - o Lamerilost

used for Members and Elements. The modified dialog is

shown: S

I r r
I” Stiesses " Loads ™ Reactions

Responge S pectium Mode Combinations

r r r r r
r r r

Times/Frequencies (1. 12, o FROM t TO t2 AT 3]
&l O List |

I Use Extemal File Solver

External File Mame String

| Select Members | Select Finite Elements

0K Feset ‘ Cancel | Help |




GT STRUDL

New Features

The Results pulldown now includes optionsto List Cable
Element Lengths and to List Cable Analysis Results as
shown:

Steel Design Pulldown

GGENEN SteslDesign RC_Design Plugins  Tools

Active/Inactive Loads

Static/Monlinear/2d order Resulks (Text output) P
Datasheets [
Create data files (DBX) r
araphically review results

Dynamic Analysis Results *

List Cable Element Lengths

List Cable Analysis Results

Plastic Hinge Results 4
Pushover Analysis Results 3

New parameters have been added to the Parameters dialog for the LRFD3 code. Moreinformation
on the LRFD3 parametersisavailablein Section 5.2.1. New LRFD3 tables have been added to the
LRFD3 parameter dialog. Furthermore, the ASD9-E code, which is a prerel ease feature described

in Section 5.2.10, now appears in the Parameters dial og.

The Member Constraints dialog has a new option which alows a member’ s section property to be
constrained to another section property of the same member (i.e. YD =ZD). Therevised dialogis

shown below:

Steel Design MEMBER CONSTRAINTS Command

Member Constraints Options

" Constrain a Section Property of a List of Members to a Yalue

& Constrain a Section Property to another Section Property of the same Member (example: YD =2ZD)

" Constrain 8 Section Property of a List of Members to a Section Property of anather List of Members

" LE " GE

Member List Selection

Congtrain Property of the Following Members Logical Operators To a Property of anather List of Members
Congtraints Section Property Show More | * EQ " MNE Congtraints S ection Property Show More

Stare
|YD Depth of member along j LT 6T £ Depth of member along

EEX

Reset

L

0

Cancel

Help

gy
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The Steel Design Wizard has been moified o that

it no longer displays the Steps in the Wizard that do
not usually change. An option has been added to the
first dialog in the Wizard to show the Steps that are
no longer being shown by default. An example of
thefirst dialog in the Wizard is shown:

This Steel Design Wizard allows you to create Steel Design commands to
perform CODE CHECK or DESIGN (select a new profile) members.

[ show all loads and loading combinations for the analysis,

Show the Step ko change the Mumber of Design Iteration andjor specifying the
External File that contains the TAKE MEMBER. cormand. This option is For design anly.

[~ Show Member List selection Step.

To testore the previously saved settings,
click on the button below.,

Restore Settings [” Gotothe End

Cancel | | Mext = ‘ ‘

When the Load Combination button on the Design Wizard is used and new |loading combinations
have been added, the load dialogs are now updated to show the new loading combinations.

A new button has been added to the end of the Steel Design Wizard to create aninput file (*.gti) and
database file (*.gts). The new button to Create a GTSTRUDL Input File on the last dialog of the

Wizard is shown below:

Steel Design Wizard - Finished!

Fteel Code Check Wizard Jelections
Perform Code Check based on the following
specified information:
1 - Activate All Loading Conditions for the
Static Analysis
2 - Perform Static Analysis
3 - Code Check based on the LEFD3 Code
4 - Code Tolerance [(CODETOL) is egual to 0.0
5 - Code Check for All Loading Conditions
6 - Code Check for A4l1 Wewhers
Create GTSTRUCL Input File | [ Go tathe Start Save shave Selections |

Cancel < Back. Finish

The input file contains the structural model including the new properties if a design has been
performed as well as the steel design parameters and constraints and the analysis and code check

commands.
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A new option has been added to the Create Cross Section Property Database dialog to allow the
display of resultsgenerated during the creation of the Property Database (profiletable). Anexample
of this new option is shown in the following dialog:

I Create Cross-section Property for Wide Flange - Table Name = test  Unit = Inches |Z||E|g|

je Width | Flange Thickness Long Profile Hame #
ih! 1wl abodefoh

A new feature has been added to the GTSTRUDL Output Window. Right clicking the mouseinthe
GTSTRUDL Output Window will bring up the following pop-up:

iaraphical Modeling (GTMenu)
Select all
Paste

Find

Prink

As can be seen in the above pop-up, selections include entering GTMenu, Copy items to the
clipboard if they have been selected with the cursor, Select all, Paste (this assumes that the
information on the clipboard contains valid GTSTRUDL commands that can be pasted into the
command line), a search feature using Find or Find next, and Printing.
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2.3

Dynamics

The INERTIA OF JOINTS FROM LOAD command has been extended to include the
conversion of translational forceload components of both member and finite element loads
totrandational joint masses. Member temperatureloads, member distortionloads, andfinite
element joint temperature loads are not converted.

Efficiency improvements have been made with regard to the assembly and use of the
damping matrix for dynamic analyses. When damping data have been specified, the
damping matrix is now assembled on demand and only when needed:

a The ASSEMBLE FOR DYNAMICS command, the PERFORM EIGENVALUE
ANALY SIScommand, andtheDY NAMIC ANALY SISEIGENVALUE command
do not cause the damping matrix to be assembled.

b. The PERFORM PHY SICAL ANALY SIS command, the DYNAMIC ANALY SIS
PHY SICAL command, and the DY NAMIC ANALY SISNONLINEAR command
cause the damping matrix to be assembled if appropriate damping data have been
specified.

C. The COMPUTE MODAL DAMPING RATIOS command causes the damping
matrix to be assembled for the computation of composite modal dampingratiosif the
appropriate damping data have been specified.

d. The PERFORM MODE SUPERPOSITION ANALYSIS command and the
DYNAMIC ANALY SIS MODE SUPERPOSITION command cause the damping
matrix to be assembl ed for the computation of composite modal damping ratiosif the
appropriate damping data have been specified.

The assembly of the mass matrix for dynamic analysisis no longer automatically forced to
be consistent when joint constraints are present in the model. The INERTIA OF JOINTS
LUMPED command is now honored when joint constraints are present in the model.

The COMPUTE COMPOSITE DAMPING RATIOS command hasbeen extended as shown
below whereby the composite modal damping ratios are computed on the basis of the
assumption that the damping ratios are directly proportional to total mass and stiffness.
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- AVERAGE }

COMPUTE MODAL DAMPNG (RATIOS) { PROPORTIONAL

MODES mlist}

(INCLUDE (COUPLING FROM) {
— = —="71ALL

5. Improvements have been made to the efficiency of memory allocation and management for
the assembly of dynamic mass and composite modal damping matrices. Dynamic analysis
jobs that contained rigid bodies and/or large numbers of specified damping ratios for joint
inertias and were too large for available memory now execute to completion.

6. The UNITS command has been extended to include mass units as follows:

STANDARD
STDMASS
UNITS {GRAM
KGM
MTNM

Themassunit STANDARD/STDMASSisthedefault and indicatesthat the active massunit
istaken asforce-time?/length, based on the activeforce, time, and length units. For example,
if the active force and length units are specified as KIPS and FEET respectively, and the
active time unit is SECONDS, then the active STANDARD/STDMASS mass unit is KIP-
SECOND?%FEET.

The default internal mass unit to which all mass data are converted when they are stored is
Ib-second?inch. Therefore, based on the previous example, the conversion factor from
STANDARD active units of KIP-SECOND#FEET to internal units of Ib-second?inch is
(1000 Ibg/kip)/(12 inches/foot) = 83.333333.

Thisimplementation is designed so that when STANDARD/STDMASS is the active mass
unit, mass data processing with respect to active units, including text output, remains

unchanged from previous versions of GTSTRUDL.

See Section 2.1.2.6, Volume 1, GTSTRUDL Reference Manual for further information.
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24 Finite Elements

1 The element name specified in the ELEMENT PROPERTIES command is no longer
required to be upper case or to have single quotes around the name as shown in the examples
below:

Examples:
Element Properties
1 to 10 type sbhq thick 2.

Element Properties type sbht6
11to 15 thick 2.5
16 to 20 thick 3

2. Temperature gradient loading capabilities on the following elements have been brought to
arelease status:

Plate Bending elements BPHT, BPHQ
Plate el ements SBHT, SBHQ, SBHQCSH, SBHT6, SBHQ6

Thefinite element dictionary shownin Section 2.3.4 of Volume 3 of the Reference Manuals
now indicates that temperature gradient loading is available for the elements listed above.
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25

General

A new AREA LOAD command has been implemented to distribute loadings over defined
regionsto the surrounding members. The member loads are applied in the specified global
direction X, Y or Z. A loaded area must be completely enclosed by members.

General form:
X
AREA LOAD 'id' (‘title') DIRECTION { Y { (PLANE TOL v,)
Z
where,
id = loading identifier, limited to 8 characters. If id isaninteger, then the
guotes (‘') are not needed.
titte = loading title, [imited to 64 characters.
V, = tolerance above and below the specified elevation.
Tabular repeat
ELEVATION v, (region (EXCEPT region2)) VALUE load_value dist_type
C
C
C
END AREA LOAD
where,
V, = elevation aong the specified axis.
region = all the structure at elevation if not given, otherwise
X X
X V4 V5 X V6 V7
4 4
LIMITS < ’
JOINTS j_list
MEMBERS m_list
V4 Ve, Ve, V; = max and min of an orthogonal "bounding box" that encloses the area.
Only areas completely inside the "bounding box" will be loaded.
j_list = a list of joints that form a "bounding box" defined by the

2-27
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m_list

load vaue =

dist_type =

X, Y, Z

Vg, Vg

region2 =

minimum and maximum coordinates of thejointsinj_listin
the loading plane. Only areas completely inside the
"bounding box™" will be loaded.

alist of membersthat formthe perimeter of theregion. These
members must form a contiguous line along the perimeter,
but need not bein any order.

distributed load of force per length squared, in current units

- TWO WAY

dist type = 1

N[ [P

ONE WAY

>

Vg Z v,

= Global direction in which to distribute the one way loading.
For example, if you select “DIRECTION Y” in the AREA
LOAD command, you can select either X or Z as the
direction to distribute the one way load.

= Ratio of one way load distribution. This is used when the
desired oneway distribution isnot aligned with aglobal axis.
X and Z correspond to the local, regional coordinate system.
Thelocal and global coordinate systemsareidentical for DIR
Y. For DIR X, X correspondsto global Y and Z corresponds
to global Z. For DIR Z, X corresponds to global X and Z
correspondsto global Y.

same as region, except LIMITS are required, not optional.

Y oumay specify asmany ELEVATION commandsasneeded. Completethe AREA LOAD
definition with the END AREA LOAD command.

The AREA LOAD command isused to apply auniform distributed |oad to sel ected regions
of the structure. Areas within the specified region are automatically determined, where an
area is a part of the structure perpendicular to one of the global axes, and bounded by
memberson all sides. Anindependent load iscreated and the areaload isdistributed to the

2-28
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bounding members of an areaas MEMBER LOAD components. If geometry or changing
load valuesrequire, multiple ELEVATION commands can be used to describethe areaload
on asinglefloor. An areamay be loaded by more than one ELEVATION command. All
of theloading componentscreated by the ELEVATION command betweenan AREA LOAD
command and the following END AREA LOAD command are contained in the single
independent load. Use the PRINT LOAD DATA command to review the values of the
created loading components.

The AREA LOAD command is described in Section 2.1.11.3.7 of Volume 1 of the
Reference Manual.

2. The DEAD LOAD and SELFWEIGHT commands have been enhanced to include two and
three-dimensional finite elements in the computation of member/element and joint dead
loads. The INCLUDE FINITE ELEMENT option has been added to the SELF WEIGHT
and DEAD LOAD commands as shown below:

> X

<<

i
SELF WEIGHT (LOADING ) {;1} (‘title’) DIRECTION

[
N IN

([EACTOR] v,) (INCLUDE (BENITE) (ELEMENTY)) clist

i
DEAD L ADING{,;} (‘title’) DIRECTION

IN ‘-I< |< ‘>I< [

-Z
([FACTOR] v,) (INCLUDE (ANITE) (ELEMENTS)) clist
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If the INCLUDE FINITE ELEMENTS option is not specified in the above commands, the
commands function as they did in earlier releases of GTSTRUDL - the self-weight of the
finite elements will not be considered in the computation of the DEAD or SELF WEIGHT
loadings. The revised commands are documented in Section 2.1.11.3 of Volume 1 of the
Reference Manuals.

3. A new command has been implemented as a prerel ease feature to calculate and report the
summation of forces and moments at a specified point from a specified set of member and
finite element nodal forces for all active static loading conditions. The new command is
LIST SUM FORCES and is similar to, but more genera than, the CALCULATE
RESULTANT command described in Section 2.3.7.3, Volume 3 of the Reference Manual.
The force summation is computed for al active loading conditions. The form of the
command is shown below and is further described in Section 5.4.8:

-
LIST SUM FORCES (TITLE 'a’) (ABOUT ', ) -
[XT vy [Y] vy [2] v,

[THY] v, [TH2] v, [TH3] v,

(ORIENTATION ¢ | MEMBER | |ig ) JOINTS list;, MEMBERS list,
ELEMENT| |'a,
4, New commands have been added to delete joints or members that do not have data

associated with them. The new commands are as follows:
ELETE JOINTSWITHOUT (JOINT) COORDINATES

DELETE MEMBERS WITHOUT (MEMBER) INCIDENCES

DELETE (EINITE) ELEMENTS WITHOUT (ELEMENT) INCIDENCES

Joints, members, or elements can be created when a user accidently specifies joint or
member names in commands such as PRINT or LIST. Now, you may use the above
commands to del ete these joints, members or elements.

See Section 5.4.7 for more information on these commands.
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5. Elastic member end connections may now be deleted using the DELETIONS mode. In
previous versions of GTSTRUDL, elastic member end connections could not be deleted.
Section 2.1.8.2 of Volume 1 of the Reference Manual has been revised to indicate the
functioning of the DELETIONS mode as it pertains to elastic member end connections.

6. The CALCULATE SOIL SPRING VALUES command has been brought to release status.
Furthermore, the command has been extended since its introduction in Version 27 on a
prerelease statusto include the ability to create Compression Only springsand also In-plane
springs. The command is shown below:

CALCULATE (SOIL ) SPRING ( VALUES) ( COMPRESSION (ONLY)) -

DIRECTION (v:)( (PLANE) TOLERANCE v2) -

IN < [X

( ( PLANE ) ANGLE ( TOLERANCE ) vs) vaue sets -
(APPLY ) (SHOW (CALCS) ) (INPLANE (RATIO) Ve )

The command is documented in Section 2.1.12.13 of Volume 1 of the GTSTRUDL
Reference Manuals.

7. The SUMMARY option for LIST SECTION FORCES has a new option to include the
output of corresponding forces. For example, for the section location and loading that
produces the maximum value of MZ, the command will now also output the associated
valuesof FX and FY. Themodified command isdocumented in Section 2.1.14.6 of Volume
1 of the GTSTRUDL Reference Manual.

An example illustrating the modified command is shown bel ow:

LIST SECTION FORCESSUMMARY AND CORRESPONDING FORCESMEMBER 27
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The following is the output produced by the above command:

Max/min Section Forces for member 27

, locations are fractional.

Vaue Load Location Vaue Load Location
Max FX: -0.5 4 10000 MinFX: -2. 2 1.0000
Max FY: 10. 2 10000 MinFY: -0.1E+02 2 0.0000
Max FZ: 0.0E+00 4 1.0000 MinFZ: 0.0E+00 4  1.0000
Max MX: 0.0E+00 4 1.0000 Min MX: 0.0E+00 4 1.0000
Max MY: 0.0E+00 4 1.0000 Min MY 0.0E+00 4 1.0000
Max MZ: 3. 4 00000 MinMZ: -0.2E+02 2 0.0000

Corresponding Forcesfor FX FY FZ MX MY MZ
-0.5040967  0.6305282
-2.147321 9.721370
-2.147321 9.721370
-2.147321  -10.27863
-0.5040967  0.6305282
-0.5040967  0.6305282
-0.5040967  0.6305282
-0.5040967  0.6305282
-0.5040967  0.6305282
-0.5040967 0.6305282
-0.5040967 0.6305282
-2.147321 -10.27863

Max FX
Min FX
Max FY
Min FY
Max FZ
Min FZ
Max MX
Min MX
Max MY
Min MY
Max MZ
MinMZ

0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00 0.0000000E+00
0.0000000E+00 0.0000000E+00  0.0000000E~+00

-3.548704
-12.43836
-12.43836
-15.22468
-3.548704
-3.548704
-3.548704
-3.548704
-3.548704
-3.548704
2.756577
-15.22468
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26 GTMenu

1 A new option called “Project Axis onto Lines’ has been added to Create Joints dialog as
shown below:

B GTMenu Structural Modeling Tool Version 28
Flle Create Edit Display Resuks Check Options

Spacing on the Y Axis |
Starting from the Origin I M Create Joints = [=1E3

€ Uniform " Input Coordinates

@ Variable - . .
M UNITS: INCH LBS DEG FAH SEC Locate using Grid

 Transform Points to Joints

" Find Line Intersection

Total # of Coordinates:

Coordinate

" Project Axis onto Lines

Number Value or Percent M Project Axis

T 5% = Axis to Project

1 %0
1 85]

[Oh' 2z

Projection List

Add to Line List
Reset Line List
\\S Mode
=

@ Specify Coordinates on Axis

Current Totals
" Specify Spacing on Axis
3 Length: 170.00

[ Project Axis Coordinates
ear Table

@ Hit CList (a0 #$linz  $Fins @ /ulums @ Eng @ Upingge] ¢ Point &ldoint O @ Cilunz] Bl
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ThisCreate Joints option allowsyou to specify straight lines between jointsor pointsinyour
model and then create joints on those lines by projecting coordinates or spacing along a
global axis onto those lines. An example of specifying the coordinates alongthe Y axisis
shown below:

B GTMenu Structural Modeling Tool Version 28
File Create Edit Display Results Check

Cotions Lt —
SN L o Spacing on the Y Axis =1

Starting from the Origin I B Create Joints

- 3]
Define Projection Line 3 or press the right mouse| .
Hit the first Joint on Line 3 € Uniform € Input Coordinates

# Variable - . .
Ml UNITS: INCH LBS DEG FAH SEC Locate using Grid

" Transform Points to Joints

" Find Line Intersection

Total # of Coordinates:

Coordinate

" Project Axis onto Lines

M Project Axis
Axis to Project

Number Value or Percent

1 25 B
1 60 &y [aF:
T o

Projection List

[ AddtoLineList |

‘ Reset Line List I

Mode

2 & Specify Coordinates on Axis

Current Totals
" Specify Spacing on Axis
+3 Length: 170.00

ki | Project Axis Coordinates I
-

“Hit  CList Ol CINIE

CIRIETENN W ime il R BT " Point “doint O Coond ® Cilonal Bl



GT STRUDL New Features

The joints created by projecting the coordinates on the Y-Axis onto the lines are shown
below:

Options  Units  Coordinate System  Utiities  Help

Redraw Redraw Solid

B Create Joints

ne 3 or press the right mouse butto

he first J on Line 3 " Input Coordinates
M UNITS: INCH LBS DEG FAH SEC " Locate using Grid
¢ Transform Points to Joints
¢ Find Line Intersection

" Project Axis onto Lines

M Project Axis
Axis to Project

&Y Tz

[y

Projection List

Add to Line List

Reset Line List

Mode
@ Specify Coordinates on Axis

"~ Specify Spacing on Axis

# -l #lins @®Flanz # /ulums ® Bound ® Unoouned ® Coord ® Global Flo
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2. A new option has been added to display afinite element mesh boundary outline. Thiswill
display edgeswhich have only one element incident upon them. The mesh boundary outline
optionisuseful for displaying modeling with interior boundaries such asaplate withahole.
An example is shown below:

B GTMenu Structural Modeling Tool Version 28
File Create Edit Display Fesuls Check

oo i |

PLEASE WAIT Redraw the Structure Simply *
Choose a Usage button or a Highlight box and then Select a new color for it.

Options  Units  Coordinate System  Utilities  Help

Rotate Redraw Solid

- [51%]
Member & Element

Shrink

Faz{::lr: E (031-1.0)

¥ Mesh Boundary Outline
[~ Add Interior Detail

M jodel Display Options

=

M UNITS: CM KN DEG FAH SEC Arraw Keys = Rotate M =E

O

wHit Clhen Al @iz ®Elgz #/oluns # B Uz ¢ Eomt “doint oo ® Ciluma) Hy

This option is aso useful for
detecting portions of the model
which are not connected correctly. \
For instance, if an interior edge /
appears where there should not be \

one then you have not connected
your model correctly. An example
of a model with interior edges | \
shown indicating that regions of the }
model are not connected correctly is /
shown: ! -




GT STRUDL

New Features

3.

TheMesh Boundary Outlineoptionisavailable by selecting Optionsfromthe Menu Bar and
then selecting Model Options. The Mesh Boundary option isalso available by selecting the
Label button from the Button Bar and selecting Display and Label Settings. Examples of
these two dialogs are shown below:

M Display & Label Entities (=1

Points

Surfaces

Joints
Members

Elements

Coord
System

Lines{Curves —

Display Label
All Mew List All New List
r - - r - -
- r - -
W - W -
r2 r2
r2 r2
W W

M Model Display Options E| E| |z|

Member & Element

Shrink

Factor: \:\ (0.1-1.0)

¥ Mesh Boundary Outline
[~ Add Interior Detail

Member & Element

Shrink Factor: E‘

(0.1-1.0)

v Mesh Boundary Outline
[~ Add Interior Detail

| Redraw || Done |

The Add Interior Detail option shown in the above diaogs is useful for meshes which
containthreedimensional solids. Thisoptionwill display edgeswheretherearethreeor five
or more elements connected. Also notein the display Label Settings dialog that the Shrink
option is now available under this dialog as well as the Display Model dialog.
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4.

The Results pulldown has been enhanced and revised as shown below:

NN Check  Options  Units  Coordinate System  Utilities  Help

Deformed Structure .. Rotate Redraw Redraw 5

Transient Response ...

Force/Moment Diagrams & Envelopes ... -click or click in the Graphics wind

Finite Element Results Contour Stresses, Strains, Displacements
Joink Reactions ... Erergy & Stress Error Estimate Contours
Member End Forces ... Principal Yectors

Mowing Load ...

Finite Element Contours option has been renamed to Finite Element Results since thefinite
element results now includes Principal Vectors which are described later in this section.
Also, a new option has been added to label Member End Forces which is also later
described. Furthermore, new options have been added to the contouring of stresses, strains,
and displacements.

A new Display Options button has been added to the Element Contoursdialog in GTMenu.
The Contour Options dialog will allow you to set Minimum and Maximum values for
contouring. Subsequent contouring will then be performed approximately within or outside
of these limits depending which option is selected. You may also choose if you want the
element (mesh) boundariesdrawn and if youwant solid (color-filled) or line contoursdrawn.
An example of the new Element Contours dialog is shown below:

M Element Contours ril El El

[ Principal

" Top
* Stresses 3

+ Middle
" Strains " Bottom

" Membrane Resultants
" Bending Resultants

" Displacements/Rotations

* B C8ZZ L
O BYY " BXZ o
8Ky T 8YZ -

" Yon Mises

| Individual Load: ||1 |

Draw Load Load Options
Contour Interval 0.7 - |

Display Display Options;
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The new Display Contour Options dialog is shown below:
B

Bl Contour Options
Limits
[1.000e+020 | Set]

Reset

|1_|1qu+|]2|]

rrinimrm
-2.911e-001
7.367e+000

maxirmurm

| set]

Draw Contours
+ Inside the Limits

" QOutside the Limits

Style
@ Solid Color Fill
[~ with Mesh Outline
" Color Lines Only
-

6. GTMenu can now draw principal stress, strain, and resultant
vectorsfor two-dimensional finiteelements. Thevectorsare
drawn as scaled color coded vectors by default. The vectors
are oriented in the direction of the principal component
being drawn. The magnitude and angle of the vectors may
also belabeled. Thenew Principal Vectorsdiaog isshown:

AEE|
2D Principal
" Top
v Stresses .
* Middle
" Strains " Bottom

" Membrane Resultants

" Bending Resultants

* 51
52

‘ Individual Load: H1 ‘

Yector Scale

Load Options

B

Display

* Vectors
W Color Coded
[~ Boundary

" Color Contour

Legend

Label

i

* on Screen

" List Box
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An example of adisplay illustrating the principal vectors and labeling is shown below:

B GTMenu Structural Modeling Tool Version, 28

File Create Edit Display Resulks Check Options  Units  Coordinate System  Utiiies  Help

Print H Inquire ‘ Llla -

Zoom H Label H Rotate || Redraw ” Redraw Solid ” Yiew | M Principal Vectors

Hit a joint or press the right mouse button if DONE.

B UNITS: CM KN DEG FAH SEC Arrow Keys = Rotate
+“—r —rt—

- -
. . = — —
JNT 4 . ’ ’
7 ATIE+00 L
14 DEG R e

s 51 MD
Load 1
L_x KNICHE2 k

2D Principal

EBX

“ Top
* Middle
" Bottom

* Stresses

" Strains

min 03 TENSION COMPRESSION mEx 74
o
07 14 21 28 35 53 70 Membrane Resultants
" Bending Resultants
o |
P N aes “—yr “ cs2
1 [ Individual Load: |[1
- 4y P ¥ 4
1 Draw Load Load Options
o
N - -ty
i —+ + 2

Vector Scale 1

* Yectors

|v Color Coded
I [~ Boundary

" Color Contour

Legend * on Screen

" List Box

o Hit " List o " . . o "

7. A new Results option has been added to label Member End
Forces. The Member End Forces may now be displayed on-
screen, or they may be sent to a list box. The forces may be
labeled at the start and/or end of the members. Y ou may also
choose the force and moment components to label. The new
Member End Forces dialog is shown:

BB Member End Forces | Elzj
T
@« All End Forces/Moments

" Fractional Limit

" Absolute Value Limit

| Select Load: | |1 |

Position on Member

¥ Start W End

ForcefMoment Components

W X W Y M FZ
™ M I~ MY v MZ
Label

[” Complete Members Only
[~ Add Member Names

* on Screen
" List Box
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An example of labeling Member End Forces is shown in the figure below:

B GTMenu Structural Modeling Tool Version 28

File Create Edit Display sulks  Ched)

Options  Units  Coordinate System  Uilities

Help

Rotate

Ml UNITS: FEET LBS DEG FAH SEC Arrow Keys = Rotate

F 1 004E+03
FY 38326403
MZ -3 895E+03

F¥ 1 496E+03
FY 3 6E8E+03
MZ 2.597E+03

2

Member End Forces
Load 1
UMITS: FEET LEBES

F¥ -3.853E+03
Fy 2.587E+02
MZ -2.597E+03

F¥ 3953E+03
FY -2.597E+02
MZ 0.000E+00

L

Redraw Redraw Solid

& All End Forces/Moments
" Fractional Limit
" Absolute Value Limit

Select Load:

I[ |

| Draw Load H Load Options I

FX -3.853E+03
FY -2.597E+02
MZ 3.835E+03

v Start

Position on Member
™ End

W FX W FY Fz
" MX MY v MZ

Clear

Label

[~ Complete Members Only
[~ Add Member Names

“ on Screen

Force/fMoment Components
" List Box

FX 3953E+03
FY 2.537E+02
MZ 0.000E+00

AN

+

o Hit  List Al NG T ENE RN SO

8.

B Create Supports

| Draw Supports I

@ Enig

g Pt o Joint O oo SRR

An option to Draw Supports has been added to the Create Supports dialog as shown below:
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9. A Color by Thickness option has been added for 2D finite IS0 =3
element meshes under the Display Model dialog. Thisfeatureis Member & Element
useful for checking models which have different thicknesses | Facor B('1-1-1-'1)
assigned to finite elements. The modified Display Model is I Mesh Boundary Outline
shown with the new Color by Thickness option shown at the i
bottom of the dialog:

| Generate Display List

Mark Loads
" Joint " Member
" Element Al

Mark Properties
" Section " Material

W All types

Mark Joint
" Supported D.O.F.

Draw Member
" Releases
" Section Names
" Local Axes

" Beta/Profiles

Draw Element
" Incidence Order

" Planar Axes

An example of the display created using the Color by Thickness
option is shown below:

" Color by Thickness!

B GTMenu Structural Modeling Tool Version 28 |._||EH£|
Elle Create Edit Display Check Options Units Coordinate System  Ukilities  Help

Print Inquire ——— ~ || Zoom H Label H Rotate H Redraw ” Redraw Solid ” View ‘ M Display Model ‘_”EHK‘
Pick a side of the display window for the thickness legend. - Member & Elemen -

Pick a side of the display window for the thickness legend.
- Shrink
= . (0.1-1.0)
B UNITS: INCH KIPS D H ow Keys = Rotate dA=EN oo D

[~ Mesh Boundary Qutline
r

‘ Generate Display List
Mark Loads
 Joint " Member

" Element Al

Mark Properties

v All types

= " Section " Material

Mark Joint
1as  Supported D.OF.

Draw Member
" Releases
" Section Names
" Local Axes

" Beta/Profiles

Draw Element

" Incidence Order
" Planar Axes
y/]‘?( Cnlnr by Thickness?

T Hit List = All  Line ¢ Flane " Yolume o o o “ Joint -
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10.

11.

12.

All load names that are currently used are now listed and classified to help in choosing the
name for anew load as shown in the figure below:

Self weigh.
Uniform de
Uniform 1i

Dependent load
Self weight load
d¥namic load

1
2
3
4
5

When a duplicate joint, member, or element isfound, the original

A N ; L. ) i ) M Delete Duplicates ‘Z”ilg‘
name is now displayed in addition to the duplicate nameto aid in Numbe of Duplicate Jomts
the location of the duplicates and in deciding which duplicates to [ |
remove. Anexampleof the output from Check Duplicate Jointsis List of Duplicate Joints

Duplicate Original

shown:;

Delete

In addition you may now send the results of the Check DuplicateS | - apupiicates Avove
to the GTSTRUDL Output Window or to afile using the options ||  Usina List of Duplicates

at the bottom of the Delete Duplicates dialog. [send o 7 O

Window

Label and Display settings (Label button on the Button Bar, Display and Label Settings
option) are now saved between GTMenu executions within a GTSTRUDL session. Thus,
if you end GTMenu and then return, the label and display settings are retai ned.

The default Label settings have been changed for Joints, Members, and Elements. In
Version 28, the default Label settings have been set to “New”. The“New” optionisfor a
joint, member, or element that has been newly created but not stored. Once ajoint, member,
or element isstored and the Graphics Windows redrawn, the labelswill no longer be shown.
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13.

The default Label settings for Versions 28 and 27 are shown below:

I Display & Label Entities

M Display & Label Entities

Display Label Display Label

All New List  All New List All New List All New List
Peints o0 F R Paints F rr P rr
Lines/Curves CAN R o Lines/Curves ¥V I -
Surfaces R o Surfaces V I -2
Joints P OO 0O F B Joints F rr P rr
Members oo r ¥ Members ¥V |2
Elements L R rF Elements v 22
Coord e L Coord (2 R
System System

Member & Element

Shrink Factor: B 0.1-1.0)

" Mesh Boundary Outline
-

Version 28
Version 27

The GTMenu input file generator can now be accessed from command mode, by the
following command:

GTMenu GENERATE INPUT FILE
General form:

GTMenu GENERATE INPUT FILE (‘filename’)
where

‘filename’ = 1 to 256 character filename for the input file. If none is
specified ‘GTMenulnputFile.gti’ is assumed.

When writing a GTSTRUDL input file from GTMenu, if Points exist, the line “GTMenu
POINT COORDINATES’ is now output followed by names and coordinate values,
analogousto “JOINT COORDINATES’. Inaddition, “GTMenu LineIncidences’ arealso
output for Construction Lines as shown on the next page.
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14.

15.

16.

17.

18.

19.

d d 1 d i TNITS CH KN DEG FAH
From command mode, the Point and Line
. . Pl E5.0000000E4+00 O.0000000E+00 0. 0000000E+00
input is read and appended to any
. . . . P33 0.0000000E4+00  5.0000000E400 0.0000000E4+00
currently existing Points and Lines, o 2 /200000DEL0D 5.0000D00EA0D 0 00D000DE 400
- . . - - - 'PE! 1.9615706E400 3.9018065E-01 0.0000000E4+00
|gn0r|ng P0|ntsand LlneSha\llngdupllcaIe By 1.8477501E400 7.6536601E-01 0.0000000E+00
'PE! 1.6629393E+00 1.1111405E+00 0.0000000E+00
IDS rpa!’ 1.4142135E+00 1.4142135E+00 0.0000000E4+00
. P10 1.1111405E400 1.6629394E400 0, 0000000E4+00
P11 7.E6536685E-01 1.8477591E4+00 0, 0000000E4+00
'p1z 3.59018074E-01 1.9615705E4+00 0.0000000E4+00
P13 1.5099580E-07 2.0000000E+00 0. 0000000E+00
§§
GTMenu LINE INCIDENCES
c1 P13’ P3
cz P33 P4
c3 FPg' P11
M M . ca! Pl 'pg!
More information on the GTMenu Point
'Ca! == 'pq!
Coordinate and Line I ncidence commands o re e o e e
H H 5%
may be found in Section 5.4.9.

When GENERATING an INPUT FILE from GTMenu.

MATERIAL STEEL
MATERIAL ALUMINUM
and MATERIAL CONCRETE

are now used when applicable instead of listing CONSTANTS.

Excessive comment lines (lines starting with $$) have been removed from the input file.
Other comment lineswhich maketheinput file more readabl e have been changed into blank
lines.

When GTMenu Generates an Input File, JOINT COORDINATES and MEMBER
INCIDENCES now generate only one initial spacing comment line, and it is a blank line
instead of a‘$$'. Inaddition, the MEMBER INCIDENCES command isno longer preceded
by a UNITS specification.

In the Input File generated by GTMenu, adjacent joints with the same spring constants are
now grouped together under the JOINT RELEASES.

Inthelnput Filegenerated by GTMenu, ELEMENT INCIDENCES are now writtenwiththe
element name (ID) up to 8 incidences on asingle line.

Interspersed comments ($$) have been removed from the ELEMENT INCIDENCES and
ELEMENT PROPERTIES.
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20.

21.

22.

23.

24.

25.

26.

27.

When generating an Input File, aBeta of 0.0 isnot listed in the file since that is the default
value.

When generating an Input File, if material constants have not been specified, the Input
Generator inserts acomment warning that material constants are missing.

The New View Name dialog has been moved so it does not cover part of the structure when
creating new views.

The contour legend is redrawn when a contour is refreshed.

The prompt asking if the user would like to update the VIEW database when leaving the
View Menu has been removed.

If you “End GTMenu” while in aview other than Views 1 to 4, the following dialog will
now appear:

B Return from Subview |Z|@|z|

% Update GT STRUDL and make everything active.
" Update GT STRUDL and make only the current Yiew active.

" End GTMenu and discard any changes.

| 0K | | Cancel ‘

This dialog makesit easier to return to the GTSTRUDL Output Window with your model
changes and the entire structure active whilein a Subview (all views other than Views 1 to
4). The above display replaces the Version 27 dialog shown below:

9 Some Joints, Members or Elements will be Inactive if wou Translate.
\-‘/ Do wou wank to Translate?

When Creating Members or Elements Using a Grid, alarger dot is now drawn for a grid
point to make the grid points more visible.

New graphics Hotkeys have been added. The“LJ’, “LM”, and “LE” Hotkeys will label
joints, members, or elements. The“LM” and “LE” Hotkeys will both label members and
elements. A dialog will open which will alow you to identify the joints or members and
elementsto label with the default set to ALL. The new Hotkey, “LA”, will label al joints,

2-46
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28.

29.

30.

31

32.

33.

35.

36.

members, and elements.

Four other new Hotkeysarethe“A”, “W", “<"*, and “>" keys. The“A” Hotkey will redraw
the Graphics Window. The “W” Hotkey will initiate windowing while the “<* and “>”
Hotkeys will rotate the graphics display about the screen z-axis (the axis normal to the
screen) counterclockwise and clockwise respectively.

The HotKey HEL P documentation has been updated to describe these new Hotkeys. To
access the Hotkey Help documentation, select Help from the Menu Bar and then select
Hotkey Help to see al the available Hotkeys.

A list in GTMenu, which may be Sent to a File or the GTSTRUDL Output (Command
Window), is now preceded by aline describing how the list was produced.

Line/curve labels (U, V, W, etc.) have been repositioned to make them more readable.

Twenty-one sections are now used to compute a member diagram/envelope display
regardless of Section specifications while 11 sections are used to draw the deformed shape
between joints.

The boundary nodes of a Superelement can be listed in GTMenu in an INQUIRE box by
specifying the name of the Superelement in list mode.

A preview line pointing to the nearest section location has been added to the box which is
used to position displacement output on a deformed-between-joints display.

Table section longnames are displayed in Display Model and are listed with an INQUIRE.

The Material, Prismatic and Pipe Property Group dialogs have been revised. The Material
and Prismatic Property Group dialogs now have an option to bring up the calculator. All of
the Property Group dialogs (Pipe, Prismatic and Table) will now show the longname profile
description.

A scroll bar has been added to alow viewing long load titles and dependent load
descriptions.
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37.

38.

39.

40.

2.7

2.8

Previously, when using the GTMenu feature® Print Preview and Edit” , the user wasrequired
to changed the name of the automatically generated Scope Editor file (cap0O0x.ssc) with the
“Save As’ selection, or the file would be deleted and any changes lost.

Now, if theautomatically generated fileis* Saved” without aname change, it will no longer
be deleted. Also, the default file name has been changed to “TempO0x.SSC” to further
emphasize the temporary nature of thefile.

When performing atransient animation in GTMenu, if thereisonly one dynamic load, itis
now selected automatically.

The warning message indicating that section displacements are not available for truss
memberswill no longer be given when displaying a Deformed Structurein GTMenu using
the “Deform between joints’ option.

When ajoint is selected, it isnow marked with acapital "X" instead of alower-case"x" in
order to make the selection more visible.

