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FACULTAD DE INGENIERIiA UNAAM
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

Las autoridades de la Facultad de Ingenieria, por conducto del jefe de la

Divisién de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

El control de asistencia se llevara a cabo a través de la persona que le entregd
las notas. Las inasistencias seran computadas por las autoridades de la
Division, con el fin de entregarle constancia solamente a los alumnos que

tengan un minimo de 80% de asistencias.

Pedimos a los asistentes recoger su constancia el dia de la clausura. Estas se
retendrép 'po} el periodo de un afio, pasado este tiempo la DECFl no se hara
responsable de este dtl)clumento. DTV L
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Se recomlonda a los' aslstentos partu:lpar acfn?ahénte con sus ideas y
experiencias, pues los cursos que ofrece la Dlvislén astan planeados para que
los profesores expongan una tesis, pero. ‘sobre todo, para que coordinen Ias

opiniones de todos los interesados, constltuvendo vordadaros semmanoa.
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Es muy lmportante que todos los asustantes llenen Y antreguen su hoja de
inscripcion al inicio del curso informacion que servlra para - integrar un

directorio de asistentes, que se entregara oportunamente.

Con ol objeto de mejorar los servicios que {a Divisién de Educacién Continua
ofrece, al final del curso "deberan entregar la evaluacion a través de un

cuestionario disefiado para emitir juicios anénimoas.

Se recomienda llenar dicha evaluacién conforme los profesores impartan sus
clases, a efecto de no llenar en la Gltima sesion las evaluaciones y con esto

sean mas fehacientes sus apreciaciones.

Atentamente
Divisiéon de Educacion Continua.

Palacio de Minerio, Calle de Tacuba No. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Centro Historico, México D.F.,
APDO Poslal M-2285 ® Tels: 5521.4021 ol 24, 5623.2910 y 5623.2971 @ fax: 5510.0573
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STAAD/Prais a siite of propriciary compuler programs of
Rescarch Engineess. inc. (REFL Califorma, 1F S A Although
cvery effort. has been made 10 ¢nsure the accuracy of these
programs. REL will not accept responsibility for any misiake,
Cryor of misreprescnianion in or a5 a result of the usage of these
programs

|’ About STAAD/Pro ]

STAADYPro the nexs level of STAATDITL s the teading Struciural Anatysis and
Design sottware lrom Rescarch Engineers In STAAD/Pro the locus s on
productivity STAAD/Pro addicsses the enure process ol Structural £ngincening
I'rom model development 1o analysis to design 1o dralivng 1o detarhing - and cven
vomponent design — STAAD/Pro 15 designed 10 work the way the Sieuctural
Devign Ohice works

STAAD/Pro wonsists of 3 Care package and several opiional Extension
camponents You mav procure oagc of more Exicnsion compuncnts alang with the
STAAD/Pra Core package The Care and the Eviension cempanents of
STAADP: o uie descrhed an the [olluwing paragraphs

The STVAD/Pro Core packapge vonsists ol the fullowing

The STAAD/Pro Design Studio, 15 3 powcrful Window's native working
cavirnament lof model buslding, visvalizanon and result verificanon,

The STAAR engine provides gencral -purpose siructural analvsis and integraced
STEEL,CONCRETUL/TIMBER dcsign

The STARDYNE cngine provides advanced anslvas facthues Buill around a
enmprchensive fimie clement hihrary, the STARDYNE engine provides
puwertul Dynamic, Seismic, Non-hinear. Thermal, Buckling and other advanced
analysis capabilinies.

The FEMUit environment offers graphically oriented Finue Clement modeling
and venfication facilitics -compleie with 20730 meshing lechnologies and

powertul model venlication 1ouls

The Yisual DRAW CAD cngine allows gencration of Plans, Elevations,

BFERRRRRARNAARE

RELEASE 3.0 Scctions and detail drawings. Fully integraied in the STAAD/Pro environment,
Visual DRAW provides drawing generation, cditing and piotting capabilises
Copynight .
Research Engincers, Inc. The following modules are available as STAAD/Pro Extension components:
Published Feb . 1999 ) .
- ublished February. 199 STRUCT.etc - 2 suite of structural component design m- <. allowy the
b : enginecr to compleie the project by desagning Foundatn aining Walls,

.
4

Masonry, Connections and other utility siructures.



The FabriCAD detaihing engine 1s an imtegrated tool that performs production
Stcel Detmhing  from labricanon/erection calculanions 1o detathing 1o

generation of shop drawings. About STAAD/Pro Core Documentation
The ADLPIPE componcnt wifers reliable Piping sysiem modeling and analysis
Fully intcgrated with the STAAD companent. this component aifers a complele

| The STAARPro Core documentatinn consists nf 3 set of manuals as described
plaal engtncening solution,

helow We sirongly recommcend thal you go through the Gerniag Siarted manual 1o

get an overvicw ul STAADPro.
Powerful and comprehensive, STAAND/Pro s bascd on an ubjcct-orentad design = ‘ !

that wtilizes MFC (Microsett Foundauan Class) technology 1aking tull wdvantage
of 32 bit compuning, A bive relaunnal database at the core, with OLIL: and DDE
links. allows smaoth workNow integranon and scamless interdisciplinary
inlormation exchange wih 4l Windows based sodiware

Getting Started and Examples

This manual is divided snto three parts Pari-1 explains the contents ol the
STAAD/Pro CD ROM. installauan process. the system requirements, copy
pratcction issucs, and description on how o start different components of
We welcome you ta the warld of STAAD/Pro STAADIPro

Parnt 1 ol this houk provides a siep-by-siep iutenal {or the STAADIPro
cnvironment as well as the STAAD Command File.

Part- 111 of 1his hook offers Applicaran Exumples. The example sct covers a
wide range of Structural Analysis and Design facalines offered by
STAAD/Pro. The cramples represent various Struciucal problems
commuonly encountered by the Siructural engincers.

Graphical Eavironment

This manual contains detarled deseription of GUL (Graphical User
Ineriacc) of STAAD/Pro. The topies covered include Model gencration,
Stiuctural Apalysis/Design, Result venification, Report generanon, and
Prinung In addition, 2 Quick Relerence Guide secuion provides a siep-by-
step description lor the (regquently asked modeling and post-proccssing
tasks.

AR ANANNE
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Nore, Please note that the STAAD Command File 15 explained 1n the
STAAD/Pro Technical Relerence manual,

£t

Technical Reference

This manual deals with the theory behind the STAAD and STARDYNE
analysis engines oflered by STAAD/Pro It also includes cxplanation ul all
commands which you may usc 1n the STAAD Command File.
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Internatianal Design Codes

STAAD/Pro suppants all mapor snternavonal design codes which are
cxplained 1n this manual. You shall reccive this manual 1f you have
purchased one of these imernational design codes

STAAD/Pro Verification

STAAD/Pros developed and maintained using an extensive veniheanon
procedure. The STAAD/Pro Venheation manuval contains the prohlems
used 1n the venification proccdurce. This is distributed under the Quaslity
Assursnce program only. Nute thay the sct of verificanon problems s
representative of various Analysis/Design facilities olfered by STAAIMPro
These prablems have heen derived from well known references and
lexthouks,

FEMKit Gelling Started and Training

This manual comamns the description of the FEMEn Finne clemem
modchng envirnament along with a step-hy-siep Traiming sccuon The
second part of this book also contains the Appendices which are relerred 1o
from the FEMkit Users manual

FEMkit Users Manuasl

This manual contains the desenption of the FEMYit menu aptions and
commangs.

Yisual DRAW Users Manual
This manual describes different leatures and facibnes af the Visual DRAW
CAD software,

Nole: Please note that ihe above set of manuals comprise the STAAD/Pro Core
documentaiion only. In uddirton. vou may receive the docvmentation for the
STAAD/Pro Eviension components when vou purchase these componenss
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General Description

Section 1

1.1 Introduction

1.2 Input Generation

See teclion §

STAAD/Pro nffers two analysis ¢engines - the STAAD
Analysis/Design cngine and the STARDYNE Advanced Analysis
cngine The STAAD analysis engine 15 descrnibed in this section
The STARDYNE analvsis enginc 1s discussed 1n section 6.

This sechion of the manual contains a gencral deseniption af the
analysis and design facihimes availabic 1n STAAD. Specific
informations an Sieel. Concrete, and Timber design are available
i Sections 2. 3, and 4 of this manual, respecuvely. Detailed
command [ormats and other specific vser informanion is presented
i Sechion 5

The objective of this sceton s to familiarize 1he uses with the
basic prnnciples involved in the implementanon of the vanous
analysis/design facihitics offered by the STAAD engine As a
general rule, the scquence 1n which the lacihities are discussed
follows the recommended sequence of Lheir usage in the inpul file

The uscr commumucates with STAAD through an input file The
input file is a text lile consisung of a senes of commands which
are executed sequentially. The commands contain either
mstructions ot data periaiming 1o analysis an'’ - design. The
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1 l Secooen |

clements and convennions ol the STAAD command language are
desenibed in Seenion § od this manual

The STAAD input lile can be ¢reated through a texe cdnar or the
'Mmlcﬁng faciluy la gencral, any teat editor may he utthzed w
crcate the input tile The Modeling facihity creares the input hile

theough an tateracitve menu driven graphics orented provedure

1.3 Types of Structures

Fur tnput,
\re sechion

32

A STRUCTURE can be delined as an assemblage ol clemenis
STAAD ts capahte ot analysing and designming structures
consistiag of hoth trame and plasc/shelt elements Adlmaost any type
of structure can be anatysed by, STAATY Mos general s the
SPACE structure. which s a three dimensional framed ~ructure
with loads applicd v anv plane A PLANE structure »s houmi hy g
glabal X-¥ coordinate sysiem with loads in the same planc A
TRUSS stcucture consists of truss members which can have only
avial member Torces and no bending 1n the members A FLOOR
struclure 1s 2 iwo or three dimensional structure having no
horizomial iglobal X ar Z) apphicd toads or any lnad which may
cause any honzontal movement of the structure The floer tramng
tsn global X-Z plane) of 2 huilding s an 1deal example ot 4
FLOOR structure. Columns can also be modeled with the tlnat a2
FLOOR structure as tong as the struciure has no herizontal
toading. IT there is any horizonial toad, 1t must be analysed as a
SPACE structure Specification of the correct structure type
reduces the number of cquations 1o he solved during the analysss,
This results 1n 3 laster and more economic solution for the uscr
The degrees of freedom associated with frame clements of
different Lypes of structures is illusirated n Figure 1 1.

neRARERRRRRARORE

Sechon 1 ‘ 3

Fogure 1 ]

1.4 Unit Systems

The user 13 allowed (o iaput daa and request output in almost atl

vammaoniv used cneineertng unit systems including MKS, SI and

Par inmnt FPS In the tnput lile the user may change umits a3 many himes as
1er e lton required Mic and match hetween length and force unns from
AR dilferent umt systems 1s also allowed, The inpui-unit for angles tor

rotanens +s degrees Huwever an JOINT DISPLACEMENT
auipul the rotatians are provided v radians For all output the
units are clearly specificd by the program

1.5 Structure Geometry and Coordinate Systems

A structure 5 an asscmbly of individual components such as
heams. columns, slabs. plates etc 1o STAAD. frame clements and
plaic elements may be used to madel the structural componcnis
Typically, modcling of the structure gecomelry consisis of two
deps: .

A IMdennfication and description of joints or nodes

B. Modcling of members of clements through specification of
conneclivity lincidences) between joints.
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Faranput,
1re techigny

St es!t?

[n general, the 1erm MEMBER will he used 1o refer 10 Irame
clements and the term ELEMENT will he used 1o reler to
plaie/shell ¢clements Connecctivity lor MEMBERSs may be provided
through the MEMBER INCIDENCE cammand whilc connectivity
for ELEMINTs may be provided 1hrough the EI EMENT
INCIDENCE command

STAAD uscs 1wo types of coardinate systems 1o Jdefine the
siruciurc geomeiry and loading patterns. The GLOBAL coordinate
system 15 an arhitrary coordinaie system 1n space which ts utihied
to specily the overall geometry & loading paticrn of the struciure
A LOCAL coordinate system s associated with cach member 1or

element) and s utilized 1n MEMBER END FORCE output or Jocal
luad spceihcanon

1.5.1 Global Coordinate System

The following coardinate systems are available for specificatian ol
the struclure geometry

A Coanvennional Cartesian Coordinate System: This coordinaie
system (Fig | 215 a reclangular coordinale system (X Y. Z)
which lollows the nrihogonal nght hand rule. This courdinate
system may be used 10 define the jownt locaitons and Inading
dwrections, The translational degrees of freedom are denored
by uy. vy, uy and the rotanonal degrees of freedom are Jdenoted
by u,, uq & uy,

B. Cylindrical Coordinate Sysiem' In this coordinate system,
(Fig. 1.3) the X and Y coordinates of the convenuonal
cartcsian system are rc‘placcd by R (radius) and @ (angle n
degrees). The Z coordinaie is idenucal 10 the Z coordinate of
the cartcsian system and its pasitve dircction 15 determancd by
the right hand rule

C. Reverse Cylindrical Coordinate Sysiem: This is a cylindrical

lype coordinate sysicm (Fig. | 4) where the R- @ plane
corresponds lo the X-Z planc of the cancsian system. The right

R
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hand rule 15 followed o determine the posiuve ditection of

the Y axis.

Cartenun (Reciangulort Conrdinate 5y aem

Figure 1

Urvitndread Courdinate Svrtem
Figure ! J
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Figure |

1.5.2 Local Coordinate System

A local coordinate system s associated with cach member Each
ax1s of the local orthogonal coordinate system 15 alsa hased an the
nghi hand rule. Fig. 1.5 shows a heam member with sar joiny
and end joint °j° The positive dirccnan of the local © axis 1y
determined by joining 3 10 )" and projecting it 10 the same
direcion. The right hand rule may he applied 1o obtain the positive
directions ol the tocal y and £ axcs The focal v and 7 aves
cosncide with the axcs ot the two principal moments ot 1nertia,
Noie that the local coordinate sysicm 1s alwavs reclangular

A wide range of cross-scetional shapes may he specificd for
anmalysis These include rolled sicel shapes. user specificd
prismatic shapes cic.. Fig. 1.6 shows local axis systemis) for these
shapes.
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Section | 1
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1.5.3 Relationship Between Global & Local

Fur inpus.
see TecHon
5.26

Coordinates

Since the input lor member Inads can he provided in the local and
global coordinate system and the vutput for member end lorees 15
printed an the todal coordinate system. st s impoanant w know he
relananship beiween the locat and globat coardinate sysiems. This
relatonship s dehined by an angle measured in the lollowing
spectlicd way This angle will be delined as the beta () angle

Beta Angle

When the lacal t-aus s paraltel 1o the global Y-axis. as inthe
casc of 4 column i 3 siructure. the beta angle s the angic through
whach the local 2 anis has heen rotated shout the local « sus from
a pusttion of heing parallcl and 1n the same positiae dircction of
the global Z-axis.

When the local x-axis s not parallel 1o the glohal Y axis. the heta
angle s the angle through which the lncal courdinate ~vstem has
heen rotated aboul the lucal x-axis from a posiuen o+ having the
local 7-axis paralle] to the global X-Z plane and the local v avison
the same positive direction as the glohal Y axiy ieure |7 detanls
the positions lor beta cquals 0 degrees or 910 degrees When
providing member loads in the local member axis. 10as helplul o
tefer 10 thas Tigure lor 4 quack determination ol the local axs
sysiem.

Reference Point

An aliernative 10 providing the member onentanion 13 10 1apul the
coordinaies of an arhsirary reference point focaicd in the member
x-y plane but not on the axis of the member. From the location of
the reference point, the program automanically calculates the
anentaiion of the member x-y planc
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1.6 Finite Element Information

For mnput

ire tee hiong
LN A B N
SH45 21

§$ 24 and
$4213

STAAD 15 cquipped with a state of-the-ant plaic/shell and solid

fimic clement The fcatures of cach 1s explained below

1.6.1 Plate/Shell Element

The Plaic/Shell finite clement s
formulation The clement can be

tquadniaterat). [l all the Toru nodes of a quac

bascd on the hybnd element
Y-noded {1r2 ‘ar) or 1 noded
1l elcment do
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not hic on anc planc. 1t 1s advisable 10 model them as inangular
clements The thickness of 1he clement may he ddferent trom one

node to another,

“Surface siructures” such as walls, slahs, plates apd shells may be

mudeled using finite clements For convenience i generalien ol 4
finer mesh of plate/shell clements within o large area. s MESH
GENERATION facilny s available The tacihity 15 desetrhed in
deraid in Section 5 14,

The user may also usc the clement for PLANE STRESS action

only The ELEMENT PLANE STRESS commuand ~hould he nsed
for this purpose

Geomelry Modeling Considerations

"The following geometry related modeling rules should he

remembered while using the plaefshell elememt

1) The program astomauically gencrates s fifth ande "0 (venter
node - sce Fig 1 8) at the element center

2) While assigming nodcs to an clement in the nput data, 1t s
essennial that the nodes be specilied eather clackwie or
countcr clockwise (Frg. £.9) For heuer clficiency similar
clements should he numbered sequennally

31 Element aspect ravio should ant be excessive They should be
on the order of 1 1. and preferably less than 11

4 Individual elements should not be distoried. \ngles hetween
two adjacent clement sides should not be much larger than 90
and never larger than 180,

YaRRnnoQERREARUNR
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Element Load Specilication

Following load specifications are available

N

4}

5)

)

Josint loads al element nodes in glabal directions.
Conceantrated loads a1 any user specified poimt within the
clement in global or lacal directivons,

Unifurm pressure on clement surface in global or local
dirccuions

Paruad uniform pressurc on user specified porton of clement
surface 1n glohal or local dircctions

Lincarly varving pressurc on clement surface 1 local
dircenions,

Temperature load duc 10 umiform increase or decrease of
temperalusc

Temperature load duc to difference in temperaturc between top
and buttom surlaces of the clement.

A Y ! ‘u L t ! 3
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Theoretical Basis

The STAAD plate Ninite clement 15 based on hyhrid timie elemen;
lormulations A camplele guadranc stress distribunon 1 assumed
For plane siress acuien. the assumed stress distohubion 1y gy

follows

Complete yuadeatic assumed siress disinibynion

g Pa oy 00 0 0 o2y
G, [='0 0 0 [ v 0 -‘: 0 0
T, [ﬂ S 000 w1 iy .yl g

) through a,, = constanis of siress pulynomials

v
1

efiffnnnannonnnante

Section | I 1

The following quadratic stress distnbution 1s assutmed lor plale

hending acuon.

Mo rl v v
M. I o0
Moo -0 0 0

. 'maa
- Q. non oo

R R P G S S S S A
N N R LT T N B
G001 vy - D 0 -y v : i]‘
nooagoel v oy a0 -+ 0 :v;I
not1Loilr o0 -y ¢ 0 0 x y Xx l)'l

) ka,,

3, through 3,- = consiants of stress poivnomials

The distsngusshing featurcs of thes liniie clement dre:

1)

Displacement companbiliny hetween the plane stress companent
of onc element and the plate hending component of an adjacent
clemenl which is at an angle to the first (sce Fig below) 1s
achieved by the ctemenis. This compaubility requirement s
usually 1gnored 1n most Nat shelliplate elements
L —————
|
.
{}] //

21 The out of plane rotational sufiness from b 'ane stress

poruon of cach elemcnt s usclully 1ncorpt nd not
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treated as a dummy as s usually done in mast communly
avatlable commercial sofiware

3) Despuie the wncorporabon of the rotational stiffncss mentioned
pricviously, the clements saus{y the paich test ahsoluicly,

4) These clements arc avadable’as tnangles and guadriiaicrals,
with corner nodes only, with cach node having sia degices of
freedom \

5) These clemems are the simptest forms of ai shell/plaic
clements possihle with corner nodes only and six degrees of
fecedom per node, Yet solunions Lo sample problems converge
rapidly 1o accurale answers even with a large mesh size

6) These clemems may be connecied 1o planc/space {rame
mcmbers with Tull displacement compantiiny No additional
restraints/releases are required

7Y Out of piane shear strain encrgy s incarporaied 1n the
formulation of the plaie bending component As aresult, the
clements respond 1o Poisson boundary condinons which are
considered 10 be more accurale than the customary Kirchoff
boundary conditions

8) The plate bending portion can handle thaick and thin plates, thus
extending the uselulness of the plate ¢lements tnto a mubtiplicuy
of problems In addivon, the thickness of the plate 1s 1aken ino

considcration in calculating the vul of plane shear

Y) The planc sircss tnangle behaves almaost un par with the well
known linear siress inangle. The wriangles of most similar flay
shell clemenis incorporate the constant siress Inangle which
has very slow raies of convergence. Thus the triangular shell
clement is very usclul in probicms with double curvature
where the quadrnlateral clement may not he suitable

10} Stress reirieval at nodes and at any point within the element.

Element Local Coordinate System
The precisc oricmation of local coordinates 1s delermined as

follows:

1) Designate the midpoints of the four or thrce element edges 1),
IK, KL, L1 by M, N, O, P respectively.

foonnnapognegd

Sccuon 1 '

) The vectinr prnting fram P io N s deflined 1o be the local x-
anus (Inamangle, thisas always parailel 10 11,

3y The cross-praduct of vectors PN and MO (for a triangle, ON

and MK) delines the local z-axis, 1¢e., 2 = PN « MO,

4} The cross-product of vectors 2 and « delines the local y- aus,

e, y=rx

The sign convention of vutpul fosce and moment resuliants is
illustrated in Fig. 1 13

Ll
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¥

v ON

Figure [ 12

Qutput of Element Foarces

LEMENT FORCE ouiputs are avadable at the following

locauons,

A Ccnter nnde of the clement.
B. All corner nodes of the element., .
C. Avany user speaiflied point within the clement.

Following are the items included 1n the ELEMENT FORCE auipm

QX. QY

F

Shear stresses {(Force/ unil len funit thk )

X.FY, FXY Mcmbrane stresses (Force/unil len funmit thk)

MX, MY, MXY Bcnding momenis per umit width (Moment/funit

len.)
SMAX, SMIN  Principal stresses (Forcelunit area)
TMAX Maxim. shear siress (Force/unil arca)
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ANGLE Onecntation of the pnincipal plane (Degreest
Naotes:

1. Al clecment force nutput 1s 1n the local coerdinate sysiem
The directinn and sense of the clemen forces arc
caplaned n Fig 113

1. To obtain clement forces at a specified poinl within (he
clement, the user snust provide the courdinate svstem b
the clemem Note that the angin of the local coordinate
system cmincides with the cener node of the clement

3. Principal siresses (SMAX & SMINY. the manimuin shear
stress (TMAX) and 1he onientatton of the principal planc
(ANGLE) arc afso printed for the 1op and bottom surlaces
ol the clements, The top and the bottam surfaces are
determined an the basis ol the direction uf the tocal £ axs

Sign Convention of Efement Forces

e

—
/
1

Setime ’=}/
' ’

- —
+

l//|' ‘

p\)

Figure | 1}

Plcase note the following few restrictions in using the finue
clement portion of STAAD:

1) Both frame members and finite ¢lements can be uscd logether

in a STAAD analysis. The ELEMENT INCIDENCES command

must directly follow the MEMBER INCIDENCES inpul.
2} The selfweight of the finite elements is converied to joint
loads at the connecied nodes and is not uscd as an clement

H
i pressurc load.

yhonnnnapnonannt

Sechon | |
3) Element forces are printed at the ceniroid and not along any
edge
4) ln addian 1o the siresses shown an Fig 1 13, the Von Mises
siresses at the top and bowom surface of the element are also
pristed

Element Numbering

Duting the generation of clement siilfness mamnx. the program
verifics whether the element 15 same as the previous onc or aor, 1
1w 1s same, repeniiive caleulations are not performed. The scquence
in which the element stiffncss mainx is gencrated is the same as
the scquence in which clemenis arc input 1n clemeny incidences

Therelore. 1o save some computing ime. simylar clements should
he sumhered sequennally fg 113 shows cxampics of ¢flicicnt
and nun.clheciem clement numberning

However the user has 1o decide hetween adopung a numbering
system which reduces the computation iime versus a numbening
system which increases the case al delining the struciure
geometry,

Fegure | 14
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1.6.2 Solid Element

Sahid ciements enahle the solunen of structural problems involving
general three dimensianal siresses  There 1s a class of probiems
such as stress distryhutian in concrele dams, sl and rock strata
where finite clement analysis using sotid clements provides a

powerlul tonl
Theoretical Basis

The sohid clemeni used 1n STAAD 15 of eight anded 1soparameine
type. These clements have three translational degrees-al Irecdom

per node

By collapsing vanwous nodes iogether. an cight noded sold clement
can be degencrated to the [ollowing furms with {our to scven

nodes
2 J
d 2
‘v - *a "_____7‘_4___. 14
.
| ot -
' P —
= I, 54 ¥ 50
4
}_!_____‘|" {.l!.
l ‘ !
' i
]
] —
] 38 1s

-EEEEERERRRRRS

»

<

-
I |
N

-

o
Y
~
n
b
.

Sccuion | ]
The suffness marrix ol the sohd clement 1s evatuated by
numcrical integranon with eight Gauss-Legendre poins. To
facihitate the numerical intcgration, the geometry of the clement is
crpressed by interpodating funcuons using natwral coordinate
system. {r,s.0) of the clement wath its urigin at the center of
gravity The interpolanng funcnons arc shown below:

5 ' .
1=Yhx. y=%hv. s=%Yhs
o

where vy and /£ are the courdinates of anv point in the clement and
.y 20 =t 8 are the coordinates of nodes delined 1n the global
coordimaie system  The smerpolavion funcnons, hi are delined in
the natural coordinate system, (r.s.1) Each of r.s and t varies
bectween -1 and +1 The fundamental property of the unknown
wnterpolation functions hi is that their vakues o natural ¢coordinale
system s unity at node. 1. and scro at all other nudes ot the
ciement. The element displacemens are also interpreted the same

way as the geometry For compleicness, the functions are given
helow:

1 . Ll
4= ):h.u. Lov o= }:h.v-, w o= Eh.w.
" 1

where u. v and w are Jisplacements at anv point in the clement and
u,v,. %, i=1 8 arc corresponding nodal displacemenis in the
coardinate system uscd Lo descrrhe the geometry
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Local Coordinate System

The Incal coordinaie system vsed in solsd clement s the same as
the glohal sysiem as shown helow -

Z :
i
. '
i b
. -
i =l
‘ [ iy -
“ 7
/ Vg
z. £
Figure 1 13

Properties and Constants

Unlike members and shell (platey clements, no properues are
requircd (or solid clements. However. the consiants such s
madulus of ctasticiiy and Poisson’s ratn are 1o he speaibed

Also. Density needs 1o he provided 1f selfweight 1$ included 10 any
load case.

Output of Element Stresses

Element stresses mas bie obtaincd at the center and at the joints of
the solid element, The items that arc prnted are

SXX.SYY and §Z2
Shear Stresses :SXY.SYZ and 52X
Principal sircsses S1.52 and 53.

Von Miscs stresses . SE

Direction cosines

Normal Stresscs

.6 direction cosines are printed, fallowing the
expression DC. corresponding to the first
two principal stress dircchons.

nnooooeRRRRRAl
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1.7 Member Properties

See tecniun
520

The nllowing 1ypes ol member property specifications are
availablc in STAAD.

A} PRISMATIC propenty specificattons

B} Standard Sicel shapes from built-in section library
C) Uscr created stecel tabies -

D) TAPERED secuinns

E) Through ASSIGN command

1.7.1 Prismatic Properties

Yer 1#4f10n

o2

The Tollowing prismanc properiics are required for anatysis.

AX =  Cross secuonal area

IX = Torsional constant

1Y = Moment ol inertia about y axps.
IZ = Moment of yneriia about 7-axs.

In addivson, the uscr may chonse 1o specify the following
properiies

AY = Elfcctive shear area for shear force parallel 1o focal y-aus
AZ = [Cffcctive shear area for shear force paralble! 1o local z-ans
YD =  Depth of section paraliel to local y-axis.
ZD = Depth of secuion parsliel to local z-axis.

To specify T-beam or Traperoidal beam, the following additional
propertics must be provided.

Depth of Web of T-secuon [Sck ligure below| '

YB =
2B = Widih of web of T-section or bottom width of Trapesmdad
sechon,

To specily T-beam. the user must specily YD. ZD. YB & 7R
Similarly for Trapesoidal sections, YD, ZD 2
provided

Y muslt he
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If the shear arcas are 1nput, the program will antomancaily
consider shear defarmations in the analysis. and o they are lehi
out.. shear delormativn will he ignored In a frame siructuree the
ratio of shcar deflection 10 bending defllection s so small thar, 1n
maost cascy. it can be wgnored. The depths in the two major
directions (YD and ZD) arc used in the program to calculaie the
scction moduli These are needed only o calculale member
stresses or o perform concrete design The user can omat the YD
& 73 valucs il siresses or design of these members are of no
mmterest The delault value 15 254 mm (10 inches) lor YD and ZD
All the prismatic propernics are input in the local member

coordinales. .
/11 o
e ]
1 w_/ 1
— N
m "

To define a concrete member, the uscr must nol provide AX hut
mnstead, provide YD and ZD lor a rectaegular-section and just YD
for a circular secnon. 11 no moment of 1ncria ur shear arcas are

provided, the program will automatically calculate these from YD
and ZD

Table 1.1 is offcred 1o assist the user in speci{ying the necessary
scclion vajues. [ lists, by structural 1ype. the required section
propertics for any analysis For the PLANE or FLOOR type
analyses, the choice of the required momeni of inertia depends .

upon the beta angle. If BETA equals zcro, the required property 1s
IZ.

Table 1.1 Required properties

sazaaiaiiiitiiis

Secuon ) \ 23
Structural Required
Type Properties
TAUSS structure AX
PLANE structure AX, 1Z or 1Y
FLOOR structure 1,12 or 1Y
SPACE structure AX, X, 1Y, 1Z

1.7.2 Built-In Steel Section Library

Ser veciion
221 und

sl

This feature of the program allows the user to specily sechion
names of siandard stecl shapes manulactured in different ‘
cogntries Information periaining o the Amenican steel shapes is

available 1n secuon 2.

Conmtact Research Enginners [or informanon on stecl shapes for

other countrics.

Since the shear arcas of the sectiens are busltanio the tables. shear
deformation is always cansidered for these seclions

1.7.3 User Provided Steel Table

See trecitons
5 1Y und
sS04

I'he user can provide 2 customized steel table with designated
names and proper corresponding propertics. The program can then
{ind memher properucs [rom thosc tables. Mcember sclection may
also be performed with the progsam selccting members [rom the

provided tables only.

These tables can be provided as a part of a STAAD inpul u‘: as
scparately created files from which the program can n::l: the )
propertics The uscr who does not us.c standard rolled shapes ¢
wha uses a himited number of specific shapes may crealc
permanent member property files. Analysis and design can be
Lmuted 10 the scctions tn these Miles.
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1.7.4 Tapered Sections

Ser gecttan
24

Propertics of tapered I-sections may he pravided through
MEMBER PROPERTY specifications Given key section
dimensions. the program is capahle of calculating cross-sectional
propernics which are subsequently used 1n analysis Specificanion
of TAPERED scctions 1s described In Secuon § of this manual.

1.7.5 Assign Command

See rechon
s

Through this command. the uscr may insiruct the program 1o

awtomatically select a steel section (rom the table lor analvsis and
subsequent design. The sectiion 1ypes that may be ASSIGNced
inctude BEAM. COLLMN. CHANNEIL., ANGLE and DOUBLE
ANGLE When a BEAM or COLUMN a5 specified, the program
wilt assign an [-heam section (WF for AISC) and subscquent
member sclection or aptimazanen will be performed with 4 similar
type scction

1.8 Member/Element Release

Ser .
seciion 5,22 .

STAAD allows relcases far both members and ¢lemenis

Onc or both cnds of a member or clement can be released
Members/Elemenmts are assumed to be rigidly framed into joints in
accordance with the siractural type specified. When ths full
rigidity 15 not applicable, individual force components at cither
end ol the member can be sct to zero with member rclease
siatements. By specifying release components. individual degrees
of [reedom arc removed lrom the analysis. Release components are
given in the local coordinate system for cach member. Note that
PARTIAL moment relcase is also allowed.
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1.9 Truss/Tension - Only Members

Ser section

iy

For analyses which involve members that carry axial leads only,

1 ¢ truss members. there are 1wo methods lor specifving thes
candition, When all the members in the structure are truss
members. the type of structure is Jeclared as TR1SS whereas,
when anly some of the members are truss members {c.g. bracings
af 2 buitding), the MEMBER TRUSS command can he used where
those members will be idenufied separately A considerable
amount of analy<is and design ume 13 saved by declaning an axial
memher as a3 TRUSS member, specification of such members as
frame members wrih bath ¢nds pinned should be avoided wherever
possible

In STAAD. a member may he declared as a Tension-only member
The analvsis will be performed accordingly Reler to Section
5.23 3 lor detadds on this facility

1.10 Cable Members

Ser

tectinn 821

Cable members may be specified by using the MEMBER CABLE
command While specifying cable members. the mmitial iensson in
the cable must he provided. The loliuwing paragraph explains how
cahle suffness 1s calculated

The ncrease in length of a loaded cable is 2 combinatian of 1wo
effects. The Mirst component 1 the clastic siretch, and s governed
by the famibar spring refationship

EA ’
elmic = T

F = Ky where K

The second caomponent of the leagthemng is due tn a change 1n
geomelry (as a cabie s pulled taut. sag 1s reduced) This
rclatianship can be descnibed by

4
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I'= Kxbuthere K, |, = =

B Comlbo , c}eﬁ:rch;dn -

CCq{eﬂ‘.‘lrlﬁ) where w = weight per uni length of cahle

T = 1cnsion 1in cahle

Therefure. the “silfncss™ of 3 cabic’ depends on the taial instatled
iension (or sag) These two cffccts may be combhined as tollows

1
Kf IM =
‘ K Kgu; - Klld.lllt

Ly-!
i

Ko = LA l-\\:l,:ﬁ\ it

Note: When T =0 K = AL

cumhb

11 may be noticed that as the tension increases {sag decreases) the
combincd stiliness approaches that of the pure clastic sityanan

The lollowing pminss need Lo be constdercd when using the vsble
memberan STAAD

i) The cablc member is only a 1russ member whase properties
accomadaie the sag facior and ymubal icasiun. The behaviar ol
the cable member is idcntical 10 that of the truss member I
can ¢arry axial loads only. As a result, the fundamenial rules
involved in modcling truss members have 1o be {eliowed when
modeling cable members. Fur example. when two cable
members meel at a commaon joint. if theee isn't a support or a
Ird mecmber connccicd to that joint, 1 is a point of polenual
instability,

2) Due 1o the reasons specified in 1) above. applying a transverse
load on a cable member is not advisable. The load will be
converted 1o lwo concentraicd laads st the 2 ends of the cable
and the true dellection patiern of the cable will never be
realized.

rannnRanoegoiill
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A cable member offers no resistance to a compeessive (orce
apphedd at 115 ends, When the end jotnts of the member are
subjected toa compressive force, they “give 1’ therchy (Par me.
causing the cable to sag Under these vircwnstances, the cahle
member has sero snifncss and this situation has o be

accounted Torin the stlfness matnx and the displuaccmenis _
have to be recalculated, But in STAAD mercly declaring the
member 1o be 3 cable member does not guaranice that this

hechavior will he_acioumed Tor {oas also impuortang thay |he

user declare the member 19 he 3 tension wnly member hy using
the MEMBER TENSION command Thes will ensure that the
program will 1est the natuge of the force in the memher aflter
the anatyis and 11 101 campressive. the member 15 switched
ot and the snifness mainy re caleulaied

- R
Duc to puienual stability problems ctplained 1 em |
dhave users should abso avand modchng 3 calenary by
breaking it down into a number of straight line ~cgmenis The
cahle member vn STAAD cannaol be used 10 stmulaic the

behavior ol a catenary By catenary. we are referring Lo those

curved protile and develup

This bchavior s in rcaliy a
aon lincar behavior where 1he aual luree 15

structural componenis which have a
dual torces due thoir self weyght
causcd hecause mt
cither 3 change in the protile of the member or tnduced hy

large displacemenis (1$.|.lhcr of which are valid assumpiions

n o D,
an clastic analysis. A typweal ctample of a calenary s the mamn
L shaped cablc used v suspension bridges

The increase ol suflness ol the cahle as the tension ip 1t

mereases under applied foading 14 not accounted for during 1l
analysis.
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1.11 Member Offsets

* Some members of a structute may not he concurrent with the
incadent joinis therchy creating offsets This affser distance s

. L~ —
specificd in terms of glebal coordinate system (1 ¢ global X. Y ] '
See tection and Z distance from the incsdent joint) Scconddry lorces induced. >
505 due 1o this offsct conncctson, are taken snto account 1n analyzing ==

the siructure and also (o calcutate the individudl member lorccs
The new offset centcond of the member can be a1 the start or end
incidences and the new working point will alsa he the new start or
end of the member Therelore. any reference from the start ur end
of thai membcer will slways be (rom the new ollser poipis

MEMBER OFFSET
1 START 7

1 END -8

2 END -8 -9

Freurw 1 13
1.12 Material Constants

The matcrial consianis are modulus of clasticity (E); weight
density IDENY; Porsson’s ratin (POESS): co-cificient of thermal
cipansion { ALPHA ) and heta angle (BET Vi or coardinaies lar
Sor any reference IREFY point.
IR SN
E valuc for members must he provided or the analysis will not be
performed. Weight density {DENY is used anly when selfweight of
the structuee 1s to be taken inlo account. Poisson’s rathio (POISS) s
used 1o calculate the shear modulus (commonly known as G) by
the formula, :

k)

G =0.5 x E/(! + POISS) ;

.

Il Pomsson’s rano 1s not provided G will be 1/2 E. Cocfficicnt of
thermal expansion (ALPHA) is used to calculaic the expansion of
the members il icmperature loads are applied. The temperaiure unat
for temperature load and ALPHA has 10 be the

L I
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BETA angle and REFerence point are discussed in Sec |5 3 and
arc input as part ol the member conslanis

1.13 Supports

See

fectinon § 27

STAAD allows specifications of supports that are parallcd as well
as inclyned 10 the global axcs. »

Supporis arc specified as PINNED. FIXED. ur FIXED with
different relcases A pioned support has resiraints against ail
translaitonal movement and nonc agatnst rotational movemeni, in
other words, a piancd support will have rcactions for all forces hut
will resist no moments. A lixed support has restraints agunst g}
directions of mavement.

The restraints of a liacd suppori can also be relcased in anv
desired direction as spectiicd 1n section §

Translational and rotannnal springs can alse be specified The
springs are represented an 1erms of theie spring vonstamts A
translational spring constant »s dehined as the force to displace a
support joint one lengih unit in the specificd glubal direction.
Similarky. a ratational spring consiant is defined as the tosee o

rutate the support joint one degree around the specificd glahal
dirccuion.

1.14 Master/Slave Joints

H

wction 528

The master/slave option is provided 1o enabic the user 1o model
rigid hinks in the structurai system. This lacilily ¢an be used 10

. model special siructurai clements hke a rigid Nuor dsaphragm.

Several slave joints may be provided which will be assigned same
displacements as the master jont. The user is also allowed the
Nlexibility to choosce the specific degrees of frecdom lor which the
displacement constraints will be imposed on the slaved joints. If
all degrees of freedom (Fx, Fy, Fz, Mx, My and Mz) are provided
as constraints, the joints will be assumed 10 be rigidiy connecicd.

IR

- -
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1.15 Loads

Loads 1n 3 structure can be specified as joint load. member load,
remperature buad and fixed-end member load. STAAD can also
generate the sell-weight of the structure and asc it as umilormly
disiributeil member loads i analysis. Any [raction of this selfl-
weight can also be applied in any desired direction

1.16.1 Joint Load

Juint Inads, hath forces and moments. may be apphed Lo any fiec
Vee teclion jmnt ol a strucinre These loads act in the global coordinale system
igrt of the steucture Positive forces act in the positive conrdinate .
’ directions. Any number of loads may be apphicd on 2 single joint.

on which case the toads will be additive on that joimt

1.16.2 Member Load

Three types of member loads may be apphed directly 10 a member
of 1 structure. These toads arc unilormly distributed loads.
concentrated loads. and lincarly varving loads fincluding
traperordall. Cmiform luads act on the [ull or partial lengith ol 2

See vection L
e member Cuncentrated loads act at any miermediate. specificd

A R

pmint. Lincarly varying toads act over the full leagth of a member
Trapczordal incarly varying loads act over the full or partial
length of 4 member Trapesmdal loads are converied into 3
uniform toad and several concentraied loads.

Any number of loads may be specificd 10 act upon a member m_
any independent loading condinon. Mcmber loads can be specilicd
:n the member coardinalc system or the gobal coordinaic system.
Umformiy disiributed member loads provided in the global
coardinale sysicm may be specificd 10 ac along the full or .
projecied member length. Refer 1o Fig. 1 310 Tind the relation of
the memhber to Lthe global coordinate systems for speeifving
member lvads Posinive Torces acl in the posilive coordinate
directions, local or global, as the case may be
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Member Losad Configurations Figuee 1 16

1.16.3 Area Load

Many times a Nuar (bound hy X-Z plancy s subjecied 10 a
uniformly distnibuted luad. 1t could require a lot af work 1o
calculate the member load for individual members in 1hat Nowr.
However. with the AREA LOAD command, the uscr can spectly
the area loads (unit load per umit squarc area) for members. The
program will calculate the tributary arca for these members and
provide the proper member loads. The following assumplions are
made whilc iransferring the arca toad 1o member load:

See section
A

a) The member load is assumed o be a lincarly varying load lor
which the start and the end values may be of different
magmtude.

b} Tributary arca of a member with an arca load 1s calculaled
based on hall the spacing to the ncarest approximaiely parallel
mermbers on both sides, If the spacing is more than or equal to
the length of the member, the arca load will be ignored.

progREgEaaEIOL

Sccnon 1
¢)  Arca load should nut he specified on members declared as
MEMBER CABLE, MEMBER TRUSS or MEMBER
TENSION

Figurc 1.17 shows a floor structure with arca load specificaton of
11

fan im M1 i \
" r 1 ’
1 \ f] [}
1 " 1
I T
L
hn .
Figure I 17

Member 1 will have a lincar load o 0 3 a1 one end and 0 2 a1 the
vther end Mcembers 2 and 3 will have 3 umform load of N § aver
the full length Mcmber 3 will have a linear load of 0,15 and 0 55
al respective ends. Mcmber 5 will have a unsform load of 0 25,
The rest of the members. 6 through 13, will have no coninibulory
arca load since the necarcst paralle! members are more than each of
the members lengths apart However, Lhe reactions from the
members 1o the girder will be considered.

1.16.4 Fixed End Member Load

l.oad effects on a member may alsa be specificd in terms of 1t
ltxed end loads. These loads are given in lerr
coordinaie system and the directions are oppn.

he member

See secrion the actual load

o
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on the member Each end of a member can have six lorces axial,
shear y shear 7. torsion, moment y, andl moment ¢

1.16.5 Prestress and Poststress Member Load

See tection
Ji2s

Members in a structure may he subjecicd 1o presuress toad ur
which the load distnibution in the situcture may he inveshigaicd
The presircssing boad in a member may be applicd axially or
cccentricaily. The cecenincities can be provided at the start yomine,
al the maddle, and ai the cnd joint These cccenincines arc anly in
the local y-axis. A posiiive eccentricny will be 1n the posinve
lucal y-direction Since cecentetenttes arc only provided 1n the
local y-ams, care should he taken when providing prismatic
properties arn specilying the correct BET A angle when ritaung,
the member coordinates, if necessary Two tvpes of prestress load
specilication arc avarlahle: PRESTRESS, where, due 1o the load.
reactions arc gencrated duning the appheation ol prestress load and
POSTSTRESS. assumed 10 be applied after the presiress toad 150
place, which does pot gencrate reactions.

1) The cahic is assumed 1o have a gencealized parababy profile
The cquation of the parabola is assumed 10 he

y=;u1+h:. +C

: ]
where  a=—(2cs - dem + 2cc)

LZ
hzrl'—(-lcm-—ce-b] '
c=cs

where es = eccentricity of cabic at siart of members (in local
y-amis)
em = cccentricity of cable av middle of member (in
local y.anis)
ce = cccentricity of cable at end of member {in local
y-axis)
L = Length oFmember

2) The angle of inclination of the cable with respect 1o the lacal
1-axis (a straight line joiming the start and end joinis of the

==
==
B
=
=
=23
=
==
B=1
| |
=
%=1
==
=

3

4

5)

Sectinn b 1

member) al the start and end poinis is small which gives nise
10 the assumpuion Lthat

snB=8=dyv/dx

Hence. if the axial force in the cable 1s P, the vertical
componcnt of the force at the ends 15 Pldy / dx} and the

horizontal component of the cable lorce is.

Users are adviscd 10 ensurc that thewr cable profile meets this
requircment. An angle under 5 degrees 1s recommended.

The member 1s analyzed (or the prestressing/posisiressing
elfects using the cquivalent foad method. This method 1s well
documented in most reputed books on Analysis and Design of
Prestressed concrete The magnnude of the vniformly
distributed toad 1s calculated as

APc

1

udl =

where P = axial furce 1n the cable
{cs + ec)
e=—7 —-cm

L = length of the member

The Torce 1n the cable is assumed 1o be same throughout the
member length No reductien s made 1n the cable (orces to
account for friction or other losses.

The term MEMBER PRESTRIEESS as used in STAAD sigmfics
the following condistion. The siructure 1s constructed first
Then, the prestressing lorce s app'licd on the relevant
memhers. As a result. the members delorm and depending on
their end conditions. forces arc transmitlcd 1o other members
in the siructurc 1n other words, “PRE” referes to the nime ol
placement of the member in the structure relative to the ime
of stressing.
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6} The term MEMBER POSTSTRESS as used in STAAD
signihics the following condiinn. The members on which such
load 1s applied are first cast in the faciory Following this, the
prestressing force s apphied on them Meanwhile, the resi of
the structure 1s constructed at the construciion sitc Then, the
prestressed members are brought and placed n posiion an the
partially built structure Duc 10 this sequence. the effects of
presiressing arc ‘capencnced” by only the picsiressed
members and not transmitted o the rest ol the structure In
other wards, "POS T relers 10 the time of placement ol the
mcmber in the siruciure celative 1o the nme of siressing.

7Y As may he evident fram licm (A) above, 1t 1s nol possible to
compuic the displacemenis of the ends of the
POSTSTRESSED members {or the effecis of
POSTSTRESS:ng. and hence arc assumed 10 be sc1o As a
result. displacements of intermediate secnions 1See SECTION
DISPLACEMENT command) are measured refanive 1o the
strarght hine Jjoinrng the stant and ¢nd joints of the members as
defined by thawr imual JOINT COORDINATES

1.16.6 Temperature/Strain Load

See 1eciton
3126

Temperawure difference through the lengih of a member ay welb as
differences of both laces of members and elements may alsa be
spectlicd The program calculates the axial strain telongation and
shrinkage) due 10 the icmperature diflference From thes o
calculaics the induced forces in the member and the analysis 15

done accordingly The strain intervals of clongaitan and shrinkage
can be input directly

1.16.7 Support Displacement Load

See tection

$.J2.8

Loads can be applied to the structure in 1erms of the displacement
of the supporis. Displacement can be translational or rolational.
Translational displacements are provided in the specified length
while the rotational displacements are always in degrees Note that
displacements can be specified only in directions in which the
support is restrained and not in dircctions in which it is released.

-~
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1.16.8 Loading on Elements

On Plate/Shell clements, the types of loading that arc permissibic

are”

1) Pressure loading which consists of loads which act
perpendicular 1o the surface ol the clement The pressure loads
can he of uniform nicnsity or irapermdally varying intensiy
aver a small portion or aver the enire surface of the etement

27} tant loads which are {nrces ar moments that arc applicd at the
jounts in the direction ol the gluhal axcs

1) Temperature loads which may he constant across the depth of
the element (causing onlv tn planc clonganan f shortemiag) vr
may varv acrnss the depth of the clement causing bending on the
clement The coelficicni of thermal expassion {far the maicnial of
the ctement must he provided an order 10 Tacilitale computation

of these effects

4} The sell -weight of the elemenis can be applicd using the
SELFWECIGHT loading condiion The densily of the clemenlts
has to be provided 10 arder 1o facihtale computation of the scll-

weight
OIn Solid elements. the only two loading 1ypes available arc

I} The seil weight of the suhd clements can be apphed using the
SELEWEIGHT loading condition The density of the clements
has 10 be provided in arder to faciliiate computation of the sell-

weight.

?) Joint loads which arc forces or moments that are apphed at the
joints 0 the direction of the global axcs.
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1.17 Load Generator

"STAAD 15 cgquipped with buihi-in algorsthms 1o generate moving
fvads and latcrad scismic loads (per the Umilorm Building Cade

and the IS5 1893 codey on 2 siructure Use of the load generation
factlny consisis of two parts - *

1) Definition of the load systemis)

2} Generanon of primary load cases using previnusly deflined
load systemis)

The fallowing sections describe the salient features of the moving

load generator, the seismic load generator and the wind load
generator available.

1.17.1 Moving Load Generator

See seciiong
5311 and
51212

Thss feature cnables the user to generate mosing loads un a
structure Moving load system(s) cunsisting o concentrared lnads
al lixed specilicd distances in both dircctions on a planc vin he
defined by the user. A user speaiflicd number vl primary load cases
will be subscquently generated by the program and taken 1ata
coaswderation in analyses. Amernican \ssociation ot Siate Highway
and Transporiation Officrals (AASHTO., 1983) lnadings arc

avalable within the program and can he spectfied using standard
AASHTO dcsignations.

1.17.2 UBC Seismic Load Generator

See sections
.11.2 and
3312

The STAAD scismic load gencrator follows the UBC procedure of
cquivalent Jatcral load analysis. It is assumed 1hat the tateral loads
will be exeried in X and Z directions and Y will he the direction of
the gravity loads. Thus, for a building model. Y axis will be
perpendicular to the Mloors and point upward {all Y joint
coordinates positive). The user is required 10 st up his model
accordingly. Total lateral seismic force or base shear 13

Hippppooopoonngt
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avtomatically calculated by STAAD using the appropriate UBC
equanian, Nutc hoth 1994 and 1985 specilications may he used.

For load generation per the 1994 code, the uscr is rcqulrcd.io
provide scismic zonc coclficient. imporiance lactor. co-cflicient
Rw and site sotl coellicient For UBC 1985 load gencranion.
sersmic sone coclficient importance factor & horizontal lorce
factor k must he provided. Specihcation of site character period Ts
is opttonal.

Instcad of using approuimate UBC formulas 1o cstimate the
huilding period in a certain dicechion, the program calculates the
penod using Raleigh quotemt technique. This peried 1s then
utlized to calculate seismic coefficient C

Afier the hase shear 1s calculated from the appropriate cquabion. i
is distributed among the various levels and roof per CBC
specrficanons. The distinibuted hasc shears are subsequently
applicd as latcral loads on the structure These loads may then be |
utthized as normal toad cascs for analysis and Jdesign.

