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GT STRUDL Introduction

Chapter 1

I ntroduction

Version 28.1 covers GTSTRUDL operating on PC’ s under the Windows XP and Windows
2000 operating systems. Chapter 2 presents the new features and enhancements which have been
added sincetheVersion 28 release. Chapter 3 providesyou with detailsregarding error corrections
that have been made since the Version 28 release. Chapter 4 describes known problems with
Version 28.1. Chapter 5 describes prerelease features -- new features which have been devel oped
and subjected to limited testing, or features for which the user documentation have not been added
to the GTSTRUDL User Reference Manual. The command formats and functionality of the
prerel ease features may change before they become supported features based on additional testing
and feedback from users.

The Prerelease featuresin Version 28.1 arethe same asthosein Version 28 and are included in this
Release Guidefor completeness. The Prerel easefeaturesare subdivided into Design, Analysis, and
General categories. The features in these categories and their sections numbers in Chapter 5 are
shown below:

52 Design Prerel ease Features
5.2.1 LRFDS3 Stedl Design Code and Parameters
522 LRFD3Tables
5.2.3 BS5950 Steel Design Code and Parameters
5.24 Steel Design by Indian Standard Code 1 S800
5.2.5 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  AnalysisPrerelease 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 Anaysis
5.3.8 The Viscous Damper Element for Linear and Nonlinear Dynamic Analysis

1-1
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54 Genera Prerelease Features

54.1
54.2
54.3
54.4
5.4.5
5.4.6
5.4.7
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 the Version 28 Release Guide.



GT STRUDL New Features

Chapter 2
New Featuresin Version 28.1

This chapter provides you with details regarding new features and enhancements that have
been added to many of the functional areas of GTSTRUDL in Version 28.1 Thisrelease guideis
also available online upon execution of GTSTRUDL under Help/Reference Documenta-
tion/GTSTRUDL 28.1 Release Guide.

21 GTSTRUDL Startup
Model Wizard

1. New Braced Frame, Circular Plate and VVault /Rectangular Tank options have been added to
the Model Wizard as shown below:

GIStrudl ModelWizard 3.0 E|

To start uzing Modehyizard, select a structure type from
the palette below.

Braced Frame Space Frame
Finite Element Circular Plate Bridae Truss
Mezh
2 % =
—r
Tank Wault / Rect Tank Continuouz Beam

Ok | Cancel |

The new Braced Frame Wizard can be used to generate Chevron and X Braced Frames. Y ou may
specify which bays contain the bracing aswell as specify member rel easesfor the beamsand braces.
Examples of several of the Braced Frame Wizard dialogs are shown below:
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Bracing type and member release dialog:

Plane Frame ModelWizard

Supports
o+ Fived ™ Pinred
Iv Bracing
" Cheyron: Al bays & Wariable - set
O w-brace: all bays bracing by bay

Beam ztart/end releases

. Start MZ only - Start MxY 2
O Fised O B MZ o Erd MYZ

Brace ztart/end releases

] Start MZ Only 5 Start MxY2
C Fied O B Mz Onp ¢ End MYZ

Cancel ¢ Back | Mest » |

Variable bracing dialog - specify which bays contain bracing ;

Variable bracing §|

|Jze multi-zelect optionz ta highlight the dezired
bapz. Then click the 'Change selected bays'
button to zet the desired bracing option.

Bay Bracing type

Chevron Change

N

Ll
L
i
o
i
=8
3

=
i

Clear all bracing

Cancel

[[Eoeet |
]9




GT STRUDL

New Features

Pinned and fixed supports may be specified at the base of the columnsaswell asdead, live,
and lateral wind loads. An example of the frame created using the new Braced Frame Wizard is

shown below:

The new Circular Plate Model Wizard allows you to
create afinite element mesh of acircular plate including
acircular plate with a hole at the center using SBHQG6
and SBHT6 elements. An example of the geometry
dialog including the specification of a hole at the center
(inside radius) of the plate is shown:

Circular Plate ModelWizard
Mow create the tank's basic geometry.

Specify the dimensions of the circular plate,

Outzide B adius: lm
[v  Inzide B adius: m
RBadial Divizions: m
Circurnferential Divizions: 5 =

and the normal axiz direction.

A S N Qi

Cancel < Back | Mest » |
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An example of the finite element mesh created using the Circular Plate Wizard is shown below:

Circular Plate ModelWizard
Y ou may aso specify avariety of support conditions " Mo supports. | will add supports later.

including pinning or fixing the inner and/or outer " Supports at plate edges

edges of the ci rcglar pl ate,_pl nning or fixing 6-l|| joints ~ ~
ontheplate, elastic soil springs, and compressiononly © Supparts at all plate jaints

nonlinear springs normal to the plate with in-plane e g

springs specified as a ratio of the normal springs i+ Elastic Sai Springs for plate joints
stiffness. An example of the circular plate support Ksof: 10 Kips =l
dialog is shown: per cubic |Feet -

[+ Pinned supports [release M=YE)
[ Compression only [unrestrained lifttaff)
[ In-plane zprings

In-plane #pring ratio
Cancel | ¢ Back | Mext = |
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Self weight and normal pressure |oads may also be specified as shown in the dialog below:

Circular Plate ModelWizard
Circular Plate Properties

Thickness h.0 El: Feet -

« Steel ( Concrete ¢ Aluminum

Optional Loads
[ Self weight of plate elements

[ Pressure load in the -2 direction

Kipz/Feet™2

Faorze Length

Kipz - Feet -

Cancel | ¢ Back | Ment » |

The new Vault / Rectangular Tank Wizard alows you to create a finite element mesh of a
rectangular tank including the tank bottom using SBHQG6 elements. The geometry of the tank is
created by specifying the dimensionsof the tank in the global directionsand the number of divisions
of finite elements to use in each direction. The global Y direction is assumed to be the vertica
direction of the tank. The geometry dialog is shown below:

Yault/Rect Tank ModelWizard

*
Tatal length |E0 3:
Humber of zpaces |B 3:

Tatal length 20 El:
Mumber of spaces |4 El:

z

Total length |20 3:

Mumber of zpaces B

Cancel | < Back | et » |
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An exampleof thefiniteelement mesh created using the Rectangular Tank Wizard isshown below:

Thedialogsfor specifying the thicknessesfor thewallsand bottom of the tank and for specifyingthe
supports at the bottom of the tank are shown below:

Yault / Rect Tank ModelWizard Yault / Rect Tank ModelWizard
Specify a thickness and materiak Select a support status for the tank bottom
Eattam " Mo zupports. | will add supports later.
Battom thickness |12 ::l ||”'3hES ﬂ (" Suppoarts at all bottom joints
{7 Steel ™ Concrete  © Aluminum ~ e
Whalls {* Elastic Soil Springs for battam joints
wiall thickness - |Inches = Ksof |10 Kips -

" Steel ™ Corcrete € Alurninum per cubic |Feet -

Cancel < Back | Mest 5 | Cancel < Back | M ek |
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Self weight, internal pressure, and hydrostatic loadings may be specified as shown in the dialog

below:

2.2

Yault / Rect Tank ModelWizard
Internal loading information:
Loading units
Force Length
Pounds - Feet -
v Self weight of tank elements
[ Intermal pressure of:
Foundz/Feet2
[+ Hypdrostatic load
Gamma= |24  Pounds/Feet™3
Height= |19 |Feet |
above the bottom of the tank.
Cancel | < Back | Mt |
Dynamics
A new eigenvalue analysis procedure, designated as GTHCLANCZOS, has been imple-

mented. The GTHCLANCZOS method is a modified form of the GTLANCZOS method,
in which the Lanczos tridiagonalization of the stiffness and dynamic matricesis performed
on matrix hypercolumn blocks consisting of a command-specified number of matrix
elements. By default, the number of hypercolumn matrix elementsis taken as 10,000,000.
TheGTHCLANCZOS methodismost useful when an eigenvalueanalysisisto beperformed
on amodel having greater than 60,000 degrees of freedom (10,000 six-degree-of-freedom
joints), to befollowed later by atransient analysis and/or aresponse spectrum analysis. The
GTHCLANCZOSmethodisspecifiedinthe EIGENPROBLEM PARAMETERS commands
as shown in the example below:

EIGENPROBLEM PARAMETERS

NUMBER OF MODES 15
SOLVE USING GTHCLANCZOS

END
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2.3

2.4

2.5

General

AREA LOAD error checking for illegal member configurations has been improved. An
illegal member configuration is one where the areas to be loaded are not simply bounded.
For example, X bracing should not be included in an AREA LOAD request, but declared
INACTIVE before the AREA LOAD command. In addition, more modeling errors,
including overlapping members (where some of al of two members centroidal axesare co-
incident), are detected and reported.

Static Analysis
The statistical output from the new GTHCS equation solver has been improved to now

output information regarding the number of degrees of freedom, the number of termsin the
skyline and the number of hyper-columns.

Offshore

The Efthymiou SCF equationsfor the computation of stress concentrations have been added
to the FATIGUE MEMBER command for offshore fatigue analysis. The FATIGUE
MEMBER command now providesfor the selection of the Kuang, Smedley, and Efthymiou
SCF equations as indicated by the new command syntax shown in its entirety below:
531 FATIGUE MEMBER Command

General form:

FATIGUE MEMBER (DATA) (position data) (SCF data)

list, (position data) (SCF data)
C
C
C
list, (position data) (SCF data)

where ~ EQUAL (V})
PIPE
UNEQUAL V,, .., V, .., V. >

position data = 1

Y, 245 Y, Zps o Y, Z,) (YFACTOR vy ZFACTOR v,)

2-8
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SCF data =
- (CONSTANT) (constant specs)
VARIABLE variable specs
SCF 4 ‘
- 1.5
SIMPLIFIED (FATIGUE) (MINIMUM (SCF) )
Vmin J
constant specs =

(COMBINED) [START] V, [END] Vq,

SEPARATE

‘ *(START [AXIAL] V¢ [BENDING] V, } [

END [AXIAL] V,, [BENDING] Vi,

variable specs =

I i® Ku ud
i : i
i KUANG .|® Yy i
| Lot il
1 R
| i® Tyl
i |® XJ Tl
EQUATIONS | I'SMEDLEY i y y (MINIMUM (SCF) | )
Il mlng
)

T —I |
f Ybb[
'r
.I. 'r
{ EETHYMIOU_ b
i® BRACE (SIDE) U |Start specsi
I chorp (SIDE)fV) {End specsg

— — — — — o———— ] — — — — —

i
i
i
i
i
i
T
T
f——
i
i
i
i
i
i
T
T
TUSE
1

Ot Gy = =
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and where,
| i 1® 1.0 ] ® 0.0 ]® 1.0 U
i | SADDLE [AXIAL] | y [1PB] | [OPB] | il
Start lSTART [ i VASSE; I Vipss [ OPSSE; N
ar | i
Pes= 'r | 1@ Vagsl 1® 1.0 | @ 00uyy
i CROWN [AXIAL] | [1PB] | [OPB] |
L ?3 Viess m%bb
i i ]® 1.0j ]® 0.0j ]® 1.0 Ul
i | SADDLE [AXIAL] | y [1PB] | [OPB] | i
End I END | i VAESE; I VIPESE i VOPESE; LT
nd specs = | I
i i 1® v, u |® 10u |® OOu?/y
i OWN [AXIAL] | [1PB] | [OPB] |
[ * Vaec g Virec TV OPECEbb

The EQUATIONS option now specifies that the KUANG and/or SMEDLEY or EFTHY MIOU
equations can be used to compute SCF's based on specified or computed joint geometry
classificationsfor the brace member. The KUANG equations are used to compute SCF'sfor brace
members of joints classified as K, Y, and T, while the SMEDLEY equations are used to compute
SCF's for brace members of joints classifiedas T, X, K, and Y. The EFTHYMIOU equations are
used to compute SCF' s for brace members of joints having K, T, Y, and X classifications, which
cannot be individually selected as with the KUANG and SMEDLEY equations. Note that either
KUANG aone, SMEDLEY aone, or both KUANG and SMEDLEY equationsmay be selected with
any combination of applicablejoint classifications. If the KUANG and/or SMEDLEY equationsare
selected, then the EFTHY MIOU equations cannot be selected. If the EFTHYMIOU equations are
selected, then the KUANG and SMEDLEY equations cannot be selected. Figure 5.3-6 shows
examplesof T, X, K, and Y joint classifications.