GTTable

GTTABLE commands are now available within GTSTRUDL. Y ou no longer need to run
aseparate GTTABLE processin order to create Tables. The output from the commandswill
no longer produce overflows of the output fields (*********** printed) when executed
inside of GTSTRUDL.

Nonlinear

Pushover analysis now contains a new switchable displacement control option. When
displacement control is enabled and a conventional pushover analysis load increment
encounters convergence difficulties, typically indicating a collapse condition, the pushover
analysis procedure switchesto displacement control, whereby sel ectablejoint displacement
degrees of freedom are monitored and controlled. The displacement control analysis
procedure stops when the maximum of the selectable control displacements reaches a
specified magnitude.

The primary steel stress-strain model, due to Balan, Popov, et.al., used in plastic hinge
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analysis has been replace by the simpler, morewidely known model described by Priestley,
Seible, and Calvi in the text Seismic Design and Retrofit of Bridges (John Wiley & Sons,
1996).

3. The element stress output from the LIST CABLE ANALY SIS RESULTS and the LIST
STRESSES command has been expanded for the IPCABLE element to include the cable
axial force (FA) in addition to the cable axial stress. An example of the new output fromthe
LIST STRESSES command is shown below. The new output from the LIST CABLE
ANALYSISRESULTS issimilar.

{ 60} > LIST STRESSES ELEMENTS 1 2 3
EE R R EE R EEEEEEEEEEEEEEEEEEEEE
*RESULTS OF LATEST ANALYSES*
EEE R R R R EEEEEEEEEEEEEEESEEEEE
PROBLEM - CAO051 TITLE - ST4796 -- Implement the LIST CABLE LENGTH command
ACTIVE UNITS M N RAD DEGF SEC
LOADING - 1 \
ELEMENT STRESSES
ELEMENT
1 NODE 1 Sxx 1166058. Force 75.22939
NODE 3 Sxx 993526.1 Force 64.09834
NODE 2 Sxx 1079792. Force 69.66386
2 NODE 3 Sxx 993650.3 Force 64.10635
NODE 5 Sxx 864930.1 Force 55.80183
NODE 4 Sxx 929290.2 Force 59.95409
3 NODE 5 Sxx 864983.8 Force 55.80530
NODE 7 Sxx 776710.9 Force 50.11028
NODE 6 Sxx 820847.3 Force 52.95779
4 NODE 7 Sxx 776637 .4 Force 50.10554
NODE 9 Sxx 724438.7 Force 46.73789
4, The LIST CABLE LENGTHS command has been added for the output of the computed

{

unstressed length of IPCABLE elements. The unstressed length includes the effect of the
latest cable prestress analysis. The results also include the sum total of the lengths of the
elements specified in the command list. The following isan example of the LIST CABLE
LENGTHS command and the resulting output:

58} > LIST CABLE LENGTH ELEMENTS 4 TO 7
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IR R E R RS S SRR SRS SRR SRR SRR SRS

* RESULTS OF LATEST ANALYSIS *
Kk ok ok ko ok ok ok Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

ACTIVE UNITS (UNLESS INDICATED OTHERWISE) :

LENGTH WEIGHT ANGLE TEMPERATURE TIME
M N RAD DEGF SEC

Cable Element Unstressed Lengths

Element Length
4 2.15029
5 2.02449
6 2.02433
7 2.15063
Total Length = 8.34974
5. Nonlinear dynamic analysisnow supportstheassembly of proportional and non-proportional

29

stiffness and mass damping matrices from all sources that provide for the specification of
stiffness and mass damping factors, including the CONSTANTS, JOINT RELEASES, and
INERTIA OF JOINTS WEIGHT/MASS commands. In previous versions, the damping
factors from the CONSTANTS command were not supported.

Bandwidth reduction is now executed automatically (by default) for nonlinear dynamic
analysis.

Offshore

Dramatic efficiency improvements have been made to the reading and processing of wave
load data for fatigue analysis. When the number of wave member loads exceeds 200,000,
which is typical for most jacket structure models, efficiency improvements of up to 90%
have been observed. The new procedures that provide these efficiency improvements are
executed by new optionsin the READ WAVE LOADS FOR FATIGUE and ASSEMBLE
commands as follows:

READ WAVE LOADS FOR FATIGUE NEW
ASSEMBLE FOR FATIGUE
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2.10

The new optionsaredescribed in detail in Volume 8 of the GTSTRUDL Reference Manual.

Offshore punching shear output hasbeen modifiedto print thelargest stressactual/allowable
ratio and also the largest geometry check actual/allowable ratio. Previous punching shear
output only printed thelargest actual/allowableratio. Thisresultedin not knowingthestress
level of themember when the geometry actual/allowableratiowasthelargest ratio. Thenew
output allows the user to inspect the member stresslevel and also the geometry ratio. Two
columns of ratios are now printed under the ACTUAL/ALLOWABLE heading. The first
column is the largest stress actual/allowable ratio and the second column is the largest
geometry check actual/allowable ratio.

Two new output options have been added to the punching shear code check command.
These options alow a user to print a summary of the punching shear code check results.
The summarize results option prints the largest actual/allowable ratios. This command is
documented in Section 4.4 of Volume 8 of the User Reference Manual.

Steel Design

Three new cross-sections have been added to the LRFD3 code. The new cross-sectionsare
Channel, Tee, and Plate Girder. Y ou may code check or design based on axial and bending
effects in these cross-sections. One new parameter has been added for the channel cross-
section and 10 new parameters for the plate girder cross-section. The new Parameters are
discussed in the Table LRFD3.1-1.

Double angle cross-sections under bi-axial bending can now be selected and code checked
based on the LRFD3 code. Previously, double angle cross-sections could be designed and
code checked based on tension or compression force only. Now you can code check or
design double angles based on the axial force and bending moments. LRFD3 code check
for double angles considers members under tension force , compression force considering
flexural-torsional buckling, modified column slenderness, check or design number of
connectors, major and minor axis bending check, major and minor axis shear check, and
combined axial and bending check. Three new parameters have been added for the double
angle cross-sections code check based on the LRFD3 code. Parametersare discussed inthe
Table LRFD3.1-1.

Single angle cross-sections under bi-axial bending now can be code checked based on the

LRFD3 code. Previously single angle cross-sections could be code checked based on axial
force only. Now, you can code check or design single angles based on axial force and bi-
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axial bending. LRFD3 code check for single angles considers membersunder tension force,
compression force considering flexural-torsional buckling, major and minor axis bending
check, major and minor axis shear check, and combined axial and bending check. One new
parameter has been added for the single angle cross-sections code check based on the
LRFD3 code. Parameters are discussed in the Table LRFD3.1-1.

A specia Ninth Edition AISC alowable stress design code for W shapes has been
implemented. The code nameis ASD9-E. This code is based on the Ninth Edition AISC
ASD except the equations have been modified to include modulus of elasticity (constant E).
ASD9-E is applicable to W shapes only. This code is useful for structures where E and
possibly other material data must be modified to account for high temperature.

Parameters for ASD9-E code are described in Section 5.2.10 of this Release Guide.

TheLIST CODE CHECK RESUL TS command has been modified to display membersthat
failed member constraint checks. Now, if a member fails a member constraint check but
passes the code check, the GTMenu code check graphical display of results and the code
check results datasheet will mark the member as a failed member.

An example of the modified LIST CODE CHECK RESULTS output is shown below:

{ 96

Result
Len

Job

} > LIST CODE CHECK RESULTS

s of the latest CHECK or SELECT commands
gth Units: FEET
Job ID: MS625
title: Ex2, Check Member Constraints Failure

P/F Section Load Provision Act/Allow Provision Act/Allow Profile
F 12.000 1 H1-1 COM 0.747 B7 COMP 0.407 W21x62
Failed Member Constraints Check
F 12.000 1 H1-1 COM 0.747 B7 COMP 0.407 W21x62
Failed Member Constraints Check

F 7.500 1 H1-3 COM 0.883 B7 COMP 0.508 W21x62
Failed Member Constraints Check

Automatic K-factor computation output has been enhanced to display the support status at
the ends of the column. Also, when no column exists at the end of a column line, an
information message is output.

CW (C,,, warping constant) in the steel design NF83 code has always been computed during
the code check. CW computation has been modified to check thetable databaseto seeif CW
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8.

existsin the table database. If CW existsin the table database, it is now used in the NF83
equations. If CW does not exist in the table database, then it is computed.

A warning message limit has been added to the following error message for the ASD9 code:

**** FERROR_MSA9S7 -- DENOMINATOR (1 - fa/Fez) FOR MAJOR AXIS BENDING STRESS RATIO IN COMBINED

10.

el tann)

STRESSES EQUATION (EQ. H1-1) ISLESS THAN OR EQUAL TO ZERO
FOR MEMBER 1 LOADING 1 SECTION 0.00 ACTUAL STRESS fa IS
GREATER THAN EULER STRESS Fez. Z AXIS ELASTIC BUCKLING
FAILURE.

To suppressthe above warning message, usethe OUTPUT WARNING MESSAGE LIMIT
command.

Joint, member, and load list options of the steel design and connection design commandsare
now checked for non-existing joints, members, or loads. If auser accidently specifiesjoint,
member, or load names that do not exist, an error message will be output and alist of user
specified joints, members, or loads that do not exist will also be output.

The following example illustrates the error message and output for a case when a user
specified non-existing members for the parameter FYLD.

UNITS INCH KIPS
PARAMETER
CODE ASD9 ALL MEMBERS
FYLD 40.0 MEMBERS 1 TO 5, 20 TO 24, 30, 33, 38

vV V V V

92}
93}
94}
95}

**** ERROR IOPJML -- Following specified members have not been defined

11.

{
{
{

(member incidences have not been specified):
20 21 22 23 24 30
33 38

User specified valuesfor yield and tensilestrength parameters(FY LD, FTS, Py, Fy, Fu, etc.)
are now checked for arange of possiblevalid values. There aretimeswhen auser specifies
yield or tensile strength values (parameter FYLD, FTS, Py, Fy, Fu, etc.) in the wrong units
or accidently mistypes the parameter values which may result in an incorrect code check.
If the user specified values for yield or tensile strength are smaller than 20.0 ksi (.24.82
MPa) or larger than 200.0 ksi (. 8963.18 MPa), awarning messageisissued. Keepinmind
that the warning message does not prevent you from performing code check. Examples of
the warning message for the ASD9 and 00BS5950 codes are shown below:

84} > UNITS POUNDS FEET
85} > PARAMETERS
86} > CODE  ASD9 MEMBER 1
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{ 87} > FYLD 36.0 MEMBER 1
**%* WARNING MSPARC -- Specified value for the parameter FYLD is equal to 36.0
Active Units are LB FEET

Please check the units or the specified value for a possible ERROR.

{ 88} >

{ 89} >

{ 90} > UNITS N M

{ 91} > PARAMETERS

{ 92} > CODE 00BS5950 MEMBER 2

{ 93} > Py 235.0 MEMBER 2

**%* WARNING MSPARC -- Specified value for the parameter Py is equal to 235.
Active Units are N M

Please check the units or the specified value for a possible ERROR.

211 Steel Tables

1. The following new tables have been added based on the AISC LRFD 3" Edition:

W-LRFD3 W shapes

M/S/HPL3 M, S, and HP shapes

C-LRFD3 Channels, C and MC shapes

WT-LRFD3 Tee, WT, MT, and ST shapes

2L-EQ-L3  Equal leg Double Angles

2L-LL-L3 Long legs back-to-back Double Angles

2L-SL-L3 Short legs back-to-back Double Angles

2LALL-L3 All Double Angles. Thisincludesequal leg double anglesand long
and short legs back-to-back shapes.

SQ@ P o0 TR

212 Stiffness Analysis

1. The new STIFFNESS ANALY SIS command option, STIFFNESS ANALY SIS GTHCS
BLOCK SIZE, executes the new Georgia Tech Hyper-column solver, which allows for the
efficient solution of large structures.

An example of the efficiency of the new static solver versus the existing solver is shown
below:

Number of Joints = 14,698 (6 DOF) = 88,188 total DOF
Band = 468
Timeto solve using existing solver =4,242 sec
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Timeto solve using new GTHCS solver =2,840 sec

Another example illustrating the solution of a very large problem that could not be solved
in previous versions of GTSTRUDL is shown below:

Number of Joints = 39,765 (6 DOF) = 238,590 total DOF

Number of Members = 3136

Number of Elements = 43,776

Band=1,179

Timeto solve using existing solver = N/A  unable to solve due to running out of
virtual memory

Timeto solve using new GTHCS solver = 38,778 sec
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CHAPTER 3

ERROR CORRECTIONS

Thischapter describes changesthat have been madeto GTSTRUDL to correct errors. These

errorsmay have produced aborts, incorrect results, or restricted use of afeaturein previousversions
of GTSTRUDL. Theerror corrections are discussed by the primary feature areas of GTSTRUDL.

31

32

Buckling Analysis

Linear buckling analysis no longer aborts when joint constraints are in the model.
(GPRF 2003.10)

Linear buckling analysisno longer abortswhen dynamicloads are present inthelist of active
loads. (GPRF 2004.1)

Dynamic Analysis

Both consistent and lumped masses are now computed correctly for plane frame members
having variable properties with three or more segments and where only the AX, 1Y or 1Z
section properties are specified. (GPRF 99.17)

The RESPONSE SPECTRUM LOAD command no longer aborts when the specified
response spectrum fileis not found. (GPRF 2003.9)

Dynamic transient analysis now computes correct displacements, velocities, and
accelerations for condensed degrees of freedom when the external file solver is used.
(No GPRF issued as this was a prerelease feature in Version 27)

Modal time history analysis using the PERFORM TRANSIENT ANALY SIS, PERFORM
MODE SUPERPOSITION ANALYSIS, and DYNAMIC ANALYSIS MODE
SUPERPOSITION, correctly computes absol ute accel erations when the USE EXTERNAL
FILE SOLVER isactive and there are two or more active transient loads having SUPPORT
ACCELERATION components.

(No GPRF issued as this was a prerelease feature in Version 27)
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3.3

34

Finite Elements

The results from the LIST PRINCIPAL STRESSES command are now correct for loading
combinations for the IPQL series (IPQL, IPQL?2,..., etc.) elements.
(GPRF 91.44 and 91.45)

If aloading containing Joint Temperatures is later changed and the Joint Temperatures
deleted, the joints which contain the deleted Joint Temperatures are no longer changed to
planar element (PLAN-EL) joints. Furthermore, other characteristics associated with the
joints are no longer incorrectly changed either. (GPRF 2001.7)

If aloading containing Joint Temperaturesislater deleted and anew loading is created with
the samename (ID), the original Joint Temperature loadingswill no longer be present in the
new loading. Issuingthe PRINT LOADING DATA command will print out values of 0.0
for al of the joints which originally had Joint Temperatures unless the new loading also
contains Joint Temperatures. In that case, the new values specified for the Joint
Temperatures will appear in the PRINT LOADING DATA output. (GPRF 2001.8)

Local Surface Forces on 3D solid finite elements (IPLS, 1PQS, IPSL, IPSQ, TRIP, and
WEDGEZ15) now produce correct resultsif the normal to thefront face of the element points
into the element. Previoudly, the sign of the forces was incorrect and the loads were being
applied in adirection opposite to what was expected and opposite to the direction displayed
in GTMenu. Global surface forces on these elements were not affected by this problem.
(GPRF 2004.10)

General

LIST SECTION DISPLACEMENT results are now correct when amember has one of the
following combination of releases and shear center eccentricities:

a Start Moment Z member release and EZ shear center eccentricity
b. Start Moment Y member release and EY shear center eccentricity
(GPRF 2003.12)

The Self Weight Command will now be recognized correctly when it immediately follows
aMember Property command with Variable properties specified using segments.
(GPRF 2004.11)
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3. The Variable Member Property and Variable Member Dimension commands will now
function correctly if a Group is used to specify the list of memberswith variable properties
or variable dimensionsin tabular format. (GPRF 2004.12)

35 GTMenu
(GPRF’s are not issued for GTMenu unless specifically noted bel ow)

1 In GTMenu, the Hit mode is no longer lost by opening the Label or Shrinkage settings
dialogs. In some instances, the Mode Bar would show that Hit mode was set but the user
would have to close the current dialog or select Hit again on the Mode Bar.

2. Random characters are no longer displayed for the load name in the Display Load menu
when no static loads are defined.

3. In amodel which contains amixture of 3D solid and 2D finite elements, thefirst e ement in
the current view is now checked to determine whether the contouring mode is for solid or
two-dimensional elements.

4. An abort in GTMenu when many members or elements are given without incidences has
been corrected.

5. GTMenuwill nolonger display amode number as-1 inthe Legend when displaying dynamic
modes.

6. The input file generated when using the TRANS3D solid element is now correct and the
“With Nodes’ specification for the TRANS3D is now written on the line with the element

type.

7. Requesting reaction values to be labeled or displayed at afreejoint will no longer cause an
abort.

8. Results are no longer labeled incorrectly under the following conditions:
Results (reactions, joint displacements,...etc.) have been displayed.
Theload islabeled.
Results are then label ed.

9. Edit Thickness from the Edit Element dialog no longer goes into an infinite loop following
aright-click Edit of an element’s thickness.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

In some instances during contouring finite element results, a triangular area would not
contain color-filled contours. The missing triangles in a color-filled contour have been
corrected.

The color scale used for color contours with a smaller-than-default step size has been
corrected.

Previously, GTSTRUDL would occasionally abort following a deformed shape animation
involving a cable element. This has been corrected.

Multiple joints at the same location can now have their contour values labeled separately.
Multiplejoints at the samelocation may occur in models containing master and slave joints
or joint ties.

Thefollowing displays are corrected in GTMenu for the special case of the Beta Angle, that
is, for when eccentricities cause amember to become vertical that wasn't already vertical or
if amember is vertical and the eccentricity makes the member non-vertical:

Local Axes (Display Model)

Cross section with Beta (Display Model)

Redraw Solid for table sections

Force or moment diagram or envelop (Results).

The display of finite element incidence order, and planar axes is now ignored for cable
elements and nonlinear springs.

Bringing-up the Inquire list box using the Button Bar or by HotK eys no longer disables the
Mode Bar.

Deleted jointsthat have unspecified coordinates are no longer listed upon entering GTMenu.

An abort will no longer occur when entering GTMenu with a model which contains
Superelement and Group definitions.

A Display -~ Moving Load abort has been corrected, where a model with no joint
displacementswoul d cause animation of the deformed structurewith amoving load to abort.

Redraw Solid performed on adeformed display no longer cause a subsequent Redraw to use
deformed colors on an undeformed display. Now, the colors are reset for the undeformed

display.
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Variable Property Group descriptions have been revised when the Property Groups are
displayed. Previoudy, extraneous characters could appear and the word “variable” was
abbreviated.

Anabort will nolonger occur when sending Inquire Output to afile having along pathname.

Occasionally when checking for duplicate elements, an element would be erroneously
indicated as being a duplicate element. This has been corrected.

Creating Elements will no longer abort when using Create Members and Elements Using
Grid.

Member propertiesfor memberswith variable propertiesare now correct after themodel has
been brought into GTMenu. This problem occurred only inVersion 27. Theerror could be
determined by looking at the Member Propertiesdialogin GTMenu or by issuingthe PRINT
MEMBER PROPERTIES command after exiting GTMenu with changes. The input file
created by GTMenu would also contain incorrect member properties.

The Input File created in GTMenu will no longer after an erroneous continuation mark (-)
onthelast lineof alist of Member Constraints. Thisoccurred only if thelast line contained
exactly five members.

The number of property groups allowed by Redraw Solid has been increased from 1000 to
10000. Although 1000 property groups seems like a large number of property groups,
offshore models with variable member properties could exceed the 1000 limit and cause
unpredictable results.

Variable pressures on afinite element mesh no longer generate incorrect element surface
forces with some of the forces being in the opposite direction of the applied pressure.

Anabort will nolonger occur when creating finite elements using the Create Finite Elements
Using Grid option.

The precision of thedatawrittento thisView file hasbeen increased. Previously, aproblem
could occur when a previously created View file was read and some of the views did not
display due to alack of precision (not enough significant digits) of the information in the
View file.
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31. An abort in GTMenu has been corrected for model swhich contain IPCABLE e ementswith
fewer than six nodes.

32.  Arangeof loadscan now be selected correctly in GTMenu for force and moment envel opes.

33. TheCALCULATERESULTANT command will no longer produceincorrect results under
the following conditions,

a Stiffness analysis is performed prior to entering GTMenu

b. GTMenuisentered and the user makes changesto the model such ascreating
anew view, exitsGTMenu, andthenissuesthe CALCULATERESULTANT
command or

GTMenu isentered and the user “ Saves’ the model whilein GTMenu. The
model is subsequently restored and the CALCULATE RESULTANT
command is given.

This error is due to GTMenu destroying the rotation matrix that transforms the
element forces from the planar coordinate system to the global coordinate system.

34. Previoudly, if astructure had eccentricities, GTSTRUDL might abort when GTMenu wrote
an input file while alphabetizing the joints. This has been fixed.
3.6 Nonlinear Analysis

1 Nonlinear static analysisno longer abortsfor multipleloading conditionswhen linear elastic
connection member releases are present.(GPRF 2003.5)

2. Nonlinear analysis has been corrected and now produces correct results when the following
conditions exist simultaneously:

a Tension/compression-only isthe only nonlinear effect specified for aplaneframe or
space frame member.
b. Compression strain is computed for such a compression-only frame member in the

final equilibrium iteration of a convergent nonlinear analysis, when tension was
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detected in an earlier equilibrium iteration prior to convergence; or vice versafor a
tension-only member.
(GPRF 2003.12)

3. TheNONLINEAR ANALY SIS command no longer abortswhen nonlinear spring elements
are present in the model and all joints are fully fixed supports. (GPRF 2004.3)

4, The computation of nonlinear static analysisreaction components correspondingto the fixed
degreesof freedominrel eased support joi nts has been corrected for the casewhen joint loads
are applied to those fixed degrees of freedom. (GPRF 2004.6)

5. Nonlinear dynamic analysisnow produces consistently correct resultsfor the case where the
signof theaxial strainintension/compression only, linear geometry framemembersreverses
between time points. (No GPRF issued as this was a prerelease feature in Version 27 and
remains aprerelease in Version 28)

6. Nonlinear analysis, including pushover analysis, nolonger abortsif tension/compression only
and material nonlinearity (plastic hinge, nonlinear member end connection, plastic segment)
are mixed in aframe member without also specifying nonlinear geometry.

(No GPRF issued asthiswas a prerelease featurein Version 27 and remains aprereleasein
Version 28)

7. The second in aseguence of consecutive nonlinear dynamic analyses no longer aborts when
member loads are present in the initia stress loading specified in the DYNAMIC
PARAMETERS command.

(No GPRF issued asthiswas aprerelease feature in Version 27 and remains aprerelease in
Version 28)

8. Nonlinear dynamic analysis now produces correct results for the case where the sign of the
axial strain in tension/compression only, and linear geometry frame members reverses
between time points. (No GPRF issued as this was a prerelease feature in Version 27 and
remains aprerelease in Version 28)
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3.7

3.8

3.9

Offshore

The PILE ANALY SIS USING SUPERELEMENT abort has been corrected.
(GPRF 2004.9)

The LIST FATIGUE TRANSFER FUNCTIONS command will no longer abort if given
without any of the directions, members, and positive data options, following one or more
COMPUTE FATIGUE commands. (GPRF 2004.13)

Reinforced Concrete

The diameter of circular steel cage reinforcement is now reported correctly for the CP110
and BS8110 concrete design for round columns using the PRINT REINFORCEMENT
command. (GPRF 2003.6)

Anabortin Proportioning columnsdesigned using the ACI codeswill nolonger occur during
the capacity check phase. (GPRF 2003.7)

Rigid Bodies

The deletion of arigid body no longer inactivates aslave joint to which only one member or
finite element isincident. (GPRF 99.14)

The process of deleting rigid bodies no longer incorrectly inactivates slave joints on which
only one other member or finite element isincident. (GPRF 2004.4)

Static analysis no longer aborts when member/element loads are applied to rigid bodies. A
warning message flags this condition and the analysis proceeds normaly, ignoring the
member loads applied to therigid bodies. (GPRF 2004.5)

GTSTRUDL analyses (stiffness, dynamic, etc.) no longer abort or indicate the presence of
instabilities if the model contains slave joints that have multiple master joints. Data
consistency checking now terminates an analysis when this condition is detected.

(GPRF 2004.8)
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3.10 Scope Environment

1 The LABEL BETA command now correctly rotates the cross-section shapes according to
the position of the member after member eccentricities have been applied. (GPRF 92.11)

2. A Scope Environment contour of a rotated window on a 3-D structure now correctly
calculates which elements should be averaged prior to drawing the contour.
(No GPRF was issued)
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CHAPTER 4

KNOWN DEFICIENCIES

This chapter describes known problems or deficiencies in Version 28. These
deficiencies have been evaluated and based on our experience, they are seldom encountered
or there are workarounds. The following sections describe the known problems or
deficiencies by functional area.

4.1 Finite Elements

1. The ELEMENT LOAD command documentation indicates that header information
such astype and load specsare allowed. If information isgiveninthe header and an
attempt is made to override the header information, a message is output indicating
an invalid command or incorrect information is stored. (GPRF 90.06)

2. Incorrect results (displacements, stresses, reactions, frequencies, ... etc.) will result
if aRIGIDITY MATRIX is used to specify the material properties for the IPSL,
IPSQ, and TRANS3D elements. (GPRF 93.09)

3. The CALCULATE RESULTANT command may either abort or print out an
erroneous error message for cuts that appear to be paralel to the Planar Y axis.
(GPRF 94.21)

4, If asuperel ement isgiven the same name asamember or finite element, an abort will
occur inthe DEVELOP STATIC PROPERTIES command. (GPRF 95.08)

5. The curved elements, TY PE ‘ SCURV’ and ‘ PCURV’ will produce incorrect results
for tangentia member loads (FORCE X). An example of the loading command
which will produce this problem is shown below:

LOADING 1
MEMBER LOADS
1 FORCE X UNIFORM W -10

where member (element) 1Lisa‘'SCURV’ or ‘PCURV’ element.
(GPRF 99.13)
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4.2  General Input/Output

1. An infinite loop may occur if a GENERATE MEMBERS or GENERATE
ELEMENTS command is followed by a REPEAT command with an incorrect
format. An example of an incorrect REPEAT command is shown below by the
underlined portion of the REPEAT Command:

GENERATE 5 MEM ID 1 INC 1 FROM 1 INC 1 TO 2 INC 1
REPEAT 2 TIMES ID 5 FROM 7 INC 1 TO 8 INC 1

Only the increment may be specified on the REPEAT command. (GPRF 93.22)

2. Rigid body elements can not be deleted or inactivated as conventional finite
elements. The specification of rigid body elements as conventional finite elements
in the INACTIVE command or in DELETIONS mode will cause an abort in a
subsequent stiffness, nonlinear, or dynamic analysis. (GPRF 97.21)

3. The path plusfilenameona SAVE or RESTORE islimited to 256 characters. If the
limitation is exceeded, the path plus file name will be truncated to 256 characters.
ThisisaWindowslimitation onthefilenameincluding the path. (No GPRF issued)

4. Object groups, created by the DEFINE OBJECT command, may not be used in a
GROUP LIST as part of alist. If the OBJECT group is the last group in the list,
processing will be correct. However, if individual componentsfollow the OBJECT
group, they will fail. Also, you can not copy members or joints from the OBJECT
group into a new group.

(GPRF 99.26)

5. Numerical precision problems will occur if joint coordinate values are specified in
the JOINT COORDINATES command with more than a total of seven digits.
Similar precision problemswill occur for joint coordinate dataspecified in automatic
generation commands. (GPRF 2000.16)

6. Internal member results will be incorrect under the following conditions:
1 Dynamic analysisis performed (response spectra or time history)

2. Pseudo Static Loadings are created
3. Buckling Analysisis Performed
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4, Internal member results are output or used in a subsequent steel design after
the Buckling Analysis.

In addition, the eigenvalues and eigenvectors from the Dynamic Analysis are
overwritten by the eigenvalues and eigenvectors from the Buckling Analysis.

Weconsider thisproblemto bevery rare sincewe had never encountered ajob which
contained both aDynamic Analysisand aBuckling Analysisprior to thiserror report.

Workaround:
Execute the Buckling Analysis in a separate run which does not contain a
dynamic analysis.

Alternatively, execute the Buckling Analysis before the Dynamic Analysis
and output the Buckling results and then perform a Dynamic Analysis. The
Dynamic Analysis results will then overwrite the buckling multiplier and
mode shape which is acceptable since the buckling results have been output
and are not used in any subsequent calculationsin GTSTRUDL.

(GPRF 2004.14)

43 GTMenu

1 Gravity loads and Self-Weight loads are generated incorrectly for the TRANS3D
element.

Workaround: Specify the self-weight using Body Forces under Element Loads.
ELEMENT LOADS command is described in Section 2.3.5.4.1 of
Volume 3 of the GTSTRUDL Reference Manual.

(GPRF 95.18)

2. The Copy Model feature under Editinthe Menu Bar will generate anincorrect model
if the model contains the TRANS3D element.

Workaround: Use the DEFINE OBJECT and COPY OBJECT commands in
Command Mode as described in Section 2.1.6.7.1. and 2.1.6.7.5 of
Volume 1 of the GTSTRUDL Reference Manual.

(GPRF 95.21)
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4, The Load Summations option available under CHECK MODEL will produce
incorrect load summationsfor line, edge, and body loads on all finite elements. The
Load Summationsare asoincorrect for projected |loads on finite elements. Theload
summations for line and edge loadings should be divided by the thickness of the
loaded elements. The body force summations should be multiplied by the thickness
of the loaded elements.

Workaround: You can check the load summation by specifying the LIST SUM
REACTIONS command after STIFFNESS ANALY SIS.
(No GPRF issued)

5. Projected element loads will be displayed incorrectly when they are created or when
they are displayed using Display Model -~ Loads.

Workaround: Verify that the loads are correct in the GTSTRUDL Output Window
using the PRINT LOAD DATA command or by checking the
reactionsusing LIST SUM REACTIONS.

(No GPRF issued)

4.4 Rigid Bodies

1. Response spectrum analysis may abort if rigid bodies and/or joint ties with Slave
releases are present in the model. (GPRF 99.18)

45  Scope Environment

1 OVERLAY DIAGRAM inthePlotter Environment producesdiagramsthat are much
smaller relativeto the pl ot size than the Scope environment does. Thisisbecausethe
structure plot is magnified to fill the Plotter graphics area, but the height of the
diagram is not increased. As a work-around, use the PLOT FORMAT SCALE
command to decrease the scale factor, which will increase the size of the diagram.
Thecurrent valueisprinted withaScope Environment OVERLAY DIAGRAM. The
value printed with a Plotter Environment OVERLAY DIAGRAM isincorrect. For
example, if aMoment Z diagramisOVERLAY ed with ascalefactor of 100.0 on the
Scope, the command PLOT FORMAT SCALE MOMENT Z 50. would scale a
reasonable OVERLAY DIAGRAM for the Plotter.

(GPRF 96.19)
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CHAPTER 5

PRERELEASE FEATURES

5.1 Introduction

This chapter describes new features that have been added to GTSTRUDL but are
classified as prerel ease features due to one or more of the following reasons:

1 Thefeaturehasundergoneonly limitedtesting. Thislimited testing produced
satisfactory results. However, more extensive testing is required before the
feature will be included as a released feature and documented in the
GTSTRUDL User Reference Manual.

2. The command formats may change in response to user feedback
3. The functionality of the feature may be enhanced in to response to user
feedback.

The Prerelease features in Version 28 are subdivided into Design, Analysis, and General
categories. The featuresin these categories are shown below:

52 Design Prerel ease Features
5.2.1 LRFD3 Stedl Design Code and Parameters
522 LRFD3Tables
5.2.3 BS5950 Steel Design Code and Parameters
5.24 Steel Design by Indian Standard Code 1S800
525 1S800 Tables
5.2.6 Steel Deflection Check and Design
5.2.7 Brazilian Table
5.2.8 ACI Code 318-99
5.2.9 Rectangular and Circular Concrete Cross Section Tables
5.2.10 ASD9-E Code

5.3  Analysis Prerelease Features
5.3.1 Calculate Error Estimate Command
5.3.2 Output of Response Spectrum Results
5.3.3 Form Static Load Command
5.3.4 Form UBC97 Load Command
5.35 Form1S1893 Load Command

51-1



Prerelease Features

GT STRUDL

5.3.6

5.3.7
5.3.8

Element Properties Command for Nonlinear Hysteretic Spring
Element

Nonlinear Dynamic Analysis

The Viscous Damper Element for Linear and Nonlinear Dynamic
Analysis

54 General Prerel ease Features

54.1
5.4.2
54.3
5.4.4
5.4.5
5.4.6
5.4.7
5.4.8
549

Align Command

Rotate Load Command

Run Command

Coutput Command

Reference Coordinate System Command

Hashing Algorithm to Accelerate Input Processing
Add/Delete Without Commands

List Sum Forces Command

GTMenu Point Coordinates and Line Incidences Commands

We encourage you to experiment with these prerelease features and provide us with
suggestions to improve these features as well as other GTSTRUDL capabilities.
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5.2 Design Prerelease Features
5.2.1 LRFD3 Steel Design Code and Parameters
LRFD3 Code
American Institute of Steel Construction

Load and Resistance Factor Design
AISC LRFD Third Edition

LRFD3.1 L RFD3 Code

TheLRFD3codeof GTSTRUDL may beused to select or check any of thefollowing
shapes.

| shapes Subjectedto bi-axial bendingand axial forces
Channels Subjectedto bi-axial bending and axial forces
SingleAngles Subjectedto bi-axial bendingand axial forces
DoubleAngles Subjectedto bi-axial bendingand axia forces
Tees Subjectedto bi-axia bendingand axial forces
Round HSS (Pipes) Subjected to bi-axial bending, axial, and

torsional forces

Rectangular and Square HSS (Structural Tubes)
Subjected to bi-axial bending, axial, and
torsional forces

PlateGirders Subjectedto bi-axial bendingand axial forces

The term | shapes is used to mean rolled or welded | and H beams and columns,
universal beams and columns, joists, universal bearing piles, W, S, M, and HP profiles with
doubly symmetric cross-sections.

The code is primarily based on the AISC “Load and Resistance Factor Design
Specification for Structural Steel Buildings’ adopted December 27, 1999 with errata
incorporated as of September 4, 2001. The Specification is contained in the Third Edition
of the AISC Manual of Steel Construction, Load and Resistance Factor Design (96). The
LRFD3 code utilizes the Load and Resistance Factor design techniques of the AISC
Specification.

Second order elastic analysis using factored loads is required by the GTSTRUDL

LRFD3 code. Second order effects may be considered by using GTSTRUDL Nonlinear
Analysis (Section 2.5 or Volume 3 of the User Reference Manual). GTSTRUDL LRFD3
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code check does not consider the technique discussed in Section C1.2 of AISC, Manual of
Seel Construction, Load & Resistance Factor Design, Third Edition, for determination of
M, (B, and B, factors) in lieu of asecond order analysis.
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Figure LRFD3.1-1  Loca Axesfor Design with LRFD3
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(f) Pipes (9) Structural tubing

Figure LRFD3.1-1  Loca Axesfor Design with LRFD3 (continued)
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(j) Equal legs back-to-back
double angle in contact

Figure LRFD3.1-1  Loca Axesfor Design with LRFD3 (Continued)
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The following assumptions are made throughout the LRFD3 code.

1 Open cross-sections (I shapes, channels, single angles, double angles, tees,
and plate girders) are normally not used in situations wherein significant
torsional moments must be resisted by the member. Torsional stresses are
usually small for open cross-sections when compared to axial and bending
stresses, and may be neglected. No checks are made for torsion in open
cross-sections (I shapes, channels, single angles, double angles, tees, and
plate girders). The designer is reminded to check the torsional stresses for
open cross-sections (I shape, channels, single angles, doubleangles, tees, and
plate girders) whenever they become significant.

2. Torsional stressesare checked for round HSS (pipes), rectangular and square
HSS (structural tubes) based on the Section 6.1 on Page 16.2-8 of the AISC
LRFD Third Edition. Combined torsion, shear, flexure, and/or axial forces
are also checked for round HSS (pipes), rectangular and square HSS
(structural tubes) based on the Section 7.2 on Page 16.2-10 of the AISC
LRFD Third Edition. Closed cross-sections (HSS) are frequently used in
situations wherein significant torsional moments must be resisted by the
members. Generally the normal and shear stresses due to warping in closed
cross-sections (HSS) areinsignificant and the total torsional moment can be
assumed to be resisted by pure torsional shear stresses (Saint-Venant's

torsion).
3. Web stiffenersare considered for web shear stress, but they are not designed.
4, Modified column slenderness for double angle member is considered

(SectionE4 of the AISCLRFD Third Edition). Modified column slenderness
of the double angle member is computed based on the user specified or
designed number of the intermediate connectors.

5. Doubleangl escontain an adequate number of intermediate connectors(stitch
plates) which make the two angles act as one, Tee-like section.

The sections of the AISC LRFD Third Edition specifications (96) which are
considered by the GTSTRUDL LRFD3 code are summarized below:

Section Title

Chapter D Tension members
Section B7 Limiting slenderness ratios
Section D1 Design tensile strength
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Appendix B5.3a
Appendix B5.3b
Appendix B5.3c
Section B5.3d

Chapter F
Section F1.1
Section F1.2
Section F1.2a
Section F1.2b
Section F1.2c

Appendix F
Appendix F1
Table A-F1.1

Appendix F2
Appendix F2.2
Appendix F2.3

Appendix G
Appendix G1
Appendix G2
Appendix G3
Appendix G4
Appendix G5

GT STRUDL LRFD3 Steel Design Code and Parameters

Section Title

Chapter E Columns and other compression members

Section B7 Limiting slenderness ratios

TableB5.1 Limiting width to thickness ratio for unstiffened compression
elements

TableB5.1 Limiting width to thickness ratio for stiffened compression
elements

Section E2 Design compressive strength for flexural buckling

Section E3 Design compressive strength for flexural-torsional buckling

Section E4 Built-up member.