1.17.3 Wind Load Generator

The STAAD Wind Load generator 15 capable of calculatng wrnl
loads on the structure [rom user specthed wind imtensines and
caposure factors. Dilferent wind intensities may be specified for
Jiffereny hesght zones of the structure. Opcnings in the struC{urc
mav be modeled using caposurc faciors An exposure factor s
:ns'ucialed wilh each jont of the siructure and is defincd as the
(raction of the inMucace area on which the wind load acts Busli-wn
algorithms automatically calculate the wind load on a SPACE
<tructure and distnbute 1he loads as lateral Juints loads

Sre tertinng
S 31 Yand
su2 12

‘1 .18 Analysis Facilities

Following analysis facilives are available in STAAD
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1Y Suffness Analysis

2) Sccond Order Analysis
P Dechia Analysis
Nun-Linear Analysis

1) Dynamic Analysis

Salieny featurcs of each 1ype of analysis are discussed in the

hd
following scctions Detaded theorctical reatments ol these
features arc available in standard siructural engincening exthonks

1.18.1 Stiffness Analysis

See vecnion

537

The stiffness analysis impiemenicd in STAAD 15 based on the
matriz displacement method In the mairix analysis of siruciures
by the displacement methad, the siructure is firstwdealized inly an
asscmbly of discrete siructural compuonenss tlrame members or
fine elements). Each component has an assumcd lorm of
displacemcnt 1n 2 manner which satisfics the force equilibrium and
displacemcnt compatibility at the jownts

Structural systems such as slabs. plalcs, spread lootings. cic .
which transmit loads 1n 2 directions have 1o be discretized inlo a
aumber of 3 ar 4 noded (imte elcments connccted (o cach other at
their nodes. Loads may be applicd in the form of distributed loads
on the element surfaces or as concentrated loads at the joints. The
planc stress effects as well as the plate bending clfccis are 1aken
into consideration in the analysis

Assumptions of the Analysis

For a complete analysis of the structure, the nccessary malrices arc
generated on the basis of the following assumptions’

1) The structure is 1dcalized into an assembly of beam and plate
type clements joined together at their vertices (nodes). The
assemblage is loadcd and reacicd by concentraled loads acting
at the nodes. These loads may be both forces and moments
which may act in any specified direclion.

e
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2) A beam member 1s a longiwudinal structural member having a
constant, doubly symmelric or near-doubly symmetric cross
scction along 11s iength Beam members always carry anal
forces. They may also he subjected to shear and hending in
two arhitrary perpendicular planes, and they may also be
subjected to forsion From this point these bcam members are
relerred 10 as “members” in the manual.

3y A plaie element is a three ar four noded element having
constant thickness Thesc plate clements arc celerred 1o as
“elements” 10 the manual.

1) Internal and cxicrnal loads acting on cach node are in
cguilibriumn 1M 1orsionat or bending properties are defined for
any memher, six degrees of (reedum are considered at each
node (i ¢ three iranslatsanal and three rotational) in the
generation of relevant matrices. Il the member s defined as
iruss member (1 ¢ carrying unly axial forces) then only the
threc degrees firanslanonal) of frcedom are cansidercd at cach
node

5y Two types of conrdinate sysiems arc used 1n the generaton of
the required mainces and are referred 1o as local and globad
sysicms.

Local conrdinate axes arc assigned 10 each individual efement and
arc oncnied such that compuning elfort lor element stilfpess
matnces are generalized and minimized. Global coordrnaie axes
arc a common datum established Tor all idealized elements so thal
clement lorces and displacements may be related 10 a common
{rame of reference,

Basic Equation

The complete stiffness matrix of the structure 15 obtained by
syucmancfnlly summing the coninbutions of the vatious member
and element stiffness. The etiernal lnads on the struclure are
represenied as discrete concentrated loads acting only at the nodal
points of the structure
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The suffness matrix relaies these loads to the displacements of the
nodes by the equation more separate structures,

AlzaJ‘SJ‘DI

1
|
m modet develaped represents onc single structure onty. not lwo or

An "tmiegral” structurc or "one” siruclure may be delined as a sysicm
m 1 which proper “stiffness conncenions” cxist hetween the
membersiclements The entire model [unchions as a single integrated

¥ load resising system  Two or more independent structures within om
B e ot enrees ot resom model results in erroncous mathematical formulation and therelore,

degrees of frcedom The inal aumber of degrecs of reedom generates numerical probicms. STAAD cheoks structural integrey

represent the number ol unknowns in the analysis being 2 sophsticated gortn and reports detcetion of ltioe
structures within the model,
4
[}

This fermulanon includes all the joinis of the siructure, whether
they arc free to dispiace or are restrained by supports Those

Method te Solve for Displacements

There are many methods o solve the unknowns from a series of Modeling and Numerical [nstability Problems

umuitancous cquations. An approach which vs particularly suncd

for structural analysis 13 called the method of decomposition This Eﬂ Instamilny problems can occur Jue (o two prmary reasons.
method has been selected for use in STAAD Since the suflness '
matnices of all lincarly elastic structures are always symmcing, an . 1Y Maodeting problem

especially cfficient form of the decomposition called Modificd ﬂ
Cholesky’'s method may be applicd to these problems This method There are & variety nf modehing problems which can grve fise
15 very accuraic and cost eifective and well susted tor the Gaussian 10 nstability conditions, They can be classified 1nlo twn
climination process in solving the simullancous cqualions groups
Consideration of Bandwidth al Local instamlity - A Tocal instability 1s 3 condinon where
tj the lizity conditions ai the cad(s) of 3 member are such as
(0 cause an nstabidity an the member about one or mare

degrees ol Ircedom Examples of local insizbiliny are:

The method of decomposition is parucularly efficient when

applied 10 a symmetrically banded mawrix. For this type of mairix

fewer calcuiauions are required duc o the fact that clemenis

ouiside the band arc all cqual to zera .

{i) Member Relcase: Mcembers refeascd at both cads for
any of the following degrees of lrecdom 1FX. FY. 7
and MX) w11l be subjctied Lo this problem.

(1i) A framed siruciure with ¢olumns and beams where the
columns are defined as "TRLSS ™ members Such a
coulumn has no capacity to lransfer shears or momenis
Irom the supersizucture to the supports.

STAAD takcs full advantage of this handwidih during selution, as
it is important to have the least bandwidih to obtain the mosl
efficient solution. For this purpose, STAAD offers lcatures by
which the program can internally rearrange the jount numbers Lo
provide 2 better bandwidth.

Structural Integrit b) Global Instability - Thesc are caused when the supporis of

structure are such thai thcy cannot offer any resestance 1o
stiding or overturning of the siruclure in anc or inore
directions. For exampte. a 2D structure (fiame in the XY

The integrity of the struciuse is a very imporiant requirement tha
must be satisfied by all models. Users must make surc that the
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plane) which 15 defined as a SPACE FRAME with pinned

supports and subjected 1a a force 1nthe Z directton will wapple

aver ahoul the X-axis. Another example s that ol a space
frame with all the suppuris relcased lor FX, Y or I'Z

2y Math precision

A math precision errof s causéd when numerical instabslines
occur 1n the mainia inversion process One ol the terms ol 1he
cquihibnium eguation takes the form 1/(1-A). where
Azk1/kl+k2): k1 and k2 being the stlfness coclficients of twao
adjacent members. When a very “stifl” member s adjacent 1o a
very “flexible " member, viz . when kl>>k2 orkl+k2=kl. A=1
and hence. 1701 A} =1/0 Thus. huge vartattons an subfnesses of
adjacent members are not permiticd.

Math precision errors are also caused when the units ol length
and force are not delined correctly for member lengths.
mcmber properties, constants cle.

Users also have to ensure that the model defined represents une
single structurc only. nol iwo of mure scparaic struciures For
example, 1n an clfort 1o model an cxpansion juint, the user may
cnd up defining scparate structures within the same input lile,
Muluple structures defined 1n one input lile can lcad to grossly
crroncaus results

1.18.2 Second Order Analysis

See

sectton 5.37

STAAD offers the capability 10 perform second order stablity
analyses Two methods are avalable - a simplificd method called
P-Delia Analysis and an claboraie method called Non Lincar
Analysis. Buth meihods arc explained below,

1.18.2.1 P-Delta Analysis

e

Structures subjecied to lateral loads oflen experience secondary
forces due to the mavement of the paint of application of vertical

. " “ds. This sccondary cffect, commonly known as the P-Dcha

eppOoozROOERONRAR
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clfect. plays an impurtant role m the analysis of the struclure fn
STAAD a uniguc procedure has heen adopted 1o incorparate the
P.Delta effect nto the analysis The procedure consists ol the
futlowing sieps.

1) First. the primary deflections are calculated based on the
provided cxternal lnading

2y Pomary deflections are then combined with the onginally
applied loading to creale the secondary loadings. The load
vector 1s then revised o include the secondary elfects.

Nolc that the faicral loading must be present concurrently with
the vernical Inading for proper consideration of the P-Delta
cifcet The REPEAT LOAD lacility (sce Section 532 11) has
heen created with this requirement in mind This facihiy
allows the user ta combine previously defined pnmary load
cascs 1o create a new pnimary boad case

11 A new stiffness analvars 1s carnied wut hased on the revised
lnad vector Lo gencrate new dellections,

1) Element/Memher forces and support reactions are cadculated
basced vn the new dellechions.

[t mav he noted that this procedure yiclds very accurate results
with ;H small displacemem problems STAAD allows the user to
go through muluple teranions of the P-Delia procedure f
nccessary The user is allowed 1o specily the aumber of nerations
hased on the requircment,

The P-Delia analysis 1s recommended by the ACI code tin lieu of
moment magnification methods) and the AISC LRFD code for
calculavion of more realistic forces and moments

P-Delia effects are calculated for frame members only They are
not calculated for finite elements or solid clements
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1.18.2.2 Non Linear Analysis

Ser

sectton § 17

STAAD also offers the capability 1o petform non hnear analysis
based on geometric non-binearisy  The non-lincar analysis

. algonthm incorposaies bith geometrie stiffness corrcchions and
sccondary loadings,

Non linear analysis methodology 15 generally adnpted for
structores suhject 1o large displacements As large displacements
generally resultin sigmficant movement of the pomnt of apphcanon
of loads, consideration of secondary loadings hccomes an
tmportant cnileria In addition. geomctric stiffness corrections arg
apphed 10 take 1nto consideration 1the modificd gcomelry Since the
gecometric stflness correctrons are bascd on gencrated
displacements. they are different lor different load cases This
makes the non-lincar analysis option luad dependent The STAAD
non-tinear analysss algorithm consists of the following sieps

1) First, primary displacements are calculated for the appticd
loading

) Suflness corrections are applicd on the member/element
stiffncss matrices hascd an obscrved displacements New
global suffness marix is assembled based on revised
member/element suiffness mainices

3} Load vectars are revised to include the sccondary effects due
1o primaty displacements,

4) The new sct of cquattons are solved (o generate new
displacements.

_ 3} ElementMcmber forces and support reactions are calculated

lrom these new displacements

6) The STAAD non-lincar analysis algonithm allows the user to
go through muluple ilerations of the above procedure. The
number of ilerations may be specified by the user based on the
reguirement. [t may be noted, however, that multiple ilerations

jpgopooooooonRet
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may icrease the compuier resource requirements and

ciccutin tme substantially

Note The following paints may be noted with respect to the non-

Lincar analysis faciluy -

by Since the procedurc 1s lnad dependent, the user s rcqulrcd-l‘()
use the SET NL and CHANGE commands properly The SET
NL command must be prosuded to specity the 1g1al number of
primary lvad cascs The CHANGE ¢ommand should be used (o

reset the stiffrness malriccs

1) As the geometne correciions arc based on displaccments, all
loads that are capable af producing sigmfican drsplacements
must be part of the Toad casc(s) identiined for non-lincar

analysis

1.18.3 Dynamic Analysis

See tectiong
A
51210 534

Currently availahle dvnamic analysis facthinies include solution of
the Tree vihranon problem teigenproblem), response specitum
analvsis and forced vibration analysis.

Solution _of _the Eigenproblem

The ergenproblem s snlved for structure fregquencics and mode
shapecs considenng 3 lumped mass matrax, with masscs al all actave
d oI ncluded. Two solution methods are availabic the
Jetermnant scarch method, and the subspace ileration method,
with solutton selection based on problem size.

Yiass Modeling

The natural Mrequencics and mode shapes of a struclure are the
primary parameciers that allect the respanse of a structure under
dynamic loading The free vibration probiem s solved 1o cxiract
these values Since no cxiernal lorcing {unction i3 involved, the
natural frequencies and mode shapes are direct Tunctions of the
stffness and mass distrihutron in the siructurc Resulis flr the
frequency and mode shape calculations may vary significantly

H
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See secrion
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-ce Sections

5.3 4 and
12102

depending upon ihe mass modeling. This vaniation. 10 turn. alfects
the respanse specirum and lorced vibranion anatysis results T'hus,
eatreme cauvtion should be exercised 1n mass modehng in g
dynamic analysis problem  Acuve masscs should he modeled as
loads. All masses that are capable of moving should be modceled as
loads applicd tn all passible directions of movement. in fesponse
specirum analyns. as a bare mimimum. all masses thal are capahle
of moving in the dircction of the sgecirum, must he provided as
toads acting 10 that direction

Response Spectrum Analysis

This capability allows the user 1o analyse the sicucture for sersmic
loading For any supphed responsc specirum feither acceleration
vs period or displacement vs peniod), joint displacements
member forces, and support reactions may be calculaicd Muodal
responses may be combined using enther the square rool i the sum
of squares (SRSS) or the complete guadraue combmation (CQC)
methed to obtain the resultant responscs. Resulis ol the response
spectrum analysis mav he combined with the results of the siatie
analysis 10 perform subscquent design. Tu account for rererability
of seysmic activity, load combinations can be ereated 1o include *
cither the positive or negative contribution of seismic resulls

Response Time History Analysis

STAAD is cquipped with a laciliy 10 perfurm a respense histary
analysis on a structure subjccted 1o ime varying lorcing lunclion
loads a1 the joints and/or a ground moton al its hase, This analysis
is performed using the modal superposition method. Hence. all the
aclive masscs should be modeled as loads in order to facilitaie
detcrminanon of the mode shapes and frequencics Please refer 1o
the section above on “mass modeling™ for additsanal informanan
on this topic. In the modc superposition analywis, it 1s assumed that
the structural response can be obtained from the "p” lowest modes.
The equilibrium cquations are written as

(mER) + (1433 + )ix = (P) m

painnoonoRaOouNt
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Using the transformation

=% et

(b}

Fquation [ reduces to “p” scparaic uncoupled cquanions of the
(orm

q,+2E,w,q,+wq, =R, (1)

where & 15 the modat damping ratio and w the natural
frequency for the *M mode.

These are solved by the Wilson- 8 method which 13 an
uncondinoanally stable step by step scheme The time siep lor the
responsc 1s chosen as O | T where T s the penod of the highest
mude that 15 (o be included in the response. The g5 are subsiiuted
i cyuation 2 to obtain the displacements {1} at cach ome sicp

Time History Analysis for a Structure Subjected
to a Harmonic Loading

A Harmonic loading 15 one in which can be described using the
Tollowing cquation

Flo=Fasinf wisd)

In the ahuve cquatian,

Ft1) = Value ol the lorce at any instant ol ime "1°
Fo = Pcak valuc of 1he force

w = Frequency of the forcing funclion

¢ = Phasc Angle

A plot of the above cquation is shown in the figure helow
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Fs= F.Slnh»! )
.

Time [t}

F.Smc]

Definition _of Input in STAAD for the Above
Forcing Function

As can he scen from ws defimtion, a farcing funcion s a
conunuaus function  However, 10 STAAD, 2 st ot discreie nme-
latce parrs s gencrated from the forcing funcbon and an analysis
11 preformed using these discrete tme-forcing paits What that
mcans (s that hased on the numhber of cycles that the user speciiies
for the loading, STAAD will gencraie a1able consisting ol the
magnmitude of the [nrce a1 vanous pmnts of time The time values
are chosen from this ime 0" 10 n®1c 10 steps of "STEP™ where noas
the numher of cycles and 1c 13 the duration of anc cycle STEP 153
valuc that the user may provide or may choosce the defaull vatue
that 1 butlt inlo the program. Users may rcler to section 5 31 1 of
this manual for a tist of input parameicrs that nced to be specificd

for a Time Histary Anailysis on a siructure subjecicd 1o 3 Harmame
loading.

The relationship beiwecn vartables that appear in the STAAD

mput and the correspondiag terms in the cquation shown abuve s
cxplained below.

Fs = AMPLITUDE
-w = FREQUENCY
¢ = PHASE

1.19 Member End Forces

See

s ion 5.4f

Mcmber end forces and moments in the member result from loads
applied 1o the structure. These lorces are in the laocal member

pgpooogaoponoe
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coordinate system Figure | 18 shows the member ead actions

with 1heir dircctions
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1.19.1 Secondary Analysis

Solutnn of the stffness cquatiuns vicld lisplacemeats and fnrcc-ﬁ X
‘al the joints of cad pmints of the memher STAAD s cquipped wit

o e the following secondary analysis capabihuies 10 ohlain resulls at

3ok 58t A !
$ 12 and intermodiate poinis withsn a memhcer
-

i
Y 1y Member forces A intermeidiale sechons,

3) Mcemher displacements aintermediate seclions
3} Memher stresses at specificd sections.
1) Force cnvelopes

The following scctions desctibe the sccondary analysis capahilitics

in Jerail.
1.19.2 Member Forces at Intermediate Sections

With the SECTION command. the user may choose any ’
diate section ol a member where forces and momcnis nect

interme sed in
dee teehiont to he catculated. These forces and moments may afso be v
340 and design of the members. The maximum aumber of sechions
54!

five, including unc at the s1arl and one al

ecificd may nut eaceed
M o imermediale seclians are requested, the

{he end of a member If n
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peogram will consider the starl and end member larces lor design

However, ol the scctions provided, they are the anly ones 1o he
considered design

1.19.3 Member Displacements at Intermediate

Sections
See sections ) ‘
542 ond Like forces. displacements of tmtermediate sectiony of members
$ 45 can be printed or plotied This command may aot be uscd 1ur truss

ar cable members,

1.19.4 Member Stresses at Specified Sections

Mcmber siresses can be printed at specified intcrmediale sectiuns
as well as at the siart and end joints. These siresses include:

See a) Axnl siress. which s calculated by dividing the azial torce by
sectrons the cross scctional arca.

3 40 und b) Bending-y surcss. which s caiculated by dividing the momem
541

in local-y direction by the section modulus in the same
dircction,

¢} Bending-z siress, which is the same as above except in local .
direction,
d) Shcar stresses (in y and 2 dirccbions), and

¢) Combincd siress, which is the sum of axial. bending- v and
bending-z stresses

All the siresses arc calculated as the absolule value
1.19.5 Force Envelopes

Force envelopes of the member forces FX (axial force), FY (Shcar-
¥). and MZ (moment around local z-axis, i.c. sirong axis) can he
printed for any number of intermediate sccticos. The lorce values
include maximum and mintmum numbers representing maximum
positive and maximum ncgative valucs. The following is the sign
conventios {or the maximum and mimmum valucs:

See secrion
4

",
M
H

R EQOOCRORODIDER

FX A positive valuc 1s compression, and negativc iension.

EY A positive value is shear in the posative y-direction, and
ncgative 1n the negative y-dircction.

F7Z Same as above. cxcept in local 7-disccuion.

MZ A posiive moment will me3an a momcnt causing tension at the
top of the member Canverscly. a negative moment will cause
tension at the bottom of the member, The top of a member s
delined as the side towards positive local y-axis.

MY Same as above. except aboul local 2 axis

1.20 Multiple Analyses

Siructurat analysisidesign may require muliiple analyses n the
same run STAAD allows the user to change input such as member
properucs. support condinions cte. v an input file to facilitate
muluiple analyses in the same run. Resulls from diifercnt analyscs
may be comhined lor design purposcs.

For structutes with hracing, 1t may he accessary Lo make certain
members inactive Tor 3 parnicular load case and subscquently
activate them for annther STAAD provides an INACTIVE lacihty
for this type of analysis The INACTIVE option s discussed in
deiait in the following paragraph.

Inactive Members

With the INACTIVE command. members can he made inactive

These inactive members will not be cogsidercd in the stiffness

analysis or 1 any printout. The members made inactive hy (h::

313 INACTIVE command are made active again with the CHANGE
command. This can be uselul 1n an analysis where tension-only
bracing is deswed, so a set of members should be inactive for
certain load cases. This can be accomplished b~

See section

a) making the dessred members inaclive:
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b} providing the relevant load cases lor which the members are
mactive,

) performing the analysis:

Ut using the CHANGE command 10 make all the inacnive

' members active;

¢) and making the mher set of members ipactive and providing
the proper load cases for whach the members are meani 1o be

v
tnachive, performing the anatysis and repeanng ihe procedure
as necessary

1.21 Steel/Concrete/Timber Design

See rections
2 Yand 4

Exiensive design capahilitics arc avarlable 1n STAAD tor steel
concrete and umber scctions Detaled informanion on steel
concrete and trmber Jesign s presenicd in Sections 2, 3 and 4
respectively

1.22 Footing Design

er

ection 5 52

A fooving design facibuy capable of dessigming indivrdual funtings
for user speerfied supponits) s avarlable, All acnive load cases are
checked and design 1s performed (of the support reactionis1 which
requires the maximum loating size Paramelcers are avatlahle w
coalrol the design. Quiput includes footng dimensions and
remforcement detarls. Dowel bars and development tengihs are
also calcuiated and included in the Jesign output Detpiled
description and command specificavon(s) for footing design 1s
avallable in section 5.52 af thys manual.

.23 Printing Facilities

All input da1a and oulput may be printed using PRINT commands
available in STAAD. The input is normally echoed back in the
oulpus. This is imporiant from a2 documentation point of view
However, il required, the echo can be switched off.

fnnnogaRRRRnnNAn
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Extensive lisung facthtics are provided 1n alinost all PRINT

] menis
commands 10 allow ‘he user o selecl joints or members (cle ]

for which valuecs are required.

1.24 Plotting Facilities

Two types ol plotling facilines arc available in STAAD Th:‘ first
type allows the uscr 10 view structure geomelry. defNected shape,
hending moment/shear furce diagrams. slress contours cic. Using

¢ Forc 13 1 ke deflectcd
Sre veciind the Post Prucessing module For certatn capabe |rulcs ul deflecre
529 und shape. bending moment diagrams etc.) a PLOT Dle contaimng
P relevant infu must first he crealed through STAAD

In addition 1o the graphics capabibiies of the Post Prnccsr:mg -

mudule. 2 wide range of PRINTER PLOT opuions are avmlah!c!;;
" §TAAD These capabilitics may be wiitized 1o generae PRINT

PLOTS of siructure gcomelry. dcflceted shapes. bending moment

diagrams clc as pant ul 1the output.

1.25 Miscellaneous Facilities

STAAD alfers the Tullowing misecllancous facilities tor problem

solution.

Perform_Rotation

See After the genmetry has been speciiicd. this command can be used
any
tectian 5 17 1o rolate the siructure shape through any destred angle ahn:l 3
global axis The rotated configuration can be used lor further

analysis and design

Substitute
Jmat and member numbers may be redefined in STAAD lhmug:; .
See the use of the SUBSTITUTE command After a new sev ol nu:r:h!c
section .15 arc assigned. input and ovtput valucs wii) be 1n accordance w

corfy
the new aumbering scheme This facibty allows the user lo speath
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See tection
5 41

See

tection § 16

See 1ecrion
$s512

numbering schemes that will result 1n stmple ynput specificatron as

well as casy interproianion of daia

Caiculation _of Center of Gravity

STAAD 13 capahic of calculaung the center o gravity ol the

structuse The PRINT CG command may be unlized for this
purposc N

Print Problem Statistics

The user may 1ake advamtage of this facility 1o review analysis
related characiersstics (size of the stiffness maine, disk slorage
requirement cie ) of the problem hefore actually running the job
This option s especially usclul for the cstimanan of siorage

requirements before runming a large prablem which may rcquire
large amnunts of siarage

Input_Memory

This option may be uscd for problems running an the PC requining
a large amount of memury {1 should he remembered that the use ol
this option may result i slow program cxecunon,

1.26 Post Processing Facilities

See secrions
554 ond
553

All cutput fram the STAAD run may he wiilized for further
processing cither by nther modules or exicraal programs [iles
comMaining relevant information must be creared through STAAD
for this purpose. The lallowing options are available.

Save/Restore

The save/restore fealures enable the user to save all the data and
resulls associated with a problem and reactivaie {restore) the
prablem and resume processing at 1 later time

=
=
| =
| =
=
| _wms |
=1
B=3
=3
=1
=l
=
=
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American Steel Design

Section

2.1 Design Operations

STAAD contains a hroad set of facilines for designing structural
members as individual componenis of an analyzed siruclure. The
member design facilitics provide the user with the ability 10 carry
out 3 numher of dilferent design operanions These facilitics may
he uscd selectivelv in accordance wih the requirements of the
design prabiem. The operations 1o perform a design are

Specily the members and the {oad cases 1o be considered in the
design

Specify whether 1o perform code checking or member
sclection.

Specify design parameier values, if different from the defaull
valucs.

These operations may be repeated by the user any number of nmes
depending upan the design requircments.

Siccl Design may be performed based on the following cades:
AISC-ASD, AISC-LRFD and AASHTO A bricf descripiion of
cach is presentcd in the lollowing pages. :

Currently STAAD supporis vieel design of » nge. S. M, HP
shapes, angle, double angle. channel. double . "1, heams with
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caover plate, compuasite beams and code checking of pnismanc
properiics.

2.2 Member Properties

For specification of member properties of standard Amernican stect
sections, the sicel secuon library'available in STAAD may he

used The syntax for specifying the names of huift-1n <icel shapes
is described 1n the next secuon

2.2.1 Built-in Steel Section Library

The following sccnans describe speciltcanon ol steel sectrons
from the AISC (fth"Edmion, 1989) Siccl Tahles

AISC Steel Table

Almast all AISC sicel shapes are availabte {or input. Foilowing are
the descripuons of all the types of scctions available

Wide Flanges (W shapes)

All wide flange sections as listed (n AISC/LRFD-R9 arc available
the way they are wnitten, e g. WINX49. W21 X350 cic

~20 TO 30 TA ST W10X40
3336 TA ST wiaxas

C, MC, S, M, HP Shapes

The above shapes are avarlable as hisied 1n AISC (Sih Edition)
wilhout decimal poinis. For example, CBX11 § will be input as
C8X11 and S15X42 9 will be wnput as $15X42, omitting the

decimal weights. (Exccption: MC6X 151 for MC6X15 | and
MC6X 153 for MC6X15.3) '

[==
=
=
=
|
=3
R=l
==l
==
=i
Bm=
=
=2

Section 2 \ '

10 TO20BY 2 TAST c15X4a0
12 TA ST MC8X20

Double Channels .

Back 10 hack dowhle channcls, with or without spacing helween |
\hem. are availabie The letter D 1n front ol the scciton name Wi
specily a double ¢hanncl

21 22 24 TA D MC9X25
55 TO 60 TA D C8X18

Angles

angle specafications in STAAD arc different from those i the
4
AISC manual The lollowing crample llusiraics angle

specifications.

L40 356 = L 4x3-1/2x%8

Thickness in 1/18th
Angle symbol Thie
i 10 times length of
langth _
;?;ﬂel:g inginch ather leg n inch

Similarly, L505010 = LS5« 5/8and L9O4OI6 = L9xdxl

At presenl. There are [wo ways 10 define the Jocal y and 7-axes {for
+ . -

an angle section To make the transition from the AISC Manual 1o
the program data easy. ihe standard sectaon for an angle s

specificd’
515253 TAST L40358

This specification has the local 7-axis (s.e.. the minur :mn“
corresponding to the 7.7 axis specified in the steel tables. Many
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cnginccrs are famibar with a convention used hy some other
programs 1n which the local y axis is the minor axis STAAD
provides lor this convennon by accepting the commaml

54 55 56 TA RA L40356 (RA denotes raverse angle)

Double _Angles

h)
Short leg hack 10 hack or long leg hack 10 back douhle angles can
he spectficd hy inputting the word SD or LD, respectively. an lront

of the angle size In case of an equal angle cither LI or SD will
scrve the purposc.

14TO 20 TALD L5304 SP 0.5 Long !ag back to back

L3-1/2xIn1/4 wilh 0 5
space

2327 TA SD L804012 Short teg back lo back
\ LOx4x3/4

ees

P

Tecca are not input by their actual names. as they are histed an the

AISC manual, bul insicad by designating the beam shapes +W and
$) from which they are cut For example.

1250TAT WRXM lea it rom WEX24 which s WT4X12

Pipes

Two 1ypes of specificattons can be used lor pipe sections In

general pipes may be input hy their outer and inncr diameters For
example,

|
TTO®TA ST PIPE OD 2.0 1D 1.875 will mean a pipe ...

with 0.0. ol 2.0 N
B N VR Yy - . and 1.D. ! 1.875 iny
s current ipput unils. @

It

=
| ==
=3
=3
=
=3
| o |
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Pipe scclions listed 11 the AISC manual can be specilie
follows

s TO 10 TA ST PIPX20

PIP X 20 denotes extra strang pipe of 2
in.dia

Pipe :ymboo——T T—-IO ¥ Dia. in inches

specily only portion belore
- dec)mal point

(S'.;m-ng::nsd%erd_ X = Exira-strong, D = Double exlra-strong)

Tubes

Tubes fram the AISC tables van he specificd as [oHows
u

s TO 10 TA ST TUB120808

TuB 120 80 8

- .
S bolJ LThickness in 1/18thin.
Tube Sym \ \
10 {in.

Height x 10 (in.) width x 10 {in)

Tubes. hke pipes, can he inpul by their dimensians iHcight. Width
ubes. .

and Thickncss) as follows

§.0TH 0.5
TA ST TUBE DT 8.0 wT [
i‘s a tube thal has 8 height of 8, 8, widih of 8, and a wall

{hickness of 0.5.

Me her SCIEC“O“ cannol l)C ")cll()l '":d on lu|lc'i Spccmcd n the
m
Jalter way 0|||Y C()dc C IECkHIg can be Pcll(-" l"cd on thesc

seclions.

Welded Plate Girders
" - d
Welded plate girders from the AISC manual Ye specified a5

follows
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I
But-up section symbol

Thicknass of flange in

inches X 10" (Only use

portion belore decimal
v poinl}

Nominal Depth in inches—'  “~— Nominal {lange Width

(inches)

Example :
1 TO 10 TA ST BOI2M 7T
1516 TASTB6BILIU

2.3 Allowables per AISC Code

For siech design, STAAD compares the actual siresses with the
dllawable siresses as defincd by the American nsituie of Sicel
Construcuon (A1SC)Y Code The minth edition of the AISC Code, as
published in 1989, 1s uscd as 1he ?asls of this design texcepr tor
tension siress). Beeause of the side and compleniiy ol the AISC
cades, it would not be pracucal 1o deseribe every aspect of the
steel design in this manual Insicad, a bnef description ol some ot
the major allowable siresses are described herein

2.3.1 Tension Stress

Allowable tensile stress an the net scction is calculated as 0 60 Fy

2 1.2 Shear Stress

Allowable shear siress on the gross scction,
F,=04F,
For shear on the web, the gross section is lakeo as the product of

the total depih and the web thickness, For shear on the (langes, the
gross seclion i3 taken as 2/ times the 1otal Mange arcas.

Nt

s iR R REY!

i
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2.3.3 Stress Due To Compression

Allowable compressive stress on [he gross sechion ol anally
lvaded compression members 1s calculated based on the formula E-
1 10 the AISC Code, when the largest elfecuive slenderness ralio
(Klfty is less than C, 11 Klfr execeds €. allowable cumpreasive

Jiess 1y decreased as per lormula 1E2-2 of the Cude

. =,’3n:E F
2.3.4 Bending Stress

Allowable bending stress lar ension and compression for a
symmeincal member joaded 1n the plane of 1ls minor ax1s, as given
in Scenon 130 4

F, = 0 66F,
I meenung the regquirements of this section of,

) by 2ty is less than or cqual Lo 65t

hi by fyis less than or cqual 1o 190

cr At s less than or equal W 620¢1-3 740, !Fy))l,f!_ when (f, /F )
< 0,16, or than 2374 10 (1, /F ) >0 16

d) ‘The lateeally unsupported length shall not exceed 76 Oby /F,
{eacept for pipes or tubes), nor 20.!10()![;1!3,, 1A)

¢y The diameter-shickness ratio of prpes shall not exceed JJOOJF,,

Il fur these symmetrical members, by 21 exceeds 65/, butis less
than 950, By=F (0.79-0 002(b /21 {)

For ather symmetrical members which ¢o not meet the above, Fy is

calculated as the larger value compuied as per AlSC lormulas FF1-6
or £1.7 and F1-8 as apphcable. but not more than 0 60F . An
unstiffencd member subject lo axial compression of compression
due 10 bending is considered fully clfective when the wadth.
thickness rano is not greaice than the following:
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16 01J7, lor single angles or double angles wuh separaiors S“uwz—l &
95 0/, for double angles in contact
127 /0, Tor stems o 1ee i . |

s ol tees 2.3.6 Singly Symmetric Sections

w - .
hen the acisal widih thickness rang eaceeds these valucs, the

For doub i I Tees which have only one axis of symmeliry,
AMowable sitess 1s governed by BS af the AISC code, ur double angles an i ’ ymmelry

the KL/t ratio about the local Y-Y axis is deiermuned using the
“bauscs specified on page 3-53 ol the AISC Manual.

Tension and compression lor the dqubly symmennic (1 & H) L "’ -
sections with by /21 fess than 65407 and bent abou theyr mnor
:l‘ms. Fy=0 TSE, I by 120 exceeds 6517, bul 15 less than ysifr,
Fy = F (1 075-0 0051, g

2.3.7 Torsion per Publication T114

The AISC 89 code ol speciflicanens for sicel design currently does
nat have any provisions specifically meant for design of sections
lor Tarston However, AISC has published a separatc documenty
called “Torsiunal Analysis of Steel Members™ which provides
gurdelines on transtorming tersional moments inle normal stresses
and shear stresses which can then be incorporated o the
interaciion ¢quations explained 1n Chapier H of the AISC R9 code,
The guidelines of the publication have now heen incorpurated 1nto
the AISC -89 stcel design modules of STAAD

:tt:r tubes, mcenng lhc‘suhpamgraph: boand ¢ o1 thiy Section, bem
oul the minor 4xs, Fo= 0 06F tasling the swuhparagraphs b and
v bul a widih thickness ran0 less than 181 Fy=n.6F

SafogEgooEnt

%.3.5 Combined Compression and Bending

Members subjecied to both aual compression and hending siresses
ar€ proportioncd 1o sansfy AISC formula H1 | and HI.3 wheh

[ /F, s
a'Fy 18 greater than 015, wiherwise turmula H. ) o used It To consider stresscs due 1o worsion in the code checking or member
selecnn procedure, specily the parameter TORSION with a value

hould be n
3 ed that L’I.I”I"Ig CO(I Chl.'l.'klng or Illcmbc’ ‘CICLlIlIn_ lr
ul { (l Sl.‘c Iablc 2 | for more deials,

[JF, excecds unny, the prograrh ducs not compute the sceund and
third part ol the farmula HI -1, because this would rcsuti in 4
misicadingly liberal raue The value o) 1he cociiviea C iy vaken

as 0.85 for sidesway and 06 -0 4 (M 1/M2), but not less than (3 4
for no sidesway '

Methodology

If the usce were 1o request design (or torsion, the 1orsional
propectics required (or calculaiing the warping normal siresses,
warping shear stresses and pure shear stresses are lirst determined.
These depend of the "boundary™ conditions that prevail at the ends
of the member. These boundary conditions are delined as “Free™.
“Pinned” or “Fixed”™ They are caplaincd below:

Free : "Free™ represents the boundary condinion such as that which
cxists at the [ree end of a cantilever beam. [L means thal thete 15 no
other member cuanected o the beam al thar point.

Pinoed : “Pinned” represents the condition ihat corresponds to
cither a pinned support defined at the josnt through the Suppors
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Amand or a relcase ol any of the moments al the Josnt through a
Member Release speaificanion

Fixed : "Fixcd” represents the condinian where a fixed suppiint
cxisis at the joant In the absence ol a supporl al that yuinl, n
represents 3 condinun where a ngid Irame conncelion exists
between the given member and at least one other member
connecled 10 thal joint Also, no member relcascs should be
Presenl at that joint on the given member

Mu.:r the boundary conditions are determined. the normai ind
shear stresses are determined The gurdelines specilied in the
Publication T1 14 for concentrated lorsional moments acting 4t the
ehds of the member are used 10 determine these sircases

The normal siresses are added 10 1he axial stresses caused by axial
foad. These are then subsinuted a0 1he INEracnon cguanions i
Chapier H of 1he AISC 39 code for dcicrmuning the rato The
planc shear and warping shear siresses are added to the shear
siresses causes by actwal shear lorces and comparcy againsi the
allowable shear stresses an the cross seclion,

Restrictions

This facibiuy 15 currently available 1or Wide Flange shapes «W M &
Sh Chanacls. Tee shapes, Pipcs and Tubes 1t 15 nat available lor
Single Angics. Double Angles, members with the PRISM A TIC
property specification, Composile sections {Wide Flanges wilh
concrete slabs or plates on top). or Double Channels. Alsu. the
stresses arc calculated based on the rules for concenirated

torsional momems acting at the ends of the member

Hrorooooe

gonoe
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2.3.8 Design of Web Tapered Sections

Appendix F ol ALISC-89 provides specilicanons lor design of Web-
Vapercd members These speciheations have been incorporated
into STAAD 10 pertorm code checking on web tapered wide flange
shapes. Ptease nute that member selecuon cannot be performed on
web-1zpercd members

2.4 Design Parameters

Sre Table
21 und
Seciion
471

The program coentains a large number ol parameicr names which
are needed 1o perform desigmng and code checking. These
parameter namcs, with thewr defaull values, arc listed i Table 2 1.
These paramelers communicaie design decisions [tom Lthe engineer
to the program.

The default parameice vatues have been selected such that they are
Irequently uscd numbers for convennional design. Depending on
the particular design requirements of an analysis, some or all of
these parameier valucs may have to be changed 10 exacily model
the physical struciure For cnample, by default the KZ (k value in
local 2-axis) value of a member 1s sct to .0, while in the real
siructure 1t may be 1.3 1n that casc, the KZ value in the program
can be changed to 1.5, as shown in the input 1nstructions (Section
6). Sinmlarly, the TRACK value of a member 13 sct 10 0.0, which
means no allowable stresses of the member will be printed. 1f the
allowable sircsses are (o be printed, the TRACK value must be set

1o 1.0.

Note thal parameter names PROFILE, DMAX and DMIN are only
used for member selecrion, ‘
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2.5 Code Checking

Yee Secfion
6472 and
Evample )

The purpose of code checking 15 1o check whether the provided

section properiies of the memhers are adequate The adequacy
checked as per AISC 39 Code cheching 15 done using the lorees
and momenis at specificd secuons »l the members 1 no sections

arc specificd, the program uscs the suart and end forees lor vadde
checking

When code checking 1s selected, the program calculates and prints
whether the members have passed the code or have lailed. 1he
criical condition af the AISC code (hke any of the AISC
specificanions or compression, tension, shear. cic b, the value ot
the rano of the criicad conditen (uversiressed lor a value muore
than 1 0 or any other speciflied RATE value); the governing load
case, and the locauona (distance from the start of the member) of
forces in the member where the critecal condiion occurs

Cude checking can be done with any type of steel section lisicd n
Sccton 2 2 of 1his manudl

2.6 Member Selection

e

ieciton
173

STAAD is capable af performing design operations on specilicd
members. Once an analysis has been performed. the program can
select the most economical section, 1 c. the lightest seenon. which
Tulfills the code requirements for the specificd member. The
sechion selected waill be of the same 1ype secuion as oniginally
designated for the member being designed. A wide flange wilk be
selected to replace a wide Nange, etc.. Scveral patameters are
available to guide this selection. If the PROFILE parameter is
provided, the search for the highiesi section is resiricied to Lhat
profile. Up to three (3) profiles may bhe provided for any member
with 2 secuion being selected from each one. Member selection can
also be consirained by the parameters DMAX and DMIN which
limit the maximum and minimum depth of the members. Note that

na
 omv |
2=
-3
=3
| - sms |
=
B
s
=%
=1

Secuon2 | T1
il the PROFILE paramcier is provided lur specified mcmbcrsj
DMAX or DMIN parameicrs will be 1gnored by the program in
selecting these members

Member sclection ¢an be performed with all the types of steel

wections listed 0 Secuon 2.2 ol (s manual Note that for bcams
i . : ant
with cover plates, the sizes of the cover plaic are kept const

while the beam section 1s iterated

i i a
Selectton of members, whuse praperlics are origmnally mpullfrum
usce created table, will be limited to sections in the usee lable.

ction
Miember selection can nat be pecformed on members whose s¢

properuics arc input as presmauic,

2.6.1 Member Selection by Optimization

Sicel table propertics of an enlire structute can be optimized by
STAAD This upumization method involves a state-of-the-art
icchmque which requires automatie multiple analyses. The user
-an stact with no properues for the members but pm\rldc‘l:l;:‘ypc

Se Secrion L rofile-spec they have {c.g. BEAM. COLUMN, CHANTEL.

A \NGLE ctc Refer to Section 2.7 5) The sizes of the members :mr:
vpnimuzed by the stif fhess they arc contiibuling and the .lmmlml :d
toads they are recciving Bascd vn this, a balanced size s 3¢ lel:l
jor cach member. This meihod requires exicnsive compuler 1me
and hence should be used with caution.

2 6.2 Deflection Check With Steel Design

This facility allows the user lo consider deflection as a crilc;i: n
: > : . The
the CODE CHECK and MEMBER S[:HECTION processcs e
deflecnion check may be controtlcd using three paramelers w '|c
are described in Table 2 1 Note that deflection is used 1n add;ll:on
tu uther strength and stability reiated crilena. The local deflection

calculatiun 1s based on the latest analysas results.
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2.7 Truss Members

As meanoned earlier. 4 fruss member 15 capable ub carrying oniy
axial Torces Soin design no time 1s wasted calculaning ihe
allowable bending or shear siresses, thus reducing design ume
consuderably Therefore, 1f there s .-zny truss member 1o an
analysis (hike bracing or strul, ¢tc ), st 1s wise 1o deelare 11 as 2
truss member rather than &3 & regular irame member with both
endy pinned

2.8 Unsymmetric Sections

For unsymmeiric secvions (hike angle. doubie anglc and tccy.
STAAD cansiders the smaller secuon modulus for checking
against bending For sume cases, 1this approach may produce
shightly conservative results.

Appendix C of the AISC code has been implemented tor stress
reduction of unstiffened compression clements 1n addition. the
A1SC specification for SINGLE ANGLE design has been tully
implemenicd tncluding lutcral torsional buckhing cifeurs

.Jble 2.1 - AISC Parameters

I rameter Default Description

P _me Value

KY 1.0 i value in local y-axs. Usually, thes 1s
mingr axy.

K 1.0 K value n local Z-mes. Usually, thes s
Mayor axs.

L Member Length Length in local y-ans to caiculats
siendemess raho.

L& Membar Length Same as above except in z-aus (major)

poaittttitilil s

Section 2 ] 3
Table 2.1 - AISC Parameters Cont
Parameter Default Description
Name Value
FYLD 36 KSI Yteld sirength of steel in curmant units
NSF 10 Net section lactor lor lension members
UNT Member Langth Unsupported length of the top flanga lor
caiculating aliowable bending compressive
stress Will be used only f flexural
compression 1s on the top flange
UNB Member Length Unsuppornted length of the bortom ilange
tor calculating allowable bending
compressive stress Wil be used only d
{lexural compression is on the bottom
Hange
ca to Chb value as used n section 1 5 of AISC.
00 = Cb value to be caiculated Any glher
vajue will mean the value io be used n
desin
S5Y ao 0 0 = Sidesway n local y-aus.
1 0 = No sidesway
$SZ Qo Samae as above except in local z-axs, °
CMY 0 85 lor sidesway® Crn value in local y &  axes
and caiculated
91,174 for no sidesway
MAIN 00 0 0 =check lor slendemess
1 0 = suppress siendemaess check
STIFF Member length Spacing of sufteners for plate girder design
PUNCH Sesn sect 2 10 Parameter for punching shear
TRACK oo 0 0 = Suppress cntical member stresses
1 0 =Pnnt all crcal member stresses
2.0 =Pnm expanded outpul
[soe Figure2 1)
DMAX 45.n, Maxmum aitlbwabie depth.
OMIN 00m Mimwmum allowable depth.
RATIO 10 Permiassible rato of the actual to allowabla

stesses.
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Table 2.1 - AISC Parameters Cont

Description

Weid type, as explained in section 2 11 A
value of | will maan welding 1S on one side
only except for wide flange Or tee seclions,
where tha web 15 always assumed {0 be
weided on both sidles A value of 2 will
mean welding on both sides For closed
sectons hke pipe of tube, the welding will
be on one side only

0 0 =design onty lor end moments or Ihosa
at locanons specihed by the
SECTION command

1 @ =caiculate moments at twerlth ponts
along e beam, and use tha
maximum, Mz localion for design

Minimum welding thickness

Aligwable welding stress

“Defiection Length’ / Maxm allowable local
daflecnon

Joint No denoting starting pont for
calculation of “Deflecbon Length’ (See
Note 1}

Joimt No denoting end pownt lor calculation
of “Celtecton Length™ {See Note 1)

00 = No lorsion check parformed
t 0 = Perform torsion check based on

rules of AISC T114

Parameter Default
Name Value
WELD 1 lor closed sections
2 lor open sections
HEAM 00
NMIN 1/16 inch
WSTR 04 xFYLD
QFF None
{Mandatory for daflechon
check)
p3i| Start Jont
of member
342 End Joint ol member
TORSION 00
- _APER 10

00 = Design lapered i-sachon based on
rules of Chaprer F and Appendix 8
only Do nat usa the rules of
Appendx F,

1 0 = Design tapared |-sachons based on
rules of Appendix F ol AISC-89

* In lhe'casc of no sidesway, which mcans the membcer 13 resiraincy at both ends. the
m value is computed based on the formula in Scction { 6 | of the 4ISC code

1)
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NOTE:

“Deflection Length™ ts defined as the length that is used for
calenlaton of local deflectiuns wihin d member. It may be
noted that for mast cases the *DeNection Length® will be equal
1o the length of the member However, 1n some situanions, the
“Deflecnion Length™ may be different For example, eefer o
the figure below where a beam has been mudclcc! using fuu:
joints and three members Note that the “Dellection Length
for all three members will be cqual 10 the wial length of the
beam in this case. The paramcters DI1 and D)2 should be used
o model this situation. Also ihe straight hine joining DI i.md
D7 is used as the reference line from which local deflections
are megsurcd Thus. for all three members here, DIt should be

“1" and DJ2 should be "4"

EXAMPLE . PARAMETERS

t2and ]

)

»

{35353 55 511144

DFF 300 ALL
D 1L ALL
DJ2 4 ALL

D = Maxmum iocal deflecton lor mernbers

If DI and DJ? arc not uscd. ~Deflection Length” will default
10 the member length and lacal deflectivas will be mcasurcd
irom onginal member line B

It 1s important 1o noie thal unless a DEF value iy specified.
STAAD will not perform a deflecnion check, Thisisan )
accordance with the fact that there s no default value for DFF

{scc Table 2 1).

4} A critical difference exists between the patameter UNL and

the parameters LY & LZ. UNL represents the Intc‘rally .
unsupporied length of the compression Nange. ltis delined in
Chapter F, page 5.47 of the pecifications in the AlSC 1989
ASD manual as the distance between cross sections braced
against Lwist or lateral displacement of the compression
flange. UNL 15 used Lo calcutate the allowable compressive
stress (FCZ and FCY) for behavior as a beam. LY and LZ on
the other hand are the unbraced leogihs for behavior as 2
column and arc used (o calculate the KL/t ratios and the
allowable axial compressive siress FA.



Amencan Steel Deaign

h [Scclmn ]

Segtoon 2 l )

p~
1Y

SSY and CMY are 2 paramcicrs which are based wpon 2 values
detincd wn page 5-55, Chapter H ol the AISC 9¢th ¢d. manual . Ck
. SSY s a V:I’Iihlc which arluws the user 1o define whether or 2-10 PunChlng Shear Che
not the member 1s subject to sulesway in the lucal Y direction,
CMY 15 a vanable used lor delining the expresiton called Cin
in the AISC manual When SSY us set 10 ) (which s the
default value). 1t means that the member 15 subject 10 vdesway
in the local Y dirccuon When SSY is set o F i) 11 means 1tha
the member 13 nol subject 1o sidesway in the local Y direction,
The onlty effect that SSY has is that o causes the program to
. calculate the appropnate value of CMY I SSY +s set 10 0) and
- CMY 15 not provided. STAAD will calculaie CMY as (135 1T
S8Y s sct o1 and CMY s not provided. STAAD wall
calculate CMY lrom the cquanion on page §-55 However af
the user provides CMY. the program will use that valuc and

[ crs, p g s ar may [~ [ B
For tubulal K ||Ih s ullclllll hc T a hc he ked -.'I(.C()‘Hllll 10

i {API) specy
American Petroleum [nstituie . ‘
li?leCH may be used 1o wdentifly members for which puncc(;n:)
hear check ts required This parameler should also t‘u: u'sab‘c -
. ccify jount type and geomelry Refer 1o the following
sp

the value of parameler 10 Tahle 2.1,

(ications Parametef

Value of
Type of Joumt Req

t NCE
and Geomelly ‘ Bar

10
K {overlap)

LR}

)
nul calcylate CMY a1 all, regardless ot what the user detings iy 'sas !
S5Y 10 he. s ;
CROSS {widiaphragms) -

9 Plate Girders

CROSS ewlu Jraphragms!

Plaic girders may be designed according to Chapier G of the AISC
specificanons The gencralized ISECTION specificarion capabilaty
avarlable in the User Table facihity may be used 10 spectly the
plate girder secirons The AISC welded plate girder shapesipages
2.230 and 2-23) - AISC 9th Edivon) are available in the Sicel
Secuon library of the program Bath CODE CHECKING &
MEMBER SELECTION may be performed when sectians are
specified from a siandard AISC plaic girder section tahle or
through the gencralized ISECTION (acility, Parameter STIFF (sce
Table 2.1) may be used 10 specify suffener spacing so that the
tight allowable shear stress may be calculated The program
automatically calculates the flange stresses according 1o the
requiremeets of section G2.

igaead AR AR R

R
ot

ot s
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Nole:
I} A value represcnting joint type & geometry must be
provaded for parameter PUNCH

2) For detailed description of joint type & geomeity, refer 1o
APl code (Sccuon 2.5 §)

2.11 Tabulated Results of Steel Design

For code checking or memher selccvon, the program produces the

rcstjlts in 3 1abulated lashion. The vems in the vutput 1able are
caplained as (ollows

a) MEMBER refers to the member number tor which the design
13 performed

b

-

TABLE reflers 10 the ALSC sicel section name wheeh has been
checked against the sicel code or has been sclectcd

¢) RESULT prinis whether the member has PASSed or FAILed
If 1the RESULT 1s FAIL, there will be an astcrink {*y mark in
front of the member number

d} CRITICAL COND rciers 1o the section of the AISC code
which governed the design

c) RATIO prints the rano of the actual siresses (o allowable
stresses for the criiical condition Normally a value ol 1.0 or
less will mean the member has passed.

f} LOADING provides the load case number which governed the
design.

2) FX.MY and MZ provide 1he axial force. moment in local y-
axis and moment in local z-axis respectively. Although
STAAD docs consider all the member forces and momenis 10
perform design, only FX MY and MZ are printed since they
are the oncs which arc of interest, 1n most cascs.

senpRonORONONERD

h)

1

Soction 2 | ™

LOCATION specilics the actual distance from the stary of the
mcmber 10 the seclion where design forces guvern.,

Il the parameter TRACK 15 set v L 0, the program will black
oul part of the table and will print the allowable bending
sicesses 1 compression (FCY & FCZ) and enswon (FTY &
FTZ). allowable axial stessin compression (FAL fmd
allowable shear stress (FY) albin kips per sq.uar:_mch. In
addinon, member length, arca, sechion moduli, governing KL/r

catio and CB are afso printed.