2. A new and more efficient command has been implemented for fatigue analysis. The new
PERFORM FATIGUE ANALY SIS command can now be used instead of the existing
COMPUTE FATIGUE LIFE command. The complete syntax of the PERFORM FATIGUE
ANALY SIS command is shown below:

| PSD

PERFORM FATIGUE (ANALYSIS) | DIS Eg (BASE PERIOD v,) -
| ==

(stress information) (deletions) (REPORT (SCE DIAGNOSTICS))
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where

«[ MINIMUM (STRESS) 8,

stressinformation = MAXIMUM (STRESS) S,,,x
NUMBER (OF DIVISIONS) i,

*( STRESSES
deletions = | DELETE FATIGUE { TRANSFER (FUNCTIONS)
EXCEEDANCES

ThePERFORM FATIGUE ANALY SIS command executesthefatiguelife computationson ajoint-
by-joint basis, which dramatically improvesthe efficiency of the fatigue analysis computations and
increases the size of the fatigue analysis job that can be solved (number of fatigue wave loads and
number of fatigue members). The PERFORM FATIGUE ANALY SIS command performs all
fatigue analysis computations including automatic joint classification if requested, computation of
fatigue stresses, computation of transfer functions, and computation of fatigue damageand life. The
PERFORM FATIGUE ANALY SIS command should not be used in conjunction with the split
fatigue analysis commands described in Section 5.6 of Volume 8.

The REPORT SCF DIAGNOSTICS option causes SCF equation diagnostic information and joint
classification information to be reported during the fatigue analysis computations. If not given, this
report, which can be quite lengthy, is supressed. All other command options are identical to those
of the COMPUTE FATIGUE LIFE command described in Section 5.5.3, Volume 8.

3. For the APILRFD1 code, the reduction for FY LD has been removed asit is not needed for
LRFD.

26  Sted Design

1. A new parameter called ‘ Class3' has been added to EC3 code. This parameter allows the
user to request that the code check or design to be performed based on the class 3
classification. A user specified valueof ‘YES' for thisparameter indicatesthat when acode
check or design is performed for EC3 code, equations based on the Class 3 classification
should beused. Whenavalueof ‘' YES' has been specified for parameter ‘ Class3', EC3 code
check will assume that the member is a class 3 cross-section. The default value for this

2-11
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parameter is ‘NO’. This indicates that the program computes the classification of the
member based on the cross-section properties.

2. The Summarize command for the critical section prints the summary results for the section
that has the highest actual/allowable ratio. When the KL/r actual/allowable ratio is the
highest ratio during acode check or design, the Summarize command for the critical section
outputs that section’s summary results. In general, prismatic sections have the same KL/r
ratio for each loading and section. Since the KL/r value is the same for all sections, when
the Summarize command is issued and the KL/r is the highest actual/allowable ratio, the
summary results for the last loading and last section are printed. In this version of
GTSTRUDL, the summarize output for the critical section has been modified to also print
the section with the highest stressvalue. The section which hasthe highest stressvalue also
has the highest KL/r ratio.
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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

3.2

3.3

Dynamic Analysis

The FORM MISSING MASS command now functions as documented and assumes a
damping ratio if theword RATIO or PERCENT isomitted after DAMPING. Previously, an
error message would be output and a damping ratio of 0.0 would be assumed. (GPRF
2005.03)

The INERTIA OF JOINTS FROM LOADS command will no longer abort if member/finite
element loads are present in any of the loading conditions specified in the command and any
of the memberg/finite el ements have undefined properties. (GPRF 2005.05)

General

The FORM LOAD command will now copy member |oads on the IPCABLE element to the
new loading condition. Previously, an error message would be output and member loads on
the IPCABLE element would not be copied to the new loading condition. (GPRF 2005.06)

An abort will no longer occur if amodel containing a self weight loading was saved under a
version prior to Version 28 and then is subsequently restored in Version 28 and the
STIFFNESS ANALY SIS command is specified. (GPRF 2005.07)

Users have reported cases where they have encountered the Scan flag being On during an
analysis and after specifying SCAN OFF, a subsequent analysis still reported that Scan was
On. This problem has been corrected. (No GPRF issued)

Modd Wizard

Thenew Model Wizard discussed inthe V ersion 28 Rel ease Guide wasinadvertently omitted
from the Version 28 installation. The Model Wizard in Version 28.1 includes the new
featuresin Version 28 plus the additional features discussed in Section 2.1 of this Release
Guide. (No GPRF issued)
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34 Offshore

1. In Version 28, the ssimplified fatigue analysis for standard fatigue members aborted. The
simplified fatigue analysis should actually ignore such members and now doesso in Version
28.1. (No GPRF issued)

3.5 Steel Design

1 Automatic K-factor computations now compute the K-factors correctly when the parameter
FRLY or FRLZ has been specified. (GPRF 2005.04)
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CHAPTER 4

KNOWN DEFICIENCIES

This chapter describes known problems or deficiencies in Version 28.1. 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 parallel to the Planar Y axis.
(GPRF 94.21)

4, If asuperel ement isgiven the samenameasamember 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 tangential 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) 1isa‘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 onthefile nameincluding 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 problemswill 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
4, Internal member results are output or used in a subsequent steel design after

the Buckling Analysis,
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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 since we 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 Anaysis
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 Edit inthe 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)

4, The Load Summations option available under CHECK MODEL will produce

incorrect load summationsfor line, edge, and body loads on al finite elements. The
L oad Summations are a so incorrect for projected |oads on finite elements. Theload
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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 6 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)

2. Static and dynamic analyses will abort if member releases are specified for rigid
bodies. (GPRF 2005.02)

45  Scope Environment

1 OVERLAY DIAGRAM inthePlotter Environment producesdiagramsthat are much
smaller relativeto the plot 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 diagram isOVERLAY ed with ascalefactor of 100.0 onthe
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 limited testing. Thislimitedtesting 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 featuresin Version 28.1 are subdivided into Design, Analysis, and General
categories. The featuresin these categories are shown below:

52 Design Prerelease 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 1 S800
5.2.5 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  AnalysisPrerelease Features
5.3.1 Cadlculate 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 Form 151893 Load Command
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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
Anaysis

54 General Prerelease 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 LRFD3 Code

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

| shapes Subjected to bi-axial bending and axial forces
Channels Subjected to bi-axial bending and axial forces
Single Angles Subjected to bi-axial bending and axial forces
Double Angles Subjected to bi-axial bending and axial forces
Tees Subjected to bi-axial bending and axial forces
Round HSS (Pipes) Subjected to bi-axial bending, axial, and torsional forces

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

The term | shapes is used to mean rolled or welded | and H beams and columns,
universal beamsand columns, joists, universal bearing piles, W, S, M, and HP profileswith
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
code check does not consider the technique discussed in Section C1.2 of AISC, Manual of
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Seel Construction, Load & Resistance Factor Design, Third Edition, for determination of
M, (B, and B, factors) in lieu of asecond order analysis.

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.

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 axia 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 torsiona moments must be resisted by the
members. Generally the normal and shear stresses due to warping in closed
cross-sections (HSS) are insignificant and the total torsional moment can be
assumed to be resisted by pure torsional shear stresses (Saint-Venant’s
torsion).

Web stiffenersare considered for web shear stress, but they are not designed.

Modified column slenderness for double angle member is considered
(Section E4 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.

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

(a) Local Principle Axes Orientation
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(d) Tees (e) Single angles

Figure LRFD3.1-1  Loca Axesfor Design with LRFD3
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4 Z<a— |
(f) Pipes (9) Structural tubing

Figure LRFD3.1-1  Loca Axesfor Design with LRFD3 (continued)
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Y
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VA \|> X
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(h) Long legs back-to-back (i) Short legs back-to-back
double angle with spacing double angle with spacing
i
C J
N | (
Z < X
L

(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 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

Chapter E Columns and other compression members

Section B7 Limiting slenderness ratios

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

Table B5.1 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

Appendix B5.3a  Unstiffened compression elements
Appendix B5.3b  Stiffened compression elements
Appendix B5.3c  Design properties

Section B5.3d Design strength

Chapter F Beam and other flexural members
Section F1.1 Yielding
Section F1.2 Lateral-Torsiona Buckling

Section F1.2a Doubly symmetric shapes and channelswith L, # L,
Section F1.2b Doubly symmetric shapes and channelswith L, > L,

Section F1.2¢c Tees and Double angles

Appendix F Beams and other flexural members
Appendix F1 Design for flexure

Table A-F1.1 Nominal strength parameters
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Section

Appendix F2
Appendix F2.2
Appendix F2.3

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

Chapter H
Section H1
Section H1.1
Section H1.2

Title

Design for shear
Design shear strength
Transverse stiffeners

Plate Girders
Limitations

Design flexural strength
Design shear strength
Transverse stiffeners
Flexure-shear

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 flexure and
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
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Load and Resistance Factor Design Specification for Steel Hollow Structural

Sections

Section Title

Table2.2-1 Limiting Wall Slenderness for Compression Elements
Section 3 Tension Members

Section 3.1 Design Tensile Strength

Section 4 Column and Other Compression Members

Section 4.2 Design Compressive Strength

Section 5 Beams and Other Flexural Members

Section 5.1 Design Flexura Strength

Section 5.2 Design Shear Strength

Section 6 Torsion Members

Section 6.1 Design Torsional Strength

Section 7 Members Under Combined Forces

Section 7.1 Design for Combined Flexure and Axial Force
Section 7.2 Design for Combined Torsion, Shear, Flexure, and/or Axia

Force

Tensile or compressive axia strengths, bi-axial bending, shear strengths, and

combined strengths are considered for all cross-sections except single and double angle
(tension or compression axia strengths only). Parameters alowing 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 aphabetic order in this section.

4.  SectionsLRFD3.4 Describes the subsections in the Section

LRFD3.4.
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5.  Section LRFD3.4.1
6. Section LRFD3.4.2
7. Section LRFD3.4.3
8. Section LRFD3.4.4
9. Section LRFD3.4.5
10. Section LRFD3.4.6
11. SectionLRFD3.4.7
12. SectionLRFD3.4.8
13. SectionLRFD3.4.9

Defines the symbols used in the LRFD3 code
provisions.

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

Contains detailed discussion of the code
provisions and the equations applicable to the
singleanglecross-sectionssubjectedto axial force
only.

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

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 thecode
provisions and the equations applicable to the
rectangular and sguare HSS (structural 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.

Containsdetailed discussion of thecode provision
and the equations applicabl e to the channel cross-
sections subjected to the axial and bending forces.

Containsdetailed 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

CODE Required

TBLNAM WSHAPES9

CODETOL 0.0

PF 1.0

a 10000.0
(inches)

M eaning

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.

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

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

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

The clear distance between transverse stiffeners. This
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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Table LRFD3 (continued)
LRFD3 Code Parameters
Parameter Default
Name Value Meaning
SECTYPE Computed Indicates that the cross-section is Rolled or Welded shape.

Material Properties

STEELGRD

Fy

Fu

Fyf

Fyw

RedFy

A36

Computed

Computed

Fy

Fy

1.0

This parameter is used to compute the value of F,. F, isthe
compressive residua stressin flange.

ROLLED = rolledshape. Compressiveresidual stressis
equal to 10 ksi.
WELDED = welded shape. Compressive residual stress

isequal to 16.5 ksi.

Identifies the grade of steel from which a member is made.
See Tables LRFD3.1-4 and LRFD3.1-5 for steel gradesand
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. Used to
account for property changes at high temperatures.
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Parameter Default
Name Value

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Material Properties (continued)

RedFu 1.0

REDE 1.0

Slenderness Ratio

SLENCOMP 200

SLENTEN 300

K-Factors

COMPK* NO

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

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

M aximum permissibled endernessratio (KL/r) for amember
subjected to axial compression. When no valueis specified
for this parameter, the value of 200 isused for the maximum
dendernessratio.

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
dendernessratio.

Parameter to request the computation of the effective length
factors KY 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 and KZ.