Section E4.1 Design strength. Modified column slenderness

Section E4.2 Detailing requirements

Appendix E Columns and other compression members

Appendix E3 Design compressive strength for flexural-torsional buckling

Appendix B Design requirements

Unstiffened compression elements
Stiffened compression elements
Design properties

Design strength

Beam and other flexural members

Yielding

Lateral-Torsiona Buckling

Doubly symmetric shapes and channelswith L, < L,
Doubly symmetric shapes and channelswith L, > L,
Tees and Double angles

Beams and other flexural members
Design for flexure
Nominal strength parameters

Design for shear
Design shear strength
Transverse stiffeners

Plate Girders
Limitations

Design flexural strength
Design shear strength
Transverse stiffeners
Flexure-shear
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Section

Chapter H
Section H1

Section H1.1
Section H1.2

Title

Member under combined forces

Symmetric members subject to bending and axial force
Doubly and singly symmetric member in flexure and tension
Doubly and singly symmetric member in flexureand
compression

L oad and Resistance Factor Design Specification for Single-Angle Members

Section

Section 2
Section 3
Section 4
Section 5
Section 5.1
Section 5.3
Section 6
Section 6.1
Section 6.2

Title

Tension

Shear

Compression

Flexure

Flexure Design Strength

Bending About Principal Axes

Combined Forces

Membersin Flexure and Axial Compression
Membersin Flexure and Axial Tension

Load and Resistance Factor Design Specification for Steel Hollow Structural

Sections

Section

Table2.2-1

Section 3
Section 3.1
Section 4
Section 4.2
Section 5
Section 5.1
Section 5.2
Section 6
Section 6.1
Section 7
Section 7.1

Title

Limiting Wall Slenderness for Compression Elements

Tension Members

Design Tensile Strength

Column and Other Compression Members
Design Compressive Strength

Beams and Other Flexural Members
Design Flexura Strength

Design Shear Strength

Torsion Members

Design Torsional Strength

Members Under Combined Forces

Design for Combined Flexure and Axia Force
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Section Title
Section 7.2 Design for Combined Torsion, Shear, Flexure, and/or Axial
Force

Tensile or compressive axial strengths, bi-axial bending, shear strengths, and
combined strengths are considered for all cross-sections except single and double angle
(tension or compression axial strengths only). Parameters allowing for the changes which
occur in structural steel at high temperatures have been included and may be invoked at the
user's discretion.

The detailed explanation of the code parameters, cross-section properties, general
nomenclature, and code equations are as follows.

1. TableLRFD3.1-1 Shows the parameters used by LRFD3 code.
Table LRFD3.1-1 contains the applicable
parameter names, their default values, and a brief
description of the parameters.

2.  Section LRFD3.2 Describes the cross-section properties used for
each shape.
3. Section LRFD3.3 Contains detailed discussion of the parameters

used by the LRFD3 code and they are presentedin
the alphabetic order in this section.

4.  SectionsLRFD3.4 Describes the subsections in the Section
LRFD3.4.

5.  Section LRFD3.4.1 Defines the symbols used in the LRFD3 code
provisions.

6. Section LRFD3.4.2 Contains detailed discussion of thecode

provisions and the equations applicable to the |
shape cross-sections subjected to axia and
bending forces.

7.  Section LRFD3.4.3 Contains detailed discussion of the code
provisions and the equations applicable to the
singleangle cross-sectionssubjectedto axial force
only.

8. Section LRFD3.4.4 Contains detailed discussion of the code
provisions and the equations applicable to the
double angle cross-sections subjected to axial
force only.
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Section Title

9. Section LRFD3.4.5
10. Section LRFD3.4.6
11. SectionLRFD3.4.7
12. SectionLRFD3.4.8
13. SectionLRFD3.4.9

Contains detailed discussion of the code
provisions and the equations applicable to the
round HSS (pipe) cross-sections subjected to
axial, bending, and torsional forces.

Contains detailed discussion of the code
provisions and the equations applicable to the
rectangular and square HSS (structura tube)
cross-sections subjected to axial, bending, and
torsional forces.

Containsdetail ed discussion of thecode provision
and the equations applicable to the plate girder
cross-sections subjected to axial and bending
forces.

Containsdetail ed discussion of thecode provision
and the equations applicableto the channel cross-
sections subjected to theaxial and bending forces.

Containsdetail ed discussion of thecode provision

and the equations applicable to the tee cross-
sections subjected to the axial and bending forces.
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Table LRFD3.1-1
LRFD3 Code Parameters

Parameter Default

Name Value M eaning
CODE Required Identifies the code to be used for member checking or

member selection. Specify LRFD3 for code name. Second

order elastic analysis using factored loads is required by the

GTSTRUDL LRFD3 code. Second order effect may be

considered by using GTSTRUDL Nonlinear Analysis

(Section 2.5 of Volume 3 of the User Reference Manual).

LRFD3 code is applicable to the following cross-sections:

1. | shape, Channel, Tee, Double Angle, and Plate Girder
profiles subjected to axial and bending.

2. Round HSS (Pipe), Rectangular and Square HSS
(Structural Tube) profiles subjected to axial, bending,
and torsional forces.

3. Single Angle profile subjected to axia force only.

See Sections LRFD3.2, LRFD3.3, and LRFD3.4 for amore

detailed description.

TBLNAM WSHAPES9 Identifies the table of profiles to be used during selection
(SELECT command). See Table LRFD3.1-3 for a list of
available table names.

CODETOL 0.0 Percent variancefrom 1.0 for compliancewiththeprovisions
of acode. Theratio of Actual/Allowable must be less than
or equal to[1.0 + CODETOL/100].

PF 1.0 Area reduction factor for holesout in members subject to
axial tension.
a 10000.0 The clear distance between transverse stiffeners. This
(inches) parameter is used to compute ah ratio which is used in the

computation of thelimiting shear strength. Thedefault value
indicates that the shear check does not consider transverse
stiffeners.
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Parameter Default
Name Value
SECTYPE Computed

Material Properties

STEELGRD A36

Fy

Fu

Fyf

Fyw

RedFy

Computed

Computed

Fy

Fy

1.0

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Indicates that the cross-section is Rolled or Welded shape.
This parameter is used to compute the value of F,. F, isthe
compressive residual stressin flange.

ROLLED = rolledshape. Compressiveresidual stressis
equal to 10 ksi.

welded shape. Compressive residual stress
isequal to 16.5 ksi.

WELDED

Identifies the grade of steel from which a member is made.
See TablesLRFD3.1-4 and LRFD3.1-5 for steel grades and
their properties.

Yield stress of member. Computed from parameter
‘STEELGRD’ if not given.

Minimum tensile strength of member. Computed from
parameter ‘STEELGRD’ if not given.

Minimum yield stress of the flange. If not specified, it is
assumed equal to the parameter ‘ Fy'. Thisparameter isused
to define ahybrid cross-section. See parameter ‘ Fyw’ also.

Minimum yield stress of the web. If not specified, it is
assumed equal to the parameter ‘ Fy'. Thisparameter isused
to define a hybrid plate cross-section. See parameter ‘ Fyf’
aso.

Reduction factor for parameter ‘Fy’. This factor times
parameter ‘Fy' givesthe F, value used by the code. Usedto
account for property changes at high temperatures.

52-12



GT STRUDL LRFD3 Steel Design Code and Parameters

Table LRFD3 (continued)

LRFD3 Code Parameters
Par ameter Default
Name Value M eaning

Material Properties (continued)

RedFu 1.0 Reduction factor for parameter ‘Fu’. Similar to parameter
‘RedFy’ .

REDE 1.0 Reduction factor for E, the modulus of elasticity. Similar to
parameter RedFy.

Slenderness Ratio

SLENCOMP 200 Maximum permissibleslendernessratio (KL/r) for amember

subjected to axial compression. When no valueis specified
for this parameter, the value of 200 isused for the maximum
dendernessratio.

SLENTEN 300 Maximum permissible slendernessratio (L/r) for amember
subjected to axial tension. When no value is specified for
this parameter, the value of 300 is used for the maximum
slendernessratio.

K-Factors

COMPK* NO Parameter to request the computation of the effective length
factorsKY and KZ (Sections 2.2 and 2.3 of Volume 2A of
the User Reference Manual).

YES = computeKY and KZ factors.

KY = compute KY only.
KZ =  compute KZ only.
NO =  usedefault or specified valuesfor KY andKZ.

*K-factor Leaning Columns Concept has not been implemented for the automatic K-factor Computation.
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Default
Value

Parameter
Name

K-Factors (continued)

KY 1.0
KZ 1.0
Print-K YES

SDSWAYY  YES

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Effectivelength factor for buckling about thelocal Y axisof
the profile. See Sections 2.2 and 2.3 of Volume 2A of the
User Reference Manual for GTSTRUDL computation of
effective length factor, KY'.

Effectivelength factor for buckling about thelocal Z axis of
the profile. See Sections 2.2 and 2.3 of Volume 2A of the
User Reference Manual for GTSTRUDL computation of
effective length factor, KZ.

Parameter to print the computed K-factor values after the
default code check or select command output (TRACE 4
output). The default value of ‘YES for this parameter
indicates that the computed K-factor values should be
printed after the code check or select command output. The
column names attached to the start and end of the code
checked member is also printed. This printed information
allows the user to inspect the automatic detection of the
columns attached to the start and end of the designed
member. A valueof ‘NO’ indicatesthat K-factor valuesand
the names of the attached columnsto the start and end of the
designed member should not be printed.

Indicatesthe presence or absence of sidesway about thelocal
Y axis.
YES =
NO =

Sidesway permitted.
sidesway prevented.

K-factor Leaning Columns Concept has not been implemented for the automatic K-factor Computation.
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Parameter
Name

Default
Value

K-Factors (continued)

SDSWAY Z

GAY

GAZ

GBY

GBZ

YES

Computed

Computed

Computed

Computed

Buckling Length

LY

Computed

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Indicatesthe presence or absence of sidesway about the local
Z axis.

Y ES=sidesway permitted.

NO=sidesway prevented.

G-factor at the start joint of the member. GAY isusedinthe
calculation of effective length factor KY (see parameters
COMPK, KY, and Sections 2.2 and 2.3 of VVolume 2A of the
User Reference Manual).

G-factor at the start joint of the member. GAZ isusedinthe
calculation of effective length factor KZ (see parameters
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A of the
User Reference Manual).

G-factor at the end joint of the member. GBY isusedinthe
calculation of effective length factor KY (see parameters
COMPK, KY/, and Sections 2.2 and 2.3 of Volume 2A of the
User Reference Manual).

G-factor at the end joint of the member. GBZ isused inthe
calculation of effective length factor KZ (see parameters
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A of the
User Reference Manual).

Unbraced length for buckling about the local Y axis of the
profile. The default is computed as the length of the mem-
ber.
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Table LRFD3 (continued)

LRFD3 Code Parameters

Parameter Default

Name Value M eaning

Buckling Length (continued)

LZ Computed Unbraced length for buckling about the local Z axis of the
profile. The default is computed as the length of the mem-
ber.

FRLY 1.0 Fractional form of theparameter LY, allowsunbraced length

to be specified as fractions of the total length. Used only
when LY is computed.

FRLZ 1.0 Fractional form of the parameter LZ, similarto FRLY . Used
only when LZ is computed.

Flexural-Torsional Buckling

KX 1.0 Effective length factor for torsional buckling about the local
X axis of the profile. This parameter is used in flexural-
torsional buckling stress, F, computations.

LX Computed Unbraced length for torsional buckling about thelocal X axis
of the profile. The default is computed as the length of the
member. This parameter is used in flexural-torsiona
buckling stress, F, computations.

FRLX 1.0 Fractional form of the parameter LX, allows unbraced length

to be specified as fractions of the total length. Used only
when LX is computed.
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Table LRFD3 (continued)
LRFD3 Code Parameters
Parameter Default
Name Value M eaning

Bending Strength

CB

UNLCF

FRUNLCF

UNLCFTF

UNLCFBF

Computed

Computed

1.0

Computed

Computed

Coefficient used in computing alowable compressive
bending strength (A1SC LRFD Third Edition, Section F1.2a,
Equation F1-3).

Unbraced length of the compression flange. The default is
computed as the length of the member. In this parameter no
distinction is made between the unbraced length for the top
or bottom flange. See UNLCFTF or UNLCFBF.

Fractional form of the parameter UNLCF, allows unbraced
length to be specified as fractions of the total length. Used
only when UNLCF is computed.

Unbraced |length of thecompressionflangefor thetop flange.
When no valueisspecified, UNLCF and FRUNLCF areused
for this parameter.

Unbraced length of the compression flange for the bottom

flange. When no valueis specified, UNLCF and FRUNLCF
are used for this parameter.
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Default
Value

Parameter
Name

Channdl Parameter

Tipping YES

Single Angle Parameter

Chy Computed

Tee Parameter

SFYBend 1.0

Double Angle Parameters

nConnect 0

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Thisisthe parameter indicating that the tipping effect should
be considered. When theload is applied to the top flange of
the channel and the flange is not braced, there is a tipping
effect that reduces the critical moment. A value of YES for
this parameter indicates that the flange is unbraced and the
flange is loaded as such that causes tipping effect. In this
case the reduced critical moment may be conservatively
approximated by setting thewarping buckling factor X, equa
to zero. A value of NO indicates that the tipping effect does
not happen and the warping buckling factor is computed
based on the Equation F1-9 of the AISC LRFD Third
Edition.

Coefficient used in computing elastic lateral-torsiona
buckling moment, M, (AISC LRFD Third Edition, Section
5.3 on the page 16.3-6) for mgor axis bending (bending
about the Y axis).

Parameter to specify safety factor for the computation of the
limit state of Y axis (minor axis) bending of the tee section.

Number of connectors between individual angles. The user
specified value is used during code check. When the
SELECT MEMBER (design) isrequested, the user specified
value is used unless more connectors are required. If the
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Parameter
Name

Default
Value

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Double Angle Parameters (continued)

ConnType

WELDED

Computed

designed number of connectors are larger than the user
specified value, the computed number of connectorsare used
and printed after the SELECT MEMBER result. Thedefault
value of zero indicates that the angles are connected at the
ends only. Following are additional options that you can
specify for this parameter:

0 = angles are connected at the ends of the
member.

-1 = requesting the number of connectors to be
computed during code check.

-2 = bypass modified column slenderness

equations. This will bypass the check for
the Section E4.1 of the AISC LRFD Third
Edition.

Type of the intermediate connectorsthat are used for double

angle. Choicesare: SNUG and WELDED.

SNUG = intermediate connectors that are snug-tight
bolted.

WELDED = intermediate connectors that are welded or
fully tensioned bolted. Thisisthe default.

Actual physical member length isused to design anumber of
connectors and to check connector spacing (Section E4.2 of
the AISC LRFD), and also used in the computation of the
modified column slenderness, (KL/r),, (Section E4.1 of the
AISC LRFD). This parameter is used to compute the
distance between connectors a = L(n+1), where ‘a is the
distance between connectors, ‘L’ is the physica member
length, and ‘n’ is the number of connectors. The default is
computed as the length of the member.
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Table LRFD3 (continued)

LRFD3 Code Parameters
Parameter Default
Name Value M eaning

Double Angle Parameters (continued)

K 1.0 Effective length factor for an individual component (single
angle). This parameter is used to design a number of
connectorsand to check the connector spacing (Section E4.2
of the AISC LRFD).

SFYBend 1.0 Parameter to specify safety factor for the computation of the
limit state of Y axis(minor axis) bending of thedoubleangle

section.

Round HSS (Pipes) Shear Check Parameters

avy Computed  The length of essentially constant shear in the Y axis
direction of amember. This parameter is used to check the
Y direction shear of around HSS (pipe) cross-section (96).
This parameter is similar to the variable ‘a in the Equation
5.2-2 of the AISC LRFD HSS specification in the Section
16.2 of the LRFD Third Edition. Thedefault iscomputed as
the length of the member.

avz Computed  The length of essentially constant shear in the Z axis
direction of amember. This parameter is used to check the
Z direction shear of around HSS (pipe) cross-section (96).
This parameter is similar to the variable *a’ in the Equation
5.2-2 of the AISC LRFD HSS specification in the Section
16.2 of the LRFD Third Edition. Thedefault iscomputed as
the length of the member.
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Table LRFD3 (continued)

LRFD3 Code Parameters
Parameter Default
Name Value M eaning

Round HSS (Pipes) Torsion Check Parameter

LX Computed  This parameter is to specify the distance between torsional
restraints. LX isused in the equation 6.1-2 on Page 16.2-8
of AISCLRFD Third Edition (96). Thisparameterissimilar
to the variable ‘a in the Equation 5.2-2 of the AISC LRFD
HSS specification in the Section 16.2 of the LRFD Third
Edition. The default is computed as the length of the mem-
ber.

Rectangular Hollow Structural Section (HSS) Parameters

Chy Computed Coefficient used in computing limiting compressive bending
strength (A1SC LRFD Third Edition, Section F1.2a, Equation
F1-3) for minor axis bending (bending about the Y -axis).

UNLCW Computed Unbraced length of the compression web about the local Y
axisof theprofile. Thedefault istaken aslength of member.

FRUNLCW  Computed Fractional form of the parameter UNLCW allows unbraced
length to be specified as afraction of the total length. Used
only when UNLCW is computed.

Plate Girder Parameters

Fyst Fy Minimum yield stress of the transverse stiffeners material.
If not specified, it is assumed equal to the parameter Fy.

Ast 0.0 Parameter to specify the transverse stiffeners area. This
parameter is used to check Appendix G4 of AISC LRFD 3
Edition. The specified transverse stiffeners areais checked
to seeif it issmaller than the computed value from Equation
A-G4-1 of Appendix G4 of AISC LRFD 3 Edition. The
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Parameter

Name

Default
Value

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Plate Girder Parameters (continued)

Dstiff

NumBars

Stiff-H

0.0

2.4

1.0

0.0

default value of 0.0 indicates that the transverse stiffeners
area of Appendix G4 is not checked.

Parameter to specify the transverse stiffeners moment of
inertia. This parameter is used to check Appendix F2.3 of
AISC LRFD 3" Edition for the required transverse stiffeners
moment of inertia. Thedefault value of 0.0 indicatesthat the
transverse stiffeners moment of inertia according to
Appendix F2.3 is not checked.

Parameter to specify thefactor D that isused in the Equation
A-G4-1 of Appendix G4 of AISC LRFD 3 Edition. A
default value of 2.4 for single plate stiffeners is assumed.
Thevalueof factor D (parameter ‘ Dstiff’) in the Equation A-
G4-1 isdependent on thetype of transverse stiffenersusedin
aplate girder. Alternate values are asfollows:

1.0 = fordiffenersinpairs. Thisisthe default value
when the specified value for the parameter
‘NumBars’ isgreater than 1.

for single angle stiffeners.

for single plate stiffeners. This is the default
valuewhen the specified valuefor the parameter
‘NumBars' isequal to 1.

18
24

Parameter to specify anumber of single plate stiffeners. The
default value for this parameter indicates 1 single plate
stiffener.

Parameter to specify the single plate stiffeners cross-
section’s height. Parameters ‘Stiff-H’, “Stiff-W’, and
‘NumBars' are used for the automatic computation of the
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Table LRFD3 (continued)
LRFD3 Code Parameters
Parameter Default
Name Value M eaning

Plate Girder Parameters (continued)

Stiff-wW

0.0

Force Limitation

FXMIN

FYMIN

FZMIN

MXMIN

MYMIN

MZMIN

0.5(Ib)

0.5 (Ih)

0.5 (Ih)

20.0 (in-1b)

20.0 (in-Ib)

20.0 (in-Ib)

parameters'Ast’ and‘Ist’. Theautomatic computation of the
parameters ‘Ast’ and ‘Ist’ is based on the rectangular bar
stiffeners geometry. If transverse stiffeners are not
rectangular bar, parameters ‘Ast’ and ‘Ist’ should be
specified.

Parameter to specify thesingleplatestiffenerscross-section’s
width. See parameter * Stiff-H’ for more information.

Minimum axial forceto be considered by the code; anything
less in magnitude is taken as zero.

Minimum Y-shear force to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Z-shear force to be considered by the code;
anything less in magnitude is taken as zero.

Minimum torsional moment to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Y -bending moment to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Z-bending moment to be considered by the code;
anything less in magnitude is taken as zero.
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Table LRFD3 (continued)

LRFD3 Code Parameters
Parameter Default
Name Value M eaning

Output Processing and System Parameters

SUMMARY NO Indicatesif 'SUMMARY ' information is to be saved for the
member. Choicesare YES or NO; see Sections 2.9 and 7.2
of Volume 2A of the User Reference Manual for an expla-
nation.

PrintLim NO Parameter to request to print the section limiting values for
limit state and load and resistance factor codes. The default
output from CHECK or SELECT command prints the
section force values. A value of "YES' for this parameter
indicates that the section limiting values should be printed
instead of default section forces.

TRACE 4.0 Flag indication when checks of code provisions should be
output during design or code checking. See Section 7.2 of
Volume 2A of the User Reference Manua for an

explanation.

1 = never

2 = onfailure

3 = all checks

4 = controlling Actual/Allowable values and section
forces.
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Table LRFD3 (continued)

Parameter Default
Name Value

LRFD3 Code Parameters

M eaning

Output Processing and System Parameters (continued)

VALUES 1.0 Flag indicating if parameter or property values are to be
output whenretrieved. See Section 7.2 of Volume 2A of the
User Reference Manual for the explanation.

1

2
3
4

no output

output parameters

output properties

output parameters and properties.
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Table LRFD3.1-2
GTSTRUDL AISC Codes

Code Par ameter
Name Table Application
LRFD3 LRFD3.1-1 Checks compliance of | shapes, channels, tees, and double

Volume 2C angles (subject to bi-axial bending and axial force), round
HSS (Pipes), rectangular and square HSS (structural tubes)
(subjected to bi-axial bending, axia, and torsiona forces),
singleand doubleangles (subjected to axial forcesonly) shape
profilestothe 1999 AISC LRFD, Third Edition, Specification
(96).

LRFD2 LRFD2 Checks compliance of | shapes, pipes, structural tubing, plate
Volume2A  girders (subjected to bi-axial bending and axial force), Single
and Double Angles (subjected to axia forces only) shape
profiles to the 1993 AISC LRFD, Second Edition,
Specification (81).

ASD9 ASD9 Checkscomplianceof | shapes, Singleangles, Channels, Tees,
Volume2A Double angles, Solid round bars, Pipes, Solid Squares and
Rectangular bars, and Structural tubing shape profiles to the

1989 AISC ASD, Ninth Edition, Specification (72).

78AI1SC 2231 Checkscomplianceof | shapes, Singleangles, Channels, Tees,
Volume 2B  Solid round bars, Pipes, Solid Squares and Rectangular bars,
and Structural tubing (use code name DBLANG for Double
angle) shape profiles to the 1978 AISC Specification (33),
Eighth Edition, including 1980 updates.

69AISC 2231 Checkscomplianceof | shapes, Singleangles, Channels, Tees,
Volume2B  Solid round bars, Pipes, Solid Squares and Rectangular bars,
and Structural tubing (use code name DBLANG for Double
angle) shape profiles to the 1969 AISC Specification (16),
Seventh Edition, including supplements 1, 2, and 3.

* For latest (up to date) version of thistable, see Table 2.1-1a of Volume 2A.

5.2-26



GT STRUDL LRFD3 Steel Design Code and Parameters
Table LRFD3.1-2 (continued)
GTSTRUDL AISC Codes
Code Parameter
Name Table Application

WT78AISC 2231
Volume?2B

DBLANG 2.2.3.1
Volume 2B

WG69AISC 2231
Volume2B

Similar to 78A1SC code, except limited to checking | shape
profiles. Thiscodeisidentical tothe 78AISC codewhich was
available in older versions of GTSTRUDL (i.e.,, version
V1IM7 and older).

Checks compliance of Double angle profiles to the 1969
AISC Specification (16), Seventh Edition, including supple-
ments 1, 2, and 3.

Similar to 69A1SC code, except limited to checking | shape
profiles. Thiscodeisidentical to the 69AISC codewhich was
available in older versions of GTSTRUDL (i.e.,, version
V1M7 and older).

* For latest (up to date) version of thistable, see Table 2.1-1a of Volume 2A.
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5.2.2 GTSTRUDL LRFD3 Profile Tables

Table LRFD3.1-3
GTSTRUDL Profile Tablesfor the

Design based on the LRFD3 Code

Profile Shapes Reference

| shapes See Table D-1 in Appendix D for list of applicable table names
for | shapes, W, S, M, HP shapes, wide flange shapes, universal
beam shapes, universal column shapes, etc.

Single Angles See Table D-2in Appendix D for list of single angle table names
applicable to LRFD3 code.

Double Angles SeeTableD-3in Appendix D for list of double angletable names
applicable to LRFD3 code.

Round HSS SeeTableD-4in Appendix D for list of round HSS (pipe, circular
hollow section) table names applicable to LRFD3 code.

Rectangular HSS See Table D-5in Appendix D for list of rectangular and square
HSS (structural tube, rectangul ar and square hollow section) table

names applicable to LRFD3 code.

Channels See Table D-6 in Appendix D for alist of channel table names
applicable to LRFD3 codes.

Tees See Table D-7 in Appendix D for a list of tee table names
applicable to LRFD3 codes.

Plate Girders SeeTableD-9in Appendix D for alist of plate girder table names
applicable to LRFD3 codes.
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Table LRFD3.1-4

ASTM Steel Grades and Associated Values of F, and F, Based on the

1999 AISC LRFD Third Edition Specifications

Applicable Shapes: W, M, S, HP,L,2L,C,MC, WT,MT, and ST

shapesfrom AISC Tables

Steel Grade Group Number Per ASTM A6
ASTM Fy» Minimum Yield Stress (ksi)
Designation F,, Minimum Tensile Strength (ksi)
Group 1 Group 2 Group 3 Group 4 Group 5
A36 36 36 36 36 36

58 58 58 58 58

A529-G50 50 50 NA NA NA
65 65

A529-G55 55 55 NA NA NA
70 70

A572-G42 42 42 42 42 42
60 60 60 60 60

A572-G50 50 50 50 50 50
65 65 65 65 65

A572-G55 55 55 55 55 55
70 70 70 70 70

A572-G60 60 60 60 NA NA
75 75 75

A572-G65 65 65 65 NA NA
80 80 80

A913-G50 50 50 50 50 50
60 60 60 60 60

A913-G60 60 60 60 60 60
75 75 75 75 75

A913-G65 65 65 65 65 65
80 80 80 80 80

A913-G70 70 70 70 70 70
90 90 90 90 90
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Table LRFD3.1-4 (continued)

ASTM Stedl Grades and Associated Vaues of F, and F, Based on the
1999 AISC LRFD Third Edition Specifications
Applicable Shapes. W, M, S, HP, L, 2L, C, MC, WT, MT, and ST shapes from AISC Tables

Steel Grade Group Number Per ASTM A6
ASTM Fy, Minimum Yield Stress (ksi)
Designation F, Minimum Tensile Strength (ksi)
Group 1 Group 2 Group 3 Group 4 Group 5
A992° 50 50 50 50 50
65 65 65 65 65
A242 50 50 4GE 422 422
70 70 67 63° 63°
A588 50 50 50 50 50
70 70 70 70 70

a  Applicableto W shapesonly.

b Applicableto W and HP shapes only.

NA Indicates that shapes in the corresponding group are not produced for that grade of steel.
GTSTRUDL assumes F, and F, to be zero in such cases and will not sefect profilesfor these
combinations of group number and steel grade. Minimum yield stresses (F,,) and minimum

tensile strengths (F ) were obtained from the summary of ASTM specifications included in
the 1999 AISC LRFD Third Edition specification.
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Table LRFD3.1-5

ASTM Steel Grades and Associated Values of F, and F, Based on the
1999 AISC LRFD Third Edition Specifications
Applicable Shapes. Round HSS, Steel Pipe, and Rectangular HSS

Steel Grade Applicable Shape Series
ASTM Fy, Minimum Yield Stress (ksi)
Designation Fy Minimum Tensile Strength (ksi)
Round HSS Steel Pipe Rectangular HSS
A53-GB NA 35 NA
60
A500-GB 42 NA 46
58 58
A500-GC 46 NA 50
62 62
A501 36 NA 36
58 58
A618-Gl 50 50
A618-GlI 70 NA 70
Thickness < 3/4
A618-Gl 46 46
A618-GlI 67 NA 67
Thickness > 3/4
A618GllII 50 NA 50
65 65
A242-G46 NA NA 46
67
A242-G50 NA NA 50
70
A588 NA NA 50
70
AB47 50 NA 50
70 70

NA Not applicable. See Table LRFD3.1-4 for more explanation.
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5.2.3 GTSTRUDL BS5950 Steel Design Code and Parameters

00BS5950 Code
British Standard
BS 5950-1:2000

00BS5950.1 00BS5950 Code

The 00BS5950 code of GTSTRUDL may be used to select or check any of the
following shapes:

| shapes Subjected to bending and axial force
Single Angles Subjected to axial force only
Circular Hollow Sections (Pipes) Subject to bending and axial force

The term | shapes is used to mean rolled or welded | and H beams and columns,
universal beams and columns, joists, universal bearing piles, W, S, M, and HP profileswith
doubly symmetric cross-sections.

The codeis primarily based on the BS 5950-1:2000 "British Standard Structural use
of steelwork in building, Part 1. Code of practice for design rolled and welded sections’
amendment number 13199, issued May 2001. The 00BS5950 code utilizes the limit state
design techniques of the BSI (British Standard Institution) specification.

The following assumptions are made throughout the 00BS5950 code.

1. Torsional stresses are usually small when compared to axial and bending
stresses, and may be neglected. No checks are made for torsion. The
designer is reminded to check the torsional stresses whenever they become
significant.

2. Web stiffenersare considered for web shear stress, but they are not designed.
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(a) I shapes (b) Single angles

(c) Circular Hollow Sections
(Pipes)

Figure 00BS5950.1-1 Local Axesfor Design with 00BS5950
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The sections of the BS 5950-1:2000 specifications (95) which are considered by the
GTSTRUDL 00BS5950 code are summarized below:

Section

3.
35
351
3.5.2
353

355
3.56.2
35.6.4
3.6.2.2
3.6.2.3
364
3.6.5
3.6.6

4.2.3

4.2.5
4.25.2
4.25.3

4.3
4.3.4
4.3.5

4.3.6.2
4.3.6.4
4.3.6.5

Title

Properties of materials and section properties
Classification of cross-sections
Generd
Classification
Flanges of compound I- or H-sections
Table11. Limiting width-to-thickness ratios for sections
other than CHS and RHS
Stress ratios for classification
I- or H-sections with equal flanges
Circular hollow sections
Effective area
Effective modulus when web isfully effective
Equal-leg angle sections
Alternative method
Circular hollow sections

Design of structural members
Shear capacity

Moment capacity
Low shear
High shear

L ateral-torsional buckling
Destabilizing load.
Effective length for lateral-torsional buckling
Table13. Effective length Lg for beamswithout
intermediate restraint
I-, H-, channel and box sections with equal flanges
Buckling resistance moment
Bending strength p,
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Section Title
4.3.6.6 Equivalent uniform moment factor m ;
Table 18. Equivalent uniform moment factor m; for
lateral-torsional buckling
4.3.6.9 Ratio (3,
445 Shear buckling resistance
4452 Simplified method
4453 More exact method
4.6 Tension members
4.6.1 Tension capacity
4.7.2 Slenderness
4.7 Compression members
4.7.2 Slenderness
4.7.4 Compression resistance
475 Compressive strength
Table 23. Allocation of strut curve
4.8 Memberswith combined moment and axial force
4.8.2 Tension member s with moments
4.8.2.2 Simplified method
4.8.2.3 More exact method
4.8.3 Compression memberswith moments
4.8.3.2 Cross-section capacity
4833 Member buckling resistance

48331 Simplified method
Table26. Equivalent uniform moment factor mfor flexural
buckling
48.3.3.2 More exact method for |- or H-sections with equal flanges
Table26. Equivalent uniform moment factor mfor flexural
buckling
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Section

4.8.3.3.3

4.9

Annex B

B.2

B.2.1
B.2.2
B.2.3

Annex C

C1l
C.z2

Annex H

H.1

Annex |

1.2
1.2.1

Title

More exact method for CHS, RHS or box sectionswith equal flanges
Table 26. Equivalent uniform moment factor mfor
flexural buckling

Members with biaxial moments

(normative)

L ateral-torsional buckling of member s subject to bending
Buckling resistance

Bending strength.

Perry factor and Robertson constant

Uniform I, H and channel sections with equal flanges

(normative)

Compressive strength

Strut formula

Perry factor and Robertson constant

(normative)
Web buckling resistance
Shear buckling strength

(normative)

Combined axial compression and bending
Reduced plastic moment capacity

I- or H-section with equal flanges

Tensileor compressive axial stresses, bi-axial bending, shear stresses, and combined
stresses are considered for all cross-sections except single angles (tension or compression
axial stressesonly). Provisionsfor columnsinsimpleconstruction areincluded. Parameters
allowing for the changes which occur in structural steel at high temperatures have been
included and may be invoked at the user's discretion.

The detailed explanation of the code parameters, cross-section properties, general
nomenclature, and code equations are as follows.

1. Table00BS5950.1-1 Shows the parameters used by 00BS5950 code.

Table 00BS5950.1-1 contains the applicable
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2. Section 00BS5950.2

3. Section 00BS5950.3

4.  Sections 00BS5950.4

5. Section 00BS5950.4.1

6. Section 00BS5950.4.2

7.  Section 00BS5950.4.3

8.  Section 00BS5950.4.4

parameter names, their default values, and a brief
description of the parameters.

Describes the cross-section properties used for
each shape.

Contains detail discussion of the parameters used
by the 00BS5950 code and they are presented in
the aphabetic order in this section.

Describes the subsections in the Section
00BS5950.4.

Defines the symbols used in the 00BS5950 code
provisions.

Contains detailed discussion of the code
provisions and the equations applicable to the |
shape cross-sections subjected to bending and
axial forces.

Contains detailed discussion of thecode
provisions and the equations applicable to the
singleangl e cross-sectionssubjected to axial force
only.

Contains detailed discussion of the code
provisions and the equations applicable to the
circular hollow sections (CHS, pipes) subjected to
bending and axial forces.
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Table 00BS5950.1-1

00BS5950 Code Parameters

Parameter Default
Name Value

CODE Required

TBLNAM UNIBEAMS

METHOD EXACT

SECTYPE ROLLED

M eaning

Identifies the code to be used for member checking or
member selection. Specify 00BS5950 for code name.
See Table 00BS5950.1-2 and Sections 00BS5950.2,
00BS5950.3, and 00BS5950.4 for a more detailed
description.

Identifies the table of profiles to be used during selection
(SELECT command). See Table 00BS5950.1-3 for
choices.

Identifiesthedesign method. Thisparameter indicatesthe

type of method that should be used for the shear or

combined capacity checks.

BOTH = Use simplified and the more exact
methods. See Sections 4.4.5, 4.8.2 and
4.8.3 of BS 5950-1:2000 (95).

EXACT = Use the more exact method. See
Sections 4.4.5.3,4.8.2.3, 4.8.3.3.2, and
4.8.3.3.3 of BS 5950-1:2000 (95).

SIMPLIFY = Use simplified method. See Sections

4.45.2,4.8.2.2 and 4.8.3.2 of BS 5950-
1:2000 (95).

Indicates that the cross-sectionisrolled or welded shape.
Thisparameter isused to determinethe equationsthat are
applicable to therolled or welded shape.

ROLLED = Memberishot rolled.

WELDED = Member iswelded/coldformed.
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Parameter
Name

Table 00BS5950.1-1 (continued)

Default
Value

SHRAREAF Computed

SimpSupp

CODETOL

254000.0(mm)

NO

0.0

00BS5950 Code Parameters

M eaning

SHeaR AREA Factor is used for the computation of the

shear area. When an dternate value other than COM-

PUTE or TABLE is specified, shear areais computed as

the SHRAREAF timesthe cross sectional area (A, = AY

= SHRAREAF x AX).

COMPUTE = Compute the shear area based on the
Section 4.2.3 of BS 5950-1:2000 (95)
except for single and double angles.
Shear areafor single and double angles
are extracted from GTSTRUDL or US
ER table.

TABLE = Shear areafrom GTSTRUDL or USER
table is used.

Distance between web stiffeners. This parameter is used
to compute the ad ratio where ad is the ratio of the
distance between stiffeners to web depth. An arbitrary
high value of 254000.0 (mm) has been assumed as a
default to indicate that the web stiffeners are absent. A
value is necessary to account for web stiffeners in the
shear capacity calculation (Provisions '4.4.5.2° and
'4.4.5.3").

Indicates that a member is ssimply supported or not. This
parameter is used to determine the equations that are
applicable to the simply supported members (Provisions
‘4.25.27','425.3Z2','4.25.2Y’,and ‘4.2.5.3Y".

NO = Memberisnot simply supported.

YES = Memberissimply supported.

Percent variance from 1.0 for compliance with the provi-
sionsof acode. Theratio of actual/limiting must be less
than or equal to [1.0 + CODETOL/100].
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Parameter Default
Name Value

PF 1.0

Material Properties

STEELGRD S235JRG2

Py Computed
REDPy 1.0
Pyt Py
Pyw Py
REDE 1.0

Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters

M eaning

Areareduction factor for holesout in members subject to
axial tension.

Identifies the grade of steel from which a member is
made. See Table 00BS5950.1-4 for STEEL GRaDesand
thelr properties.

Design strength p, (yield stress) of member. Computed
from parameter STEELGRD if not given.

Reduction factor for parameter Py. This factor times
parameter Py givesthe design strength (p,) value used by
the code. Used to account for property changes at high
temperatures.

Design strength of the flange. If not specified, it is
assumed equal to the parameter Py. This parameter is
used to define a hybrid cross-section, see parameter Pyw
also.

Design strength of theweb. If not specified, it isassumed
equal to the parameter Py. This parameter is used to

define a hybrid cross-section, see parameter Pyf also.