In the output for TRACK 2 0. the ems Fey and Fez arc as

follows:

1’n°E

Fey = ———— 7
TR

X 120'E
;= ——
ZleLrITI}
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2?12 Weld Design

S Seciion
5 7.5

STAAD is able 1o sclect weld thickness for connections and
labulate the various siresses, The weld design 13 limited 10 the
members having propertics from wide Mange. tee, single angle,
single channcl, pipe and tube section tables only. The parameters
WELD, WMIN and WSTR (as cxplained in Table 2.1) govern the

taoeecetiidiila

Secuon 2 | B1
Stnce the thickness ol a weld is very small 1n comparison 10 its
lengih, the propertics of the weld can be calculated as line
member Therefore, the cross-sectional area (AZ2) of the weld will
actually he the length of the weld. Similarly, the units for the
section maduly (SY and §2) will be length-squared and for the
polar momems of incruiia (W) will be length-cubed. The following
1ahle shaws the differcnt available weld lings, their wype and therr
coordinate axcs.

wELQ
TYPE AMGLE WOE FLANGE TEE AN lala TLBE

] ’ L] v r

S 0 i el Sl el

T E e - -

Actual stresses. caleulated from the memhber forces. can he
specthed by three aames. based on their directions

Horizomal Stress - as praduced by the local #-shear force and
torsiongl momenl

Verneal Stress - as produced hy the ava! y-shear lorce and
torsiungl moment.

Direct Stress - as praduced by the axial force and bending
moments in the local y and ¢ ditecuions

The Combincd Siress 1s calculaicd by the square root of the
summation of the squares of the above three principal stresses

Following are the equations:
torses

MX =-Torsional momenlt
MY = Bending in local y-axis
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MZ = Bending in local c-axs
EX = Anal fosce

VY = Shearan focal y-axs
¥Z = Shcar vn local ¢ anis

Progerucs of Weld
v
AX = Arca of the weld as the line membet
8Y = Sccuon modulus sround local y-axs
§Z = Scction modulus around local £-axs
M = Polar moment ol wnerna
CH = Distance of the ¢xireme {iber for hanzoatal (local 7}
forces
CV = Distance of the exireme tiber for verucal (local yr lorces

Siress Equations:

VZ  CHx M)
Horyzontal siress. Fh = —+—'———1

AX ’w

VY (CVxMX
Verncal siress, Fv = — ¢ ————

A X Iw

PX MZT MY
Direct siress, Fd = —~ +

AX 52 SY

* Naie that the momenss MY and MZ are 1aken o5 the sbrolute values.
which may resull 1n wame vonservanive resulls for asymmetncal sechons
hke scgle, icc and channcl

Combined force Fomb = I',;‘ - F‘! - Fj

F
Weld thickness = —--ﬂ-
i,

where F = Allowable weld siress, defaudi value is 0.4 FYLD
(Table 2.1).

toongooeequuuily
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I'he thickness t s rounded up to the ncarest 1/16th of an inch and
all the siresses are tecalculatcd The tabulated output prints the
laner stresses I the parameter TRACK 35 sct 10 1.0, the oulput
will include the weld properiies. Note that the program does nat
calculate the mimimum weld thickness as necded by some codes,
but checks unly against the mimimum thickness as provided by the
user (e L/ 16th inch of not provided)

When the TRUSS guahifier 1s used with SELECT WELD
command. the program w11 design the welds required tor truss
angle and double angle members that are attached 1o gusset plaies
The program reporis the number ol welds (1wa for single angles,
lour for duuble angles), and the lengih required for each weld. The
thickness of 1the weld 1s waken as /4 anch (6 mm) for members up
1o V4 ench 16 mmy thick, and 1/16 inch {§ 5 mm) less than the
angle thickness for members greater than /4 inch (6 mm) thick.
Mimmum webd fength s taken as four times weld thickness.

&

[ o—

Fraure 23 Weld dengn for SELECT WELD TRUSS

2.13 Steel Design per AASHTO Specifications

2.13.1 General Comments

This section presents some genetal stateémenis regasding the
implementairans * 7 .erican Association of State Highway and
Transponatisn 43 (AASHTO) specifications for structural
stec! design in STAAD The design philosophy and procedural
logistics for member selection and code checking 1s based upon the
principles of allowable siress design. Two major {ailure modes are
recogmzed failure by overstressing and failure by stabiliy
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consideraunns The following scctions describe the salient teatures
ot the allowablc stresses being calculated and the sabuiny crieria
being used Mcmbers are proporuoned to resist the design losds
without ¢xceeding the allowable siresses and the most coonomical
sccnon s selected vn the basis of the fcast werght crneng The
code checking part of 1he program also checks the slenderness
requirements, the minimum metal thickness requitements and 1he
width-thickness requirement $0as generally assumed that the user
will take vare ol the detathing requirements hike provision ol
stillencers and cheek the local effects ke Mange buckhing, web
crippling et

2.13.2 Allowable Stresses per AASHTO Code

Ay mennoncd before. the member design and code checkhang
STAAD s bascd upon the alluwabte siress design method s a
method for proportioning siructural members using design loads
and forces. allowablc siresses, and design limations lor the
appropriaic matcnal under service cundinons 11 s beyond the
scope of this manual 1o descnibe every aspect of siruciural steel
design per AASHTO specifications because of pracucal reasons
Thes sccnion will discuss the sahient 1catures ol the allowahle
siresses specified by the AASHTO code Table 1032 1A vl the
AASHTO code specifies the allowable siresses

Axia] Stress

Allowablc icnsion siress, as calculated in AASHTO 13 based on the
net section. This tends 1o produce a shighily cunservative resuls
Allowable tensian stress on Lhe net scction is given by,

F =0 55F’
Allowable comprcssive stress on the gross section of axially

loaded compression members is calcutaied based on Lhe (otlowing
furmula:

F. -k olF,
Fy=—— . 2 whent KEiry < C_
F.5. 4R°E

1I0I00{a

s,

oot

e
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nE
F4=“~———. . - when (K1 ry> C,
FSURkL oy

wih C_ = (MnE F\l“ and F S =217

It ¢can be mennoned here that AASHTO does not have a provision
fur increase in allowable suresses for a sccondary mermber and
when 1/r exceeds a certain value

Bending Stress

Allowable siress in hending compression (or rolted shape girders
and built-up secuons whose compression Nanges are supported

laterally through s full length by embedment in concrete is given
by

Fy = 0 35F,

Fae similar members with unsupporied or parually supporied
Nange lengihs, the allowable bending Compressive sifess is given
hy

. (" rr'r\
=0 :\:F\tl——-——-,-l——l

when (kl i< C,
in”

N \
withit"p=b" 12

The AASHTO code does not have a specification {for maximum
allowable 1cnsile siress in members subject 10 bending The
corresponding AISC specification is 0 66Fy for compact hol rojled
or built-up sections symmetrical abour. and loaded in, the plane of
thear minor axes and meeting other rcguircmcnls of Seclion

1 5.1.4 ) of the AISC specificalions A common practice among
bridge designers is to use O 55F as the allowable bending 1ensile
stress [or members meeting other requirements of Section 1.5.1.4 §
of the ALSC specifications This practice is slightly conservative
and 15 being used here in the STAAD implemeniation of the
AASHTO steel code.
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Shear Stress

Alluwahle
able shear wiress un the gross sectian o5 given by

F = 33F,

shea L p
or r 1 ¢ [N L
< h. 8r LR 1M ] H { I
") he on th wy the 0ns tion s Jde ncd s th toduc 11}

the (o1
s;.cc r.nl depih and 1he web thickness The AASHTO code doey g
J:s iy ar;ly altawable siresy jor shear on Nunges The program "
umes the sume slluwable jor
shear siresy ) 13
e ‘ Hy) tor nanh
“r on the web and shear on the Hanges. For shear on the

ﬂangc! the ro [ §] -
. Bross s¢ an s 1-'|L nas 2/3 me lllc lola ”dll [
“nJa
1] 5 1al 2

Bcnding-,\ xial Stress Interaction

:::mbcrs subjecicd 1o hoth axa) and bending viresses are
poraned according to secnign 10 36 o1 the AASHTO

code, All members subject 1o hending and ax, ’ -

fequired 10 satisfy he lollowing turmuly- ’

Feompression are

C Ny
a2, mulpy + Con I

F, t-f, F

- —— - <0
[ ll»l’l\ ”_'1 [‘c\ Jl-h\

Hantermediaie poinis, any

rJ - 'b\ .

L —

ANF R, F, <t

1Y

al support points.
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2.13.3 Stability Requirements per AASHTO Code

According 10 AASHTO code, for compression members, the
slenderness rato, KL/, shall be limied 10 120 for main members
and 1o 140 1or secondary members The AASHTO code delines
secondary members as those whose primary purpose 1s to brace the
structure agaiast lateral or tongnudinal lorce. or 10 reduce Lhe
unbraced lengih of cther members, main or secondary. For tension
mcmbers, KLir is 200 for main members and 240 for secondary

members

2.13.4 Minimum Metal Thickness Requirement

The AASHTO code has 3 minimum thickness requirement [or all
stracierab sieel According to thas requirement. 2l structural sieel
cxcepl [or webs of ceriarn rolled shapes, closed ribs in orthotropic
decks. [illers and eavhings. shall not be less than 03125 inches
The web thickness of ralled beams ur channcls shall be naot less
than ) 2Yanches. These requitements have heen incurporated 1n
the AASHTO implementation of STAAD

2.14 Steel Design per AISC/LRFD Specification

2.14.1 General Comments

The design philosophy embodicd 1in the Load and Resistance
Faclor Design (LRFD} Spectlicatuion is burli around the conceplt of
Limit state design, the current state-af-the-art in structural
cngincering Struciuses are designed and proportioned laking into |
consideration the limst states at which they would become unfin for
their iniended use. Two major categornier of himat-siate are
recognized--ulumate and serviceabiduy The pnimary
considerations in alumate limit state design are strength and
statility, while that (n serviceability 1s deflection Appropniate
luad and tesistance factors are uscd so that a umiform rehabidity 18
achicved for al) sicel structures under vanous loading conditions
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aud a1 the same lime the chances of limus being surpassed are
acceprably remote.

In the STAAD implecmentanion of LRFD, members are
propurtioned to resist the design loads without exceeding the himn
states of strength, stabthity and serviceabihity. Accordingly, the
most econuimc sechion s selected 9n the basis ol the teast weight
cruerra as augmented by the devignes in speciiication of allowable
member depihs, desired scetion type, or other such parameters
The code checking poruion of the program checks thar code
requircments for cach sclecied section are met and 1denufics the
governing crilcria

The following sections describe the salicnt features of the LRFD
spearfications as implementcd 1n STAAD steel design A detaded
description of the design process along weth 11 underlying
concepts and assumptions 1s available in the LRFD manual
However, since the design philosophy 13 drasucally differem from
the convenuonal Allowable Siress Design (ASD), a bried
descripuon of the fundamental concepts s presemed here to
inniaic the user 1n1o the design process.

2.14.2 LRFD Fundamentals

The primary objective of the LRFD Spectficanon 1s to provide a
uniform reliability for all sicel siructures under various loading

condivions. This unifarmity can not be obtained with the allowable
stress design (ASD) formal.

The ASD method can be represenied by the inequality

£Q,<R,/FS.

The lelt side is the required sirengih, which is the summation of
the load effecis, Qi (forces and mamenis). The right side. the
design sirength, is the nominal sizeagth or resistance, Ry, divided
by a facior of salely. When divided by the appropriate section
property (area or scciion modalus), the two sides of the inequalily
become the actual stress and allowable siress respecuvely. ASD,

11110%

ift

g0t

1

H1

Scction 2 ll9
then, is characlerized by the use of unfactored "working” lolads in
conjunction with a single factor ol safety applied Lo the res:.stanr,c.
Accause of the grealer variabslity and, hence, unpredictabidity of
the live toad and other loads tn compansan with the dead load, a
amiform reliability 1s not possible.

LRFD. as its name umplics. uses separale (actors lor cach load and
(esistance. Because the different 1aclors reflect the degree of
uncertainty of different loads and combinanons uf'ioald_s :u‘\d of the
accuracy of predicicd streagth. a mure uniform reliability 13 .
pussible The LRFD mcthod may be summan zcd by the inequality

_\|0| < R"g

On the lett side ol the incquality, the required slrc_nglh 15 lh?
;ummatian of the various load gffects, Q,. multiplied by their

respective load factors, ¥, The design surength, on the right .ndc.
s the nominal sirength ur resistance. Ry, muluiplied by a resisiance

lactor. ©

In the STAAD (mplcmentation of LRED, 1t 1s assumed thai the
user will usc appropriatc load factors and create the l.uad
combinations nceessary for analysis. The design porhion of the
program will 1ake into consuderation the load eifects (lorces and
moments) vblaincd rom analysis. In cnliulnnon of rc!lsl':lnCl:l of
vanous clements (hcams, columns cic ), resistance (nominal
sirength) and applicable resistance facior will be automaucally
considered.
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cLion of
an these 1wo limil siates and proceeds with member sclec

.14.3 Analysis Requirements

code check accordingly.

The 1ypes of construcuon recognized by AISC specilicanion have
nol changed, cxcept that both “simple Iraming * (foemerly Type 2)

in LRFD to take
and “semi-rigid framing * [lormerly Type 1) have heen combined The column strengih cquatians have been revised in L
inlo the same catcgory. Type PR (parjsally restrained). "Rigid

\nto account 1nelastic deformation and other recent rcscarC: ':r‘:
Framing” tformerly Type 1)1s now Type FR ({ully restrained) column behavior. Two cquations govermng column slrf:‘nE:]c o
Type FR construction 1s permticd unconditionally Type PR avatlable, one forinclastic buckling and the other [o; [ asdu:“
consiruclion may necessiaite some inclastic, but sell-himiting, Euler buckling. Both cyuations include the cifects o -rcn  or s
deflormation of a structural sicel element Thus, when specitying stresses and intial nut-uf-straighiness. CO"‘P'“““{“ ‘"”::c
Type PR consiruction. the designer should take into consideration particular member 13 calculated b!" STAAD .n;::un..h:g‘ ‘ID »ns. For
the effccts of parnal resirant on the stability ol the siructure, procedure outhaed i Chapier E ol the LRIFD spceibica IE;S 3 g
lateral deflecuions and sccond urder hending mumenis. As siated in Jender elements, the procedure deseribed 1 Appeadix B3,
Sect. C1 of the LRFD specificanion, an analysis of second order
cffecis is required. Thus. when using LRFD code for siecl design,
the user musi usc the P Delia analysis teature of STAAD

111

214.6 Axial Compression

uscd.

Slllgly symmetnc aﬂd u"sy“ll“cl“(. Lolllpl‘:Sslﬂ“ l“clllbﬂls arc

Josi llcd an the l) s ul the Illll“ stalcs Ul “Clulﬂl'lol Slﬂllﬂ‘ alld
g ast

llll'llUll:lI buLkhllg. Ihc [lllltcdulc ol r\["lC"d“ E3s Ill!pll:llll:lllcd

for the d‘”:l""nﬂllo" o dcslg" h“c"glll for thesc fimat-»lales.

:.14.4 Section Classification

The LRFD specification allows inelasuic deformatiun of sechian

jor cale < ression resistance may be
¢lements. Thus local bucklhing hecomes an imporiant criterion C(fecuve lengih for calcutation o comp

provided through the use ol the parameicrs KY. KZ and/or LY,
L2 If not provided. the eatirc member lengih will be taken 1nio

cunsideration.

Sicel sections are classified as compact. noncompact or slender
clement secitons depending upon their Jocal buckling
characienistics. This classafication 1s a luncnon ol the geomeine
properties of the scction. The design procedures are differemt
depending on the secuion class. STAAD 11 capable of determining

the sectien classilicalion for the siandard shapes and user specificd
shapes and design accordingly

n addiuon w the compression resistance cnlcnfm. cnmpr:s!:‘unc .
members are required (o sauisfy slcaderness imitaitons w ich ar
function ol the nature of use of the member (main load rcsltcs:::angn
companent, bracing member. eic 1. In buth the member s¢

and code checking process, STAAD immediaicly does a ‘ N
slenderncss check on appropnate members before cor?unumin\::u
other proccdures for Jdewcrmining the adgquacy of a given m .

=
=
L=
=1
=3
n=d
i

1 44,5 Axial Tension

The criteria governing the capacily of 1ension members is based on
two limit staics. The limit state of yiclding in the gross section is
intended Lo prevent excessive clonganion of the member. The
sccond limit state involves fraciure al the section with the
minimum efflective nel arca. The net section area may be specified
by the user through the usc of the parameier NSF (see Table 2.2).
STAAD caiculetcs the tension capacity of a given member based




]
&

S
. Aeriean ieel Ieuign

Section 2 | 93

2.14.7 F vyral Design Strength

are calculaied as
. Per the procedure of Ch
b . N aper F Th
ending coefficien Cy i3 10 aceoual far the mﬂucnc: E?'II;‘"C of
¢

momeni f d nil on - lilollai
Bradie lat ral 10 buckllllg II”’ C()Cl“l.lc"l €an

o for the presence of residual siresses o)
! . speeily lateraily unsupparieq lengih. cuher uf 1h
Parameters UNL and UNF (sec Tabie 2 2) cap be used e

214.8 Combined Axial Force And Bending

The lhletjacuon of fMlexure and axral forces
symmcllnc shapes is gaverned by formulas
Thc:.c inleraction formulas cover the gener
beudllng combined with axjga| force. They g
umazial bending and axia force.

In singly and douhly
HE-1a and H1.1p

al case of brax)z

rc also valid for

Tieereonannnn»

.4

2.14.9 Design for Shear

The proceduré of Sect. F2 of the LRFD Specification is used in
STAAD o design tor shear forces 1o members, Shear strength as
calculated 1n LRFD is governed by 1he [ollowing limmiy siates; Eq.
F2-1a by yiclding of the web, Eq F2-2a by inclastic buckling of
the weh, Eq. F2-3a by elastic buckling af the web. Shear in wide
Ianges and channel secuons is resisied by the area of the web,
which 1s taken as the overall depth umes the web thickness.

2.14.10 Design Parameters

See Tubie
2.2 und
Section

6471

Design per LRFD specifications is requesicd by using the CODE
paramcicr {scc Sccuion 6.47). Oiher applicablc parametcrs arc
summarized in Table 2 2. These paramciers communicate Licsign
deeisions [rom the engincer 10 the program and thus allow the
ecngincer to control the design proccss 10 suil an applicanion's

specific needs.

The default parameter values have been selecied such that they are
frequently used numbers for conventional design. Depending on
the panticular design requirements, some or all of these parameter
values may be changed 1o exactly model the physical siructure.

Notc that paramcters PROFILE. DMAX and DMIN may oniy be
used for member sclection.

2.14.11 Code Checking and Member Selection

Both code checking and member scicclion oplions are available in
STAAD LRFD implemeniation. For gencral information on these
optians, refer to Sections 2.5 and 2.6. Fér information on
specification of these commands, refer to Section 5.47.1,
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21412 Tabulated Results of Steel Design

Results of code checking and member selecuion are presented in a
tabular format. A detailed discussion of the lormal 1s provided in
Scchion 2,11, Following ¢xcepnions may be naied CRITICAL
COND reters to the secuon of the LREFFD specifications which

governed the design

Il the TRACK 1s set 1o 1.0, member design strengths will be

prinied out

Table 2.2 - LAFD Paramelers

Descnplion

K value lor banding about Y-
axrs. Usually ttus s minor
axs

K value lor bending aboul Z-
ans Usually this s major
aus

Length to caiculste
slendemess rabo for benaing
about Y ans

Length lo calculate
slendamess ratio lor bending
about Z-axs.

Yield strength of steel.

Parametar Delault
Name Valua

KY 10

KZ 10

LY Member Length
74 Member Length
EYLD 36 0 kst
NSF 10

Net sachon {actar lor lansion
membars.
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Table 2.2 - LAFD Parameters Cont.

Parameter
Nama

Cefaull
Vaiue

Description

UNL

Member Langth

Unsupported length {Ly, ) o
the top lange tor calculaling
flgxural strength. Will be used
only  flexural comprassian 18
on the top flange

uneg

Membes Length

Unsupported length (Ly, } of
the battom llange lor
caiculating llexural strength.
Wl be used only i llexural
compression i on the bottom

flange

Co-sfhicient C,, pec Chapter F
it Cp 18 set la 0.0, 1 will be
caikcufated by the program.
Any other value will be directly
used n design.

oo

0 0 = Suppress all design
strangths

1 0 =Pnnt all des\gn
strengths .

2 0 =Pnni expanded design
outpul.

450 n.

Maxmum allowabie depth.

00w

Mirumum allowable depth.

10

Permmssible rapa of actual
load eflect and dosgn
strength.

00

0 0 = design orty lor end
moments and thosa at
locations specified by
SECTION command.

+1 0 = caiculate rmomen al
twelve points along the
beam, and use
maxsmum Mz for desgn.

Note; For deflec

von check, parameters DFF, DJ! and DI2 from

Table 2.1 may be used. All requirements remain the same.
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American Concrete Design

Section 3

3.1 Design Operations

STAAD has the capabilitics for performing concrete design. 1t will
valculate the reinlorcement needed lor ihe specified concrele
secuion. All the concrete design calculations are based un the
carrent ACT 314,

3.2 Section Types for Concrete Design

——ny
0

PRiNMATH

The folHowing types of cross scciions can be deflined for concrere

design.
For Beams Prismatic (Reclangular & Square),
Trapezowlal and T-shapes

For Columns Prismanc {Rectangular, Square and Circular)
For Slabs Finite clement with a specified thickness.
Walls/Flates

h¥r] iD e
AL H

\b . o
= ™
LIALTY Wl 8

TRArs DAL
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3.3 Member Dimension{s

Concreic members which will be designed by the program must
have cenain seclion praperucs input under the MEMBER
PROPERTY command. The lollowing ¢xample shows the required
inpul:

UNIT INCH

MEMBER PROPERTY

1370790 PRISM YD 18. 2D 12. 12 2916 1Y 1296
1113 PA YD 12

14 TO 16 PRIS YD 24. ZD 4. Y8 18. ZB 12. |
1770 19 PA YD 24. ZD 18. 2B 12.

In the above input. the Nirst set of membiers are rectangutar (18 inch
depih and 12 1och widthy and the second set of members, with only
depth and no widih provided, will be assumed to be circular with
12 inch diameter Note that no area 1AX) 1s provided for these
members. For concreie design, this property must natl be provided.
If shear areas and moments of inertias are not provided, the
program calculates these values from YD and ZD. Nunce that in
the abave example the 1Z and 1Y valucs provided are actually S0%
of the values caleulated using ¥D and 2D This 1 a conventional
praciice which takes mio consideration revised secuun parametcrs
due 10 cracking of sechun,

Note that the third and the fourth set of members 1a the above
example represent a T-shape and a TRAPEZOIDAL shape
respectively. Depending on the properues (YD, ZD. YB, ZB. euc.)
provided, 1he program will determine whether the section 15

reciangular. trapezaidal or T-shaped and the BEAM design will be
done accordingly.

pgnigt

net

il

joEnt
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3.4 Design Parameters

See Section
3 5t

The program contains a number of parameters which are nceded to
perform design by the ACT code. Defauly parameter values have
been selected such that they are frequenily used numbers tor
convenuonal design requiremenis. These values may be changed to
suit the particular design heing pertormed. Table 3 1 is a complete
list of the avastable parameters and their defauht values.

Scction 5 51.2 of thus manual desenibes the commands required o
provide these parameters i the input lile. For example. the values
ol SFACE and EFACE (parameless thal are used 1n shear design),
the distances of the tace of supports lrom the end nodes of a beam,
ate assigned values of zero by default bur may be changed
dzpending on the actual situanon. Similarly, becams and columns
are designed for moments directly ublained from the analyses
without any magmification. The factor MMAG may be used lor
mugmlicanon of column momems. For heams, the user may
gencrate load cases which contain loads magnified by the
appropniate load factors

3.5 Slenderness Effects and Analysis

Consideration

Stenderness elfects are exiremely imporiant in designing
compression members The ACL-318 code specifics two oplions by
which the slenderness elfect can be accommodaied (Section 10,10
& 10.11 ACI-3i8). Onc option is o perfoem an cxact analysis
which will lake into account the inlluence of axia) loads and
vanable moament of incrtia on member siiflness and fixed-cnd
momentis. the ¢ffect of defections on moments and forces, and the
elfect of the duration of loads. Another opuon is to approximatcly
magnify design moments.

STAAD has been written to allow the use of both the options. To
perform the [irst type of analysis, usc the command PDELTA
ANALYSIS insicad of PERFORM ANALYSIS. This analysis
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d
|

Face of support localion at end

. »thad will accommodale 1he requirements as specified 1n Secuon EFACE ‘00 of bearn. (Note: Both SFACE s

s 10 of the ACIL-3 18 Code. cxcept tor the cffects of the duration E . EFACE are input as positive
of the foads. Ut s fclt that 1hss etfect may be salely ignored because numbers) If spectfied, the od
caperis believe that the cflects ol the duratton of loads a shear lorce at end 13 compet

pe e ic at a distance of EFACE+d from
negligible in a normal structural conlguranon. IF it is desired, m tha end joint of the member..
STAAD can also accommaodate any Prhilrary moment magnificalion Tied Column. A vatue of 1.0
lactor (second oprun) as an inpot, ia arder to provide some satety REINF 00 will mean spiral
Jue 1o the ¢ffects of the Juration of luads =

Table 3.1 )
Paramster Default Description
Name Value m
FYMAIN ° 60,000 pm Yield Siress lor man
. remiamcing steel . \
FYSEC * 60,000 ps Yield Strass lor secondary m
steeal
£C * 4,000 psi Compreasive Strangth of ﬁ
Concree
CcLY *1 5nch Clear cover lor top '
reinforcement. ﬂ .
cLB *15mnch Ciear cover lor bottom
resnforcement.
ClLS *15inch Clear cover tor sde m
remforcement
MINMAIN = Number 4 bar Mirumum main reinforcemen u
bar size {Number 4 - 18} '
MINSEC - Number 4 bar Minimum secondary
rewnforcement bar size.
MAXMAIN ™ Number 18 bar Maxmum man remnforcement
bar uze '
SEACE ‘00 Face of suppart locabion at

stan of beam. |l spectfied, tha
shear force at star s
compuled a1 a distance of
SFACE +d trom the start jount of
the member




Amencan Concrete Design

thon )

Table 3.1 Cont.

Parameter Detault Description
Name Valuse

MMAG 10
{lor calumns anly)

A lactor by which the column
design moments will be
magnilied

WIOTH ‘2D Wigth of cancrete member
This value detaults 10 ZD as
provided under MEMBER

PROPERTIES.

DEPTH YD Depth of cancrete member
This value detautts to YD as
prowvded under MEMBER

PROPERTIES.

NSECTION §2 Number of equally-spaced

sections (0 be considered in
finchng cnlical maments lor
beam design,

BEAM DESIGN:

Wen TRACK sat 10 0, Crecal
Mament wal not be prreed ou
with baern desagn report

A valus d 1 0 will mean a part
T §

A value of 2.0 will prnt ot
reqeed swel ames lor al
sermedane seckons speched
by NSECTION.

COLUMN DESIGN:
TRACK 0 0 prnts oul detadad

values i asdbon 1o all of above:

* These values must be provided in 1he current yng sysiem being used,

** Whea using metric units for AC design, provide values for these
parameiers in actual ‘'mm’ units insiead of the bar number. The
follawing metric bar sizes are available: 6 mm. 8 mm. 10 mm. |2
mm, 16 mm, 20 mm, 25 mm, 32 mm, 40 mm, 50 mm and 60 mm,

s
o=
m=
=3
i
u—a
=il
u-a
m-N
=
-
i
-
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Although ignoring Jead duration cllccls is somewhat ot an
approxunation, 1t must be realized that the approximale evaluation
of slenderness effects is also an approximate method. in this
mecthod, moment-magnification is based on empincal formula and
assumplions on sidesway.

Considening all this information, it is our belicf, that a PDELTA
ANALYSIS, as performed by STAAD, 1s mast appropriate [or the
design of concrete members. However, the user must nole, (o 1ake
advanmiage of this analysis. all combinaiions ol loadings must be
provided as primary load cases and not as load combinations. This
is due 10 the fact that load combinations are jusl algebraic
combinations of lorces and moments, whereas a primary load case
1s revised during the pdelta analysis basced on the deflections. Also
nole that the praper factlored toads (such as 1.4 for DL ctc.) should
he provided by the user STAAD daoes not factor the loads
automatically. ’

3.6 Beam Design

Beams are designed for Nexure, shear and warsion. For all these
tarces, al} aclive beam loadings arc prescanned to locaie the
possible criucal sections. The total number af scctions considered
15 12 (iwelve) unless this number is redelined with an NSECTION
paramcicr. All of these cqually spaced sections arc scanncd Lo
determine moment and shear envelopes,

Design for Flexure

Reinforcement for positive and negative moments are calculated on
the basis of the section propertics provided by the user. If the
seclion dimensions are inadequale to carry the applied load, that is
if the required reinforcement is grcalcr'lhzn the maximum
allowable lor the cross section, the program reports that beam fails
in maimum reinforcement, Elfecuive depth 1s chosen as Tolal
depth - (Clear cover + diameter of stirrup « hall the dia of main
reinforcement), and a inal valuc is obtaiaed by adopting proper bar
sizes (or the surrups and main reinforcements, The relevant clauses
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o <tons 0.2 10 10.6 of ACI 318 are utilized 10 obtain the aciual
amount of sicel required as well as the maximum allowahble and
minimum required sieel. These values are reporied as ROW,
ROWMX and ROWMN in the cutput and can be printed usiag the
parameter TRACK 1.0 (sce Table 3 1) In addivion, the maximym,
minimum and actual bar spacing are also pninted

It is imponiant to notc that beams arc designed for flexural momem
MZ only. The moment MY 15 not considered vn the Mexural design

Destgn for Shear

Shear reinflorcement is calculaied 1o resist both shear forces and
torsional moments. Shear forces are caiculaied a1 a dislance
(d+SFACE) and (d+EFACE) away trom the cnd nodes of the beam,
SFACE and EFACE have dcfault valucs ot zero unless provided
undcr paramceicrs (see Table 3.1). Nowe that the vajue of the
elfective depth “d” used 1of (this purposc is the update value and
accoums for the actual ¢ g. of the main reinforcement calculaied
under flexural design. Clauses 1) 1 through 10.6 of ACI 318 ure
uscd to calculate the revnfurcement (or shear forees and totsional
moments Based on the 101al surrup reinforcement required., the
size of bars, the spacing, the number of bars and the distance vver
which Lhey are provided are calculated. StuTups arc Jiways
assumed 10 be 2-legged.

Design for Anchorage

[n the output for Nexural design, the anchorage deails are alsu
provided. Al any particular level. the START and END coordinaics
of the layoul of the main reanforcement is described along wiih the
information whether anchorage in the form of a hook or
continuation is required or not at these START and END poinis.
Note that the coordinales of these START and END points are
obiained afier 1aking into account the anchorage requirements.
Anchorage length is calculated on the basis of the Clauses
described in Chapuer 12 of ACI 318.

#0
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Description of Output for Beam Design

Table 3 2 shows a sample oulput of an aciual reinforcement patern
developed by the program, The following anniotations apply Lo the
Table 3.2:

1} LEVEL Scrial number of bar level which may comtain
one¢ or more bar group

7 HEWGHT  Height of har level (rom the bovom of heam.

3 BAR INFO Reinforcement bar informatian specilying
number of bars and bar sisc.

1) FROM Distance from the start of the beam to the siart
of the reinforcement bar
51 TO Distance [rom the start af the beam to the end of

the reinforcement bar.

t) ANCHOR  States whether anchorage,

(STA/END} cuher a hook or cuntinuanon, is needed at start
(STA} or at the end.

H ROW Actually required flexural reinforcement
{Asfbd} where b = width ol cross secuon (ZD
tor reclangular and square scction) and d =
ctlccuive deprh uf cross sccton (YD - disiance
from extreme tension fiber 1o the ¢.g. ol mam

reanforcement)

L] ROWMN Minmimum required fleaural reinforcement
. Amin/bd)

b1 ROWMX Manimurn allowable flexural reinforcement
tAmaxibd)

i) SPACING Dislance between centers ol adjacent bars of
main reinforcement

) Vu Factored shear Jurce at seclion,

12y V¢ Nomina! shear sirengih provided by concrele.

13} Vs Nominal shear strength pruvided by shear
reinforcement,

14y Tu Faciared torsional moment at section

15) Tc Nominal torsional moment sirength provided by
concrele. ‘

16) Ts Noeminal torsional moment sirength provided by

torsion reinforcement.

o i R
W T (& >
P
v
e Foren
[ - e [~ ] N
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Table 3.2
{Actual Quiput from Design}
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<N - 20 JOFT  FY 0000 FC - GO0 3IZE - : 30 R Il JO INCFS
LaveL HEICHT AR INFO N’ v ANCIOR
~- o FT g T N §A M
R TP PUT I T N | PR Y | W - I W a5
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3.7 Column Design

Columns design in STAAD per the ACI code is performed for axial
force and uniaxial as well as biaxial moments. All active loadings
are checked to compule reinforcement. The loading which produces
the largest amount of reinforcement is called the cnitical load,
Calumn design is done lor square, reclanguiar and circular
scctions. For cectangular and circular sections, reinforcement is
always assumcd to be equally distributed on 41l faces. This means
that the 101al namber of bars [or these sechions will always be a
muliple of four (4). If the MMAG paramerer is specified, the
column moments are multiplied by the MMAG value 1o arrive al
the uliimate moments on the column. Since the ACI code no longer
fequires any mimsmum cccentricny conditions 1o be satisfied, such
checks are not made

Method used: Bresler Load Contour Mcthod

Known Values: Pu, Muy, Muz. B, D. Clear cover, F¢. Fy
Ulumate Strain for concrete @ 0.003

Steps involved :

Iy Assume some reinforcement Minimum reinforcement (1%) is a
good amount (o start with.

2} Find an approaimace arrangement of bars for the assumcd
reinforcement,

3} Calculate PNMAX = 0.85 Po. where Po 13 the maximum axial
load capacity of the section. Ensure that the aciual nominal
load on the column does not exceced PNMAX. I PNMAX is
less than Puw/PHI, (PHL is the sirength reduction factor}
increase the reinforcement and repeat sieps 2 and 3. If the
reinforcement exceeds 8%, the column cannot be designed with
its current dimensions.

4) For the assumed reinforcement, bar arrangement and axial load,
find the uniaxial moment capacities of the column for the Y
and the 2 axcs, independently Thesc values are referred 1o as
MYCAP and MZCAP respecuvely.
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5) Solve the Inicracuon gyuation

a L)
M
i) SN T _ﬂﬂ!._] <t
Mycap M cap

where a =1.24
If the column is subjecied 1o a ymaxial moment, @ 15 chosen 1y
10
6) If the Interaction equanion 1s sauslicd, lind an arrangement
“with available bar yizes, find 1he unjanial capacines sad solve
"1he 1ntzraciion equation again 11 the cquation 1s satsticd now,
the reinforcement deiails are writlen o the output file
7} i ihe interacuon cqualioﬁ is not »auisficd, 1he assumed
reinforcement 13 1ncreased (cnsuring that (1 15 under 8% and
sicps 2 1o 6 arc fepeatcd.

Column Interaction

The column interacnion values may be oblained by using the dewign
parameier TRACK 1.0 or TRACK 2 U lor the column member 1t 4
value of 2.0 is uscd for the TRACK paramercr, |2 different Pn-Mn
pairs, cach represcnting 4 different point on the Pn-Mn curve are
prinicd. Each of these pownis represenis onc of the several Pn-Mn
combinauons thai this column 1s capable of carrying about the
given axis. {or the actual reinforcement thay the column has heen
designed for. In the case of circular columns, the vatues are Lor any
of the radial axes. The values prinied for the TRACK | 0 outpul
are;

Pg = Maximum purcty axial load carrying capacity of the
column {zcro moment).

Pnmaa = Maximum allowable axial load on the column (Seclion
10.3.5 of ACI 318).

P-bal = Axial load capacity st balanced sirain condision,

M-bal = Uniazial momeot capacity at balanced siran condition.”

e-bal = M-bal / P-bal = Eccentricity at balanced sirain
condilion.

MO = Moment capsacity al zero axial load.

P-tens = Maximum permissible tensile load on the column.

Section 3 | 10~

Des. Pn = Pu/PHI where PHI s the Sirength Reduciion Facior
and Pu s the axial load for the cnitical load case.

Des Man = Mu*MMAG/PHI where PHI ts the Surcngih Reduction
Factor and Mu 15 the bending moment lor the
appropriale axis for the cnibical load case. For circular
columns,

M..=J.VI.‘., ML

e/h = (Mn/Pnyth where has the tength ol the column.

Column Design Output

The following 1able illustrates different levels of the column design
oulput.

Table 3.3
The following outpul 1s generated without any TRACK
specification
T3 LuUeN ¥ » 333N Az 5oLt
FY . 50000 FC 4906 3§ SGAE 10T - 1D M0 & .2 33 uCMER, TIED
AIEA OF 3TFIL 1EQUIRDD S LT N

§ - VUN3ER Y L]
\PACYISE ICUAL NUMBER OF JARS
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TRACK 1 0 generates the following additional uuslpul.

COLUMN NTERACTION: “SOMENT ABOUT 2 AX:S IKIP ~t)

>0 N onam ' oaj M o8, ®-Da. .ncht
" 1Y 10 R LET] LI 11 T00)
hi ?-tens Jeg ™M Zas Mn a“ars
e R Y 412 Q0 32} .1 3. 88 4 303

COLOON INTERACTION  “OMDNT A3C.T AXS (KIP ™Y

Fol M man 2-pa, - DAl e-pa. (.0cH)
" 2 nr LYY P Y | R b ]
'_-uo 2-tens Jas Jes wn .-

TRACK 2.0 gencrates the fullowing vulpul in addinion 10 il vl the

Jbove.
-y .- »n wn X -
1:0 34 Tae o0 136 i !0 a3
M- S0 &0 led BT 19 )} vy o
Vo 194 1% 4% 37 143 Y 68 &
Monax _* RLIE LI I S L AT I S AT )
- ‘re v} 18 )1 2% ek 20
- . L2 BN R Y | PRENY ] L L
NON INAL . ] - n LI Y I
AN AL . 1.0 46 .ea 40 _: :
CONPRESS TON | . 202 &1 lem e ~|: ;: |= ::
. W v LIRS TS L BN EEEEY S IS BN T}
" BL LT & IR I 5 S & I 1 S BT
I IRL BN | RV | RS T 22 a0
b I T} L IE PR B LI L T
- BEND NG
LR LY T WONENT

(.3 Slab/Wall Design

Slab and walls are designed per ACI specifications To design a
slab or wall, it must be modeled using flinite elemenis.

Element design will be performed only lor the momenis MX and
MY atthe ceater of the clement. Design will not be performed for
FX. FY.FXY. QX. QY or MXY. Also, design 1s not performed at
any other point on the sucface of the clement.

jpogoooagoudaneal
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A ypical example ol clement design output is shown in Table 3.4,
The reinforcement requited to resisi Mx moment 15 denoted as
longitudinal resnfoccement and 1the retsnforcement frequired Lo resist
My momeat 1s denoted as ransversc remnforcement (Figure 3.1),
The paramelers FYMAIN, FC, and CLEAR listed in Table 3.1 are
rclevant tu slab design Other parameters mentioned 1a Table 3.1
are not apphicable to slab design.

(R

LA

Table 3. 4
tAciual Quiput from Design)

By ol ] TORCT THMCTM NTTSe 413 b
CRCT M AESS - CACT. W TN WICY wOeENT CACT B Wl

TIPINT LAD ] 3 o - oy
E | bl il
" ' 0 0 7.4 3 o 7 0
[ 31 F I ) a0
el IMAR 4 13 TN 2 7% waxs 1 6] ANGLEw Jo
KT e 1.°4 2N Q9 x4 v 65 ANCIZ= 70
1 0 00 [+ 33 ] [ 31} U 04 9 o0
14) 3% e
he AKX - 3 44 SMINe 0 14 "mak. 735 aClEs 07
W S L1 SN 1 81 T D9 ONGLEs 38N
ELIMENT JESICN SUMMARY
FLIeENT LONG  REINF M- 'LOAD “RANS  AEINF WM-Y LOAD
13- o[04, Floug | iR-FTFT) 155 27Ty V.3 e |
1) o 0 130 [} H 310 006 s t
Pt parad a9.000 o 00 J 1000 Q.20 ]
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Timber Design

Section 4

4.1 Timber Design

STAAD Timber design module offers design of Glulam 1imber
sections as per AI'TC Codes (Timber Construction Manual. 3rd.
Edution. 1985). It also conforms 10 the Nanonal Design
Speeificanon for Wood Construction and Supplement (NDS)Y and
huslding codes hike Uniform Buldding Code (UBC). Basic/Nauonal
Building Code and Standard Building Code. Some of the main
features of the program arc:

This feature s for Glulam Timber only.
Code check and design of members as per TCM - MITC.
Design values lor Structural Glued Laminated Timber 1ables
arc 1a-butlt into the program. The program accepts Table no.,
Combination and Specics specifications as ynpuis {c.g, 1:16F.
V1-SPISP) and reads design values from 1n-built 1ables.
4. Incorporales all the lollowing Allowable siress modifiers:

i} Duration of Load Factor

i} Size Factor

iii) Form Factor

iv) Laierat stability of Beams and Columns

v} Moisture Conicnt Facior

vi) Temperature and Curvature faclors.

The allowable siresses for bending, Leasion, compression, shear

and Moduli of clasticities arc modified accordingly . °
5. Determines slenderness {or beams and columns (Short,
intermediate and long) and checks for min. eccenincity, isteral

ot b =
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stafity, buckling, hending and compressien. beading and
tension and honzontal shear aganst bath axes.

6 The autput resulty show secvions provided or chosen, Jctual
and alluwable stresses, governing cunditson and ranos of
interacnon loemulac and the relevans ALTC clause nos cie lor
each individual member

4.2 Design Operations

Explanation of Terms and Symbols Used in This Section
Symbols. Description

f, Actual compression ar cnsson siress (in PS1Y For
tension, the axial foad 1 divided by net secisanal urea
{r.e, NSF x X-arcay

FA Allawable design value (or compression of tension {in
P51y modificd with applicable modificrs or calculated
based on slenderness in case ol compression

Ty Ty Actuai bending suresses aboul lucal Z and Y axis (in

PSh. -
FBZ.FBY Allowablc design valucs tor bending sitesses about
local 2 and Y axis tin PS1) modidied by the applicable

modifiers
1Z. 1Y Modificr for P DELTA effect sbout the Z and Y anis
) respectively as caplained in farmula 5-18 of TCM
fope (uy Actual horizontal shear stresses

FVZ. FYY Allowable hurizomal shear stresses.

VZ, VY Shear in lucal Z and local Y direcuon.

ZD, YD Depth of scction in Jocal Z and Y axis.

EZ, EY Minimum ¢ceentricity along Z and Y axis.

CFZ.CFY CFZand CFY arc valucs of the size laciors in the Z-
axis and Y-axis respectively,

CLZ,CLY CLZ and CLY represent the factors of lateral stability
for beams about Z-axis and Y axss respectively

RATIO Permissible ratio of the siresses as provided by the
user. The default value s 1.

pgl
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Combined Bending and Axial Stresses

Bending and Axial Tenswan;

The following interaction formulac are checked :

0 IFA My /(FBZ % CrZ) + fbyl(FBY x CFY) =< RATIO
“hee Net compressive stress:
1) Lateral stabibity check with
A JFA ¢ 1, JIFBZ 0 CLZ) + fb,IlFBY v CLY) =< RATIO

Bending and Axial Cumpression;
B IJFA « [y AFBZ 1Z ¢ [) « [ (FBY I ¢ f,} =< RATIO

Apphicability of the size factor:

a) WhenCF< | 00, N
iffa> FBZ v (! CFZ). FBZ 15 nat madified with CFZ.f [a

> FRY «(1-CFY), FBY 15 not modified with CFY.

W fa < FBZ « (1.CFZYFBZ s taken as FBZ v CFZ + [a but
whall nut excced FBZ x CLZ

dia< FBY ¢ (L-CEY1FBY s waken as FBY + CFY + 2
but shall not exceed FBY x CLY

by When CF >= 1.00, the ¢lfect of CF and CL are cumulauve
¥BZ s 1aken as FBZ = CFZ 2 CLZ FBY 15 1aken as FBY 1
CFY 1 CLY

Mi cn
The program checks against min. eccemricity in lollowing cases’
'
a) The member is a FRAME mecmber and not 2 truss member
and under compression. '
b} The valuc of actual azjal compressive suress does not
exceed 0% of the allowable cOmpressive siress.
¢} The aclual muments about both axes are less than moment®
1hat would be causcd due lo min. eccentricily In this
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approach, ihe moment due (o
the compressive load 1ymey 4
depth whichever 13 larger

MmN eccenincity is taken ay
Neccemricay of | in. or | x

In case of min eccenincny,

Ih,utakcnasfublSl‘ :

* Fwrzz :

! ”)”EYIYD; ZD) fh, 15 1aken gs i,
the following conditinnsg are checkey

[,/FA + M, /AFBZ-1Z « i) =
{,) =< RATIO

Shear Sucsses;
Honzonial siresses are caicul
valyes:

(bl §

< RATIOQ ang [JFA + b)/(FBY-JY X

ated and checked Jganst sllowable

l,=3avY ya, Arca 1 NSF)

NS =< FVU[W I VZ Iy \rga g

L3 Input Specification

A typical st of 1

ul o
ot et Pul commands for STAAD TIMBER DESIGN s

UNIT KIP INCH

PARAMETER

CODE TIMBER .

GLULAM 1:16F-V3-DF/DF MEMB 170 14
GLULAYM 1:22F-E5-SPrSP MEMB 15TO 31
GLULAM 2:3-OF MEMB 2To4 ;
LAKIN 1.375 LY 168.0 MEMB 5 9 1510 39 1
LZI?G.OHEH81704 6781071014 l

LUZane ALy -

Luvazzea, . . . .

WET 1.0 ALL .7 = D t
COT 13 - ‘1wt - o vy oo
WsEags e o T
BEAN 1.0 ALL™ ™ ¢ © .

LN T - oA Ll 1

.~
o

v
-

goreonnonn

i
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CHECK CODE 1 TO 14
SELECT MEMB 15 TQ 31

Input Commands and Parameters Explained

Specily PARAMETER and then CODE TIMBER 1o siart TIMBER
DESIGN belure specilying the input parameiers, The user must
provide the umber grade (GLULAM GRADEI] [or cach member he
iniends Lo design. The parameters can be specified for all or
specificd list of members. Il a parameier is aot specificd, the
default value is assigned 10 it. Sce Tollowing INPUT
PARAMETERS LIST TABLE for deseription and deflault values of
the paramelters. '

Glulam Grade & Allowable Stresses I’rqm Table

The allowable siresscs lor GLULAM members are read in from
Table-t and Tablc-2 ot AITC for design values for Siruciural
Glued Laminated Timber The structural members are (o be
specified in the following manner:

Table - | Members :

Tahle Combinanion Specics
No. Symbol {Outer/core
-1 Lamtnauon)

— T

GLULAM | 16F-V3-OF/DF
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Table - 2 Mcmbers -

Table Combination Specics
No - No

T

GLULAM Y 3 . Df

For TABLE.?2 members, the applicable stresg values are selecied
based un vhe depth and the number of laminsuons Please nute here
that lamination thickness {1n inch) can be provided by the uscr and

I case 1t1s not provided the delauldl is taken 4 | S inch Usually, n
is euher 1S inch or 4 375 inch,

4.4 Code Checking

The CHECK CODE command cnables the user 10 check he
adequacy of the size ( YD X ZD ) provided in the MEMBLR
PROPERTIES for the must ¢ntical forces and moments The
Program peinis whether the member has PASSed or FAlLcd, Lhe
chitical conditions and the value of the rag.

.5 Orientation of Lamination

Laminations are always assumed 10 fie along the local Z-plane of
the member. The user may plcase note that in MEMBER
PROPERTIES section, YD always represcots 1he depth of the

scction across the grain and ZD representy the widih along Lhe
grain,

g

e

101

i

e

11l

Secuon 4 | 119

o
i

AN}

Fil

4.6 Member Selection

The SELECT MEMBER command starts wath the min p:;m:ss;l:lc
depth {ar mun. depih provided thru DMIN parameter) and chec

the code 1[ the member [ails with this depth, the thickness 13 "
ncreased by oac lamination thickness and the codal tc.quucmc e
arc checked again. The process ts cintinued nil the section pas .
all the codal requirements. This ensures the least weight scct::un ;
the member If the depth of the section reaches max. allowa :co
available depth and the member sull (ails, the user can have
fullowing uptions for redesign:

11 Change the width or increase the max sllowable depth
(DM AX)

1) Change the umber grade

i) Change the design parameiers.

Tabie 4.1 - Timber Design Paramegers

Parameter Defauit Description
Name Value
Length of + Eftectiva length of the column
- the Mempar(L] in z-axs.
LY -00- Same as above In y-axs,
1.92°L Unsupparted aflective length
Lz ' tor beam in 2.
* Unsupporied etlective length
— P lof beam iny.
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Table 4.1 - Timber Design Parameters Cont.

Parameter Default Description
Name Value
WET (] 0 Q - dry condtion

v 10 - wet condrion
wal use 1actors are in bult

Net section lactor for tension
. members {both shear and

. tension stresses are based
on sactonal area x nsl )

cov 10 Ouraton of load lacior

CSF 10 Form lactor

CT™ 10 Temp. tacior

CCR 10 Curvature tactor

BATIO 10 Pesmsaible reno of actual 1o

allowable stresses.

LAMINATION 1.50 inch Thickness of taminavon in

inch (1 50 or 1.375)

BEAM oo 0.0 = desgn lor end forces or
al locations spectlied by
sechon command

1 0 =calkculate momenis at
tenth along the beam
and use the max. for
design.

Noute:

1. In case the column buckling is restrained in Y and/or Z
direction provide LY and/or LZ as zeto(s). Similarly, laicral
beam buckling in Y and/or Z direclion could be resirained by
providing LUY and/or LUZ as zeros.

it. Size Facior, lateral siability and moisiure conient factors and
few others are cither caiculaied or read from tables within the
program.

fgaooenoagnt

1

H

Secoom 4 | 121

SAMPLE OUTPUT RESULTS

STAAD CODE T{OCKING - (AITCY

amsmubpidnavaneRSsTTANS

ALL NITS ARE AP TEET ILNLESS OTHERW[SE NOTED)

“rMBER "ABLE LTS CR.™ICAL COND/ AATIO/
2] o b
::-:;-“-u:-n,.-u.n:nnn::=n::;ssu:.u_:"-n‘"-.“.nnu-.-n

= & 0O0N;S D00 TALL o [ &SP £33 | 1 30% 2
? ac 9 2t 15 e I Joco
'-11";(;:“"1‘(-7.'.1?:1-.)-“ CRADE @6F -V -IF W LAM. 3l 500 UNITS- 0AND- NCH i

2:242 20 LrrIa0 20 LJ2=240 Q0 s 14D 00 ST :0 )70 Y 1,000 s . 00g
o551, 30 AET-0 D JCRe. 20 CTM: 00 TT-U 98 CFYr. 00 CZ«l MO oy, 000
ACTUAL FTRESSES fae 10 87 Tbrz1815 D, TOy= 9 30, 've= 4% 17 fvy: 0,00
.M SOESSES. *A: )66 67 mz.157% 49, FEY: 950,30, 7VZ:140 20 sre- L1030

m ::...-_;- CRADE L4F-V. OF LAM. _
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Output Results and Parameters Explained

For CODE CHECKING andfor MEMBER SELECTION the wutput
resulls are printed as shown ia the previous secnon The iems are
explaned as lollows.