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

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 = sidesway permitted.

NO = sidesway prevented.

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

K-Factors (continued)

SDSWAYZ YES

GAY Computed
GAZ Computed
GBY Computed
GBZ 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 themember. GAY 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 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 themember. 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 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).

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 Meaning

Buckling L ength (continued)

LZ

FRLY

FRLZ

Flexural-Torsional Buckling

Computed

1.0

1.0

KX

LX

FRLX

1.0

Computed

1.0

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

Fractional form of theparameter LY, allowsunbraced length
to be specified as fractions of the total length. Used only
when LY is computed.

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

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.

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-torsional
buckling stress, F, computations.

Fractional form of the parameter L X, allowsunbraced length

to be specified as fractions of the total length. Used only
when LX is computed.
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Parameter
Name

Default
Value

Bending Strength

CB

UNLCF

FRUNLCF

UNLCFTF

UNLCFBF

Computed

Computed

1.0

Computed

Computed

Table LRFD3 (continued)

LRFD3 Code Parameters

M eaning

Coefficient used in computing allowable compressive
bending strength (AISC 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, UNLCFand FRUNL CFareused
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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Parameter Default
Name Value

Channel 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 the load 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 YESfor
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, equal
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-torsional
buckling moment, M, (AISC LRFD Third Edition, Section
5.3 on the page 16.3-6) for major 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 a 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 theintermediate 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 lengthisused 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 stateof 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. Thedefaultiscomputed as
the length of the member.
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Parameter Default
Name Value

Table LRFD3 (continued)

LRFD3 Code Parameters

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

UNLCW Computed

FRUNLCW  Computed

Plate Girder Parameters

Fyst Fy

Ast 0.0

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).

Unbraced length of the compression web about the local Y
axisof theprofile. The default istaken aslength of member.

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

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

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

24

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-
G4-1isdependent on thetype of transversestiffenersusedin
aplate girder. Alternate values are asfollows:

1.0 = fordiffenersinpairs. Thisisthe default value
when the specified value for the parameter
‘NumBars’ is greater 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)

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.

Stiff-w 0.0 Parameter to specify thesingleplatestiffenerscross-section’s
width. See parameter * Stiff-H’ for more information.

Force Limitation

FXMIN 0.5(Ib) Minimum axial forceto be considered by the code; anything
less in magnitude is taken as zero.

FYMIN 0.5 (Ib) Minimum Y -shear force to be considered by the code;
anything less in magnitude is taken as zero.

FZMIN 0.5 (Ib) Minimum Z-shear force to be considered by the code;
anything lessin magnitude is taken as zero.

MXMIN 20.0 (in-lb)  Minimum torsional moment to be considered by the code;
anything lessin magnitude is taken as zero.

MYMIN 20.0(in-lb)  Minimum Y -bending moment to be considered by the code;
anything less in magnitude is taken as zero.

MZMIN 20.0 (in-lb)  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 Meaning

Output Processing and System Parameters

SUMMARY

PrintLim

TRACE

VALUES

NO

NO

4.0

1.0

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.

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.

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 Manual for an

explanation.

1 = never

2 = onfalure

3 = all checks

4 = controlling Actual/Allowable values and section
forces.

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 = nooutput

2 output parameters

3 = output properties

4 = output parameters and properties.

5.2-23



Design Prerel ease Features

GT STRUDL

Code
Name

LRFD3

LRFD2

ASD9

78AI1SC

69AISC

Table LRFD3.1-2

GTSTRUDL AISC Codes

Parameter
Table

LRFD3.1-1
Volume 2C

LRFD2
Volume 2A

ASD9
Volume 2A

2231
Volume 2B

2231
Volume 2B

Application

Checks compliance of | shapes, channels, tees, and double
angles (subject to bi-axial bending and axia force), round
HSS (Pipes), rectangular and square HSS (structural tubes)
(subjected to bi-axial bending, axial, and torsional forces),
singleand doubleangles (subjected to axial forcesonly) shape
profilestothe 1999 AISC LRFD, Third Edition, Specification
(96).

Checks compliance of | shapes, pipes, structural tubing, plate
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).

Checkscomplianceof | shapes, Singleangles, Channels, Tees,
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).

Checkscomplianceof | shapes, Singleangles, Channels, Tees,
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.

Checkscomplianceof | shapes, Singleangles, Channels, Tees,
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.
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Table LRFD3.1-2 (continued)
GTSTRUDL AISC Codes
Code Parameter
Name Table Application

WT78AISC 2231
Volume?2B

DBLANG 2231
Volume 2B

WG69AISC 2231
Volume2B

Similar to 78AI1SC code, except limited to checking | shape
profiles. Thiscodeisidentical to the 78A1SC 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 69AI1SC code, except limited to checking | shape
profiles. Thiscodeisidentical to the 69A1SC codewhich was
available in older versions of GTSTRUDL (i.e., version
V1IM7 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

Pr ofile 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, universa
beam shapes, universal column shapes, etc.

Single Angles See TableD-2in Appendix D for list of single angletable names
applicable to LRFD3 code.

DoubleAngles 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 Steel 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 select 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 (ks))
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
A618GlIII 50 NA 50
65 65
A242-G46 NA NA 46
67
A242-G50 NA NA 50
70
A588 NA NA 50
70
A847 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) | 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
3.5.6.2
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
4.2.5.3

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
Genera
Classification
Flanges of compound I- or H-sections
Table 11. Limiting width-to-thickness ratios for sections
other than CHS and RHS
Stressratios for classification
|- or H-sections with equal flanges
Circular hollow sections
Effective area
Effective modulus when web is fully 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 beams without
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 $,,
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 Member s with 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

4.8.33.1 Simplified method
Table26. Equivaent uniform moment factor mfor flexural
buckling
48.3.3.2 More exact method for I- or H-sections with equal flanges
Table26. Equivaent uniform moment factor mfor flexural
buckling
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Section

4.8.3.3.3

4.9

Annex B

B.2

B.21
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

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

1.

Table 00BS5950.1-1

Section 00BS5950.2

Section 00BS5950.3

Sections 00BS5950.4

Section 00BS5950.4.1

Section 00BS5950.4.2

Section 00BS5950.4.3

Section 00BS5950.4.4

Shows the parameters used by 00BS5950 code.
Table 00BS5950.1-1 contains the applicable
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 alphabetic 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 the code
provisions and the equations applicable to the
singleanglecross-sectionssubjectedto 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

|dentifies 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.

| dentifiesthedesign 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

4.45.2,48.2.2 and 4.8.3.2 of BS 5950-
1:2000 (95).

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

ROLLED = Member ishot rolled.

WELDED = Member iswelded/coldformed.

5.2-37



Design Prerel ease Features

GT STRUDL

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 alternate 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 a/d 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 amember issimply supported or not. This
parameter is used to determine the equations that are
applicable to the simply supported members (Provisions
‘4.25.27','4.25.3Z2’,'4.25.2Y’,and '4.2.5.3Y".

NO = Memberisnot ssimply 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
Pyf Py
Pyw Py
REDE 10

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 ahybrid cross-section, see parameter Pyw
also.

Design strength of theweb. 1f not specified, it isassumed
equal to the parameter Py. This parameter is used to

define ahybrid 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
valuewill initiatethe dendernessratio 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
nomina 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 computenominal
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, L., = EFLEZ x LZ for a compression
member. Nominal effective length, 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 (L., = 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 torsiona 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 L ateral-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 valueof * Computed’ isused for parameter
LLT (LLT = FRLLT x Member Length).

Equivaent 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 uniformmoment 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 is used 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 SDeSWAY 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 magnitude istaken 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 profiles in
most tables.

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

member. Choicesare YES or NO; see Sections2.9and 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.

BX449 BX449 Checks compliance of |, Singleangle, 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

Pr ofile 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 1 1 1 1 1 1 290 1 1
S235JR 235 225 1 1 1 1 1 1 340 1 1
S235JRG1 235 225 1 1 1 1 1 1 340 1 1
S235JRG2 235 225 215 215 215 195 185 175 340 340 320
S235J10 235 225 215 215 215 195 185 175 340 340 320
S235J2G3 235 225 215 215 215 195 185 175 340 340 320
S235J12G4 235 225 215 215 215 195 185 175 340 340 320
S275JR 275 265 255 245 235 225 215 205 410 400 380
S27510 275 265 255 245 235 225 215 205 410 400 380
S275J2G3 275 265 255 245 235 225 215 205 410 400 380
S275J12G4 275 265 255 245 235 225 215 205 410 400 380
S275N 275 265 255 245 235 225 1 1 370 350 1
S275NL 275 265 255 245 235 225 1 1 370 350 1
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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 !
SAGON 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 1.0

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' 1.2 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 Destabilizing
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 09LLT
against rotation on plan
Both flanges partially restrained against A3 0.8LLT 0.95LLT
rotation on plan
Compression flange partially 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 LOADS

'LE ‘A3 MEMBER 1 $ LE = O0B8LLT forload2and
$ LE = O0.95LLT forload5

'LE ‘AT MEMBER 8 $ LE = 12LLT+2D forload2and
$ LE = 1A4LLT+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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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, Code of 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 amore 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 isusedto
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
indicatethat web stiffenersare absent. A valueisnecessary
to account for web stiffeners in the allowable shear stress
calculation (Provision ‘6.4.2Y’ and ‘'6.4.2Z’).
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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)

|SB00 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 axial tension. When no value is specified for
this parameter, the value of 400 is used for the maximum
dendernessratio.
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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 L ength

LY Computed

LZ Computed

Table 1S800 (continued)

|SB00 Code Parameters

M eaning

G-factor at the start joint of the member. GAY isused in
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 (seeparameter
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 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.
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Table 1S800 (continued)
|SB00 Code Parameters
Parameter Default
Name Value M eaning

Buckling L ength (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, UNLCF and FRUNLCF
are used for this parameter.

Unbraced length of the compression flange for the bottom

flange. When no valueisspecified, UNLCF and 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)

|SB00 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 lessin 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)
|SB00 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 Sections2.9 and 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)

|SB00 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.

5.2-60



GT STRUDL

GTSTRUDL Profile Tablesfor 1S800 Code

525 GTSTRUDL Profile Tablesfor the Design based on the 1S800 Code

The profile tables for design based on the | S800 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 2.1-2| (continued)
GTSTRUDL Profile Tables
for the Design based on the 1S800 Code*

Table Name Reference

Angle shape Tables (continued)

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

EQDBANGM Equal legdoubleangleprofilesfrom AISC Metric*DOUBLE ANGLES,
Two equal leg angles, Properties of sections’ table (83).

LLDBANGM 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).

SLDBANGM 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).

BSEQANGL Equal leg single angle profiles from British “EQUAL ANGLES’ table
(82).

BSEQDBAN Equal leg double angle profiles from British “COMPOUND EQUAL
ANGLESLEGSBACK TO BACK” table (82).

BSLLDBAN Unequal long legs back-to-back double angle profiles from British
“COMPOUND UNEQUAL ANGLESLONGLEGSBACK TOBACK”
table (82).

BSSLDBAN 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 Name

Table 2.1-2| (continued)
GTSTRUDL Profile Tables
for the Design based on the 1S800 Code*

Reference

Channel shape Tables

ISCHAN

ISCHAMP

CHANNEL9
CHANNELM

CHANNELS
BSCHAN

| shape Tables

ISBEAMS

ISCOLUMN

Channel sections (sloping flange channels) from Table 4.1 of the Indian
Standard IS 808:1989, DIMENSIONS FOR HOT ROLLED STEEL
BEAM, COLUMN, CHANNEL AND ANGLE SECTIONS, Third
Revision.

Channel sections (paralel 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.

Channel shapes from 1989 AISC ASD Ninth Edition (72).

Channel shape profiles from AISC Metric “CHANNELS AMERICAN
STANDARD" table (83).

Channel shapes from 1978 AISC ASD Eighth Edition (33).