Reduction factor for E, the modulus of elasticity. Similar
to REDPy.
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Parameter Default
Name Value

Slenderness Ratio

SLENCOMP Computed

SLENTEN Computed

Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters

M eaning

Maximum permissible slenderness ratio (L/r, KL/r) for
a member subjected to axial compression. The default
value for maximum compression slenderness ratio is
equal to 180.

Maximum permissible slenderness ratio (L/r) for a
member subjected to axial tension. Only auser specified
vauewill initiatethe slendernessratio check for atension
member.

Effective Length for a Compression Member

EFLEY 10
LY Computed
FRLY 1.0

Effective factor value used for the computation of
nominal effective length, Ly, = EFLEY x LY for a
compression member. Nominal effective length, Lg,, is
used in the computation of maximum slenderness ratio
about the local Y axis of the profile. See Table
00BS5950.1-5 or Sections 4.7.2, 4.7.3, and Table 22 of
BS 5950-1:2000 (95) for the EFLEY values.

Unbraced length for buckling about thelocal Y axisof the
cross-section. Thisparameter isused to compute nominal
effective length L, for a compression member (L, =
EFLEY x LY). Thedefault valueiscomputed asalength
of the member.

Fractional form of the parameter LY, alows unbraced
length to be specified asfractionsof thetotal length. Used
only when default value of ‘Computed’ is used for
parameter LY (LY = FRLY x Member Length).
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Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters
Parameter Default
Name Value M eaning

Effective Length for a Compression Member (continued)

EFLEZ 1.0 Effective factor value used for the computation of nominal
effective length, Lg, = EFLEZ x LZ for a compression
member. Nominal effectivelength, L, isused in the com-
putation of maximum slendernessratio about thelocal Z axis
of the profile. See Table 00BS5950.1-5 or Sections 4.7.2,
4.7.3, and Table 22 of BS 5950-1:2000 (95) for the EFLEZ
values.

LZ Computed Unbraced length for buckling about the local Z axis of the
cross-section. This parameter is used to compute nominal
effectivelength L, for acompression member (Lg, = EFLEZ
x LZ). The default value is computed as a length of the
member.

FRLZ 1.0 Fractional form of the parameter LZ, allows unbraced length
to be specified as fractions of the total length. Used only
when default value of * Computed’ is used for parameter LZ
(LZ = FRLZ x Member Length).

Effective Length for Lateral-Torsional Buckling

LE LLT Effective length of a member for lateral torsional buckling
of a beam with restraints at the ends. Default value is the
effective length between restraints against lateral-torsional
buckling of a member under bending, see parameter LLT
(LE = EFLE x LLT). See Table 00BS5950.1-6 for
aternative values and also see Table 13 and 14 of the
BS5950-1:2000 (95).
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Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters
Parameter Default
Name Value M eaning

Effective Length for Lateral-Torsional Buckling (continued)

EFLE 1.0 Effective factor value used for the computation of the
effectivelength, LE of amember under bending. Used only
when default value of LLT isused for parameter LE (LE =
EFLE x LLT, see Table 00BS5950.1-6 and parameter LE).

LLT Computed Segment length between restraints against lateral-torsional
buckling (unbraced length). This parameter generally used
to specify the segment length of the compression flange
restraint against lateral-torsional buckling (unbraced length
of thecompression flange). Computed aslength of member.

FRLLT 1.0 Fractional value used for the computation of the unbraced
lateral-torsional buckling length of a member, LLT. Used
only when default value of * Computed’ isused for parameter
LLT (LLT = FRLLT x Member Length).

Equivalent Uniform Moment Factors

mLT Computed Equivalent uniform moment factor for lateral-torsional
buckling (m ;) which is used in the member buckling
resistance equations. This parameter modifies Z axis
bending buckling capacity in combined axial and bending
capacity equations. See Section 00BS5950.3 for more
explanation.

my Computed Equivalent uniform moment factor for flexural buckling (m,)
which is used in the member buckling resistance equations.
This parameter modifies Y axis bending capacity in
combined axial and bending capacity equations. See Section
00BS5950.3 for more explanation.
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Parameter
Name

Default
Value

Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters

M eaning

Equivalent Uniform Moment Factors (continued)

mz

myz

SDSWAYY

SDSWAYZ

Computed

Computed

YES

YES

Equivalent uniform moment factor for flexural buckling (m,)
which isused in the member buckling resistance equations.
This parameter modifies Z axis bending capacity in
combined axial and bending capacity equations. See Section
00BS5950.3 for more explanation.

Equivalent uniform moment factor for lateral flexural
buckling (m,,) which is used in the member out-of-plane
buckling resistance equations. This parameter modifies Y
axis bending capacity in combined axial and bending
capacity equations. See Section 00BS5950.3 for more
explanation.

Indicates the presence or absence of SSDeSWAY about the
local Y axis.

YES = Sidesway permitted.

NO = Sidesway prevented.

Indicates the presence or absence of SDeSWAY about the
local Z axis.

YES = Sidesway permitted.

NO = Sidesway prevented.
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Parameter Default
Name Value

Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters

M eaning

Equivalent Uniform Moment Factors (continued)

DESTLDY  YES

DESTLDZ  YES

Force Limitation

FXMIN 2.224(N)

FYMIN 2.224 (N)

Indicates the presence or absence of aDESTabilizing LoaD
which causes movement in the member local Y axis
direction (and possibly rotation about the member local Y
axis). Destabilizing load conditions exist when a load is
applied in the local Z axis direction of a member and both
the load and the member are free to deflect laterally (and
possibly rotationally also) relative to the centroid of the
member. This parameter is only applicable to LOADS list
or ALL LOADS of the PARAMETERS command.

YES Destabilizing load.
NO Normal load.

Indicates the presence or absence of aDESTabilizing LoaD
which causes movement in the member local Z axis
direction (and possibly rotation about the member local Z
axis). Destabilizing load conditions exist when a load is
applied to thetop flange (local Y axisload) of amember and
both the load and the flange are free to deflect laterally (and
possibly rotationally also) relative to the centroid of the
member. This parameter is only applicable to LOADS list
or ALL LOADS of the PARAMETERS command.

YES Destabilizing load.

NO Normal load.

Minimum axial forceto be considered by the code; anything
lessin magnitudeistaken aszero. Unitsarein newtons(N).

Minimum Y-shear force to be considered by the code;
anything less in magnitude is taken as zero.
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Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters
Parameter Default
Name Value M eaning
Force Limitation (continued)
FZMIN 2.224 (N) Minimum Z-shear force to be considered by the code;
anything less in magnitude is taken as zero.
MYMIN 2260.0 Minimum Y -bending moment to be considered by the
(mm-N) code; anything less in magnitude is taken as zero.
MZMIN 2260.0 Minimum Z-bending moment to be considered by the
(mm-N) code; anything less in magnitude is taken as zero.

Output Processing

MXTRIALS 500.0 Maximum number of profiles to be tried when designing a
member. Default is larger than the number of profilesin
most tables.

SUMMARY NO Indicatesif 'SUMMARY' information is to be saved for the

member. Choicesare YES or NO; see Sections2.9 and 7.2
of Volume 2A for an explanation.

PrintLim NO Parameter to request to print the section limiting values for
limit state and load and resistance factor codes. This
parameter is applicable to the steel design CHECK and
SELECT commands. The default output from CHECK or
SELECT command prints the section force values. A value
of "YES' for this parameter indicates that the section
limiting values should be printed instead of default section
forces.
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Table 00BS5950.1-1 (continued)

00BS5950 Code Parameters
Parameter Default
Name Value M eaning

Output Processing (continued)

TRACE 4.0 Flag indication when checks of code provisions should be
output during design or code checking. See Section 7.2 of
Volume 2A for the explanation.

1 = never
2 = onfalure
3 = adl checks
4 = controlling Actual/Allowable values and section
forces.
VALUES 1.0 Flag indication if parameter or property values are to be

output when retrieved. See Section 7.2 of Volume 2A for
the explanation.

1

2
3
4

no output

output parameters

output properties

output parameters and properties.
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Table 00BS5950.1-2
GTSTRUDL British Standard Codes

Code Parameter
Name Table Application

00BS5950  00BS5950.1-1  Checks compliance of | shapes and Circular Hollow
Volume 2C Sections (Pipes) (subjected to bi-axial bending and axial
force), and also Single Angles (subjected to axial forces
only) profilesto the BS 5950-1:2000, Part 1 specification
(95), adopted May, 2001.

BS5950 BS5950 Checkscomplianceof I, Singleangle, Channel, Tee, Double
Volume2A angle, Solid round bar, Pipe, Solid square and Rectangular
bar, and Structural tubing shape profiles to the BS 5950:

Part 1. 1990 specification (79), adopted July 31, 1990.

B3449 B3449 Checks compliance of |, Single angle, Channel, Tee, Pipe,
Volume2A and Structural tubing shape profilesto the British Standard
449, part 2 Metric Units, Specifications for the Use of
Structural Steel in Building, British Standard Institution,
October 1969, with amendments through July 1975.
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Table 00BS5950.1-3

GTSTRUDL Profile Tablesfor the
Design based on the 00BS5950 Code

Profile Shapes

| shapes

Single Angles

Circular Hollow Sections

Reference

SeeTableD-1in Appendix D for list of Applicable Table
names for Universal Beams, Universal Columns, Joists,
Universal Bearing Piles, | shapes, W, S, M, HP shapes,
Wide Flange shapes, €tc.

See Table D-2 in Appendix D for list of single angle
Table names applicable to 00BS5950 code.

See Table D-4 in Appendix D for list of Circular Hollow

Section (Pipe, Round HSS) Table names applicable to
00BS5950 code.
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Table 00BS5950.1-4

Steel Grades Based on the BS 5950-1:2000 (00BS5950) and 1993 Eur ocode (EC3) Specification

Nominal Yield Strength, f, (N/mm?) Ultimate Tensile Strength, f, (N/mm?)
Steel Grade
t<16|16<t<40|40<t <63 [ 63<t <80 | 80<t <100 | 100<t <150 | 150<t <200 | 200<t <250 | t < 100 | 100<t <150 | 150<t <250

S185 185 175 - - - - - - 290 - -
S235JR 235 225 - - - - - - 340 - -
S235JRG1 235 225 - - - - - - 340 - -
S235JRG2 235 225 215 215 215 195 185 175 340 340 320
S235J0 235 225 215 215 215 195 185 175 340 340 320
S235J2G3 235 225 215 215 215 195 185 175 340 340 320
S235J2G4 235 225 215 215 215 195 185 175 340 340 320
S275JR 275 265 255 245 235 225 215 205 410 400 380
S27530 275 265 255 245 235 225 215 205 410 400 380
S27532G3 275 265 255 245 235 225 215 205 410 400 380
S27532G4 275 265 255 245 235 225 215 205 410 400 380
S275N 275 265 255 245 235 225 - - 370 350 -
S275NL 275 265 255 245 235 225 - - 370 350 -
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Table 00BS5950.1-4 (continued)

Steel Grades Based on the BS 5950-1:2000 (00BS5950) and 1993 Eur ocode (EC3) Specification

Nominal Yield Strength, f, (N/mm?)

Ultimate Tensile Strength, f, (N/mm?)

Steet Grade t<16|16<t<40|40<t<63|63<t<80(80<t<100|100<t <150|150<t <200 (200<t <250 t < 100 |100<t <150 |150<t <250
S355JR 355 345 335 325 315 295 285 275 490 470 450
S355J0 355 345 335 325 315 295 285 275 490 470 450
S355J2G3 355 345 335 325 315 295 285 275 490 470 450
S355J2G4 355 345 335 325 315 295 285 275 490 470 450
S355K2G3 | 355 345 335 325 315 295 285 275 490 470 450
S355K2G4 | 355 345 335 325 315 295 285 275 490 470 450
S355N 355 345 335 325 315 295 - - 470 450 -
S355NL 355 345 335 325 315 295 - - 470 450 -
SA20N 420 400 390 370 360 340 - - 520 500 -
SA20NL 420 400 390 370 360 340 - - 520 500 -
SAG0N 460 440 430 410 400 - - - 550 - -
SAGONL 460 440 430 410 400 - - - 550 - -
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Table 00BS5950.1-5
Effective Factor ValuesEFLEY and EFLEZ for

Nominal Effective Length L, and L, computation
British Standard BS 5950-1:2000 Specification

a) non-sway mode’

Restraint (in the plane under consideration) by other parts of structure EFLEY
and

EFLEZ
Effectively held in Effectively restrained in direction at both ends 0.7
position at bothends | Partially restrained in direction at both ends 0.85
Restrained in direction at one end 0.85
Not restrained in direction at either end 10

b) sway mode’

One end Other end EFLEY
and

EFLEZ
Effectively held in Not held in | Effectively restrained in direction 1.2
position and restrained | position Partially restrained in direction 1.5
in direction Not restrained in direction 2.0

* Excluding angle, channel or T-section struts designed in accordance with Section
4.7.10 of the BS 5950-1:2000 (95)

Example:
PARAMETERS
'EFLEY" 15 MEMBER 1 $ Lg = 15LY for member 1
'EFLEZ' 12 MEMBER 25 $ Lg, = 1.2LZ for member 25

LY and LZ are the unbraced length for buckling about the local Y and Z axis of the cross-
section (see parameter LY and LZ).
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Table 00BS5950.1-6

Effective Length L.
British Standard BS 5950-1:2000 Specification

Conditions of restraint at supports Alternate values for Loading conditions
Parameter LE Normal Destahilizing
DESTLDZ =NO DESTLDZ = YES
Default value for parameter LE LLT EFLLTXLLT EFLLTXLLT
Compression flange laterally restrained. Nominal torsional restraint against rotation about longitudinal axis.
Both flanges fully restrained against Al 0.7LLT 0.85LLT
rotation on plan
Compression flange fully restrained A2 0.75LLT 0.9LLT
against rotation on plan
Both flanges partially restrained against A3 0.8LLT 0.95LLT
rotation on plan
Compression flange partialy restrained A4 0.85LLT 10LLT
against rotation on plan
Both flanges free to rotate on plan A5 10LLT 12LLT
Compression flange laterally unrestrained. Both flanges free to rotate on plan
Partial torsional restraint against rotation A6 10LLT +2D 12LLT+2D
about longitudinal axis provided by
connection of bottom flange to supports
Partial torsional restraint against rotation A7 12LLT+2D 14LLT +2D
about longitudinal axis provided only by
pressure of bottom flange onto supports
Example:
PARAMETERS
'DESTLDZ' '‘NO' LOAD 2
'‘DESTLDZ' 'YES LOAD 5
'LE ‘A3 MEMBER 1 $ LE = O0B8LLT forload2and
$ LE = O0.95LLT forload5
'LE ‘AT MEMBER 8 $ LE = 1.2LLT+2D forload2and
$ LE = 14LLT+2D forload5

1. D isthedepth of cross-section (table property YD).

2. Default value for parameter EFLLT isequal to 1.0.

3. For cantilevers and other types of beams not in Table 00BS5950.1-6, use parameter EFLLT to specify the effective length
factor (LE = EFLLTXLLT).
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GTSTRUDL 1S800 Code and Parameters

5.24 GTSTRUDL Indian Standard Design Code 1 S800

A new steel design code named 1S800 has been added. This code is based on the Indian
Standard, 1S:800-1984, Codeof Practicefor General Constructionin Steel, Second Revision.
Applicable cross-sections for the 1S800 code as follows:

|-shapes
Channels
Single Angles
Tees

Double Angles

Solid Round Bars
Pipes

Solid Square Bars
Solid Rectangular
Structural Tubes

Table 1S800

IS800 Code Parameters

Parameter Default
Name Value

CODE Required

TBLNAM ISBEAMS

CODETOL 0.0

PF 1.0

a 254000.0(mm)

M eaning

Identifies the code to be used for member checking or
member selection. Specify 1S800 for code name. See
Section 1S800 for a more detailed description.

Identifies the table of profiles to be used during selection.
See Table 2.1-2afor choices.

Percent variance from 1.0 for compliance with the provi-
sionsof acode. Theratio of Actual/Allowable must beless
than or equal to [1.0 + CODETOL/100].

Area reduction factor for holesout in members subject to
axial tension.

Distance between web stiffeners. Thisparameter isused to
compute ah ratio. The ah ratio istheratio of the distance
between dtiffeners to the web depth. An arbitrary high
value of 254000.0 (mm) has been assumed as a default to
indicate that web stiffenersare absent. A valueisnecessary
to account for web stiffeners in the allowable shear stress
calculation (Provision ‘6.4.2 Y’ and ‘6.4.22Z2’).
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Parameter Default
Name Value

Material Properties

STEELGRD A36

FY Computed
REDFY 1.0
REDE 1.0

Slenderness Ratio

SLENCOMP Computed

SLENTEN Computed

Table 1S800 (continued)

|S800 Code Parameters

M eaning

Identifies the grade of steel from which a member is made.
See Table 2.1-3 in Volume 2A for steel grades and their
properties.

Yield stress of member. Computed from STEELGRD if not
given.

Reduction factor for FY. This factor times FY gives the f,
value used by the code. Used to account for property
changes at high temperatures.

Reduction factor for E, the modulus of elasticity. Similar to
REDFY.

Maximum permissible slenderness ratio (KL/r) for member
subjected to axial compression. When no value is specified
for this parameter, the value of 180 isused for the maximum
slendernessratio.

Maximum permissible slenderness ratio (L/r) for member
subjected to axia tension. When no value is specified for
this parameter, the value of 400 is used for the maximum
sendernessratio.
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Parameter Default
Name Value

K-Factors

COMPK NO

KY 1.0

KZ 1.0

SDSWAYY YES

SDSWAYZ YES

Table 1S800 (continued)

|S800 Code Parameters

M eaning

Parameter to request the computation of the effective

length factors KY and KZ (Sections 2.2 and 2.3 of

Volume 2A).

YES = Compute KY and KZ factors. See the COL-
UMN/BEAM LINE command (Section 2.3 of

Volume 2A).
KY = ComputeKY only.
KZ = Compute KZ only.

NO = Usedefault or specified valuesfor KY and KZ.

Effective length factor for buckling about thelocal Y axis
of the profile. See Sections 2.2 and 2.3 of Volume 2A for
GTSTRUDL computation of effective length factor, KY.

Effective length factor for buckling about the local Z axis
of the profile. See Sections 2.2 and 2.3 of Volume 2A for
GTSTRUDL computation of effective length factor, KZ.

Indicates the presence or absence of sidesway about the
local Y axis.

YES = sidesway permitted.

NO = sidesway prevented.

Indicates the presence or absence of sidesway about the
local Z axis.

YES = sidesway permitted.

NO sidesway prevented.
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Parameter Default
Name Value

K-Factors (continued)

GAY Computed
GAZ Computed
GBY Computed
GBZ Computed

Buckling Length

LY Computed

LZ Computed

Table 1S800 (continued)

|S800 Code Parameters

M eaning

G-factor at the start joint of the member. GAY isusedin
thecalculation of effectivelengthfactor KY (seeparameter
COMPK, KY, and Sections 2.2 and 2.3 of Volume 2A).

G-factor at the start joint of the member. GAZ isused in
the calculation of effectivelengthfactor KZ (see parameter
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A).

G-factor at the end joint of the member. GBY isused in
thecalculation of effectivelengthfactor KY (see parameter
COMPK, KY, and Sections 2.2 and 2.3 of Volume 2A).

G-factor at the end joint of the member. GBZ isused in

thecalculation of effectivelength factor KZ (see parameter
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A).

Unbraced length for buckling about thelocal Y axisof the
profile. Computed as length of member.

Unbraced length for buckling about the local Z axis of the
profile. Computed as length of member.
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Table 1S800 (continued)
|S800 Code Parameters
Parameter Default
Name Value M eaning

Buckling Length (Continued)

FRLY 1.0

FRLZ 1.0
Bending Stress

UNLCF Computed

FRUNLCF 1.0
UNLCFTF

Computed

UNLCFBF Computed

Fractional form of the parameter LY. Allows the unbraced
length to be specified as fractions of the total length. Used
only when LY is computed.

Fractional form of the parameter LZ, similar to FRLY .
Used only when LZ is computed.

Unbraced length of the compression flange. Computed as
length of member. In this parameter no distinction is made
between the unbraced length for the top or bottom flange.
See UNLCFTF or UNLCFBF.

Fractional form of the parameter UNLCF. Allows the
unbraced length to be specified as a fraction of the total
length. Used only when UNLCF is computed.

Unbraced length of the compression flange for the top
flange. When no valueisspecified, UNLCFand FRUNLCF
are used for this parameter.

Unbraced length of the compression flange for the bottom

flange. Whenno valueisspecified, UNLCFand FRUNLCF
are used for this parameter.
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Parameter

Name

Default
Value

Combined Stresses

AXEFF

CMY

CMZ

0.0

Computed

Computed

Force Limitation

FXMIN

FYMIN

FZMIN

MYMIN

MZMIN

2.2 (N)

2.2 (N)

2.2 (N)

89.0(N-mm)

89.0(N-mm)

Table 1S800 (continued)

|S800 Code Parameters

M eaning

Axial stress reduction factor indicating the amount of the
axial stress which is to be deducted from a corresponding
bending stress acting in the opposite direction.

Coefficient which modifies Y axisbending stressin interac-
tion equation (1S:800-1984 Second Ed., Section 7).

Coefficient which modifies Z axis bending stressin interac-
tion equation (1S:800-1984 Second Ed., Section 7).

Minimum axial forceto be considered by the code; anything
less in magnitude is taken as zero.

Minimum Y-shear force to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Z-shear force to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Y -bending moment to be considered by the code;
anything less in magnitude is taken as zero.

Minimum Z-bending moment to be considered by the code;
anything less in magnitude is taken as zero.
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Table 1S800 (continued)
|S800 Code Parameters
Parameter Default
Name Value M eaning

Output Processing and System Parameters

MXTRIALS

PRIDTA

500.0

1.0

SUMMARY NO

TRACE

4.0

Maximum number of profiles to be tried when designing a
member. Default is larger than the number of profilesin
most tables.

Flag for requesting output from selection procedure.
1 = nooutput
2 = output parameters

Indicatesif 'SUMMARY ' information isto be saved for the
member. Choicesare YES or NO; See Sections2.9and 7.2
of Volume 2A for explanation.

Flag indication when checks of code provisions should be
output during design or code checking. See Section 7.2 of
Volume 2A for explanation.

1 = never

2 = onfailure

3 = all checks

4 = controlling Actual/Allowable values and section
forces.
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Table 1S800 (continued)

|S800 Code Parameters
Parameter Default
Name Value M eaning

Output Processing and System Parameters (continued)

VALUES 1.0 Flag indication if parameter or property values are to be
output when retrieved. See Section 7.2 of Volume 2A for
explanation.

1 = nooutput

2 = output parameters

3 = output properties

4 = output parameters and properties.
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525 GTSTRUDL Profile Tablesfor the Design based on the 1S800 Code

The profile tables for design based on the ISB00 Code are shown below:

Table 2.1-21
GTSTRUDL Profile Tables

for the Design based on the IS800 Code*

Table Name Reference

Angle shape Tables

ISEQANGL Equal single leg angle cross-sections from Tables 5.1 and 5.2 of the
Indian Standard 1S 808:1989, DIMENSIONS FOR HOT ROLLED
STEEL BEAM, COLUMN, CHANNEL AND ANGLE SECTIONS,
Third Revision.

ISUNANGL Unequal single leg angle cross-sections from Tables 6.1 and 6.2 of the
Indian Standard 1S 808:1989, DIMENSIONS FOR HOT ROLLED
STEEL BEAM, COLUMN, CHANNEL AND ANGLE SECTIONS,
Third Revision.

ANGLES Equal and unequal single leg angles from 1969 AISC ASD Seventh
Edition (16).

ANGLESM Equal and unequal singleleg anglesfrom AISC Metric*ANGLES, Equal
legs and unequal legs’ table (83).

EQANGLE Equal single leg angles from 1969 AISC ASD Seventh Edition (16).

ULANGLE Unequal single leg angles from 1969 AISC ASD Seventh Edition (16).

USANGLE Unequal single leg angles from 1969 AISC ASD Seventh Edition (16).

EQDBLANG Double angles with equal legs back-to-back from 1969 AISC ASD
Seventh Edition (16).

LLDBLANG Double angles with long legs back-to-back from 1969 AISC ASD

Seventh Edition (16).

*See Appendix C of Volume 2A for Table description and profile names.
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Table Name

Table 2.1-2| (continued)
GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Reference

Angle shape Tables (continued)

SLDBLANG

EQDBANGM

LLDBANGM

SLDBANGM

BSEQANGL

BSEQDBAN

BSLLDBAN

BSSLDBAN

Double angles with short legs back-to-back from 1969 AISC ASD
Seventh Edition (16).

Equal legdoubleangleprofilesfrom AISC Metric*DOUBLE ANGLES,
Two equal leg angles, Properties of sections’ table (83).

Unequal leg, long leg back-to-back, double angle profiles from AISC
Metric “DOUBLE ANGLES, Two unequal leg angles, Properties of
sections, Long legs back-to-back” table (83).

Unequal leg, short leg back-to-back, double angle profiles from AISC
Metric “DOUBLE ANGLES, Two equal leg angles, Properties of
sections, Short legs back-to-back” table (83).

Equal leg single angle profiles from British “EQUAL ANGLES’ table
(82).

Equal leg double angle profiles from British “COMPOUND EQUAL
ANGLES LEGS BACK TO BACK” table (82).

Unequal long legs back-to-back double angle profiles from British
“COMPOUND UNEQUAL ANGLESLONGLEGSBACK TOBACK”
table (82).

Unequal short legs back-to-back double angle profiles from British
“COMPOUND UNEQUAL ANGLES SHORT LEGS BACK TO
BACK” table (82).

BAR shape Tables

BARS
RBAR

Round and square solid bar shapes.
Rectangular solid bar shapes.

*See Appendix C of Volume 2A for Table description and profile names.
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Table 2.1-2| (continued)
GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Table Name Reference

Channel shape Tables

ISCHAN Channel sections (sloping flange channels) from Table 4.1 of the Indian
Standard 1S 808:1989, DIMENSIONS FOR HOT ROLLED STEEL
BEAM, COLUMN, CHANNEL AND ANGLE SECTIONS, Third
Revision.

ISCHAMP Channel sections (parallel flange channels) from Table 4.2 of the Indian
Standard 1S 808:1989, DIMENSIONS FOR HOT ROLLED STEEL
BEAM, COLUMN, CHANNEL AND ANGLE SECTIONS, Third
Revision.

CHANNEL9 Channel shapes from 1989 AISC ASD Ninth Edition (72).

CHANNELM Channel shape profiles from AISC Metric “CHANNELS AMERICAN
STANDARD” table (83).

CHANNELS Channel shapes from 1978 AISC ASD Eighth Edition (33).

BSCHAN Channel shape profiles from British “CHANNELS’ table (82).
| shape Tables
ISBEAMS | shape beam sections (medium flange beams, junior and light weight

beams) from Tables 2.1 and 2.2 of the Indian Standard 1S 808:1989,
DIMENSIONS FOR HOT ROLLED STEEL BEAM, COLUMN,
CHANNEL AND ANGLE SECTIONS, Third Revision.

ISCOLUMN | shape column/heavy weight beam sections (column and heavy weight
beams) from Table 3.1 of the Indian Standard IS 808:1989,
DIMENSIONS FOR HOT ROLLED STEEL BEAM, COLUMN,
CHANNEL AND ANGLE SECTIONS, Third Revision.

*See Appendix C of Volume 2A for Table description and profile names.
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Table Name

Table 2.1-2| (continued)

GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Reference

| shape Tables (continued)

WSHAPES9
M/S/HP9
WBEAM9
WCOLUMN9

WSHAPESM
M/S/HPM

WBEAMM
WCOLUMNM
STEELW78
HP/SIM
W78BEAM

W78COLUM

STEELW
WCOLUMN

W shapes from 1989 AISC ASD Ninth Edition (72).

M, S, and HP shapes from 1989 AISC ASD Ninth Edition (72).

W shapes commonly used as beamsfrom 1989 AISC ASD Ninth Edition
(72).

W shapes commonly used as columns from 1989 AISC ASD Ninth
Edition (72).

W shape from AISC Metric “WSHAPES’ table (83).

M, S, and HP shape profiles from AISC Metric “M SHAPES, S
SHAPES, and HP SHAPES’ table (83).

W shape profiles commonly used as beams from AISC Metric
“WSHAPES’ table (83).

W shape profiles commonly used as columns from AISC Metric
“WSHAPES’ table (83).

W shapes from 1978 AISC ASD Eighth Edition (33).

HP, S, and M shapes from 1978 AISC ASD Eighth Edition (33).

W shapes commonly used as beams from 1978 AISC ASD Eighth
Edition (33).

W shapes commonly used as columns from 1978 AISC ASD Eighth
Edition (33).

W shapes from 1969 AISC ASD Seventh Edition (16).

W shapes commonly used as columns from 1969 AISC ASD Seventh
Edition (16).

*See Appendix C of Volume 2A for Table description and profile names.
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Table 2.1-2| (continued)

GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Table Name Reference

| shape Tables (continued)

UNIBEAMS British Universal Beam profilesfrom 1996 BS 5950 Section Properties,

4th Edition (82).

UNICOL British Universal Column profilesfrom 1996 BS 5950 Section Properties,
4th Edition (82).

JOISTS British Joist profiles from 1996 BS 5950 Section Properties, 4th Edition
(82).

UBPILES | shape profiles from British “UNIVERSAL BEARING PILES’ table
(82).

HEA H shaped (HE-A) profiles from Breite |I-Tréger, Reihe HE-A. The

profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997".

HEB H shaped (HE-B) profiles from Breite I-Trager, Reihe HE-B. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erwelterte Auflage, Uberarbeiteter Nachdruck 1997".

HEM H shaped (HE-M) profiles from Breite I-Tréger, Rethe HE-M. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997".

IPE | shaped (IPE) profiles from Mittelbreite I-Trager, IPE-Reihe. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997".

EUROPEAN This table contains profiles from IPE, HEA, HEB, and HEM tables.

*See Appendix C of Volume 2A for Table description and profile names.
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Table 2.1-2| (continued)

GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Table Name Reference

Pipe shape Tables

PIPES9 Pipe shapes from 1989 AISC ASD Ninth Edition (72).

PIPESM Pipe shapes from AISC Metric “PIPE” table (83).

AISCPIPE Pipe shapes from 1978 AISC ASD Eighth Edition (33).

SSPIPE Pipe shapes from ANSI B36.19-1976.

WSPIPE Pipe shapes from ANSI B36.10-1979

CIHOLLOW British Circular Hollow profilesfrom 1996 BS 5950 Section Properties,
4th Edition (82).

Tee shape Tables

TEES9Tee shapes from 1989 AISC ASD Ninth Edition (72).

TEESM Tee shape profilesfrom AISC Metric* STRUCTURAL TEES, Cut from
W shapes’ table (83).
TEES Tee shapes from 1978 AISC ASD Eighth Edition (33).

TEEUBEAM Tee shape profiles from British “STRUCTURAL TEES CUT FROM
UNIVERSAL BEAMS' table (82).

TEEUCOLU Tee shape profiles from British “STRUCTURAL TEES CUT FROM
UNIVERSAL COLUMNS’ table (82).

*See Appendix C of Volume 2A for Table description and profile names.
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Table Name

Table 2.1-2| (continued)

GTSTRUDL Profile Tables
for the Design based on the IS800 Code*

Reference

Tube shape Tables (continued)

TUBES9
TUBESM

TUBESO
AISCTUBE
REHOLLOW

SQHOLLOW

Structural Tubing shapes from 1989 AISC ASD Ninth Edition (72).
Structural Tubing shapesfrom AISC Metric“STRUCTURAL TUBING
Square and Rectangular” table (83).

Structural Tubing shapes from 1978 AISC ASD Eighth Edition (33).
Structural Tubing shapes from 1969 AISC ASD Seventh Edition (16).
British Rectangular Hollow profiles from 1996 BS 5950 Section
Properties, 4th Edition (82).

British Square Hollow profiles from 1996 BS 5950 Section Properties,
4th Edition (82).

*See Appendix C of Volume 2A for Table description and profile names.
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5.2.6 Sted Deflection Check and Design

Deflection check and designis now available for steel design. Deflection check and design
for steel memberscan be performed with or without astress code check or select. Deflection
check or designisavailablefor all steel design codes (i.e. ASD9, LRFD2, BS5950,CAN97,
EC3,1S800, etc.). For physical members, only adeflection check isvalid at the present time.
Deflection design has not been implemented at this time for physical members or when the
start and end joints are specified by the parameters * DefStaJT’ and ‘ DefEndJT".

Deflection check or designisbased onthe member or physical member chord deflection (see
LIST SECTION DISPLACEMENTS command, Section 2.1.14.6 of the Volume 1). Chord
deflection isthe displacement of the member or physical member relative to aline between
member or physical member deflected end points in the member or physical member
reference frame (i.e. the member’s start and end deflection are always equal to 0.0).

Only the default value for the TRACE parameter is valid for deflection check. If avalue
other than 4 (default value) has been specified for the parameter TRACE, output from
CHECK or SELECT will not have deflection result information. Note that the WITH
AXIAL,BEAM, or GENERAL optionsof the SELECT command arenot valid for deflection
design. These options are not supported for the SELECT command.

Nine new parameters are available for the deflection check or design. The new parameters
are described below:

New Deflection Check Parameters

Parameter Default
Name Value Meaning
DefCheck NO Parameter to request the deflection check or design.

Deflection check or design is based on the member or
physical member chord deflection (see LIST SECTION
DISPLACEMENTS command, Section 2.1.14.6 of
Volume 1). Chord deflection is the displacement of the
member or physical member relative to a line between
member or physical member deflected end pointsin the
member or physical member reference frame (i.e. the
member’s start and end deflection are always equal to
0.0). Vaues of ‘NO’, ‘YES, ‘YESY’, ‘'YESZ,
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‘ONLY’, ‘ONLY-Y’, and ‘ONLY-Z" are valid for this
parameter and explanations of these parameters are as

follows:
NO
YES

YESY

YESZ

ONLY

ONLY-Y

No deflection check or design.

Perform deflection code check (CHECK
MEM BER command) or design amember
to satisfy deflection requirement
(SELECT MEMBER command). This
option performs a deflection check or
design for local Y and Z axis and aso
performs code check or design based on
the user specified code. When thisoption
is used, the design code name must be
specified also.

Perform deflection check or design for
local Y axis deflection. Also, perform a
code check or design based on the user
specified code. When this optionis used,
the design code name must be specified
also.

Perform deflection check or design for
local Z axis deflection. Also, perform a
code check or design based on the user
specified code. When thisoptionis used,
the design code name must be specified
aso.

Perform only the deflection code check
(CHECK MEMBER command) or design
of a member to satisfy deflection
requirement (SELECT MEMBER
command). This option performs a
deflection check for local Y and Z axis.
Thisoption doesnot perform acode check
or code design but does perform a
deflection check or deflection design.
Perform only the deflection check or
design for local Y axis deflection. This
option does not perform a code check or
code design but does perform a deflection
check or deflection design.
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DefLoads

DefLimit

DefLim-Y

DefLim-Z

DefPhys

NO

360

ONLY-Z = Peform only the deflection check or
design for local Z axis deflection. This
option does not perform a code check or
code design but does perform a deflection
check or deflection design.

Parameter to specify theloadingsthat you want to be used
for the deflection check. A vaue of YES for a list of
loads definestheloadsto be used for the defl ection check.
If this parameter has not been specified, the active loads
are used for the deflection check.

Parameter to specify the deflection limitation. Member
length (chord length) is divided by the value of this
parameter which definesthedeflection limitation (L/360).
This value is used for both local Y and Z direction
deflection check.

Computed Parameter to specify the local Y direction deflection

l[imitation. This parameter is used for the local Y
direction deflection check. Member length (chord length)
isdivided by the value of thisparameter which definesthe
Y direction deflection limitation (L/360). If not specified,
the value for parameter ‘DefLimit’ is used.

Computed Parameter to specify the local Z direction deflection

NO

l[imitation. This parameter is used for the loca Z
direction deflection check. Member length (chord length)
isdivided by thevalue of thisparameter which definesthe
Z direction deflection limitation (L/360). If not specified,
the value for parameter ‘DefLimit’ is used.

Parameter to define the members that you want to be
deflection checked based on the member’'s physica
length. The specified members must be part of aphysical
member. A vaue of YES indicates that the deflection
check should be based on the physical member chord.
Deflectiondesignisnot availablefor physical membersat
thistime.
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DefStaJT Computed This parameter can be used to specify the start joint and
parameter ‘ DefEndJT’ can beused to specify theend joint
of the chord that the member islying on. The deflection
ischecked based on the chord through the joints specified
by the parameters‘ DefStaJT’ and * DefEndJT’. Startjoint
name followed by alist of members should be specified
for this parameter (ex: DefStaJT JNT1 Members ‘M1’
‘M2 *‘M3'). Deflection design is not available for this
option at thistime.

DefEndJT Computed This parameter can be used to specify the end joint and
parameter ' DefStaJT’ can be used to specify the start joint
of the chord that the member islying on. The deflection
ischecked based on the chord through the joints specified
by the parameters‘ DefStaJT’ and ‘ DefEndJT’. Endjoint
name followed by alist of members should be specified
for this parameter (ex: DefENdJT JNT4 Members ‘M1’
‘M2 ‘M3'). Deflection design is not available for this
option at thistime.

DefNuSec 9 Parameter to specify the number of sectionsto be used for
the computation of the member deflection. The default of
9 sectionsisused to compute the section deflections. The
deflection check isperformed for thelocation that hasthe
largest deflection.

Example:
The example illustrates the usage of several of the new parameters needed in order to
perform adeflection check. The user should note that both factored and unfactored loading
combinations are required since deflection checks are usualy performed on unfactored
(service) loads.