3} MEMBER rcflcrs 10 the member number for which the design s
performed

b) TABLE refers 10 the size of the PRISMATIC secuon (B X D or
-ZD X YD).

¢) RESULT prints whether the member has PASSed or FAlLced

d} CRITICAL COND relers to the CLAUSE or FORMULA NGO,
from the TIMBER CONSTRUCTION MANUAL (3rd Ldution,
AITC.1985) which guverned the design. See following table:

Critical . Governing Criteria
Canditioo

CLAUSE 5-19 Axial Compression and Bending with
MINIMUM ECCENTRICITY.

CLAUSE 5-18 Axial Compression and Bending

CLAUSE 5-42 Axial Tension and Bending

CLAUSE 5-24 Hurizonmal Shear

CLAUSE 5-40 Lateral stabihity for ncy compressive sircss
in ¢ase of Tenswon and Bending

¢) RATIO prints the ranu of the actual siresses 1o allowable
stresses for the cnitical condituon. This rauo is usually 1he
cumulative ratio of stresses in the interaction formula. [n case
of shear governing the design, it means the ratio of the actual
shear stress 10 allowable shear stress. IT this value exceeds the
allowable ratio (default 1.0) the member is FAlLed.

N LOADING provides the load case number that governed,

8) FX, MY and MZ provide 1he design axial force, moment in
local ¥ axcs and moment in local Z axcs respectively FX value

is followed by a letter C or T 10 denote COMPRESSION or
TENSION.

11
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h) LOCATION specifies the actual distance from the siart of the
member to the section where design forces govern in case
BEAM command or SECTION command s specified.

QUTPUT parametcrs that appear within the box arc eaplained as

lollows

31 MEMB refers 1o the same member number for which the design
1s perfurmed

h) GLULAM GRADE refers 1o the grade ol the nmber

o1 LAM relers 1o laminahion thickncss provided 1n the inpul 9r
assumed by the program See INPUT PARAMETERS scf:lnon.

d) LZ.LY.LUZ and LUY are the effective Icnglhs as provided or
calculated. Sce INPUT PARAMETERS scction.

&) JZ and 1Y arc the modifiers for the P-DELTA elfect about Z-
anss and Y -anis respectively. These are calculated by the
program. .

1 CDT.CSF. WET. CCR. CTM arc the allowable stress
modificrs explained m the INPLT PARAMETERS scufnn.

g) CFZ and CFY are values af the size factors in the Z-axi3 and
¥.3xis respectively CLZ and CLY represent the factors of
lateral stabslity for beams about Z-axs and ¥ -anis respectively.
These values are printed 1o help the user sec the inlermediate
dewign values and re-check the design calculations. .

m £, (e Ty, [y, 2nd £,y arve the actual axial stress, bending
stresses about Z and Y axes and horizonial shear stresses about
Z and Y axcs respectively 10 the bending moments about both
axes arc less then the cccenlrnic moments based on min.
ccceninicity then bending strcsses are calculated based on the
min. cccentneity  Refer DESIGN OPERATIONS scction (or
delails. -

1) FA.FBZ FBY, FVZand FVY arc the final allowable axial,
bending (Z and Y axcs) and horizantal shear (Z and Y axes)
stresses. Refer DESIGN OPERATIONS section for details.
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STAAD Commands and
Input Instructions

Section 5

This sechion of the manual describes in detail vanous commands
and related insirucuions tor STAAD The user wuilizes a command
language lormsl Lo commumeale instruciions 1o the program. Each
of these commands cither supplies some data (o the program or
instructs 1t 1o perform some calcubattons using 1he data alrcady
speaificd The command language furmat and conventions are
descaibed in Section 5 1 This s followed by a deseniption of the
available commands,

Althuugh STAAD input can be created through the Modeling mode.
11 1s very impornaal 1o understand the command language. With the
knowledge of this banguage, 1t 13 casy o understand the problem
and add of comment daia as nccessary The general sequence in
which the commands should appear in an inpul Gle should ideally
I¢llow the same sequence in which they are presented in thas
sectipn, Huwever, the commands can be provided in any order with
the lollowing excepuiuns.

17 All desagn relaicd data can be provided only after the analysis
command.

11} All load cases and load combinations must be provided
together, except in a case where tge CHANGE and RESTORE
commands arc uscd. Addiuonal load cases can be provided in
the latter pant of input.

All inpul data provided 1s stored by the program. Dma can be
added. deleted or modified within an existing dats lile.

Hretnoonnnnnt
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Input Instructions

5.1 Command Language Conventions

-3
=

ﬂ_ﬂ‘_‘ﬁ

A
| ==
===
=3
=3
]
(==
=3
L —
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5.1.1 Elements of The Commands

a) Integer Numbers: Inieger numbers are whole numbers writien
without a decimal point. These numbers are designated as i,
14, cic., and should not contain any decimal point, Signs (+ or -
) are permitted 10 front of these numbers. [{ the sign is omilted,
it 15 assumed 10 be positive (+).

b) Floating Point Numbers: These are real numbers which may
contain a decimal porton. These numbers are designated as f,,
fy... e1c.. Values may have a decimal point andfor exponent.
When specilying numbers with magnitude less than 1/100, it is
advisable to usc the E format (o avoid precision related errors.

Example

5055.32 0.73 -8.9 T2
SE3 -3.4E-8
elc.

When the sign is omiited, it1s assumed to be positive (+). Also
noic that the decimal point may be vmed, 1f the decimal
poruon of the number is zero.

c) Alphanumeric: These are characiers which are used to
consiruct the names for data, utles or commands. Alphabetic
characters may be input in upper or lower case letters. No
quotation marks arc needed 10 enclose them.

Example

MEMBER PROPERTIES
"1 70 8 TABLE, ST W8X3§

et

d) Repetitive Data: Repetitive numerical data may be provided
by using Lhe following formal:
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n*l

where  n = number of umes daa has to be repeated
{ = numernc data, integer and Noaung point

5.1.2 Command Formats

I

a} Free-Formst Input: Al input 10 STAAD is in free-format
style. Taput dala items should be separaicd by blank spaces or
commas (rom the ather input data items. Quotation marks are
ncver needed to separate any alphabetic words such as data,
commands or hiles,

Example

JOINT COORDINATES
130

b} Commenting Input: For documeniation of a STAAD daia file,
the lacility to provide comments is available. Comments can be
included by providing an asterisk (*) mark as the first non-
blank character 1n any line The line with the comment is

This joint coordinate specilication 15 same as:

1000
"echoed” 1n the suiput file but not processed by the program,
Example
JOINT LOAD ’
* THE FOLLOWING IS AN EQUIPMENT LOAD -
237FY 250
eic.

¢l Meaning of Underlining ia the Manual: Exact command
formais are desctibed in the latter part of this section. Many
words in the commands and data may be abbreviaicd, The lull
word imended is given in the command description with the
portion avtually required {the abbzeviation) underliacd.

=l
=3
-
=3
=
=3
=3
=3
=

For cxample, if the word MEMBER is used in 2 command, only
the portion MEMB need be inpul. [t is clearer for others
reading the output if the entire word is used, but an
experienced user may desize 10 use the abbreviations,

d) Meaning of Braces and Parenthesis: In some command
formals, braces enclosc a number of choices, which are
artanged vertically One and only ooc of the choices can be
sclectcd. However, several of the lisied choices may be
selected if an asterisk (®) mark 13 localed ouiside the braces,
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Examgie

Xy
X

In the above cxample, the uscr musl make a choiee of XY or
YZor XZ

Exampla

o [Ex

Here the uscr can choose une of all of the listing (FX, FY and FZ)
1n any order Parentheses. (), enclusing a puruun ol a command
indicate that the enclosed purtion is oplional. The presence or
absence ot this portion affects the meamng of the command. as 18
caplmned 1n the Jescripuon of the particular command,

Exampie

PRINT (MEMBER) FORCES
PEAFORM ANALYSIS (PRINT LOAD DATA)

In the first line, the word MEMBER may be omuted with no
change of thc meaning of the command. In the sccond line,

PAINT LOAR DATA

command may also be omiited. in which case the load daia will not
be printed.

¢) Multiple Data Separator: Multiplc data can be provided on a
single line. if they are separaied by a semicolon () characier

yprooEEERARNAE
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One resiriction 1s that consecutive commands can aol be
scparated by a scoucolon. They musl appear on separaie lines.

Example

MEMBER INCIDENCES
1t2:223334

alc. .

Possible Error:

PAINT FORCES; PRINT STRESSES

[n the above case, only the PRINT FORCES command is
processed and the PRINT STRESSES command 1s ignored.

Listing Data: In some STAAD command descriptions, the
word ‘list” is uscd to identily 4 list of joints,
members/ctements ur toading cases. The formal af a list can be
denined as Tollows:

S (T T
int = 1.(BY i
list = {i_%oF'lLo_r-i, }

TO means all integers [rom the First (i) 1o the sccond (i}
inclusive BY means that the numbers are incremenied by an
amount cqual 1o the third daia item (iy). 1f BY 1515 omitted, the
increment will be sci 1o one. Sumchimes the list may be o0
long 1o [it 00 onc linc, in which case the list may be continued
\o the next line by providing a hyphen preceded by a blank.
Also notc that only a list may be continued and not any other
ype of dala.

L}
Instead of a numenical list, the specificanon X (or Y of Z) may
be uscd. This specification will include all MEMBERs parallel
to the global direction specificd. Note that this is nol
applicable 10 JOINTs or ELEMENTSs.

Example
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247TO013BY219T7T022 -

2831 TO 33 FX 10.0

This list of (teme is the same as:

247911 131920212228313233FX 10.0
Posasible Error:

ISTOR 1116 -

FX 10.0 . \

In this case, the connnuation mark {or list ilems 15 used when
L N

list items are nol continued. This wall resull in an error
message or possibly unprediciable resulis,

1.3 Listing of Members by Specitication of

Global Ranges

This command allows the user 10 specily lisis of membersiclements

by providing global ranges The gencral format of the specification
is as follows.

Gnnprnl format:

XRANGE
YRANGE 1,13
ZRANGE

where,
XRANGE, YRANGE. ZRANGE = direction of range (parallel 10

globai X, Y. Z directions
respeclively)

M1, 2 = values {in current unit sysicm) thal defines the specificd
range.

SESE AR R AR Y B

’
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Notes

1) Only onc range dircchion (XRANGE, YRANGE exc.}) is allowed
per list.

2} The values defining the range {11, 12} must be in the currcni
unit sysiem.

Example

MEMBER TRUSS
XRANGE 20. 70.
CONSTANTS

E STEEL YRANGE 10. S5.

In the above cxample, 3 XRANGE 15 specificd wuh values of 20,
and 70. This range will include all members lying entirely within a
range parallel o the global X-ans and limned by X=20 and X=10
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Notes

1} The user should be carelul about choosing the type of the
structure. The choice 1s dependent on the various degrees of
freedom that need 1o be considered in the analysis. The
following figure illusteates the degrees of freedoms considercd
in the various type specifications. Detatled discussions are
available 1n Secnon 1.3

STAAD Commands

alBLL R TV PLS
.2 Problem Initiation And Title .
"oas -G [————-—] o—q
Pu
rpose \L .»Q
This command snitiates the STAAD run, allows the user 1o speaily ek \1‘
the type of the struciure and an opuonal title. r&
Genersl format:
Tar s I3 M -—— ——————— i —— -—
BLANE
SPACE " - -l
SIAAD (any title a,) e < -
TRUSS
OR 2y The wpuonal nile provided by the user 1s printed on wop of
every page of the output, The user can use this laciiny (o
Description customize his outpug
Any STAAD input has 1o stan with the word STAAD Following
type specifications are available:
PLANE = Planc frame structure
€.a

SPACE = Space (rame structure
“hoa 1.3 TRUSS = Plane or space lruss siruciure
FLOOR = Floor suruciure

a, = Any litle for 1he problem. This title will appear on the 1op of
every output page. To include addiiional information in the page
header, use 3 comment line containing the peniinent iaformation as
the secound line of inpul.

foeqooooadaauut
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5.3 Unit specification

Purpose

This command allows the uscr 1o specily or change lengith and
lorce umits tor 1nput dnd outpur.

Genaral format:
: * | length-unit
© UNIT

force-unit

INCHES
FEET or FT
M

fength-unit = METER
MMS
QME
KM

KIP
BEQUND
.G
torce-unit= {MTON
NEWTON
KNS
MN3
(ONS J

Note:
DME denotes Decimneters. MNS denotes mega Newlons
(1000 Newtons) and DNS denotes DecaNewions (10
newtons). MTON denotes Mctric Toa (1000 kilograms). All
other units arc scif cxplamatory.

Deacription

The UNIT command can be specified any number of 1imes during
an analysis. All daia is assumed to be in the most recent unit
specification preceding thar daia. Also note thai the input-unit for

jorooooooERRnNRAS
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angles 1s always degrees. However, the output unit for joint
ratations (1n yjoint displacement) is radans For all output, the umis

are clearly specilied by lht': pragram.

Exampie

UNIT KIP FT
UNIT INCH
UNIT CM MTON

Notes

This command may be used as [requently as necded 1o specily data
uf gencrate vulpul in the desired length and/or force uniis. Nole
that mit and match between differcnt umit sysiems {Imperial,
Metric, Shetwe ) are stlowed.
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5.4 Input/Output Width Specification

Purposs

These commands may be used to speaily the width(s) ol the hines of
the input and/or vupul hilels) A

Genaral format:

{ INPUT

} WIDTH i,
QUTPUT

For INFUT WIDTH.,

i) = Number of characicrs per linc in the input lile 10 be processed,

For OUTPUT WIDTH.
iy = 12 or 118 depending on parraw or wide outpur.

Description

The user may specily the required input/output width. as required.
using this command For INPUT width, any number up to 7 may |
be pravided. The detault input width s 72, IV the input widih s
more than 72, the outpul must be prinicd on wider paper. un 4
pramer capable of handhing up 10 118 characiers. 1t should be
remembercd Lthat a narrower input wirdih resulls in faster inc
scanning and therelore increases the specd of cxecution The
pragram can create culput using two different output widihs - 72
(default} and 118, The 72-character width may be used for display
on most CRTs and for printing on 8-1/2° wide paper. The | 18-
character width may be uscd for printing on 11" wide paper.

This is a customization lacility that may be used 10 improve the
prescntation qualily of the run documenis.

gagooogaanuny
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Set Command Specification

o
3

Purpose
This command allows the user 10 set various gencral specifications

1or the analysisidesign run.

General format:

NL iy
CONNECTNITY i,
DISPLAGCEMENT i3

SET ON }
s {0y
]
where.

- Maxvimum number ol primary load cases {NL}

]
l " . - g
Marimum number ol members {ur elemunts) connected 1o a

Iy

joint,

13 = Maumum Alowable displagament for any joiat in ihe

struciurc,

Oeacrniption
The SET NL command is ascd 1n 4 mulugple analysis n.—ln if the user
wants lo 4dd more pnimary load cascs afier unc :'Iﬂ:llySlS has been
performed. Specifically, for those examples, which usc the

See Secnons CHANGE or RESTORE command. if the uscr wants (0 adtj‘. more

S 18 und 3 ] primary load cascs. the NL valuc should be set e the maximum e
number with the SET NL command. The progr‘am will then be 2
to sct aside addilional core space for information 1o be added later.
Natc that this command should he prpv:dcd belore any jount,
member or load specificanons. The value for 1, should not be
greatcr than the masimum number of primary load cases.

The SET CONNECTIVITY command may also be used Lo specify
the maximum aumber of members {or clements) that may be
connceted 1o a joint. The default value is sct (o 1610 the program.
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If 1t 1s necessary 1o connect more than 16 members (or ¢lements) to
a juunt, the SET COnnectivay vpuion may be used This command
should be positioned belore the JOINT COORDINATE
specifications.

The SET DISPLACEMENT command s used to specily the
limiing value uf displacement {or us¢ 1n convergence checks of
displacements whercver applicable such as 1 NON-LINEAR
ANALYSIS This command should be placed belore the JOINT
COURDINATE specafication.

The SET ECHO ON cummand will activaie and the SET ECHO
OFF command will deactivate the echuing of input lilke commands
10 the outpun like, In the ubsence ol the SET ECHO commund, nput
file commands will be echoed back Lo the vulpur lile.

By dcfault, the Y-anis s the vertical axis However, the SET Z UP
command may be used to moude! silwations wheee Z-axis represcnts
the verucal axis (dircction of graviy luad) of the structure. This
situanon may anse 1 the ispul geomairy 1y crested thyough some
CAD sofiware. Note that this command will affect the defauh
BETA angle specilicanon. However, BETA can he set 10 a certain
value for all members paralicl 1o a paruicular global axis by using
the MEMBER X tor Y or Z) type ol lishing For addinonal
wnlormation, sec the CONSTANTs speaification (Scction § 26)

- Notes

The SET Z UP Command direcily influences the values of the
following input:

1) JOINT COORDINATE

‘2) Input for the PERFORM ROTATION Command

3) BETA ANGLE

HeofggauoaugnuLss
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The followsng (catures of STAAD cannot be used with the SETZ
UP command:

1y Wind Load Generation
2) Floor Load Generation .
3} Automatic Generauon of Spring Supports o Mai Foundoatians
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6 Separator Command )

rcHion

Purpose

This command may be uscd to spectly the desircd separaiar
character that can be used 10 separate mulniple hines vl data on 4
singie line of input.

General format:

SEPARATOR s,
Description

The semicolon (;) 1s the delaul characier which tuncuons a5 (he
separator for multiple hine data on one line However, this
scparator character can be changed by the SEPARATOR command
1o any characier a|, other than the comma or asternisk

Comma (,) or asicrisk {*) may not be used a5 JIseperatlor characier

HEEooooEooonnNnn

Secuon $ | {43

5.7 Page New Command

Purpose

This command may be used 1o instruct the program to s1art 4 new

pige of vulput,
General format:
BAGE NEW

Description

With this command, a new page of ouipul can be started. This
command provides the flexibility, the user needs, o design the

oulpul formal,

Noles

The prescniation quahity of the outpur document may he improved
by using this command pruperly
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5.8 Pag

.

-ength/Eject Command

Purpcse

Thesc commands may he used 10 specily the page lengih at the
output and the desired page eject characier.

General format:

LENGTH i
EJECT a,

. PAGE

The page length in ST AAD oulput is based vn 4 default value of 60
lines  However, the user may change the page lengih io any
number 1 (rumber of lines per page) desircd.

Description

Sitandard pagce ¢jcct character {CNTRL L for PCy and | for
Mini/M{rm) is embedded 1n the STAAD program The PAGLE
EJECT command wuh the input of the character a; will alter the
default page cject characicr in the program A blank characier wiil
suppress pagc cjeclion

PSSR EEEEIRERS
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5.9 Ignore Specifications

Purpose

This command allows the user Lo provide member lists in a
convenicnt way wilhoul tnggefing ¢ITor Messages pertaning lo
non-existent member numbers.

General format:
IGNORE LIST

Description

IGNORE LIST may be uscd if the uscr wanis the program to ignore
any noncxisicnt member that may be included in a member hst
specification. For cxample, for the sake of simplicuy. a list of
members may be specilicd as MEMB 3 TO 40 where members 1O
and 11 do net exisl. An error message can be avouded n ths
suuaton by providing the IGNORL LIST cammand anywhere in
the beginning of inpul. A warning message, however, will appear
fur cach nunexistent member.
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10 No Design Specification

Purpose

T!ns command allows the user 1o declare that no design operations
w!II be perlormed Juning the run. The memory fescrved for design
will be released 1o accomadate Targe? analysis johs.

Ganeral lormat:

INPUT NGDESIGN
Deascription

STAAD always assumes 1hat a1 some puintan the inpul, the user
Mmay wish to perform design for sicel or concrere members These
design processes require more computer memary I memury
availabiliy is a problem, he abave command may he used to
climimate exra mMemory requircments.

oy

il

gooe
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5.11 Joint Coordinates Specification

Purpose

These commands allow the user 1o specily and gencrate the
coordinates of the JOINTSs of the siructure. The JOINT
COORDINATES command nitiaics the specification of the
coordinates. The REPEAT and REPEAT ALL commands allow
casy generanon of coordinates using repetilive pattcrns.

General format:

JOINT COORDINATES (CYLINDRICAL {REVERSE)) (NQCHECK) band-spec

iy Xy, Y9 By Ug, g, ¥, 20014
REPEAT - n, xiy, yiy, ziy, {nig, yig, zly,..., wby, ¥iy, 2ig)
REPEAT ALL n, xiy, yiy, 2ly, {xig, ¥ig, 2ig,..., xip, ¥ig, 2ig)

band-spec = (NCREDUCE BAND)

See Secuon

151

NQCHECK= Do not pertorm check Tor muluple structures or

arphan juinis.

Description

The command 10INT COORDINATES specifies a Canesian Coordinale
System (sec Figure 2.2). Jownis arc defined using the global X. Y and Z
coordinates. The command JOINT COORDINATES CYLINDRICAL
specifies a Cylindrical Coordinate Sysiem (sce Figure 2.3). Joims arc
defined using the 1, @ and z coordinates. JOINT COORDINATES
CYLINDRICAL REVERSE specilies a Reverse Cylindrical Coordinale
system (see Figurc 2.4). Joints arc delined using the r, y and 8
coordinaics. NOREDUCE BAND causcs the program 1o caccute withoul
petforming a bandwidth reduction. H

Exampie

JOINT COORDINATES NOREDUCE BAND
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1ne REPEAT command causes the previous line of input to he
repeated ‘n’ pumber of imes with specilied coordinale increments,
The REPEAT ALL command functions similar 10 the REPEAT
command except that it repeats all previously specilicd input hack
to the most recent REPEAT ALL command, or all paint datait no
previous REPEAT ALL command has heen given (When using the
REPEAT and REPEAT ALL commanads, joiat numbering must be
consecutive and shouid hegrn with 15)

i = The joint number for which the coordinates are
provided Any inicger aumber (live dign max.) is
permuticd.

toyyand 2 =2 X, Y & Z(R, 0 & 2 for cylindrical or R, Y & 8 lor
cylindrical reverse) coordinates of the joim

For PLANE analyses ¢, 1s an optional data iiem when defiming
input for individual josnis. £, 15 always required lor yoint
generation. The following are used only of Joims arc 10 be
generated.

iy = The second joint number 1o which the joint
courdinaics are gencraied,

Ky yy.and 2, =X, Y & Z(R, 8 & Z for cylindrical or R. ¥ & 8 for
cylindrical reverse) courdinates ol the jotnt 1y

Iy = Jownt number increment by which the generated
joints will be weremenied Defaulis 10 1l left our.
n= Number of umes repeat is to be carmied out. Note

that "n” cannol ¢acecd 98 any une single
REPEAT command.

tg, yiyk iy = X, Y& Z(R, @& Z (R, Y & 0}) coordinaic
increments for k th repeat.

The X, Yand Z(R,0 & Z |R, Y & 8]) coordinates will be equally
spaced between i and i,

b

¥
| |

=
m=3
=
=1
Ce
m-8
=
aa
m-3

Secuon 3 l 149

Example 1

JOINT COORDINATES
1 10.5 2.0 85

2 0.0 0.0 0.0
3 625 0.0 8.5 6 50.25 0.0 8.5

In this cxample, X Y Z coordinates of joins | ta 6 are pto‘w_dcd.
Nutc that the juints between 3 & 6 will be zeacratcd with joimis [
cyuaily spaced Trom 3 to 6. Hence, joint 3 will have coordinaics 0
150083 and juim 5 will have coordinates of 3525 0.0 8.5.

Example 2

JOINT COORDINATES

1 00 00 0.0 4 45 0.0 0.0
REPEAT 4 0.0 0.0 15.0
REPEAT ALL 10 0.0 10.0 0.0

Here. the 224 joint cnordinates of atenstery 3 X 4'_hay structire
arc generated The REPEAT command repeats the first |r_|pu| hinc 4
ymes. incrementing cach Z coordinne by 13 Thus, the sirst 2 lines
are sufficient Lo create a “foor” of iwenty joints.

10.0.0.;215.0.0.;3310.0.;445.0.0.
50.&15.;015.0.15.;711&15.;!45.0.15.

1—;1;.-@.;1315.0.:“}‘_;1.93_10.&;3)’5.0.80.

The REPEAT ALL command repeals all previous data (i.c. the 20

joint “Muor™) ten (imes, incrementing the Y coordinate by 10 cach

nme. This creates the 200 remaiping joiats uf the siructure.
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Example 3

Notes

The PRINT JOINT COORDINATE command may be uscd 1o verily
the joint coordinaies provided vr gencrated by REPEAT and
REPEAT ALL commands

21 0.0 100 0.0 ; 22 15.0 10.0 0.0
40 45.0 10.0 60.0 ; 41 0.0 20.0 0.0 ; ..
200 45.0 90.0 0.0 ; 207 0.0 1000 0.0 ; ... ;
219 30.0 100.0 60.0 ; 220 45.0 100.0 60.0

*

. 1
¥ =q
.
L]

Also, use the Post Processing facility 1o verily geomeiry
graphscally

The followsng cxamples illustraie varnous uses ol the REPEAT
command

REPEAT 10 5. 10. 5.

The above REPEAT command will repcat the Yast input hine 10
times using the same sct ol increments (ic v =5, y=10,:=35))

REPEATJ 2.10.5.3. 15.3. 5. 20.3.

The above REPEAT command will repecat the last snput linc three
umes. Each repeat operation will use a different increment sct.

REPEAT 10 0.12.0.15°00.10.0. 9*0

The above REPEAT command will repeat the last input line 10
times; six limes using x, y and £ increments of 0., 12. and 0, and
four times using increments of 0., 10. and 0. Each x. y and £ value
of 0 represents no change (rom the previous incremcal. To creale
the 2nd through 6th repeats, five sets of 0., 0. and 0. (15°0) are
supplied. The seventh rcpeal is done with increments of 0., 10 and
0. The 8th 1through 101h rcpeats are done wilh the same increments
as 7, and is represented as 9°0.
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5.12 Membper Incidences Specification

See Section
52

Purpose

This se1 ol commands 15 used 10 specity MEMBERs by dehining
connectivity between JOINTs REPEAT and REPEAT ALL
commands arc avarfable 10 facilnate generauon o repetpive
paherns.

The membce/element incidences must be delined such that the
modcl developed represents one single structure unly, nul 1wn or
more separaie siruciures. STAAD 1s capable ot derecting mulliple
sHuctures aulamatically

General format:

MEMBER |NCIDENCES
byyigu g, (s ls, 1)
REPEAT n, m,},
BEPEAT ALL n, m, |,

Description

The REPEAT command causes the previous hine ot Input o he
repeated “n” number o) nmes with specificd member and pnnl
inctements. The REPEAT ALL command fuscnions similar to the
REPEAT command except that it repeats all previvusly speciticd
tnpul back to the most recem REPEAT ALL command or 10 the
beginning of the specification il o previcus REPEAT ALL
command has been issued. (When using REPEAT and REPEAT
ALL commands, mcmber numbering must be conscculive),

i) = Member number for which incidences arc provided. Any

inicger number Imaximum six digns) s permitied.
iy = Sian joinl number.
iy = End joinl number

-,
o

- —

pLaignenig

HE
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The following data are uscd lor member gencration valy:

1y = Sccond member number 10 which members will he
generated.

'y = Member pumber increment (or generalion.

ty = luint number increment which will be added to the incident
jomnis. (g and i, will delaulu o 1 lel ouy

n = Number of imcs repeat 13 to be carnied out.

m, = Member numbcr increment

Jy = Joint number increment

Exampie

MEMBER INCIDENCES
112

2575
711131123

In this ¢xample, member | gocs trom jont § to 2. Member 2 35
connected between juints 5 and 7. Member aumbers irom 3 to 5
will be generated with 2 member number inceement of | and a jmat
number increment 1 ¢hy delaulty, That 15, member 3 goes from 6 10
R. meinber 4 from 710 9, member 5 (rom % 1o 10, Similarly, 1a 1the
next hinc, member 9 wekl be from i4 10 16, 11 from 17 10 1Y and 13
from 20 (o 22

Additional example

MEMBER INCIDENCES
1121 20

2121 22 23

REPEAT 4 1 4

a8 21 25 39

REPEAT 3 4 4
REPEAT ALL 8 51 20
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This example creates the 510 members ol g ten story 3 X 1-hay
structure (this 1s a conunuation of the example started in Secnon
S 12). The lirst input line wrestes the twenty colomns of the tiest
foor:

1121, 222,333 19 19 39 ; 20 20 40

Py
The 1wo commands (24 21 22 23 and REPEAT 3 ) dycreaie 15
mcmbers which are the sccuad Noor “Hloar™ heams cunming. lor
cxample, 1n the cast-wesl direciion

21 21 22; 22 22 23; 23 23 24
24 25 26; 25 26 27; 26 27 28

ava ) an

33 37 30; 34 38 29; 35 39 40

The next two commands (36 21 25 39 and REPEAT 3 4 3) tuncuion
similar Lo the previous 1wo commands, bul here create the In
sccond floor “Moor” beams runming in the north-south direcuan

36 21 25; 37 22 26; 38 23 27, 29 24 28
40 25 29; 41 26 30; 42 27 21; 43 28 32

48 33 37; 49 34 38; 50 35 239; 51 368 40

The preceding commands have created a single Noor unii of boih
beams and columns, a 1013l of 51 members. The REPEAT ALL now
repeats s unil aine wmes, generating 459 new members and limishing
the ten story structure, The member number 1s incremented by 51 {the
number of members in a repeating unit) and the joint number 13
incremented by 20, (the number of joints on one flowr).

SRR ERR R R R
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Notes
The PRINT MEMBER INFO command may he used 10 verify the

member 1ncidences provided or gencrated by REPEAT and
REPEAT ALL commands

Also. use the Post Pracessing facility 10 venfy geometry
graphically
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.13 Elen..at Incidence Specification

5
{16

Secrion

Purposa

Thas set of commands 15 uscd 10 specify ELEMENTSs by defining
the conneclivity between JOINTs. REPEAT and REPEAT ALL
commands arc availabic w facihialegeacration ol repetitive
patterns.

The element incidences must be delined such that the model
devcloped represcats one single siructure only, not two or morc
separaie structurcs. STAAD 15 capable of detecuing muliiple
structurcs automatically

Geaneral format
ELEMENT INCIDENCES (SHELL)

e Bge lae B Uis)y ( 1Q dg, b3, ig)

BEPEAT n,se,]
AEPEAT ALL n,e,j,

Description

ELEMENT INCIDENCES SHELL must be provided immediacly
after MEMBER INCIDENCES {il any) are specilied. The REPEAT
command causcs the previous line of input 10 be repeated *n’
number of umes with specified element and joint increments. The
REPEAT ALL command {unciions similar o the REPEAT
comm.mq. except that it repeats all previousty specified input back
to the most recent REPEAT ALL command; or 1o the beginning of

the specification if no previous REPEAT ALL command had been
issued,

e

"‘ﬁ!

= Element aumber (any number up 1o six digits). If
MEMBER INCIDENCE is provided, this number must
not coincide with any MEMBER number.

iy ...ig = Clockwise or counterclockwise joint numbers which

represent the element connectivity Nole that iy is not

needed for triangular (3 noded) clements.

The following Jdaia is necded if elements are Lo be generaicd:

1, = Last element number o which elemenis are generated.
i; = Elcment number increment by which elements are gencrated.

Delaulis to | af omstied.
Joint number increment which will be added (o ncident joints.

Defaubts 1o 1 if emitied.

g =

The folluwing data 1s needed il REPEAT or REPEAT ALL
commands arc used 1o geacrate clements:

n = Number of times rcpeat is v be carned nut,
¢, = Element number increment.
J, = Joint number ancrement.

Example

Notes

The PRINT ELEMENT INFO command may be used to verily the
clement incidences provided or gencrated by REPEAT and
REPEAT ALL commands.

Also. usc the Post Processing facility 1o venfy geometry
graphically.

Section $ I 157
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Solid Element Incidences

General format

The ciement incidences 1or solid clements are to be wWentilicd usig

the expression SOLID w disnnguisn them from PLATE/SHELL
clements, \

m

LEMENT INCIDENCES SOLID
i, b2y i3, day b, g i Buy Be, (TO g, a1y 1ia)

REPEAT n, 8, |;
REPEAT ALL n, e,

Description

ELEMENT INCIDENCES SOLID must he provided smmudiately
alter MEMBER INCIDENCES tif any) are speaitied as well as
alier the ELEMENTAANCIDENCES SHULL (it any)

1 = Element number
[ e = Jomt numbers of the solid clemem
m = Last clement number 10 be gencrawed

3
m = Element number increment

T = Jminl number iacrement

n = Number ol times REPEAT s to be carned vut
¢, = Element aumber increment

I = Joint aumber increment

Specify the {our nodes of any of the [aces of the sold clement in a
counter-clockwise dircenon as viewed from 1the outside of the
clement and then go 10 the opposite face and ypecily the Tour nodes
of that face in the same direction used while specilying the nudes
of the first face.

SRR RRRRREE

M

Exampls

ELEMENT INCIDENCE SOLID
11562N 25 26 22 TO 3
4 2125 26 22 41 45 46 42 TO 6

Secuon 3 | 1
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5.14 E.. .1ent Mesh Generation

»

o

p+

Purpose

This sc1 of commands 1s usced 10 generate linite clement meshes.
The procedure involves the delinnion of super-clements which are
subscquently divided oo smaller ¢lements

Description

This is the second method tor the generation of ¢lement incidences.
If the user necds to divide 4 big clement inio a aumber of small
clements, he may usc this facdity which gencraics the joint
numbers and yoint coardinates, the clement aumbers and the
clement incidences automatically. Use of thes tesiure consisis ol
two paris:

I Definition of the super-clement buundary points: A super-
clement may be delined by cuher 4 boundary ponts ar §
huundary points { sce [gure un neat pager A bhoundary point
15 denoted by 3 umique alphabes (A-Z£ 0 upper case ura-7n
lower case) and its corresponding courdinales Hence, any 4 or
8 of 1the 52 characters may be used to define the super-¢clement
boundary If 4 points are used o Jdefine the super ¢lement cach
side of the wuper-clement will be assumed 1o have 3 straight
edge connceung the 2 poimis detining that side. 11 8 points are
uscd, cach side will he a2 smooth curve connecnung the 3 poinis
delimnyg thai side.

2. Generaton of sub-elemenis: define the super-element using

boundary points {3 or 8 as cxplained above) and specily the
total number of sub-clements yequired.

P

AR s R R R AR R R R
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General Farmat:

DEFINE MESH cyL
(

Ax Yz {%0.¥0:12,))
o CYL
Axvy
(QUADRILATERAL)
GENERATE ELEMENT
TRIANGULAR
MESH A AI ..... n, {nyg)
MESH A, A, ... ny (ny)
where
A Ay = Alphabers A - Z ur alphabets 3 -« That s max 52.
t,.y,.4, = Coordinates for boundary point A,

I CYL or RCYL is defincd. above coerdinaies will be
in cylindnical or reverse cyhindncal coordinates sysiem.
Optienal courdinaies v, ¥, and 7 will be 1he cartesian
coordimaies lor the angan of the cylindneal coordinates.
Defaults 1o 0, 0. 0 f not provided.

A AL =A reclangular super-clement detined by four or cight
houndary points.

n, = Number of clemenis along the side A, A ol the super-
¢lement. 1Shauld rot cxceed 200,
Ay = Number of clements along ihe side A| Ay of the super-

clemeat 1Shugld not exceed 101

1M n. is omitted. that is, naly npas provided. then ap will ndicate

ihe wial number of elements wathin the super-clement. Ia this case,

n, must be the square of an integer.

Al coordinates are in currcal unit systerh. While using this facility
the user has 10 keep the following peints in mind:

1) All super clements must be 4-.noded or B-auded. Gencrated
clements for 4-noded super-elemenis will retain the siraight-
line cdges of the super-clements, while juints ol elements
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* gencraled from ¥-noded super-clements witl lie on a4 curved
irajectory.

v Wesh generated for u
1 vunded super elememi

Merh qeneruied jur o
Y aunded tuper clement

h) .
1) 2 super-clemenis which have 3 common boundary must have

re the samc number ar ¢lements alang thewr commaon houndary.

1) Scquence of super-ciements - MESH commands define the
super-clemems. The sequence ol this MESH command vhould
be such that once une is defincd. 1he next super-clemenis
should be the ones conneied 10 this. Therefore. for
convenicnce, the (irst super-ctement should he the one whach is

o - connecied by the largest number of super-clements In the

c1amplc shown here [ur the 1ank, the hottom super clement s
specilied firse,

4} This command must be used afier the MEMBER [NCIDENCE
& ELEMENT INCIDENCE scction and befure the MEMBER
PROPERTIES & ELEMENT PROPERTIES sccuion. The
clements that are creaicd internally are numbercd sequentially
with an increment of one siarting from the last member/clement
number plus one. Similarly the addmunal joints ceeated
internally are numbered sequentiaily with an increment of one
starting from the last joint oumber plus one. [t is advisable that
users keep the joint numbers and mcmber/element nymbers in a
sequence with an incremeat of one starting from one.

5)

hi

h

Secuon 3 I
If there are members embracing a super-clement which 1s
being meshed. the uscrs wall have 10 take care of the required
additions/modilications in the MEMBER INCIDENCE scction
themselves since a few more new joints might appear on the
cxisting common boundary as a result ol meshing the super-

clement. Sce the tollowing figure:

T

Naote I 3 ;dember ¢xasis between puinds A and B o the user must breakup

thiv membcet inio 3 patis Members will ao1 be meshed aviomanically

The sub-elements will have the same direcnon 1IClockwise ur
Antr clockwise) as the super clements For 3 super-element
bounded by lour pawmis A, B, C und D.«f ABCD, BCDA cic.
are in clockwise dircetion, CBAD or DCBA cie are 1n anti-
clock wise dircction If the particular super-¢clement 1s denoled
as ABCD. al) the sub-clements a1 will have 3 viockwise
clement incidence 1n this exampic.

Element incidences of the generaied sub-clemenis may be
ahiained by providing the command PRINT ELEMENT
INFORMATION' alier the "MESH...' command i the 1npul lile

Il the STAAD tnput Nile comains commands lor JOINT
COORDINATES. MEMBER INCIDENCES, ELEMENT
INCIDENCES and MESH GENERATION, they shouid he
specificd in the following order:

STAAD SPACE

UNIT KIP FEET

JOINT COORDINATES

MEMBER INCIDY:NCES
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» ELEMENT INCIDENCES
a DEFINE MESH
w GENLERATE ELEMENT
p \
Exampla
!J’
2 The followiny sccuon ol input iilusiraies the use of MESH
GENERATION lacility, the user may compare this with the
o geomelry npuls for Example Prob No 1016 the STAAD example

manual:

STAAD SPACE TANK STRUCTURE WITH
* MESH GENERAT!ON

UNIT FEET KIPS

DEFINE MESH
ADOD;B0200;C20200
D2000;E00-20; F020-20
G2020-20;H20 0.-20
GENERATE ELEMENT

MESH AEHD 16

MESH EAHF 16

MESH ADCB 16

MESH HEFG 16

MESH DHGC 16

Foprial ¢enerated
Vuud riemens

Fipral ceneruted

Triangular ciemanis
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5.15 Flede;inition of Joint and Member

Numbers

Purpose

This command may be used 1o redetjne FOINT and MEMBLER
numbers. Oniginal JOINT and MEMBER numbers are substituted
by new numbers.

General Format:

JOINT XRANGE
YAANGE f,.1; START i
SYBST MEMBER ZRANGE
COLUMN

where, [, and [y are 1wo range values of x, y, or 2 and 415 the new
slaring number.

Description

Juint and mcmber numbers can be redefined 10 STAAD through the
use of the SUBSTITUTE command Aficr 12 new sct of numbers are
assigned, input and output values will be 1n accordance with the
necw numbering scheme, The user can design numbening schemes
that will result 1in simple 1aput specification as well as casy
imierpretanen of resubts. For example, all juints in fiest Moor of a
building may be renumbered as 101, 102 ..., all sccond flour joims
may be renumbered as 201, 202 ... . elC.

Example

UNITFT ... & oo
SUBST JOINT YR .99 10.0 START 101
SUBST COLUMN START 901

[,

TR e e et q e oty

o

Secuon § ] )

Jaints with Y comrdinaies ranging from 9 99 10 10 {t wall have a
new number starteng from 101, Columns will be renumbered
stariing with the new number 904,

Noate

Mcamngiul respecification of JOINT and MEMBER numbers may
sigmficantly tmprove case of interpretation of results,
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..16 Listing of Members by Specification of
GROUPS
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where,

This command altows the user 1o specily a group uf members/joints
and save the informauon using 4 ‘group-name’. The ‘group-name’
may be subsequently uscd sn ihe inpyy file insicad of 2
member/joint l1s4 10 specily other annbutes. This extremely useful
tcature allows avoiding uf muluple specifications ol the same
membet/joint hst. Following is the gencral format required for the
GROUP command.

General lormat:

START GROQUP DEFINITION

(GEOMETRY)
_(group-name) joint-list

OR

JOINT
_{group-name} joint-list

MEMBER
_{group-name) member-list

FITTT™

ELEMENT

_lgroup-name) element-list
SOLID

_{group-name) solid slement-list

END GROUP DEFINITION

SEEEREEE TR0

group-name = an alpha-numeric name specified by the user to

idenuly the group. The group-name must start with
the *_" [underscore) character and 15 himited (o cight

characiers.
member-list/ = ke list of members/joinis belonging 10 the group.
joint-list
Notes

1
1)

3}

The GROUP definition must start with the START GROUP
DEFINITION command and cnd with the END command.
Mure than onc GROUP name may be specilicd within the same
delinwon specificalion.

The words JOINT. MEMBER, ELEMENT and SOLID may bhe
provided 1f the user wishes to wWenuly the group name and lists with
thuse specafic items. However. il the group name and list 1s merely a
means ol grouping logether more than gne type of structural
compunent under a single heading, the word GEOMETRY may be
provided. {n the absence of any of those five words (GEOMETRY,
JOINT. MEMBER, CLEMENT or SOLID), he list is assumed 10 be
that for GEOMETRY
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START GAOUP DEFINITION
_TRUSS 1 TO 20 25 35

_BEAM 40 TO S0

END ’

MEMBER PROPERTIES
_TRUSS TA LD L40304 Y
_BEAM TA ST W12X26

5.17 Rotation of Structure Geometry

Purpose

This command may be uscd Lo rolatc an cxisling struciure gcometry
about the global axcs )

General format:

) ‘[x «
PEAFORM BQTATION [% d;}

Example dy
j;?:: GROUP DEFINITION where. d,, d5. dy arc the rolations (in degrees) about the X, Y and
TAGA 1T0 10 7 global axcs respectively. Afier the Joint Coordinates and Member
EEIBER ) Incidences are specified, this command can be used 1o rotate the
TAGB.40 TO 50 sifucture gcomclr;r by any desircd :mglcl about any global axis. The
EEOHETRY rotated configuration s used for analysis and design. Whlle
specilying this command, note that the sense ol the rataugn should

END

. script
MEMBER PROPERTIES Description
.TAGB TA LD L40304
-TAGC TA ST W12x26

This command can be used lo rolate the geomeinc shape through
any desired angle about any global axs. The rotated configuration
can be used for analysis and design.

]
| Example

PERFORM ROTATION X 20 Z -15

-TAGC 101 TQ 135 m conform 1o the right hand rule.
g
!
i Note ,
4
- This command should be provided immediately [ollowing member
inctdences i there are only members and afier element incidences

il there are members and elements.
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5.18 In. .ive/Delete Specification

Purpose

This set of commands may be uscd 10 tempuoranty INACTIVATE or
permancatly DELETE speciied JOINTs or MEMBERS

by
General format:

MEMBERS  member-fist

|INACTIVE
MEMBERS member-list
DELETE
JOQINTS joint-list
" Description

These cammands can he used 1o specily that certam juinis ur
members be deactivaicd or completcly deleted from a siructure,
The INACTIVE command makes thc members iemporanly inactive.
the user must re-activate them duting the Jater part ol the nput fur
(urther processing The DELETE command wiil completely deleie
the members from the siructure; the user cannol re-achivaie them
These commands musi be provided immediaicly after all
member/element incidences are provided.

a) The DELETE MEMBER command will automatically deleie all
Jjoints associated with delcied members, provided the joinls are
not connecled by any other active members or clements

b) This command will also deteic all the joints which were not
connecicd 10 the struciure i the fiest place. For example. such
joinis may have been generated for case of input of juint
coordinates and were intended 1o be deleted. Hence, il a
DELETE MEMBER command is used, a DELETE JOINT
command should no1 be used.

c¢) The DELETE MEMBER command is applicable for deletion of
members as well as clemems. I 1he list of members 1o be
deleted exieads beyond one line. it should be continued on 10

e

jroooooooERAEDID
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the next line by praviding a blank space followed by a hyphen
{1 at the end of the current inc.

Example

INACTIVE MEMBERS 57TO10
DELETE MEMBERS 29TO34 43

dy

h)

The INACTIVE MEMBER command cannal be uscd in
siuations where inacuivating a member rcsulls in joinis
becoming uncennecicd 10 space. .

The INACTIVE MEMBER command should not be uscd if the
MEMBER TENSION command 1s used

The INACTIValcd members may be restored lor further
processes {such as an analysis or design for a 2 5t of load
cascs) by using the CHANGE command. Sce Section 5.37 and
Example § for morc information. .

The DELETE MEMBER command should be used 10 delete ‘
elemenis 1woo  Specify the command as DELETE MEMBER j
where 15 the ¢lement number of the element you wish (o
delete  [n the example shown above. 1910 3 and 13 arc
clemcent numbers

Luads that hase heen defined va members declared as ‘
INACTIVE members will nm be conssdered tn the analysis.
This apphics v SELFWEIGHT. MEMBER LOADS,
PRESTRESS and POSTSTRESS LOADS. TEMPERATURE
LOAD:S. cic.
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5.19 User Steel Table Specification

Purpose

STAAD allows the user o create and use customized Sicel Sceenon
Table (s) lor Property specificanon, Code checking and Member

Sclection. This set of commands may be uscd to create the tablels)
and provide necessary daia. -

General format:

START USER TABLE
TABLE i, (1)
section-type
saclion-name
property-spec

END

where,

seclion-type =

scction-name =

1able number (1 1o 200 Duning the analysis
process, the data in ¢ach user provided 1able s
stored 1n a corresponding file with an exiensiun
UO'. For exampie, the data of the Sth table is
stored in U0S The tirst par of the input file name
ts the samc as that ul the STAAD tnput file These
files arc located 1n the same working dircclory Js
the input file. Heace, they may later he used a»
external user provided 1ables for other nput files.
exlernal file aame conlaining the section name and
corresponding properiics.
a sicel sccuion name including: WIDE FLANGE.
CHANNLL, ANGLE, DOUBLE ANGLE, TEE,
PIPE, TUBE, GENERAL, ISECTION &
PRISMATIC.
Any uscr designated section name, within 12
characiers. First threc characters of Pipes and
Tubes must be PIP and TUB respectively. Only
alphaoumenic characiers and digits are allowed for

" delining section names (Blank spaces, aslenisks, -
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quesuon marks, colon, semi-colon ctc. are not
permtled.)

property-spec = Propeities for the section. The requiremenis are

different for cach sectin type as follows. Note that
shear areas AY and AZ musl be provided (o cnsure
proper shear siress or shear sicengih calculations
during design.

The default length units for propertics are inch (for
American version) and ¢m (for other versions).
However. the user may specily the desired length
unit by using the UNIT command as the first
command 1n the table {sce example following this
description).

Description

Following scclion types are available under this option.

Wide Flange

1)
H
4
1)
5)
f)
hH
8)
9)

AX = Cross scehiun area
D = Depth of the scction
TW = Thickncss 1l web
WE = Widih of the Mange

TF = Chickness ui Mange

[Z = Moment of incrtia about focal #-axis (usually strong axis)
1Y = Moment of inertia abuut tocal y-axis

IX = Torsional constant

AY = Shear arca in local y-axis. If sero, shear dcformation is

ignored in the analysis,

10) AZ = Same as above except 1n local L-axis.
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Channel

s-hannel
AX, )D, 1) TwW, 4) wF :

: . . S)TF, .
10) AY, 11) AZ DI H1xX 9 ¢z,

Z )

— i

Angle
1} D. 2) WF, 3) TF, HR.5YAY, 6) A7

R =radius of Byrauon aboug

r> .
AISC manual Principal yxis, shown g HZ-Z) 1n the

Double_Angle

1) D.2) WF. 3) TF, 4

s
10} AZ VSP.SVIZ.6)1Y. 1) 1X. 31 €Y. 9) Ay,

WF

| — ;};‘
—p 7 ——
R

s

e

P
S

fEganng

e
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Tee

NAX, 2)D, HWE, OHTF, ) TW. 6) IZ, VLY, 1) IX, 9) CY,
10) AY, 11y AZ

A
A (W]

Pipe

1) OD = Ouler diameicr
H 1D = Inner diameler
DAY, 1Y AZ

Tube
NAX,2ID. WWE W TEF, HiZ. ) 1Y, HIX. 8) AY. 9) AZ

General

The loliowing cross-sectional propertics should be used for this
seclion-lype. Note that this lacility allows the user to speeify a
buslt-up or unconvennional Sieel Scction.

1) AX = Cross section area.
2y D = Depth of the section. ;
}) TD = Thickness associaled wilh section element paralicl 10

depih (usually web). To be used 10 check
depthithickness ratio.

4) B = Width ol the seclion.

5) TB = Thickncss associated with section element paralicl 10
Nange. To be used 1o check widih/thickness ratio.
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6
h
3)
9
10)
1)
1)
13)
i
15)

12 = Momenl  ineria about local ¢-axis

1Y = Mument of inerua about local y-dxis

X = Turstenal Constant.

SZ = Section modulus about local L-ans,

SY = Secuion mudulus abowt logal ¥ axis.

AY = Shear area lor shear parablel 1o local y-axss

AZ = Shear arca lor shear parailel 1o loval 7-axiy

PZ = Plasvie modulbus about Yocal « FETS

PY Plastic modulus about local y ans

HSS Warping constant fur lateral wrsiongl buckling
caleulatun,

]

16) "DEE = Depih ol web For rolled sections, distance between

Nute,

fitlers should be pravided.

Prepcriics PZ. PY. HSS and DEE must he provided for code
checking/member sclection per plastie and himt state hased
codes (AISC LRID. Baansh. French. German and
Scandinavian codes) For codes based on alluwable siress
design (AISC-ASD. AASHTO. Indian cudes), rere values
may he provided lor these propertics.

Isection

This sechian type may he used 1o specify a generahized
I-shaped seciion. The ¢ross-yecnonal propertics required are histed

below Note thay thes facthly can be unlized 10 specily wapered -
shapes.

' DWW = Depth of sccuon at start node.

2) TWW = Thickness of web.

3) DWW = Depih of section at end node.

4} BFF = Widih of 10p flange.

5t TFF = Thickness of top Mange.

6} BFF1 = Width of bouiom Nange.

7 TFFl = Thickness of bottom Nange.

8) AYF = Shecar area for shear paralicl 1o Y -anis.
9y AZF = Shear area {or shear parallel 10 Z-axis,
10) XIF = Torsional consiant,

e
=
=3
| == |
=3
| s |
=
=3
|
=

N
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) F

1

o ]

LA DWW

]

i A

v W I S S I_ DWW
NOTE:

1) DWW should never be less than DWW I, The uscr should
pravide the member incidences accordingly.