Channel shape profiles from British “CHANNELS’ table (82).

| shape beam sections (medium flange beams, junior and light weight
beams) from Tables 2.1 and 2.2 of the Indian Standard IS 808:1989,
DIMENSIONS FOR HOT ROLLED STEEL BEAM, COLUMN,
CHANNEL AND ANGLE SECTIONS, Third Revision.

| shape column/heavy weight beam sections (column and heavy weight
beams) from Table 3.1 of the Indian Standard 1S 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 1S800 Code*

Reference

| shape Tables (continued)

WSHAPES9
M/S/HP9
WBEAM9
WCOLUMN9

WSHAPESM
M/SIHPM

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 1S800 Code*

Table Name Reference

| shape Tables (continued)

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 profilesfrom 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 |-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
erweiterte Auflage, Uberarbeiteter Nachdruck 1997".

HEM H shaped (HE-M) profiles from Breite I-Tréger, Reihe HE-M. The
profiles are from "STAHLBAU-PROFILE, 21., neu bearbeitete und
erweiterte Auflage, Uberarbeiteter Nachdruck 1997".

|PE | shaped (IPE) profiles from Mittelbreite 1-Tréger, 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 1S800 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 ANS| B36.19-1976.

WSPIPE Pipe shapes from ANS| 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 1S800 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 design is 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 thistime 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 Value

Name 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 points in the member or
physical member referenceframe(i.e. themember’ sstart and
end deflection are always equal to 0.0). Vaues of ‘NO’,
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‘YES, 'YESY’, ‘YESZ', ‘ONLY’, ‘ONLY-Y’, and
‘ONLY-Z" are valid for this parameter and explanations of
these parameters are as follows:

NO

YES

YESY

YES-Z

ONLY

ONLY-Y

ONLY-Z

No deflection check or design.

Perform deflection code check (CHECK
MEMBER command) or design amember to
satisfy deflection requirement (SELECT
MEMBER command). This option performs
adeflection check or design for local Y and Z
axis and also performs code check or design
based on the user specified code. When this
option is used, the design code name must be
specified also.

Perform deflection check or designfor local Y
axisdeflection. Also, perform acode check or
design based on the user specified code.
When this option is used, the design code
name must be specified al so.

Perform deflection check or designfor local Z
axisdeflection. Also, perform acodecheck or
design based on the user specified code.
When this option is used, the design code
name must be specified also.

Perform only the deflection code check
(CHECK MEMBER command) or design of
a member to satisfy deflection requirement
(SELECT MEMBER command). Thisoption
performsa deflection check for local Y and Z
axis. This option does not perform a code
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.

Perform 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.
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DefLoads NO

DefLimit 360

DefLim-Y Computed

DefLim-Z Computed

DefPhys NO

DefStaJT Computed

Parameter to specify the loadings that you want to be used for
the deflection check. A vaue of YES for a list of loads
defines the loads to be used for the deflection check. If this
parameter has not been specified, the activeloadsare used for
the deflection check.

Parameter to specify thedeflection limitation. Member length
(chord length) isdivided by the value of thisparameter which
defines the deflection limitation (L/360). Thisvalueis used
for both local Y and Z direction deflection check.

Parameter to specify the local Y direction deflection
limitation. This parameter is used for the local Y direction
deflection check. Member length (chord length) isdivided by
the value of this parameter which defines the Y direction
deflection limitation (L/360). If not specified, the value for
parameter ‘ DefLimit’ is used.

Parameter to specify the local Z direction deflection
limitation. This parameter is used for the local Z direction
deflection check. Member length (chord length) isdivided by
the value of this parameter which defines the 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 physical length.
The specified members must be part of a physica member.
A vaue of YES indicatesthat the deflection check should be
based on the physical member chord. Deflection designisnot
available for physica members at thistime.

This parameter can be used to specify the start joint and
parameter ‘ DefEndJT’ can be used to specify the end joint of
the chord that the member is lying on. The deflection is
checked based on the chord through thejoints specified by the
parameters ‘DefStaJT’ and ‘DefEndJT’. Start joint name
followed by a list of members should be specified for this
parameter (ex: DefStaJT INT1 Members ‘M1 ‘M2 ‘M3).
Deflection design is not available for this option at thistime.
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DefEndJT Computed

DefNuSec 9

Example:

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 is lying on. The deflection is
checked based on the chord through thej oi nts specified by the
parameters ‘DefStaJT” and ‘DefEndJT’. End joint name
followed by a list of members should be specified for this
parameter (ex: DefEndJT INT4 Members ‘M1 ‘M2 ‘M3).
Deflection design is not available for this option at thistime.

Parameter to specify the number of sectionsto be used for the
computation of the member deflection. The default of 9
sections is used to compute the section deflections. The
deflection check is performed for the location that has the
largest deflection.

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 usually performed on unfactored

(service) loads.

$ Factored load combinations for code check

LOADING COMBINATION 'A' 'SW + Live Load' -
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

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

$ Serviceload combinations for deflection check

LOADING COMBINATION 'Def-F 'SW + Live Load + Wind Load from Right' -
COMBINE 'SW' 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 'SwW' 1.0 'LL' 1.0 'WLBZ' 1.0
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LOADING COMBINATION 'Def-I' 'SW + Live Load + Wind Load from Front' -
COMBINE 'SwW' 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
DeflL oads 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 Brazlian 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 stedl 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 CSb550%x290 CS650%x409
CS150%x29 CS300x131 CA50x165 CSb50%x345 CS650%x425
CS150x31 CS300x138 CA50x175 CS550%x358 CS650%x437
CS150x37 CS300x149 C450x188 CS550%x368 CS650%x468
CS150x45 CS350%x89 C450x198 CSb50%x395 CS650x484
CS200x29 CS350%x93 CA450x209 CSb50x407 CS650%x496
CS200x34 CS350x108 C450x216 CSh50x417 CS650x525
CS200x39 CS350x112 CA50x227 CSh50x441 CS650x593
CS200x41 CS350x119 CA50%x236 CSb50%x498 CS700x389
CS200x50 CS350x128 C450x280 CS600%x250 CS700x426
CS200x61 CS350x135 CA50x291 CS600x281 CS700x441
CS250%x43 CS350x144 C450x321 CS600x294 CS700x458
CS250x49 CS350x153 CHA50x331 CS600x305 CS700x471
CS250x52 CS350x161 CS500x172 CS600x318 CS700x505
CS250%x63 CS350x175 CS500x195 CS600%x332 CS700x522
CS250%x66 CS350x182 CS500x207 CS600x377 CS700x535
CS250x76 CS350%x216 CSbh00x221 CS600x391 CS700x567
CS250x79 C3400x106 CSb00x233 CS600x402 CS700x640
CS250x84 C400x128 CS500%x253 CS600%x432 CS750x417
CS250%x90 C400x137 CS500%x263 CS600x446 CS750x457
CS250%x95 C400x146 CS500x312 CS600x456 CS750x473
CS250x108 C400x155 CSb00x324 CS600x483 CS750x492
CS300x62 C400x165 CS500%x333 CS600x546 CS750x506
CS300x76 C400x176 CS500x369 CS650%x305 CS750x542
CS300x92 C400x185 CSb00x378 CS650%x319 CS750x560
CS300x95 C400x201 CSbh50%x228 CS650%x330 CS750x574
CS300x102 Cs400x209 CSbh50x257 CS650%x345 CS750x608
CS300x109 C400x248 CS550x269 CS650%x361 CS750x687
CS300x115 CA50x144 CSbh50%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 CV S600X190 CVS750X301
CVS150X24  CVS300X94 CVSh00X123 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 CVSh00X194 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 CVS850X 396
CVS250X33 CV$400X82 CV S500X 259 CV S650X 252 CVS850X414
CVS250X40 CV$400X87 CVS500X281 CV S650X 266 CV S900X 342
CVS250X47  CV$400X103 CVSh00X317 CVS650X 282 CV S900X 362
CVS250X56  CVS400X116 CVSh50X184 CVS650X310 CVS900X402
CVS250X64  CV$400X125 CV S550X204 CV S650X 326 CV S900X422
CVS250X72 CV$400X140 CV S550X220 CV S650X 351 CV S950X 368
CVS300X47 CV$400X152 CV Sh50X 232 CV S650X 366 CV S950X 389
CVS300X57 CV$400X162 CVSh50X245 CVS650X413 CVS950X433
CVS300X67 CV$S450X116 CVS500X270 CV S650X461 CVS950X454
CVS300X70 CV$450X130 CV S550X283 CVS700X214 CVS1000X3%4
CVS300X79 CV$450X141 CVSh50X293 CVS700X232 CVS1000X416
CVS300X85 CVS450X156 CVSh50X319 CVS700X278 CVS1000X464
CVS300X95 CV$S450X168 CV S550X 329 CVS700X293 CVS1000X486
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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 S600x95 VS900x191 VS1500x319
VS150x21 V S350%x35 VS600x111 V S950x127 V S1500x339
VS200x19 V S350%x39 V S600x125 V S950x146 V S1500x388
V S200x22 V S350%x38 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 V S1000x140 V S1600x348
V S200x26 V $400x32 VS650x114 VS1000x161 V S1600x398
VS250x21 V S400x35 V S650x128 VS1000x180 V S1600x444
V S250%x24 V $400x30 V S650%x143 V S1000x201 V S1600x498
V S250%x27 V $400x34 V S650x155 V S1000x217 V S1700x338
V S250x23 V $400x38 VS700x105 VS1100x159 VS1700x358
V S250x26 V $400x32B VS700x122 VS1100x180 V S1700x408
V S250%x30 V S400x37 V S700x137 VS1100x199 V S1700x454
V S250%x25 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 V S1200x221 VS1800x418
V S300x26 V $S450x51 V S750x140 V S1200x244 V S1800x464
V S300x28 V $450%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 $450x59 V S800x129 V S1300x258 V S1800x564
V S300x27 V45070 VS800x143 VS1300x281 V S1900x429
VS300x31B  V$450x83 V S800x160 V S1300x299 VS1900x478
V S300x34 V S450x95 VS800x173 V S1300x344 V S1900x524
V S300x33 V S500x61 V S850x120 V S1400x260 V S1900x577
V S300x37 V S500%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 S350%x30 V S550%x64 V S850x188 V' S1400x378 V S2000x624
V S350x33 V S550%x75 VS900x124 V S1400x424

5.2-78



GT STRUDL ACI Code 318-99
528 ACI Code 318-99

Design of beams and columns by the 1999 ACI code has been added. Only members
designated as TY PE 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-rel ease 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 [ _

WORKING (STRESS)
ACI318-63

(BSI) CP110-72

(BSI) BS8110

L ASTM
- NONSEISMIC
CANADIAN (STANDARD)
( BARS | L) ( SEISMIC )

UNESCO
MODERATE SEISMIC

KOREAN (STANDARD)

Example:

METHOD ACI318-99
****INFO_MET — 318-99 isa pre-rel ease 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 vaues for ACI 318-99 is shown below:

TABLE 2.4-1. CONSTANTS and Assumed Valuesfor ACI 318-99

CONSTANT Explanation ACI 318-99 Assumed Value
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. stress in concrete, F, A3l 0.45(FCP)
VU Ult. shear stress in 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 Allowable tension stressin primary reinf. 20000 psi for
FSC Allowable compressive stress in column reinf, @ A.3.2 Grades 40, 50
Fv Allowable tension stress in 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 932 0.75
PHITI Tied column capacity reduction factor 932 0.7
BLFR Ratio of max p, (p- p") or (p, - P) 1O Poa 10.3.3 0.75
PMAXCO Maximum allowable reinforced ratio in columns 1091 0.08
PMINCO Minimum allowable reinforced ratio in columns 1091 0.01
PMINFL Minimum allowable reinforced ratio in flexural 1051 200/FY

members

ES Modulus of elasticity for reinf. steel 852 29x10%psi
EC Modulus of elasticity for concrete 851 33(WC)\}/m
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 is also 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 concretecrosssections. The
new tablefor rectangular sectionsiscalled CONRECT and thenew tablefor circular sections
iscalled CONCIR. Thesetablesareadded tofacilitate the 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 ininches. 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 YY 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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5.2.10 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 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].

PF 1.0 Area reduction factor for holesout in members subject to
axia 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 stress increase value. This parameter 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 slenderness ratio (KL/r) for member
subjected to axial compression. When no valueis specified
for this parameter, the value of 200 isused for the maximum
slendernessratio.