$ Factored load combinations for code check

LOADING COMBINATION 'A" 'SW + LiveLoad -

COMBINE 'SW' 1.0 'LL' 1.0
LOADING COMBINATION 'B' '0.75(SW + Live Load + Wind Load from Right)'

COMBINE 'SW' 0.75 'LL' 0.75 'WLRX' 0.75
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LOADING COMBINATION 'C' '0.75(SW + Live Load + Wind Load from Left)'

COMBINE 'SW' 0.75 'LL' 0.75 'WLLX"' 0.75
LOADING COMBINATION 'D' '0.75(SW + Live Load + Wind Load from Back)'

COMBINE 'SW' 0.75 'LL' 0.75 'WLBZ' 0.75
LOADING COMBINATION 'E' '0.75(SW + Live Load + Wind Load from Front)'

COMBINE 'sw' 0.75 'LL' 0.75 'WLFZ' 0.75
$ Service load combinations for deflection check
LOADING COMBINATION 'Def-F 'SW + Live Load + Wind Load from Right'
COMBINE 'sSW' 1.0 'LL' 1.0 'WLRX' 1.0
LOADING COMBINATION 'Def-G' 'SW + Live Load + Wind Load from Left' -
COMBINE 'SW' 1.0 'LL' 1.0 'WLLX"' 1.0
LOADING COMBINATION 'Def-H' 'SW + Live Load + Wind Load from Back'

COMBINE 'SW' 1.0 'LL' 1.0 'WLBZ' 1.0

LOADING COMBINATION 'Def-I' 'SW + Live Load + Wind Load from Front' -
COMBINE 'SW' 1.0 'LL' 1.0 'WLFZ' 1.0

PARAMETERS
CODE ASD9 ALL MEMBERS
STEELGRD A572-G50 ALL MEMBERS
DefCheck YESY MEMBERS5TO8 $Check Y direction deflection
DefLoads YES LOADS 'A' 'Def-F 'Def-G' -

'Def-H' 'Def-I' $ Deflection loads

$ Activate loads for code check

LOAD LIST 'A''B''C' 'D' 'E

CHECK ALL MEMBERS
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5.2.7 Brazilian Table

Brazilian Standard Tables, NBR 5884 2000

CS | shapes from Brazilian Standard, ABNT, NBR 5884:2000
CVS | shapes from Brazilian Standard, ABNT, NBR 5884:2000
VS | shapes from Brazilian Standard, ABNT, NBR 5884:2000

The above tables are from Brazilian Standard, Perfil | estrutural de aco soldado por
arcoeletrico- Especificacao, ABNT, NBR 5884:2000. Brazilian Standard, Structural profile
type | welded steel joint by electric arc - Specification, ABNT, NBR 5884:2000.

The profiles which are available in the above tables are shown on the pages which
follow.
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Table CS
Profile Names

CS150%x25 CS300x122 CA50x154 CSbh50%x290 CS650%x409
CS150x29 CS300x131 CA50x165 CSb50x345 CS650%x425
CS150x31 CS300x138 CA50x175 CSbh50x358 CS650x437
CS150x37 CS300x149 C450x188 CS550x368 CS650x468
CS150x45 CS350%x89 C450x198 CSbh50%x395 CS650%x484
CS200x29 CS350%x93 C450x209 CSbh50x407 CS650%x496
CS200x34 CS350x108 C450x216 CSbh50x417 CS650x525
CS200x39 CS350x112 CA50x227 CSbh50x441 CS650x593
CS200x41 CS350x119 CA50x236 CSbh50%x498 CS700x389
CS200x50 CS350x128 C450%x280 CS600%x250 CS700x426
CS200x61 CS350x135 CA50x291 CS600x281 CS700x441
CS250x43 CS350x144 CA50x321 CS600%x294 CS700x458
CS250x49 CS350x153 CA50x331 CS600x305 CS700x471
CS250x52 CS350x161 CS500%x172 CS600x318 CS700x505
CS250%x63 CS350x175 CS500%x195 CS600x332 CS700x522
CS250x66 CS350x182 CS500%207 CS600x377 CS700x535
CS250x76 CS350%x216 CS500x221 CS600x391 CS700x567
CS250x79 C3400x106 CS500%x233 CS600x402 CS700x640
CS250x84 Cs400x128 CS500%x253 CS600x432 CS750x417
CS250%x90 C400x137 CS500%263 CS600x446 CS750x457
CS250%x95 C400x146 CS500%x312 CS600x456 CS750x473
CS250x108 C400x155 CS500x324 CS600x483 CS750x492
CS300x62 C$400x165 CS500%x333 CS600x546 CS750x506
CS300x76 C400x176 CS500%x369 CS650%x305 CS750x542
CS300x92 C3400x185 CS500x378 CS650%x319 CS750x560
CS300x95 C3400x201 CS550%x228 CS650%x330 CS750x574
CS300x102 Cs400x209 CS550x257 CS650%x345 CS750x608
CS300x109 C400x248 CS550%x269 CS650%x361 CS750x687
CS300x115 C450x144 CS550%x279 CS650%x395
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Table CVS
Profile Names
CVS150X15 CVS300X55 CVA50X177 CVS550X 361 CVS700X327
CVS150X18 CVS300X66 CV 450X 188 CVS550X 370 CVS700X342
CVS150X20 CVS300X80 CV $450X 206 CV S600X 156 CVS750X284
CVS150X22 CVS300X83 CV$450X216 CVS600X190 CVS750X301
CVS150X24  CVS300X94 CVSb00X123 CVS600X210 CVS750X334
CVS200X21  CVS300X100 CVSh00X134 CV S600X 226 CVS750X 350
CVS200X24  CVS300X113 CVS500X150 CV S600X239 CV S800X 288
CVS200X28 CVS350X73 CVS500X162 CVS600X278 CVS800X310
CVS200X27  CVS350X87 CVS500X 180 CVS600X292 CVS800X 328
CVS200X30 CVS350X98 CVS500X194 CVS600X 328 CV S800X 365
CVS200X36  CVS350X105 CVS500X204 CV S600X 339 CV S800X 382
CVS200X38 CVS350X118 CVS500X217 CV S600X 369 CV S850X 336
CVS200X46  CVS350X128 CVSh00X238 CVS650X211 CVS850X 355
CVS250X30 CVS350X136 CV S500X 250 CVS650X234 CV S850X 396
CVS250X33 CV$400X82 CV S500X 259 CV S650X 252 CVS850X414
CVS250X40 CV$400X87 CVS500X281 CV S650X 266 CV S900X 342
CVS250X47  CV$400X103 CVSh00X 317 CVS650X 282 CV S900X 362
CVS250X56  CVS400X116 CVvSh50X184 CVS650X310 CVS900X402
CVS250X64  CV$S400X125 CVS550X204 CV S650X 326 CV S900X422
CVS250X72 CV$400X140 CV S550X220 CVS650X 351 CV S950X 368
CVS300X47 CV$400X152 CV Sh50X 232 CV S650X 366 CV S950X 389
CVS300X57 CV$400X162 CVSb50X245 CVS650X413 CVS950X433
CVS300X67 CV$S450X116 CVS500X270 CV S650X461 CVS950X454
CVS300X70 CV$450X130 CV S550X283 CVS700X214  CVS1000X394
CVS300X79 CV$450X141 CVS550X293 CVS700X232 CVS1000X416
CVS300X85 CVS450X156 CVS550X319 CVS700X278 CVS1000X 464
CVS300X95 CV$S450X168 CV S550X 329 CVS700X293 CVS1000X 486
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Table VS
Profile Names

VS150x15 V S350%x28 V S550%x88 V S900x142 V S1400x478
VS150x18 V S350x33B V S550x100 V S900x159 V S1500x270
VS150x20 V S350%x36 V S600x81 VS900x177 V S1500x293
VS150x19 V S350x30B V S600%x95 VS900x191 VS1500x319
VS150x21 V S350%x35 VS600x111 V S950x127 V S1500x339
VS200x19 V S350%x39 V S600x125 V S950x146 V S1500x388
V S200x22 VS350x38 V S600x140 V S950x162 V S1500x434
V S200x25 V S350x42 V S600x152 V S950x180 V S1500x488
V S200x20 VS350x51 V S650%x84 V S950x194 V S1600x328
V S200x23 V $400x28 V S650%x98 VS1000x140 V S1600x348
V S200x26 V $400x32 VS650x114 VS1000x161 V S1600x398
VS250x21 V $400x35 V S650%x128 VS1000x180 V S1600x444
V S250x24 V $400x30 V S650%x143 V S1000x201 V S1600x498
V S250x27 V $400x34 V S650%x155 VS1000x217 VS1700x338
V S250%x23 V $400x38 VS700x105 VS1100x159 VS1700x358
V S250%x26 V$400x32B VS700x122 VS1100x180 V S1700x408
V S250x30 V $400x37 V S700x137 VS1100x199 V S1700x454
V S250x25 V$400x41 VS700x154 VS1100x219 V S1700x507
V S250x29 V $400x39 VS700x166 VS1100x235 V S1800x348
V S250x32 V S400x44 VS750x108 V S1200x200 V S1800x368
V S300x23 V $400x53 V S750x125 VS1200x221 V S1800x418
V S300x26 V$450x51 V S750x140 V S1200x244 V S1800x464
V S300x28 V S450%x60 V S750x157 V S1200x262 V S1800x517
V S300x25 V45071 VS750x170 V S1200x307 V S1800x465
VS300x28B  V$450x80 VS800x111 V S1300x237 VS1800x511
V S300x31 V S450x59 V S800x129 V S1300x258 V S1800x564
V S300%x27 V$S450x70 VS800x143 VS1300x281 V S1900x429
VS300x31B  V$450x83 V S800x160 V S1300x299 V' S1900x478
V S300x34 V S450%x95 VS800x173 V S1300x344 V S1900x524
V S300x33 V S500x61 V S850x120 V S1400x260 V S1900x577
V S300x37 VS500%x73 V S850x139 V S1400x283 V S2000x461
V S300x46 V S500%x86 V S850x155 V S1400x309 V S2000x515
V S350%26 V S500%x97 VS850x174 V S1400x329 V S2000x566
V S350x30 V S550%x64 V/S850x188 V S1400x378 V S2000x624
V S350%x33 V S550%x75 VS900x124 V S1400x424
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528 ACI Code 318-99

Design of beams and columns by the 1999 ACI code has been added. Only members
designated as TYPE BEAM or TYPE COLUMN in a DESIGN DATA command can be
PROPORTIONed whenthe METHOD isset to ACI318-99. When you specify ACI318-99,
you will be reminded that it is a pre-release feature by a message (see the Example below).
Note that CHECK is not available for codes after ACI318-77, including ACI318-99.

ACI318-99 )
ACI318-89

ACI318-83
. ULTIMATE (STRENGTH)
METHOD ( y{ ACI318-77 L _

WORKING (STRESS)
ACI318-63

(BSI) CP110-72

(BSI) BS8110

. ASTM
- NONSEISMIC
CANADIAN (STANDARD)
( BARS | LY ( SEISMIC

UNESCO
MODERATE SEISMIC

KOREAN (STANDARD)

Example:

METHOD ACI318-99
****INFO_MET — 318-99 isapre-release feature.

DESIGN DATA FOR MEMBER 1
TYPE BEAM RECT

PROPORTION MEMBER 1

ACTIVE CODE = ACI 318-99

(the rest of the output is the same
format as previous codes)
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The table of CONSTANTS and assumed values for ACI 318-99 is shown below:

TABLE 2.4-1. CONSTANTS and Assumed Values for ACI 318-99

CONSTANT Explanation ACI 318-99 Assumed Vaue
FCP Compressive strength of concrete, ', 4000 psi
FY Yield strength of reinforcement, f, 60000 psi
wcC Unit weight of plain concrete 145 pcf
DENSITY Unit weight of reinforced concrete @ 150 pcf
FC Allow compr. stressin concrete, F, A3l 0.45(FCP)
VU Ult. shear stressin beam with web reinf. @ 11569 (8/FCP+v,) ©
\Y% Allow. shear stress in beam with web reinf. A.3.1(b) (5.5\/1;@)
RFSP splitting ratio, ./ (|/f,) © 9523 6.7
FYST Yield strength of stirrups 60000 psi
FYSP Yield strength of spiral 60000 psi
FS Allowabletension stressin primary reinf. 20000 psi for
FSC Allowable compressive stress in column reinf, @ A3.2 Grades 40, 50
Fv Allowable tension stressin stirrups © 24000 psi for

Grade 60
PHIFL Flexure capacity reduction factor 932 0.9
PHISH Shear capacity reduction factor 932 0.85
PHIBO Bond capacity reduction factor 932 0.85
PHITO Torsion capacity reduction factor 932 0.85
PHISP Spiral column capacity reduction factor 9.3.2 0.75
PHITI Tied column capacity reduction factor 9.32 0.7
BLFR Ratio of max p, (p- p’) or (P, - Pr) tO Pua 10.3.3 0.75
PMAXCO Maximum allowable reinforced ratio in columns 10.9.1 0.08
PMINCO Minimum allowable reinforced ratio in columns 10.9.1 0.01
PMINFL Minimum allowable reinforced ratio in flexural 1051 200/FY

members

ES Modulus of elaticity for reinf. steel 852 29x10%psi
EC Modulus of elagticity for concrete 851 33(WC)\VPW
EU Ult. strain in concrete at extreme comp. fiber 10.2.3 0.003
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Notes:

The constant 'DENSITY"' is the GTSTRUDL constant of the same name
which has been set to a value of 150 pcf for reinforced concrete.

VU ismultiplied by PHISH internally.

Calculationsfor V. and T, are modified by replacing fc' with
RFSP/6.7( \/F ) as per Section 11.2.1.1.

The assumed value of FSC isalso limited to 30,000 psi maximum.

Thisvalueis defined only at the time of stirrup design.
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5.2.9 Rectangular and Circular Concrete Cross-Section Tables

New tableshave been added for rectangular and circular concrete cross sections. The
new tablefor rectangular sectionsiscalled CONRECT and thenew tablefor circular sections
iscalled CONCIR. Thesetablesareadded tofacilitatethe modeling and analysisof concrete
cross sections but may not be used in the design of concrete cross sections. Inorder to design
concrete sections, the MEMBER DIMENSION command must be used (see Section 2.5 of
Volume 4 of the GTSTRUDL User Reference Manual).

Theprofilesinthe CONCIR table are shown bel ow where the name CIRxx indicates
acircular cross section and xx isthe diameter in inches. Thus, CIR12 isa 12 inch diameter
circular cross section.

The profiles in the CONRECT table are shown below where the name RECYYXZZ
indicates a rectangular cross section with a width of Y'Y inches and a depth of ZZ inches.

CIR12 CIR24
CIR14 CIR26
CIR16 CIR28
CIR18 CIR30
CIR20 CIR32
CIR22 CIR34

CIR36

Thus, REC16X24 is 16 inch wide and 24 inch deep rectangular cross section.

REC6X12 REC8X12 REC10X12 REC12X12 REC14X12 REC16X12
REC6X14 REC8X14 REC10X14 REC12X14 REC14X14 REC16X14
REC6X16 REC8X16 REC10X16 REC12X16 REC14X16 REC16X16
REC6X18 REC8X18 REC10X18 REC12X18 REC14X18 REC16X18
REC6X20 REC8X20 REC10X20 REC12X20 REC14X20 REC16X20
REC6X22 REC8X22 REC10X22 REC12X22 REC14X22 REC16X22
REC6X24 REC8X24 REC10X24 REC12X24 REC14X24 REC16X24
REC6X26 REC8X26 REC10X26 REC12X26 REC14X26 REC16X26
REC6X28 REC8X28 REC10X28 REC12X28 REC14X28 REC16X28
REC6X30 REC8X30 REC10X30 REC12X30 REC14X30 REC16X30
REC6X32 REC8X32 REC10X32 REC12X32 REC14X32 REC16X32
REC6X34 REC8X34 REC10X34 REC12X34 REC14X34 REC16X34
REC6X36 REC8X36 REC10X36 REC12X36 REC14X36 REC16X36
REC18X12 REC20X12 REC22X12 REC24X12 REC26X12 REC28X12
REC18X14 REC20X14 REC22X14 REC24X14 REC26X14 REC28X14
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REC18X16  REC20X16  REC22X16 REC24X16 REC26X16  REC28X16
REC18X18 REC20X18 REC22X18 REC24X18 REC26X18  REC28X18
REC18X20  REC20X20  REC22X20 REC24X20 REC26X20  REC28X20
REC18X22  REC20X22  REC22X22  REC24X22  REC26X22  REC28X22
REC18X24  REC20X24  REC22X24  REC24X24  REC26X24  REC28X24
REC18X26  REC20X26  REC22X26  REC24X26  REC26X26  REC28X26
REC18X28  REC20X28 REC22X28 REC24X28 REC26X28  REC28X28
REC18X30  REC20X30 REC22X30 REC24X30 REC26X30  REC28X30
REC18X32  REC20X32 REC22X32 REC24X32 REC26X32  REC28X32
REC18X34  REC20X34  REC22X34 REC24X34 REC26X34  REC28X34
REC18X36  REC20X36  REC22X36 REC24X36 REC26X36  REC28X36
REC30X12 REC32X12 REC34X12  REC36X12

REC30X14 REC32X14  REC34X14 REC36X14

REC30X16  REC32X16 REC34X16  REC36X16

REC30X18 REC32X18 REC34X18  REC36X18

REC30X20  REC32X20  REC34X20  REC36X20

REC30X22  REC32X22  REC34X22  REC36X22

REC30X24  REC32X24  REC34X24  REC36X24

REC30X26  REC32X26  REC34X26  REC36X26

REC30X28  REC32X28 REC34X28  REC36X28

REC30X30 REC32X30 REC34X30  REC36X30

REC30X32 REC32X32 REC34X32  REC36X32

REC30X34  REC32X34  REC34X34  REC36X34

REC30X36  REC32X36 REC34X36  REC36X36
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5210 ASD9-E Code

A specia Ninth Edition AISC allowable stress design code for W shapes has been
implemented. The code nameis ASD9-E. This code is based on the Ninth Edition AISC
A SD except the equations have been modified to include modulus of elasticity (constant E).
ASD9-E is applicable to W shapes only. This code is useful for structures where E and
possibly other material data must be modified to account for high temperature. Parameters
for the ASD9-E Code are shown below:

Table ASD9-E.1-1

ASD9-E Code Parameters

Parameter Default

Name Value M eaning
CODE Required Identifies the code to be used for member checking or

member selection. Specify ASD9-E for code name.

TBLNAM WSHAPES9 Identifies the table of profiles to be used during selection.
See Table ASD9-E.1-2 for choices.

CODETOL 0.0 Percent variancefrom 1.0for compliancewiththeprovisions
of acode. Theratio of Actual/Allowable must be less than
or equal to[1.0 + CODETOL/100].

PF 1.0 Area reduction factor for holesout in members subject to
axial tension.
A/H 10000.0 Ratio of clear span between transverse stiffeners to clear

distance between flanges. Used in computing allowable
shear stress. Default approximates infinity.

ALSTRINC 0.0 Allowable stressincreasevalue. Thisparameter can be used
to specify the 1/3 allowable stress increase for the wind or
seismic loads. The user specified value for this parameter
must be followed by the load list. An example for this
parameter isto specify avalue of 33.3333 followed by aload
list.
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Parameter Default
Name Value

Material Properties

STEELGRD A36

FYLD Computed

FTS Computed

REDFYLD 1.0

REDFTS 1.0

REDE 1.0

Slenderness Ratio

SLENCOMP Computed

SLENTEN Computed

Table ASD9-E.1-1 (continued)

ASD9-E Code Parameters

M eaning

Identifies the grade of steel from which a member is made.
See Table ASD9-E.1-3 for steel grades and their properties.

Yield stress of member. Computed from STEELGRD if not
given.

Minimum tensile strength of member. Computed from
STEELGRD if not given.

Reduction factor for FYLD. This factor times FYLD gives
the FY value used by the code. Used to account for property
changes at high temperatures.

Reduction factor for FTS. Similar to REDFYLD.

Reduction factor for E, the modulus of elasticity. Similar to
REDFYLD.

Maximum permissible slendernessratio (KL/r) for member
subjected to axial compression. When no value is specified
for this parameter, the value of 200 isused for the maximum
slendernessratio.

Maximum permissible senderness ratio (L/r) for member
subjected to axia tension. When no value is specified for
this parameter, the value of 300 is used for the maximum
sendernessratio.
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GT STRUDL ASD9-E Code Parameters
Table ASD9-E.1-1 (continued)
ASD9-E Code Parameters
Parameter Default
Name Value M eaning
K-Factors
COMPK NO Parameter to request the computation of the effective length
factorsKY and KZ (Sections 2.2 and 2.3 of Volume 2A).
YES = Compute KY and KZ factors. See the COL-
UMN/BEAM LINE command (Section 2.3 of
Volume 2A).
KY = ComputeKY only.
KZ = Compute KZ only.
NO = Usedefault or specified valuesfor KY and KZ.
KY 1.0  Effectivelengthfactor for buckling about thelocal Y axisof the profile. See

Sections2.2and 2.3 of Volume 2A for GTSTRUDL computation of effective
length factor, KY'.

Effectivelength factor for buckling about thelocal Z axis of the profile. See
Sections2.2 and 2.3 of Volume 2A for GTSTRUDL computation of effective
length factor, KZ.

YES

Parameter to print the computed K-factor values after the
default code check or select command output (TRACE 4
output). The default value of ‘YES' for this parameter
indicates that the computed K-factor values should be
printed after the code check or select command output. The
column names attached to the start and end of the code
checked member isalso printed. This printed information
allows the user to inspect the automatic detection of the
columns attached to the start and end of the designed
member. A value of ‘NO’ indicates that K-factor values
and the names of the attached columns to the start and end
of the designed member should not be printed.
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Table ASD9-E.1-1 (continued)
ASD9-E Code Parameters

Parameter Default
Name Value M eaning

K-Factors (continued)

SDSWAYY YES Indicatesthe presence or absence of sidesway about thelocal
Y axis.
YES = sidesway permitted.
NO = sidesway prevented.

SDSWAYZ YES Indicatesthe presence or absence of sidesway about thelocal
Z axis.
YES = sidesway permitted.
NO = sidesway prevented.

GAY Computed G-factor at the start joint of themember. GAY isusedinthe

caculation of effective length factor KY (see parameter
COMPK, KY, and Sections 2.2 and 2.3 of Volume 2A).

GAZ Computed G-factor at the start joint of themember. GAZ isusedinthe
calculation of effective length factor KZ (see parameter
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A).

GBY Computed G-factor at the end joint of the member. GBY isusedinthe
calculation of effective length factor KY (see parameter
COMPK, KY, and Sections 2.2 and 2.3 of Volume 2A).

GBZ Computed G-factor at the end joint of the member. GBZ isused inthe

calculation of effective length factor KZ (see parameter
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A).
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ASD9-E Code Parameters

Parameter
Name

Default
Value

Buckling Length

LY

LZ

FRLY

FRLZ

Flexural-Torsional Buckling

Computed

Computed

FLTORBUK

KX

LX

YES

1.0

Computed

Table ASD9-E.1-1 (continued)

ASD9-E Code Parameters

M eaning

Unbraced length for buckling about the local Y axis of the
profile. Computed as length of member.

Unbraced length for buckling about the local Z axis of the
profile. Computed as length of member.

Fractional form of the parameter LY, allowsunbraced length
to be specified as fractions of the total length. Used only
when LY is computed.

Fractional form of the parameter LZ, similar to FRLY . Used
only when LZ is computed.

Indicates the consideration of flexural-torsional buckling
check.
YES
NO

check flexural-torsional buckling.
do not check flexural-torsional buckling.

Effectivelength factor for torsional buckling about thelocal
X axis of the profile. This parameter is used in flexural-
torsional buckling stress, F, computations.

Unbraced length for torsional buckling about the local X
axis of the profile. Computed as length of member. This
parameter is used in flexural-torsional buckling stress, F,
computations.
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Parameter
Name

Default
Value

Table ASD9-E.1-1 (continued)

ASD9-E Code Parameters

M eaning

Flexural - Torsional Buckling (continued)

FRLX

Bending Stress

CB

UNLCF

FRUNLCF

UNLCFTF

UNLCFBF

1.0

Computed

Computed

1.0

Computed

Computed

Fractional form of the parameter LX, allowsunbraced length
to be specified as fractions of the total length. Used only
when LX is computed.

Coefficient used in computing alowable compressive
bending stress (A1SC ASD Ninth Ed. Section F1.3).

Unbraced length of the compression flange. Computed as
length of member. In this parameter no distinction is made
between the unbraced length for the top or bottom flange.
See UNLCFTF or UNLCFBF.

Fractional form of the parameter UNLCF, alows unbraced
length to be specified as fractions of the total length. Used
only when UNLCF is computed.

Unbraced |ength of thecompression flangefor thetop flange.
When no valueis specified, UNLCF and FRUNLCF is used
for this parameter.

Unbraced length of the compression flange for the bottom

flange. When no valueisspecified, UNLCF and FRUNLCF
isused for this parameter.
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Table ASD9-E.1-1 (continued)
ASD9-E Code Parameters

Parameter Default
Name Value M eaning

Combined Stresses

AXEFF 0.0 Axial stress reduction factor indicating the amount of the
axial stress which is to be deducted from a corresponding
bending stress acting in the opposite direction.

CMY Computed Coefficient which modifiesY axisbending stressin interac-
tion equation (AISC ASD Ninth Ed. Section H1).

CMZz Computed  Coefficient which modifies Z axis bending stressin interac-
tion equation (AISC ASD Ninth Ed. Section H1).

Force Limitation

FXMIN 0.5(Ib) Minimum axial force to be considered by the code; anything
less in magnitude is taken as zero.

FYMIN 0.5(1b) Minimum Y-shear force to be considered by the code;
anything less in magnitude is taken as zero.

FZMIN 0.5(1b) Minimum Z-shear force to be considered by the code;
anything less in magnitude is taken as zero.

MYMIN 20.0(in-Ib)  Minimum Y -bending moment to be considered by the code;
anything less in magnitude is taken as zero.

MZMIN 20.0(in-Ib)  Minimum Z-bending moment to be considered by the code;
anything less in magnitude is taken as zero.
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Table ASD9-E.1-1 (continued)
ASD9-E Code Parameters

Parameter Default
Name Value M eaning

Output Processing and System Parameters

MXTRIALS 500.0 Maximum number of profiles to be tried when designing a

SUMMARY NO

PrintStr

TRACE

VALUES

NO

4.0

1.0

member. Default is larger than the number of profiles in
most tables.

Indicatesif 'SUMMARY' information is to be saved for the
member. Choicesare YES or NO; See Sections2.9 and 7.2
of Volume 2A for explanation.

Parameter to request to print the section stress values for
allowable stress design codes. The default output from
CHECK or SELECT command prints the section force
values. A vaue of ‘YES for this parameter indicates that
the section stress values should be printed instead of default
section forces.

Flag indicating when checks of code provisions should be

output during design or code checking. See Section 7.2 of

Volume 2A for explanation.

1 = never

2 = onfailure

3 = dl checks

4 = controlling Actual/Allowable values and section
forces.

Flag indicating if parameter or property values are to be
output when retrieved. See Section 7.2 of Volume 2A for
explanation.

1 = nooutput

2 = output parameters

3 = output properties

4 = output parameters and properties.
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Table ASD9-E.1-2

GTSTRUDL | shapeProfile Tablesfor the

Design based on the ASD9-E Code*

(I shapes, Universal Beams, Universal Columns, Joists, Piles, etc.)

AISC Tables (American Institute of Steel Construction) (continued)

Table Name

Reference

AlISC Tables (American Institute of Steel Construction)

W-LRFD3
M/S/HPL3
WSHAPES9
M/S/HP9
WBEAM9

WCOLUMN9

WSHAPESM
M/SIHPM

WBEAMM

WCOLUMNM

STEELW78

HP/SIM

W78BEAM

W78COLUM

STEELW
WCOLUMN

W shapes from 1999 AISC LRFD Third Edition (96)

M, S, and HP shape profiles from 1999 AISC LRFD Third Edition (96)
W shapes from 1989 AISC ASD Ninth Edition (72)

M, S, and HP shapes from 1989 AISC ASD Ninth Edition (72)

W shapes commonly used asbeamsfrom 1989 AISC ASD Ninth Edition
(72)

W shapes commonly used as columns from 1989 AISC ASD Ninth
Edition (72)

W shape from AISC Metric “WSHAPES’ table (83)

M, S, and HP shape profiles from AISC Metric “M SHAPES, S
SHAPES, and HP SHAPES’ table (83)

W shape profiles commonly used as beams from AISC Metric
“WSHAPES’ table (83)

W shape profiles commonly used as columns from AISC Metric
“WSHAPES’ table (83)

W shapes from 1978 AISC ASD Eighth Edition (33)

HP, S, and M shapes from 1978 AISC ASD Eighth Edition (33)

W shapes commonly used as beams from 1978 AISC ASD Eighth
Edition (33)

W shapes commonly used as columns from 1978 AISC ASD Eighth
Edition (33)

W shapes from 1969 AISC ASD Seventh Edition (16)

W shapes commonly used as columns from 1969 AISC ASD Seventh
Edition (16)

* See design code for applicable cross-sections
*See Appendix C of Volume 2A for Table description and profile names
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Table ASD9-E.1-2 (continued)
GTSTRUDL | shape Profile Tables for the
Design based on the ASD9-E Code*
(I shapes, Universal Beams, Universal Columns, Joists, Piles, etc.)

Table Name Reference

Brazilian Standard Tables, NBR 5884 2000

CS | shapes from Brazilian Standard, ABNT, NBR 5884:2000
CVS | shapes from Brazilian Standard, ABNT, NBR 5884:2000
VS | shapes from Brazilian Standard, ABNT, NBR 5884:2000

British Standard Tables, BS 5950

UNIBEAMS British Universal Beam profilesfrom 1996 BS 5950 Section Properties,
4th Edition (82)

UNICOL BritishUniversal Column profilesfrom 1996 BS 5950 Section Properties,
4th Edition (82)

JOISTS British Joist profiles from 1996 BS 5950 Section Properties, 4th Edition
(82)

UBPILES | shape profiles from British “UNIVERSAL BEARING PILES’ table
(82)

European Tables

HEA H shaped (HE-A) profiles from Breite I-Tréger, Reihe HE-A. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997"

HEB H shaped (HE-B) profiles from Breite I-Tréger, Rethe HE-B. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997

HEM H shaped (HE-M) profiles from Breite I-Tréger, Rethe HE-M. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997

* See design code for applicable cross-sections
*See Appendix C of Volume 2A for Table description and profile names
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Table ASD9-E.1-2 (continued)

GTSTRUDL | shape Profile Tables for the
Design based on the ASD9-E Code*
(I shapes, Universal Beams, Universal Columns, Joists, Piles, etc.)

Table Name Reference

European Tables (Continued)

IPE | shaped (IPE) profiles from Mittelbreite I-Tréager, IPE-Reithe. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997"

EUROPEAN This table contains profiles from IPE, HEA, HEB, and HEM tables

Indian Standard Tables from 1S808:1989

ISBEAMS | shape beam sections (medium flange beams, junior and light weight
beams) from Tables 2.1 and 2.2 of the Indian Standard 1S 808:1989,
DIMENSIONS FOR HOT ROLLED STEEL BEAM, COLUMN,
CHANNEL AND ANGLE SECTIONS, Third Revision (93)

ISCOLUMN | shape column/heavy weight beam sections (column and heavy weight
beams) from Table 3.1 of the Indian Standard IS 808:1989,
DIMENSIONS FOR HOT ROLLED STEEL BEAM, COLUMN,
CHANNEL AND ANGLE SECTIONS, Third Revision (93)

* See design code for applicable cross-sections
*See Appendix C of Volume 2A for Table description and profile names
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GT STRUDL The CALCULATE ERROR ESTIMATE Command
5.3 AnalysisPrerelease Features

53.1 TheCALCULATE ERROR ESTIMATE Command

The form of the command is as follows:

CALCULATE ERROR (ESTIMATE) (BASED ON) -

* ( ENERGY (NORM)
MAX DIFFERENCE
DIFFERENCE FROM AVERAGE
{ PERCENT MAX DIFFERENCE L
PERCENT DIFFERENCE FROM AVERAGE

NORMALIZED PERCENT MAX DIFFERENCE
NORMALIZED PERCENT DIFFERENCE FROM AVERAGE

" [ TOP .~ ALL
(AT) { MIDDLE } (SURFACES) (FOR)
BOTTOM ELEMENT list

Theresultsfrom thiscommand provide an estimate of the errorsin thefinite element
discretization of the problem. Energy norm (L, norm) and nodal error estimates are

available.

TheL, normisgiven by:

12
T
ool =1 J(e) (e) da}
Q
where e isthe error in stress and (2 is the domain of the element. The error stress
is the difference between the average stress, ¢ * , and element stress at the nodes,
o. Thestressnorm is obtained by using the shape functions used for displacements,

thus,

leglis

( (6"~ o)’ NT-N (¢" ~ 0) dQ) v
Q

where N is the shape functions used for the assumed displacement field of the
element.
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Vector.

The stress norm uses the average stresses and is given by:
12
* T T *
o]l = ( (") NT-N(o )dQ]
Q

The relative percentage error which is output for each element is given by:

n =
Tel+led

Thenodal error estimates estimate the accuracy of the datain aselected nodal output
Six nodal error estimation methods are available:

. Maximum Difference.

. Difference from Average.

. Percent Maximum Difference.

. Percent Difference from Average.

. Normalized Percent Maximum Difference.

. Normalized percent Difference from Average.

Theseerror estimateslook at thevariationsin stressesat thenodes. An error estimate

of nodal output datawill be based on the gradients that data producesin each element. That
is, how the data varies across that node based on the different data values from the elements
connected at that node. The calculation of error estimates for noda output is fairly
straightforward, the values at each node connected at an element are ssmply compared. The
six nodal error measures are outlined in more detail below:
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Maximum Difference Method

| Value,, - Value,

Difference from Average Method

MAX (| Valuey, - Value, |,|Valuey, - Value, |[)

Percent Maximum Difference Method

Valuey . - Vauey,

x 100%
Vaueyq

Percent Difference from Average Method

MAX(‘VaIueMaX - Valuepg ‘,‘Vdue,v,in - Valuepg ‘)

x 100%
‘ValueAVg
Normalized Percent Maximum Difference
Vauey, 5 - Vaueyin « 100%
ValueVectorMax
Normalized Percent Difference from Average Method
MAX(‘VaIueMaX - Vauepy, \,‘ValueMin - Vaueyy, \)
x 100%

| ValueVectorMax ‘

In each of these calculations, the “Min”, “Max”, and “Avg’ values refer to the
minimum, maximum, and average output valuesat thenode. The*Vector Max” valuesrefer
to the maximum value for all nodesin the output vector. All error estimates are either zero
or positive, since all use the absolute value of the various factors.
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The choice of an appropriate error estimation method largely depends on the
conditionsinthemodel. Asmany error estimates asrequired may be calculated. In general,
the Max Difference method is good at pointing out the largest gradients in the portions of
your model with the largest output values. The Difference from Average Method will aso
identify areas with the largest output values. In this case however, areas where only one or
afew valuesaresignificantly different will beaccentuated. The Max Difference method will
identify the steepest gradients in the most critical portions of your model. The Difference
from Average M ethod will identify just the steepest non-uniform gradients, the onesthat vary
inonly asingledirection. Thetwo percentage methods identify the same type of gradients,
but do not make any distinction between large and small output values. These methods are
to be used only if the magnitude of the output is less important than the changes in outpui.
Thetwo percentage methods estimate the error as a percent of the average stress. However,
at nodes where thereisachangein sign of the stress, the average stress becomes very small
and often close to zero. Asaresult, the value of the error becomes enormous. In order to
guantify this error, the error at such nodesis given avaue of 1,000 percent. Thefinal two
normalized percentage methods are usually the best at quantifying overall errorsin areawith
peak stress values.

Theresultsproduced by the CALCULATE ERROR ESTIMATE command may also
be contoured in GTMenu. To produce a contour of the error estimate in GTMenu, follow
the steps below after performing a STIFFNESS ANALY SIS for a static |oading:

1. Enter GTMenu.

2. Seect Results, Finite Element Contours, and then Energy & Stress Error
Estimates.

3. Select the Estimate Method including Vaue, Surface, and Stress Component.
4.  Select the Loading.
5.  Select Display (solid colorsor lines) to produce acontour of theerror estimate.

6. Select Legend to place a legend on the screen indicating the type of error
estimate, loading, and surface.
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5.3.2 Output of Response Spectrum Results

The LIST RESPONSE SPECTRUM command has been modified to include the
output of BASE/STORY shear output. The section is numbered below as it is currently
numbered in Volume 3 of the GTSTRUDL User Reference Manual.

2.4.6.7 Output of Response Spectrum Results

General form:

* (PARTICIPATION  (FACTORY)
SPECTRAL DISPLACEMENTS
SPECTRAL VELOCITIES

LIST RESPONSE SPECTRUM ( {SPECTRAL ACCELERATIONS!) -
(MODAL) COEFFICIENTS

e
(SHEAR)
STORY

* ( DISPLACEMENTS
VELOCITIES
ACCELERATIONS
FORCES

LOADS
REACTIONS

RMS
ABS
PRMS
CQC

(NROTPM

(NROGRP
(NRC)DSM

ALL

((MODAL) COMBINATIONS ) (list)

Elements:

list = see Section 2.4.6.5
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Explanation:

This command is used to output results associated with active RESPONSE
SPECTRA loading conditions (Section 2.4.4.6). The requested results must have
been previously computed via the DYNAMIC ANALY SIS command (Section
2.4.5.4), the split solver commands (Section 2.4.5.5) or the COMPUTE RESPONSE
SPECTRA command (Section 2.4.5.9).

Participation factors, spectral displacements, velocites, accelerations and
modal coefficientsaredefinedin Section 2.4.2.5. The participation factor output via
the LIST DYNAMIC PART FACTOR command isa normalized value expressed
as a percentage, while the value output via this command is the actual factor as
computed in Equation 5-6 in Section 2.4.2.5.

The BASE/STORY SHEAR option liststhe global X, Y, and Z components
of the total response spectrum inertia forces computed for each active mode and
summed over thejoints specified inthelist. Modal combinations are also computed
and listed if specified. These results are computed and listed completely for each
active response spectrum loading condition.