3} The user is allowed the following options for 1he valucs AYF,
AZF and XIF

a) If positive values are provided, they arc used dirccily by
the program.

b) Il 7erovs provided, the program calculatcs the properhies
using the following formula.

AYF =D x TWW (whcre D =Depth at scction under
consideration)

AZF =066 ((BFF x TFF) + (BFF1 x TFF1))

XIF = U3 ((BFF x TFFY) + (DEE x TWWJ) + (BFF1 x

TFFI%)
{(where DEE = Depth of web of section)

c) [If negative valucs are providedi they are applied as lactors
on the corresponding value(s) calculaied by the program
using the above formula. The factor applicd 15 always the
absolute of the value provided, i.e. if the user provides the
value of XIF as -1.3, then the program will multiply the
value ol XIF, calculated by the above lormula, hy a factor
ol 113,
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Prismatic

START USER TABLE
TABLE 1 TFILE1
TABLE 2 TFILE2
END

The propenty-spec for the PRISMATIC scction type 15 as fullows -

1} AX = Cross-section arca
2y 1Z = Moment of sneruia gbouw the local z-axis
3) 1Y = Momeat of inertia about the local y-axis
1) IX = Torsienal constant
$) AY = Shcar area fur shear parallel to local y anis
- 6) AZ = Shear arca for shear paraliel 10 local ¢-anis,
7) YD = Depth of the sechion in the direction ol the Tocal y-axis.
8) ZD = Depth of the secuion 1a the dirccuion ol the local z-axis.

Where TFILEL and TFILE2 are names of files which must be
created prior 10 runming STAAD, and where ihe lile TFILE! will
coniasn the lollowing:

Example UNIT INCHES
WIDE FLANGE
: W14X30
START USER TABLE | 8.85 13.84 .27 6.73 .385 291, 19.6 .38 0 O
TABLE 1 : W21X50
UNIT INCHES 1 14.7 20.83 .38 6.53 .535 984 24.9 1.14 7.92 0
WIDE FLANGE . W14X109
W14X30 ) ' 32. 14.32 0.525 14.605 .B6 1240 447 7.12 7.52 0
8.85 13.84 27 6.73 .J85 291. 19.6 .38 0 @
zz.;x::.n 38 8.53 .535 084 24.8 1.14 7.92 0 and the file TFILE2 will contain:
wW14X109 :
32. 14.32 .525 14.605 .66 1240 447 7.12 7.52 0 UNIT INCHES
TABLE 2 . ‘ ANGLES
UNIT INCHES L25255
ANGLES ' 25 2.5 3125 .489 0 0
L25255 , L4o404
2.5 25 0.3125 .489 0 0 4.4 25 79500
L4404 _ - '
4. 4.%25 795 00 " -
END .. . . o ~ Notes )
= "J‘]"',’i’_“' Ce e 1 + H

The User-Provided Sicel Table(s) may be created and maintained
as separate file(s). The same files may be used for a1l models using
sections [tom these tables, These liles should reside in the same
direclory where the tnput file is located.

*  Note that these section-names must be provided in ascending
order by weight, since the member-seleclion process uses these
tables and the iteration starts from the top. The above cxample
can also be ioput as follows:
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.20 Member Property Specification

Secion 5 | 183
Each specificauon 15 described 1n detail in the lollowing sections.
Ixamples arc avaitable 1n Section 5 20 6.

Purpose

This set of commands may be used for specification ol section
ptopertics fur frame members,

v

Geanaral format:

(AUSTRALIAN
GANADIAN
EURCPEAN
FRENCH
MEMBER PROPERTIES 1 INDIAN
AMERICAN
BA[TISH
GERMAN

| JAPANESE |

e

SEOOfOIa00000003

TABLE type-spac tabls-name
{(additianal-spec)
member-list PRISMATIC property-apec
TAPERED argument-list
UPTABLE i, section-name
ASSIGN proflle-spec

AMERICAN, BRITISH, EUROPEAN {c1e.) opuon will instruct the
program to pick up propcertics (rom the appropnate steel table The
default depends on the country of distnbunion.

Description

This command initines the specilication of MEMBER
PROPERTY. Following arc the vanous oplions available:

a} Specification lrom built-in sicel 1ables. (Section 5-19.1)

b) Specification of prismatic properuies. (Section 5.19.2) :
c) Specilication of 1apered membess, (Section 5.19.3)

d) Specification from user provided table. (Section 5 19 4}

e) Specification by ASSIGNiog a profile. (Scction 5.19.5)
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5.20.1 Specifying Properties from Steel Table '

.

.

»
2
o

Purpose

additional-spet = 1
The following commands are used for specifying sectian propertics

from built-in sicet table(s). g

SRR
-

—

Genaral tormat:

SP f,= This sct describes the spacing (fy) between angles or
channels il double angles or double channels are used. I,

lype-spec . iable-name additional-apec.

[5]_' ] defaults 1o 0.0 not given.
AA WP = Widlh ([} of the cover plate il 4 cover plate is used with |
D i shaped scctions.
Lo See Section TH Iy= Thickness (T4) ol plates or lubes.
S0 Pz WTT,= Width ([} of wbes. where TUBE 15 the wable-name.
‘ typa-spec = iT ¢ DT fy= Depih (fs) af tubes.
% oD f,= Ouiside diameler (1) of pipes, where PIPE is the table-
BC I name.
iy . (D fy= Inside diameler ([;) of pipes.

CT fy= Concrete thickness ([y) for campasite seclions.

i i = ; he conc fot ¢ i
ST specifics single section from the siandard built-in 1ables. FC lg= Compressive strength (fy) of the concrele for composite

RA specifics single angle wilh reverse Y-Z axes (see Sceclion
1.5.2).

D specifics double channel.

LD specifics long leg, back to back. double angle.

SD specifics short leg, back to back. double angle.

T  specifics tee section cut from | shaped beams.

CM spccifies composite section, available with [ shaped beams.

TC specifics beams with top cover plate.

BC spccilics beams with bottom cover plate.

TB specifics beams with top and bottom cover plates.

seclhions

Example

See Section §.20 6

isble-name = Table section name like WX 18, C15X33 cic.
The documentation on sicei design per individual country codes
contains information regarding their sicel section specification
also. For details on specifying sections [rom the American sleel
ablcs, see Section 2.2.1 of this manuat,
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Notes

Al values f|_ must be supplicd in current units.

Some imporlant points to nole in the case of the composite section
are:

1) The widih of the concreie slab is wssumed (o be the widih of
the top Mange of the sicel section + 16 times the thickness of
the slab.

1) In order (o calculaic the section propesties of the cross-seciion,
the modular ratio is calculated assuming that:

Es= Modulus ot clasticity of stecl = 29000 Ksi. )
Ec= Modulus of elasticity of concreie = 1802.5JFC Ksi
where FC (in Ksi) is defined carlicr.

1011t

1118

See Secnion
7.1

et

Purpose

Section § |

5.20.2 Prismatic Property Specification

The following commands are used Lo specify seclion propertics for
prismalic cross-sections.

General format:

For the PRISMATIC specilication, properties are provided directly

as lollows:
- [ax

X
iy 1y 4 .
2 — g

property-dpec = (AY Ig [ , P "
Az 1 l _U | J l
Yyn 4 — —
20ty " i
Y8 Lacien N
2Bty

AX [, = Crossscctional arca of the member. If omiited, the
arca is calculated from the YD and ZD dimensions.

IX 1, = Torsional constant.

ty f, = Moment ol inertia aboul local v-axis.

1IZ f, = Moment ol inertia about local z-axis (usually major).

AY [y = Ellcclive shear arca in local y-axis.

AZ [, = Ellcctive shear area in local z-axlis.

YD ; = Dcpth of the'member in local y dircclion.

{Diameter of section for circular members)

ZD [y = Depih of the member in tocal z direction. I ZD is not
provided and YD is provided, the section will be
dssumed 10 be circular.

YB [y = Depth of sicm for T-section.

ZB g = Width of stem for T-section or botlom width for

TRAPEZOIDAL section.
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5.20.3 Tapered Member Specification

Secnion
t s 4

Fimpose

The following commands are used to specify section propertics lor
tapered l-shapes. : |

General lormat:
ﬂfgumcnl'“sl = fl '2 f; r_. rs (fb f-,)
where,

I| = Depth af section at sian node.
fy = Thickness of web.

- Iy = Depth of scction at end node.

[, = Width of top Nange.

[ = Thickness of top Tange.

[, = Widih of bottom Mange. Defaults 1o [ if Jeft out.
f; = Thickness of boliam Mange. Delaults lo ty tett vut

Example

MEMBER PROPERTY
1 TO 5 TAPERED 13.98 0.285 13.38 6.745 0.455 8.745 0.455

ﬁolel

I. All dimensions (fy. (5, .....[3) should be in current unils.

1, [, (Depth of section at start node) should always be greater
than fy (Depth of scction at end node). The user sbould provide
the member incidences accordingly.

Section § |

5.20.4 Property Specification from User Provided

See Sectan
173

Table

Purpase

The following commands are used lo specily section properties
from 4 previously created USER-PROVIDED STEEL TABLE.

General format:

member-list UPTABLE 1} seclion-name
UPTABLE stands for dser-provided table
1) = 1able number as specificd previously (1 1o )

section-name = section name as specified in the 1able,
1Refer to Section 5.19)

Extmple

Sce Scction 5.20.6
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5.20.5 Assign Profile Specification
. 5.20.6 Examples of Member Property

Purpose Specification

The ASSIGN command may be used 1o instruct the program Lo " This scction tllusirates the various oplions available for MEMBER

See Seclion

'

assign a swilable sieel scction (0 a frame member based on the
profile-spee shuwn below.

General format:

BEAM
COLUMN

CHANNEL
ANGLE (DOUBLE)

profile-spec =

Example
See Sectton 5.20.6

Scctions arc always chosen from the relevant built-in steel 1able

To find out Lhe details of ithe seclions thal are chosen, the command
PRINT MEMBER PROPERTIES should he provided ifter
specification of all member propertics.-

TROOREDREDOO a0

w

PROPERTY specification

Example

UNIT INCHES

MEMBER PROPERTIES

1 TO § TABLE ST waxai

9 10 TABLE LD L40304 SP 0.25

12 TO 15 PRISMATIC AX 10.0 12 1520.0

17 18 TA ST PIPE OD 25 1D 1.75

20 TO 25 TA ST TUBE DT 12. WT 8. TH 0.5
27 29 32 TO 40 -

42 PR AX 5. 12 400. Iy 31, IX 0.2 YD 8. 2D A
43 TO 47 UPT 1 W10X49

50 5t UPT 2 L40404

52 TO 55 ASSIGN COLUMN

56 TA TC Wi2X26 WP 4.0 TH 0.3

57 TACM Wi4X34 CcT 50 FC 3.0

This example shows cach type of member property input. Mcmbers
| 10§ arc wide Nanges sclecled from the AISC lables: 9 and 10 arc
double angles sclected from the AISC tables; 12 1o 15 are prismatic
members with no shear deformation: 17 and 18 are pipe sections;
10 Lo 25 arc lube seclions: 27, 29, 32 10 40, and 42 are prismatic
members with shear deformation: 43 (o 47 arc wide (langes
selecied from the user input table numbgr |: 50 and 51 ate single
angles from the user input 1able number 2; 52 (hrough 55 are
designated as COLUMN members using the ASSIGN specification
The program will assign a suitable |-section Irom the steet table for
cach member.

Member 56 is a widellange W 12X26 with a 4.0 in. wide cover plale
of thickness 0 3 inches at the top. Member 57 is a compesite
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sw~tion with a concrete slab thickness of 5.0 inches at the top of a
wide Mange W14X34. The compressive sirength of the concrele in
the slab is 3 0 ksi.

%‘s
/.

>

rerr eyt a Rt
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5.21 Element Property Specification

Yer

Secitun 1.6

Purpose

This sci of commands may be used Lo specily properties of plale
linite clemenls.

Unlike membees and plate/shell clements, no propertics arc
requircd for solid clements. However, conslants such as modulus of
clastivaty and Paissun’s ratio are w be specified.

General Format:
ELEMENT PROQPERTY
element-list THICKNESS 1, {t,, 1, 1))

1 = Thickness ol the elamenl.
... 1, = Thicknesses at other nodes of the element, il
different from |},

Description

Elements of uniform thickness may be modeled using this
command. Note that the valuc of the thickness must be provided i

current units.

Exdmplé

UNIT INCH
ELEMENT PROPERTY
1 TO 8 14 186 TH 0.25
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.22 Member/Element Releases

Section S | 49

5.22.1 Member Release Specification

STAAD allows specification of releases of degrees of freedom for
Irame members and plaic elements. Scction 5 22.1 describes
MEMBER rclcase options and Section 5.22.2 describes ELEMENT
release options.

Purposa

This set of commands may be uscd 10 fully release specific degrees
of [reedom at the ends of frame members. They may also be used 10
describe 2 mode of attachment where the member end is connected
to the joinl Tor specific degrees of freedom through the means of
springs.

General format:

MEMBER RELEASES

STARAT]

member-list {
END

REERRE

where FX through MZ and KFX through KMZ represent force-x
through moment-2 degrees of freedom in the member local axes and
(1 through 6 dare spring constants fur these degrees of freedom. I
FX through MZ is uscd. it signifies 4 full release For that d.o 1, and
if KFX through KMZ is uscd, it significs a spring attachment

Examplé

rrpEEIILILY

MEMBER RELEASE
13709 11 12 START KFX 1000.0 MY M2
11011 13 TO'18 END MZ KMX 200.0

In the above example, for members {1, 3to 9. 11 and 12, the
moments about Lhe local Y and Z axes 4re released al thetr start
joints {as specified in MEMBER INCIDENCES). Further, these
members arc atlached 1o their START joint along their focal x axis
through a spring whose stiffncss is 1000 0 units of force/length.
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Fu. .nembers 1, 10, 11 and 13 to 18, the moment about the local Z
axis is relcased a their end joint. Also, the members are atiached
Lo their END joint about their local x axis through a moment . spring
whose stiffness is 200.0 units of force-lenglh/Depree, Nole that
members | and 11 are released at both start and end joinis. though
not necessarily n the same degrees of freedom.

k]

Partial Moment Release

Moments at the end of a2 member may be releascd partially. This
facility may be used 10 model panial lixily of connections. The
following format may be used Lo provide a pariial moment refease.
Note that thas lacility 1s provided under the MEMBER RELEASE
option and is in addition Lo the existing RELEASE capabilities.

Genearal Format:
MEMBER RELEASE

STAAT]
maember-list MP 1,
END

where fy = release lacior,

The moment related stilfress co-efficient will be multiplied by 1
factor of (1-1,) at the specified ¢nd

Example

MEMHER RELEASE
16 TQ 25 START MP 0.25

The above RELEASE command will apply a lacior of 0.75 on the
momecnt related stiffness co-elficients at START of members 15 to
25.

ey

SRR R R RN
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Notes

It is important to note that the factor I} indicates a reduction in the
stiffeness carresponding to the rotalional degrees of freedom MX,
MY and MZ. In other words, the user should not expect the
momeni on the member (o reduce by a factor of [, . [l may be
necessary for the user to perform a few trials in order to arrive a1
the right value of {, which results in the desired reduction in
moment.

Also. note that START and END is based on the MEMHER
INCIDENCE specilication,

At aty end of the member, for any patticular DOF, full,
partidl and spring release cannot he spplied
simulianeously. Only one out of the three is petmitied.
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= 22.2 Element Release Specification
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Purpose

This set of commands may be used 1o release specified degrees of
freedoms at the end of plate finite clements.

General Format:

ELEMENT RELEASE

elemant-list ﬁ
]

RIERRE=

where the keywords J1, 12, 13 and J4 signify juints in the order of
the specificanon of the clement incidence. For examples. il the
incidences ol the clement were defined 1s 35 42 76 63, 11
represents 15, J2 represcents 42, 13 represenis 76, and 14 represents
63. Plcase notc that clement releases at muliiple joints cannot be
specified in a single line. Those must be specified separately ss
shown below.

FX through MZ represents forces/moments 1o be released per local
axis system.

Exampie
Carreci Usage Incorrect Usage
ELEMENT RELEASE ELEMENT RELEASE
10 TO 50 J1 MX MY 10 TO 50 J1 J2 MX MY
10 TO 50 J2 MX MY 10 TO 50 J3 JA MY
10TOS0 JAMY - - T - y
'

1070 50 J4 MY

1T

111

—_

pgoid

diiil

Notes

All releases are in the logal axis system.

Section 5 | {90
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5.23 Member Truss/Cable/T ension/Compression

Speqification

STAAD allows (rame members 10 be designated as TRUSS
mcmbers, CABLE members and TENSION/COMPRESSION-unly
members. Sections 5.23 | through 5.23.3 dcsltnbc these
specifications.

Scction $ | 181

5.23.1 Member Truss Specitication -

See Sectians
! Yand 1 10

Purpose

This command may bc dsed 10 modc! a specified sel ol members as
TRUSS members.

Description

This specification may be used to specify TRUSS lype members in
4 PLANE, SPACE or FLOOR siruclure. The TRUSS members are
capable of carrying oaly axial forces. Typically, bracing members
1 4 PLANE or SPACE frame will he af this nuature.

General format:

MEMBER TRUSS

member-list

Note thal this command is superfluous when a TRUSS type
structure has already been specificd.

Example

MEMB TRUSS
1 TO 8 10 12 14 15

Notes

The TRUSS member has only one degree of [recdom-the axiat
deformation. It is nut equivalent Lo a frame member with moment
relcases al both ends. ;
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5.23.2 Member Cable Specification

See Sectiona
v

Purposa
This command may be uscd 10 model a specificd set of members as
CABLE members. .
Al
Description

The CABLE members, 1n addition 10 clastic axial deformanion, are
also capable of accommadating the efTect of 1nitial tension.

Theoreiical discussions of CABLE members are presented in
Secuon 1 of this manual.

General format:

MEMBER CAHLE
member-list TENSION t,

where fi=  Iniial Tension in cable member
(in currenl units)

Example

"MEMB CABLE
20 TO 25 TENSION 155

The TENSION specified in the CABLE member is applied on the
slructure as an external load as well as is used to modify the
stiffness of the member. Sce Section 1.10 for details,

TS

See Seclion
1.9
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5.23.3 Member Tension/Compression Specification

. Purpose

This command may be used to designate certain members as
Tenston-only ar Compression-only members.

General Format:

MEMBER TENSION
member - list

MEMBER COMPHESSION
member - list

Description

Tension-only memhers are truss members thal arc capable of
carrying tensile forces only. Thus, they are aulomatically
inactivaled for load cases that are capable of causing compression
on them.

Compression-only members are truss members that arc capable of
carrying compressive forces only. Thus, they are automaiically
inactivaicd lor load cases that are capable ol causing leasion on
them.

The procedure for analysis of Tension-only or Compression-only
members requires iteralions for every load casc and therclore mdy
be quite involved. The user may also consider using the INACTIVE
specification if the solution time becomes unacceptably high.

ILis very important to recognize that the inpul datad must be
provided in such a way that only one primary load casc is provided
for each PERFORM ANALYSIS command. Also, the SET NL and
CHANGE commands musl be uscd to convey to STAAD that
multiple analyses and multiple struciural conditions are involved.
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MEMBER TENSION
25 70 30 35 38

Example »

MEMBER COMPRESSION
4357498 102 145

Exampis

MEMBER TENSION
1217187037 85
MEMBER COMPRESSION
51348TO 53 87

Notes

1) Loads that have been defined on members declared as
MEMBER TENSION or MEMBER COMPRESSION will be
active even when the member becomes INACTIVE duning the
process of analysis. This applies to SELFWEIGHT. MEMBER
LOADS, PRESTRESS & POSTSTRESS LOADS,
TEMPERATURE LOAD. cic.

2) A member declared as a TENSION only member or 2
COMPRESSION oaly member will carry axial forces only, I
will nol carry moments or shear forces. In other words, 1t 15 4
truss member.

3) The MEMBER TENSION and MEMBER COMPRESSION
commands should not be specified if the INACTIVE MEMBER
command is specified.

4) The lollowing is the gencral sequence of commands in the
input file if the MEMBER TENSION or MEMBER
COMPRESSION command is used. This cxample is for the

s
s
=
=
)
=
=
=

o

bt

- Soclion 3 |ms

MEMBER TENSION command. Similar rules are applicable
for the MEMBER COMPRESSION command. The dots
indicate other input data items.

STAAD ...

SET NL ...

UNITS ...

JOINT COOHDINATES

WEMBER INCIDENCES
ELEMENT INCIDENCES
CONSTANTS
MEMBER PROPERTY
ELEMENT PROPERTY
SUPPORTS

MEMBER TENSION

LOAD 1

PERFORM ANALYSIS
CHANGE
MEMBER TENSION

LOAD 2

PEHFORM ANALYSIS
CHANGE
MEMBER TENSION

LOAD 3
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PERFORAM ANALYSIS
'CHANGE

MEMBER TENSION
LOAD 4

PERFORM ANALYSIS
CHANGE

MEMBER TENSION
LOADS . -

LOAD COMBINATION &
LOAD COMBINATION 7

PERFORM ANALYSIS
CHANGE '~ '
LOAD LIST ALL
PRINT ... |

PRINT ...
PARAMETER

CHECK CODE ...
SELECT MEMBER ...
FINISH

a) See Section 5.5 for explanation of the SET NL command.

The number that follows this commaad is the lotal number

of primary load cases in the file.
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b) The principle used in the analysis is the following.

c)

d)

c)

» The program reads the list of members declared as
MEMBER TENSION.

¢ The analysis is performed for the entire structure and
the member forces are computed.

& For the members declared as MEMBER TENSION. the
program checks the axial lotce lo delermine whether it
is tensile or compressive. Ll il is compressive. the
member is “swilched of™ from the structure.

e The analysis is performed again without the swilched
off members.

{n the example shown, only une LOAD case is specified
per ANALYSIS. This is because. 2 member which is
under tension for one load case may be in compression for
another load case. The stilfness matrix for an analysis can
sccount for the structural condition uf only onc of these
iwo load cases.

Notc that the MEMBER TENSION command and us
accompanying list of members is provided atter cach
{except the 1asi) CHANGE command. This 1s becausc,
cach CHANGE command signifies that the previous
MEMBER TENSION command is defunct thereby
necessitating the specification of the MEMBER TENSION
command again.

The MEMBER TENSION command should not be used if
the following load cascs are present : Response Specirum
load case, Time History Load case, UBC Load case,
Moving Load case.
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5.24 Element Plane Stress and Ignore Inplane
Rotation Specification

Purpose

Y
These commands ailow the dser to model the lollowing coaditions
on plaie elements

a) PLANE STRESS cosdilion
b) IGNORing the in-planc rotation

General Format:

PLANE SIRE
ELEMENT { S8 }
IGNORE ( INPLANE HOTATION }

slemeant-list

Description

The PLANZ STRESS specificalion attows the user ta model
sclected eléments for PLANE STRESS action oniy,

Similarly, the IGNORE INPLANE ROTATION command causcs
the program 1o ignore "in-planc rotation” actions. The STAAD
plate etement formulation includes this important action
auwlomatically.

waeyler. it may be noted that some clement formulations ignore
this action by default. This user may ulilize this option lo compare
STAAD results with soluiions from these programs.

g
=-u
==n
=
=
=3
=3
RS
=
"
=y
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Example

ELEMENT PLANE STRESS
1 TO 10 15 20 25 35
ELEMENT IGNORE

n 50 TO &5
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3.25 Member Offset Specification

Section 5 | 2
Example

I

MEMBER OFFSET
1 START 7.0

1 END -6.0 0.0

2 END -8.0 -9.0

Purpose

This commaad may be used lo moedel the offset conditions cxisting
at the ends of frame members. .
? |

Genaral formal:

Notes
MEMBER QFFSETS [} IFa MEMBER LOAD (sec MEMBER LOAD specification} is
START applicd on & member for which MEMBER OFFSETS have beett
member-iist ty. 12 1y specified. the location of the load is measured not from the
E'Hn coordinates of the starting joint. Instead. it is measured from
Description the ofTsel location ol the starting joinl, . .
7) START and END is based on the uscr’s specification of
[ fr. fa. and Fy correspond 10 MEMBER INCIDENCE [or the particular member,
1 1 the distance, measured in
! ihe glabal coordinaie
. . s ,_ system, from the joint
] {START or END as
+ specified) 1o the centrmd
| .= of the starting or endang
% ' paint of the members
| - listed. MEMBER OFFSET
- command van be uscd lor
any member whose starting or ending point is not concurrent with
§  Section the given incident joint, This command cnabics the user to accounl

!

far the sccondary [orces which are induced due 1o the eccentricity
of the member. Member vifsels can be specified in any direction,
including the dircction which may coincide with the local x-axis of
the member.

wp in the diagram refers to the location of the centroid of the
swarting or ending point of the member.
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5.26 Constant Specification

See Section
' 59

Purpose

This command may be used to specily the material propertics
(Modulus of Elasticity, Poisson’'s ratio, Density and Cu-¢llicicnt of

. S 3 L
- linear expansion) of the members and clements. [n addition, this

command may also be uscd to specily the member orientation
(BETA angle or REFERENCE point).

Ganeral format:

CONSTANTS

[
POISSON \ [maen memblelem-lllt}
1

DENSITY
BETA (ALL)
ALPHA
BEE 1y, 1, 1y MEMBER memb/elem-list
E specifics Young's Modulus. This value musi be

provided as the [irst itcm in the Constanis list.

POISSON specifics Poisson’s Ralio. This valuc is used for
calcuelating the Shear
Modulus(G=0.5xE/{ | +POISSON)).

DENSITY specifics weight density.

ALPHA - Co-efficient of thermal expansion,
A\
BETA specifies member rotation angle in degrees
{see Seclion 2).

Note : Single angle sections are oriented according
to their principal axes by defauli, I it is necessary
to orient them such that their legs are parallel to
the global axes, the BETA specification must be
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used. STAAD offers the following additional
specifications [or this purpose :

BETA ANGLE
BETA RANGLE

Both of the above oplions will result in an
orientation wilh the legs parallel to the global axis.
The ‘ANGLE’ option rotates the section through Lhe
angle "theta” {(where “{heta” = angle between the
principal axis system and the global axis system).
The 'RANGLE' option rotates the section through
an angle cqual to (180 - “theta™). Both oplions will
work the same way for cqual angles. For uncqual
angles, the right oplion must be used based on the
required oricatation.

£ Value of the corrcsponding constants. For E,
POISSON and DENSITY. material names can be
provided instead of f. Appropriate values will be
automatically assigned. Current list of malerial
names includes STEEL, CONCRETE &
ALUMINUM

P P Global X. Y, and Z coordinates for the reference
i point, from which the BETA angle can be
calculated by the program.

Example

CONSTANTS
-E 28000.0 ALL .
. BETA 45.0 MEMB § 7 TO {

DENSITY STEEL MEMB 14 TO 29

BETA oolnsna ) ¢

.

]

Nole that the last command in the abave caample will sct BETA as
90° for all mcmbers parallel to the X-axis.
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Notes

1) The value For E musi always be given first in the Constanis lisi.

2) All numerical values must be provided in the current unils.

1) [t is not necessary nor possible to specify the umis of
lemperature or ALPHA. The user must ensure that the value
provided for ALPHA 1s consistent in lerms of unus with the
valuc provided for temperature (sce Section 5.32.6). _

4) H th:\POISSON RATIO is nol spexilied, the program will use 4

default value of 0.0,

SREEoOROROROaRLd
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5.27 Support Specifications

STAAD support specifications may be cither parallel of inclined lo
the global axes. Specification of supports parallel 10 the global
axes is described in Seclion 5.27 1. Specification of inclined
supports is described in Section 5.27.2.
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1.27.1 Global Support Specification

.

re Sechion
1

Purpose

This set of commands may be used 10 specily the SUPPORT
conditions for supports parallel to the global axes.

General formgl:

SUPPORTS
{gmuen }
foint-list
FIXED (BUT reledse-spec(spring-spec.])
T EX
EY
L] EZ
release-spec = MX
MY
MZ
| KEX h
KEY 1y
KFZ 13
spring-spec = jJKMX fa
KMY  fg
KMZ  fy

Description

PINNED support is a support which has translational, but ne
rotational restraints. In other words, the support has no moment
carrying capacity. A FIXED support has both iranslational and
rotational restraints. A FIXED support can be released in the global
directions as described in release-spec {FX for lorce-X through MZ
for momem-Z). Also, a lixed support can have spring constanis as
described in spring-spec (iranslational spring in global X-axis as
KFX through rotational spring in global Z.axis as KMZ).
Corresponding spring constants are [} through fg. Note thal the
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rotational spring constants are always per degree of rotation. No
more than five releases may be provided. IT both release
specifications and spring specifications are lo be supplicd for the
same supporl joinl, release specificalions musl come Grst,

Exampla

SUPPORTS

1104 7 PINNED

5 & FIXED BUT FX M2

8 9 FIXED BUT MZ KFX 50.0 KFY 75.
18 21 FIXED s

27 FIXED BUT KEY 126.0

in this example. joints | to 4 and joinl 7 are pinned. No momenis
are carricd by those supparts. Joints 5 and 6 are lixed for all DOF
except in force-X and moment-Z. Joints 8 and 9 are fixed for all
DOF except moment-Z and have springs in the global X and Y
dircctions with corresponding spring constants of 50 and 75 units
respectively. Joinis I8 and 29 arc fixed for all translational and
rotational degrees of freedom. A1 joint 27, all the DOF are fixed
cxcept the FY DOF where it has a spring with 125 units spring
constant.

Note.s

)

2)

Users dre urged to refer 1o Section 5 38 for information on
specification of SUPPORTS along with the CHANGE
command specifications.

Spring constants must be provided in the curreni vnils.
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5.27.2 Inc;lined Support Speéificatlon

Purpose

Thcsc commands may be used Lo specify supports that are inclined
with respect to the global axes.

General Format:

SYUPPORT

FIXED (BUT release- spac [spring-spec.])

\fthcrc fy. fa. Ty are coordinates of ihe “reference puint” necessary
tor the "Inclined Support Axis Sysiem” (sce beluw).

[

Seciion | 13 Note the relcase-spec and spring-spec are the same s 1n the

previous secuon (5 27.1). However. please role thay FX through
MZ and KFX through KMZ refer (o torces/moments ind spring
constants in the “Inclined Support Axis System’ {sec below)

I
el | )'/<
I A
Rescunce poaal o), 1, O

1

An inclined support should not be defined at a joinl 10 which a
linite element is connecied.

TROaRaaEeaauuail
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Inclined Support Axis System

The INCLINED SUPPORT specification is based on the “Inclined
Support axis system™. The local v-axts of this system is defined by
assuming lhe inclined support joinl as the origin and joining it wilh
4 “reference point” with co-ordindies of 11, 1, and [y (sce figure)
measured [rom the inclined support juini in the global coordinaie

sysitem.

The Y and Z axes of the inclined support axis system have the same
uricntation as the local Y and Z axes of an imaginary member
whose BETA ANGLE is scro and whase incidences are defined
from Lhe inclincd suppurt joint to the teference point. Users may
refer 10 scclion 1.5.3 of this manual for more inflormation on these
toncepls.

Example

SUPPORT
4 INCLINED 1.0 -1.0 0.0 FIXED BUT FY MX MY MZ
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5.27.3 Automasé Spring Support Generator for

Foundations

STAAD has a facility lor automatic generalion of spring supporls
1o model loolings and loundation mats. This command is specilicd
under the SUPPORT command. N

General Format:

SUPPORT
: EQOTING 11 (f2)
joint-tist DIRECTION SUHGRADE 13
ELASTIC MAT
where
(1,12 = Cength and wadth of the footing. [T 12 is not given, Lthe
footing is assumed Lo be a sgquare with sides (1
n = Soil sub-grade modulus in force/area/lcngth units
X.Y.Z = Global direcuon in which soil springs are 1o be
gencrated .

The FOOTING option : Il you want to specily the inflluence arca
of a joint yoursell and have STAAD simply muluply the arca you
specified by the sub-grade modulus, usc the FOOTING aption.
Situatioff§ where this may be appropriate are such as when a spread
s located bercath a joinl where you want to specify a
spring/support. Please note that il is absolutely imperative that you
provide f1 (and [2 il its a non-square looting) if you choosc the
FOOTING option.

The ELASTIC MAT option : 1M you want to have STAAD
calculate the influence arca for the joint (instead of you specifying
an ares yourscl) and use 1hal area along with the sub-grade

. modulus 10 determine the spring stilfness value, use the MAT

option. Situations where this may be appraopriate are such as when 8
slab is on soil and carries the weight of the structure above. You
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"may have modeled the entire slab as finile elements and wish 1o

generale spring supports at the nodes of the elemeats. Noic that the
word ELASTIC is optional.

The DIRECTION option : The keyword DIRECTION is followed
by one of the alphabets X, Y or Z which indicate the direction of
resistance ol the spring supports.

The SUBGRADE oplion : The keyword SUBGRADE s lollowed
by the value of the subgrade reaction. Pleasc note the value should
be provided in the current umit sysicm signified by the most recent
UNIT statement prior 1o the SUPPORT command.

Example

SUPPORTS
1 T0 128 ELASTIC MAT DIHEC Y SUBG 200.

The above command instructs STAAD 10 inicenally generale
supports for all nodes | through 126 with elastic springs. STAAD
first calculates the influence area perpendicular to the global Y
axis of each node and then multiplies the corresponding infuence
arca by the soil subgrade modulus of 200 0 10 calculate the spring
constant to be applicd 10 the node.
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<7.4 Multi-linear Spring Support Specification Spring Constan s K
A U
When soil is modeled as spring supports, the varying resistance it p—
offers 1o external loads can be modeled using this facility, such as
when its behavior in tension differs from its behavior in .
compression, | . '1 50 Kipfin
General format: ———
i t .| Displacen
MULTILINEAR SPRINGS N O
Joint-list SPRINGS d, 8, dy 8, ...... d, 3, P ' osin
Where (di si) pairs represent displacement and spring constant pairs.
Example
40 Kip/in
UNIT KIP INCH f
SUPPOR'!' .
1 PINNED ; 2 4 FIXED BUT KFY 40.0 !
"MULTILINEAR SPRINGS ' !

2 4 SPRINGS -0.5 40.0 0.0 50.0 0.5 5.0 The muli-Yincar spring command will trigger 3 m!llllplt? analysis
- | | and convergence check cycle. The cyele will continue l.'" the
support displacements compuicd in the previous analyn.ﬁ cycle are
closc enough with the supporl displacemcnts computed in the

cutrent analysis cycle.

Load-Displacement characiensiics of soil can be represented by a
multi-linear curve. Slope of this curve will represent the spring
characteristic of the soil at different displacement values. A typical
spring characteristic of soil may be rcpresented as the slep curve as
show in below. In the above example the multi-linear spring
command specifies soil spring at joints 2 and 4.
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See Secrion
{

.28 Master/Slave Specification

Purpose

This sct of commands may be used 10 model rigid links through the
specification of MASTER and SLAVE joims,

Genernl format:

* [BIGID
EX
EY
SLAVE FZ f  MASTER | JOINT joint-spec
MX
MY
rit:ulnt-lilt
joint-spec = 1 | XBANGE
‘ YRANGE | 1,,1,
\ {ZHANGE
Description

The masier/stave opuion provided in STAAD allows the user o
model rigid links in the sysiem. The support speciflications must be
provided before this command is wsed. Nolice thal instead ol
providing a joint list for ihe slaved jonts, a range of coordinale
values (in global system) may be used. All joint coordinates within
a specified range are assumed 1o be slaved joints. No finite
clements may be conneccted 10 the siaved joints. The joint list or
coordinate range specified for slaved joints may include the masier
join. Fx, Fy etc. are the dircctions in which they arc slaved 1o the
master. If all directions are provided, the joints arc rigidly
connected. The following cxamples iHustrate the use of this oplion,

»
-

=3
>3
=3
=3
| cnass |
x=a
o |
=3
3

Section 5 | 225
Example

SLAVE FX MZ MASTER 9 JOINT 1 TO 15 -
17 19 20
SLAVE FX FY MASTER 37 JOINT YR 19.9 201

The SLAVE RIGID specilication may he uscd 10 model a rigid
dtaphragm directly. All degrees of [reedom will be 1aken into
consideration for slaving and the rigid body rotation will be
automauncally considercd.

Example

SLAVE RIGID MASTEH 22 JOINTS 10 TO 4§
SLAVE RIGID MASTER 70 JOIN YR 25.5 27.5

Notes

Proper stiffness connection is necessary between the master and the
slaved joints for this type of modeling.
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- Draw Specitications

Sa:uunﬂ 127
METRIC ]
ATE rotate-spec

alo

A

E TION section-spec
Purpose ZOooM t
SHIFT ny
This set of commands may be used to gencrate printer plots af JM%:;EFI
siructure geomeiry and results as part ol the output. S_lTl;-PORT
ROPERTY
Description SHAPE

HE

o}
B
>
3
Wiz
=]
=}

EN - LINE - REMOVED | (LIST list-spec)
NK 1,

|
25

Besides interactive graphics, STAAD hus leatures 10 provide

T
bl

commands o plot sisuciural geometry. analysis sresults cte. 3s pant __O_D n
ol the STAAD output lile FLAV;J -
AW sn

DRAW In

Note that these owmipul files (. ANL files) should be printed only
through the Arint Ouipur oplion of the maim menu of STAAD

=
m‘ﬁ

DRAW In force-spec
DHAW in force-spec

2

P

Yechon

Plots can also be displayed by the View Ouiput optiun of the main EN _ELUP lorce-spec
! menu of STAAD, SCALE 1,
. VALUE
TRE ONTOUR In
Plots are of mgh-resolunion and maost of the 8/9/24 pin dot matrix \STRESS € 0
and laser printers are supporicd. ‘X xa Xy
rotate-spec = {Y yl} section-spec=1YZ ryory

The DRAW command 1s used to create the plots in the vutput, The Z 2a Xz

[ollowing is the Tormat ot the DRAW command.
FX
FY
force-spec = {MZ
FZ
My

gy EEEELE
ElEk

Zoom factor by which structurc 15 to be reduced of
enlarged. A value less than 1.0 is for reduction and

!
—
H

greater than | O is to enlarge.

r, = Shrink lactor by which member/clements be shrinked.
Value varies rom 0.1 10 0 Y
- {3 = Scale factor by which delNected shapes 1o be

multiplicd Normally all scales are sutomatically
computed. However, the user may change this by this

command.
vy = vand y shift values bascd on structure courdinales.
' In = Load number to be considered

1001
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- = Mode-shapes number 10 be displayed.

¥a,ya,za = X, Y and Z angles by which the structure is to be
roialed

Ny = Maximum and minimuem values defining the range 1n
the direction perpendicular (o the specified seetion
planc.

Notes >

1) Following commands may be used anywhere in the mput

[SOMETRIC = Draw isometric view

ROTATE = Rotaic as specified in rofate-spec.

SECTION = Draw sccuon as specified in section-spec
Z00M = Draw with a zoom factor of value I,

SHIFT = Shift the structure to the specified x, y valucs.
JOINT = Display joinl numbers.

MEMBER = Display member numbers.
SUPPORT = Display support icons
PROPERTY = Dtsplay properly names.

SHAPE = Display the shape of the member property with
proper BETA angle orientation.

HIDE = Remoave hidden lines when clemenis are presenl.

SHRINK = Shrink all member/elements by the factor of ly

LOAD = Display luad 1cons. Obviously, this command can

be used vnly alter the toadings are provided.

2} Following commands are related Lo results and should be ysed
only afier the PERFORM ANALYSIS command.

DFDRAW = Draw deflceted shape.

MODRAW = Draw modc shape.

SCDRAW = Draw scciion displacement.

MSDRAW = Display forcc/moment diagram on the entire structure
for specified In (load number).

BMDRAW = Display force/moment diagram for independent
members as tisted in LIST No morc than 2 member
lists are allowed. Use muliiple DRAW commands te
display force/moment diagrams for independeni
members,

Jpgpeooonnnonon®

v
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ENVELOP = Samc as MSDRAW excepl worst of all active load
cases. ]
SCALE = Scale factor by which deflected shapes to be
mulliplied.
VALUE = Display values of Force/Moments, displacements.

STRESS.-CONTOUR  =Draw sircss-contour for [inile elements,
Only the contour for the Absolute maximum principal
siress can be plotied.

Exampile

DAAW ISOMETRIC MEMBER SUPPOHT PROPERTY
DRAW SHAPE SUPPORT

DRAW SECTION XY 14.9 15.1

DAAW ROTATE X -20 Y 30 Z 20 HIDE

DAAW ISOMET MSDRAW 2 M2 VALUE
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.30 Cut-Off Frequency or Mode Shapes

L. Seciron
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Purposs

These commands are used in conjunction with dyramic analysis
They may be used 10 specify the highest frequency or the nuinber
of mode shapes that necd (o be constdered.

General Format:

FREQUENCY I
CUT (OFF) EE ’

E SHAPE i,
Where,
Iy = Highest frequency teyclefsec) o be conswdercd fur dynamice
analysis

by = Number of made shapes 10 be considercd for dynamic analysis
Il the cut off frequency command 1s not provided the cut off
frequency will defaubl 16 108 <ps. Il the cul off mode shape
command 15 nat provided, the first three modes will be

calculated. These commands should be provided prior (o the
loading specifications.

=
="
S
-
PR
R
Em
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5.31 Definition of Load Systems

Sre
Sectton 117

Purpase

This seetion deseribes the specilications necessary for defining
various load systems lor automaue generation of Maving loads,
UBC Sersmic loads and Wind toads. In addiuon, this section also
describes the specification of Time History load Tor Time History
analysis.

Description

STAAD has built-in algorithms to generale moving loads. laeral
scismic loads tper the Unifurm Building Code). and wind loads on
a structure. Usc of the load generation facibily consisis ol lwo

parts:

1y Delinthion ol the load sysiemis)
31 Generanon of primary load cases using previously defined
load syslem(s)

Delfnitton ol the load system(s) must be provided before any
primaty load case is specificd This section dosenibes the
specification of load system(s), [nformation on huw to gencraie
primary load cases using the defined load systemis) is dvailable in
Section 5 32,12
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1.31.1 Definition of Moving Load System
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Purpose

This set of commands may be used to define the moving load
system. b

General format:

DEFINE MOVING LOQAD(FILE fite-name)
LOAD f, 4,1, DISTANCE d,.dy,.d,, (WIDTH w}}

IYPE | {
load-name ()

Note that the MOVING LOAD sysiem may be defined in two

possible ways - directly within the input file or using an external

file.

The FILE option should be used only in the second case when the
data is to be rcad from an external file. The filename should be
limited to 16 characters

Moving Loads can be gencrated lor [rame members only. They
will not be gencrated lor finite elements.

Define Moving Load within _input file

Use the first TYPE specilication.

IYPE | LQAD f,1,.t, DISTANCE dydpdy.y
(WIDTH w)

Where,

] = moving load sysiem type number. {integer)

f, = value of cone. ith Joad

dy = distance between the (i+1)tF load and the i load in the
direction of movement

e
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w = spacing between loads perpendicular to the direction of
movemenl, Il left out, one dimensional loading is assumed,

Define Moving Load using an external file
Use the second TYPE specification.

TYPE | lodd-name (1}

Where,
load-name Is the name of the moving load system
and = Optional multiplying factor to scale up or down the

value of the loads. (default = 1.0)

Following is a typical file conlaining the daia.

cs0 0 - name ol load system (load-name)
50. 80 90. 100, ----- loads
1.9 e distance between loads
6s e width
5t L) W {LH

L]

Note thal several load systems may be repeaied within the same
file.

All loads and distances are in current unit system.
The STAAD moving load generator asspmes:

1) Allloads are acling in the negative global vertical (Y or 2)
direction. The user is adviscd to set up the structure model
accordingly.

2) Resultant direction of movement is determined from the X, ¥
and Z increments of movemenls as provided by the user.
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Reference Load

The fiest specificd concenirated toad in the moving load system s
designaled as the relerence load. While generating subscquent
primary load cascs, the imitial posinun of the joad system and the
dircclion of movement are defined with respect ta the refercnce
Ioad location Also note that, when salecting ILhc reference Joad
lucation, the value of the widih must be positive n the apphcable
global X or Z direction. The follawing figurcs illusirale the congept
of reference load

reference paint
| > X Y > x

[ - T; ‘]

I 4

7
s
1
k=

k. -
/
£

reference puint v [ |
W
Z

Mavemens pardile! 1o global ¥ axts Wi ement parallel 1o global £ uns

Specifying standard AASHTO loadings

General lormat:

T
n
3

|

~e rclrton

I
%]
—
an

TYPE | (1) (vs)

e d

I
N
[ -]

I
—|
n

|

where,
i "= moving load system type no. (inlcger).
f = optional multiplying lactor {(default = 1.0)

Ry
L —
=2
=
==
Es
| e
=
oo |
==
e
=
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vs = variable spacing as defined by AASHTOQO, for HS scries

trucks (default = 14 [t)

Example

UNIT KIP FEET
DEFINE MOVING LOAD

TYPE 1 LOAD 10.0 20.0 15.0 DISTANCE 5.0 7.5 WIDTH 8.0

TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5

TYPE 3 HS20 0.80 22.0

Notes

Alb loads and distances must be provided in the current unit system.

Example

When data is provided through aa cxiernal file called MOVLOAD

Data ip tnput tile

UNIT KIP FEET

DEFINE MOVING LOAD FILE MOVLOAD
TYPE 1 AXELTYP

TYPE 2 AXLTYP2 1.25

Ddta In axtarnal flis MOVLOAD

AXLTYPT

102015

5078 .

6o . .
AXLTYP2. - -
020

2 [ )
RS Y R Ak 2 N ORI I
7.5

TSNS TY BRI TR X
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3. Program calculates C from appropriate UBC equation(s)

5.31.2 Definition of UBC Load rrogram |
1. Program calculates V from appropriale equation(s). W is
obtained from SELFWEIGHT, JOINT WEIGHT(s) and

MEMBER WEIGHT(S) provided by the uscr through the

Purpose

This set of commands may be used to definc the parameters for

generation of UBC.-lype equivalent sfatic lateral toads for seismic
-analysis,

DEFINE USC LOAD command. ' o
5 The tola! lateral scismic toad (hase shear) is then distributed by

ram among different levels of the structure per UBC

the prog
procedures.
Description

neral lormat:
The STAAD seismic load generator assumes that the laieral foads Ge

will be exerted in X and Z directions and Y will be the direction of
the gravity loads. Thus. 1ar a building model. Y axis will be
perpendicular to the Nuars and point upward (all Y coordinates
positive) The user is advised o se1 up the model accordingly.

DEFINE UBC (ACCIDENTAL) LOAD
ZONE f, ubc-spec

SELFWEIGHT
JOINT WEIGHT
joint-list WEIGHT w
MEMBER WEIGHT

Total lateral seismic lorce of base shear is automatically calculated
by STAAD using the appropriate UBC cquation(s)

ggooooaoooes

)(TTS:C:::: V= %If w {per UBC 1994) (1) uNL vy V3 ¥4 }
N -list
12 12 mem CON v, vg
V= ZIKCSW {per UBC 1985) (2)
[ f,
Nate: AWX fy . (K I
1) All symbuls and notations are per UBC | RWZ 1, _ T g‘
1) Basc shear V may be calculated by STAAD using either the ubc-apec = —%T '. } ?:rcij‘gécﬁﬂs U__ i:)
1994 procedure (equation 1) or the 1985 procedure (cqudlion for UBC 1994 (l—’_ ﬁo)
1}. The user should use the appropriate “ube-spec” (see F_.i ti1)
General Format below) 1o instruct the program accordingly.
. , b where.
STAAD/ISDS utilizes the following procedure {0 generate the [ = scismic zone coelficient (0.2, 0.3 cte.)
lateral seismic loads. ! . f !
u thn fa = |mpurlancc actor 4 X-di cction
1 oo f, = numerical co-cfficient R, for laterat loa tn A reet
1. User provides scismic zone co-cfficient and desired “ubc-spec” e ! oad in Z-directions

numerica! co-efticient R, lor lateral |
sitc co-efficient for so! charsacterislics

fpb, = horizomal (orce factor
= impartance faclor

(1985 of 1994) through the DEFINE UBC LOAD command. f4
2. Program calculates the structure period T.

~—
wn
1]

iy
]
F]

d." = -
g E
o
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= site charactensuc pertod {Reterred (0 as Ts in the UBC
code). Defaull value is 0 5

= uvpuonal CT vatue 1o calculale alternative period per
meihod A of UBC,

= Period of structure (in seconds) in the X- direction.

= Period of structure (in seconds) in the Z- direction

= joint weight associaled Wilh‘llsl

UN[ = specifies a unitformly disinbuted foad with a vajue ot v,

starting al a distance of v, (from the start of the member)
and ending at a disiance of vy {{Tom the start af the
member). If v, and vy are omtited, the Toad 15 ussumed 1o
cover the entire length of the membes

CON = specifics a concentraled force with a value of v, applied st

a distance of v, (from the start of the member} 1f vj1s
omitted. the load 1s assumed to act at the center ol the
mecmber.

Notes

b

H

1)

If the aption ACCIDENTAL is used. the sccidental torsion will
be catculated per URC specifications. The vilue of the
accidental lorsion 1s based on the “center ol mass”™ lor cach
level. The “center of mass™ is caleulated rom the
SELFWEIGHT, JOINT WEIGHTs and MEMBER WEIGHT
spectiied by the user

In “ube-spec” for 1985 code, specification of TS is opuiwnal. IT
TS is specified, resonance co-efficient S is determined from the
building period T and user provided TS using UBC equanions.
IT TS 1s not specificd, the default value of 0.5 1s assumed.

By providing cither PX or PZ ur bolh, you may overnde the
period calculaled by STAAD and the user defined value will
then be used for the base shear calculation. If you do not define
PX or PZ, the penod will be calculated by the program

Some of the ilems in the output for the UBC analysis are
cxplained below.

[ =
==
x=a
=2
=
=
[ ==
==
"=
=
=
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CALC / USED PERIOD

The CALC PERIOQD is the period calculated using the
Raylcigh method (Mcthod B as per UBC code) For UBC
in the w-dircction. the USED PERIOD is PX. For Lhe UBC
10 the 7-ditection, the USED PERIOD s PZ. 11 PX and PZ
arc not provided. then the used period 15 the same as the
calcutated period for that direction. The uscd period is the
one substituted into the critical equation of the UBC code
1o calculale the value of C.

C, C-ALT

According 1o the UBC code. Cin Eq 34-2 has 10 be
cabeulated as per a period calcutated by method B and a
period calculated by Method A. The former 15 represented
in the owtput as C. The latter is multiplied by 0.8 (80%)
and the resulting valuc 1s represented as C-ALT

5) In the analysts fur UBC loads. all the supports ol 1he struclure

have to be at the same level and have to be at the lowest
clevation level ol the struclurc

Example

See Section 5.3 12 under Generation ol UBC Sessmic { oad.

531.3 Colombian Seismic Load

Purpose

The purpose of this command is to deljne and gencrate Slatill:
cquivalent seismic loads as per Colombian spectlicanons using 3
static equivalent approach similar to those outlined by JAC
Depending on this definiuon, cquivalent lateral loads wiil be
generated in X or Z dircction(s).
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‘tiption

The STAAD setsmic lead generalor assumes thal the laleral loads
will be exerted in X and Z directions. Y wilt be the direction ot
gravity loads. Thus, for a building model, the Y axis will be
perpendicular to the floors and point upward { all Y coordinates
positive). The user is advised 1a set up the model accordingly.