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

KZ

Print-K

1.0

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
indicatesthat 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 allowsthe
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 columnsto 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
calculation 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 isused inthe
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 themember. 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 isusedinthe

calculation of effective length factor KZ (see parameter
COMPK, KZ, and Sections 2.2 and 2.3 of Volume 2A).
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Parameter
Name

Default
Value

Buckling L ength

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 = check flexural-torsiona buckling.

NO = donot 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 L X, allowsunbraced length
to be specified as fractions of the total length. Used only
when LX is computed.

Coefficient used in computing allowable 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 UNL CF, allows 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 valueis specified, UNLCF and FRUNL CF
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 Axia 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 modifies Y 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 forceto 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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Parameter
Name

Default
Value

Table ASD9-E.1-1 (continued)

ASD9-E Code Parameters

M eaning

Output Processing and System Parameters

MXTRIALS 500.0

SUMMARY NO

PrintStr

TRACE

VALUES

NO

4.0

1.0

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

Indicatesif 'SUMMARY' information is to be saved for the
member. Choicesare YES or NO; See Sections2.9and 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 value 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 = 4l 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 | shape Profile 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

AISC Tables (American Institute of Steel Construction)

W-LRFD3
M/S/HPL3
WSHAPESO
M/S/HP9
WBEAM9
WCOLUMN9
WSHAPESM
M/S/HPM

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 as beams from 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 profilescommonly used as columnsfrom 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 British Universal Column profilesfrom 1996 BS5950 Section Properties,
4th Edition (82)

JOISTS British Joist profilesfrom 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)

|PE | shaped (IPE) profiles from Mittelbreite I-Tréger, 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 1S 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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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 o
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: U2
& T
lel, = ¢de) (&)aw
ew

where e_ isthe error in stress and £2 isthe domain of the element. The error stress
is the difference between the average stress, 0 * , and element stress at the nodes,
o. Thestressnorm isobtained by using the shape functions used for displacements,

thus,

(@H

2

[(* = o)’ NT- N (6" ~ o) d@| "
Q

leglis

where N is the shape functions used for the assumed displacement field of the
element.
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The stress norm uses the average stresses and is given by:

12

- O

& T
Ioll,, = &0fs”) NTxN(s)aw
ew

& .-

The relative percentage error which is output for each element is given by:

Thenodal error estimates estimate the accuracy of the datain aselected nodal output
vector. Six nodal error estimation methods are available:

C Maximum Difference.

C Difference from Average.

C Percent Maximum Difference.

C Percent Difference from Average.

C Normalized Percent Maximum Difference.

C Normalized percent Difference from Average.

Theseerror estimates|ook at thevariationsin stressesat thenodes. Anerror estimate
of nodal output datawill be based on the gradients that dataproducesin 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 simply compared. The
six nodal error measures are outlined in more detail below:
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Maximum Difference Method

| Value,,,, - Valuey,

Difference from Average Method

MAX (| Valuey, - Value, |,|Valuey, - Value, |)

Percent Maximum Difference Method

vd UCpax - va UeMmin

100%

Percent Difference from Average Method

MAX(‘ValueMax - Valuepq |,‘Va|ueMm - Vauenq |)

"~ 100%
‘ va UeAVg
Normalized Percent Maximum Difference
Valuey - Vaueyi, 100%
ValueVectorMax
Normalized Percent Difference from Average Method
MAX ( ‘ValueMaX - Valuepg |,‘Va|ue,\,”n - Valuepg |)

"~ 100%

| val UEy ectorMax |

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. 1ngenera,
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 Method 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 outpuit.
Thetwo percentage methods estimate the error as a percent of the average stress. However,
at nodes where there isachange in sign of the stress, the average stress becomes very small
and often closeto zero. Asaresult, the value of the error becomes enormous. In order to
quantify 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 loading:

1. Enter GTMenu.

2. Select 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 the error 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  (FACTORS) ii
'SPECTRAL DISPLACEMENTS'
|SPECTRAL VELOCITIES '|'
LIST RESPONSE SPECTRUM ( | SPECTRAL ACCELERATIONSy) _
'(MODAL) COEFFICIENTS !

>(-

DISPLACEMENTS

i

| VELOCITIES |

| ACCELERATIONS}
i FORCES v

l LOADS !

i
|
{ REACTIONS |

((MODAL) COMBINATIONS
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Elements:

list = see Section 2.4.6.5
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 coefficientsaredefined in 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 in thelist. Modal combinations are al so 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 stresses can 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 are asfollows:
OUTPUT MODAL CONTRIBUTIONS (Section 2.4.6.3)
OUTPUT DECIMAL (Section 2.1.14.3)

OUTPUT FIELD (Section 2.1.14.3)
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Examples:

1)

)

3

(4)

LIST RESPONSE SPECTRA DISPL MODAL COMBINATIONS ALL. This
command outputs previously computed peak displacements for all jointsand all of
the modal combination techniques.

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 LI ST 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.

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.

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 | Iagg (titley') -
= iy

I MASS [X] vk [Y]vy [Z] v, i

{l® RMSU . i

FROM iy ) 1" &Rsl y

il CQCy (OF RESPONSE SPECTRUM) LOAD { / (FACTOR Vgs)!

if sum) | b
Elements:

‘a’liy = aphanumericor 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 the massload inthe global X direction. v, istaken as
0.0 by defaullt.

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 defaullt.

‘ars/

Irs =  name of the response spectrum load to be used for the calculation of
static earthquake load ‘ay’'/iy.

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 load 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 generatesan independent | oadi ng condition containing joint

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 globa mass matrix,

{vxyvz} = vector of global 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 a MASS-equivalent static load conforms to the NEHRP
guidelinesfor the calculation 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).

1® RMSU 1 'ags U
{  CQCy (OF RESPONSE SPECTRUM) LOAD{  y (FACTOR Vgs)
i SUMp tirs b

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' /i
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FORM STATIC LOAD Command

Theadditiona 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:

{frei = -Vrs iS4 [M]{M} Eq.5.3.3-2
where,

{fad; =  responsespectrum staticjoint load vector for thei™ mode,
Virs =  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,
{M:} = 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 STGELL -- 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 is set and may be
removed by giving the SCAN OFF command. The minimum requirement for the
MASS optionisthat 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 | oading
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 er ed.

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:

Figure 5.3.3-1 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 structure model includes mid-
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
o 10 32
®
Ny 18
Y 27 20 28
A 9 31
15 16
0
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© 6 28
®
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Y . 23 16 24 2]
A
; 7 8
S
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N
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Y Dl M 23
< >
20'

UNITSINCHESKIPS

Density = 0.00615
AX 33.6 1220000 Membeslto4
AX 33.6 1210000 Members5to20
AX 240.0 1Z 18000.0 Members 21 to 30

Figure5.3.3-1 Example SEL-1, Geometry, Structural, and Material Properties
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STRUDL 'SEL-1' 'Example of static earthquake load generation’

$

$ 4-story plane frame for static earthquake load generation.

$ Geometry.

$

PRINT GEN OFF

UNITS FEET

GEN 11 JOINTSID 11X 0.0Y DIFF0.02AT 752AT 6.02AT652AT 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 311TO 1411

REPEAT 4 TIMESID 2FROM 2TO 2

DELETIONS
JOINTS1213TO21BY 2
ADDITIONS

STATUS SUPPORTS 1 23

$

$ Structural and material properties.
$

UNITS INCHESKIPS

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 2.0Y 2.0

$
$ For the static response spectrum load generation, use a

$ constant 1-g acceleration spectrum.
$

Figure5.3.3-2  Command Listing for Example SEL-1
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UNITS INCHES 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 ANALY SIS
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)
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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 RV 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

Tine to create equivalent static earthquake |oad = 0. 00 Seconds

{ 85} >
{ 86} > PRINT APPLIED JO NT LOADS

khkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkxkkk*x*%

*  PROBLEM DATA FROM | NTERNAL STCORAGE *

khkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkhkkkkk*x*%x

JOB ID - SEL-1 JOB TITLE - Exanple of static earthquake | oad generation
ACTIVE UNITS - LENGTH VEI GHT ANGLE TEMPERATURE TI ME
I NCH Kl P CyC DEGF SEC

xxxkkkxxxx | QAD| NG DAT. khkkkkkkkk*k

LOADI NG - ERS1-G 1 Equi val ent STATI C EARTHQUAKE | oad 1-G 1, RS load 1-G 1 STATUS - ACTI VE
JOANT LOADS- - - ---c-mmmmmmmmcccccm e e e o e ceeeececeeccccomecmccmcccccocccm oo m o /
JO NT STEP  FORCE X Y 4 MOMENT X Y Z

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 LQADS- - - - - - = = - = s m mm o f 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

khkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkkk*x*%x

*

END COF DATA FROM

I NTERNAL STORAGE *

khkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk*x*%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 | ng (titley) -
| 's

T iy = =
'

|® Xu i Xu
DIRECTION| Yy HEIGHT (DIRECTION) {® Yy WEIGHT (LOAD), :’wz i
z bz e
xl 1 SAuU
| i il
T
i1 ¢ isolL }%{/: |ESENTIAL (FACLITIES)
P2A L :;::  HAZARDOUS (FAQLITIES)
zone | )] TSFby OCCUPANCY (CATEGORY) | | SPECIAL  (STRUCTURES)
i3 7 | |STANDARD (STRUCTURES)
i1 A v ! + MISCELLANEOUS (STRUCTURES)
tZvzp i oV i “ v
i GV VCV i |
Z:IM Vna Z:ﬁ
NV v b
ISMR @
T{RCMR}' R vy g(WITH) TORSION | © =25 U0 o 0oR (TOLERANCE
Eiother) B Ve g(_ ) TOR I MINUS{ (FLOOR (TOL ) Viol)
}VCT b
Elements:

‘ag'liy = alphanumeric or integer name for the generated UBC 1997 static
seismic load. This name 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 the independent 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 value 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 value for the UBC 1997 importance factor 1, 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 sel ection 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:

1®
DIRECTION |

I\
|

IN |< [X
rept Sl et

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.

i
HEIGHT (DIRECTION) |®

I\
I

IN <X
T

The HEIGHT DIRECTION option specifies the global coordinate direction
that definesthe el evation coordinatefor the structure. 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.
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WEIGHT (LOAD) { Ia”g
i

The required WEIGHT LOAD command option is used to identify the static, independent
loading from which the total weight of the building model iscomputed. Thetotal weight is
computed as the sum of the absolute values of all trandlation load components (FORCE X,
FORCE Y, and FORCE Z). The specified loading must have been defined previousto the
time that the FORM UBC97 command is given.

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 zonefactor Z. One
of the ZONE options 1 through 4 must be selected if one of the SOIL options
SA through SF is aso selected as described below.

1 SA0
lsBli
fSCi1
15D
iSET
sy

:

ZERIZ
2<

o =

Theseoptionsare 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
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OCCUPANCY (CATEGORY) i

specification — 1 through 4 — to cal cul 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. Vaues for CA and CV must be
specified if the ZONE and/or SOIL specifications are not given. The values
for NA and NV aretaken as 1.0 unless otherwise specified. Thesevaluesare
thevaluesfor the near-sourcefractorsN, and N, respectively, which are used
in the calculation of C, and C, respectively when the ZONE 4 specification
aboveisgiven.

1 ESSENTIAL (FACILITIES) i
i HAZARDOUS (FACILITIES) i
{SPECIAL (STRUCTURES) {
i STANDARD (STRUCTURES) ?’
' | MISCELLANEOUS (STRUCTURES)'

TlvI b

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 value
for | can also be specified directly by giving the valuev,.

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.
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Rvg

This required option is used to specify the over-strength/ductility factor R
according to 1997 UBC Tables 16-N or 16-P.

Y

i® PLUS
(WITH) TORSION | =
| M

The optiona 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 apositive global 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 massin 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 compriseafloor. 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
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Errors:

The following messages indicate warning conditions that can occur during the
execution of the FORM UBC97 LOAD command:

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:

****x WARNI NG_STUBC9 -- Val ue for seismic 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.

The following is an example of a FORM UBC97 command that will produce these
warning messages.