Finite element forces, generalized stresses and strains can be computed but
cannot be output viathe LIST RESPONSE SPECTRA command. However, these
finite element results may be copied into static loading conditions viathe CREATE
PSEUDO STATIC LOADING command (Section 2.4.7) and then output via the
LIST command (Section 2.1.14.4). Member section forcesand stressescan belisted
viaasimilar approach by using the CREATE PSEUDO STATIC LOAD and LIST
SECTION commands (Section 2.1.14.6).

Other commandswhich affect LIST RESPONSE SPECTRA areasfollows:
OUTPUT MODAL CONTRIBUTIONS (Section 2.4.6.3)
OUTPUT DECIMAL (Section 2.1.14.3)

OUTPUT FIELD (Section 2.1.14.3)

Examples:

(1)

LIST RESPONSE SPECTRA DISPL MODAL COMBINATIONS ALL. This
command outputs previously computed peak displacements for all jointsand all of
the modal combination techniques.
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(2 COMPUTE RESPONSE SPECTRA STRESSES FORCES MODAL -
COMB ALL MEM 1 TO 10 OUTPUT MODAL CONTRIBUTIONS ON
LIST RESPONSE SPECTRA FORCES MODE COMB RMS CQC -
MEM 1TO 10

Theoutput generated by the LIST RESPONSE SPECTRA command consists
of the modal contributions to member end forces and the RMS and CQC
combinations of those contributions. Non-zero results will exist only for
members 1 to 10.

(3) LIST RESPONSE SPECTRA PARTICIPATION FACTORS SPECTRAL -
DISPLACEMENTS MODAL COEFFICENT

This command lists the participation factors, spectral displacements and the
modal coefficients associated with all active response spectraloadings.

4 LIST RESPONSE SPECTRUM STORY SHEARS -
MODE COMBINATION RMS CQC JOINTS 101 TO 140

This command lists the total response spectrum inertiaforces, including the
RMS and CQC modal combinations, summed over joints 101 to 140. If
joints 101 through 140 represent all joints above thefifth floor of astructure,
then the listed results may be interpreted as the modal and total story shear
applied above the fifth floor.
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5.3.3 FORM STATIC LOAD Command -- Automatic Generation of Static
Equivalent Earthquake L oads

Genera form:

FORM STATIC (EARTHQUAKE) LOAD {Iag‘} (titley') -
sl

MASS [X] vy [Y]vy [Z] Vv,
- RMS

FROM "aRrs
CQC} (OF RESPONSE SPECTRUM) LOAD { i } (FACTOR Vgg)
UM ©
Elements:

‘a’liy = adphanumeric or integer namefor the generated static earthquake load.
This name must be unique among all current loading names and is
limited to eight characters or digits.

‘tittey’ = optiona static load title of up to 64 charactersin length.

Vv, =  scalingfactor for themassload inthe global X direction. v, istaken as
0.0 by default.

vy = scaling factor for themassloadinthegloba Y direction. v, istakenas
0.0 by default.

v, =  scaling factor for the massload inthe global Z direction. v, istaken as
0.0 by default.

“ars/

Irs =  name of the response spectrum load to be used for the calculation of
static earthquake load ‘a /.

Virs =  scaling factor to be applied to the response spectrum static earthquake
load ‘ay'/ig.

Explanation:

The FORM STATIC LOAD command is used to compute an independent
loading condition consisting of astaticjoint |oad representation of either the structural
mass or aresponse spectrum load. The mass and response spectrum load options are
described in greater detail asfollows:

MASS[X]v [Y]v,[Z]V,
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—>

TheMASS option generates an independent | oading condition containingjoint
loads which are statically equivalent to any factored combination of the
structural mass in the global X, Y, and Z directions. Because the global
direction scaling factorsv,, v,, and v, aretaken as 0.0 by default, it isnecessary
to specify a non-zero value for the appropriate scaling factor if joint load
components are to be computed for a particular global direction.

The MASS-equivalent static joint load vector is computed by the following
equation:

{Feu} = [M]{vxz}0 Eq. 5331

where,

{Feu} MASS-equivalent joint load vector,
[M] = system global mass matrix,

{vxyvzt =  vector of globa direction scaling factors v,, v,, and v,,
arranged in the appropriate joint degree-of-freedom
locations,

g = acceleration due to gravity, taken as 386.0886 inches/-
second? by defaullt.

According to Equation 5.3.3-1, it is necessary that the structural mass has
been defined, and that, as a minimum, the PERFORM ASSEMBLY FOR
DYNAMICS command (Section 2.4.5.5.1, Volume 3, GTSTRUDL User
Reference Manual) has been executed prior the execution of this option.

The calculation of aMASS-equivalent static load conforms to the NEHRP
guidelinesfor the cal culation of the uniform pattern lateral load distribution
described in Section 3.3.3.2.C of NEHRP Guidelines for the Seismic
Rehabilitation of Buildings (FEMA Publication 273).

RMS ‘aRs
CQC ; (OF RESPONSE SPECTRUM ) LOAD (FACTOR Vpgs )
SUM IRs

The RESPONSE SPECTRUM LOAD option generates an independent
loading condition consisting of joint loads that represent a measure of the
total base shear computed for the response spectrum load ‘ agg' /g
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Theadditional RM S, CQC, and SUM optionsprovidefor the selection of the
modal combination method to be used for the computation of the global joint
loads from the modal joint load components. RMS and CQC indicate the
Root Mean Square and Complete Quadratic Combination methods,
respectively, as described in Section 2.4.2.5, Volume 3 of the GTSTRUDL
User Reference Manual. The SUM option indicates a direct algebraic
summeation of the modal joint load components.

The equivalent response spectrum static joint loading in the i™ active mode
is computed by the following equation:

{fri = -Vas [ S, [M]{®;} Eq. 5.3.3-2
where,

{fad; =  responsespectrum staticjoint load vector for thei™ mode,
Vis =  scaling factor as defined above,

[M] = thegloba system mass matrix,

| = theresponsespectrum participation factor for thei™ mode,
S, = the response spectrum spectral acceleration for the iy,

mode,
{®} = mode shape displacement vector for the i mode.

The total response spectrum static joint load vector is computed by
combining the{fs}; for each active mode using the selected RM S, CQC, or
SUM procedure.

Because the values for I'; and S; are determined from the direction and
response spectrum data of response spectrum load ‘ags'/izs, @ response
spectrum analysis for this load must have been performed prior to the
execution of FORM STATIC LOAD RESPONSE SPECTRUM option.
However, a COMPUTE RESPONSE SPECTRUM command execution
subsequent to the response spectrum analysisis not required.
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The calculation of aresponse spectrum static load conformsto the NEHRP
guidelines for the calculation of the modal pattern lateral load distribution
using a Response Spectrum Analysis as described in Section 3.3.3.2.C of
NEHRP Guidelines for the Seismic Rehabilitation of Buildings (FEMA
Publication 273).

Theindependent | oading conditionsgenerated by the FORM STATICLOAD
command are conventional independent static |oading conditions, and as such, may be
used and manipulated in the same manner as independent loads defined by other
means.

Errors:

Thefollowing messagesindicate error or warning conditionsthat can occur during the
execution of the FORM STATIC LOAD command:

**** FRROR STCGELL -- System mass matrix does not exist.
SCAN MODE ent er ed.

This message indicates that the mass matrix had not been assembled prior to the
execution of the FORM STATIC LOAD command. SCAN MODE isset and may be
removed by giving the SCAN OFF command. The minimum requirement for the
MASS option isthat the PERFORM ASSEMBLY FOR DY NAMICS command must
be executed.

***%* FRROR STGELL -- Specified response spectruml oading 1-G 2 does not
exist. SCAN MODE ent ered.

This error message indicates that the specified response spectrum load has not been
defined. SCAN MODE is set and may be removed by giving the SCAN OFF
command.

***%* FRROR _STCGELL -- Results do not exist for response spectrum | oadi ng
1-G 2. Response spectrumanal ysi s has not yet been
run or the specified loading is not a response
spectrum | oad. SCAN MODE ent ered.

This error message indicates that while the specified response spectrum load isvalid,

the required response spectrum analysis for this load has not yet been executed.
SCAN MODE is set and may be removed by giving the SCAN OFF command.
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Example:

Figure5.3.3-1 showsthe plane frame structure of example SEL-1 whichillustratesthe
use of the FORM STATIC LOAD command to create two static lateral |oads based on the
structural massand on aresponse spectrum load. Notethat the structuremodel includesmid-
member joints to insure that the effects of fundamental member modes are not overlooked
in the response spectrum analysis. The effects of such modes may arise due to the presence
of the added joint inertia at joint 14.

The complete command input for this example is shown in Figure 5.3.3-2.
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11 29 22 30 33
A
19 20
o
© 10 32
®
Ny 18
Y 27 20 28
A ¢ 31
15 16
0
I~ 8 30
®
N3 14
Y 25 18 26
7 29
A
11 12
0
© 6 28
®
N 9 10
Y : 23 16 24 21
A
} 7 8
Q
© 4 26
®
N 5 6
Y 3 21 14 22 2
X
3 4
0
~
2 24
®
N
1 2
)\ A m 23
< >
20'

UNITSINCHESKIPS
X

Density = 0.00615
AX 33.6 1220000 Memberslto4
AX 336 1210000 Members5to20
AX 240.0 1Z 18000.0 Members21to 30

Figure5.3.3-1 Example SEL-1, Geometry, Structural, and Material Properties
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STRUDL 'SEL-1' 'Example of static earthquake |oad generation'

$

$ 4-story plane frame for static earthquake load generation.

$ Geometry.

$

PRINT GEN OFF

UNITSFEET

GEN 11 JOINTSID 11X 0.0Y DIFF0.02AT 7.52AT 6.02AT 6.52AT 7.52AT 8.0
REPEAT 2 TIMESID 11 X 20.0

TYPE PLANE FRAME

GEN 10MEMBID12FROM 11TO21

REPEAT 1 TIME ID 1 FROM 22 TO 22

GEN2MEMBID211FROM 311 TO 1411

REPEAT 4 TIMESID 2FROM 2TO 2

DELETIONS
JOINTS1213TO 21 BY 2
ADDITIONS

STATUS SUPPORTS 1 23

$

$ Structural and material properties.
$

UNITSINCHESKIPS

MEMBER PROP PRISMATIC
1TO 4 AX 33.61Z 2000.0

5TO 20 AX 33.6 1Z 1000.0

21 TO 30 AX 2401Z 18000

CONSTANTS
E 3000000. ALL
DENSITY 0.00615

$
$ Lumped mass plus added joint masses.
$
INERTIA OF JOINTS LUMPED
INERTIA OF JOINTS MASS

14 TRANSL X 20Y 2.0

$
$ For the static response spectrum load generation, use a

$ constant 1-g accel eration spectrum.
$

Figure5.3.3-2  Command Listing for Example SEL-1
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UNITSINCHES SECONDS
STORE RESPONSE SPECTRA ACCEL LIN VSNAT FREQ LIN 'ONE-G'
DAMPING 0.05 FACTOR 386.0886
1.00.0 1.010000.0

RESPONSE SPECTRA LOAD '1-G.1'
SUPPORT ACCELERATIONS

TRANS X FILE 'ONE-G'

END OF RESPONSE SPECTRA LOADING

DAMPING RATIOS 0.05 100

$
$ Perform eigenvalue analysis and response spectrum analysis.
$

UNITS CYCLES SECS

EIGENPROBLEM PARAMETERS
PRINT MAX

END

ASSEMBLE FOR DYNAMICS
PERFORM EIGENVALUE ANALYSIS
LIST DYNAMIC PARTICIPATION FACTORS

LOAD LIST '1-G.1'
PERF RESPONSE SPECTRUM ANALY SIS

$
$ Generate the static earthquake loads and print the joint load contents.
$
FORM STATIC EARTHQUAKE LOAD 'ERS1-G.1' -
'Equivalent STATIC EARTHQUAKE load 1-G.1, RSload 1-G.1' -
FROM RMS OF RESPONSE SPECTRUM LOAD '1-G.1'
FORM STATIC EARTHQUAKE LOAD 'EM1-G.1' -
'Equivalent STATIC EARTHQUAKE load 1-G.1 from total mass FROM MASS X 1.0

PRINT APPLIED JOINT LOADS
$

FINISH

Figure5.3.3-2  Command Listing for Example SEL-1 (Continued)

5.3-16



GT STRUDL FORM STATIC LOAD Command
Figure 5.3.3-3 contains the text output from the PRINT APPLIED JOINT LOADS
command, showing the joint load contents of the loads generated by the FORM STATIC

EARTHQUAKE LOAD examples.
{ 78} > $
{ 79} > $ Cenerate the static earthquake |oads and print the joint |oad contents.
{ 80} > %
{ 81} > FORM STATI C EARTHQUAKE LOAD ' ERS1- G 1' ' Equi val ent STATI C EARTHQUAKE load 1-G 1, RS load 1-G 1' -
{ 82} >_ FROM RVM5 OF RESPONSE SPECTRUM LOAD ' 1-G 1'
Time to create equival ent static earthquake | oad = 0. 00 Seconds

{ 83} > FORM STATI C EARTHQUAKE LOAD ' EMI- G 1' ' Equi val ent STATI C EARTHQUAKE | oad 1-G 1 fromtotal mass' -
{ 84} > FROMMASS X 1.0

Tinme to create equivalent static earthquake |oad = 0. 00 Seconds

{ 85} >
{ 86} > PRINT APPLIED JO NT LOADS

khkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk*x*

* PROBLEM DATA FROM | NTERNAL STCRAGE *

khkkhkkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk*x*

JOB ID - SEL-1 JOB TITLE - Exanple of static earthquake | oad generation
ACTIVE UNITS - LENGTH VI GHT ANGLE TEMPERATURE TI ME
I NCH Kl P CYyC DEGF SEC

*xxxxxxxxx | QAD|I NG DAT. * ok ok k ok ok ok ok ok ok

LOADI NG - ERS1-G 1 Equi val ent STATI C EARTHQUAKE | oad 1-G 1, RS load 1-G 1 STATUS - ACTI VE
Nl N e s S R e LR /
JO NT STEP  FORCE X Y 4 MOMENT X Y 4

1 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
2 9.713 0.189 0. 000 0. 000 0. 000 0. 000
3 104. 472 3.722 0. 000 0. 000 0. 000 0.017
4 10. 172 0. 239 0. 000 0. 000 0. 000 0. 000
5 151. 872 4.293 0. 000 0. 000 0. 000 0. 006
6 14. 246 0.373 0. 000 0. 000 0. 000 0. 000
7 192. 343 5.818 0. 000 0. 000 0. 000 0. 006
8 19. 907 0.514 0. 000 0. 000 0. 000 0.001
9 240. 328 6. 715 0. 000 0. 000 0. 000 0. 006
10 26. 654 0.624 0. 000 0. 000 0. 000 0.001
11 288.704 6. 211 0. 000 0. 000 0. 000 0. 004
14 608. 142 0. 000 0. 000 0. 000 0. 000 0.018
16 279. 441 0. 000 0. 000 0. 000 0. 000 0. 005
18 350. 463 0. 000 0. 000 0. 000 0. 000 0. 005
20 433. 694 0. 000 0. 000 0. 000 0. 000 0. 004
22 546. 897 0. 000 0. 000 0. 000 0. 000 0. 002
23 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
24 9.713 0.189 0. 000 0. 000 0. 000 0. 000

Figure5.3.3-3  PRINT APPLIED JOINT LOAD Results for Example SEL-1
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25 104. 472 3.722 0. 000 0. 000 0. 000 0. 017
26 10. 172 0. 239 0. 000 0. 000 0. 000 0. 000
27 151. 872 4.293 0. 000 0. 000 0. 000 0. 006
28 14. 246 0.373 0. 000 0. 000 0. 000 0. 000
29 192. 343 5.818 0. 000 0. 000 0. 000 0. 006
30 19. 907 0.514 0. 000 0. 000 0. 000 0.001
31 240. 328 6. 715 0. 000 0. 000 0. 000 0. 006
32 26. 654 0.624 0. 000 0. 000 0. 000 0.001
33 288. 704 6.211 0. 000 0. 000 0. 000 0. 004
LOADI NG - EML-G. 1 Equi val ent STATI C EARTHQUAKE | oad 1-G 1 fromtotal nass STATUS - ACTI VE
JO NT LOADS- - - - - - = = = = m m oo /
JA NT STEP  FORCE X Y z MOMENT X Y z

1 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
2 18. 598 0. 000 0. 000 0. 000 0. 000 0. 000
3 193. 858 0. 000 0. 000 0. 000 0. 000 0. 000
4 14. 878 0. 000 0. 000 0. 000 0. 000 0. 000
5 192. 618 0. 000 0. 000 0. 000 0. 000 0. 000
6 16. 118 0. 000 0. 000 0. 000 0. 000 0. 000
7 194. 478 0. 000 0. 000 0. 000 0. 000 0. 000
8 18. 598 0. 000 0. 000 0. 000 0. 000 0. 000
9 196. 338 0. 000 0. 000 0. 000 0. 000 0. 000
10 19. 837 0. 000 0. 000 0. 000 0. 000 0. 000
11 187. 039 0. 000 0. 000 0. 000 0. 000 0. 000
14 1126. 417 0. 000 0. 000 0. 000 0. 000 0. 000
16 354. 240 0. 000 0. 000 0. 000 0. 000 0. 000
18 354. 240 0. 000 0. 000 0. 000 0. 000 0. 000
20 354. 240 0. 000 0. 000 0. 000 0. 000 0. 000
22 354. 240 0. 000 0. 000 0. 000 0. 000 0. 000
23 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
24 18. 598 0. 000 0. 000 0. 000 0. 000 0. 000
25 193. 858 0. 000 0. 000 0. 000 0. 000 0. 000
26 14. 878 0. 000 0. 000 0. 000 0. 000 0. 000
27 192. 618 0. 000 0. 000 0. 000 0. 000 0. 000
28 16. 118 0. 000 0. 000 0. 000 0. 000 0. 000
29 194. 478 0. 000 0. 000 0. 000 0. 000 0. 000
30 18. 598 0. 000 0. 000 0. 000 0. 000 0. 000
31 196. 338 0. 000 0. 000 0. 000 0. 000 0. 000
32 19. 837 0. 000 0. 000 0. 000 0. 000 0. 000
33 187. 039 0. 000 0. 000 0. 000 0. 000 0. 000

khkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkk*x*

*

END CF DATA FROM

I NTERNAL STORAGE *

khkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkk*x*

Figure5.3.3-3 PRINT APPLIED JOINT LOAD Results for Example SEL-1 (Continued)
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534 FORM UBC97 LOAD Command -- Automatic Generation of Seismic

L oads According to 1997 UBC

General form:

FORM UBC97 (STATIC) (SEISMIC) LOAD {?”} (titley') -
- X X o
DIRECTION { Y} HEIGHT (DIRECTION) {- Y} WEIGHT (LOAD){iaW} -
Z Z !
. A
SB
sC
1 solL =7 ESSENTIAL (FACILITIES)
2A 2 HAZARDOUS (FACILITIES)
zonE |2 SF|| OCCUPANCY (CATEGORY) {FECIAL  (STRUCTURES)
- |3 STANDARD (STRUCTURES)
4 CA v, MISCELLANEOUS (STRUCTURES)
Zv, C__V Ve, 1 v,
NA vy,
M VNV
SMR
cr |[FEMR | o WITH) TORSION |~ T=2° FLOOR (TOLERANC
= loTHER[ = Vg | (WITH) TOR MINUS ( (TOLl E) Vio)
Ver
Elements:

‘ag'liy = alphanumeric or integer name for the generated UBC 1997 static
seismic load. This nhame must be unique among all current loading
names and is limited to eight characters or digits.

‘titley’ = optional static load title of up to 64 charactersin length.

‘a,/ i, = alphanumeric or integer name of theindependent loading that isused
for the calculation of the weight distribution of the structure.

Vv, = decimal value for the UBC 1997 seismic zone factor Z. This

specified val ue supersedes the cal cul ated value based on the seismic
zone specified by the ZONE option.
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VCA

VioL =

decimal value for the UBC 1997 seismic coefficient C,. This
specified val ue supersedes the cal cul ated val ue based on the seismic
zone and soil profiles specified by the ZONE and SOIL options.

decimal value for the UBC 1997 seismic coefficient C,. This
specified val ue supersedes the cal cul ated val ue based on the seismic
zone and soil profiles specified by the ZONE and SOIL options.

decimal value for the UBC 1997 near-source factor N, used in the
calculation of C, when seismic zone 4 is selected using the ZONE
option. The default value istaken as 1.0.

decimal value for the UBC 1997 near-source factor N, used in the
calculation of C, when seismic zone 4 is selected using the ZONE
option. The default value istaken as 1.0.

decimal vaue for the UBC 1997 importance factor |, to be used
instead of the calculated value based on the selection of one of the
OCCUPANCE CATAGORY options: ESSENTIAL,HAZARDOUS,
SPECIAL, STANDARD, or MISCELLANEOUS.

decimal value for the UBC 1997 numerical coefficient C,, to be used
instead of the cal cul ated val ue based on the selection of oneof the CT
options: SMR, RCMR, or OTHER.

decimal value for the UBC 1997 numerical coefficient R.
All active joints within this specified HEIGHT DIRECTION
tolerance of one another are assumed to define the geometry of a

single floor. The input of this value assumes length units. The
default value for v, istaken as 6.0 inches (15.24 cm).
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Explanation:

The FORM UBC97 LOAD command is used to compute an independent
loading condition consisting only of static joint loads in accordance with the
provisions of Sections 1630.2, 1630.5 and 1630.6 of the 1997 Uniform Building
Code, Vol.2 [ref 97]. A very important aspect regarding the execution of this
command is that all load computations are performed only on the currently active
joints.

The options used to define this loading condition are described as follows:

%
DIRECTION

IN < X

The DIRECTION optionisused to specify the global coordinate direction of
computed joint load components contained in the loading condition. The
global X direction isthe default.

[><

HEIGHT (DIRECTION) {— Y

IN

The HEIGHT DIRECTION option specifies the global coordinate direction
that definesthe elevation coordinatefor thestructure. For example, HEIGHT
DIRECTION Y specifies that the height of the building structure and the
building floor elevations are defined with respect to the global Y axis. Itis
assumed that elevations are measured from O at the joint having the least
HEIGHT DIRECTION joint coordinate value to the full height of the
structure at the joint having the largest HEIGHT DIRECTION joint
coordinate value.

WEIGHT (LOAD) {f‘”}

w

Therequired WEIGHT LOAD command option isused to identify the static,
independent loading from which the total weight of the building model is
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computed. Thetota weight iscomputed asthe sum of the absolute val ues of
all trand ation load components (FORCE X, FORCE Y, and FORCE Z). The
specified loading must have been defined previousto thetimethat the FORM
UBC97 command is given.

@[> "

ZONE

IN IS 1w |
=

Thisoptional command is used to specify dataabout the relevant earthquake
zone for the load calculations. Use the ZONE option to select zone 1, 2A,
2B, 3, 4, or todirectly specify avalue v, for the seismic zone factor Z. One
of the ZONE options 1 through 4 must be selected if one of the SOIL options
SA through SF is also selected as described below.

A
S8
SOIL %
= |
SE
SF
C_A VCA
g VCV
M VNA
w VNV

These optionsare used to specify dataabout the sei smic zone soil conditions.
The SOIL option isused to specify the soil type: SA =S,, SB=S;,SC=S,
SD =S, SE=S;, and SF = S.. The selected SOIL specification — SA
through SF — is used in combination of the selected seismic ZONE
specification — 1 through 4 — to calcul ate the values for seismic coefficients
C, and C, according to 1997 UBC Tables 16-Q and 16-R. Any values
specified using the CA and CV parameters supersede the values computed
from the ZONE and SOIL specifications. Valuesfor CA and CV must be
specified if the ZONE and/or SOIL specifications are not given. The values

5.3-22



GT STRUDL

FORM UBC97 LOAD Command

OCCUPANCY (CATEGORY)

for NA and NV aretaken as 1.0 unless otherwise specified. Thesevauesare
thevaluesfor the near-sourcefractorsN, and N, respectively, which are used
in the calculation of C, and C, respectively when the ZONE 4 specification
aboveisgiven.

ESSENTIAL (FACILITIES)
HAZARDOUS (FACILITIES)
SPECIAL (STRUCTURES)
STANDARD (STRUCTURES)
MISCELLANEOUS (STRUCTURES)
l VI

The seismic importance factor | is calculated based on the OCCUPANCY
CATAGORY specified using thisrequired option. Thevaluel iscalculated
automatically by specifying one of the categories ESSENTIAL,
HAZARDOUS, SPECIAL, STANDARD, or MISCELLANEOUS. A vaue
for | can aso be specified directly by giving the valuev,.

SMR
RCMR

1)
— |OTHER

Ver

The numerical coefficient C, used for the calculation of the structure period
according the 1997 UBC Section 1630.2.2, Method A iscalculated using the
specifications of this required option. The vaue for C, is calculated
automatically by specifying one of the categories SMR, RCMR, or OTHER.
SMR standsfor Steel Moment-Resting frames, RCMR standsfor Reinforced
Concrete Moment-Resting frames and eccentrically braced frames, and
OTHER standsfor all OTHER buildings. The value C, can also be specified
directly by giving avalue for v.

This required option is used to specify the over-strength/ductility factor R
according to 1997 UBC Tables 16-N or 16-P.
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(WITH) TORSION {% == }

The optional WITH TORSION specification is used to specify that the
calculation of the UBC97 joint loads shall include the effects of the rigid
diaphram, torsional mass displacement described in 1997 UBC Sections
1630.6 and 1630.7. The default PLUS option indicates that each floor mass
distribution for the load computation shall reflect the shift from the floor
center of massin apositiveglobal direction perpendicular to the global |oad-
application direction specified by the DIRECTION option. The MINUS
option indicates that each floor mass distribution shall reflect the shift from
the floor center of mass in a negative global direction perpendicular to the
global load-application direction.

FLOOR (TOLERANCE) Vi,

The optional FLOOR TOLERANCE specification is used to specify the
elevation neighborhood within which groups of joints comprise a particular
floor for the calculation of the UBC97 load. All joints whose elevation is
within the specified tol erance are assumed to comprise afloor. Thevaluefor
V;o. Must reflect active length units and is taken as 6 inches by default.

Because the UBC97 load computations are performed only for the active
joints, any joints that shall not be considered as part of any floor can be
inactivated prior to issuing the FORM UBC97 command and then re-
activated following the command:

| NACTI VE JO NTS. . .
FORM UBC97 LQAD. . .
ACTI VE JO NTS ALL

Errors:

The following messages indicate warning conditions that can occur during the
execution of the FORM UBC97 LOAD command:
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1. The following message is produced if the specified weight loading does not exist.

***%* WARNI NG_STUBC9 -- Specified WEI GHT | oadi ng DL1 does not
exi st. Conmmand i gnored.

2. One or more of the following three messages are produced if seismic zone and soil
profile data are not correctly specified:

**** WARNI NG_STUBC9 -- Val ue for seismc coefficient Cvincorrectly
speci fied. Conmand i gnored.

***x WARNI NG_STUBC9 -- Val ue for seismc coefficient Caincorrectly
speci fied. Conmand i gnored.

***x WARNI NG_STUBCO -- Value for seismc zone factor Z incorrectly
speci fied. Conmand i gnored.

Thefollowing is an example of a FORM UBC97 command that will produce these
warning messages:

FORM UBC97 LOAD ' TESTUBCZ' DI R X WEI GHT LOAD ' DL
SOL SCCT SMROCC 1 1.5 R5.5

While the SOIL SC specification is given, the ZONE/Z specification is missing,
resulting ininsufficient datafor the cal cul ation of the seismic coefficientsC,and C,.

3. The following message is produced if the required occupancy data are incorrectly
specified.

**** WARNI NG_STUBC9 -- Value for inmportance factor | incorrectly
speci fied. Conmand i gnored.

The following is an example of a FORM UBC97 command that will produce this
warning message:

FORM UBCO97 LQOAD ' TESTUBCZ' DI R X WEI GHT LOAD 'DL' -
CA0.24 CV 0.32 CT SRR 5.5

The required OCCUPANCY option is not given.

4, Thiswarning messageisgivenif avaluefor the over-strength/ductility factor Risnot
specified using the required R command option:
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**%* WARNI NG _STUBC9 -- Value for R factor incorrectly specified.
Conmand i gnor ed.

5. Thefollowing warning messageisgiven if the valuefor the numerical coefficient C,

is not correctly specified using the required CT command option:

****x WARNI NG_STUBCO -- Val ue for period coefficient & incorrectly
speci fied. Conmand i gnored.

Example:

Thefollowing UBC97 command examplecorrectly definesa1997 UBC static lateral
load having the name UBCX:

FORM UBCO97 LQAD ' UBCX' DI R X VEIGHT LOAD 'DL' -
SOL SCZONE 2B CT SMROCCC 1 1.5 R5.5

Theload is calculated using the following 1997 UBC parameter values:

Ie)
|

0.035
= 0.2

= 1.5
5.5
0.24
= 0.32
= 1.0
= 1.0

2200230~ N
o < 0o
1

<

No torsion effects are included in the computation of loading UBCX.

The following example is the same as the previous one, with the exception that the
CV 0.35 parameter is added following the ZONE 2B option. The TORSION optionisalso
added:

FORM UBC97 LQOAD ' UBCXNEW DI R X WEI GHAT LOAD ' DL'
SOL SC ZONE 2B Cv 0.35 CT SMR OCCC | 1.5 R 5.5
TORSI ON M NUS
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The 1997 UBC parameter valuesthat are used to cal culate loading UBCXNEW arethe same

asthose that are used to calculate load UBCX in the previous example, with the exception
that C, = 0.35 rather than C, = 0.32, by virtue of the fact that thisisthe value that is directly
specified for C, using the CV 0.35 parameter specification. The specified valuefor C, takes
precedence over the valuethat is computed according to the 1997 UBC provisions. Loading
UBCXNEW also reflects anegative global Z offset of the floor masses with respect to each
floor center of mass.
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FORM 151893 LOAD Command

535 FORM 151893 LOAD Command - Automatic Generation of Static
Seismic Loads Accordingto 1S 1893

General Form:

a
(‘title,')

FORM IS1893 (STATIC) (SEISMIC) LOAD { )

DIRECTION
I

I

ZONE { IV
\
Z

1sl

HEIGHT DIRECTION | -

IN [ [
NI

WEIGHT (LOAD) {

. SOIL (TYPE) {I } IMPORTANCE (FACTOR)V, -

SMR
RCMR

PERIOD (TYPE) OTHER Rvg (FLOOR (TOLERANCE) vqq,)

Elements;

ay'lig
‘title,'

ayliy

alphanumeric or integer namefor thegenerated |S 1893 static seismic
load. Thisnamemust be uniqueamongall current loading namesand
islimited to eight characters or digits.

optional static load title of up to 64 charactersin length.

alphanumeric or integer name of the independent loading that isused
for the calculation of the weight distribution of the structure.

decimal value for the IS 1893 seismic zone factor Z. This specified

value supersedes the calculated value based on the seismic zone
specified by the ZONE option.
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v, = decimal value for the IS 1893 importance factor I.

Vi =  decimal vaue for the building fundamental period in seconds to be
used for the calculation of the average response acceleration
coefficient S/g.

Vg =  decimal valuefor the IS 1893 response reduction factor R.

VoL = dljointswithinthisspecified HEIGHT DIRECTION toleranceof one
another are assumed to define the geometry of a single floor. The
input of this value assumes length units. The default value for v,
istaken as 6.0 inches (15.24 cm).

Explanation:

The FORM 151893 LOAD command is used to compute an independent
loading condition consisting of static joint loads only in accordance with the
provisions of Sections 6 and 7, Indian Standard 1S 1893 (Part 1) : 2.2. A very
important aspect regarding the execution of this command is that all computations

are performed only on the currently active joints.

The options used to define thisloading condition are described asfollows:

DIRECTION

IN =[P4

The DIRECTION option isused to specify the global coordinate direction
of the computed joint |oad components contained in the loading condition.
The global X direction isthe default.

HEIGHT DIRECTION { -

IN =< >4

TheHEIGHT DIRECTION option specifiestheglobal coordinatedirection
that defines the elevation coordinate for the structure. For example,
HEIGHT DIRECTION Y specifiesthat the height of the building structure
and the building floor elevations are defined with respect to the global Y
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FORM 151893 LOAD Command

{'aw' }
WEIGHT (LOAD)

ZONE

axis. Itisassumed that elevations are defined with respect to the global Y
axis. It isassumed that elevations are measured from O at the joint having
theleast HEIGHT DIRECTION joint coordinate value to the full height of
the structure at the joint having the largest HEIGHT DIRECTION joint
coordinate value.

iW

The required WEIGHT LOAD command option is used to identify the
static, independent loading from which the total weight of the building
model is computed. The total weight is computed as the sum of the
absolute values of all trandlation load components (FORCE X, FORCEY,
and FORCE Z). The specified |oading must have been defined previousto
the time that the FORM 1S1893 LOAD command is given.

215 =

IN <

This required command is used to specify data about the relevant
earthquake zone for the load calculations. Use the ZONE option to select
zonell, 111,1V, V or to directly specify avaluev, for the seismic zonefactor
Z.

SOIL (TYPE) {II

These options are used to specify data about the seismic zone soil
conditions for the calculation of the average response acceleration
coefficient S/g.
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IMPORTANCE (EACTOR) v,

PERIOD (TYPE)

This required command is used to specify the vaue for the seismic
importance factor I.

SMR
RCMR
OTHER
Vr

The required PERIOD command is used to select the equation for the
calculation of the approximate building natural period T,. The SMR,
RCMR and OTHER options are used to select an empirical equation to
computethe building natural period, where SMT standsfor Steel Moment-
Resisting frames, RCMR stands for Reinforced Concrete Moment-
Resisting frames and eccentrically braced frames, and OTHER stands for
all OTHER buildings. The period in seconds al so can be specified directly
by specifying adecimal value v;.

R vy
Thisrequired option is used to specify the value for the response reduction
factor.

FLOOR (TOLERANCE) V¢,

The option FLOOR TOLERANCE specification is used to specify the
el evation neighborhood within which groupsof jointscompriseaparticular
floor for the calculations of the IS1893 load. All jointswhose elevationis
within the specified tolerance are assumed to comprise afloor. The value
for vy, must reflect active length units and is taken as 6 inches by default.

Because the 1S1893 load computations are performed only for the active
joints, any joints that shall not be considered as part of any floor can be
inactivated prior to issuing the FORM 151893 command and then re-
activated following the command:

| NACTI VE JO NTS . ..

FORM | S1893 LQAD ...
ACTI VE JO NTS ALL
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Errors:

The following messages indicate warning conditions that can occur during the

execution of the FORM 151893 LOAD command.

1.

The following message is produced if the specified weight loading does not exist.

****  WARNI NG _STI S93 — Specified WEIGHT |oading DL1 does not
exi st. Conmmand i gnored.

The following message is produced if seismic zone data are not correctly specified:

***%*  WARNI NG_STI S93 — Specified WEIGHT |oading DL1 does not
exi st. Conmmand i gnored.

The following is an example of a FORM 151893 command that will produce this
warning message:

FORM 1 S1893 LOAD ‘ TESTI SX DI RE X WEI GHT LOAD * DL’
SOL Il PERIOD TYPE SMR IMP 1.5 R 4.0

The ZONE option is not specified in the command.

The following message is produced if the soil typeis not correctly specified:

****  WARNI NG _STI S93 — Soil type not correctly specified. Conmand
i gnor ed.

The following is an example of a FORM 151893 command that will produce this
warning message:

FORM |1 S1893 LOAD ‘' TESTI SX DI R X WVEI GHT LOAD ‘' DL’ ZONE
1.5

L
11 PERI OD TYPE SMR | MP R 4.0
The SOIL TY PE option is not specified in the command.

Thefollowing messageisproduced if theimportancefactor | isincorrectly specified.

***%*  WARNI NG _STI S93 — Specified WEIGHT |[|oading DL1 does not
exi st. Conmmand i gnored.
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The following is an example of a FORM 151893 command that will produce this
warning message:

FORM |1 S1893 LOAD ‘' RESTI SX DI R X WVEI GHT LOAD ‘' DL’ ZONE
Il SOL TYPE IIl PERICD TYPE SMR R 4.0

The required value of the importance factor | is not specified.

5. Thiswarning message is given if avalue for the response reduction factor R is not
specified using the required R command option:

**%*  WARNI NG STIS93 — R factor incorrectly specified. Commuand
i gnor ed.

6. The following warning message is given if the PERIOD option is not specified.

***%*  WARNI NG STIS93 — R factor incorrectly specified. Conmmand
i gnor ed.

Example

Thefollowing FORM 151893 command exampl e correctly definesan IS 1893 static
lateral load having the name 1S1893X:

FORM |1 S1893 LOAD ' 1S1893X DI R X WVEIGHT LOAD ‘ DL’
SOL TYPE Il ZONE V PERI OD 1.00
IMPCRT 1.5 R 4.0

The period is directly specified as 1.0 seconds.
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5.3.6 Element Properties Command for Nonlinear Hyster etic Spring Element

The Element Properties command for the hysteretic version of the nonlinear spring
element is shown below and is numbered as it will appear when added to Volume 3 of the
GTSTRUDL User Reference Manual.