Methodology : .

Seismic zone coelficient and parameter values are supplied by the
uscr through the DEFINE COLOMIBAN LOAD command.

Program calculaics the natural perind of budding T wulizing clause
1628.2.2 ;t UBC 1994,

Design speciral coelficient { Sa) s calculated unlizing T as,

Sa = Aal (1.0 +50T) when, 8T 503 sec
= 15A30 when, 0.3 <T <0485 msec
= 1.2 8S1/T when, 038 S<T<s245n

sec
= Aab/2when, 245¢<¢T
where,
Aa = Scismic Risk lactor (user input)
s Swl Sue Coclficient (user rnput)

noh

Cuoeflicient of Imporiance (user inpul)

Buasc Shear, Vs is calculated as

Vs = W * Sa
Where,
w = Total weight on the structure

Total lateral scismec load. Vs is disinbuied by the program among
different levels as,

Fx = Cvx * Vs
Where,
Cvx = (Wx *hsK )/ Zni=k { Wx * hxK)
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Where,

Weight at the particular level

Height af that particutar level

1.0 when, T £0.5 scc

075 +05*T when, 0.5 <T$25sec
2.0 when, 2.5<T

Wy
hx

-~
L]

General Format

DEFINE COLOMBIAN LOAD
ZONE [l ubc-spec
SELFWEIGHT
JOINT WEIGHT
Jownt-fist WEIGHT w
MEMBER WEIGHT

Mem-list (UNI ...)

ubc-spec = (1 12, § 13)

Where, {1, {2 and I3 arc Seismic Risk [actor. Soil Site Cocllictent
and Coefficient of Importance.

General format to provide Calombuan Scismic load n any load

Casct

LOAD i
COLMBIAN LOAD  |X/Y/Z) (D

where i and [ are the load case number and (actor to multiply
horizontal scismic load respectively.

Examples

DEFINE COLOMBIAN LOAD
ZONE 038 | 1.0 8 1.5

JOINT WEIGHT .

51 58 93 100 WEIGHT 144
104.108 143 150 WEIGHT 1000 -
151 156 193 200 WEIGHT 720
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LOAD t ( SEISMIC LOAD IN X Tet
DIRECTION } ’ R, = 1.0 ‘ when T<T,
COLOMBIAN LOAD X = 1-02(T/T - 1Y when T <T<2T
16T /T when 2T <T

=3
==
[ =
=
-
o
n=
n=
.t

314 Japanese Seismic Load

Purpose

The purpose of this command is (o define and generate stane
equivalent sersmic foads as per Japanese specifications using 4
static equivalent approach similar 10 those outlined by UBC.
Depending on this detinition, equivalent lateral loads will be
generated in X or Z Jirection(s).

Description

The STAAD scismic load gencrator assumes that the lateral loads
will be excried 1n X and 2 directions and Y will be the dirccuiion of
gravity loads Thus, for a building model. ¥ axis will be
perpendicular Lo the floors and point upward i all Y courdinales
positive), The user is advised to set up the model accordingly.

Methodology :

Scismic zone coeflicient and parameler values are supphed by the
user through the DEFINE All LOAD command.

Program calculaies the natural period of building T utilizing the
lollowing equation '

T. = h{0.02 + 001 a)
where,

h = height of building
a

= ratio of steel part

Design speciral coefficient ( Ru} is calculated unlizing T and Tc
as fpllows

at is calculated from the weight provided by the user in Define AlS
[.oad command.

Scismic coeflicient of Noor Ci is calculated using appropriale
eqguations

Ci = ZRLA1Co

Where,

ra = ronc factor )

Co = narmal cocfficient of shear lorce
Al = fo( 1 /Vdai-ai 2T - 3T

The total laterat seismic foad is distributed by the program among
different levels.

General Format

DEFINE AL] LOAD

ZONE Tl ubc-spec

SELFWEIGHT

JOINT WEIGHT

Joint-tist WEIGHT w

VIEMBER WEIGHT
Mem-list (UNIL ...}

ube-spec = (1 12, COOBG, TC 14)

Where, 7}, 2. f3and 4 are Zone factor, Rane of Steel Platt, Normal
coelficient of shear farce and Value ncoded lor calculation of Ri.

General format (o pravide Japancse Seismic load in any load case:

—

OAD

!
I LOAD {X/Y/Z} (D)
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Where, i and [ are load case number and factor 10 multiply
horizontal seismic load respectively,

Example

DEFINE AL) LOAD

ZONEOS 1 0.0 CO0.2 TC{6
JOINT WEIGHT

515693 100 WEIGHT 1440

£01 106 143 150 WEIGHT 1000
151 156 193 200 WEIGHT 720
LOAD 1 ( SEISMIC LOAD IN X)
All LOAD X

RS E TR F IR EEER

| B

Scciion 5 | 245

5.31.5 Definition ot Wind Load

Purpose

Ths set of commands may be used to define the parameters lor
automatic generatton of wind loads on the structure

General Format:

where.
] =

P1-P2-Py--

hl.h!.hl..

¢y .c:.Ca-.

joint-list
fl ﬂnd f:

DEEINE WIND LOAD
TYPE |
INTENSITY @, py Py ... Py HEIGHT hy hy hy .. h,

e, JOINT joint-list
XPOSURE

8, YRANGE '1 '2
XPOSURE e, -do-
EXPOSURE e, -do-

wind toad system type aumber linlegern)
p, wind intensilics (pressures) in lorec/area. Up to 5
different intensities can be defined 1n the input lile.

.h,, corresponding heights in global vertical dircclion up

1o which the above inlensities occur.

., exposurc factors. A valuc of 1.0 means thal the wind

force is applicd on the full influence arca associated
with thc joeinl(s).

Joint list associated with gxposure laclor

global vertical coordinate vatues to specily vestical
range {or exposure (actor

11 the command EXPQSURE is not specified, the exposure factor is
chosen as 1.0
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Description

All loads and heighis are tn current unit system. In the list of
intensities, the first value of intensity acts from the ground level up
to the first height. The secoad intensaty (p,) acts in the Global
vertical dircction between the first two heights (hy and hy) and so
on. The pregram assumes thal the ground Icvcl{ has the lowest

global vertical coordinate. N i

Exposure factor (e¢) is the fraction of the influeace arca associaled
wilh the joint{s) on which the load acts. Total load on a particular
joint is caleutaied as lollows.

Jownt load = (Exposure Factor) X (Influence Arca) X (Wind Intcnsuy)
The exposute factor may be specificd by a joint-list ar by giviag a
vertical range within which all joinis will have he same exposure
IT exposure lactor is not specificd. it defaulis 1o 1.0 1n which case
the entire inMucace area associated with the jointis) will be
considered.

For PLANE FRAMES. inNuence arca for cach joint is calculated
considering unat width (1 inch) perpendicular to the plane of the
strecture. Note that the uscr can accommaodaie the actual width hy
incorporating 1t in the Eaxposure Factor as follows,

‘Exposure Faclor (User Specified) = (Fraction of intluence area) X
tinfluence width for jount)

Notes

All inteasitics, heights and ranges must be provuded in the currenl
unit sysiem.
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5.31.6 Definition of Time _History Load

Purpose
‘This sel of commands may he uscd 1o deline paramelers for Time

History loading on the structure.

General {format:

DEFINE TIME HISTORY {OT x)

AQELERAHON
TYPE | (SAVE}
"’" FORCE
Ser Sections B-EAD ’n
118 3 and t1 p1 tzp! e l“ Pn
532002 function-spec
ARRIVAL TIME
!1 8y Hq ..ot 8,
(DAMPING d)
where |
e |
NCTION
FuH COSINE
funchion-spec =

NCY
PLITUDE {E‘EQUE &', (BHASE 15) CYCLES 1, (FTEP fo)

X = solutian time step used in the step-by-step
integration of the uncoupled cquations. The
delaull value of DT is determined as follows-
a) If the highest mode to be included in the

response has & [requency larger than 60 cps.
DT = 0.0016sec.
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Save

WPty P

dy a3y 3y ... A,

b) Il the highest mode (NI th mode) has a
freguency less than 60 cps. D'T= 1/10th the
period of the Nith mode.

= lype number of lime varying load {integer). Up 1o

6 types may be provided. ACCELERATION

indicates that the ume varying load 1ype is 4

ground molion. FORCE indicates that it is 4

forcing funclion.

= The save option resubts in the creation of a file

(input ile name with a *Tim” extension}

camaining the history of the displacemenis of

every node of the structure al every time sicp.

Symax: TYPE | FORCE SAVE

= values of time(sec.) and corresponding force

(current {orce unit) or accelerahion fcurrent length

unitsec?) depending on whether the time varying

load is a lorcing funclion or a ground motion |f

the dala is specificd through the input file. up 10

299 pairs can be provided for cach 1ype in the

ascending value of iime. Morc than ene line may

be used il necessary However. if the data is
provided through an exiernal file. an unlimited
number of lime-force pairs may be specificd

= Values of the vanious possible arrival times

{scconds) of the vanious dynamic load types

Arrival ime is the tme at which a load Lype

begtns to acl at a joint (forcing function) or at the

base of the struciure (ground motion). The same
load type may have dilferent armival times for
different joints and hence ali those valges must be
specificd here. The armival times and the time-
force pairs for the load types are used Lo create
the load vector needed for each lime step of the
analywis. Refer to Section 5.32.10.2 for
information on input specification for application
of the forcing function and/or ground motioa
loads. Up 10 99 armval time valucs may be
specified.

P
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= Modal damping rauo. Default vatue is 0.05. Galy
onc modal damping ratio can be used for Lhe
enlire structure.
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Note that the "function-spec” option may be used 1o specify
harmonic toads. Bath "sine” and “cosine™ harmomc functions may
be specified. The program will automatically calculaie the
harmonic load Lime history based on the following specifications -

f; - Amphiude of motion in current units,

fy - I FREQUENCY, then cyclic frequency (cycles / sec.)
If RPM. (hen revolutions per minute.

fy - Phase Angle ia degrees, defauli = 0

f, - No.ofcycles of loading

I - ume step of joading, defaull = vne tenth ol the period
correspunding to the requency of the hatmonic loading.

Example

UNIT FT

DEFINE TIME HIBTORY

TYPE 1 FORCE

0.0 1.0 1.0 1.2 2.0 1.8 3.0 2.2

40 26 5.0 28

TYPE 2 ACCELERATION -
-0025 0527 1.0 3215 38

20 4.2 25 45 3.0 45 35 2.8

ARRIVAL TINE

0.0 1.0 18 22 35 4.4

DAMPING 0.075

The 'READ (n' command is to be provided only 1f the history of the
time varying load is to be read from an external file. in is the file
name. The dala in the cxicrnal file must be provided as onc lime-
force pair per line as shown in the following cxample
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Data in Input file

UNIT KIP FEET
DEFINE TIME HISTORY
TYPE 1 FORCE

READ THFILE
ARRIVAL TIME

a0

DAMPING 0.075

Data in the Extetnal tile “THFILE”

001.0
1012
20148
Jo22
4028
5024

Example tor Harmonic Loading Generator

UNIT KIP

DEFINE TIME HISTORY
TYPE 1 FORCE
*Fallowing lines for Harmonic Loading Ganerstor '
FUNCTION SINE

AMPLITUDE 6.2831 FREQUENCY 80 CYCLES 100 STEP 0. ué
ARALIVAL TIME

0.0 . Spg
DAMPING 0.075 . ’ . Ly



STAAD Comymands and Input Insiructions

on §

To define more than one sinusoidal load, 1he input specification is
as follows .

DEFINE TIME HISTORY :- ! _ E ¢
TYPE1FORCE . = g0 1« @i
FUNCTION SINE 2 i
AMPLITUDE 1.925 RPM 1o7un.cvct.es 1000
TYPE 2 FORCE SR

FUNCTION SINE -

AMPLITUDE 1.511 RPM §784.0 CYCLES 1000
TYPE 3 FORCE

FUNCTION SINE ,

AMPLITUDE 1.488 RPM 1785.0 CYCLES 1000
ARRIVAL TIME

0.0 0.0013897 0.0084034 Lt
DAMPING 0.04

Note

The responsc (displacements, forces etc.) will contain the
contribution of only those modes whose [requency 1s less than or
cqual to 60 cps. Conusibution of modes with frequency greater than
60 cps is not considered.
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Loading Specifications

Purpecse
This section describes the various loading oplions availabie in
STAAD The followsng command may be used 1o initiale a new

load case.

General format:

LQADING i, {any load title)

I, = any unique integer number (upto five digits) Lo identily the
toad case. This number need not be sequential wilh the
previous load number

The LOADING command initiatcs a new load case Under this
heading. all differcnt loads related w this loading number can be
input. Thesc different kinds of loads are described below.
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--32.1 Joint Load Specification
' 5.32.2 Member Load Specification

~ yecitonm

Al

Purpose

scl f ma 5 Y [ 4] 4 ads nth
l]"’ ¢l of com "d ma hc uscd 10 specif JOIIJI IU b} c

Y
General format:
JOINT LQAD
. ﬂ f1
[/
joint-liat EZI f:
MX 1,
MY o
Iy

FX. FY and FZ specily a lorce in th i
iy ¢ corresponding global

MX. MY and MZ specily a moment 1n

. the co
direction. tresponding glabal

[\, Ty .. 4 arc the values of the loads.

Example

JOINT LOAD

3TO 79 11 FY -17.2 M2 180.0
5 8.FX 15.1

12 MX 180.0 FZ 6.3
Notes

Joiltl.numbcrs may be repeated where loads are meant 1o be
additive in the joint.

Purpose

This sct of commands may be used (o specily MEMBER loads on
frame members.

General tormat:
MEMBER LQAD
UNL or UMOM  direction-spec 1, 1, 15, 1,

member-list CON or CMOM  direction-spec ts, lg. by

LIN local-spec it !
ThAP direction-spec 110,11, 2,113
'
h A
Z
GX .
direction-spec = 1GY | local-spec = Y
GZ F4
PX
PY
\BZ |

UNI or UMOM specifies 4 uniformly disinbuted Joad or moment
with a value of fy, at a distance of Ty from the
start of the member 1o the start of the foad, and a
distance of [ from the starl of the member to the
end of the load. The load is assumed 10 cover the
full member length if [, and iy are omitled.

CON or CMOM specilics a concentrated force or moment with a
value of [ applied at 4 distance of fo from the
slart of the member. f, will defauit to half the
member length if omitled.

M= Perpendicular distance from the member shear
center (o the plane of loading. The value is
posilive in the general direction of the parallel (or
close to parallel) local axis.
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L... specifies a linearly decreasing or increasing, or a
wriangular load. IT the load is linearly increasing
or decrcasing then [, is the value at the start of
the member and [y is the value at the end. If the
ioad 15 iriangular, then f; and [y are inpul as zcro
and fy is the vatue of the load in the muddie of (he
member

I'RAP spectlies a lrapezoidal linearly varying load which
may act aver the full ur pariial length of a member
and n a local, global or projected direction. The
starting ioad value is given by [ and the ending
load value by f},. The loading location 1s given by
f| 7. the loading starting point. and {5, the
stopping point. Both are measurcd from the stan
of the member. If 7,5 and fy arc not given, the
load is assumed Lo cover the full member length.

X. Y. & Zin the direction-spec and local-spec specify the direction
of the load 1n the local (member) x. y and 2-axes.

GX, GY, & GZ in the direction-spec specify the direction of the
lcad in the global X, Y. and Z-axes.

PX, PY and PZ may be uscd if the load is 1o be atong the projected
length of the member in the correspunding global direction. Load
start and end distances are measured along the member length and
not the projected length.

Specification of global axcs is nol permissible for the linear load
{LIN option).

If the member being loaded has offsel distances (see MEMBER
OFFSET specificaiion), the location of the load is measured not
from the coordinates of the siarting nodc bul from the offset
disiance.

"Trapezoidal loads are converled into uniform loads pius several

concentraled loads.

Example

MEMBER 1.OAD

819 CON GY -2.355.827

88 TO 72 UNI GX -0.088 3.17 10.0
186 TRAP GY -0.24 -0.35 0.0 7.86
3212 LIN X -5.431 -3.338

41016 UNI PZ -0.075

Scetion § ‘ 2
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3.32.3 Element Load Specification

Purpose

This command may b i
y be used 1o specily various types of ELLE ’
LOADS on the plate clements. . ypes of ELEMENT

General format:

ELEMENT LOAD
f g-x. 3
PRESSURE {gg% } o A=y vy %z v2)
slement-list L
X
[IELAP Y 21y
Description

The PRESSURE aption should be used when a UNIFORM pre
needs tlo be specified. The unifurm PRESSURE may be ;;ru’:::?:f]urc
:lcl'c:nl:e clement oe an user specified portion of the clemem ”

efined by x|, y; and 1,. y, - sec description below). 1M x d
%1, ¥3 arc not provided. the pressure 15 applied on the cntirlt; "
clement. If anly x;, ¥ ts provided. the load 1s assumed as a
concentrated load applicd at the specified pont.

Note that the PRESSURE may be provided esther in GLOBAL
{(GX. GY, GZ) directions or in local Z direclion (normal 10 the
'clcm:nl). IT the GLOBAL direction 1s omitted, the applied |

is fssumed 10 be in the local Z direction. - prlied losding

GX L
GY,GZ Global direction specilication (or pressure denotes

global X, Y. or Z dirccthion respectively.

=3
=
=
=
=3
- ismai
 ema
i
p —ea |
=

J

witam

..,

See Secuon
1.6
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lucal ¥

Uniformly Loaded
Area

Element pressure {lorce/square of length) ot
concentrated toad {Torce) Nolc that £ is assumed
as 3 concentrated load if ts and y, are omilted.

1.y & 1Y Co-ordinate poinis 10 lacal co-ordinate system

I srtoembs b aning

resy 1feaap v Luacal Y
F, the pressure is applicd.
[
__——-n\—--. Iywal ™

(center node is origin] defining
the rectangular arca on which

The TRAP option should be

Ll
i
'!_‘ — uscd when a lincarly varymng

———

S

L'l Aamang
Press tlrap v

pressure nceds 1o be »pecified.
The variation must be provided

over the entire clement

Direction of vanation of element pressure.

Xor¥Y
The TRAP X/Y option indicates that the varialion
of the Trapezoid ts 1n the tocal X or i the local Y
directivn. The load always acis in the focal Z 4xis.

(4 Pressurc inlensity at start.

M Pressure inteasily at end

Note: i

2

~start” and "end” dcfined above is bascd on positive directions
of the local X or Y axis

While the X of Y indicales the direction of variation of the
trapezoidal load. the load itself acts in the local Z direction.
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nple

‘LOAD 4 5.32.4 Area Load/Floor Load Specitication
ELEMENT LOAD

1770 10 PA 2.5

11 12 PR 25 1.5 25 55 4.5
15 TO 25 TRAP X 15 4.5 |
34 PR 5.0 25 25 .

35 TO 45 PR -25

Purpose

These commands may be used 10 specily AREA LOADs or FLOOR
LOADs on a structure. The AREA LOAD may be used for
modeling one-way distribution and the FLOOR LOAD may be used
for modeling two-way distribution,

General format for AREA LOAD:

AREA |OAD
mamber-list ALQAD f,

Yee Section

f, = The valuc of the arca load (unit weight aver square length
163

unith. This load always acis along the positive local y-axis.
For the members of a FLOOR analysis. this direciion will
coincide with global vertical axis in most cases.

(For detailed description, refer to Section 1.}

Example

AREA LOAD
24 T0 8 ALOAD -.250
12 16 ALOAD -.500

Note

Area load should not be specified on members declared as
MEMBER CABLE, MEMBER TRUSS or MEMBER TENSION.

EEOEEIROIINNNIG
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General Farmat for FLOOR LOAD:

FLOOA LOAD
YRANGE f, f, FLOAD ; (XRANGE 1, I,
ZAANGE tg 1)

Where *

I, iy  Giobal verticai coordinale values Lo specily vertical range
The Noor load will be calculaied lor all members lying in
the global horizonal plane within the specified global
vertical range

fy The value of the {loor load (unit weight vver square length
unit} This load slways acts parallel w the gtobal vertical
axis A positive value signifies that the load is acting in
the posuuive global Y dircction. A ncgative valuc indicates
a load in the negative global Y direction.

fo - ; Global X or Z coordinate values 10 define the corner points
ol the area on which the specificd Moor load (fy) acts Il
not spceified. the Aoor foad will be calculsted for sl
members in all floors within the specified global vertical
range.

Ngtas

1} The siructure has 1o be modeled 1n such a way that the global
vertical axis remains perpendicular to the Door planets)

2) Forthe FLOOR LOAD specificanion, a two-way disinbution of
the toad 1s considered For the AREA LOAD specification, a
onc-way action is considered

3) FLOOR LOAD [rom a siab is distribuled on the adjoining
members as trapezaidal and triangular loads depending on the
length of the sides as shown in the diagram. Intcrnatly, these
loads are converied 1o muhtiple point loads.

Members 1 and 2 get full trapezoidal

. and tnangular loads respectively.
Mcmbers 3 and 4 gel partial trapecodal
"""""" R toads and § and 6 get partial tniangular

= load.

=y
==y
=
=3
=
s
=
nm
=
L=
s

Section § ‘ 1%

1) The load per unit arca may not vary for 4 particular panel and il
is assumed to be continuous and without holes

5) The FLOOR LOAD facility is not available 1f the SET Z UP
command is used (See Scclion 5 3.)

The load distribution pattern depends upon the shape of thc-pancl,
I the panct 1s Rectangular, the distribution will be Trapezoidal and
inangular as explained in the fullowing diagram.
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For 4 pancl which is not reclangular. the dislribution is described
in following diagram.

First, the CG of the polygon is calculated Then, each corner is
connected 1o the CG 10 lorm triangles as shown. For cach triangle,
a vestical line is drawn from the CG (o the opposite side. 1T lh:.:
point of intersection of the vertical line gnd the side falls outside
the triangle. the arca of that triangle will be cnlc.ulalcd and an
equivalent uniform distributed Inad will be applied o0 that side.
Otherwise 2 triangular load will be applied on the side.
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s Triangular

- Trnangular

Example

) \ )
The input tor FLOOR LOAD is explained through an
example.

Let us consider the following floor plan at y = 12",
i s A

- " T ~ §
S e A '.-"T-_q]

i ” L :
.7y *>'""""(' L4 !

RN SPRTIY LT TR § ot
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It the entire floor has & load of 0.25 {lorce/unit area),
then the input will be as lollows:
LOAD 2
FLOOR LOAD
YR 12.0 12.0 FLOAD -0.25

it In the'nbuve exaniple, panel A has & load of 0.25 and
panels B and C have a load of 0.5, then the input will

be as lollows:
Note the ussge of XHANGE YHANGE and ZHANGE

specitications.

LOAD 2

FLOOH LDAD
YR 11.9 12.1 FLoAn-ozsxnuonnerooiso

YR 11.9 12.1 FLOAD -0.5 XA 11.0 21.0 2R 0.0 16.0
LoAD 4

The pragram internaily Identifies the panels {shown as
A, B and C in the figure). The tloor loads are
distributed aa trapezoidai and trisngular lodds as
shown by dotted lined In the figure. The negative slgn
for the load signities that It la applled in the downward

global Y direction.
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.32.5 Prestress Load Specification Example

cee Sectron

T

5

Purpose
This command may be uscd 1o specily PRESTRESS loads on

members of the struciure. ¥

Genaral Format:

PRESTRESS
MEMBER (LOAD)
POSTSTRESS

‘ {ss r,}
member-list FQRCE I, EE_‘_ 1y

f; = Presiressing force. This valuc is positive in the dircetion of
the local x-axis.

ES = specilies eccentricily of the prestress lorce at the start of
the member at a distance fy from the centyoid,

EM = specithies cccentricity of the prestress force at the mid pont
of the member at a disiance I, from the centroid,

EE = specifics cccentrienty of the prestress force al the end of
the member at a distance f, from the centroid.

Description

The first option, (MEMBER PRESTRESS LOAD), considers the
cffect of the prestressing force during its application. Thus,
transverse shear generated at the ends of the member(s) subject 1o
the prestressing lorce is transferred 1o the adjacent members.

The second option, (MEMBER POSTSTRESS LOAD), considers
the effect of the existing prestress load afer the prestressing
operation. Thus, transverse shear at the ends of the memberts)

subject to the prestressing force is not transferred 10 the adjacent
members.

HEHH

MEMBERA PRESTRESS

2TO 7 11 FORCE 50.0

MEMBER POSTSTRESS

8 FORCE 30.0ES 3.0 EM -6.0 EE 3.0

[n the fitst cxample, a prestressing force of 50 kips 15 applicd
through the centreid (i.¢. no cccentricity) of members 210 7 and
11 In the second example, a poststressing force of 30 kips is
applicd with an cccentricity of 3 inches at the start, -6.0 inches a1
the middle, and 3.0 a1 the end of member 8.

One of the limitations in using this command is that under any onc
lvad case. on any given member. a prestress or poststress load may
hc applicd only once. LT the given member carries multiple stressed
cables or has a PRESTRESS and POSTSTRESS load condition,
such a situanon will have to be specified through multiple load
cascs for thal member. Sce cxample below,

Incotrect input

LOAD 1

MEMHBER PRESTRESS

6 7T FORCE 100 ES2EM -3 EE 2
6 FORCE 150 ES J EM -8 EE 3
PERFORM ANALYSIS

Correct Input

LOAD 1 )
MEMBER PRESTRESS

8 7 FORCE 100 ES 2 EM -3 EE 2
LOAD 2

MEMBEH PHESTHESS

8 FORCE 150 ES 3 EM 8 EE 3
LOAD COMB 3

110210
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MEMBER POSTSTRESS
1 FORCE 100 ES 3 EM -3 EE 2
PERFORM ANALYSIS

Secuon § m
Section§ |
~ERFORM ANALYSIS “ Example 2
Examples for Modeling Techniques | u
The following examples describe the partial inpul data lor the l !Jp : T !
members and cable profiles shown below. m 2
Example t N l“—— N e ey
1:'__ e — ..]; ! JOINT COORD
MEMB INCI
Z 7 ' 112
-~ = | wm | -
JOINT COORD m UNIT INCH
100;2100 LOAD 1
MEMB INCI . PRESTRESS LOAD
112 e 1 FORCE 100 ES -3 EM -3 EE -3
PERFORM ANALYSIS
UNIT INCH
LOAD 1 | e |
| _con |
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Exampie 3

= b

Example 4

{

JOINT COORD

100;250;31500;4200 JOINT CaoRD

MEMB INCI 1006:2100;32000
112:;223;314 MEMB INCI

. 112:2213

UNIT INCH .

LOAD 1 UNIT INCH
PAESTRESS LOAD LCAD t

1 FORCE 100 ES 3 EM 0 EE -3
2 FORCE 100 ES -3 EM -J EE -3
3FORCE 100 ES -3 EM 0 EE 3
PERFORM ANALYSIS

PRESTRESS LOAD

t FORCE 100 ES 3 EM 0 EE -3
2 FORCE 100 ES -3 EM 0 EE 3
PERFORM ANALYSIS
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twk\‘:——v__ : ——lh
s 3
[ 0 -+

LIRS

£

JEERRERRRERO0ILe

JOINT COORD - \
100;2140;32000

MEMB INCI

112;223

UNIT INCH

LOAD 1

PRESTRESS LOAD

1 FORCE 100ESJEM -JEE 3
2 FORCE 100 ESJEM -3 EE ]
PERFORM ANALYSIS
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5.32.6 Temperature Load Specification for
Members and Elements

Purpose

Thus command may be used to speeily TEMPERATURE leads or
strain loads on members and clements.

Generat farmat:

TEMPERATURE LOAD

TEMP 12}

memb/elem-list {
STRAIN f,

My = The change in temperature which will cause axial clongation in
the members ar uniform volume cxpansion 1n clements. The
temperature unit is the same as the ynil chosen for the
coeflicicnt of thermal cxpansion ALPHA under the
CONSTANT command.

ty = The temperature differential from the top to the bottom of the

Yee Section member or element 1Tiop wurtace” Toorom rurtsce). [T 14 15 vmitted,
186 no bending will be considered.

ty = Imiseal axial elongaiion (+p shrinkage (-] in member due to

mislil. eic. in length unit

Exampie

TEMP LOAD

1 1T08 1517 TEMP 70.0

18 TO 23 TEMP 90.0 85.0
8 TO 13 STRAIN 0.45E-4

b



STAAD Commands and Input Instruclioas

on §

Note

It is rot necessary not possible 10 specify the units for temperalure
or for ALPHA. The user musl ensure that the value provided tor
ALPHA is consistcal in terms of unis with the value provided tor
the temperature load (sce Section 5 26)

S

JI0020E

HHH
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5.32.7 Fixed-End Load Specification

See Seclton
INLE

Purpose

This command may be used 1o specily FIXED-END luads on

members of the siructute
General format:
FIXED ( END } LQAD

memb&l’-"ﬂl '|. iz. ..... '|2

f, .1, =Force-x.shedar-y, shear-2, 1orsion. moment-y. moment.7
{all in local coordinates) at the start of the member.
f-  f,, = Same as above excepl L the end of the member.
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5.32.8 Support Displacement Load Specification

See Yection
s 7

Purpose

This command may be used 10 speci{y SUPPORT
DISPLACEMENT load un supports af the siruciure

General format:

SUPPORT DISPLACEMENT ( LOAD )

support joint-list

EEERRR

With this command. the support displacement 1s modeled 4s a fuad
Note that displacemens cannot be specified in 2 directhion in which
the support is released.

FX. FY. FZ spccily iramslational displacements i global X, Y. and
Z directions respectively MX, MY, MZ spectlv rotanional
displacements in global X. Y, and Z directions

M} = Value of the correspunding displacement For iranslational
displacements, the unit 1s 1a the currently speerficed length
unit, while for rolational displacements the unst is always in
degrees.

v

TegpeguuinaaIin:

Section 5 |
Example

UNIT INCHES
SUPPORT DISPL
5TO 11 13 FY -0.25
1921 TO 25 MX 15.0

In this example, the joints of the lirst suppart list will be displaced
by 0 25 inch in the negative global Y direction. The joints of the
sccond support list will be rotated by 15 degrees about the global
X-axrs

Notes

Support displacements can be applied in upto 4 load cascs only

The suppornt displacement load should not he applied on 4 siructure

which contains finne clements.
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5.32.9 Selfweight Load Specification 5.32.10 Dynamic Loading Specification

Purpose
Po Purposé
This command may be uscd 1o calculate and apply the

i cilication needed 1o perform respanse spectrum
SELFWEIGHT of the structure for agalysis The conimand spe

analysis and lime-histary analysis is explained in the following

Geaneral format: sections.

SELFWEIGHT g } 1

This command s used 1l the scll-weight of the structure 15 10 be
cansidered. The seli-weight of every active member 1s calcutated
and applicd as a uniformly distributed member load,

X, Y, & Z represent the global direction in which the sellweight
acts.

I, = The factor to be used to mulliply the selfweight.
This command may also be used without any dircction and (sctor

specifieation. Thus, il specified as "SELFWEIGHT". luads will he
applied in the negative global Y direction with & lacior of unity )

r R R EERER

Notes

Density musi be provided lor calculation of the sell weight.

The selfweight of fimic clements is converted Lo joint loads ai the
connected nodes and is not used as an clement pressure load
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3.32.10.1 Response Spectrum Specificati(-:n

Purpose

This command may be used 1o specily and apply the RESPONSE
SPECTRUM loading 1or dynamic analysis.

5
General Format:
{Sﬂﬁs : {x f, {Aqg } f
cQc z é DS J s)
Pu Yy Py Vi Py Vi Py, | JY P Vo

Where. [,...{y are the lzctors for inpul specirum (o be applicd i
X.Y & Z dircenions Any vne or all directtons can be input.
Dircctions not provided will delault 1o sero

Where, [ = Scale actor by which the respanse spectrum iy
modified Defaults ta 1.0 il nut spearlied.

Where, I = Damping Factor. Default value 15 0.05 (5% damping)
This valuc 15 accessary for the CQC Method anly

Where, ACC or DIS stands for Acceleration or Dhsplacement,

Where, P1, VI, P2, VY _; Pn, Vn = Values of periods (sce) and
corresponding dcceleration (current tength unil/secl) or
displacement (currenl lengith unil) as the case may be
Morc Lhan onc line may be used if necessary. Use of
hyphens (-) at the end of the line is pol permitted to
cuntinue data to the next hine. Spectrum pairs should be
provided in ascending value of periad, with 2 maximum of
99 specltum pairs.

+

B

Moo Raieaan

”
|

Nee Secitons
1ig1 530,
and § 34

Scclim?l

Description

Note that if SPECTRUM SRSS is used, modal combinalions are
done according to SRSS (square root of summatien of suiares)
method. Otherwise, the CQC (complete quadratic combination)
method is used.

This command should appear as pant of a loading specitication. I it
15 Lhe lirst occurrence, il should be accompanied by the load data 10
be used for lrequency and mode shape calculations. Addilional
occurrences need no additional information. Maximum response
spectium load cases allowed in one run is 4.

Resulls of frequency and mode shape calculations mav vary
stgnificanily depending upon the mass modeling All active masses
should be madeled as loads. All masses that are capable of moving
should be modeled as loads, applied 10 all possible dircctions of
movement. In responsc spectrum analysis. all masscs thal are
capable of moving i the direction of the spectrum musl be
provided as loads acting 1n that direction An illustrabion of mass
modeling is available, with explanalory camments. in Example
Prahlem No ||

Example

LOAD 2 SPECTAUM IN X-DIRECTION
SELFWEIGHT X 1.0

SELFWEIGHT Y .0

SELFWEIGHT Z 1.0

JOINT LOAD

10 FX 115 .

10FY 175 .

10FZ17.5 |

SPECTRUM SHSS X 1.0 ACC SCALE 32.2
0.200.2;0400.25; 0.500.35; 0.80 0.43;1.00.47
1205;14085;1.80687;1.8055;2.00.43
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Multipte Response Spectra

l_l' }hcrc is more than nne respanse spectrum defined in the input
file, the load data should accompany the first sel ol spectrum Jala
unly. In the subsequent load cases. only the specira should be
defined. Sce example below, .
A
|

LOAD 1 SPECTRUM iN X-DIRECTION

SELFWEIGHT X 1.0

SELFWEIGHT Y 1.0

SELFWEIGHT Z1.0

JOINT LOAD

10FX 17.5

t0FY 17.5

10FZ17.5

SPECTRUM SRSS X 1.0 ACC SCALE 32.2

0.200.2; 0.400.25;0.600.35; 0.80 0.43; 1.0 0.47 .
3.2 05;14085;16067;1.8055;2.00.43
LOAD 2 SPECTRUM IN Y-DIRECTION

SPECTRUM SRSS Y 1.0 ACC SCALE 322

0.20, 0.1 ; 0.400.15 ; 0.860 0.33 ; 0.80 0.45 ; 1.00 0.48
:Jll 0.51;14063;18067;180.54;20042
LOAD 3 SPECTRUM IN Z-DIRECTION

SPECTRUM SASS Z 1.0 ACC SCALE 32.2
020,02;0400.25;0800.35;0.800.43; 1.000.47
1.2005;1.4085;1.8067;1.80.55;200.43 .
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532.10.2 Application of Time Varying Load tor
' Response History Analysis

Purpose

T'his set of commands may he uscd to model Time History loading
un the structure lfor Response Time History analysis Note thal hoth
nodal nme histories and ground motion time historics may be

provided.

General format:

TIME LOAD
EX
. EX
Ser Yectiont joint list FZ i1,
1143, and ﬁ
LY l. MZ

GRQUND MQTION {iﬁ} i,

Where |y = type aumber of ume varymng load tsee Sectien 5315
14 = arnval ime number (see Section 5.31 Jrvineger).
This is the sequential number of the arrival time 1n the list
explained n section 5.31 4. Thus the arrival tme number

of ayis 3 andolagisn

Note that cither TIME LOAD or GROUND MOTION ar both may

he specificd under onc load casc More than one load case for time

history anal ysis is not permitied.
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Ea.inple

LOAD .

SELFWEIGHT X 1.0
SELFWEIGHT Y 1.0
SELFWEIGHT Z 1.0
MEMBER LOADS v
SCONGX 75100 '
§ CONGY 7.5 10.0

5 CONGZ7.510.0

TIME LOAD

23IFX 13

STFX 18

GROUND MOTION X 2 1

In the above example. the permancnt masses in the siruclure arc
provided in the form of “scilweight” and "member loads” for
obtaining the mode shapes and frequencies. The rest of the data 1s
the inpul for application of the time varying toads on the structure
Forcing lunction type 11s applied ai joints 2 and 3 starting at
arnval time number 3 (Arrival time number 3 15 1.8 seconds in
example shown in section 5 31.4) Simularly, lorcing function type
lis applied a1 joints 5 and 7 starting at arrival time number 6 (4 4
scconds). A ground molion (type 2) acls on the structuce 10 the x-
dircction starting at arrival nme number 1 (0.0 scconds).
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5.32.11 Repeat Load Specification

Purpose

This command is used lo create a primary load vasc using
combinations of previously defined primary toad cascs.

General format:
REPEAT LQAD
|1, ", l:. '2 ree Iﬂ' 'I‘I

where,
Iyo ta ..oy = primary load case numbers
M. 1. [, = carresponding laciors

H|

1

Description

This command may be used lo creale a primary load casc using
combinations of previously delined primary load casets). The
REPEAT load dilfers from the load COMBINATION command
{Scctton 5 35) in lwo ways:

1) A REPEAT LOAD 1s lrcated as a new primary load. Therelore,
a P Delia analysis will reflect correct secondary effects.
(LOAD COMBINATIONS, on the other hand, algebraically
combine the elfccts of previously delined primary loadings
evaluaiced independently).

- 1) In addition 1o previously defincd primary loads, the uscr can
also add new loading conditions.

1) The REPEAT LOAD oplion is available with load cases with
JOINT LOADS and MEMBER LOADS containing UNI,
UMOM and CON specifications only. It is not availablc for
MEMBER LOADS wilh LIN and TRAP specifications. It can
also be uscd on load cases with ELEMENT PRESSURE loads

En
]

L LR TR IR
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{without the TRAP specification). SUPPORT
DISPLACEMENTS LOAD, TEMPERATURE LOAD on
members or clements, RESPONSE SPECTRUM L.OAD and
TIME HOSTORY LOAD should not be gsed in REPEAT
LOAD. It is also not available for loads gencraled using the
program’s load generation Tacilitics such as URC LOAD
Generation, WIND LOAD Generatiun, MOVING LOAD

Generation, elc, »

Example

LOAD t DL + LL
SELFWEIGHT Y -1.4
MEMBER LOAD

1 TO7 UNIFORM Y -3.5
LOAD 20U + LL + WL
REPEAT LOAD

1 110

3) The maximum number of load cases thal can he combincd using
a REPEAT LOAD command 15 14

T RELE

Secuion §

5.32.12 Generation of Loads

See
Seciions
{17 and
shnt!

Purpose

This command is used to gencraie Moving Loads, UBC Scismic
loads and Wind Loads using previously specificd load definilions.

Primary load cases may be gencrated using previously defined {oad
systems The following scelions deseribe gencranion of moving
loads, UBC scismic loads and Wind Loads.

Generation of Moving Loads

Pre-defincd moving load system Llypes may be uscd 1o gencrate the
desired number of pnmary load cases. each representing a
particular position of the moving load system on the sructure, This
procedure wall simulate the movement of a vehicle in 3 specified
direction un a specitied plane on the structure,

General format:

LOAD GENEHATION n (ADD LOA
* |XINC
TIYPE jx,v,2; YYINC t r)
U lziNe % ZRANGE
where,
n = total no. of primary load cases 1o be gencrated.

i = {oad case no. for the previously defined load case to be
added lo the generated loads.

J = lype no. of previously defined load system.

1, ¥y, £y = 2.y and z coordinates (global) of the initial position of
the relerence load.

M. f, ;= x,yor z(global) increments of posilion of load sysicm
to be used for generation of subsequent load cases,
r = (Optiona!) defines section of the structure along global

vertical directien lo carry moving toad. This r value is

37
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added 1o the reference vertical coordinate {yq or £{)in
the posiuve global vertical direction. The moving load
will be externally distribuled among all members
within the vertical range thus generated. r always
should be a posiuve number. In other words. the
program always lgoks for members iying in the range
Yyand Y\ ~ABS(r) or Z, and Z,+ABS(r)
-
The ADD LOAD specification may be used 10 add a previously
defined Joad case 1o all the load cases generaled by the LOAD
GENERATION command. In the ¢rample beiow, the
SELFWEIGHT specified in load case { is added 1o 2l the
genesated load cases,

Sequential load casc numbers will he assigned 10 the series of
generated primary load cases, Numbering will begin a1t anc plus the
tmmediale previous load case number. Allow for these when
specifying load cases after load case generation.

Primary toad cases can be generated from Moving Load systems lor
rame members only. This feature does not work on finite
clements.

Example

LOAD t DL ONLY

SELFWEIGHT

LOAD GENERATION 20 ADD LOAD #
TYPE 10. 5..10. XI 10.

TYPE 2 0. 14,.10. ZI 15.

LOAD 22 LIVE LOAD ON PAVEMENT
MEMB LOAD ..

10 TO 20 30 ro 40 UNI GY -so
LOAD, COMBINATION 31 .. . 1
10,016 22 0.76 - - 4., .
PERFORM ANALYSIS ...

HEEEEE

See Secnions

P72 and
531z

Section s | 289

Generation of UBC Seismic Load

Built-in algorithms will astomatically distribute the base shear
among appropriate levels and 1he reof per UBC speciiicativns, The
{ellowing peneral formal should be used 10 gencrate UBC lodd in a
particular dircction.

General Format:
LOAD i
X
UBC LOAD {%} (0
where i = lodd case number

I = factor to be dsed 10 multiply the UBC Load
{dcfauh = 1.0}

"

Exampie

DEFINE UBC LOAD
ZONE0.2K 1.0 | 1.5TS 0.5
SELFWEIGHT

JOINT WEIGHT

1 TO 100 WEIGHT 5.0

101 TO 200 WEIGHT 7.8
LOAD 1 UBC IN X-DIRECTION
UBC LOAD X

JOINT LOAD
525 30 FY -17.5

LOAD 2 UBC IN Z-DIRECTION -
UBC LOAD 2 Ly
LOAL 3 DEAD LOAD .
SELFWEIGHT . =~ -
LOAD COMBINATION 4™ -
107520753190 - -

-3
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In the above example, nunice that the Tirst 1wo ioad cases are URC A ] "
load cascs They arce specilied betore any other load cases, IUNIGY -45
Notes LOAD 3
SELFWEIGHT Y -1
- LOAD 4

1) The UBC load cases should be provided as the first set of JOINT LOAD

load cases. Non-UBC primary load case specified belore 4 IFX 45

UBC load case 15 not aceeptable. Addinonal feads sy

. chas
MEMBER LOADS and JOINT LOADS may be spectiicd PERFOAM ANALYSIS
along with the UBC load under the same load casc.
) All load cases involving UBC Load generanan must he

Incarrect usage

LDAD 1
SELFWEIGHT Y -1
LoaD2
JOINT LOAD

3FX 45

LOAD 3

UBC LDAD X 1.2
JOINT LOAD

3FY 45

LOAD 4

UBC LOAD Z 1.2
MEMBER LOAD
IUNIGY -4.5
PERFORM ANALYSIS

Correct Uusage
o
LOAD 1 '
UBCLOAD X 1.2
JOINT LOAD '

IFY4s ’

LoAn2 g
4 - Shaid: v e

uscioAnz1a . '

MEMBER LOAD *¥

apgoooooooooooot

provided helore the ANALY SIS spectlication. In other
words. muluiple analyses in which the UBC load generation
is performed i the sepacate analyses 13 nol permitled.

Incorrect usage

LOAD 1

UBC LOAD X 1.2
SELFWEIGHT ¥ -1
JOINT 1.OAD

IFY 45

PDELTA ANALYSIS
{oAD 2

Usc LoAD 2 1.2
SELFWEIGHT Y -1
JOINT LOAD

IFY 4S5

PDELTA ANALYSIS

Corréct usage

LOAD 1

UBC LOAD ¥ 1.2
SELEWEIGHT Y -1 .,
JOINT LOAD

IFY 45
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LOAD 2

UBC LOAD 21.2
SELFWEIGHT ¥ -1
JOINT LOAD

AFY -45

PDELTA ANALYSIS

»

)) REPEAT LOAD specification cannot be used for load cases
involving UBC load generauon, TFor example,

Incorrect usage

LOAD 1

UBCLOAD X 1.0
LOAD 2
SELFWEIGHT ¥ -1
LOAD 2

REPEAT LOAD
114212

PDELTA ANALYSIS

4 IF UBC load gencration 15 pertormed for the X and the 7
dircctions, the command for the X direction musi precede the
command for 1he Z direction.

Incorrect usage

' 1
LOAD Y .
UBC LOAD Z 1.2
SELFWEIGHT ¥- 1
LoAD2 .. .
UBCLOAD X 1.2
SELFWEIGHT ¥ -1
PDELTA ANALYSIS
i ST .

pRogannons

See
Secnons

1 17.1 and
513113

Secuon 5 | 293

Correcl usage

LOAD 1

UsC LOAD X 1.2
SELFWEIGHT Y -1
LOAD 2

UBC LOADZ 1.2
SELFWEIGHT Y -4
PUOELTA ANALYSIS

Generation of Wind Load

The buiit-in wind lead generation facilily can be used 1o calculate
the wind loads based un the parameters defined in Section 5 31 3
The followtng general Tormat should be used to perform the wind
load generation. ‘

General Format:

i Load case number
X or Z Dircction of wind in global axis sysiem.

i Type number of previously defined systems

r The factor to be used to multiply the wind load. Negatlve
signs maybe uscd Lo indicale opposite direclion of wind
(default=1.0)

.
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DEFINE WIND LOAD 5.33 Natural Frequency Specification

TYPE 1
INTENSITY 0.1 0.12 HEIGHT 100 200

EXP 0.6 JOI 1 TO 25 BY 7 29 10
o 37 BY 4 22 73

INT 0.1 0.12 HEIGHT 100 9"00
EXP 0.3 YR 0 500

Purpose

s command mav he dsed 1o calculate the natural [requency of
the structure for vibeation cortesponding to the geaeral direction of
dellecuon generated hy the load case which precedes this

LOAD 1§ . d Th his ¢ d Ny roil luad ¢
SELF Y -1.0 command Thus, this command 1vpieally ollows a load case.
LOAD 2
General format:
WIND LOAD Z 1.2 TYPE 2
LOAD 3 CALCULATE NATUHAL (FREQUENCY)

WIND LOAD X TYPE 1

Degcription

This command s specified after afY other load specifications of any
primary load case for which the natwral frequency ts calculated.
Fhis natural frequency calculanon 15 hased on the Rayh:ligh
iteration method. IT 4 full-scale cigensoldtion s required., the
MODAL CALCULATION commauand 1 sec nexl sectivn) may be
uscd. Nole that an cigensnlunion ts astomatically performed if a
RESPONSE SPECTRUM is specilied i anv {oad case

See Sectionn
I8

Example

LOADING 1 DEAD AND LIVE LOAD
AREA LOAD

1 TO 23 ALOAD -200.0
CALCULATE NATURAL FREQ
LOADING 2 WIND LOAD

In this example, the nalural frequency lor load case | will be
caleulated. The sutpul will produce the value ot the natural

frequency 1n cycles per second (cps). the maximum deflection
alang with the global direction and the joint number where it

aLcurs

JOEEEOOROROAONTOR



STAAD Commands and lnput Instrucnons

wunon §

Nate
8 Section 5_] 2191

5.34 Modatl Calculation Command

Chis command 15 based on Rayleigh method of ieration. The
frequency calculated esiimates frequency for the mode shape 1hag
correspunds 10 the stane deflected shape penerated by the loads in

the load case.
Purpase

This command may be used (o obtain a full seale cigensolution 10
calcubate relevant Ireyuencies and mode shapes.

General Formal:

MODAL (CALCULATION REQUESTED)
This coonmand 15 typrcaliy used in & load case afler atl loads are

specthed, The loads will be treated 4s masses lor eigensolutions.
Staue displacements and lorces will be calculated for the load case.

This command must only be used lor onc load case. and can-not be

uscd tn conjunciion with a response spectrum analysis tsce

See Secnons Venlication Problem No. 2 for sample implementation)
511 and
2183 Notes

The ergensolution wnittaed by this command will treat the loads
specificd 1n the load case as masses. The vser 15 advised 1o speeily

the toads keeping this in mind

fTirnooogs
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15 Load Combination Specification

Purpose

This command may he used to combine the results of the analysis

The combinatiun may be algebraic, SRSS and a combinanon af
boikb.

General format:

LOAD COMBINATION (SRSS) | s,
T3 PV PYR PRSI | JN |

| = Load combination aumber ( any wnteger smaller than
100000 that is not the same as any previously defined
primary load case number.)

3y = Any tule for the lnad combinanon

iy. 11 ... represents the luad case numbers which are 1o be
combined

M. fy ..represents corresponding factors Lo be applied 10 loadings.

lgass = optional factor to be applicd as a multiglying lactor on the
combincd result of the SRSS load combination (sce
examples befow)

Notes

1} lr.‘l the LOAD COMBINATION SRSS option, if the miaus
sign precedes any load casc no., then that foad casc will be

combined algebraically with the SRSS combination of the
resi. ‘

) 'lrhe 1otal number of combinalion load cases cannot exceed
50.

Sechion 5_i 299

Description

Results from analyscs may be combined both algebraically and
using the SRSS (Squaie Root of Summation uf Squares) method.
The combination scheme may he mixed 1f required. For example, in
the same load combination casc, results from load cases may be
combined in the SRSS manner and then combined algebraically
with other load cases. Reler Lo the Tollowing examples [or
tlustration -

Example

Several combination examples are provided to itlusiraie the
possible combination schemes -

imple Ajpebraic nnd SR ombingtion

LOAD COMBINATION 7 DL+LL+WL
10.7520.753 1.33
LOAD COMBINATION SHSS 8 DL+SEISMIC

1102042304

The first item above (LOAD COMBINATION 7) tlfustrales a
simpic algebraic combination, The second item {LOAD
COMBINATION #) illustrates a pure SRSS load combination with
a defaull SRSS faclor of 1. The following combination scheme will
be used -

v= 10V T L12 404 e 22404« L2

where v = the combined valuc and 1.1 - L3 = values {rom load cases
1.2 and 3.

Note thal since a SRSS [4aclor is not provided, the default value of
1.0 19 being used.
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Algebraic & SRSS Combination in the Same Load Combination
Case
Example t

L !

LOAD COMBINATION SRSS 9
-10.7521.332420.75 iy

The combination Tormula will be as follows -

v=075xLI + 0.75"/1 I3 xL22+ 242132

where v = combined value
L2 & L3 = values lrom load cases 1 & 3,

In the above specificalion, note thay a minus sign precedes luad
case 1. Thus. Load | is combined algebraically with the result
obiained from combining load cases 2 and 3 in the SRSS manner,
Note that the SRSS facior of 0.75 is applicd on the SRSS
combination of 2 and 3.

Exampile 2

LOAD COMBINATION SRSS 10
-10.75-20.67231.24 1.7 0.63

Here, both load cases | and 2 are combined algcbraically with the
SRSS combination of load cases 3 and 4. Note the SRSS faclor of
0.75. The combination formuia will be as follows.

v=0752L1+0572xL2+06% 1.2x03%+1.7x 142

Notes

1) This option combines Lhe results of the analysis in the specified
manner. It does not analyze the structuse for the combined
loading.