FORM UBC97 LQOAD ' TESTUBCZ' DI R X WEI GHT LOCAD 'DL' -
SOL SCCT SMROCC 1|l 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 coefficients C,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 LQAD ' TESTUBCZ' DI R X WEI GHT LOAD 'DL' -
CA0.24 CV 0.32 CT SMR R 5.5

The required OCCUPANCY option is not given.

4, Thiswarningmessageisgivenif avaluefor the over-strength/ductility factor Risnot
specified using the required R command option:

***%* WARNI NG _STUBC9 -- Value for R factor incorrectly specified.
Conmand i gnor ed.
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5. Thefollowing warning messageisgiven if the valuefor the numerical coefficient C,
is not correctly specified using the required CT command option:

**%* WARNI NG_STUBC9 -- Val ue for period coefficient & incorrectly
speci fied. Conmand i gnored.

Example:

Thefollowing UBC97 command examplecorrectly definesa1997 UBC staticlateral
load having the name UBCX:

FORM UBC97 LQOAD ' UBCX' DI R X VEI GHT LOAD ' DL
SOL SCZONE 2B CT SMROCC | 1.5 R5.5

Theload is calculated using the following 1997 UBC parameter val ues.

0.035
= 0.2
15
5.5
0.24
= 0.32
= 1.0
= 1.0

0
|

Z 20023~ N
o < Q@
I

<

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 option isalso
added:

FORM UBC97 LQOAD ' UBCXNEW DI R X WEI GAT LOAD ' DL' -
SOL SC ZONE 2B CV 0.35 CT SMROCCC 1 1.5 R 5.5
TORSI ON' M NUS
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The 1997 UBC parameter valuesthat are used to cal culateloading 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 thevaluethat 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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535 FORM 151893 LOAD Command - Automatic Generation of Static
Seismic Loads Accordingto 1S 1893

General Form:

a
(‘title,')

FORM IS1893 (STATIC) (SEISMIC) LOAD { )

DIRECTION
II

I

ZONE {IV
\
Z

1sl

HEIGHT DIRECTION | -

NI
NI

WEIGHT (LOAD) { } -
A\

. SOIL (TYPE) {I } IMPORTANCE (FACTOR)V, -

SMR
RCMR

PERIOD (TYPE) OTHER Rvg (FLOOR (TOLERANCE) vqq,)

Elements;

ay'lig
‘title,'

Ayl

alphanumeric or integer namefor thegenerated |S 1893 static seismic
load. Thisnamemust be uniqueamong all current |oading 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 is used
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.

5.3-29



Analysis Prerelease Features GT STRUDL
v, = decimal value for the IS 1893 importance factor .

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 IS 1893 (Part I) : 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 =< <

The DIRECTION optionis used 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. It isassumed 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 trangdlation load components (FORCE X, FORCEY,
and FORCE Z). The specified loading must have been defined previousto
the time that the FORM 151893 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 zone factor
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 value for the seismic
importance factor .

SMR
RCMR
OTHER

Vr

The required PERIOD command is used to select the equation for the
calculation of the approximate building natura period T,. The SMR,
RCMR and OTHER options are used to select an empirical equation to
computethe building natural period, where SM T 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 also can be specified directly
by specifying a decimal 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 1S1893 load. All jointswhose elevationis
within the specified tolerance are assumed to comprise afloor. The value
for v;o 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 MWEIGHT |oading DL1 does not
exi st. Command i gnored.

The following message is produced if seismic zone data are not correctly specified:

****  WARNI NG _STI S93 — Specified MWEIGHT |oading DL1 does not
exi st. Command i gnored.

The following is an example of a FORM 151893 command that will produce this
warning message:

FORM | S1893 LOAD ‘' TESTI SX DI RE X WEI GAT LCAD * 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:

****x  WARNI NG _STI S93 — Soil type not correctly specified. Comrand
i gnor ed.

The following is an example of a FORM 1S1893 command that will produce this
warning message:

FORM |1 S1893 LOAD ‘' TESTI SX DI R X WEI GHT LOAD ‘' DL’ ZONE
5

L
11 PERIOD TYPE SMR IMP 1.5 R 4.0
The SOIL TYPE option is not specified in the command.

Thefollowing messageisproduced if theimportancefactor | isincorrectly specified.

****  WARNI NG _STI S93 — Specified MWEIGHT |oading DL1 does not
exi st. Command i gnored.

The following is an example of a FORM 151893 command that will produce this
warning message:

FORM | S1893 LOAD ‘' RESTI SX DI R X WEI GHT LOAD ‘' DL’ ZONE
11 SOL TYPE Il PERIOD TYPE SMR R 4.0

The required value of the importance factor | is not specified.
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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. Conmand
i gnor ed.
6. The following warning message is given if the PERIOD option is not specified.
***%*  WARNI NG _STIS93 — R factor incorrectly specified. Comuand
i gnor ed.
Example

Thefollowing FORM 1S1893 command example correctly definesan |S 1893 static

lateral load having the name | S1893X:

FORM |1 S1893 LOAD ' 1S1893X DI R X WEI GHT LOAD ' DL’
SOL TYPE Il ZONE V PERICD 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 TheELEMENT PROPERTIES Command for the
NL $4APH 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 NLSAPH element, a four-parameter, hysteretic version of the nonlinear spring element
(typeNLS), are described by thefollowing 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)

*1 X [ UXO] Vuwo [ FXO] Vixo [ UXMAX] Vuxm [ FXMAX] fomp
force specs = FORCE | Y [UYO] Vuo [ FYO] Vio [ UYMAX] Vo [FYMAX] Vi y
{ Z[UZ0] Vuo [ FZO] Vio [ UZMAX] Viem [FZMAX] Viem |,

* 1 X [ THXO] Vo [ MXO] Vo [ THXMAX ] Ve [ MXMAX ] Vi
moment specs = MOMENT [ Y [ THYO] Vino [MYO] Viwo [ THYMAX] Vim [ MYMAX ] Vi
{ Z[THZO] Viwo [ MZO] Vo [ THZMAX] Ve [ MZMAX] Ve

I
orientation specs=  { TH2 Vay
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Elements;

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 0,
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 Vi,

rotation about the spring X axisat the point of maximum rotation on the
curve,

spring X axis moment corresponding tO Vi, m,
rotation about the spring Y axis at curve point 0,
spring Y moment corresponding to Vy,,

rotation about the spring Y axis at the point of maximum rotation on the
curve,

spring Y axis moment corresponding to Vi, ,,
rotation about the spring Z axis at curve point 0,
spring Z axis moment corresponding to Vy,o,

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 2,, 2,, and 2,
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.

All displacement, rotation, force, and moment values assume the appropriate active
length, angular, and force units.
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Explanation:

The NLSAPH element is a specia version of the nonlinear spring el ement
(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,,q, Vo, Viym, aNd Vyy,,, must always
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 vy,q) 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 vy,,,,) 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, Vi,0, Viym @Nd Vi, Theinitia curve template and the
assumed hysteretic behavior are shown.

Force A
(Vuynv vfym) ?
(vuy()’ Vi) 7]
T
K,
2ny0
0,0 >
0.0 Displacement
- \ 4
K, > K,
K,>0

Figure2.5.3.5-1 NLSAPH Force-Displacement Spring Curve with Hysteretic Behavior
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The active degrees-of-freedom of the NLS4PH 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 al degrees of
freedom are uncoupled.

Thedefault orientation of the degrees-of-freedom of the NL S4PH 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 angles is 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.

M odifications:

In CHANGES mode, existing data are replaced with the newly specified data.
Unspecified datais |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 NL S4PH 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 DEGREESKIPS INCHES
ELEMENT PROPERTIES
8 TYPE 'NLSAPH' -
FORCE X UX0 0.5 FX020.0 UXM 3.0 FXM 22.0 -
MOM Z THZ01.2MZ0650.0 THZMAX 10.0 MZMAX 1500.0 TH2 -30.0
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Error Messages:

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 ement.
Scan node entered.

{ 65} > 7 FORCE X UX0 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 is used in
the ELEMENT PROPERTIES command for the NLS4APH 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 anaysis or the output of
analysisresults.

{ 70} > ELEMENT PROPERTI ES
{ 71} > 7 TYPE 'NLS4PH FORCE X UXO 0.5 FX0 -10.0 UXM 3.0 FXM
22.0

**x% EFRROR _STNS4P -- Al NLS4PH el enent property val ues nust be
>= 0.
Scan node entered.

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 FXO; 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 emrent 8
Scan node entered.

This message is given when the NL SAPH properties for a specified element previously
have been given. Scanmodeisentered. CHANGES modeisrequired to modify existing
NL$S4PH 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 DY NAMIC
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
dynamicanalysisexecution, including theuseof 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,
1® OFF(
INITIAL (STRESSLOAD) { i ¥
R
RESULTS (FILE NAME) 'fn'
END (OF DYNAMIC PARAMETERS)

MAX

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 = adecima number much less than 1.0, representing the incremental
energy convergence tolerance, (default v, =.001),

/'@y’ = integer or dphanumericid of theinitial stressloading,

‘fn = aphanumeric string to be used in the construction of the dynamic
analysis results file names. The length of the alphanumeric 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 igs

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 beused. 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 deleted
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 amodified 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 ijay

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 Vi,

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
analysis 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
adtatic stiffness or nonlinear analysis has been previously executed. Theinitial 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).

TheINITIAL STRESSLOAD OFF command isused to switch off theinclusion of an
initial stressload for anonlinear dynamic analysis in the case where an initial stress

load was specified for a previous nonlinear dynamic analysis.

RESULTS FILE NAME ‘fn’

Nonlinear dynamic analysisusestheexternal filesolver proceduredescribedin Section
2.4.5.3 (Section 5.10 of this Release Guide), whereby the results of the dynamic
analysis — displacements, velocities, accelerations, member forces, etc. — are
permanently stored at the end of each time step into external save files rather than in
virtual memory. The RESULTSFILE NAME option specifiesan a phanumeric string
to be used as afile name prefix in the creation of the resultsfile names. If thisoption
isnot given, then thefilename prefix string ‘fn’ istaken asthe problemid giveninthe
STRUDL command (Section2.1.2.3,Volumel, 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 cumbersomelater to accesstheresultsfrom
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:
*
i BETA v,jj
DYNAMIC ANALYSIS NONLINEAR .
iDEEIMPg
Elements:
A = decima valueof $inthe Newmark-$ formulation 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 is used 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 all available TRANSIENT LOADING
options.

The nonlinear dynamic analysis calculates and stores nodal displacements,
velocities, accel erations, and element nodal forces for nonlinear geometric frame and
truss members, tension/compression-only members, friction damper members,
nonlinear spring elements, NL S4PH elements, and IPCABL E elements. Member end
forces and finite element nodal forces, and finite element stresses and strains may be

5.3-45



Analysis Prerelease Features GT STRUDL
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 tiesand rigid bodies (Section 2.6.5, Volume 3, GTSTRUDL
Reference Manual).

3. Dynamic degrees of freedom condensation using the DYNAMIC 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 messageisprinted 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 analysis is terminated.

***%* 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 simple 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 shows the 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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Feet Pounds

Figure2.5.6.3-1  Nonlinear Dynamic Analysis Example Structure — Joints L abeled
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BZ5 BX5

6 BZ1 BX1
F1
\2
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 Dynanic 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 TIME ID 9 Y 12.0

TYPE SPACE FRANE
MEMBER | NCI DENCES

1
2
3
4

A WN PR

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 FROM 9 TO 9

GEN 2 MEMBERS ID "BZ1' 1 FROM5 1 TO6 1
REPEAT 1 TIME ID 2 FROM 6 TO 6

REPEAT 1 TIMEID 4 FROM 9 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 'BzZ8' RECT B 8.0 H 18.0
ELEMENT PROPERTI ES
"F1' TO'F8 TYPE 'SBHQ' THICK 4.0

$
$ Define self weight and dead load 1. This load is used as
$ the initial stress |loading for the nonlinear dynam c anal ysis.
$
UNI TS FEET LBS
DEAD LOADS 1 DIR -Y MEMBERS 1 TO 8 -
'BX1' TO 'BX8' 'BZzZl1' TO 'BZ8'
MVEMBER LOADS
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"BX1" 'BX2' FORCE Y GLOB 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
$ menbers 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 anal ysis data including inertia and

$ dynamic |l oading data. This data is specified

$ in the same manner as for |inear dynam c anal ysis.
$

UNI TS LBS

I NERTI A OF JO NTS LUMPED
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

TRANSI 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 ysis including the MAXI MUM CONVERGENCE TOLERANCE,
$ INITIAL STRESS, UPDATE, and RESULTS FI LE conmands.