2535 The ELEMENT PROPERTIES Command for the
NL S4PH Element

The complete syntax of the ELEMENT PROPERTIES command is described in
Section 2.3.5.2, Volume 3 of the GTSTRUDL User Reference Manual. The properties for
the NLS4PH element, a four-parameter, hysteretic version of the nonlinear spring element
(typeNLYS), are described by the following additional ELEMENT PROPERTIES command
syntax elements:

General form:

ELEMENT PROPERTIES
list (NLSAPH specs)

list (NLSAPH specs)
where,

NLSAPH specs = TYPE ‘NLSAPH’ (force specs) (moment specs) (orientation
specs)

* l [ UXO] Vuxo [ FXO] Vixo [ UXMAX] Vuxm [ FXMAX] Vixm
forcespecs = FORCE  { Y [UYO] Vwo [ FYO] Vo [ UYMAX] Vigm [FYMAX] Vigm
Z [ UZO] Vuzo [ FZO] Viz0 [ UZMAX] Vuzm [FZMAX] Vizm

* [ X [THXO0] Vio [ MXO] Vio [ THXMAX ] Vi [ MXMAX ] Viran
moment specs = MOMENT Y [THYO] Vino [ MYO] Vo [ THY MAXT] Viym [ MYMAX] Viym
Z[THZO] Viwo [ MZO] Vo [ THZMAX] Virem [ MZMAXT Virzm

*[THIv
orientation specs = TH2 v
TH3 vs
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Elements;

nym
uz0
szO

uzm

szm
Vtth

meO

Vthxm =

mxm
VthyO

my0

Vthym =

mym
VthzO
mz0

Vthzm

mzm

Vl, V2, V3

displacement in the spring X direction at curve point O,

spring X force corresponding to v,

displacement in the spring X direction at the point of maximum
displacement on the curve,

spring X force corresponding to v,

displacement in the spring Y direction at curve point O,

spring Y force corresponding to v,

displacement in the spring Y direction at the point of maximum
displacement on the curve,

spring Y force corresponding to v,

displacement in the spring Z direction at curve point O,

spring Z force corresponding to v,

displacement in the spring Z direction at the point of maximum
displacement on the curve,

spring Z force corresponding to v,

rotation about the spring X axis at curve point 0,

spring X axis moment corresponding to V.o,

rotation about the spring X axisat the point of maximum rotation on the
curve,

spring X axis moment corresponding tO Vi,

rotation about the spring Y axis at curve point 0,

spring Y moment corresponding to Vy,,

rotation about the spring Y axisat the point of maximum rotation on the
curve,

spring Y axis moment corresponding to Vy,,

rotation about the spring Z axis at curve point O,

spring Z axis moment corresponding to Vo,

rotation about the spring Z axis at the point of maximum rotation on the
curve,

spring Z axis moment corresponding to Vy,,m,

values in current angle units of the rotation angles 0,, 0,, and 0,
respectively, as shown in Figure 2.1.7-1 (Section 2.1.7.1, Volume 1),
that define the rotated orientation of the spring axes with respect to the
global coordinate system.
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All displacement, rotation, force, and moment val ues assume the appropriate active
length, angular, and force units.

Explanation:

The NLSAPH element is a specia version of the nonlinear spring element
(Section 2.5.3, Volume 3 of the GTSTRUDL User Reference Manual), where the
stiffness properties are described by bilinear, symmetric, hysteretic, force-
displacement and moment-rotation curves. A symmetric curveis defined by atotal
of three data points: the first point at the O, O origin of the curve is assumed; the
second and third points are defined by the specified data values.

The specified data points, for example V,,, Viy0, Viym, @Nd Vy,,, must dways
be positive, and the slope of thefirst line segment connecting point 0,0 and the point
defined by the first pair of data values (e.g. v,,, and v;,) must be greater than the
slope of the second line segment connecting the points defined by thefirst pair (v,,,
and vy,,) and the second pair (v, and v;,,) of values. In addition, the slope of the
second line segment must be greater than or equal to zero. The symmetric negative
portion of the force-displacement or moment-rotation curveis defined by taking the
negative of the specified pairs of data values.

Figure2.5.3.5-1illustratesaforce-displacement curve specified by the

four data point values v,,o, Vi, Viym, @d V.. Theinitial curve template and the
assumed hysteretic behavior are shown.
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Force A
(Vuyo Vio) 7\

2ny0

Displacement

Figure2.5.3.5-1 NLS4PH Force-Displacement Spring Curve with Hysteretic Behavior

The active degrees-of-freedom of the NLSAPH element are defined by the
selection of the force/moment components for which the data point values are
specified. A total of six degrees-of-freedom can be specified, and all degrees of
freedom are uncoupled.

Thedefault orientation of the degrees-of-freedom of the NLS4PH element is
the global coordinate system. FORCE X means global force X, FORCE Y, global
force Y, etc. This orientation can be rotated with respect to the global coordinate
system by specifying valuesv,, v,, and v, for the angles TH1, TH2, and TH3. The
sign convention for these anglesis identical to that of the local release orientation
angles of the JOINT RELEASE command in Section 2.1.7.1, Volume 1 of the
GTSTRUDL User Reference Manual.

The NLSAPH element is applicable for both nonlinear static and dynamic
analyses.

5.3-38



GT STRUDL Nonlinear Hysteretic Spring Element
M odifications:

In CHANGES mode, existing data are replaced with the newly specified data.
Unspecified data is left unchanged.

In DELETIONS mode, only the list of elements need to be specified (see Section
2.3.5.5). All properties data pertaining to the specified elements are del eted.

Example:

Thefollowing exampleillustratesthe specification of NLS4PH propertiesfor element
8. The specified degrees-of-freedom are force X and Moment Z. The local orientation of
the spring is defined by the TH2 value of -30.0° (a negative left-hand rotation about the
global Y axis).

UNITS DEGREES KIPS INCHES
ELEMENT PROPERTIES
8 TYPE 'NLSAPH' -
FORCE X UX0 0.5 FX020.0 UXM 3.0 FXM 22.0 -
MOM ZTHZ01.2MZ0 650.0 THZMAX 10.0 MZMAX 1500.0 TH2 -30.0

Error M essages.

The following messages indicate error conditions that can occur because of the
incorrect specification of the element properties data for the NLS4PH el ement:

{ 63} > UNITS KIPS | NCHES
{ 64} > ELEMENT PROPERTI ES TYPE ' NLS4PH

***%* FRROR _XYPROP — Conmand syntax incorrect for NLS4PH el enent.
Scan node entered.

{ 65} > 7 FORCE X UX0O 0.5 FX0 20.0 UXM 3.0 FXM 22.0
Cl-wcmdm ss, ERROR Command nane m ssing fromline.

These messages are general and are produced when any incorrect syntax isused in
the ELEMENT PROPERTIES command for the NLSAPH element. Inthiscase, the
TYPE ‘NLSAPH’ specification in the ELEMENT PROPERTIES command header
is not permitted. Scan mode is entered, precluding the execution of any time-
consuming and resource-expensive operation such as analysis or the output of
analysis resullts.
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{ 70} > ELEMENT PROPERTI ES

{ 71} > 7 TYPE ' NLS4PH FORCE X UXO 0.5 FXO -10.0 UXM 3.0 FXM
22.0

**** ERROR_STNS4P -- Al NLS4PH el enent property val ues nust be
>= 0.
Scan node enter ed.

This message a so is given when the specified data do not conform to the requirements
described above. In this example, a negative value is specified for FXO0; it must be
greater than 0.0. Scan mode is also entered as aresult of this error condition.

{ 87} > ELEMENT PROPERTI ES
{ 88} > 8 TYPE 'NLS4PH -
{ 89) > MOMZ THzO 1.2 MZO 650.0 THZMAX 10.0 MZMAX 1500.0 TH2
-30.0

***x* ERROR _STNS4P -- Properties already specified for NLS4PH
el ement 8

Scan node enter ed.
This message is given when the NLS4PH properties for a specified el ement previously

havebeen given. Scanmodeisentered. CHANGES modeisrequired to modify existing
NLSAPH properties.
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5.3.7 Nonlinear Dynamic Analysis

Sections 2.5.6.1 and 2.5.6.2 below describe the commands used to execute a
nonlinear dynamicanalysis. Section 2.5.6.1 describesextensionstotheoptional DYNAMIC
PARAMETERS command (Section 2.4.5.3) which are used to set nonlinear dynamic
analysis control parameters. Section 2.5.6.2 describes the DYNAMIC ANALYSIS
NONLINEAR command.

Section 2.5.6.3 provides an example problem illustrating a complete nonlinear
dynamic analysisexecution, includingtheuseof theDY NAMIC PARAMETERS extensions
and the DYNAMIC ANALY SIS NONLINEAR command. The sections are numbered as
they will appear when they are added to Volume 3 of the GTSTRUDL User Reference
Manual.

256.1 ExtensonstotheDYNAMIC PARAMETERS Command

General form:

DYNAMIC PARAMETERS
BLOCK (SIZE) i
UPDATE (STIFFNESS EVERY) i, (TIME STEPS)
MAXIMUM (NUMBER OF EQUILIBRIUM CYCLES) i
CONVERGENCE (TOLERANCE) ENERGY v,
— OFF
INITIAL (STRESSLOAD) { i

3

MAX

RESULTS (FILE NAME) 'fn!
END (OF DYNAMIC PARAMETERS)

Elements:

Iss = gize of eguation blocks in double words if the out-of-core equation
solver isto be used,
= time step interval at which complete updating of the effective global
tangent stiffness matrix is to occur,
Imax = maximum number of equilibrium correctioniterations permitted within
each time increment, (default iy, = 15),
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VoL = adecimal number much less than 1.0, representing the incremental
energy convergence tolerance, (default v, =.001),

he/'@ag’ = integer or aphanumericid of theinitial stressloading,
‘f’ = aphanumeric string to be used in the construction of the dynamic

analysis results file names. The length of the aphanumeric string is
limited to 24 characters.

Explanation:

The DYNAMIC PARAMETERS command includes the following options
which are used to control a nonlinear dynamic analysis.

BLOCK SIZE i

By default, GTSTRUDL attemptsto perform the nonlinear dynamic analysis solution
entirely within the virtual memory (RAM plus pagefile) of the computer. If thisisnot
possibleor practical, the BLOCK SIZE parameter may be specified, indicating that an
out-of-core solution procedureisto be used. The out-of-core solution process divides
the equations of motion into blocks of maximum double word size iz, which are
stored in scratch files. The blocks are transferred back and forth between the scratch
filesand virtual memory during the solution process, and the scratch files are del eted
from the system when the solution is complete. The block transfer process resultsin
longer solution times, and while the blocked solution process requires less virtual
memory, sufficient hard disk space is needed for the storage of the blocks. If avalue
of Oisgiven for igs, the solution procedure is reset to the in-core method.

UPDATE STIFENESS EVERY i, TIME STEPS

The nonlinear dynamic analysisis a modified Newton-Raphson process whereby the
an effective dynamic stiffness matrix is updated, i.e. re-computed, only at the
beginning of atime step and only at thetime step interval specified by i,. If thisoption
isnot specified or avalue of Oisspecifiedfor i, the effective dynamic stiffness matrix
is computed at the beginning of the first time step and remains constant thereafter.
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MAXIMUM NUMBER OF EQUILIBRIUM CYCLES ijax

Equilibrium correction cycles are executed for every time step. Thisoptionisused to
specify the maximum permissible number of these cyclesin any giventimestep. If a
value for iy is not specified, 15 is assumed. If the maximum number of cyclesis
reached and convergence has not been achieved, then the entire analysisisterminated.

CONVERGENCE TOLERANCE ENERGY Vo,

The CONVERGENCE TOLERANCE ENERGY option specifies the value for the
convergence tolerance used in the incremental energy convergence check. If not
specified, a convergence tolerance value of 0.001 is assumed.

INITIAL STRESSLOAD OFFiq/ag’

Thisoptionidentifiesaloading condition, i g /' a4 ', fromwhichaninitial displacement
and stress state is established for the subsequent nonlinear dynamic analysis. The
anaysis starts with the structure in this state, including the applied loading that
produced it. Theinitial stressload induces no acceleration at the start of the analysis,
and is carried throughout the entire analysis.

Theinitial stressload istypically aself-weight load applied to the structure, for which
astatic stiffness or nonlinear analysis has been previously executed. Theinitia stress
load aso may be the prestress |oading from the previous prestress analysis of acable
structure (see Section 2.6.3, Volume 3, GTSTRUDL User Reference Manual).

ThelINITIAL STRESSLOAD OFF command isused to switch off theinclusion of an
initial stressload for a nonlinear dynamic analysis in the case where an initial stress

load was specified for a previous nonlinear dynamic analysis.

RESULTS FILE NAME ‘fn’

Nonlinear dynamic anaysisusestheexternal file solver procedure described in Section
2.4.5.3 (Section 5.10 of this Release Guide), whereby the results of the dynamic
anaysis — displacements, velocities, accelerations, member forces, etc. — are
permanently stored at the end of each time step into external save filesrather than in
virtual memory. TheRESULTSFILE NAME option specifiesan a phanumeric string
to be used as afile name prefix in the creation of the resultsfile names. If thisoption
isnot given, thenthefilename prefix string ‘fn’ istaken asthe problemid givenin the
STRUDL command (Section2.1.2.3, Volume 1, GTSTRUDL User ReferenceManual)
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or the CHANGE ID command (Section 2.1.2.5, Volume 1, GTSTRUDL User
Reference Manual). If aproblemidisnot specified in either of these two commands,
then ‘fn’ istaken as‘DyJob’.

It is recommended that the RESULTS FILE NAME command be given only oncein
agiven job, regardless of the number of nonlinear dynamic analyses performed for
different transient loading conditions. Giving a new RESULTS FILE NAME
command prior to each nonlinear dynamic analysis for a new transient loading is
permitted; however, doing so will make it cumbersome later to accessthe resultsfrom
the different loading conditions. Prior to accessing the results from a particular
transient loading condition, it will be necessary tore-issuetheRESULTSFILENAME
command with the value of ‘fn’ initially used to create the results for that loading
condition.

M odifications:
The DYNAMIC PARAMETERS command functions identically in ADDITIONS,

CHANGES, and DELETIONS modes. To changethevalue of adynamic parameter, simply
re-specify the new value, regardless of input mode.
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256.2 DYNAMIC ANALYSISNONLINEAR Command

General form:
*
BETA v,
DYNAMIC ANALY SIS NONLINEAR N
- - - NP iy p
Elements:
vy = decimal valueof Binthe Newmark-gformulation of direct integration.
The default value is 0.25, corresponding to the constant average
accel eration method.
Ingp = integer number of joints per partition.
Explanation:

The DYNAMIC ANALY SIS NONLINEAR command is used to execute a
nonlinear dynamicanalysis, usingthe Newmark-£ formulation as described in Section
2.4.2.4.2 of Volume 3, GTSTRUDL User Reference Manual .

The BETA option is used to change the value of £ in the Newmark-£
formulation from the default value of 0.25, which corresponds to the unconditionally
stable constant average accel eration method.

The NJP option isused to specify the number of joints per partition, which has
only aminimal effect on the efficiency of the nonlinear dynamic analysis procedure.
The default NJP value is 36/JF, where JF = the number of degrees-of-freedom
associated with the type of member or element specified in the last TY PE command
(Section 2.1.5.2.2, Volume 1, GTSTRUDL User Reference Manual, Section 2.3.4,
Volume 3, GTSTRUDL User Reference Manual).

Nonlinear dynamic analysis supports al available TRANSIENT LOADING
options.
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The nonlinear dynamic analysis calculates and stores nodal displacements,

velocities, accelerations, and element nodal forces for nonlinear geometric frame and

truss members, tension/compression-only members, friction damper members,

nonlinear spring elements, NLS4PH elements, and IPCABLE elements. Member end

forces and finite element nodal forces, and finite element stresses and strains may be

computed and stored for linear members and finite el ements by using the COMPUTE

TRANSIENT command described in Section 2.4.5.7, Volume 3, GTSTRUDL User
Reference Manual .

All currently available dynamic analysis results processing functions support
the results from nonlinear dynamic analysis.

Nonlinear dynamic analysis does not presently support the following capabilities:
1. Superelements

2. Joint constraints, i.e. joint ties and rigid bodies (Section 2.6.5, Volume 3,
GTSTRUDL Reference Manual).

3. Dynamic degrees of freedom condensation using the DY NAMIC DEGREES
OF FREEDOM command (Section 2.4.5.1, Volume 3, GTSTRUDL User
Reference Manual .

If superelements are detected, the following error message is printed and the
analysisis terminated:

***%* FRROR STDNL1 - - Super el ement (s) det ect ed.
Analysis termnated and SCAN node
entered.

If joint constraints are detected, thefollowing error messageis printed and theanalysis
is terminated:

***%* FRROR STDNL1 - - Joint constraints specified but not
presently supported by nonlinear
dynam ¢ anal ysi s.
Analysis termnated and SCAN node

ent er ed.

If dynamic condensation of dynamic degrees of freedom is detected, the following
error message is printed and the analysisis terminated.
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**%* FRROR STDNL1 - - Dynam ¢ DOF condensati on requested but
not presently supported by nonlinear
dynam ¢ anal ysi s.
Analysis termnated and SCAN node
entered.
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2.5.6.3 Nonlinear Dynamic Analysis Example

Figures 2.5.6.3-1 and 2.5.6.3-2 show sketches of a ssmple two-story space frame
structure which is the subject structure of the nonlinear dynamic analysis example problem
command listing givenin Figure 2.5.6.3-3. Figure 2.5.6.3-1 showsthe structure with joints
labeled and Figure 2.5.6.3-2 shows the structure with beam and column members and floor
finite elementslabeled. Figure 2.5.6.3-3 contains the command input file for this example,
including comments which describe the use of the nonlinear dynamic analysis commands
described in the previous sections.
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14

15

16

\ 11

P
/a

Feet Pounds

Figure2.5.6.3-1  Nonlinear Dynamic Analysis Example Structure — Joints Labeled
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6 BZ1 X1
F1
B72 BXpP
i
7
Q
\

Feet Pounds

Figure 2.5.6.3-2 Nonlinear Dynamic Analysis Example Structure — Members
and Finite Elements Labeled
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STRUDL ' NI DyEx' ' Nonlinear Dynam c Anal ysis Exanpl e Probl em
$* * %

$********************************************************************

$********************************************************************

$* * %

$

$ Ceonetry

$

UNI TS FEET

JO NT COCRD
1 0.0 0.0 0.0 S
2 0.0 0.0 10.0 S
3 15.0 0.0 10.0 S
4 15.0 0.0 0.0 S

GENERATE 3 JONTS ID5 1 X 0.0 Y 12.0 2 0.0 5.0
REPEAT 2 TIMES ID 3 X 7.5
REPEAT 1 TIMEID 9 Y 12.0

TYPE SPACE FRANE
MEMBER | NCI DENCES

1
2
3
4

A WDNPEF

5
7
13
11
GEN 4 MEMBERS ID5 1 FROMLIST 5 7 13 11 TO LIST 14 16 22 20
GEN 2 MEMBERS ID 'BX1' 1 FROM5 3 TO 8 3

REPEAT 1 TIME ID 2 FROM 2 TO 2

REPEAT 1 TIME ID 4 FROM9 TO 9

GEN 2 MEMBERS ID 'BZ1' 1 FROM5 1 TO6 1

REPEAT 1 TIME ID 2 FROM 6 TO 6

REPEAT 1 TIME ID 4 FROM9 TO 9

TYPE PLATE

GEN 2 ELEMENTS ID 'F1' 1 FROM5 1 TO6 1 TO9 1 TO8 1
REPEAT 1 TIMEID 2 FROM3 TO 3 TO 3 TO 3

REPEAT 1 TIMEID 4 FROM9 TO9 TO9 TO 9

MATERI AL CONC
UNI TS | NCHES
VEMBER DI MENSI ONS
1 TO8 RECT B 8.0 H 12.0
"BX1' TO 'BX8' 'BzZl1' TO 'Bz8' RECT B 8.0 H 18.0
ELEMENT PROPERTI ES
"F1' TO'F8' TYPE 'SBHQ' THI CK 4.0

$
$ Define self weight and dead load 1. This load is used as
$ the initial stress loading for the nonlinear dynam c analysis.
$
UNI TS FEET LBS
DEAD LOADS 1 DIR -Y MEMBERS 1 TO 8 -
'BX1' TO 'BX8' 'BzZl1' TO 'BZzZ8'
VEMBER LOADS
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"BX1' 'BX2'" FORCE'Y G.OB UNI FR W-500.0 LA 0.0 LB 1.0

ELEMENT LOADS
"F1' TO'F8' BODY FORCES GLOBAL BY -150.0

$
$ Define nonlinear geonetric behavior for colum
$ nmenbers 1 to 8. Al other nenbers and finite
$ elenents remain |inear.
$
NONLI NEAR EFFECTS

GEOVETRY MEMBERS 1 TO 8

$

$ Execute a nonlinear analysis for loading 1 to
$ establish the initial stress conditions.

$

MAXI MUM NUMBER OF CYCLES 10

CONVERGENCE TOLERANCE DI SPL 0. 001

LOAD LI ST 1

NONLI NEAR ANALYSI S

UNI TS | NCHES CYCLES SECS
LI ST DI SPLACEMENTS

LI ST FORCES

LI ST SUM REACTI ONS

$

$ Add dynami c analysis data including inertia and

$ dynamic | oading data. This data is specified

$ in the sane manner as for linear dynam c anal ysis.
$

UNI TS LBS

I NERTI A OF JO NTS LUVMPED
I NERTI A OF JO NTS WEI GHT
3 4 5 6 TRANSLATI ON ALL 10000. 0

TRANSI ENT LOAD ' EQ X
SUPPORT ACCELERATI ON

TRANSL X FI LE ' ELCENTRO

| NTEGRATE FROM 0.0 TO 10.0 AT 0.01
END TRANS LOAD

TRANS| ENT LOAD ' EQ Z'
SUPPORT ACCELERATI ON
TRANSL Z FILE ' ELCENTRO FACTOR 0.5
| NTEGRATE FROM 0.0 TO 10.0 AT 0.01
END TRANS LOAD

$

$ This bl ock of DYNAM C PARAMETERS conmands contains the nost
$ commonly used control data specifications for nonlinear

$ dynami ¢ anal ysi s including the MAXI MUM CONVERGENCE TOLERANCE,

$ INITIAL STRESS, UPDATE, and RESULTS FI LE conmands.
$
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DYNAM C PARAMETERS

MAXI MUM NUMBER OF EQUI LI BRI UM CYCLES 30

CONVERGENCE TOLERANCE 0. 0001

I NI TI AL STRESS LOAD 1

UPDATE STI FFNESS EVERY 3 TI ME STEPS

PRI NT MAX

RESULTS FI LE NAME ' N1DyEX
END DYNAM C PARANS

$

$ Execute the nonlinear dynami c anal ysis
$

DYNAM C ANALYSI S NONLI NEAR

$

$ Perform nornmal backsubstitution and results processing
$ operations

$

COVPUTE TRANSI ENT FORCES

COVWPUTE TRANSI ENT STRESSES

COVPUTE TRANSI ENT REACTI ONS LQADS

LI ST TRANSI ENT FORCES TIMES FROM 1 TO 10 MEMBER 1 2 ' BX1' ' BZ1'
LI ST TRANSI ENT MAX FORCES MEMBERS 1 2 ' BX1' ' BZ1'
LI ST TRANSI ENT MAX DI SPL JO NT 5

CREATE PSEUDO STATIC LOAD 3 FROM TIME 2 OF LOAD ' EQ X

CREATE PSEUDO STATI C LOAD 4 FROM MAX OF LOAD ' EQ X

CREATE PSEUDO STATIC LOAD 5 FROM TIME 2 OF LOAD ' EQ Z'

CREATE PSEUDO STATIC LOAD 6 FROM MAX OF LOAD ' EQ Z'

CREATE PSEUDO STATIC LOAD 7 FROM TIME 2 OF LOADS 'EQ X 'EQ Z
CREATE PSEUDO STATIC LOAD 8 FROM MAX OF LQOADS 'EQ X' 'EQ Z

LOAD LIST 1 3 TO 8

UNI TS | NCHES KI PS

OQUTPUT BY MEMBER

LI ST DI SPL JO NT 5

LI ST FORCES MEMBERS ' BX1' ' BZ1'

SECTION FR NS 3 0.0 0.5 1.0
LI ST SECTI ON FOCRCES MEMBERS ' BX1' ' BZ1'

FI' N

Figure 2.5.6.3 Command Input File for Nonlinear Dynamic Analysis Example
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5.3.8 The Viscous Damper Element for Linear and Nonlinear Dynamic
Analysis

The Sections shown below are numbered as they will appear when added to Volume
3 of the GTSTRUDL User Reference Manual.

24.3.7 The Viscous Damper Element for Linear and Nonlinear
Dynamic Analysis

This section describes the commands that are used to incorporate the viscous damper
element (dash pot) into a structural model that is used for linear and nonlinear dynamic
analysis by the direct integration procedure. The commands that are used for this purpose
include:

1 DAMPER ELEMENT DATA, described in Section 2.4.3.7.1.
PRINT DAMPER ELEMENT DATA, described in Section 2.4.3.7.2.
3. DELETE DAMPER ELEMENT DATA, described in Section 2.4.3.7.3.

N

24.3.7.1 TheDAMPER ELEMENT DATA Command
Tabular form:
DAMPER ELEMENT (DATA)

{iD } {is } {iE } {—>GLOBAL}
INCIDENCES QE b T -
'Eb' 'as' 'aE' LOCAL

[CTX] Verx  [CTY] Very  [CTZ] Vir, [CRX] Very [CRY] Very [CRZ] Vg,

{iD } {is } {iE } {—>GLOBAL}
INCIDENCES QE b T -
'Eb' 'aS' 'BE' LOCAL

[CTX] Verx  [CTY] Very  [CTZ] Ver, [CRX] Very [CRY] Very [CRZ] Vg,

END (OF DAMPER ELEMENT DATA)
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Elements;

ip/ 8’

VCT)(

VCTY

VCTZ

VCRX

VCRY

VCRZ

integer or alphanumeric name of the new damper element. The name
must be unique among al previously defined damper elements and is
restricted to no more than eight digits or alphanumeric characters.

integer or aphanumeric name of a previously defined joint to be the
starting incident joint of the new damper element.

optional integer or alphanumeric name of the previously defined joint to
be the ending incident joint of the new damper element. The starting
joint and ending joint names must be different.

decima vaue for the damper force coefficient corresponding to
trandation velocity in the LOCAL or GLOBAL X direction. Active
force, length, and time units apply [force/(length/time)].

decima vaue for the damper force coefficient corresponding to
trandation velocity in the LOCAL or GLOBAL Y direction. Active
force, length, and time units apply [force/(length/time)].

decima value for the damper force coefficient corresponding to
trandation velocity in the LOCAL or GLOBAL Z direction. Active
force, length, and time units apply [force/(length/time)].

decima value for the damper moment coefficient corresponding to
angular velocity about the LOCAL or GLOBAL X axis. Active force,
length, angle, and time units apply [force-length/(angle/time)].

decima value for the damper moment coefficient corresponding to
angular velocity about the LOCAL or GLOBAL X axis. Active force,
length, angle, and time units apply [force-length/(angle/time)].

decima value for the damper moment coefficient corresponding to

angular velocity about the LOCAL or GLOBAL X axis. Active force,
length, angle, and time units apply [force-length/(angle/time)].
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Explanation:

The DAMPER ELEMENT DATA command is used to create new viscous
damper elements and define their joint connectivity and damping force and moment
properties. The viscous damper element data are entered by giving the DAMPER
ELEMENT DATA command header first, followed by one or more tabular element
data entry lines of the form:

{iD } {is } {iE } {—)GLOBAL}
INCIDENCES ( ) - -
Iajl — I%I I%I LO%L
[ﬂ] VCTX [m] VCTY [QZ] VCTZ [%] VCRX [@] VCRY [E] VCRZ

for each new damper element. This data entry line consists of the element name, the
element incidences, the element orientation, and the element viscous damping
coefficients, which are described in greater detail as follows:

Element name { 'o }
&
Each new damper element must be given an integer or alphanumeric namethat
isunique among all other existing damper element names. The name may not
exceed eight digits or alphabetic characters. The name may be a duplicate of
apreviously defined member or finite element name.

INCIDENCES {,'S }
as

The damper element connectivity isdefined by one or two incident joints. The
firstincidentjoint, iy’ &', definesthe start of the element. The secondincident
joint, i/’ a;’, is optional and defines the end of the element. If only one joint
isgiven, the second joint istaken asatotally fixed support joint; it isfictitious
and invisible. The specified joints must have been previously defined and if
two are specified, they must be different. However, they may be coincident.
The only restriction on the selection of incident jointsis that they may not be
davejoints.
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%

— GLOBAL

LOCAL }

TheGLOBAL and LOCAL optionsare used to specify the coordinatereference
frame for the damper element. The GLOBAL option, which is the default,
means that the element is a global element and that the six element damping
degrees-of-freedom are defined with respect to the global coordinate system.
The LOCAL option means that the element damping degrees-of-freedom are
defined with respect to the element local coordinate system, whichisidentical
to the local joint-to-joint coordinate system for frame members. The only
difference between the frame member and damper element local coordinate
systems is that the damper element does not support the Beta angle. If the
LOCAL optionisspecified, but thejoint-to-joint length of theelement is equal
to 0 (< 10” inches), then GLOBAL is assumed. In addition, GLOBAL is
automatically assumed for any damper element for which only one incident
joint is specified.

[m] VCTX [CTY] VCTY [CTZ] VCTZ [ﬂ] VCRX [E] VCRY [ﬂ] VCRZ

These decimal data values represent the damping coefficient values on the
diagonal of the uncoupled element damping matrix, which has the following
form:

[ CTX 0 0O 0 0 0 |
Ctly 0 0 O O
Ctfz 0 0 O
(sym) CRX 0 O
CRY O
] CRZ,

Thesevaluesrefer to the element damping tranglational and rotational degrees-
of-freedom with respect to the specified coordinate system, GLOBAL, the
default, or LOCAL. Only non-zero values need be specified.

Command processing is completed when the END option is given.

The damping properties from the viscous damper elements are assembled into

thetotal global system damping matrix of the equations of motion that are solved using
the direct integration methods executed by the DYNAMIC ANALY SIS PHY SICAL
and DYNAMIC ANALY SISNONLINEAR commands. The viscousdamper element
data are used only by the execution of these two commands
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M odifications:

TheDAMPER ELEMENT DATA command operatesonly inthe ADDITIONS mode.
If the command is given when the active input mode is CHANGES or DELETIONS, then
the command execution is terminated and the command dataare ignored. If it is necessary
to change the data for an existing damper element, then use the DELETE DAMPER
ELEMENT command described in Section 2.4.3.7.3 to delete the damper element to be
changed, followed by the re-specification of the new data in the DAMPER ELEMENT
DATA command. All of these steps are performed in ADDITIONS mode.

Example:

The following example illustrates the creation of two damper elements DAMP1 and
DAMP2. DAMP1 spansfrom joint 2 to joint 10 and has one damping coefficient equal to
10" kips/(inches/second) corresponding to translation in thelocal y direction of the el ement.
DAMP2 spans from joint 1 to joint 2 and has global damping factors CTX = 100
kips/(inches/second) and CRZ = 1000 kip-inches/(radians/second). Thedamping coefficients
for element DAMP2 arereferenced with respect to the global coordinate system because the
GLOBAL/LOCAL option was not given. The execution of this example depends on
DAMP1 and DAMP2 not having been previously defined and joints 1, 2, and 10 being valid
joints.

UNI TS KI PS | NCHES RADI ANS
DAVPI NG ELEMENT DATA
"DAMP1" INC 2 10 LOCAL CTY 1.EY
"DAMP2' INC 1 2 CTX 100.0 CRZ 1000.0
END

Errors:

1.  When two or more damper elements are defined with the same name, the following
warning message is printed. Command processing is terminated for the offending
element and continues for subsequent el ements.

{ 10} > DAMPI NG ELEMENT DATA

{ 11} > "DAWMP1L' INC 1 2 LOCAL CTX 100.0 CRZ 1000.0

{ 12} > "DAWMPL' INC 2 4 GLOBAL CTY 1.E7

***%* WARNI NG_STDELD -- Danper el enent DAMP1 previously defined. Comand ignored.

{ 13} > 'DAMP3' INC 3 3 GLOBAL CTY 1.E7
{ 14} > END
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Element DAMPL issuccessfully created by thefirst tabular command entry. Thewarning

message for DAMPL is printed for the second tabular entry for DAMP1. Command
processing continues with the tabular entry for DAMPS.

2. Thefollowingwarning messageisprintedif oneor both of the specified element incidence
joints are not defined. Command processing continues with the tabular entry for the next
element.

{ 10} > DAMPI NG ELEMENT DATA
{ 11} > "DAMP1" INC 2 10 LCCAL CTY 1.E7

***%* WARNI NG_STDELD -- Danper el enent incidence joint not defined.
Conmand i gnor ed.

{ 12} > "DAMP2' INC 1 2 LOCAL CTX 100.0 CRZ 1000. 0
{ 13} > END

The warning message indicates that one or both of the specified element incidences for
element DAMPL1 are not defined.

3.  Thefollowingwarning messageis printed when the starting and ending element incidence
joints are the same. Command processing continues with the tabular entry for the next
element.

{ 10} > DAMPI NG ELEMENT DATA

{ 12} > "DAMP1L" INC 1 2 LOCAL CTX 100.0 CRZ 1000.0
{ 13} > "DAMP2' INC 2 4 GLOBAL CTY 1.E7

{ 14} > "DAMP3" INC 3 3 GLOBAL CTY 1.E7

****% WARNI NG_STDELD -- Danmper element starting and ending incident joints are the
sane. Conmand i gnored.

{ 15} > 'DAWP4' INC 4 5 CTY 1.E7
{ 16} > END
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24.37.2 ThePRINT DAMPER ELEMENT DATA Command

General form:

PRINT DAMPER (ELEMENT DATA)

Explanation:

The PRINT DAMPER ELEMENT DATA is used to print atable of the damper

element datafor all existing damper elements. Thefollowing isan example of the printed
output from this command:

Example:

The following example illustrates the format for the output from the PRINT DAMPER
ELEMENT command.

{ 17} > PRI NT DAMPI NG ELEMENT DATA

R

* RESULTS FROM LATEST ANALYSI S *

kkkkkkhkkhkkhkkhkkhkhkhkkhkhkhkkkkkk k%

ACTI VE UNI TS (UNLESS | NDI CATED OTHERW SE) :

LENGTH EI GHT ANGLE TEMPERATURE TI ME
FEET LB RAD DEGF SEC

Danpi ng El enent Data

El enent Start Jnt End Jnt CTX CTY CrZ CRX CRY CRz

DAMP1 LCC 1 2 100.0 0. 0000E+00 0. 0000E+00 0. 0000E+00 0. 0000E+00 1000.

DAMP2 Gao 2 4 0. 0000OE+00 0. 1000E+08 0. 0000E+00 0. 0000E+00 0. 0000E+00 0. 0000E+00
Errors.

The following warning message is printed when no damper element data exists.

{ 9} > PRINT DAMPI NG ELEMENT DATA

R R S S R I b o S IR S o o O

* RESULTS FROM LATEST ANALYSI S *

R R S O O
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ACTIVE UNI TS (UNLESS | NDI CATED OTHERW SE) :
LENGTH V\EI GHT ANGLE TEMPERATURE TI VE
FEET LB RAD DEGF SEC

Danpi ng El enent Data

El enent Start Jnt End Jnt CTX CTYy CRz

**%* | NFO_STPDED -- Danper el enent data have not been defi ned.

24373 TheDELETE DAMPER ELEMENT DATA Command

General form:

i i
DELETE DAMPER (ELEMENT DATA) {[;D} { P }

—_7 ‘3,
Elements:
ip/’a =  integer or alphanumeric name of damper element to be deleted. The name
islimited to no more that eight digits or characters.
Explanation:

Thiscommand isused to del ete previously defined damper elements. Thenames
of the elementsto bedeleted aregiveninthelist of individually named damper elements.
No other list construct, suchas“1 TO 10" is permitted. Specified damper elements that
are not defined are ignored.
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54 General Prerelease Features

54.1 Align Command

The ALIGN command will align jointsin aline of members in a column to ensure that
thecolumnisparallel tothegloba Y axis. Thesection below isnumbered asit will appear when
added to Volume 1 of the GTSTRUDL User Reference Manual.

211216 TheALIGN Command

This command will move joints at the "top” (top if the Y axisis vertical) of members
parallel to the global Y axis, so that the "top" joint has the same X and Z coordinates as the
"bottom" joint. Thisis to ensure that all these members follow the 'Special Case' for loca
referenceframeorientation. See Section 1.10.4inVolume 1 of the GTSTRUDL User Reference
Manual or Section 8.5, "The BETA Angle", inthe GTSTRUDL Anaysis Users Guide. This
command is useful for situations where coordinates are calculated to a precision that does not
ensure alignment with the Y axis, such as coordinates created by an outside program, or use of
the GENERATE or OBJECT COPY commands with many copies or large coordinates. Since
the check for being parallel isvery exactingin GTSTRUDL (within 0.01%), it is possible for a
column line to have some columns that are 'Special Case' members and others that are not,
resulting in inconsistent default orientations.

Notes:
This"out of aignment" problem can also occur for beams parallel tothe Y global axis
in“Z up” structures.
MEMBER ECCENTRICITIES are not considered during the alignment check because
they are not used to determine the default member orientation.

Syntax:

ALIGN (MEMBERS list) (REPORT (ONLY)) (ALONG Y AXIS) -
(TOLERANCE v, (RATIO)) (ITEMIZE (WITH DETAIL) )

Where,
list  isanoptional list of members, as defined by Section 2.1.2.2 of this volume.

A isthe specified TOLERANCE used to define “parallel to global Y”
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Explanation:

MEMBERS If nolistisgiven, all memberswill be checked.

REPORT Don't change joint coordinates, only report detected possible alignment
problems. Since the adjustment procedure changes joints from the
"bottom" of the structure (starting at the most negative Y location) and
works toward the "top", 'REPORT ONLY" alignment checks may be
dightly different because "lower" joints will not have been changed.

TOLERANCE
Members which have an X or Z projection equal to or less than this value will
beconsidered parallel to'Y and will be checked for alignment. Thedefault value
is0.1inch (2.5 mm).

RATIO This option specifies that the tolerance specified be used as a ratio: (X or Z
projection)/(member length). This option allows you to have more control in
special situations. To avoid possible problems the TOLERANCE value is not
permitted to exceed 0.05.

ITEMIZE This option will generate a message for each joint that is changed.

DETAIL Thisoptionwill aso print the old coordinates and the new coordinates of
each changed joint.