Section | 301

2) I the secondary eflects of combined load cases is lo be

3

6

-

abtained theough a PDELTA ANALYSIS, the LOAD
COMBINATION command is inappropriate tor the purpose.
See lhe REPEAT LOAD command (section 5.32.11) for details.
In a load combination specification, a value ol 0 {zero) as a
load factor is not permitied  [n other words, a specificalion

such as

LOAD COMB 7
1135 2003 12 4005 1.7

is not permitied What happeas is that due to the way the
program processes the data, as soon as il cncounices a 0.0, it
stops reading the data at the 0.0 and does not read any further.
‘thus, 1n the above loading casc, the resulls will consist only of
forces due (o load | muluplied by a factor of 1.35. The
contribution from 1.2 * load 3 and 1.7 * load 5 will nol be
there hecause the program simply did not read thosc data.

Ail combination load cases must be provided immediatcly after
the last primary load case.

7y The maximum number of load cases that can be combincd using

a LOAD COMBINATION command is 30.
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.36 Calculation of Problem Statistics

Section § l n

5.37 Analysis Specification

Purpose

This command may be used for obtajnin

space required, band-width infg crc, B stalistics ke storage F'U'rpose
N STAAD analysis aptions include linear static analysis, P-Delia (or
General tormat; sccond order analysis). Nonlincar analysis. and several types of
! Dynamsc analysis

BRINT PROBLEM STATISTICS

This command is used to specily the analysis request. In addition,
this command may be used 10 request vasious analysis related data

Description _ like load inlo, slatics check info, mode shapes cic.

This command provides an estimate of the hard gisk

f :
Section 10 run a file belore actually runming it {1 is particula Generat formal

iPace required
tly

recommend
ed lor PC users furning a large problem This command

should be uscd Just after the ]
loading specfi i
the PERFORM ANALYSIS commaid.p e andin place of

LOAD DATA
STATICS CHECK

STATICS LOAD )
MOUDE SHAPES

PERFORM
NONLINEAR (n} } ANALYSIS (PRINT

PDELTA (n] ANALYSIS (CQNVERGE (m)) (BRINT LOAD DATA)

Where n = no. ol ilerations desired (default value of n = 1),

Ser Secnon This command directs the program o perform the dnalysis which
118 includes:

a) Checking whether all information is provided for the analysis:

b) Forming lhe joinl stiffness matrix;

c) Checking the stability of the structure;

d) Solving simultaneous equations, and

¢} Computing the member forces and displacements.

N 1 P-Dela analysis is specificd, (orces and displacements are
recalculated, taking into consideration the P-Defia effect.

g) Non-linear analysis will take the geometric non-lincarity as
well as the P-Delta effects into account {see Section 1.18.2.2).
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h) I a RESPONSE SPECTRUM s specified within a load case or
the MODXAL CALCULATION command 15 used, dynamic
analysis s performed.

i) Ineach of the "n" iterations of the PDELTA analysis, the load
vector will be modilicd to include the secondary efTec)
generated by the displacemenis caused by the previous
znalysis. »

There are lwo options 1o carry out P-Delta analysis

1) When the CONVERGE command 1s a0l specified: The member
end forces are evaluated by sterating “n” umes. The delauit
value of “n™ s 1 {one).

) When the CONVERGE command s included The member ¢nd
forces are evaluated by performing a convergence check vn the
jornt displacements In cach step, the displacements arc
compared with thosc of the previous iterauon in order 1o check
whether corvergence is attained. In case “m™ is specified, 1he
analysis wiil stop after that iteration cven il convergence has
not been achieved. Il convergence 1s achieved in less than “m™
iteratsons, the analysis 1s terminated.

Example

Followings are some example on use of the command for P Deha
analysis.

PDELTA ANALYSIS

PDELTA 5 ANALYSIS

PDELTA ANALYSIS CONVERGE
PDELTA ANALYSIS CONVERGE $

-

Section § l s
Without one of these analysts commands, no analysis will be
performed These ANALYSIS commands can be repeated if
multiple analyses are nceded al different phases.

Nate that a PDELTA ANALYSIS will correct!y reflect the
secondary effects ol a combinauon of toad cases only il they are
defined using the REPEAT LOAD speciflication (Seetion 5.32.11).
Sccondary cffects will not be evaluated correetly lor LOAD
COMBINATIONS.

If the PRINT LOAD DATA command is specificd. the pmgmm
will print an interpreiation of all the load daia.

PRINT STATICS CHECK will provide a summation of the applied
loads and suppaort reactions as well as a summation of moments of
the loads and reactions 1aken around the origin.

PRINT STATICS LOAD prints everything that PRINT STATICS
CHECK docs. pius il prints a summation of all smernal and
external forces ai cach joinl (gencrates voluminous oulput).

PRINT MODE SHAPES prints mode shape values at the joints [or
all calculated mode shapes.

PRINT BOTH is equivalent 1o PRINT LOAD DATA plus PRINT
STATICS CHECK.

PRINT ALL is equivalent to PRINT LOAD DATA plus PRINT
STATICS LOAD.
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Noles

STAAD allows mulupic analyses in the same ron Mulbple
analyses may be used lor the lollowing purposes:

1) Suc_ccssivc analysis and design cycles in the same run result in
optimized design. STAAD's hive relational dalabase
automanically updates changes in member cross-sectional sizcs
Thus the entire process s automaied. o

]
Refer to Example | in the Gewing Siarted & Examples manual
for detatled itlusiranon.

2} Muluple analyses may be used lor lvad-dependent siructares
For example, siruciures with bracing members are analysed in
several steps. The hracing members are assumed to 1ake
Tension {oad only. Thus, they need 10 be aciivated and
inactivaicd based on the dircction of lateral loading

The Fnurc process van be modcled 1n one STAAD run using
multiple PERFORM ANALYSIS commands The STAAD run
dnlapasc automatically keeps track of results 1or diferent runs
and is capable of generating a design based on load
comhnations provided.

Reler to Example 4 1 the G
citing Suarted & Exampl
for detasled 1Hustration tpies mana

3) Tl:le user may also use Mulliple Analyses to modef change 1n
other characteristics like SUPPORTS, RELE
. ASES,
PROPERTIES eic. =5 SECTion

1) Muliiple Analyses may require use of additional commands like
the SET NL command and the CHANGE command.

5) PDELTA cffects are computed for frame members only They
are not calculated for finite elements or solid clements.

Section 5 | 307

5.38 Change Specification

Purpose
This command is vscd te reset the stifllness matrix. Typically, this

command is used when muttiple analyses are required in the same

run,

Gerneral format:

CHANGE
This command indicales that input, which will change the stifiness
matrix. will follow. This command shou!d only be used when an

analysis has already been performed. The CHANGE command does

the lollowing:

1) seis the sliffness malrix to scro,
b} makes members active if they had heen made inaclive by a

previous INACTIVE command. and

c) allows the respecification ol the supports with another
SUPPORT command which causes the ald supporis to be
ignored The SUPPORT specification must he such thal the
number of “releases” belore the CHANGE musl be greater than
or equal to the number of “releases” after the CHANGE. Also,
the supporis must be specified in the same order before and

after the CHANGE command.

Example

Before CHANGE

A PINNED y
2 FIXED BUT FX MY MZ
3 FIXED BUT FX MX MY M2

Afler CHANGE
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1 PINNED 5.39 lLoad List Specification
2 FIXED

3 FIXED BUT FX M2
Purpose

This command allows specification of a set of aclive load cases.
All load cases made active hy this command remain active uniil a
new load list 15 specified,

The CHANGE command 15 not necessaty when only member
properties are revised 1o perform a new analysis Thisas 1ypically
the case in which the user has asked [or 2 member sclection and
then uses the PERFORM ANALYSIS command to reanalyze the

; General format:
structure bascd an the new member propefiies.

h load-list
LOAD LIST A

Description

i noen

Notes

1) If new load cases arc specificd afler the CHANGE command
such as in a struclure where the INACTIVE MEMBER
command is used, the user needs 10 define the total number of
primary load cases using the SET NL option {sec Section 5.5
and Example 1).

1) Multiple Analyses using the CHANGE cammand should not be
performed if the inpui hile conlains load cascs involving UBC
Analysis. Response Spectrum Analysis. Time History Aaalysis.
Wind Load Generation or Maving Load Generahon.

This command is used to activate the load cases listed in this
command and. in a sense, deactivaic al! other oad cases not listed
in this command. in other words, the loads listed arc uscd Tor
printing output and in design for performing the specified
calculations, Note that, when PERFORM ANALYSIS command s
used, the program internally uses all load cascs, regardless of
LOAD LIST command, except alter a CHANGE or RESTORE
command. In these 1wo cases, the LOAD LIST command allows the
program to perform analysis only on those loads in the list, IT the
LOAD LIST command is never used, the program witl assume all
load cases to be active.

Example
LOAD LIST ALL - )
PAINT MEMBEHR FOHCEY " "4
LOAD LIST1 3 '

'PHINT SUPPORT REACTIONS
CHECK CODE ALL

I IR
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[n this example, member forces will be prieted for all load cases,

whereas doading | and 3 will be used for printing support reactions
and code-checking of all members.

Notes

The LOAD LIST command may be used for multiple analyses
stuations when an analysis needs 10 bc performed with a selecled
sel of load cases only Picase note lhat all load cases are

automalically active before a CHANGE or RESTORE command 1s
used.

Section s | 1t

5.40 Section Specification

See Secnions
I 19 2 und
1194

Purpose

This command is used 10 specily sections alang the length of frame
member for which forces and moments ate required.

General format:
MEMBER memb-|ist

SECTION 1,1, ... 1,
(ALL)

Description

This command specifics the sections, in terms of lractional member
lengths, at which the forces and moments are considered (or furthet
processing.

[,. f; .. f5 = Section (in lerms of the fraction of the member lcngth)
provided for the members. Maximum number of sections is 5, °
including one at the start and onc al the end. In other words, no
more than three inlermediate sections are permissible per
SECTION command.

Example

SECTION 0.0 0.5 1.0 MEMH 1 2
SECTION 0.25 0.75 MEMB 3 TO 7
SECTION 0.8 MEMB 8. i

v

[n this example, Nirst the members | angd 2 are sel Lo section values
of 0.0, 05, and 1.0, i.e. at the start, mid poinl and end. The
members 3 Lo 7 are specified by the next SECTION command
where seclions 0.25 and 0.75 are set.

In the next SECTION command, member 8 has its seclion specified
al 0.6. The remaindcr of the members will bave no sections
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provided for them. If no section value is given for any member, it
defaulis 1o 00 0 and 1.0 {i.c. start and end). For example, the sian
and end forces of the members will be used for design, (f no section
is specilied. As mentioned eathier, no more than three inlermediate
scctions are allowed per SECTION command However, f more
than three intermediate scctions arc involved, they can be examined
by repeating the SECTION command alter completing the required
calculations. The following exampie will clarily,

Example

SECTION 0.2 0.4 0.5 ALL
PRINT SECTION FORCES
SECTION 0.6 0.75 0.9 ALL
PAINT SECTION FORCES

in this example. first forces at 3 intermediale scclions (namely 0 2,
0.4 and 0 5) are printed and then forces at an additional 3 seclions
(namely 0.6. 0 75 and 0.9) are printed. This gives the user the
seclion forces al more than three intermediate sections.

Notes

1) The SECTEON command just specafics the scctions. Use the
PRINT SECTION FORCES command after this command to
print out the forces and momenis at the specificd seclions.

2) This is a secondary aralysis command. Note thal the analysis
must be performed belore this command may be used.

Section 5 | 313
5.41 Print Specifications

Purpose

This command is used to dicect the program to print various
modeling information and analysis results, STAAD offers a number
of versatile print commands 1hat can be used Lo customize the
oulpul. ‘

Genersl tormat for data related print commanda:

[ JOINT COORDINATES ]
MEMBER INFORMATION

ELEMENT (NFORMATION SOLID (ALL)
MEMBER PROPERTIES

PRINT JMATERIAL PROPERTIES ¢ {LIST tlist of ltema
SUPPORT INFORMATION i.8, jolnts,
or members

lALL

General tormat to print location of cg:

PRINT CG

General format to print analysis results:

[(JOINT) DISPLACEMENTS

(MEMBER) FORCES
PRINT  (ANALYSIS BESULTS  List-
(MEMBER) SECTION FQHCES spec

(MEMBER) STRESSES
m:gg ﬁm STHESSES (AT fbf,)
LELQEQE SHAPES

(ALLY .
List-gpec = {LIST list of {tems-joints,
members or alements
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General format to print support reactions:

PRINT

—

1]

UPPORT REACTIONS

General format to print entire steei table:

Y

PRINT ENTIRE (TABLE)

Deacriptlion

Note that the tist of items are not applicable for PRINT
ANALYSIS RESULTS, PRINT SUPPORT REACTIUNS, and
PRINT MODE SHAPES command.

The PRINT JOINT COORDINATES command prinis ali
nierpeeted coardnates of joints.

The PRINT MEMBER INFORMATION command prints afl
member information, including member length, member incidences,
beta angles, whether or not 2 member is a Iruss member and the
member release camditions at start and cnd of the mcmber
{I=released. 0 = not released).

The PRINT ELEMENT INFORMATION command prints ail
incadent joinis, clement thicknesses, and Poisson ratros for
Plaic/Shell elements. The PRINT ELEMENT INFORMATION
SOLID command prints similar information for Solid clements.

The PRINT MEMBER PROPERTIES command prints all member
prn|:‘|enics including cross sectional area. moments of inertia, and
section moduli in both axes. Units for the properties are always
INFH or CM (depending on FPS or METRIC) regardless of the
unit specified in UNIT command.

The Iollowing designation is used for member property names:

AX - Cross section area

Secuon$ | 315
AY - Arca used to compule shear deformation in lacal Y-axis
AZ - Arca used 1o compute shear delormation in tocal Z-axis
1Z - Moment of Inertia about the local Z-axis
1Y - Moment of [neriia about the local Y-axis
IX - Torsional constant
SY - Smallest scction modulus about the local Y-axis

SZ - Smallest section modulus about the local Z-avis

The PRINT MATERIAL PROPERTIES command prints all
matenal propertics for the members, including E (modulus of
clasticily), G (shear modulus), weight density and coelficienl of
thermal cxpansion (alpha) for [rame members. This command is
available {or members only.

The PRINT SUPPORT INFORMATION command prinis all
suppert information regarding their fixily, released and <pring
constant valucs, if any The LIST option is not avaitable lor this
command.

The PRINT ALL command is cquivalent to last five print
commands combtned This command prints joint coordinates,
member information, member properties, material propertics and

support informalion, in that order.

. The PRINT CG command prints oul the coosdinates af the center

of gravity of the structure. Only the selfweight of the structure is
used to calculate the C.G. User defined joint loads, member loads
etc. are nol considesed 1n the calculation of C.G.

The PRINT (JOINT) DISPLACEMENTS command prints joint
displacemenls in a tzbulated form. The displacemenis lor all six
directions will be printed for all sprcified load cases. The length
unit for the displecements is always INCH or CM {depending on
FPS or METRIC unit) regardless of the unit specified in UNIT

command,

The PRINT (MEMBER) FORCES command prints member forces
{i.e. Axial Torce (AXIAL), Shear force in local Y and Z dxes
(SHEAR-Y and SHEAR-Z), Torsional Moment {TORSION),
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Moments about local Y and Z azes (MOM-Y and MOM-Z}) in a
1abulated form for the lisied members, for all specified load cases.

PRINT ANALYSIS RESULTS command is cquivalent 1o the last
three commands combined. With this command. the joint

displacements, support reactions and member forces. in that order,
are printed.

b
The PRINT (MEMBER) SECTION FORCES cammand prinis
member forces a1 the intermediate sections specilied with a
previously input SECTION command. The printing is donc i1n a
tabulated form, by member, for all specified load cases.

The PRINT (MEMBER) STRESSES command tabulates member
siresses at the start joint, end joint and ail specificd intermediate
sections. These siresses include axial (i.c. axial force over 1he
area), bending-y {i.e. moment-y over section modulus in local y-
axis}, bending-2 (i.c. momeni-z over section modulus in local -
axis), shear stresses in both local y and ¢ directions {(FY/AY and
FZ/AZ) and combined (absolute combination af axial. bending-y
and bending-z) siresses.

For PRISMATIC sections, if AY and/or AZ is not provided. the
full cross-sectional area (AX) will be considered 1n shear siress
calculations.

For TAPERED scctions. the values of AY and AZ are those for the
loczation where the stress s printed. Hence if the stress is printed
at the localion 0.0, the AY at AZ are based on the dimensions uf
the member at the start node.

AY = Total depth * Thickness of web.
AZ = 23 area of both flanges put together

The PRINT ELEMENT STRESSES command must be used 1o print
stresses (FX, FY, FXY, QX. QY), moments per unit width (MX,
MY, MXY) and principal siresses (SMAX, SMIN, TMAX) for
plate/shell elements. Typically, the siresses and moments per unit
width at the centroid will be printed. The Vor Miscs siresses
(VONT. VONB} as wel} as the angle (ANGLE) defining the
orientalion of the principal planes ase also ptinted.
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The vaniables that appear in the outpul are the following. See
Figure 1.13 in Section 1 of this Relerence Manual lor more

information regarding tiiese variables.

QX = Shear stress on the local X face in the Z direction
QY = Shear stress on the local Y lace in the Z direction
MX = Momenl per unit width about the local X face
MY = Momeal per unit widih about the local Y face

MXY = Torsional Moment per unit widlh in the local X-Y plane
FX = Axial siress in the local X direction
FY = Axial stress in the local Y direction

FXY = Shear stress in the local XY plane

VONT = Von Miscs stress on the top surface of the element

VONB = Von Mises stress on the bottom surface of the element

SMAX = Maximum in-plane Principal siress

SMIN = Minimum in-plane Principal stress

TMAX = Maximum in-plane Shear stress

ANGLE = Angle which determines direction of maximum principal
stress with respect 10 local X axis

17 the JOINT oplion is used, forces and moments at the nodat
poials are also printed oul in addition lo the centroid of the

clemeni.

The AT optlion may be used to print element [orees al any specified
point within the element. The AT option must be accnmpanle‘d by
f, and f,. Nole that f, and [, are local X and Y coordinales (in
current units) of the poinl where Lhe siresses and moments are
required, For detailed description of the local coordinate system of
the elements, refer 1o Section 1.6 of this manual.

The PRINT ELEMENT (JOINT) STRESS SOLID command
enables printing of stresses at the cenier of the SOLID elements.
The variables that appear in the ouiput are the following.

Normal Stresses :8XX, SYY and SZZ
Shear Stresses : SXY, SYZ and §ZX
Principal Stresses : 51, 52 and 53.

Von Mises Siresses 1 SE



STAAD Commands and Inpu| Instructions

ton 5

i i i i Section §
Direction cosines 6 direcuion cosines arc printed following _} 319

the expression DC. corresponding (o the 5.42 Print Section Displacement

first two principad sisess direcnions,

The IQINT option wall print oul the siresses al the nodes ol the
solid elements.

Purpose

I'his command is uscd to calculate and print displacements at
secltons [iatermediale poinls) of (rame members, This provides the
user with deflection daia belween the joints.

The PRINT MODE SHAPES command prinis joint displacements
for all catculaled modes

The PRINT SUPPORT REACTIONS command prints support General format:

reactions in a tabulated form. by support, for atl specified load

: NQPRINT
cases. The LIST ophion is not available for this command. PRINT SECTION (8 DISPL cTi) E ) {ALL
LisT memb-list
The PRINT ENTIRE TABLE cammand may be used to obtain a
print-out of the contents of the siecl table from which member
praperties are being read. This command must he provided Description

followtng the specification of all member properties,

This command prints displacements
Example at tnicrmediale points between {wo
joints of 2 member. These
displacements arc in global
cuordinate directions (see ligure), [T
the MAX command is used. Lhe
program prints unly the maximum
local displacements among all toad
cases.

PERFORM ANALYSIS

PRINT ELEMENT JOINT FORCES

PRINT ELEMENT FORCES AT 0.5 0.5 LIST 1 TO 10
PRINT SUPPORT REACTIONS .

PRINT JOINT DISPLACEMENTS LIST 1 TO 50
PRINT MEMBER FORCES LIST 101 TO 124

i = number of iections i¢ be taken. Defaulis 1o 12 if NSECT is not
used and also 1f SAVE is used.

a = File name where displacement values can be stored and used
by STAADPL graphics program. If NOPRINT cammand is
used in conjunction with SAVE cammand, Lthe program writes
the data to file only and does not pnat them in oulpul. The PC
version does nol need a lilename and if one is provided, it will

be ignored.

Notes

1) The cuiput generated by these commands are based on the
current unit system. The user may wish to verifly the current
unit sysiem and change 1t il secessary.

2} Results may be printed for all joinis/members/elements or
based on a specified lisi.
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See Section
1191

Example

PRINT SECTION DISPL SAVE
PRINT SECTION MAX DISP

SECTION DISPLACEMENTS are measured tn GLOBAL
COORDINATES. The values are measured trom the original
{undellected) position 10 the deflected posstion See figure above.

The maximum local displacement is also printed. First, the location
is determined and then the value is measured from thes locanon Lo
the line joiming starl and end joints of the deflected member

1) The section displacement values are available in Global
Coordinates. The undefecied position 19 uscd as the datum for
calculating the deflections.

2) This is a sccondary analysis command. An analysis musl be
performed belore this command may be used.
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5.43 Print Force Envelope Specification

See Sechion
1195

Purpose

This command is used to calculate and print force/moment
envelopes [or frame members. This command is not available for
finite clements.

General format:

FORCE )
PRINT ENVELOPE (NSECTION i) list-sp.
—“' MAXFORCE )
LIST }
list-4 =
Pee {ALL)
Description '

Where 1 ts the number of equally vpaced seclions Lo be considered
in printing maximum and minimum (orce envelopes. If the
NSECTION i command 13 omuited. i will defauli to 12
MAXFORCE command produces maximum/minimum force values
only of all seclions. whercas the FORCE command prints
maximum/mimimum force values al every scclion as well as the
max/min force values of all sections. The force componenis include
FY.MZ, FZ, and MY. Note that the SECTION command (as
described in section 5.40) does not deline the number of sections
for force envelopes. For the sign convention of force values, refer
lo Section 2.19.
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Example

Secuon 5 | 32

\ . 5.44 Post Analysis Printer Plot Specifications
PRINT FORCE ENV |
PRINT MAXF ENV NS 15
PRINT FORCE ENV NS 4 LIST3TO 15

Printer plots of the analysis results may be generated after lhc.
analysis has been performed. Reler to Section § 29 for the various
commands that can be provided in the input (ite after the

: d.
Notes PERFORM ANALYSIS comman

kY

This is a secandary analysis command and should be used atier
analysis spectiication.
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1.45 Post Analysis Graphics Display
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5.451 Display Deflected Shapes

This part describes wnpul style to create plot files which can be
accessed by STAADPL for graphics display on screen or pen
plotiers.

Purpage

This command creates a lile with daia containing the joint
displacements. This file must be created in the STAAD
analysis/design run so that the deflected shape may be viewed in
the Post Processing graphics display in a later sesston.

General format:
PLOT DISPLACEMENT FILE

Oescription

This command creates the data required to display the deflected
shape for any load casc al any associaled scale facior. The
deflecled shapes arc displayed by drawing the displaced positions
of joints and connecting them with siraight tines.

Notes

1} 1tis not necessary Lo have this command in the STAAD
analysis run il the deflecied shape ts viewed 10 the same
session. STAAD's live "concurrent database” stores the
displacement dala from the lalest analysis run which.is
dutomatically utilized by the Posl Processing module.

1) This is a posi-analysis facility. Thus this command must be
used after the analysis specification.
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15.2 Display Section Displacements ﬁ

Scction § l byl

5.45.3 Display Bending Moment/Shear Force

Diagrams
Purpose "f -
This command creates a lile with data containming the section '|
displacements This file must be ceeared in the STAAD Purpose

analysis/design run so that the section displacements may be This command creates a file with data comaining the bending
viewed in the Post Processing graphics disphay in a later session moment and shear {orce values This file must be ereated in the
STAAD analysis run so that the bending moment and shear force
Jdiagrams may be vicwed in the Post Processing graphics display in

a tater sesston.

General Format:

PLOT SECTION FILE

General Format:
Description

PLOT BENDING EILE

Using the Section Displacement cammand, the user can display the
scction displacement for any load case with any associated scale

faclor Delcrlpﬂon
. Using this command. the user can create necessary data to display
Notes . the momenl and shcar force diagrams lor either ane/two members

11 IUss not nceessary 1o have this command in the STAAD or all members at 3 ume.

analysis run 1f the section displacement is viewed in the same Not
session. STAAD's live “concurrent database * storcs the otes
displacement data from the latest analysis run which s

automaiically utshsed by the Post Processing module

11 It 1s not necessary to have this command in the STAAD
analysis run il the diagrams are viewed in the same session.
STAAD's live "concurrent databasc® storcs the necessary dala
from the 1atest analysis run which is automaticaily wiilized by
the Post Processing module.

2} This is a post-analysis facility Thus this command must he
used aiter the analysis specification.

2} Thus is 4 post-analysis facility, Thus this command must be
used afler the analysis specificalion.
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+45.4 Display Mode Shapes
5.45.5 Display Stress Contours

Purpoge

s command creates 4 Hiie with daea contatming the mode shapes
This file must be created m the S TAAD analvsis/design run so thag

the mode shapes may be viewed in the Post Pravessing praphics
display 10 3 later session

General Farmat:

PLOT MODE FILE
Description

Using this command the user van create the dais requsred 10 display
the made shape for anv aumber 1 mudes with J corresponding
seale facior

Notes

'y Ivis nut necessary 1o have ths command in the STAAD

analysis run sl the maode shapes e viewed 1n the same wcawion
STAAD S ltve “concurrent database” stores the displacement
data from the laiesi snalysis run which 1s automanicaily atilised
by the Posi Processing module '

2} This ts a pust-analysis lacily Thus this command musi be
used afler the analysiy specification.

FREEEE:

"
|

1

Purpose

This command creates a file with data comaning the stress values.
This hle must he created in the STAAD analysistdesign run so that
the stress contours may he viewed in the Post Proceswing graphics
displav i a later sesston

General Format:
PLOT STRESS FILE

Description

Lsing this command the user can display the stress contours Tor any
load case with 4 corresponding scale factor

Noles

1) [t s not necessary (e have this command in the STAAD
analysis run #f the stress conlours are vewed 1 the vame
sexsion. STAAD'S live "concurrent database ™ stores the slress
data tram the latest analysis run which s automateally wilized
by the Pust Processing module,

3 This is 4 post Jnalysis facilny. Thus this command must be
used after the analysis specilication.
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Purpose

This command provides an eshimaie Tor required section propertics
tor a frame member hased on certain analysis results and uscer
requircments K

General Format:

* [wiDTH

1
DEFLECTION {, MEMBER mamber-list
SIZE LENGTH 1
BSTRESS 1y ALL
SSTRESS s

where,
Iy = Maxm allowahle widih
Iv = Maxm allowable (LengihiManin local detlechion) rann
Iy = Length vor caleulanng the abasve ranie,
Detault = actual member lenglh
I, = Maxm. allowabic bending stress
fy = Maxm allowable shear stress.

Nate that the values must he provided 1n the current umil sysicm

Description

This command may be used to calculate required scction properties lur
a member based on analysss resulis and user specificd criterias The
user specificd criterias may include Member widith, Allowablc
{Length/Maxin. Deflection} Ratio. Maxm. allowable bending stress
and Maximum #lluwabie shear stress. Any number of these criterias
may be uscd simultancously. The output includes required Sccnien
Modulus (about major axis), required Shear Area ifor shear paraliel to
minor axis), Maxm. moment capacity taboul major anis), Maxm shear

capactty (for shear paratled w minor 2xis) and Maxm. (Length/local
maxm, dellection) ratio.

TEEEdElnEad
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Example

5iZE WID 12 DEFL 300 LEN 240 BSTR 38 ALL
5izE DEFL 450 BSTR 42 MEMA 16 70 25

Note: o
(1 may be nuted that sizing will be hased on only the crilena

specificd hy the user in the relevant SIZE command.

In the lirst exampte ahave. s1izi0g will be based on user specified
member width of T2, Length/Dellection ratio of 300 {(where
Length= 24th and max afluwahle bending stress of 36.

In the sceand example, sizing will be bascd on Length/Deflection

ratin ol 450 twhere Length= aciual member tength) and max.

< -
allowable bending stress of 42

Notea
This 1 4 post-analysis lacility and must be used after the analysis

spectfications
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5.47.1 Parameter Specifications

This section describes all the specifications necessary for siructural
steel design.

Secuon 5 471 discusses Qpcci‘ﬁcnuun of all the parameters tha
may be uscd to conirol the design. Sections 5 47 .2 and 5 47 3
describes the CODE CHECKING and MEMBER SELECTION
options respeciively, Member Selection by eplimization s
discussed in 5 47 4. STAAD also pravides factlines for Weld
Design which sre deseribed in § 47 5.

SIS LT

Purpose

This set ol commands may be used to specily the parameters
required for stee) design

General lormat:
PARAMETER

(aASHTO |
AISC
AUSTHALIAN
BAITISH
CANADIAN
FRENCH .
GERMAN
INDIA
JAPAN
LRFD
NORWAY

|2}
1=
m

MEMBER memb-list

pardmeter-name I,
PROFILE a,, (45, 44) ALL

Description

Paramecler-name reiers 10 the "PARAMETER NAME" (s) lisied in
the parameter table contained in the Sicel Design section.

For a Jist of paramcters for AISC Allowable Sitess Design, sce
Table 3.1 of this manual For a list of parameicrs for AISC LRFD
Design, see Table 32 For slee! design per other codes, refer 1o the
relevant documentation

f, = Value of the parameler
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Fhe user can control the destgn through specification of proper
parameier

The PROTILE paramercr 15 available lor the AISC ASD cuode nnly
The wser can specily ap 1o three prodiles (2, 3y and 24) Pronle, 4
described in Fable 3 b oo the Lirstthree letters af an AISC sicel

‘table name. ¢ g WEX. Wi CH0, L20 etc The PROFILE

parameter-aame 1s used only tor member selection where members
are selecied trom cach of those profile names The PROFILE tor 4
T-section is o W-shape \lso the shape specificd under PROFILE
has 1o be the same as tha specified initially under MEMBER
PROPERTIES Nute that the PROFILE command can only be used
tor the AMERICAN sicel 1able CODE parameter leis you choose
the type of sieel cnde 10 be checked ior design The default sieel
waile depends vn the country of distribunion

Example

PARAMETERS

CODE AlISC

KY IS MEMB3I7TO 1

NSF 0.75 ALL

PROFILE W12 W14 MEMB 1 2 23
RATIO 0.9 ALL

Notes

U Al umit sensiiive values should be in the current unit sysicm.
1 For default values of the parameters. refer to the appropriale
parameter table.

3+ PROFILE command 15 available with the American AISC ASD
code only [t is not available with the LRFD or AASHTO
codes,

STTILE,

Section § l 135

5.47.2 Code Checking Specitication

Purpose
This command may be used 1o perform the CODE CHECKING

FEES

upcrauon.

General format:

MEMBER memb-list

CHECK CODE
CHE AL

Description

This command cheeks the speeilicd members aganst the
specificanyn of the devired code. Refer to Section 2 of this manual

for detaded intormation.

See Section

15 Notes
The autput ol this command may be controlled using the TRACK
parameter Three levels of detanls are available. Refer to the
appropriate Steel Design section tor more snlormation on the

FRACK parameter
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+47.3 Member Selection Specification 5.47.4 Member Selection by Optimization

Purpose

This commund may he used 1o perlorm the MEMBER SELECTION
operation

General format:
MEMBER memb-list
ALL

SELECT

Description

This command instructs STAAD 10 sclect specilied members based
un the parameicr valye resiricirons and specified code. The
seleciion 1s done using the results [rom the most recent analvs)y
and iterating on sections uniil a least weight size s oblasned Reler
10 Section 2 for more details

Notes

h The output of this command may be coniralicd using the
TRACK parameter. Three levels of deianls are avatable.
Reter 10 the appropriate Steel Design scction for more
intormation on the TRACK parameter

2 Memher sclechion can be done only after an analysis has
been pertormed. Cunsequently, the command to pertorm
the analysis has to be specificd before the SELECT
MEMBER command can be specified.

Purpaose

This command performs member sclection using an optimized
techmigue based on multiple analysis/design ieralions,

General format;
SELECT QPTIMIZED

Description

The program selects all members hased on a state-of-the-arl
opimization techmigue. This method requires multiple analyses as
well as eraton of s1zes dntal an overall siructure least weight is
ublaincd. This command should be used with caution since it wil!
require longer processing lime,

Notes

1y The outpui of this command may be contralled using the
TRACK parameter Three levels of deldils are available. Refer
to the appropriate Steel Design seclion for more information on
the TRACK paramcter.

1) This command may require multiple ferations involving
amalysis/design cyeles and therelore may be time consuming.
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47.5 Weld Selection Specification

Purpase

This command pertorms sclechan ol weld sizes for specificd
members.

General format:

MEMBER memb-ii
SELECT WELD (TRUSS) Pt
A

Description

By lh1‘s command, the program sclecis the weld siscs ot the
ip-cCl[ICd members a1 start and end. The selecttons are tabulated
with ail the necessary informanon, IT the TRUSS command s used
the program will design welds flor angle and double angle mcml;cr-;.

altached 10 gusset plates with the weld atung the length or
members,

Notes

The weld sise calculation mJy also he conirniled parametncally

Fur infermanon un available patamelers. refer 10 the appropriae
Siecl Design section.

1000010¢
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5.48 Group Specification

Purpose
This command may he used to group members together lor analysis
and steel design.

General format:

(FIXED GROUP)
GROUP prop-spec MEMB memb-list (SAME AS |,)

AX = Cross-section drea
prop-spec = {SY = Section modulus in local y-axis
s52 = Section modulus in local z-axis

Description

This command enables she program to 2roup specificd members
1ogether tor analvsis hased on their largest propeny specilication.
If member number 1y 18 provided 11 SAME AS command, the
program will group the members bascd on the properties of i This
commuand 15 usually used aHer the member sefection, where the
members can be grouped (or turther processing I the FIXED
GROUP option 15 used the speeilicd grouping will be retained in
memaory hy the program and will he used 1n subseguent member
select operations and the results of the "GROUPing ™ will not be
seen unless 1 "SELECT MEMBER " operation 15 performed.

Example 1

GROUP SZMEMB {37 TO 12 15
GHOUP MEMB 17 TO 23 27 SAH.E AS 30

In this cxample, the members L, 3, 7 ta 12, and 1§ are assigned the
same propertics based an which of these members has the largest
section modulus. Members t7 10 23 and 27 are assigned the same
propertics us member 30, regardless of whether member 30 has a
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smaller or larger cross-sectional arca A X is the default property
upon which grouping is bascd.

5.49 Steel Take Oft Specification

Example 2

Purpose
FIXED GROUP
GAOUP MEMB 1 TO 5
SELECT OPTIMIZED

This command may be uscd to obtain a summary of all steel
scclions being used alung with their lengihs and weights.

General tormat:

In the above exampie, the usage ot the FIXED GROUP commund 15
iltusirated. The SELECT OPTIMIZED command snvolves the 3
stage process of

STEEL (MEMBER) TAKE { QFF )

Description

1) MEMBER SELECTION
1) GROUPing of members  TO 5
3y ANALYSIS

This command provides a complete lisling - . aleed
table sections used 1 the structure The tabulated listing witl
include 1otal length of each section name and its total weight. This
can be helplul in estimating stecl quantities.

a mulisple number of times unul o consergencs 1o member

propertics 15 auained between adjacent cyeles The FIXED GROLP The MEMBER apuon list cach member leng . . .. St Y

command 15 requited for execution of slep 2 in the cycle . aumber. profile-1ype, length and weight.
Notes Notes
This command 15 typicatly used aficr the member selection 1ot Ttus facility may be very effecnively ut » ahiain 1 quick

Turther analysis and design This facility may be very effectsvely cstimate of the siructural steel quantity.
utilized 1o deveiop a practically oriented design where several

members nced to be ol the same si7e.

HErIIIIIIIIIE
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50 Timber Design Specitications
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5.50.1 Timber Design Parameter Specifications

This seciion describes the speciiicatons required lor timbher
design. Devled descripiian of the imber design procedures is
dvaitable 1n Scction 4

Section 4.50.1 describes specification of paramcters for number
design Sections 4 50 2 and 4 50 3 discusses the code checking and
member selection facifitics respectively.

Purpose

This set ol commands may be used Tor specification of paramelers

for timber design
General Format:
PARAMETER
CODE TIMBER
MEMBER member-list
ALL

parameter-name {,

Degcription

Iy = the value of the parameter.
Nute that the paramcter-name refers (o the parameters described in
Section 4

Notes

It All values must be provided in the current unit system.,

1) For deflaubt values of parameters, refer to Seclion 4
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*50.2 Code Checking Specification

Purpose

This command perlorms code cheching operation un specilicd
members based un the American tnstituie ol I'mber Construction

IAITC) codes

General Format:

MEMBER member-ist
ALL

CHECK cope

Description

Ihis command checks (he specified members 1Rains! the
requirtements of the American Insittute of Timber Construcuan
£.MTC) codes. The results of 1he ende checking are summarised in
a 1abular turmae Examples and detarled explananons of the tabular
tarmat are available in Scetion §

Notes

The swtput o this commanyg may be controlled by the TRACK
parameter. Twa levels ol detals are dvafable. Refer 1o Section 5
for detaited informanion o the TRACK parameter

Section 5 | 345

'5.50.3 Member Selection Specification

Purpose

[his command periorms member selection opetration on ipcctllll:d
membcrs based on the American Institute of Timber Construction
(AITC) codes

General Format:

MEMBER member-list
SELECT

Dedcription

This command may be used Lo perform member seleclion according
tu the ATC codes. The selection 1s based un lhc results of 'hf:
latest analysis and tierations dre performed un1.1l the leasl wclg.hl.
mecmber s‘;l'llslymg 411 the applicable code requirements 15 obtained.
Paramcters may be used o control the design :n.:d the resulls arc-
tvatlable in 3 tabular formal. Detatled cxplanations of the selection
process dod the vuiput are dvaslabie 1o Section 5,

Notes

The outpul of this command may he conirolicd by the TRAC‘K
parameter, Two levels of details are available. Refer to Sectivn 5
for detailed information on the TRACK parameter.
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1 Concrete Design Specifications

Fhis section describes the specilicanons lor concrele design The

concrete design procedure implemented in STAAD consists a1 the
following sieps:

1y Inniaung the design.

2} Speciiying pa-rzlmclcrm

3) Specilying design requirements,
41 Requesting quantiy 1ake-off

3} Terminating the design

Section 551 1 describes the design imiiation command, Section
531 2 discusses the specilication of parameters Design
fequirement specifications are descrbed 5 51 3. The CONCRETE
TAKE OFF command 1s deseribed in 5 51,1 Finally. the design
lermimation command ts described in 5 51 5

Section § | M7

5511 Design Initiation .

Purpose

This command 15 used to initiate the concrete design,

General format:

START CONCRETE DESIGN

Description

This command initiales the conerete design specification, With
this, the design parameters are automatically set to the default
valucs {as shown on Table 4 1), Without this command, nonc of the
tollowing concrete design commands will be recognized,

Notes

this command must be present belore any concrete design
command 15 used
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5.51.2 Concrete Design-Parameter Specification

Purpose

This ser of commands may he uscd 1o specily parameters to control
the concrete design.

General lormat:

[AC)
BRITISH
CANADIAN
COOE {FRENCH
GERMAN
INDIA
JAPAN
|NORWAY

MEMBER memb/elem list
parameter-name I,

{ALL)

Description

Paramcter-name relers 1o the concrete parameters desenibed in
Table 4.1,

I, = is the value of the parameter. Nole that this value is always
input in current unns The UNIT command s also accepied
during any phasc ul concrete design.

Notes

1Y Al parameter values are provided in the current unit system.

2) For default valucs ol pasameters, refer to Section 3,

Section § ] 34

551.3 Concrete Design Command

Purpose

This command may b uscd to specily the type of design required.
Members may be designed as BEAM, COLUMN or ELEMENT.

General lormat:

BEAM
DESIGN COLUMN memb-iist
MENT

Description

Members 1o be designed must he specilied as BEAM, COLUMN or
ELEMENT Nuote that members. unce designed as beam, cannol he
redesigned as d column dgain. or vice versa.

Notées
Only plaic clements may be designed as ELEMENT
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51.4 Concrete Take Otf Command

Purpose

This commy

] mmand may he used to ahiam an estrmate ot the 1n1y)
v( . g .

riume ur the concrete. remnforcement bars used and theyr
respechive weighis,

Generat Farmal:

CONCHETE TAKE QFF
Description

This vimm. J he b T AL !LI n
mand can he isued o print ||IL, lﬂlal e ol cioncrete
and the by TUImbers Jand AT respecthiv weiph tr th mc "rs
hnll' au bL s and lhl..l T pechive l]_. 1 the Lmhtl’

designed,

SAMPLE QUTPUT-

LA LL YT Py CONCRETE TAKE OFF LILLL T LY T T Paegrs
(FOR BEAMS AND COLUMNS DESIGNED ABOVE)

TOTAL YOLUME OF CONCRETE = 8150CLFT

BAR SIZE WEIGHT
NUMBER {in iby)

4 805.03

6 91.60

L] 1137.60

9 653.84

L 818.67
*TCTOTAL = 1506.74

Notes

This command may b -
y be used very effecn e
estimates. Y ctively for quick quanny
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5.51.5 Concrete Design Terminator

Purpose

This command musi he used Lo lerminate the concrete design.

General lormat:

END CONCRETE DESIGN

Description
I his command \erminales the concrete destgn, after which normal

STAAD commands resume

Example

START CONCHRETE DESIGN
CODE AcCl

FYMAIN 40.0 ALL

FC 3.0 ALL

DESIGN BEAM 1 TC 47
DESIGN COLUMN 9 12 TO 18
DESIGN ELEMENT 20 TO 30

END

Notes
Without this command. Juriher STAAD commands will not be

recognised.
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3.52 Foow.ug Design Specifications

Section 5 | 353

Design Procedure

Purpose The following sequential design procedure is followed:

This set of commands may be used 10 specify footing design
fequiremenis. Seetions 5 321 through 5 52.4 deseribe 1he pracess

of design iminanon, parameter spectlicaton, design command and
design termination

1Y Fooung size is calculated on the basis of the load dircetly
available trom the analysis results (supporl reaclions) and user
specthied Allowable Soil Pressure. No facior is used on the

suppuoit reaclions.
The fooling size ubtained from 1) and the FACTORED LOAD

15 wiilized 10 calculate soil reactions.

FACTORED (LOAD = ACTUAL REACTION X Parameter FFAC

Description

This facihiy may be used 1o design isolated foolings for user
speeified suppon joinis. Once the supporl is specilicd, the program
sutomatically wlenuilies the support reacitonds) associated with the
Joint. All active load cases are checked and design 13 perlormed tor
the support reactionts 1 that requires the maximum looting sisc
Parameters are available 1o conirol the design. Dowel bars and

developmeni Tengihs arc also calculated and included 1n the design
nulput,

Note that the user may provide 4 desired value for parameter
FFAC.

31 Foolung depth and reinforcement detaiks dre based on soil
reactions caleuiated per 2) above.

11 Dowel bar requirements and devetopment lengths are
calculated and reported wn the vulpul.

Design Considerations

Iil00015%

: - Ffullowing parameters are avatlabic for foottng design.
The STAAD isolaied lonting design is based on the fotlowing Ep &
vonsiderations

Design Parameters

1) The design reaction load may include cencentrated load and

biaxial momenis. :nrameter Dvef:::.lﬂ Description
N alue
2} The verucal reaction load 1s increased by 10% 10 accoun for ame — -
EY 60,000 psi Yield stren ot

the selfweight of the louvting.

i i L
3 Footing slub size (s rectangular The ratio between the lengih reimforcement steel

and the width of the stab may be controlled by the user through EC 3.000 pst gzze:;:swe Strength of
1 paramcler. .
4) Opticnal pedestal design is avarlable. \ CLEAR 10 Cl_er:r cover ft;r slab
i : i ren rc en
5) Footings cannot be designed at supports whese (he reaction re . 0 'em '
causcs an uplift on the tootings REINF Number 9 bar Main reinfaicement bar size
for slab design.
EFAC 10 L.oad factor for concrete
- design.
BC 3000 psf Soil beanng capacity

RATIO © 1.0 Aatio batween slab sides.
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Design Parameters Cont.

Description

1 0 sonly numencal output 18
provided

2 0 =numencal output and
sketch prowded

The min depth af the footing
base slab Program changes
thrs value I required lor
design.

Pa'rametef Detault
Name Value
THACK 10
DEPTH Calculaled by
the program
§1,82 Catculated by

tha program

Size of the fooling base slab -
S1 and S2 correspond to
column sides YD and 2D
respeclively. Either 51 or §2
or both can ba specdieg Il one
1 prowtded. the other will be
calculated based on RATIO I}
bath are prowided. RATIO will
be gnoreqd

EMBEDME 00
NT

The depth of the tooting base
Irom the support point of the
column

PEDESTAL 0.0

0 0 =no pedestal design

1 0 =pedesial design wilh
program calculaung
pedestal dmensions

X1 X2 - pegestal design with

user provided pedesial

dimensions X1 and X2 are

pedestal dimensions

carresponaing to slab sides 51

and S2 respectively
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5521 Design Initiation

Purpose

This command must be used to initiate the footing design.

General Format:
START FOOTING DESIGN

Description

This command iniliates the footing design specilications. Withoul
this command. no furiher footing design command will be

recognized.

Hotes

Nu foaling design specification will he processed without this

command.
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5.52.2 Footing Design Parameter Specification 552.3 Footing Design Command

Purpose
Purpose
This command s used 10 specily parameters that may be used 10

cantrol the fouting design. i This command must be usced to execule the footing design.

General Format: Geneéral Format:

AMERICAN | DESIGN FOOTING joint-list
BR|TISH
CANADIAN
CODE FRENCH |
GERMAN
INDIA

JAPAN
NORWAY

Descriptian

This commund may he used to specily the joints for which the
fooluing designs are required,

Notes

The output of this command may be controlted by the TRACK
parameter tyee Section 5 5200 11 TRACK s sct 1o the defaull value
af | 0. onfy numenical outpul will be provided 1F TRACK is sel to
2 0. grapbtcal output will be pruvided in addivon

JOINT Jaint-list }
(ALL)

parameter-nams f, {

Description -

Parameter-name reters Lo the parameters described in Seetion 5 32,

[y 15 the value of the parameter. Nute that thys value should be 10
the current units  Fhe UNIT command 1s also accepted duning
any phasc ol tooting design

Noies

1}y Al parameter values must be provided in the current unit
system

2) For default vatues ol parameters. refer to the parameter wable in
Scclion § 52,

THERREERERa00IE®
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START FOOTING DESIGN 5524 FDOting DESign Terminator

CODE AMERICAN
" UNIT KIP INCH

Purpose
FY 45.0 JOINT 2 .
FY 60.0 JOINT 5 ' This command must be used tp terminate the footing design.
FC 3 ALL Y i
"RATIO 0.8 ALL General Formal:

TRACK 2.0 ALL

PEDESTAL 1.0 ALL

UNIT KIP FEET

CLEAR 0.25

BC 5.20 JOINT 2

B8C 5.00 JOINT §

DESIGN FOOTING 1 23 §
END FOQOTING DESIGN

END FQOTING DESIGN

Description

This command terminates the footing design.

Notes

I the looling design 1s nod terminated, no further STAAD
cummand will be recognized.

ST




STAAD Commands and Input Instryctions

“wciion §

.53 Miscenaneous Special Commands

Following ure 1wo special commands that may be used 1o control
the precision characicnistics of the stiffness matrix elements and
memory requirements tor a particular problem.

Section 5 | 344

’

Precision Command

Purpose

This command may be used 10 control the precision checking
characteristics of the structural stilfness matrix.

Description

The glubal suifness matrix of 4 correctly modeled structure is
slways 4 symmelric matrix with positive clements on the main
diagonal. Negative or very small positive clements arc usually a
resull o) rneorrcel modeling resulting in an 1ll-conditioned stiffocss
matrix. In STAAD. all suflness coctficienis numerically less than
thUt arcidentified as possible sources of instability and 2 warning
message is 15sued cautioning the uscr, In certann special situations,
these shillness coctficients may represent securale numbess. To
¢liminate the warming message 10 these circumsiances. the
PRECISION command may be used to reset the value against which
the coctfivients dre checked. This command should be positioaed
acuar the beginaing of the inpult lile

Genetal lormat:

PRECISION 1,

where. [} = aumber dgainst which stilfness
coelfetents are checked,
(defauit = 0.01)

Notes

This cammand should be specificd belgre the JOINT
CDORDINATES specifications.
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.,.563.2 Input Memory Command

Purpaose

I'his command may be usced 1o control the memury requisement 1n
the case ol a CORE OVERFLOW problem

Description

This command may he used 1in a CORE OVERFLOW situatnon 1o
deerease memory demand by the problem. A default value ot 16000
is preset in the program A number lower than this may decrease
memory requirements Problems requiring mere memary possibly
can be solved using this command Use of this command will result
in slower exccution, Thus. caution ~hould be excreised in using this
command. [ncreasing the number maty result in laster exceulion if
resources are available, This command should be placed near the
beginming of nput.

General Format:
INPUT MEMORY

where 1, = number representing memury asailable
{defauh=16400 for PC version;

Notes

1) This command should be speeificd before the JOINT
COORDINATES speciflicatiuns

¥} The value of {; may be specified as zeco. The command INPUT
MEMORY 0 will resull in mimmum possible core memory demand
by the problem. However, the user is cautioned in 1ts use as this
will reduce the specd af ¢xccution. Thus, one should consider
using this command only when a CORE OVERFLOW message has
appearcd and ali other means of ceducing the core memory demand
have been exhausted.

Bt
==
==
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5.54 Save Specification

Purpose

This command may be used 1o save run data and analytical resulls
{or lunher processing in a later run.

General {ormet:
SAVE (ay.4,)

Description
1, = Name at the file in which the analytical resulis and data will
he saved. Any name up lo twelve characters, staning with an
alphabetic character, 15 accepted.
14 = Name of a second file in which the load daia will be saved.
’ Any name. citferent irom the hirst up to twelve characters,
starting with an aiphabetic character. is accepted.

Notes

If the file names are not provided, data wilt be saved 1n tiles called
FEM1 and TEM2 respectively.
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5.55 Restore Specification

Section § | 365
556 End Run Specification

Purpose Purpose
[his commund may be used to restore the run data saved by ihe

This command must be used lo lckminale the STAAD run.
SAVE command

Al

General format:
General format:

FINISH

AESTORE (ay, a,)
Description

Ttis command should be provided as the lasi input command. This
terminales 4 STAAD run.

Dncription

4y and a5 Jdre the same tilenames as specified in the SAVE
specification. This command 1s uscd to restorc 4 previous STAAD
run which was saved with the SAVE command. IT the names 4y and
ay are teft out. the program well assume the names TEMI and
TEM?2 respeetively. So 4 fun saved with no fifename can be
restored in the same manner by providing no filenames with the

RESTORL cammand

Example

STAAD SPACE TITLE
RESTORE FILE1 FILE2

Notes

1) This command will alsu recognize the default file names
TEMI and TEM2.

Ay Opcrations involving linite clements cannol be performed
wiih 1he restored fite.

Hroogozeaooanuns
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STARDYNE Advanced Analysis

-

Saection 6

6.1 Introduction

STAAD/Pro affers two anatysis engines - STAAD and
STARDYNE The STAAD analvsis cngine has been described in
section 1 of this manual The STARDYNE analysis engine is
discussed in this section.