$
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DYNAM C PARAVETERS

MAXI MUM NUMBER OF EQUI LI BRI UM CYCLES 30

CONVERGENCE TOLERANCE 0. 0001

I NI TI AL STRESS LQAD 1

UPDATE STI FFNESS EVERY 3 TI ME STEPS

PRI NT MAX

RESULTS FI LE NAME ' N1DyEX
END DYNAM C PARANS

$

$ Execute the nonlinear dynam c anal ysis
$

DYNAM C ANALYSI S NONLI NEAR

$

$ Perform nornmal backsubstitution and results processing
$ operations

$

COVPUTE TRANSI ENT FORCES

COVPUTE 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 LOADS 'EQ X' 'EQ Z

LOAD LIST 1 3 TO 8

UNI TS | NCHES KI PS

QUTPUT BY MEMBER

LI ST DI SPL JO NT 5

LI ST FORCES MEMBERS ' BX1' ' BZl'

SECTION FR NS 3 0.0 0.5 1.0
LI ST SECTI ON FORCES 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 VVolume
3 of the GTSTRUDL User Reference Manual.

2437 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)

iip i ® GLOBAL{
o INCIDENCEs: s “(l e Ul J
Tajg a i'a’h 1 LOCAL g
[CTX] Verx [@] Very  [CTZ] Verz [CRX] Verx [CRY] Very [CRZ] Vg,

Vi i ® GLOBAL |
3 INCIDENCEs: s u(I e U : v
i aaié ah i aEE LocAL
[CTX] Verx [CTY] Verv  [CTZ] Verz [CRX] Verx [CRY] Very [CRZ] Vg,

END (OF DAMPER ELEMENT DATA)
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Elements;

ip/ ap'

VCTX

VCTY

VCTZ

VCRX

VCRY

VCRZ

integer or alphanumeric name of the new damper element. The name
must be unique among all 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 value 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 value 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)].

decimal 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)].

decimal 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)].

decimal 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:

S 6 i 1 ® GLOBAL
{2 YINODENCES| S v (iEv) i oy -
b i'ap i'ah i LOCAL }

[CTX] Verx  [CTY] Very  [CTZ] Ve [CRX] Verk [CRY] Very [CRZ] Vg,

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:

1ip U
'as'h
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
apreviousy defined member or finite element name.

Element name

INCIDENCES | '° 4
ah

The damper element connectivity isdefined by one or two incident joints. The
firstincident joint, iy’ a5, definesthe start of the element. The secondincident
joint, i/’ &, 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#i

T

LOCAL §

TheGLOBAL and LOCAL optionsareused to specify the coordinatereference
frame for the damper element. The GLOBAL option, which is the default,
means that the element is agloba 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 loca 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 O (# 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 [m 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:

éCTX 0 u
é U
& Cly 0 0 0 0,4
é CTlz 0 0 04
e u
& (ym) CRX 0 0y
< CRY 0 Y
e u
é CRzg

Thesevaluesrefer to the element damping translational 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 DY NAMIC ANALY SIS PHY SICAL
and DYNAMIC ANALY SISNONLINEAR commands. Theviscousdamper 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 becausethe
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.E7
"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 elements.

{ 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 DAWP1 previously defined. Command 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 DAMPL. Command
processing continues with the tabular entry for DAMPS.

2.  Thefollowingwarning messageisprintedif oneor both of the specified element incidence
jointsare not defined. Command processing continues with the tabular entry for the next
element.

{ 10} > DAMPI NG ELEMENT DATA
{ 11} > "DAMPL" 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 DAMP1 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} > "DAMPL" 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 -- Danper elenment starting and ending incident joints are the
sanme. 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 a table 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 *

kkkkkkhkkhkkhkkhkkhkkhkhkkhkhkhkkkkk* %

ACTI VE UNI TS (UNLESS | NDI CATED OTHERW SE) :

LENGTH VEI 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 GO0 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} > PRI NT DAMPI NG ELEMENT DATA

R R S b R R R I S R R S

* RESULTS FROM LATEST ANALYSI S *

R R S I
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ACTI VE UNI TS (UNLESS | NDI CATED OTHERW SE) :
LENGTH VEI GHT ANGLE TEMPERATURE TI ME
FEET LB RAD DEGF SEC

Danpi ng El enent Data

El enent Start Jnt End Jnt CTX CTY 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) {.° ... {.° v
2= = el ra

Elements:
ip/’a =  integer or alphanumeric name of damper element to be deleted. The name
is limited 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" ispermitted. Specified damper elementsthat
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 acolumn 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. This is to ensure that all these members follow the 'Special Case' for local
referenceframeorientation. See Section 1.10.4inVolume 1 of the GTSTRUDL User Reference
Manual or Section 8.5, "The BETA Angle", inthe GTSTRUDL Analysis 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 possiblefor a
column line to have some columns that are 'Specia Case’ members and others that are not,
resulting in inconsistent default orientations.

Notes:
This"out of aignment" problem can aso 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 bechecked for alignment. Thedefault value
is0.1inch (2.5 mm).

RATIO This option specifies that the tolerance specified be used as aratio: (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
membersparallel to theglobal Y axis, unlessthe REPORT option isspecified. A list of
all members that meet the criteria for being considered "parallel to globa 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 nmenbers
in the global Y

Joint 5 was al i gned

ad (X, 2): 0.10000E+00

Joint 9 was al i gned

ad (X, Z): 0.20000E+00

Joint 13 was al i gned

ad (X 2): -0.30000E+00

Joint 16 was al i gned

ad (X Z): 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

joints were adj usted.

New (X, Z):
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 gl
was
was
was
was

A total o

A total o

obal Y direction:

aligned with joint 1
aligned with joint 5
aligned with joint 9
aligned with joint 1
f 4 joints were adjusted.
f 4 joints were adjusted.

If no members were determined to be misaligned:

ALl GN

**** | NFO STALGN - No joints required adjustnent.
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5.4.2 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:
L 4
ROTATE LOADING |y (ANGLES)[T1]r,[T2]r,[T3]r,
A
Elements:
ir & = integer or aphanumeric name of the existing independent loading
condition whose global components are to be rotated.
r,r,r; = vauesincurrent angleunitsof theload component rotationangles 2,, 2,,
2;asshownin Figure 2.1.7-1, Volume 1, GTSTRUDL User Reference
Manual.
Explanation:

In many instances, loading conditions are defined for a structure having agiven
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. Thisis 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 loading condition, theROTATE
load, from which the rotated global 1oad components are computed is specified by the
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loading nameiz/’a;’. The angles of rotation are specified by thevaluesr, r,, r;. These
rotation angles are defined according to the same conventions as those that define the
local support releasedirectionsin the JOINT REL EA 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 aways 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 ig/'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 LQADI NG
MVEMBER DI STORTI ONS
1 TO 10 UNNFORM FR LA 0.0 LB 1.0 D SPL X 0. 001
ROTATE LOADI NG 1 ANGLES T1 45.0
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Error

Theapplied loadsfrom previously defined loading 1 will be processed according to Steps
1 to 4 above and copied into the new destination loading 2, which includes the specified
member distortion loads applied to members 1 to 10.

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.

M essages.

Incorrect datagivenintheROTATE LOADING command will causethefollowing error

conditions to be identified and error messages printed:

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* FRROR_STROLO - The ROTATE loading is illegally the sane as the destination | oading.

Command i gnor ed.

Loading 201 is illegally named as both the destination load and the loading whose
components are rotated.

In the following error example, loading 51 is undefined.
{ 111} > LOADI NG 201
{ 112} > ROTATE LOAD 51 T1 45.0

**** ERROR STROLO — Loading to be rotated undefined. Conmand ignored.

Thefollowing 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 loading condition.

{ 141} > LOADI NG 108

{ 142} > ROTATE LOADING 4 T3 45.0

**%% ERROR _STROLO — Rotated Loading 4 is an illegal dependent |oad.
Command i gnor ed.
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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 independent |oading not defined.
Rot at ed | oad conponents not conput ed.
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RUN Command

543 RUN Command

The RUN command allows you run external 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 DOS window 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 this option is not used, GTSTRUDL will continue and
process the next command, i.e. if you are running amacro or aninput file.
Usethe WAIT optionif theresults of ‘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. Previoudy, 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 is requested, '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 - al 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 *file2'

All subsequent output, from PRINT, LIST, etc., will be written to 'file2' and  will not
appear in the text window, athough the actual command will be displayed in the text
window. If 'file2 existed previously tothisCOUTPUT request, theexisting 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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545  Reference Coordinate System Command

Genera form:
REFERENCE (COORDINATE) (SYSTEM) :;L Z -
T
HORIGIN [X] vy [Y]vy [Z]V,) (ROTATION [R1] v, [R2] v, [RE] v3)u

I

le

i i NT I, i
I, I, i I,
i i ~ i

|
[
I
|
i
i
|
T

>

Vy Yv

(6]
O G —

Explanation:

The REFERENCE COORDINATE SYSTEM 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 global 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) definethreejoints or the coordinates of three points in space.

In either casg, i, or ‘a" isthe integer or alphanumeric 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 parallel 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. Thedescription of theseanglesisthe sameasgivenin Section
2.1.7.2 of Volume 1 of the GTSTRUDL User Reference Manuals for rotated joint
releases (2,, 2,, and 2,).

In the second case, three joints are required. Each of the three joints may be
defined either by a joint 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, andvy). The positive X-axisisdirected from the first to the second
joint. Thethird joint (i, or ‘a,” or v,,, V,;, and v,,) isused to define the XY -plane of the
reference system. ThepositiveY -axisisdirected toward thethirdjoint. 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 Refer ence 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
inthe command remainsunchanged. The CHANGES mode, however, doesnot work for
the second option discussed above (i.e., define areference 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 betweentheglobal coordinate system andthereferencesystemare
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 three joints
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.
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Examples:

a) UNITS DEGREES
REFERENCE COORDINATE SYSTEM ‘FLOOR? -
ORIGIN 0.0 15.0 0.0 R1 30.

Thiscommand creates aReference 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 0 -
X -120 Y 120 Z 0

This command creates Reference Coordinate System 1 withitsorigin 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 withitsorigin 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?' -
ORIGIN 10 20 30
ADDITIONS

The above commands change the origin of the Reference System FLOOR2 defined in a)
above. Therotation RI = 30 remains unchanged.

e) DELETIONS
REFERENCE SYSTEM 2
ADDITIONS

The above command del etes Reference System 2.
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545-1 Printing Refer ence Coor dinate System Command

Genera form:

1® ALLQ
PRINT REFERENCE (COORDINATE) (SYSTEM) i list g

|
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 Input 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:

< —ic

|
.I.
SET ELEMENTS |
} QUENTIAL

=

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
SEQUENTIAL 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 Delete Joints Without Joint Coordinates

General form:

DELETE JOINTSWITHOUT (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 a user
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

When the 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 ANALYSI S

**** STRUDL ERRCR 2.01 COORDI 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 - COORDI 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 - COORDI 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 - COORDI NATES M SSI NG FOR JO NT 40
**** STRUDL ERROR 2.01 - COORDI NATES M SSI NG FOR JO NT 45
**** STRUDL ERRCR 2.01 COORDI NATES M SSI NG FOR JO NT 50

***%* WARN_STDSY1 - - SCAN node is ON. Analysis will be halted.

{ 102} >
{ 103} > SCAN OFF

{ 104} >

{ 105} > DELETE JO NTS W THOUT JO NT COORDI NATES

Foll owi ng joints have been deleted: ---------------mnon
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.
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2.1.3.8 Ddete Membersor Finite Elements Without Member or

Element Incidences

General form:

DELETE MEMBERS WITHOUT (MEMBER) INCIDENCES

or

DELETE (FINITE) ELEMENTS WITHOUT (ELEMENT) INCIDENCES

Explanation:

The above two commands can be used to del ete the members or finite elements
that do not have member or element incidences. There aretimeswhen 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 in the database. If member or element incidences have not
been specified for amember or element and STIFFNESS ANALY SIS is requested, the
following error message is output.