The ALIGN MEMBERS command will change joint coordinates to keep
members parallel to thegloba Y axis, unlessthe REPORT option isspecified. A list of
all members that meet the criteria for being considered "parallel to global Y" is built,
respecting the default or user-specified valuesfor TOLERANCE and RATIO. Members
are then 'aligned’ (joint coordinates changed) from the "bottom™, or most negative Y
coordinate, to the "top".

Examples:

ALI GN REPORT ONLY | TEM ZE

****%| NFO_STALGN - The following joints need to be adjusted to align nmenbers
in the global Y direction:
Joint 5 needs to be aligned with joint 1
Joint 9 needs to be aligned with joint 5
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ALI GN | TEM ZE W TH DETAI L

*xx%| NFO_STALGN - The following joints were adjusted to align nenbers
in the global Y

Joint 5 was al i gned

ad (X,Z): 0.10000E+00

Joint 9 was al i gned

add (X,2): 0.20000E+00

Joint 13 was al i gned

ad (X Z): -0.30000E+00

Joint 16 was al i gned

add (X,Z2): 0.45100E+03

**%%] NFO_STALGN - A total of 4

ALI GN | TEM ZE
**%* | NFO_STALGN -
Joint 5
Joint 9
Joint 13
Joint 16

****] NFO_STALCN -

ALl GN

***% | NFO_STALCN -

direction:
with joint 1
0. 10000E+00
with joint 5
0. 20000E+00
with joint 9
- 0. 30000E+00
with joint 12

0. 10000E+01 New (X, 2):

joints were adj usted.

New (X, Z):
New (X, Z):

New (X, Z):

0. 00000E+00

0. 00000E+00

0. 00000E+00

0. 45000E+03

0. 00000E+00

0. 00000E+00

0. 00000E+00

0. 00000E+00

The following joints were adjusted to align menbers

in the global Y direction:
was aligned with joint
was aligned with joint
was aligned with joint
was aligned with joint

A total of

A total of

If no members were determined to be misaligned:

ALl GN

**** | NFO STALGN - No joints required adjustnent.
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54.2 ROTATE LOAD Command

TheROTATE LOAD command will rotate an existing loading and create anew loading
condition in order to model adifferent orientation of the structure or theloading. TheROTATE
command is described below and is numbered asit will appear when added to Volume 1 of the
GTSTRUDL User Reference Manual.

211146 TheROTATE LOAD Command

General form:
Ig
ROTATE LOADING (ANGLES) [T_l] rl[T_Z] r, [B] r,
la.R 1
Elements:
ir & = integer or aphanumeric name of the existing independent loading
condition whose global components are to be rotated.
r,r,r; = valuesincurrent angleunitsof theload component rotationangles 6, 0.,
0, as shown in Figure 2.1.7-1, Volume 1, GTSTRUDL User Reference
Manual.
Explanation:

In many instances, loading conditions are defined for a structure having a given
orientation in space, but then the same structure may need to be analyzed for different
additional orientations. Applied loading components that are defined with respect to
local member or element coordinate systems remain unchanged regardiess of the
structure’' s orientation. However, loading components that are defined with respect to
the global coordinate system may need to be rotated in order to properly reflect a new
orientation for the structure. This is particularly true for self-weight loads, buoyancy
loads, etc.

The ROTATE LOADING command is used to take the global applied loading
components from an existing loading condition, rotate them through a set of rotation
angles, and copy the new rotated global components to a new or modified different
destinationloading condition. Theexistingindependent |oading condition, theROTATE
load, from which the rotated global load components are computed is specified by the
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loading name i/’ a;’. The anglesof rotation are specified by thevaluesr, r,, r;. These
rotation angles are defined according to the same conventions as those that define the
local support release directionsin the JOINT RELEA SE command described in Section
2.1.7.2,Volume 1 of the GTSTRUDL User Reference Manual, and illustrated in Figure
2.1.7-1.

The ROTATE LOADING command is always used in conjunction with one of
the following loading definition commands. LOADING, DEAD LOAD, and FORM
LOAD. These commands will define the name (and title) of a new or existing
destination loading condition into which the ROTATE LOADING results are copied.
The ROTATE LOADING command may be given with any additional applied loading
commands such as JOINT LOADS, MEMBER LOADS, ELEMENT LOADS, etc.

Taking the specified loading ix/’ay’, the ROTATE LOADING command
performs the following operations and copies the results into the destination loading
condition:

1. Rotate all joint loads, including applied joint support displacements.

2. Rotate all member force and moment loads defined with respect to the
global coordinate system. Member force and moment loads defined with
respect to the member local coordinate system are simply copied without
rotation.

3. Rotate all element force loads defined with respect to the global
coordinate system. Element force loads defined with respect to any
applicablelocal or planar coordinate systemsare copied without rotation.

4, All other types of loads such as member temperature loads, member
distortions, joint temperatures, etc. are copied without changes.

Examples:

1.

UNI TS DEGREES
LOADI NG 2 ‘ ROTATED LQOADI NG
MEMBER DI STORTI ONS
1 TO 10 UNNFORM FR LA 0.0 LB 1.0 DI SPL X 0. 001
ROTATE LOADI NG 1 ANGLES T1 45.0
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Theappliedloadsfrom previously defined loading 1 will be processed according to Steps
1 to 4 above and copied into the new destination loading 2, which includesthe specified
member distortion loads applied to members 1 to 10.

2. UNI TS DEGREES
CHANGES
LOADI NG 3
ADDI TI ONS
ROTATE LOAD 4 ANGLES T2 -30.0

Previously defined loading 3 is specified in CHANGES mode, followed by areturn to
ADDITIONS mode. The ROTATE LOAD command is then given to add the
components of load 4, including appropriate rotations, to loading 3.

Error M essages.

Incorrect datagivenintheROTATE LOADING command will causethefollowing error
conditions to be identified and error messages printed:

1 Thefollowing error messageis printed if the ROTATE loading nameisidentical to the
name of the destination load. An example of the commands that produce this error are
also included:

{ 114} > LOADI NG 201
{ 115} > ROTATE LOAD 201 T1 45.0

***x* ERROR_STROLO - The ROTATE loading is illegally the same as the destination | oading.

Conmmand i gnor ed.

Loading 201 is illegally named as both the destination load and the loading whose
components are rotated.

2. In the following error example, loading 51 is undefined.

{ 111} > LOADI NG 201
{ 112} > ROTATE LOAD 51 T1 45.0

***x* ERROR STROLO — Loading to be rotated undefined. Conmand ignored.

3. The following error message is produced because loading 4, specified asthe ROTATE
load, is aload combination, or dependent loading condition. The ROTATE load must
be an independent |oading condition.

{ 141} > LOADI NG 108
{ 142} > ROTATE LOADING 4 T3 45.0
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**** ERROR STROLO — Rotated Loading 4 is an illegal dependent | oad.
Command i gnor ed.

4, This error condition and message is caused by the fact that the destination load 108 is
defined as aloading combination.

{ 144} > LOAD COMB 108 “ALL’ COMBINE 1 1.5 2 1.0 3 1.0
{ 145} > ROTATE LOADING 1 T3 45.0

**** ERROR _STROLO — Destination i ndependent |oading not defined.
Rot at ed | oad conponents not conput ed.
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543 RUN Command

The RUN command alows you run externa programs or DOS batch (cmd) files with a
GTSTRUDL command. This is useful for automating procedures that rely on GTSTRUDL
generated data, such as a user created design program that needs member ends forces from

GTSTRUDL.

The RUN command has been improved to alow new options and longer commands.
Implementation haschanged fromthe"C" systemlibrary toaMicrosoft API, whichismore
robust way to run external programs.

Syntax

RUN ( (BATCH) (KEEP) ) ( WAIT ) "program’
where program = a".exe", ".bat" or ".cmd" file or DOS command, along with
arguments. Thetotal length of ‘program’islimited to 255 characters. Y ou cannot
use the quote/apostrophe character (*) in 'program’, but double quotes (") are
acceptable.

Explanation:

BATCH

KEEP

WAIT

Indicates that a".bat" or ".cmd" file or DOS command will be executed.
".bat" or ".cmd" file are DOS script files, containing DOS commands or
other programs. The starting directory for the DOS environment is the
current GTSTRUDL working directory.

TheMicrosoft APl now being used needsto know that aDOS environment
is needed before it runs.

If BATCH isused, the KEEP option |eavesthe created DOSwindow active
after the requested action iscompleted. Y ou can then type new commands
in the DOS window. You can kill the DOS window with the "X" in the
upper, right hand corner when you are finished.

Indicatesthat GTSTRUDL command processing should stop until ‘program’
has completed. If thisoption isnot used, GTSTRUDL will continue and
process the next command, i.e. if you are running amacro or an input file.
Usethe WAIT optionif theresultsof ‘program’ are required for subsequent
GTSTRUDL commands.
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Examples:

RUN BATCH KEEP 'DIR/W'

This command will open a DOS window, display the contents of the GTSTRUDL
working directory inthe "/W" format, and leave the DOS window open so you can type
more commands. The DOS window is a separate program, SO you can continue
GTSTRUDL operations while the DOS window is open.

RUN 'NOTEPAD myfile.txt'

This command will open Notepad with file 'myfile.txt'. Again, Notepad is a separate
process, so you can continue GTSTRUDL operations while Notepad is open.

RUN BATCH WAIT ‘find "$" input.gti > comments.gti'
CINPUT '‘comments.gti'

The first command will use the DOS command "find" to locate the comments in the
input file"input.gti” and put them into afile named "comments.gti”. The WAIT option
tellsthe GTSTRUDL command processor to wait until the DOS operation is complete
before trying to CINPUT the generated file.
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54.4

COUTPUT Command

The COUTPUT command now can replace (overwrite) an existing output file. Previoudly, an
existing file could be appended only.

Usage:

- APPEND

COUTPUT ( { REPLACE ) (‘file_name')
STANDARD

where,

file_name'isanew or existing text file. 'file_name'islimited to 256 charactersand must
be enclosed in quotes (apostrophes).

Explanation:

APPEND isthedefault action, so"COUTPUT 'filel" and"COUTPUT APPEND ‘filel™
are equivalent. APPEND tells GTSTRUDL to add subsequent output to the end of the
specified file. If APPEND isrequested, ‘file_name must be given.

REPLACE tells GTSTRUDL to delete the contents of the specified file and the write
subsequent output to the specified file. If REPLACE isrequested, file_name' must be
given.

APPEND and REPLACE act identically when 'file_name' does not already exist. While
GTSTRUDL isin the APPEND or REPLACE state, only input (commands) are echo
printed in the text window - all generated output will be placed in the specified output
file.

STANDARD tells GTSTRUDL to stop writing to the specified output file and direct
subsequent output to thetext window. Thisisthe output state when GTSTRUDL starts.

COUTPUT APPEND ffilel'

All subsequent output, from PRINT, LIST, etc., will be written to 'filel' and  will not
appear in the text window, although the actual command will be displayed in the text
window. If ‘filel' existed previously to this COUTPUT request, the new output will
appear at the end of the existing contents.
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COUTPUT REPLACE *ile2'

All subsequent output, from PRINT, LIST, etc., will be written to 'file2' and  will not
appear in the text window, although the actual command will be displayed in the text
window. If 'file2' existed previously tothisCOUTPUT request, the existing contentswill
be deleted and only the new output will appear in file2'.

COUTPUT STANDARD

Stop writing output to an output file and write all output to the text window.
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5.4.5

Genera form:

REFERENCE (COORDINATE) (SYSI'EM){ } -

Explanation:

(ORIGIN[X]v, [Y]v, [Z]V,) (ROTATION[R1] v [R2] v, [R3] v5)

i2
JOINT

|a2|
XV, YVg Z Vg

The REFERENCE COORDINATE SYSTEM

Reference Coordinate System Command

i1
lall

i2
JOINT
|a2|
X Vy Yvg Z Vg

i2
JOINT
|a2|
X Vy Yvg Z Vg

IS a right-handed three-

dimensional Cartesian coordinate system. The Reference Coordinate System’s origin
may be shifted from the origin (X=0.0, Y=0.0, Z=0.0) of the overall globa coordinate
system. The Reference Coordinate System axes may also be rotated from the
corresponding orthogonal axes of the overall global coordinate system.

At the present time, this command is used to specify additional coordinate
systems which may be used in GTMenu (see Volume 2 of the GTSTRUDL Release
Guide) to facilitate the creation of the structural model. Reference Coordinate systems
created using the above command will be available as Local systemsin GTMenu. Ina
future release, the user will be able to output results such as joint displacements and
reactions in a Reference Coordinate System.

There are two optional means of specifying a Reference Coordinate System:

(1) Definethe origin and rotation of coordinate axes of the reference system
with respect to the global coordinate system, and

(2) definethreejointsor the coordinates of three pointsin space.

In either casg, i, or ‘&’ isthe integer or aphanumeric identifier of the reference
coordinate system. For the first option, v,, v,, and v, are the magnitude of transations
in active length units of the origin of this system from the origin of the overall global
coordinatesystem. Thetrandationsv,, v,, andv,, aremeasured parall€l to the orthogonal
axes X, Y, and Z, respectively, of the globa system and are positive in the positive
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directions of these axes; v,, v,, and v, are the rotation angles R;, R,, and R; in active

angular units between the orthogonal axes of this system and the axes of the overall
global coordinate system. The description of theseanglesisthe sameasgivenin Section
2.1.7.2 of Volume 1 of the GTSTRUDL User Reference Manuals for rotated joint
releases (0,, 0,, and 0,).

In the second case, three joints are required. Each of the three joints may be
defined either by ajoint identifier using the JOINT option of the command or by its
global X, Y, and Z coordinates. If the joint identifier option is used, however, the
coordinates of the joint must be specified previously by the JOINT COORDINATES
command. Thefirst time (i, or ‘&’ or v,, vs, and v,) defines the origin of the reference
system; the X-axis of the reference system is determined by the first and second joints
(i;or ‘g’ orv,, vg, andvg). The positive X-axisisdirected from the first to the second
joint. Thethirdjoint (i, or ‘a,” or vy, V,;, and v,,) isused to define the XY -plane of the
reference system. ThepositiveY -axisisdirected toward thethird joint. The Z-axisthen
is determined by the right-hand rule.

Only one reference system can be specified in one command, but the command
may be used any number of times.

M odifications of Reference Systems:

In the changes mode, the tranglations of the origin and/or the rotations of the axes of the
reference system from those of the overall global system can be changed. Only that
information supplied in the command is altered. The other data that might be supplied
inthecommand remainsunchanged. The CHANGES mode, however, doesnot work for
the second option discussed above (i.e., define a reference coordinate system by three
joints or the coordinate of three pointsin space). The reason isthat datafor these joints
arenot stored permanently in GTSTRUDL. Whenthisoptionisused, areference system
is created and its definitions of the system origin, rotation angles, as well as the
transformation matrix between theglobal coordinate system and thereferencesystemare
generated and stored aswould befor thefirst option. Therefore, if any of the coordinates
for the joints used to specify a reference system is changed after the REFERENCE
COORDINATE SYSTEM command has been given, the definition of the reference
system remains unchanged. For thisreason, care must be taken in using the threejoints
optionin conjunction with the changesof joint coordinates. Thereference system should
be deleted first if any of the coordinates of the joints used to define the reference system
are to be changed. Under the DELETIONS mode, the complete definition of the
reference coordinate system is destroyed.

Examples:
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a) UNITS DEGREES
REFERENCE COORDINATE SYSTEM ‘FLOOR?2' -
ORIGIN 0.0 15.0 0.0 R1 30.

Thiscommand createsa Reference Coordinate System called FLOOR2 at Y =15 with the
axes rotated 30 degrees about global Z.

b) REFCOO1 -
X 120 Y 120 Z -120 -
X 120 Y 240 Z O -
X -120Y 120 Z 0

This command creates Reference Coordinate System 1 with its origin at 120, 120, -120
and its X-axis from this origin to 120, 240, 0 and its Y axis is the plane defined by the two
previous coordinates and the third coordinate, -120, 120, O, with the positive Y -axis directed
toward the third coordinate.

C) REFERENCE COORDINATE SYSTEM 2 -
JOINT 10 JOINT 20 JOINT 25

Thiscommand creates Reference Coordinate System 2 with itsorigin located at Joint 10
and its X-axisdirected from Joint 10 toward Joint 20. The XY planeisdefined by Joints 10, 20,
and 25 with the positive Y -axis directed toward Joint 25.

d) CHANGES
REFERENCE COORDINATE SYSTEM ‘FLOOR?2’ -
ORIGIN 10 20 30
ADDITIONS

The above commands change the origin of the Reference System FLOOR2 definedin a)
above. Therotation RI = 30 remains unchanged.

e) DELETIONS
REFERENCE SYSTEM 2
ADDITIONS

The above command deletes Reference System 2.

54-15



General Prerelease Features GT STRUDL
545-1 Printing Reference Coor dinate System Command

Genera form:

—ALL
PRINT REFERENCE (COORDINATE) (SYSI'EM){ Hst}

Explanation:

The PRINT REFERENCE COORDINATE SY STEM command will output the
Reference Systems. The origin and rotation angles will be output.
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54.6  Hashing Algorithm to Accelerate I nput Processing

Anadvanced data-structuring technique called HASHING can now be used when storing
and searching lists of jointsand/or elements. The command to control thisfeatureisasfollows:

HASHED
SET ELEMENTS
SEQUENTIAL

The following points concern HASHING:

1y

2)

3)

The benefit of HASHING is that it GENERATES large structures faster. The
disadvantage is that it is more complex internally.

HASHING is disabled by GTMenu. The GTSTRUDL database is usually not
modified extensively in GTSTRUDL after invoking GTMenu, so this has
minimal affect. However, the SET ELEMENTS HASHED command, when
given with an existing database, builds hashing data structures for the existing
database.

The order of a joint and/or element listing is the same for HASHED and
SEQUENTTIAL unless the structural database has been edited in DELETIONS
mode and then in ADDITIONS mode again. Then SEQUENTIAL will place the
latest addition in the deleted slot whereas HASHING will append the addition to
the end of the list.
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54.7 Add/Delete Without Commands

2.1.3.7 Ddete Joints Without Joint Coordinates

General form:

DELETE JOINTS WITHOUT (JOINT) COORDINATES

Explanation:

The DELETE JOINTS WITHOUT JOINT COORDINATES command can be
used to delete the joints that do not have joint coordinates. There are times when auser
may have accidently specified datafor ajoint that does not exist or accidently specified
a non-existent joint name in the PRINT or LIST commands. Once a joint name is
specified in a command, the joint name is stored in the database. If joint coordinates
have not been specified for a joint and STIFFNESS ANALY SIS is requested, the
following error message is output:

**** STRUDL ERROR 2. 01 - COORDI NATES M SSI NG FOR JO NT 30

Whenthe DELETE JOINTSWITHOUT JOINT COORDINATES command is
specified, the program searches through all the joint names and del etes the joint names
that do not have JOINT COORDINATES.

Example:

{ 100} >

{ 101} > STIFFNESS ANALYSIS

**** STRUDL ERROR 2.01 - COCRDI NATES M SSI NG FOR JO NT 30
**** STRUDL ERROR 2.01 - COORDI NATES M SSI NG FOR JO NT 31
**** STRUDL ERROR 2.01 - COCRDI NATES M SSI NG FOR JO NT 32
**** STRUDL ERROR 2.01 - COORDI NATES M SSI NG FOR JO NT 33
**** STRUDL ERROR 2.01 - COCRDI NATES M SSI NG FOR JO NT 34
**** STRUDL ERROR 2.01 - COORDI NATES M SSI NG FOR JO NT 35
**** STRUDL ERROR 2.01 - COCRDI NATES M SSI NG FOR JO NT 40
**** STRUDL ERROR 2.01 - COORDI NATES M SSI NG FOR JO NT 45
**** STRUDL ERROR 2.01 - COCRDI NATES M SSI NG FOR JO NT 50
**** WARN_STDSY1 -- SCAN node is ON.  Analysis will be halted.

NESENESESESESENEN

{ 102} >

54-19



General Prerelease Features GT STRUDL
{ 103} > SCAN OFF
{ 104} >
{ 105} > DELETE JO NTS W THOUT JO NT COORDI NATES

Fol  owi ng joints have been deleted: ------------------------------
30 31 32 33 34 35
40 45 50

In the above example, joints 30 to 35, 40, 45, and 50 accidently were specified
in the PRINT JOINT COORDINATES command. The command DELETE JOINTS
WITHOUT JOINT COORDINATESdel etesthejointsthat do not havejoint coordinates.

2.1.3.8 Ddete Members or Finite Elements Without Member or
Element Incidences

General form:

DELETE MEMBERS WITHOUT (MEMBER) INCIDENCES

or

DELETE (EINITE) ELEMENTS WITHOUT (ELEMENT) INCIDENCES

Explanation:

The above two commands can be used to delete the members or finite elements
that do not have member or element incidences. Therearetimeswhen a user may have
accidently specified data for a member or a finite element that does not exist or
accidently specified amember or element nameinthe PRINT or LIST commands. Once
a member or afinite element name has been specified in a command, the member or
finite element nameisstored inthe database. If member or element incidences have not
been specified for amember or element and STIFFNESS ANALY SISisrequested, the
following error message is output.

**** STRUDL ERROR 2.02 - INCIDENCES MISSING FOR MEMBER 20
**** STRUDL ERROR 2.02 - INCIDENCES MISSING FOR MEMBER 45
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WhentheDELETEMEMBERSWITHOUT MEMBER INCIDENCES command
is specified, the program searches through all the member names and deletes the
members that do not have MEMBER INCIDENCES. When the DELETE FINITE
ELEMENTSWITHOUT ELEMENT INCIDENCES command isspecified, theprogram
searches through all the finite element names and del etes the elements that do not have
ELEMENT INCIDENCES.

Example:

{ 97} >

{ 98} > STIFFNESS ANALYSI S

**** STRUDL ERROR 2. 02 | NCl DENCES M SSI NG FOR MEMBER 20
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 21
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 22
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 23
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 24
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 30
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 33
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 51
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 52
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 53
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 54
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 55
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 27
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 32
**** STRUDL ERROR 2.02 - | NCI DENCES M SSI NG FOR MEMBER 38
**** STRUDL ERROR 2. 02 I NCl DENCES M SSI NG FOR MEMBER 45
**** WARN_STDSY1 -- SCAN node is ON.  Analysis will be halted.

NESESESESESESESESENESE SR SE SR NN

{ 99 >
{ 100} > SCAN OFF

{ 101} >

{ 102} > DELETE MEMBERS W THOUT MEMBER | NCl DENCES

Fol | owi ng nenbers have been deleted: ------------------------------

20 21 22 23 24 30
33 51 52 53 54 55
27 32 38 45

In the above example, some of the members that are listed were accidently
specifiedinthe MEMBER PROPERTIES command and someinthe PRINT MEMBER
INCIDENCES command. Thecommand DELETEMEMBERSWITHOUT MEMBER
INCIDENCES del etes the members that do not have member incidences.
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54.8 TheList Sum Forces Command

TheLIST SUM FORCES command isused to perform ageneral computation of resultant
forcesfor aspecified set of joints, members, and finite elements, and is described in the section
below, which is numbered asit will appear when added to Volume 3 of the GTSTRUDL User

Reference Manual.

2374 ThelLlIST SUM FORCES Command

General form:
JOINT
LIST SUM FORCES (TITLE 'a’') (ABOUT KN ) -
[X] vy [Y] vy [Z] v,
[TH1] v, [TH2] v, [TH3] v,
(ORIENTATION § | MEMBER | |ig, ) JOINTS list; MEMBERS list,,
ELEMENT] |['a,
Elements:
‘a’ = optional 16-character title. The default titleis“None Given.”
iJ'a = integer or a phanumeric name of the optional joint about which
moment summation is computed.
Vy, Vy, V5 = decimal values of the global X, Y, and Z coordinates of the
optional point about which moment summation is computed.
A value of 0.0 is assumed for coordinates not specified.
Vi, Vs, Vg = decimal valuesof therotation anglesthat define the orientation

of the optional local reference frame in which the force
summation results are to be reported. The rotation angles are
the same ones used to define the local released support
reference frame described in Section 2.1.7.1, Volume 1 of the
GTStrudl Reference Manual and illustrated by Figure 2.1.7.1
of that same Reference Manual section.
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i/ ay = integer or a phanumeric name of the member or finite element

that isto be used as the basis of the local reference framein
which the force summation results are to be reported.

list; = list of joints at which forces and moments from the members
and finite elements of list,, are accumulated for the force
summeation computation.

list,, = list of membersand finiteelementsthat contributeforcesat the
joints of list; for the force summation computation.

Explanation:

The LIST SUM FORCES command is used to calculate and report the
summation of forcesand momentsat aspecified point from aspecified set of member
and finiteelement nodal forcesfor all active staticloading conditions. Thiscommand
is similar to, but more genera than, the CALCULATE RESULTANT command
described in Section 2.3.7.3, Volume 3 of the GTSTRUDL Reference Manual. The
LIST SUM FORCES command options are described as follows:

i
JOINT ©
ABOUT 1= |'a;

[X] vy [Y] vy [Z] v,

By default, the moment summation is computed by summing the member and
finite element forces and moments about the geometric center of the joints
specifiedin list;, assuming the joints are equally weighted. The ABOUT specs
provide for the identification of an optional JOINT or point, vy, vy, V,, about
which the moment summation is performed. The specified joint must be
defined, but may be inactive.

[TH] v, [TH2] v, [TH3] v,
(ORIENTATION { [MEMBER | [i, )
ELEMENT/ |'a

By default, theresult of theforce and moment summationisalist of threeglobal
resultant force components and three global resultant moment components for
each active loading condition. The ORIENTATION specs provide a way to
specify an optional alternative local reference frame for the summation report.
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In the first method, three rotation angles v,, v,, and v, define the orientation of

the local reference frame with respect to the globa reference frame. The
rotation angles are the same ones used to define the local released support
reference frame described in Section 2.1.7.1, Volume 1 of the GTSTRUDL
Reference Manual and illustrated by Figure 2.1.7.1 of that same Reference
Manual section. AccordingtotheMEMBER/ELEMENT option, thesummation
results are reported in the local or planar reference frame of the specified
MEMBER or finite ELEMENT.

JOINTS list, MEMBERS list,,

TheLIST SUM FORCES command computestheforceand moment summation
from the nodal forces and moments at the joints specified in list; from the
members and finite elements specified in list,, list,, may contain any mix of
frame members, truss members, 2-D, and 3-D finite elements and list; may
contain any set of joints, with the only qualification that each element in list,,
must beincident on at least onejointinlist;. Inaddition, every joint and element
in list; and list,, must be defined and active, and list,, may not contain rigid
bodies. list; may contain master joints and slave joints.

The force and moment summation is computed for all active static
loading conditionsfor which member end forcesand finite element nodal forces
have been computed by a prior STIFFNESS ANALY SIS or by the CREATE
PSEUDO STATIC, COMBINE, and CREATE LOAD COMBINATION
commands. In the case of a pseudo static loading condition created from a
response spectrum modal combination such as RMS or CQC, a force and
moment summation is computed first for each mode of the root response
spectrum load. The final mode combination force and moment summation is
then computed by applying the mode combination rule of the pseudo static
loading to the individual modal force and moment summations. In the case of
a pseudo static loading condition created from the maximum of a transient
loading condition, a force and moment summation is computed for each
individual time point, from which the maximum force and moment summeation
component is then selected.
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Error and Warning conditions

The LIST SUM FORCES command issues error and warning messages when the
following conditions are encountered. In each case, command processing is terminated, but
scan mode is not entered.

****x \WARNI NG_STLFSM -- Joint and/or nenber list not defined. LIST SUM
FORCES comand i gnor ed.

Thismessageisissued when either the JOINT and/or MEMBER list are missing from
the LIST SUM FORCES command.

**** WARNI NG_STLFSM -- Specified joint 500 does not exist or is
i nactive. LIST SUM FORCES conmand i gnor ed.
**** WARNI NG_STLFSM -- Specified el enent 500 does not exist or is

i nactive. LIST SUM FORCES conmand i gnor ed.

These messages mean that the indicated joint or element in list; or list,, respectively
has not been defined or isinactive.

**x% WARNI NG_STLFSM -- Joi nt 500 for center of force summati on does
not exist. LIST SUM FORCES comand i gnor ed.

This message indicates that the specified joint in the ABOUT JOINT option is not
defined.

**** WARNI NG_STLFSM -- None of the specified nenbers are incident on
joint 24 . LIST SUM FORCES comand i gnor ed.

***%* \WARNI NG_STLFSM - - Menber 40 not incident on any of the specified
joints. LIST SUM FORCES command i gnor ed.

These messagesareissued when theindicated joint isdisconnected from the el ements
named in list,,, or when the indicated member is disconnected from the joints named
in list; respectively.

***%* WARNI NG _STLFSM -- There are no active | oading conditions. LIST SUM
FORCES comand i gnor ed.

This message indicates that no active loading conditions where found.
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**x*% WARNI NG_STLFSM -- Menber/element force results not avail able for
menber 25 |oading 2. LI ST SUM FORCES conmand

i gnor ed.

This message indicates that static analysis results do not exist for the specified
member and loading condition. The output of this message obeys the OUTPUT
WARNING MESSAGE LIMIT command.

**** WARNI NG_STLFSM -- Specified element RB1 is an invalid rigid body.
LI ST SUM FORCES conmand i gnor ed.

This message isissued when arigid body is detected in list,,,.
Example:

Example LSFO1 demonstrates the use of the LIST SUM FORCES command for the
simple steel-concrete composite beam shown in Figure 2.3.7.4-1 below. The nodal forces
from Joints 41 to 45 at X = 40 ft. from plate elements 29 to 32 and beam member 56 (the
more darkly-shaded elements) are used to compute the force summation at the cross section
X =40ft. Thecommand listingisshowninFigure2.3.7.4-2. Thereport fromtheLIST SUM
FORCES command is shown in Figure 2.3.7.4-3.
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$$*
$$*
$$*
$$*

Concrete Slab, Thickness =4 inches

W44X248

40.000 FT

60.000 FT -100.

@ FEIXED JOINT

Figure 2.3.7.4-1 Example LFS01, Concrete-Steel Composite Cantilever Beam

* *

* *

* %

* %

UNI TS

$$
$$

GIMenu

$$
$$

1 Pll
1 P2|
1 P3|

GIMenu

This job denobnstrates the LI ST SUM FORCES command for a
st eel -concrete conposite beam

FEET KIPS DEG FAH

PO NT COORDI NATES
0. 0000 0. 0000 - 3. 0000
60. 0000 0. 0000 - 3. 0000
0. 0000 0. 0000 3. 0000

LI NE | NCl DENCES
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GT STRUDL
' Cr ' p2' " P1
'c2! ' P1 ' P3'
$$
$$
UNITS FEET KIPS DEG FAH
$$
$$
JO NT COORDI NATES GLOBAL
1 0. 0000
2 0. 0000
3 0. 0000
4 0. 0000
5 0. 0000
6 5. 0000
7 5. 0000
8 5. 0000
9 5. 0000
10 5. 0000
11 10. 0000
12 10. 0000
13 10. 0000
14 10. 0000
15 10. 0000
16 15. 0000
17 15. 0000
18 15. 0000
19 15. 0000
20 15. 0000
21 20. 0000
22 20. 0000
23 20. 0000
24 20. 0000
25 20. 0000
26 25. 0000
27 25. 0000
28 25. 0000
29 25. 0000
30 25. 0000
31 30. 0000
32 30. 0000
33 30. 0000
34 30. 0000
35 30. 0000
36 35. 0000
37 35. 0000
38 35. 0000
39 35. 0000
40 35. 0000
41 40. 0000
42 40. 0000
43 40. 0000
44 40. 0000
45 40. 0000
46 45. 0000
47 45. 0000
48 45. 0000
49 45. 0000
50 45. 0000
51 50. 0000
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. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
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. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
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52
53
54
55
56
57
58
59
60
61
62
63
64
65

$$

$$

UNITS FEET KIPS DEG

$$
$$
$$

TYPE SPACE FRAME
MEMBER | NCI DENCES

49
50
51
52
53
54
55
56
57
58
59
60

$$

$$

UNITS FEET KIPS DEG

$$

MEMBER ECCENTRI Cl TI ES GLOBAL

3

8

13
18
23
28
33
38
43
48
53
58

50.
50.
50.
50.
55.
55.
55.
55.
55.
60.
60.
60.
60.
60.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

FAH

13
18
23
28
33
38
43
48
53
58
63

FAH

cjolololoNololololoNoloNoNe

49 TO 60 START Y -2.0000 END Y -2.0000

$$
$$
$$

UNITS FEET KIPS DEG

$$

MEMBER PROPERTI ES

49 TO 60

$$
STATUS SUPPORT
1

$$
$$

UNNTS FEET KIPS DEG

$$
CONSTANTS

BETA
$$

2

FAH

TABLE ' WWBEAMD

FAH

0. 00000 ALL

. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000
. 0000

"Wi4x248

WFROPRPWWRFROPFRPWWEREFOR

. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000
. 0000
. 5000
. 0000
. 5000
. 0000



GT STRUDL The LIST SUM FORCES Command
$3$
TYPE PLATE
GENERATE 4 ELEMENTS ID1 1 FROM1 1 TO2 1 TO7 1 TO6 1
REPEAT 11 TIMES ID 4 FROM5 TO5 TO5 TO 5
$3$
$3$
UNITS FEET KPS DEG FAH
$3$
CONSTANTS
E 5.1839997E+05 ALL
G 2.0735998E+05 ALL
PO 1. 7000000E-01 ALL
DEN 1.4999039E-01 ALL
CTE 5.5000000E-06 ALL
MATERI AL STEEL MEMBERS 49 TO 60
$3$
UNITS FEET KPS DEG FAH
$3$
$3$
ELEMENT PROPERTI ES
1 TO 48 TYPE ' SBHQ6' THI CK 0. 3333
$3$
UNITS FEET KPS DEG FAH
$3$
LOADI NG 1
JO NT LOADS
63 FORCE Y -100.0

STI FFNESS ANALYSI S

UNI TS KI PS FEET
LI ST FORCES MEMBER 56
LI ST ELEMENT FCORCES ELEMENTS 29 TO 32

$$* * %

$$* ** Resultant sumof forces in the conposite beam at

$$* ** X = 40 ft., using the nenber and finite el enent noda

$$* ** forces at joints 41 to 45 of elements 29 to 32 and

$$* ** menber 56

$$* * %

LI ST SUM FORCES TI TLE ' Exanpl e LSFO1' ELEMENTS 29 TO 32 56 -
JO NTS 41 TO 45

FI NI SH

Figure 2.3.7.4-2 List of Commands for Example LSFO1
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{ 177} > $$* **
{ 178} > $$* ** Resultant sumof forces in the conposite beam at
{ 179} > $$* ** X = 40 ft., using the menber and finite el ement nodal
{ 180} > $$* ** forces at joints 41 to 45 of elements 29 to 32 and
{ 181} > $$* ** nenber 56
{ 182} > $$* **
{ 183} > LI ST SUM FORCES TI TLE ‘ LSFO1'" ELEMENTS 29 TO 32 56 JO NTS 41 TO 45
khkkkkhkkkhkkhkhkkhkhkkhhkkhhkhkhkhkkhkhkhhkhkhkhkhhkkhkkkx*x
* RESULTS FROM LATEST ANALYSIS *
khkkhkkkhkkhkkhkkhkkhkkhkkhkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkkkkkk*x*
ACTI VE UNI TS (UNLESS | NDI CATED OTHERW SE) :

LENGTH WVEI GHT ANGLE TEMPERATURE TI VE

FEET KI P DEG DEGF SEC
Menmber and Finite El enment Force Resultants
Title: Exanple LSFO1
Sum of Forces and Monents about 40. 0000 0. 0000 0. 0000
Local Axis Orientation Angles: Z 0.0000 Y 0.0000 X 0. 0000

Loadi ng FX FY Fz MX MY V4
1 0. 0000 -100. 0000 0. 0000 0. 0000 0. 0000 -2000. 0001

Figure 2.3.7.4-3 Report From the LIST SUM FORCES Command, Example LSFO1
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549 GTMenu Point and Line Incidences Commands

GTMenu can now write construction geometry commandsto aninput file, which can
beread later into GTSTRUDL in order to initialize the construction geometry of GTMenu.
Thetwo commands written are“GTMenu POINT COORDINATES” and“GTMenu LINE
INCIDENCES’.

D

GTMenu POINT COORDINATES

General Form:

GTMenu POINT COORDINATES

i
1
{ } coordinate -specs,
'

i
{' } coordinate -specs,,

Elements:
coordinate-specs = [X] vy [Y] Vv, [Z] v,
Where,
11, Toy wenylpy = unsigned integer Point identifiers.
‘a’,‘a),...,'a, = 1 to 8 character alphanumeric Point identi-
fiers.
Vi, Vy, Vg =  Cartesian Point coordinates (integer or real).
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2 GTMenu LINE INCIDENCES
General Form:

GTMenu LINE INCIDENCES

]
a4,

i
1
{' } type, incidence-specs,

'
n

i
n
{' } type, incidence-specs,

Elements:
- LINE
POLYNOMINAL (CURVE)
ARC (TEMPLATE)
type = Ao >

CENTERED (ARC) PERCENT v,

BEZIER (CURVE)

SPLINE (CURVE) (ORDER k,)

\
o L L, 1 p
incidence- Specs = ..

ot ot (]

a, a, ap

11, 1oy wenslpy =  unsigned integer Line/Curve identifiers.

Where,
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The GTMenu Point and Line Incidences Commands

‘a’,'a’,...,'a’ = 1 to 8character alphanumeric Line/Curve
identifiers.
PR PHS S = unsigned integer Point identifiers used.
‘a’,'a’, .,'a =  1to8character alphanumeric Point identifiers.
A =  positive number (integer or real).
K, = integer between 2 and the number of incidences.
1,2 ..p =  Point subscripts for a Line/Curve. The
following table gives the number of Pointsused
to specify different types of Line/Curve:
type number of incidences
LINE 2-500
POLYNOMIAL CURVE 2-10
ARC TEMPLATE 3
CENTERED ARC 3
BEZIER CURVE 2-10
SPLINE CURVE 2-10
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End of Document.
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