**** STRUDL ERROR 2.02 - INCIDENCES MISSING FOR MEMBER 20
**** STRUDL ERROR 2.02 - INCIDENCES MISSING FOR MEMBER 45

Whenthe DELETEMEMBERSWITHOUT 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, the program
searches through all the finite element names and del etes the elements that do not have
ELEMENT INCIDENCES.
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Example:

{ 97} >

{ 98} > STIFFNESS ANALYSI S

**** STRUDL ERROR 2.02 - | NCI 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
***x 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
***x 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 - | NCI DENCES M SSI NG FOR MEMBER 45
***%* WARN_STDSY1 -- SCAN nmode is ON. Analysis will be halted.

'NNNRNNNNNNNNNNNR

{ 99} >

{ 100} > SCAN OFF

{ 101} >

{ 102} > DELETE MEMBERS W THOUT MEMBER | NCI DENCES

Fol | owi ng nenmbers 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 deletes the members that do not have member incidences.
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5.4.8 ThelList Sum Forces Command

TheLIST SUM FORCES commandisused to performageneral 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: i i u
LIST SUM FORCES (TITLE ‘a’) (ABOUT: : at?ﬁ i/) -
HIXT vy Y] vy 120 v

[THI]V[THZ]V[TH&\@U

(ORIENTATION | | MEMBER | I'o 0 y) JOINTS list; MEMBERS list,,

i
b "
ecevent) af
Elements:

‘a’ = optional 16-character title. The default titleis“None Given.”

iJ'a = integer or al phanumeric nameof 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.

o/ &y = integer or al 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.
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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:

! lic U u
| o |
.I. ach y
HIXT vy Y] vy [2] vyh

By default, the moment summation is computed by summing the member and
finite element forces and moments about the geometric center of the joints
specified in list;, assuming the joints are equally weighted. The ABOUT specs
provide for the identification of an optional JOINT or point, vy, Vv, V,, about
which the moment summation is performed. The specified joint must be
defined, but may be inactive.

1[THY v, [TH2] v, [TH3] v,ii

T, Vo I
(ORIENTATION | MEMBER i i iy U y)

L ELEMENT) {'agh |

By default, theresult of theforce and moment summationisalist of three global
resultant force components and three global resultant moment components for
each active loading condition. The ORIENTATION specs provide a way to
specify an optional aternative local reference frame for the summation report.
In the first method, three rotation anglesv,, v,, and v, define the orientation of
the local reference frame with respect to the global 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, the summation
results are reported in the local or planar reference frame of the specified
MEMBER or finite ELEMENT.
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JOINTS Iisti MEMBERS list,

TheLIST SUM FORCES command computestheforce and moment summation
from the noda 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 onejoint inlist;. Inaddition, every joint and €lement
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 summation
component is then selected.

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 |ist 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 ement 500 does not exist or is

i nactive. LIST SUM FORCES conmand i gnor ed.
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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 command 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 command i gnor ed.

***%* WARNI NG_STLFSM - - Menber 40 not incident on any of the specified
joints. LIST SUM FORCES comand i gnor ed.

These messages areissued 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.

**** WARNI NG_STLFSM -- Menber/el enent force results not avail able for
menber 25 |oading 2. LI ST SUM FORCES comand
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.

@ FIXED JOINT

Figure 2.3.7.4-1 Example LFS01, Concrete-Steel Composite Cantilever Beam

$$* * %
$$* * %
$$* * %
$$* * %
UNI TS
$$

$$

GTMenu

" p1
' p2
' p3

$$
$$

This job denpnstrates the LI ST SUM FORCES command for a
steel -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
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GIMenu LI NE | NCI DENCES
'C1 ' p2'
'c2 ' P1

$$

$$

UNITS FEET KIPS DEG

$$

$$

JO NT COORDI NATES GLOBAL

' p1
' p3

FAH

[EOEO NN NeoloNoNeNe]

ORADMDBADNADNADRNRWWWWWWWWWWNNNNNNNNNNRPRRPRPRRERRERRE
CUUNUIUNOOO0OO0OUNTIANUIOOO0O0OUIUIUVIUIUIOOOOOUIUIUTIUTIUTIO OO OO

. 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

5.4-28

eNeoloololololololololololololololololololololololololololololololololololololololololololoNoloNoNeNe)

. 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

WWROPFRPWWROFRPRWWROFRPRWWROFRPWWROFRPRWWFROFRPWWRORPWWROFRPWWROFRPWWERLRORW

. 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 50. 0000 0. 0000 -1.5000
53 50. 0000 0. 0000 0. 0000
54 50. 0000 0. 0000 1. 5000
55 50. 0000 0. 0000 3. 0000
56 55. 0000 0. 0000 - 3. 0000
57 55. 0000 0. 0000 -1.5000
58 55. 0000 0. 0000 0. 0000
59 55. 0000 0. 0000 1. 5000
60 55. 0000 0. 0000 3. 0000
61 60. 0000 0. 0000 - 3. 0000
62 60. 0000 0. 0000 -1.5000
63 60. 0000 0. 0000 0. 0000
64 60. 0000 0. 0000 1. 5000
65 60. 0000 0. 0000 3. 0000
$$
$$
UNITS FEET KIPS DEG FAH
$$
$$
$$
TYPE SPACE FRAME
MEMBER | NCI DENCES
49 3 8
50 8 13
51 13 18
52 18 23
53 23 28
54 28 33
55 33 38
56 38 43
57 43 48
58 48 53
59 53 58
60 58 63
$$
$$
UNITS FEET KIPS DEG FAH
$$
MEMBER ECCENTRI Cl TI ES GLOBAL
49 TO 60 START Y -2.0000 END Y -2.0000
$$
$$
$$
UNITS FEET KIPS DEG FAH
$$
MEMBER PROPERTI ES TABLE ' WVBEAMD ' ' W4x248 '
49 TO 60
$$
STATUS SUPPCRT -
1 2 3 4 5
$$
$$
UNITS FEET KIPS DEG FAH
$$
CONSTANTS
BETA 0. 00000 ALL
$$
$$
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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
$$
$$
UNITS FEET KPS DEG FAH
$$
CONSTANTS
E 5.1839997E+05 ALL
G 2.0735998E+05 ALL
PO 1. 7000000E-01 ALL
DEN 1.4999039E-01 ALL
CTE 5.5000000E-06 ALL
MATERI AL STEEL MEMBERS 49 TO 60
$$
UNITS FEET KIPS DEG FAH
$$
$$
ELEMENT PROPERTI ES
1 TO 48 TYPE ' SBHQ6' THI CK 0. 3333
$$
UNITS FEET KIPS DEG FAH
$$
LOADI NG 1
JO NT LOADS
63 FORCE Y -100.0

STI FFNESS ANALYSI S

UNI TS KIPS FEET
LI ST FORCES MEMBER 56
LI ST ELEMENT FORCES ELEMENTS 29 TO 32

$$* * %

$$* ** Resultant sumof forces in the conposite beam at

$$* ** X = 40 ft., using the nmenber 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 L SFO1
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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 noda
{ 180} > $$* ** forces at joints 41 to 45 of elements 29 to 32 and
{ 181} > $$* ** nenber 56
{ 182} > $%* *=
{ 183} > LIST SUM FORCES TI TLE ‘ LSFO1' ELEMENTS 29 TO 32 56 JO NTS 41 TO 45

khkkkhkkhkhhkhhhkhhkhhkhhhhhhhhhhhhkhkx

* RESULTS FROM LATEST ANALYSI S *

khkkkkkhkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkk*x*%x

ACTI VE UNI TS (UNLESS | NDI CATED OTHERW SE) :
LENGTH
FEET

VEEI GHT
KI P

Menber and Finite El enent Force Resultants

Title: Exanple LSFO1

Sum of Forces and Monents about

Local Axis Orientation Angles:

Loadi ng

Figure 2.3.7.4-3 Report From the LIST SUM FORCES Command, Example L SFO1

z

ANGLE TEMPERATURE TI ME
DEG DEGF SEC
40. 0000 0. 0000 0. 0000
0.0000 Y 0.0000 X 0. 0000
FY Fz MX
-100. 0000 0. 0000 0. 0000
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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.
The two commands written are“GTMenu POINT COORDINATES” and“GTMenu LINE
INCIDENCES".

D

GTMenu POINT COORDINATES
General Form:

GTMenu POINT COORDINATES

i .
coordinate -specs,
'

i
{' } coordinate -specs,,

Elements:
coordinate-specs = [X] v;[Y]V,[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

]
a,

i
1
{' } type, incidence-specs,

i
n
{' } type, incidence-specs,

Elements:
- LINE
POLYNOMINAL (CURVE)
ARC (TEMPLATE)
type = Ao >

CENTERED (ARC) PERCENT v,

BEZIER (CURVE)

SPLINE (CURVE) (ORDER k,)

\
o 1 L, 1 p
incidence - SpeEcs = ..

ot ot (]

a, a, ap

11, Toy vyl =  unsigned integer Line/Curve identifiers.

Where,
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‘a’,'a’,...,'a = 1 to 8 character alphanumeric Line/Curve
identifiers.
PR PHS S = unsigned integer Point identifiers used.
‘a’,'a’, .,'a =  1to8character aphanumeric 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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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

5.3-50



GT STRUDL Extensions to the DY NAMIC PARAMETERS Command

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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ALIGN Command

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. Thedescription of theseanglesisthe sameasgivenin Section
2.1.7.2 of Volume 1 of the GTSTRUDL User Reference Manuals for rotated joint
releases (2,, 2,, and 2,).

In the second case, three joints are required. Each of the three joints may be
defined either by a joint 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’ or v, Vg andvy). The positive X-axisisdirected from the first to the second
joint. Thethirdjoint (i, or ‘a,” or v,,, V,;, and v,,) isused to define the XY -plane of the
reference system. The positiveY -axisisdirected toward thethirdjoint. 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 Refer ence 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
inthe command remainsunchanged. The CHANGES mode, however, doesnot work for
the second option discussed above (i.e., define areference 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 betweentheglobal 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 three joints
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.
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Examples:

a) UNITS DEGREES
REFERENCE COORDINATE SYSTEM ‘FLOOR? -
ORIGIN 0.0 15.0 0.0 R1 30.

Thiscommand creates aReference 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 0 -
X -120 Y 120 Z 0

This command creates Reference Coordinate System 1 withitsorigin 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 withitsorigin 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?' -
ORIGIN 10 20 30
ADDITIONS

The above commands change the origin of the Reference System FLOOR2 defined in a)
above. Therotation RI = 30 remains unchanged.

e) DELETIONS
REFERENCE SYSTEM 2
ADDITIONS

The above command del etes Reference System 2.
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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} >
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{ 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.

54-21



General Prerel ease Features GT STRUDL

This page intentionally left blank.

54-22



GT STRUDL

The LIST SUM FORCES Command

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

WWFROFRPRWWROFRPRWWFROFRPWWROFRPRWWROFRPRWWPROFRPRWWROFRPRWWFROFRPWWRFROFRPWWRERORFL,W

. 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
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$3$
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

54-31



General Prerelease Features GT STRUDL

{ 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.
The two 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] v;[Y]V,[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

i
1
{ } type, incidence-specs,
] '

i
n
{' } type, incidence-specs_

Elements:
» LINE
POLYNOMINAL (CURVE)
ARC (TEMPLATE)
type = 1 .

CENTERED (ARC) PERCENT v,

BEZIER (CURVE)

SPLINE (CURVE) (ORDER k,)

\

o L L, 1 p
incidence - Specs = ..
1o ! ot (]
a, a, ap
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Where,
11 Toy wenslpy =  unsigned integer Line/Curve identifiers.
‘a’,'a’,...,'a’ = 1 to 8character alphanumeric Line/Curve
identifiers.
PP A = unsigned integer Point identifiers used.
‘a’,'a, ..,'a) =  1to 8 character 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 Points used
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

5.

4-35



General Prerelease Features GT STRUDL

End of Document.
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