STARDYNE was the lirst commercially available finite element
analysis soltware lTor dynamic analysis and has been in use
throughoul the world for over 30 years. STARDYNE offers the
struclural analyst a reliable and casy 10 use method 1o solve any
problem in stane and dynamic analysis.

addaaaans

I'tus section of the manual contains 8 general description of the
analysis capabilities available in STARDYNE. Detailed command
lormals and other specilic user information is the same as in
STAAD engine (sec Section 5). In addition, several analysis-
telaied options may be specified just before the Analysis is
performed. For explanation of these oplions. please refer lo
Section 3 of the STAAD Graphical Environment manual.

The ohyeclive of this section is to lamilianize the user with the
basic principles involved in the implementatton of the various
analysis capabilitics.

1
s
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6.2 Inpht Generation - STARDYNE

Input 1s gencrated theough the STAAD/Pre model gencration
tacilitics, Pleasc reter 1o the STAAD Graphicul Enviranment
manual tor detasled deseription '

6.3 Types of Structures - STARDYNE

3.4 Unit

A STRUCTURE can he delined as an asscmblage of elements.
STARDYNE is capable o) analystng structurcs consisting of bcam
elements, ptate/shell clements, selid elements. and/or mainx
clemenis. Almost any type ol slructure can oe snalyzed by

STARDYNE.

Systems - STARDYNE

The STARDYNE analysis may be conducted in any consisient
umformt unit system. STARDY NE inicrmediate vutput Tiles. 1l
inspecied. will be rn g consisient untl sysiem chasen in any
consisient unilorm uni sysiem  STAAD/Pro provides 4 seamless
translatien 10 and (rum the analysis moduoles so that the user need
nol be concerned with the unit system used in by the translalor

.5 Structure Geometry and Coordinate
Systems-STARDYNE

_A structure is an assembly of individual physical components such

as beams, columns, slabs, plates etc.. In STARDYNE, the finite
element model will consist of those physical components being
subdivided 1nt0 anc or more finite clements per component.

Typically, modcling of the structure geometry consists of (wo
sicps:

-
=

pRROREEROREBQ0NE
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A. ldentification and descriptson of nodes.
B Mudeling ol ciemenls through specification of
cunncclivity (incidences) belween nodes.

Note thal subdividing tndividual physical companents. such as an
f-heam. inte several heam finite clements may improve the
dynamic response 4nd sometimes improve stalic response as well,
Su the user should ot think that there must be 4 one loe
currespondence between physical components 4nd the finite

clements

STARDYNE uses two types of conrdinate systems (o define the
sltucture yeometrs and loading patlerns, The GLOBAL coordinate
system s an arbilrary coordinaie system in space which is ntitized
to spectly the overall geometry & luading pattern of the struclure
A LOCAL coordinate ~ystem 15 associdted with cach clement and
15 unitized 1n clement autput o1 local load speaification.

6.5.1 Global Coordinate System

‘[he Conventtonal Cartesian Coordindgte System is used for
specification of the structure geomelry, Fhis coordinate sysiem is
1 rectangular coordinate system (X, Y. Z) which {ollows the
orthogonal right hand rule. This courdinale system may he vsed to
detine the node locations dand loading directions. The transiational
degrees ol frecdom arc denoted by uy. Uy, ty and the rotational
degrees ol freedom dre denoted by ua, uy & uy .

6.5.2 Local Element Coordinate System

A local coordinate syslem ts associated with cach element. The
local € axis is Irom the [irst node to itte second node for cach
clement type. A third node delincs the plane contaning the
orthogonat lacal v axis and ils positive direction. The tocal 2 axis
is orthogonal lo x and y and posilive by the right hand rule.
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The bewa angle methad ol specilying the beam clemeni focal
system is delined 1o the Beam Element 1opic

.
-

5 Finite Element Information - STARDYNE

STARDYNL inciudes beam, plate/shell, spring, and matriv tinite
clements. The featvres of cach is explained bélow

i.6.1 Plate/Shell Element

The Plate/Shell lintte element is hased on the hybrid element
lormulaton. The element can be 3-noded {triangular) or 4-noded
13-4 nade. isuparametnic, hybnid, sxisymmeiric, composite)
tquadritateraty. 1T aft the (our nodes of a quadrdateral element do
Aot he on une plane. s wdvisable to model them as tniangular
clements. “Surlace siructures™ such as walls, slabs, plates and
shetls muy be modeled using tintle clements, The user may also
use the clement lor PLANE STRESS 4ction oniy.

Plate Geometry Modeling Considerations
The following geametry related modeling rules should be kept in
mind while using the plate/shell clement:

1 While assigming nodes 10 an clement tn the input data, it is
essential that the nodes be specified either clockwise or
counter clockwise

2)  Element aspect ratio should aot he excessive They should
be un the order of 1-1, and prelerably less than 4:1

3 Individual elements should not be distoricd. Angles
beiween two adjacent clement sides should not be much
larger than 90 degrees and never targer than |80,

Plate Element Load Specification
Folluwing load specifications are available:

1) Lincarly varying pressure on clement surlace in lacat
dircchions.

Section & l mn
1) Temperature load due 1o uniform increase or decrease of
lemperalure.
3 Temperature load due Lo difference in temperature hetween
top and bollom sutlaces ol the clement,
41 Alsu, Densily nceds to be provided if selfweight is
included 1o any load casc,

I'riangle Plate Theoretical Basis
F'wo types ol trtangular plates are available:

17 A linear curvature compahble lriangle which simuldtes
thin plate behavior (wilhout consideralionr ol transverse
shear effects) tor non-sandwich siructures;

21 the "Muartin ' clement which simulaics thin or 1hick plate
behavior in 4 sandwich or homogencous (solid) siructure.
Sandwich Core thickness and G for the transverse shear
arc additonal tnput options  The "Martin® plaic must be
used when transverse shear eHects and/or transverse shear
stresses re desired i oa 3 node element. A denser nodal
mesh s desirable wih this element

Assuimptinns:

-
»

Lincar ctasuc, ind humogeneous or sandwich.

Small deformativns

Constant sirarn thinear vanation of displacement) for in-plane
thuth TYPES) and "Martin” plate bending clement.

Normal siress (a,) is neglected. (Thin shell theory.)

No coupling ol 1n-plane ard bending acuion

The displacement uf a triangular plate clement is defincd by
three translations and 1we rotations ai each corner of the plale.
S equations (dol)} per node.

* Ortholropic propertics with axis angle lrom ptincipal

directions te local axcs

v

Quadrilatera! Plate Theoretical Basis
Several types ol quadrilateral piales are available

1 QUADB QUADS A standard 3.4 node isoparametric
implane element with “bubble” functions.
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2} QUADA A standard 3-4 node isoparameinc with
“bubblc™ luncuons or hybrid azisymmeiric ¢element. The
entire model must consist of QUADA clements if used and
the model delined 1n the X-Y plane with X being radial
tposiive only) and Y being longitudinal. 2 DOF per node

3 QUADB A bending plaic based on 4 lincar curvaluse
compatible tnangles around a centrowdal node with 11 dw
per tniangle in bending which simulates thin plate behaviar
{withuut consideration of iransverse shear elfects)

4) QUADS A hybnd method Mindlin thick plate for bending
with transverse shear energy 1ncluded.

5) QUADH. A hybnd mcthod thin plate for in-plane and
bending.

6) QUADC and QUADCM. A hybrid methad thick plale for
in-plane and bending vl composue orthotropre mulli-ply
clemenis. QUADCM lormulation suppresses the internal
kinemauc modes of Jelormations in the element, The
Tsai-Wu lailure theory criterion can be calculated. Up lo
100 layers (plys) may be defined

Assumptions;

*  Lincar, elashe, urthotropic

e Small deformations.

»  Nuormal stress 19, } is neglected.

¢ No coupling ol in-planc and bending action.

s The displacement of a quadrilaieral plaie element is defined by
three translations and two rotations at cach corner of the plaie.
3 cyuations 1dol) per node

» Orthotropic propertics with axis angle from principal
direclions to local axes.

Plate Element Local Coardinate Sysiem
From nodc JA 10 node JB is the lacal x-axis wilh origin at JA.
The JC node lies in the 2-y plane and is en the posilive y side of

the v axis. The local z-axis is fuund by the nght hand rule from 2
and y.

ro oo agOoginil

section & l in
Plane Strain Analysis .
I{ the uscr wishes 1o use STARDYNE in an tn-plane only,
isotrapic. plane strain analysis. the malerial properties (F POtS12,
ALPHA) specificd for the in-plane triangles and quadrilaterals
must be modiled as tollows:

o B

C[1-PR)
PR,

PR T (1-PR))

ALPHA; = ALPHAL * (1 + PRy)

Where: .
Ey Actual Modulus of Elasticity

PR, = Actual Porsson’s Ralio
ALPHA, = Actual Cocliivient of Thermal Expansiun

and .
£. PR, and ALPHA, arc the valdes to be entered in the material

pruperty tablc tor the planc strain analysis.

Output of Plate Element Forces ‘ .
Element ouputs are available at the following locations:

A. Center of the element,
B All coracr nodes ol the clement.

Following are the items included in the ELEMENT FORCE oulput.

QX. QY Shear stresses (Force/ unit len.funit thk.}
sMembrane stresses (Forcelunit len.funil thk)

I\lx‘(r; Yr:(;;ﬂ’ Bending momenls per unil width (Moment/unil
fen.)

sMAX, SMIN Principal siresscs {FForcefunil arca)

T™MAX Maxim. shear siress (Force/unit arca)

VONMISES stress (Forcefunil arca) =

SQRT( 05 * [(S1 - $2)*72 + (52 - 53)4*2 +(S3 - S1)**2 | i
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S1, 82,53 are principal siresses.
ANGLE Orrentation of the principal plane (Degrees)

Notes:

I Allclement force output is in the local coordinite sysiem
2 Principal sircsses (SMAX & SMINY. the maximum shear siress
tTMAX) and the orentauon of the principal plane {ANGLE)

are also printed ior the top and bowem surfaces ol the
¢lemenis  The top and 1he botom surfaces are determined un

the basis of the directon of the focal z-ax)s

.~ Solid Element

Sahd clemenis enable the solutton of structural prohlems involving
general three dimensianal siresses  There s a class ol problems
such as stress distnibution 1n concrete dams. soit and rock straia

where linue ¢lement analvas using solid clemenis provides a
powerful 100l

Solid Element Theoretical Basis

Thc solid element used \a STARDYNE 15 an ctght nade
IOPIFAMELric type or optionally hybrid type. The suparametric
type 1s the same as 10 STAAD with the addnion of 3 "bubble
lunctions™ to improve shear hehavior These elementy have three
translavonal degrees-of - Irecdom per node By collapving various
nadus twgether. an cight nade solid element can he degeneraied 10
an clement with four to seven nodes,

Solid element Local Coordinate System

The local coordinate sysiem used in solid clement is the same as
the glubal system, however siresses may be presenicd as 1f JA-JB.
JC nodes defined a local sysiem (see plaie lacal coordinate
syslem}.

Solid element Properties and Consiants
Full 3-D orthotropic propetriics may be used. Also, Densily needs

1o be provided if selfweight is included in any load case.

Output of Solid Element Stresses

Ny R RS R R R EREE

Seclion 67 318
Element siresses may be oblained a0 the center and at the nodes of

" the selid element. The slems that are printed are

SXX,SYY and SZZ

SXY.SYZ uand SZX

Principal stresses: 51,52 and S3.

Von Mises siresses: SE

& direclion cosines are printed, following
the expression DC. corresponding Lo the
first two principal stress dircctions.

Normal Stresses:
Shear Siresses:

Direction cnsines:

Hybrid Element Formulation, Plate or Solid
(STARDYNE)

In the classical displacement formulavon. simple polynomials dre
used Lo interpolale nodal vartables internal to the element. For
cuample. & unit nodal displacement 1o the x ditection, induces
displacements (€1 0) in the < direction inside of the clement.
Fram these interpolated displaccments the sitaims can be found.
Then, using the material constanis, the clement nodal suffness
coclficients and sirgss malriees can be computed.

In the hybnd Tormulation two scis ol interpolabion Tunclions are
used  The titst o interpolaie displacements atong the element
houndary and the second to imerpolaie stress ficlds inside of the
clement. Conscquently. there 1y & rither complex relationship
hetween the nudal displicemenis and ~ircsses nside of the
clement, STARDYNE oifers a chuice hetween the classical
displacement and the hybrid clements. The QUADH header
selects the hvbrid guads and CUBEH sclects the hybrid cubes.

Hyhrid elements. in general, yield shightly beiter accuracy if they
arc only slightly distorted Irom reclangular or parallelogram
shapes. Il there are dreas in the model where severely distoried
clements must he used. sclect the QUADB and CUBEG types.

Che classical displacement clements converge to the correct
answers ‘from helow™  This means thal as the finite elemenl mesh
gets denser the model gets mure {lexible and approaches o the
eorrect answers (assuming thal loads and boundary conditions are
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unchanged). The hybrid elements, on the other hand, can converge Section I 77

cither from above ur below Al ol the linitc elements in

Assumplions
STARDYNE are convergent,

e Lincar. clasiic, homugencous.
. = Small strains and displacements.

} Matrix (GB“BT&' Spnng) Element *  Plane scctions remain planc.

¢ Nocoupling of axial, torgue and bending

i i ans to the Global Sulfness mairiy ) .
Matrix clemenis are direct additians : i Shear detormation are included,

: ix. ccilies the nude incidences and the )
or Mass mauix. The uscr specilics s Gceomeirie and elasue properties constant along length.
matrix values.

Neam Local Coordinate System Definition - The beam element

Mairix element Local Coordinate System tacal system are specified the tollowing 1wo methods:

The local coordinate system used in the matrix clemenl is the same
as the global sysiem. however stresses may be presented as o 1y

STAAD Bedam element Beta Angle

The relationship hetween the Incal and global coordinale sysiem is
delined by an angle measured 1n the following specified way. This
angle will be delined as the beta (B) angle. When the local x-axis
is parallel 1o the global Y -axis, as in the casc of a caluma 1 a
structure the beta angle s the angle throupgh which the local z-axis
has been rolaled ahout the local <-axis from a posilion of being
paralle! and in the same positive direction of the global Z-axis.
When the local «-axis is not parallel 1o the glabal ¥ -axis, the heta
ingle 15 the angle through which the local coordinale system has
heen riated ahout the local « axis from & positisn of having the
local £-axis parallel to the ghabal X-Z plane and the lucal y-axis in
the ~ame positive direction ds the global Y-axis.

IB-)C nodes detined a local system.

Mairix element Properties and Constants
Nonc needed.

Oulput of Solid Element Stresses '
Element forces may be obtained a1 the nodes of the matrix
element.

1 Beam Element

The beam element is assumed Lo be strasght 2 node clement of
constant doubly symmelric cross-section  The beam is capable of
resisting axal torce, bending momeants sbout the iwo principal
axes (coincidem with the beam local 4xes), and twisting moment
about the centroidal axis. The stiffncss properties for a uniform
beam clement are derived from the differcntial equations for beam
displacements 1n the engincering beam Lheory. Laleral deflection
is the sum of disptacement due to bending sirain and the
displacement due 1o shearing sirain (compuled dsing eflective
shear arca and G).

Beam element Reference Paint

An allernalive to providing the beam clement oricmation is to
inpul the coordinates of an arbitrary refcrence point located in Lhe
clement t-y plane bul not on the axis of the clement. From the
location of the reference point., the program automalically
calculates the orentation of the element x-y plane.

The beam element is really the sum of 4 uncoupled elements.
atial, torsion, shear & bending in x-y, and shear & bending in 1-2.
Any combination can be creaied via member releases, or setling
¢ross-section properties lo zeru, or TRUSS, cic. options.

DOQOEOOORE
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1.1 Beam Element Prismatic Properties

Same a8 STAAD Analysis engine.

1.2 Tapered Beam Elements

Praperties of tapered beam ¢lements may be specilied  Given hey
section dimensions, the program is capable of calculsung cross-
sechional properties which dre subscquently used in analysis
Tuapered beam clements may not have beam clement loads applhicd
other than selfweight lumped al ends.

3 Pipe and Elbow Beam Elements

Propernies of pipe, pipe tee. and clbow heam clements may be
specilicd  Given key section dimenswns, the program is capable
of caleulating cross-seenonal prapertics which are subsequently
used 1n analysis  Pape tee 1nd clbow beam clements may not have
heam clement loads apphed wiher than selfweight lumped at the
ends and enclused Tiquid werght lumped a1 the ends The elbow
may sphonally allow the calculation of heading Meubiluy
tncrease due 1o thin wall avalhizanan ¢while considenng the
vppuastng cffec: ol internal pressure) o be compuled

+.4 Beam Element End Releases

STARDYNE alluws rcleases lor beam clement end turces and
momems. Beam clements are assumed 1o he rigidly framed into
nodes in accordance with the structural 1ype specificd. When ths
full ngidity is not applicable. individual force components al
either end of the clement can be set (0 zcre with element release
staiements. By specifying release components, individual element
degrees of freedom are removed from the analysis. Release
components are given in the local coordinate system for cach
clement.

TR
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6.6.4.5 Tension - Only Elements

STARDYNE does nol have a tension only element.

6.6.4.6 Cable Elements

ST ARDYNE docs nol have 4 cable clement.
6.6.4.7 Beam Element Offsets

Some heam elements may nol he concurrent with the incident
nodes therehy creating offsels  Thas olfscl distance is specified in
ierms of globat coordinate system (i c. global X. Y and Z distance
tram the cident nodel. Sccondary lorces induced, dde to this
olfsel connegtion, are taken into account in andlyzing the siruciure
and also Lo calculate the individual elemenl lorces. The new ofiset
centroid of the heam clement can he at the start of end incidences
ind the new waorking point will also he the new start or end of the
heam clement. Therelore. any reference Irom the start or ‘end of
ihar clement will alwavs be from the ncw ollsct poinls.

6.7 Rigid System of Nodes - STARDYNE

STARDYNE provides tor rigid sysiems similar 1o STAAD's
master/slave apuion with all degrees of freedom (Ex, Fy, Fz, Max,
My and Mz) provided as constraints. The nodes of a rigid system
will be assumed to be ripidly connecled. Rigid systems are
defined using heams with the rigid becam propeny specified.

The Rigid Beam can be used 10 model those elements of 4
structure which are very stiff in relation to the total sireclure. One
or mote rigid heams form a Rigid Sysiem.

The highest numbered node in each cigid system {independent
node) witl remain 2 part of the clastic structurdl model. The
remaining nodes in cach rigid system (dependent nodes) will not
he rcptcscnlcd‘in the stiffness matrix lar the elastic model.
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However, of any static loads are applied to these dependent nodes.
they will be correetly transierred to the clasuc model.

In the nodal ecquilibrium check, lorees and momems witl appear at
those nodes contained 1in a rigid sysiem. A free-body analysis ol
the nigid system wall indicate that these torces and moments will
be in stalic equilibrium with the external loads acung on the rigid
system. :

The maienal consiants are; moduli of elasucny (E1 E2, E3);
weight density. Poisson’s rato (PO1S12), coeflicients ol thermal
eepansion {ALPHAL 2.3 G112, G23. G, composite damping
coctlictent, and composite clement talure criterion constans.

Werght density is used 10 siane analysis witen selfweight of the
structure 15 1o he taken 1nto account and tn dynamics 1o calculaie
the nodal masses.. Poisson » ratio (POIS12) may be used to
calculate the shear modutus 1G 121,00 G112 s leit blank, by the
formula,

Gi2=0.5 CETHL - POISIYY

Cocellicients ol thermal expansion {ALPHAL2.3) are used to
calculate the expansion of :he clements 11 temperature loads are
applied. The temperature unst tor lemperature load and ALPHAS
have 10 be the same

The malenal conslant directions are assumed to be principal
dircctions. For beams the matenal axes arc the beam local axes.
Fur solid elements the materral axes are the global axes. For plate
elements, the malcrial axes ire the same as the local plate axes
unless an axis angle 18 specilicd for a platce.

Section & l m
6.9 Supports - STARDYNE

STARDYNE allows specilications of supporls that are paralle! as
well ds inclined 1o the global axes, Each of the possible six nodal
supporl directions may be resirained or released. Boundary node
support dol locattons must be specilicd in order (o impose known
displacements al those locanions in a static analysis. The actual
displacement is specificd 10 cach load case inpul.

6.10 Loads (STARDYNE)

Loads in a structure can be specificd as node load or lemperature,
and clement load or temperalure STARDYNE can also generate
the sclf-weight ol the stsucture and use il as uniformly distributed
clement loads 1a analvsis. Anv multiple of this self-weight can
s be applicd vnoany desired directian,

6.10.1 Node Load

Nude loads torces & moments of temperature, may be applicd to
any Irce node ol g siructure These loads act in the global
canrdinate system ol the structure. Positive forces act in the
posttive coordinate dircclions Any number of loads may be
applicd on a single node. in which casc the loads will be additive
un that node

It dues not matter which type or Iypes of clements dre cennected to
the node except that if the clements cannol carry loads in that
direction, the luad 10 the unsupporied direction will be ignored.
Loads al suppurts will not contnibute Lo deférmaliions or element
results.
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coclficient ol thermal expansion, alpha. for the material

1.2 Element Loads

Beam Element Load

ol the clement must be provided for computation of these
cffects  Orthowropic propertics permilled. Temperatures

’ ‘ : Seclion 6 l 3493
e=u
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Three types vl loads may he apphied directly to heam elements in 4
structure, These loads are unilormly disiributed loads,
concentrated foads, and lincarly varying loads (including
trapesodal). Uniform loads sct on the 1ol or pardial length ot 4
beam clement. Concentraied luads act 81 any inicrmediate,
spetitied point, Lincarly varying leads act over the lull length ol
a heam clement. Trapesmdal hinearly varying loads act over the
tull or partial length of a heam clement Up 1o 10 load
descriptions may he specificd 1o act upon 4 beam element in any
independent loading conditun Beam element loads can he
specilicd in the wlement courdinale system or the global coordinaie
system  Umiformly distnibuted clement loads provided in the
globat coordinate system mav be specitied to act along the full or
projected element length  Posinive forces act 1n the posilive
conrdinate direchinns. local or global. as the case may be.

Temperatures may be specilicd un 4 points of cross-seclion and arc
assumed constant alang the length, The Jillerence between the
specilicd lemperature und the tmbsent iemperature will cause
il axial sirain andfor bending sirarn in proportiss to the
thermal expansion coetficient. alpha. for the matenad and the
clcment geometry

Plate Element Load

On Plate/Shell clememis, the types of loading thar are permissible
are:

1) Pressurc loading which consists of loads which act
perpendicular lo the surface of the ¢lement. The pressure
loads can be of uniform intensity or trapezoidally varying
intensity over the entire surface of the element.

2) Temperawure loads which may be constanl acrass the depth
of the element (causing only in-pianc clongation /
shortening) or may vary across the depth of the clement
causing hending and clongation on the clement. The

HH DT
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may vary from node (¢ node.

3) The sell-weight of the elements can be applied using the
SELFWEIGHT loading condition. The deasity of the
elements has to be provided or computation of the self-
weight,

Solid Element Load

On Solid ¢lements. the loading 1ypes available arc pressure
vartalion normai to each lace, lemperatures ai the nodes, and the
sell-weight using the SELFWEIGHT loading condition. The alpha
andsor density of the elements has to be provided for computation
it these foads  Three-dimensional orthotropic properiies
permitled.

6.10.3 Node Temperature Load

Femperatures may he specified 3t nodes or an element surfaces,
Nude lemperatures are transierred to clement lemperatures before
provessing. The difference belween the specificd tlemperature dand
she ambient empertiure will cause initial aaral siran and/or
hending stearn tar bi-axial or iri-axial sirain for 2d and 3d
¢lements) in proportion o the thermal expansion coefficients,
atphas, for the matenial and the clement geometry. Orthotropic
material properties may he used. The program calculates the
sirans (elongatien and shrinkage) due to the iemperature
Jdilferences, From this it calculates the induced lorces in the
¢lement and the analysis is done accordingly. Nodal temperatures
will not induce bending initial strain in beams or plates
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n 4 Support Displacement Specitication 5.11.1 STARDYNE Static Analysis

Displacements can be specilied al boundary support nodes
specified dircenions  Displacement can be translational or
rotational. The rotational displacements are 19 radians. Note that
displacements can be specilied only in digections in which the
boundary support node dircctions are detined

STARDYNE Analysis Capabilities

Currently available analysis capabilitics include

1} Siane Anatysis
Stilfaess Modcling
Applicd Luoad Mudcling

Statye Equation Solunion

21 Second Order Siatic Analysss:

P-Delta Analysis

Siress Sutfened statte and cigensolution
Buckling

31 Dynamic Response Analysis (Modaly
Mass Muodeling
Natural jrequencies and modes analysis
Response Spectrum analysis
Linear Time History analysis

Key features of cach type of analysis arc discussed in the
following scctions. Detailed theoretical treatments of these
fcatures are available in standard struciural enginecring textbouks

pEREoOEREERDIEN

STIFFNESS MODELING - The general solution procedure
cuonsists of tormulating 4 nodal stilfness maltrix from the linle
clements theams. plates. and solids) and performing one or more
ol the foltowing vperanons slalic analysis, cigenvalue/eigenvector
cxiraction. dnd dynamic response analysss. The siatic analysis and
modal exiractivn phases are based on the “Stilfness Method” also
known as the 'Displacement Mcthod”  The assumptions and
iarmulations are consisicnt with “Small Displacement Theory™.

Each linite clement contrtbutes stiffness to the nodes to which il is
cannceled Each clement type has an assumed form of
Jisplacement in @ manner which sansties the foree equilibrium dnd
displacement compatibitity at the nodes  The nodal stiffness
matrices ol the individeal linile clements are fitst computed and
then transtormed Irom the boeal element coordinaie system to the
2lubal coordsnale system. Finally, the iadividual stilfncsses
assoviated with each nodal paat are sysiematically summed to
abtain the total {global) stiifness matnix | K |. This square
symmetric matrix hds up 1o 6 equations per node.

\ssumptions of the Stiffness Meihod
For a complete analysis ol the structure. the necessaty mainices are
gencraled un the basis ot the following dssumptions:

Iy The structure is tdealized inio an assembly of beam, plate,
solid, spring. and maitrix type clements joined together al their
vertices tnodes) The assemblage is loaded and reacled by
concentrated loads teting 3t the nodes. These loads may be
hoth lorces and moments which may act in any specified
directian. .

1 A beam clement s 4 longuudinal structural element hdving

canstant, doubly symmetric or a lincarly lapered cross section
along its lengih. Beam clemenls may carry axial forces, shedr
and bending 1n two arbitrary perpendicular planes, and are 8lso
subjected 10 Lorsion.
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néh

31 A plawe element s 4 three or tour nede Nat element having
cansiant thickness and wrtholropic propertices; or compossle
layered properties: or may be axisymmeine

1) A solid clement is 1 tour to cight node three dimensional
clement having umilorm orthotrepic propenies.

5) A general mainx clement may he 2 spring of gencrated
clement matrices ar assembled stilfness / mass matrices [rom
an external source '

61 Becams have | 10 6 degrees of freedom (DOF) at cach node,
plates bave 5 DOF- und solids have 1 DOF  Because of thy
mismaich in DOF, the connectson hetween solid clements and
plates or bcams needs special modehng.

T} The solved 1nternal element torees and the applied external
loads acting un cach node are in equilibrium creept at
supports

8} Two types of coordinaie svstems sre used in the generdtion ol
the required matrices and are reterred 1o as local and gluhal
systems. Local coordinaie axes are assigned 1o ¢ach ndividual
clement and are orented such that compuusg cifort for
element shilfness matrices are generatized and mimimized. The
nudal coordinaie inpui daia are by Jdetinilion in the Glabal
coordinate axis sysiem  The assembled forces and stiffness
and the solved displacements are 1n this Global coordinate
awslem

APPLIED LOAD MODELING - Loads may he applied in the
form of distrihuted loads on the clement sarfaces or as
concentraled Joads at the nudes. element thermat gradients,
pressurcs, inerihia (sell-weight) loads and imposcd nodal
displacements  Using standuard finite clement methods the
loadings are assembled into 3 aodal force vector

STATIC EQUATION SOLLTION - During a stalic analyms, this
matrx cquation 15 solved:

{Kle{8)=(P]

Where
[ K1 =the stiffnecss malnx

[ &
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the resulting nodal displacement veclors
the applied nodal force vectors

Static equation solution uscs one ol two methods:

Preconditinned conjugate gradient solver iTurboSolver). This
solver 1s much faster than method 2 and dses much less disk.
The TurboSolver is used whenever possible |no inclined
supports (ASYSGY. spring supports, or nigud sysicms
tmaster/slavey allowed|: otherwise a '

Modificd Gauss, LDL'. variable bandwidth solver is used.
I'his solver 15 always used in the cigensolutions.

Consideration of [K| Matrix Bandwidth

Mcthod 2 {LDLT) 1s more cificient when the equations are
reordered (o have the non-scro | K| mairiz lerms form 3
narrow hand abour the diagonal. STARDYNE
automatically compules 2 ncarly optimum node order. For
this 1ype ol matrix (fewer culculaliuns are required due to
the tact that werms sutside the band are sl equal 1o zero,
STARDYNE 1akes fulf advantage of the varable
bandwidth doring the solution.

Independenl *Disjoint™ Structures iStructural
Integrity) - Unhike STAAD 1wo ur more independent
structurcs may be solved Chueck the “message file” for
disjuint structure messages 1o sce 1l independent structures
were detceted. Sofving multiple struclures in one analysis
1s not recormmended and is usually the result of 3 modeling
crror

Numerical laostability Problems - Singularilies:
Instabilily problems can occur due 10 two primary rcasons,

Iy Modcling problem - There are 2 variety of
modeling problems which can give rise to
instability conditions. They can be ¢lassified into
\wo groups,
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a)  Local msiability - A local tnstability is 2
condition where the fixily conditions at an
clement node are such as 1o cause an
instambity 1n the clement about one or more
degrees ol Ireedom  Examples of possible
local snstability dre:

Al

ti) Beam Release: Beam elements released g
both ends lor any of the following degtecs
ol treedom (FX. FY, FZ and MX) may be
subjected 1o this problem,

{iny TRLUSS ur axiat unly beams have no
capacily (o transier shears of moments
from the superstructure (o the suppoerts.
Denending upon the load carrying capacny
ot the resulting siructure there may be a
local instability

(iitSTARDYNE plates do not have the 6™ dol
trotanon about the normal 10 the surface
dircction) a1 each node.

NOTE I:
Zero Strffness at 2 node 11 one or more directions
iv OK. Luads al those dirccnons will be ignored.

NOTE 2.

Fur the LDLT solver, Node Point Singularitics arc
corrected (bul not for the TurboSolver). This
singulanity accurs when there is 2 sero stiffness
direction other than a global direction,

b) Global Instability - These are caused when the
supports of the structure are such thal they
cannot uffer any resistance 1o motion, sliding
aor overturning of the structure in one or more
ditecuions, An example s that of a siructurce
with all the supports released for FX, FY or
FZ,

Sectiom a9

2y Muah precision - A math preciswon error is caused
when numerical instabilities occur 10 the marrix
decompositon process. When a very “stiff”
clement 1s ddjacent to 4 very “flexible” element, a
math precision evror may occur. Replace siiff
clements with a ngid system or anificially soften
the clement.

[he loads and siresses in the clements are computed using the
cumputed nodal displacement veclor

6.11.2 STARDYNE Second Order Static Analysis

Stress Based Stiltness Modeling (Star)

STARDYNE can compule additional hending stiffness for beams
and plates given the axtal ur inplane stresses. These matrices are
Lnonwn ds geametric stidfocss mamces tKg|l When a stress
sttflened related analysis 1s chosen Isiatie, eigensolution.
buckling. or P.Delta) then g s1andard static analysis is performed
hest to compule the plate & hedm siresses. From thosc stresses
snd the elemeni geameltry. the additlonal bending stifiness s
compuled. Then the analvsis is perfurmed with the addilional
stiffness included.

Buckling analyses require LANCZOS (DYNAMIC entry) not HQR
an the sccond run. Stress “siffencd” natural frequencies may use
cither cigenvalue method.

All quad plaie clements 1QUADB, QUADH, QUADS. QUADC)
including composiles can he accommodated. although the
geometric stitfness matnx wall be the same for all iypes. All
triangulat plate types may also be accommodated includiag 3-node
membrane quad plates

Bending only plates dnd/or beams, or solid clemenls, or matrix
clements produce ne stress stiffening and therefore do not
contribute 16 buckling. Positively stressed clements become stiffer
and negatively stressed clements become more fexible.
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The tollowing STARDYNL leatures ~hould not be used, or should
be considered carelully when used in siress “suffencd™ or buckling
analyses: ASYSG. AXIS ANGLE. Sohd Elements can be used but
no stress shffeming will result Trom them and they waill not enier
1o any bucklhing calculauons. otfset beams, clbows, pipet, and
piancd beams tre trcated o standard siraight beams connecied
with b DOF/node at cach end vt the hesmn

P-Delta {(P-A) or Nonlinear {Star)

WHAT: This s an deralive, geomelncally non-hinear static analysis.
It is often useq as part of an analysis of a building lo account for the
moments induced after lateral displacement of the anginal applied
forces.

WHY Pnmanly used as pan of an anaiysis of a2 buiding 1o account lor the
mamants :nduced after laleral arsplacement of the ongmal apphed forces.
WHY STARDYNE. Two opnons: (1} updaies noge coornales with each
steration. (2) soive incramenially

HOW-  Seiect only one stanc loading case then select P-Delta analysis
specifying whch opiian, and number of steratons,

Note that the ull load case must be solved simultancousty tor this
tpe ol snalysiv 1 e the tateral loading must be present
cuncu_ncntly with the vertical loading 1or proper Jonsuderation ol
the P-Delia eifect  Other analyses that this procedure may be used
fur are:

41 problems with larger displacements while the clements are
undergoing smatl strasn,

by portions ur all or the structure are near buckling or dre into
stimpic post-buckling hike snap through.

You first specify the number of iteranons or luad steps (defaulyis
1}. There 15 no check for convergence. Next, cheose between the
following options: 2a. QRIGINAL - Apply the (vli lvad on cach
ieratioa and add the derormation w the uniginal node coordinates
10 use as the nude coordinates Tor the next iteration. 2h.

CRUCQUOOERitl
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CURRENT - Solve incrementally  Apply the loads in increments
tapplicd loads divided by (# ol ncrements+1)). Solve #-of-
tncrement limes wih coordinates and deformations accumulated.

The delaults of |iterations snd oniginal coardinates (2a), should
he adeguate lor P-3 effects in buildings., For other, more complex
analyses, then more iterations and option 2b may be nceessary,

Ldrge deformauons could invalidaie beam local ecoordinale
detimions and watp plate clements. The local beam cootdinales
n the intermediate wncremenis arc not moving with the beam but
are hased on either moving nudes which prababiy are not moving
with the beam 1 on dn angle of the beam to the lixed global axes.
Delarmed ind displaced plales often become warped or distorted
which degrades the accuracy ol the element.

The “current” coordinates oplion (which s an incremental load
with updated coordinates alter each ncration) should have good
tinal displacements. The displacements. element loads and
stresses. and nodal equibbrium cheek resulis output are the
summdtion al the results from cach of the incremental iterations.
The clement and nodal equilibrium results are Jpproximate o
indccurate depending on the amount of displacement and rotation.
Better results lor the elements would be obiained by applying the
linal displacements as a static load case on the model with the
anginal coordinates.

Stress Slitfened Static and Eigensoclution (Star)

WHAT: This is a load case spectfic analysis. Compression
stresses in beam and plate elemenis are used lo determine a global
additional stitfness malnx ({Kgj) lo add to the global stiffness matrix
in either a static or eigensolution.
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WHY: Pnmanly used when the tension or compression in beam or
plate elements will contnbula sigmificantly to those elements
bending stiffness and that the increase/decrease in stiffness is
important to the solution.

HOW:  Selact only one staic loading case then sglect Strass
Stitfened Slahc or Eigensoiution. Other inputs ard the same as
normal analyses.

The static global matrix equation becomes:
(K+Kgis{&)1=(P)

The eigensolution globul matrix equation becomes:
wimi{ql - 1K+Kgllgl=o

Stress “stiffencd” natural freguencies may use cither cigenvalue
method.

Buckling {Star)

H(HA T Euler buckiing cakulation based on a single stalic load
aistnbution. Compression stresses i beam and plate elemants are
used lo determine a global stabiity matnx ({Kg}) lo use n place of 4

mass mainx i an ergensoiution, The w? rasults are the buckiing
factors.

WHY: Pnmanly used for stabiity analysis of parts of struclures or
mechanical paris.

HOW: Select only onea static loading case then select buckling
analysis.

The process of calculaling the system buckling factor and buckled
shape involves [irst solving the static load case for displacements
ard beam axial stresses and plate inplanc siresses. From these
sucsses, additional beam dad plate bending sufiness can he
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compuied. [Kg| The solulion of the Tollowing cigenproblem will
result in the amount that the applicd load case would have to be
1actored (BF) to be af the entical Euler buckling load. The
huckled shape s normalized Lo @ maximum displacement of one.
o get the actual displacements and stresses al the crilical
buckling toad, repeat the static analysis with the original loads
multiplied by BF°

BE{Kgtigl-1Kilqglt=0

Where

:Kgl = the geametric shiffness malsix (banded symmetric)
BI° = Buckhing Factor

{41 =the nurmalized huckled shape

For buckling analysis. the Lanczos cigenvalues are eritical
huckling factors. The critical buckling loads are (alf of the loads
that you have apphed) iimes (the Tirst buckding Taclor). A positive
huckling lactor that 1s l¢ss than onc indicales the applied load is
sreater than the buckhing lvad. A negative buckling factor
mdicates that the apphicd luad ¢ase 15 in the vppusite direction of
the loading that would cause buckling.

Sote that all toads dre considered o be factored. 1T sell weight
ind compression are applicd. then the buckling ractor would be Tot
nuth the compression and the sclf weight

Buckling dndlyses require LANCZOS., nol HQR.

6.11.3 STARDYNE Dynamic Response Analysis

Currenily svailable dynamic analysis capabilities include tolution
of the [ree vibration problem (eigenproblem) and several forced
vibration excitation analysis lypes: response spectrum analysis,
lincar time history analysis. and steady siate harmonic analysis: all
uttlizing modal superposition methods. The dynamtic response
results are presented as structural deformations (displacements,
velucitics, or cceleratiuns) and as internal clement Joads and
sircsscs
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Mass Modeling {Star)

The natural Irequencics and mode shapes of a structure are the
primary parameters that alicer the response ol a structuse under
dynamic loading. The free vibraton problem is solved to extract
these values  Since no external forcing {unction EIS involved. the
natural Irequencies and mode shapes are direct lunctions of the
shilTness and mass distribution in the stiructure Resulls of the
lreyuency and mode shape caleulations may vary significanily
depending upon the mass modeling  This varianon, ia tuen, atfects
the dynamic analysis resehis  Thus, ¢xireme caution should be
execrcised i mass modeling 10 4 dyramic analysss problem,. Acnhve
masses should he modeled ss loads A1l masses that are capable of
moving should be modeted 45 loads applicd 1o all possible
dircetions of movemeat. In response spectium dnalysis, as a bare
mmmum. all masscs thal are capable 0! moviag 1n the direction ot
the speetrum. must be provided as loads acting i hat direcuun

Itis sirongly recommended that untl sell weight be spplicd 1n the
X. Y. and Z directions in all STARDYNE Eigenproblemidynamic
analyses even tor 2-D [rames or strectures loaded 1n one or two
global directions This will gencraie audal masses hased on
density and clement volumes A an ST AAD the addittonal masses
at 3 pownt can be specified as lorces

GLYANSUPPORT DOF

I the HQRII-Guyan cigensolution method 1s chosen, then you
should select some mass dol (Guyan del) 1o be retaimed i the
crgensolution. The other mass doi will be statically redistnbuied
(transfoimed) to add to the selected mass dof resulting in 3 full
mass mairix (non-diagonalt  This method 1s directly analogous 1o
the stane condensation of stffness at interior nodes 1o stiffness al
boundary nodes used in substructures or 1n some finsie elements.
Ne stilfness is lost or changed but the kinctic energy of the mass
1s modified. Howcver if N rcasonably distrtbuted Guyan dof are
chosen, then N/ 2 ol the towest cigenvalues will be accurate.
This procedure is only used by engineers who know how o use
Guyan dof to ehminate uawanted localized modes,

Seclion 6

Damping Modeling (Star)

In the modal dynamic response method, damping is entered as a
damping raue (as a fraction of critical damping; 5% damping is
entered as .05) for cach cigenvalue/mode used in the respunse..
An alternanive 10 the user specifying a value for each mode is the
cumpuosite modal damping method of assigning damping for cach
made. This method 1s based on the concept of different maiterials
having dilferent damping ratios and thal a particular mode’s
damping rat1o should be a weighted average of the strain energics
* damging ut the matenials used.

Solution of the Eigenproblem (Star)

The cigenprublem 1s sulved Tor structure frequencies and mode
shapes considering a mass maina lumped a1 the nodes (See Mass
Modcling abuve), Masses at all acuve d o [ may be considered.

vny structural model which consists ot a stiffness maleiz and N
mass degrees ot frecdom contains N normal modes of vibration
Izach normal mode oecurs ot 4 spectie frequency of vibratron
anown as 1 natursl lrequency for cigenvalue) Al these
ireguencies the nodat displaccments, known as the mode shape (or
zigenvector) oscillate from postiive (o negative shout 0.0 The
advaniage of modal methods are that unly a smatl number ol the
low frequency mudes are necessary ta obtain good dynamac
response resulls

The process of calculating the sysien cigenvalues dad
ctpenveetors 15 known as Modal Extraction and ts performed by
solving the equation:

195
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m:|m|l||j-|K|[ql=n

Where

fm i =the mass matnx (assumed to be diagona), i ¢, no mass
toupling)

o = the nutural frequencies (cigenvalues)

{ q | =the normalized mode shapes {cigenveciorns)

Frequency (HZ) = w/ln

Two solunion methads are available: the Lancrsos (“Lan Chos™)
method (recommended) and the HQRE-Guyan method,

Please note that various nomenclature is used Lo refer to the
nutmal modes of vibration, (Eigenvalue, Natural Frequeacy,
Meodal Frequency and Eigenvector, Generalized Cootdinate, Mode
Shape. Muadal Yector, Normal Modes, Normalized Mode Shape,

GENERALIZED WEIGHT AND GENERALIZED MASS
Each cigenvector (g has an associated gencrahized mass defined
by

Generalized Mass (GMy =1 g 1" {M )| q)
Generalized Weight (GW) = GM * g

PARTICIPATION FACTORS - A participation lactor (Qi) is
compuied for cach cigenvector Tor cach of the three global (Xi)
translabienal ditcctions, N is the number of nodes

T(q, Hw,)
:—v—-—\—l—-—l‘

Q Cw
MODAL WEIGHTS - The summation of modal weights {or all
mades ina given direction is cqual to the Base Shear which would
result {from a2 vne g base acceleration The modal weight {or cach
modc = (GW)(Q,2). T'he sum of the modal weights for the

A <
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computed modes may be compared 1o the 1otal weight
structure (that has not been lumped al supports). The du.ctence is
the amount of mass missing from a dynamic, base cxcitatinn,
modal response analysis  If loo much is missing, then rerun the
cigensolution asking for a grealer number ol modes or read about
how to employ the Missing Mass Corrcction method,

Lanczos Methed and Free-Free Structuces - An unrestrained,
frec-free mode! has zero cigenvalues thal may bhe solved in
LANCZOS However you must know that zero cigenvalues are
expected and select the Free-Free option. Internally the pregram
will compule 4 shift frequency, o, which will be used Lo creale a
matrix, |K,l, to be added to the stiffness matrix, [KY, prior lo the
cigensolution ([Ky§ = of [M[}). The eigenvectors of the shilied
cigenproblem are exacily the same and the [requencics are shifled
by «? from that of the actual cigenproblem. So we simply add o?
lo each compuied frequency and we have compleled an otherwise
unselvable singular cigenproblem. 1f, howevet, a singularily is
still detected during decomposition, it is an indicalion thal there is
4 portion of the struclure without mass that is (rce o move
statically relative 1o the rest of the structure. Such a structure
could not be solved statically either. For example, a frec-lree
beam which has Area, 12 and 13 properties, bul has masscs in only
the transverse directions does not have mass in the axial dircetion
end consequently will be singular in thal direction. The remedy
would be to sel Arca=0.0 ot testrain Lhe axial direclion, since
without mass, no axial modes can exist.
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Seclion & ] 199
For any supplied response spectrum {acceleration or velocity or

6.11.3.1 STARDYNE Response Spectrum Analysis

(Dynred)

WHAT: Approximate modal analysis which computes the "Modal
Responses” due lo a given direclional, base excrtation, response
spectrum Each mode’s response o a qiven excilation duection arg
then combined, using one of the many methods availlable, lo form
the total response tor thal input direchion. 1f there 1s more than one
direction of input, the tolal responses of each direction are then
combmed by the SRSS method. '

WHY  Pnmarniy used for saismic structural engineering of
bundings.

WHY STARDYNE: supporis “missing mass”; mulliple base
excilation, distnbuted force excilation; the SRSS, COC, Gupla,
Double Sum, NRL, Ten Percenl, closely spaced group, elc.
methods In addition, a more realistic method is availabls. weighted
average of CQC (or Gupla) at low frequencies (-3Hz) and algebraic
sum af tugher frequencras {~20 Hz).

HOW. First parform tha Mass Modeling stap carefully, noling that a
revised node/element mode! with additional mid-span nodes with
massas may give beller dynamic and element results  Next, decide
if Missmg Mass modes are to be cormpuled Then selact the
number of exgenmodes and/or frequency range required  Nexl,
perform the eigensolution and ensure that the desired frequencies
were computed. Now you are ready for the Response Spectrum
Analysis Slep.

Response Spectrum Analysis allows the user to analyze the
response of muhi-degrec-ol-freedom lincar clastic structure
muodcls subjecicd to an arbitranly oricnted foundation shock
response spectrutn inpul. You may center Response Spectra versus
Frequency tables or select some rang of the averaged response
spectra shapes computed from the 1940 El Centro, 1934 El Centro,
1949 Olympia, and 1952 Tal carthquakes for any of the directions
ol motion

iR, (0 o O O s I O R
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displacement vs, frequency) the following may be calculated: node
displacement, velocily, and acceleration; element lorces and
siresscs, and suppori reactions. Results of the response spectrum
analysis may be combined with the results of the stalic analysis o
perform subsequent design. To accoual lor reversibility of
scismic aclivity, load combinations can be crealed to include
either the positive or negative conlribution of seismic resolts

The Response Spectrum Analysis appendix conlains: a complele
mathematical descriplion of the 20 modal combination methods; a
description ol the User furnished lorce or multi-base excilation
analysis procedures; and the specira for the NRC SSE Safe
Shutdown Earthquake,

6.11.3.2 STARDYNE Linear Time History Response

Analysis (Dynrel)

WHAT: Modal dynamic analysis which compulss the "Modal
Responses” versus lime dua lo forces and/or ground motions that
may vary with hme. Each uncoupled mode’s time hislory responises
are summad to form the tolal slructure responsa versus time.

WHY: Used for any lima varying force-molion analysis including
seismic, forced vibralion, elc.

WHY STARDYNE: supporls “missing mass " multiple base
excilation; solution method may be more accurale for high
frequency input forcas like sarthquakes, whole siructure response
al specific limes using nodal forces (F = Ma.) rather than
displacement, selec! times for whole struciure response based on
times that specilic slresses or displacements reach peak values.
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FOW. First parform the Mass Modehng step carefully, noting that
a revisad node/elerment model with additional mid-span nodes with
masses may give ‘better dynamic and elament resulls Next, decide
if Missmg Mass modes are to be compuled Then seleci the
number of eigenmodes and/or lrequency range required  Next,
perform the eigensolulion and ensure that the destred !reqyencres
were computed. Now you are ready lor the Linear Time History

Analysis Step

STARDYNE has the capability to perform a lincar modal responsc
hislory analysis om a structure subjected to time varying forcing
function loads at the nodes, ground motion at its base; initial
displacements and velocities, and multiple base accelerations.
Qutput consists of nodal displacements, velocities, acceleranons,
clement loads and stresses | Please sec the Non-Lincar Modal
Time History Responsc Analysis il you nced 1o model simple
nonlincaritics with your analysis  There is also a “direct
intcgration” methed time history method il you have a specialized
problem requining that meihod)

The Lincar Time Histary analysis is performed using the mondal
superposition method. Hence, all the active masses should he
included in the determination of the mode shapes and frequencies.
Pleasc refer 1o the section ahove on "mass modeling for :
additional information on this topic.

tn thc mode superposition method, it is assumed that the structural
response can be obtained from "p” modes (usoally the lowest
frequency modes). The equilibrium equalions arc wrillcn as:

[ml{x}+ lelx}+ ble) = i} 10
{x}:i‘_l{«vh )

Equation (1) reduces 10 "p" separale uncoupled equations of
the form:

Tnfhnh
'K X

1)
N
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where E is the modat damping ratio and @ the natural lrequency
for Lhe i th mode.

These uncoupled modal equations of motion arc solved by the
LaPlace transform method [rom one solution-time-point to the next
solution-lime-point (this is not a numerical integration method like
the Wilson - ® melhod) There is a solution-lime-point at cach
lime that any foad curve chanpes slope as well as at the requesied
outpul limes. With the assumplion that the load curves are lincar
belween solution-time-points this method is exacl and stable.
Unlike in STAAD, Lhis method does not require ab intcgration
time sicp for solution accuracy bul dees nced Lhe user lo specily 4
suflicienl number of output times to allow lincar X-Y plots to
reasonably show the peaks and shape of the response curves.
Therc is no advantage in having thousands of output time points
however.

Oulipul consists of “refative” and "absolule” nodal displacements,
velocities, accelerations, element loads and stresses. For selected
clement stress locations and/or selecied node-direction
displaccments or aceelerations, that response value may be
displaycd as a function of time. “Relative” response is (for the
case of base ground motion) the nodal response relative 1o the base
molion (basically the elastic part of the response).

The user may also select times {and/or have Lhe program select
peak times) at which the response of the complete structure is
compuled, The results and displays that are then made possible
arc similar to those in a static solution. The user may sclecl 1o use
cither nodal forces (F = Ma) (recommended method) or
displacemenis al the selected times for the calculation of element
forces and stresses and Lhe support reactions.

Less frequently used fealures including: enforced nodal motions,
individual modal resolts, large mass and relative motion methods
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tor thulii-hase excrtanion; are desenbed in the Lincar Time History Seclion & l 403

appendex,

7.11.3.3 STARDYNE Steady State Harmonic

Frequency Response Analysis (Dynre2)

WHAT: Modal analysis which computes the "Modal Responses”
due to a given directional, base excitalion or distnbuted forces with
their magnitude varymng over the selecled frequency range. Each
forcing diraction can be ou! of phase with the other directions by a
phase lag angle Each mode's response is compuled and then
summed o form the total response for each frequency

WHY: Used to understand the responsa of a siruclure 1o a broad
range of frequencies. Could be used as a basis lo tune a structure
o minimize response or lo modify the frequency of the forces to
avoid resonance.

WHY STARDYNE: supports “missing mass™ mulliple base
excitation, more accurale and straightforward than a sine wave
tnpul lo a tima history analysis.

HOW'  First perform the Mass Modeling step carelfully, noling that a
revised noda/element mode! with additional mid-span nodes with
masses may give better dynamic and element resufts. Nex|, decide
if Missing Mass modes are lo be compuled. Then select the
number of eigenmodes and/or frequancy range required. Nex!,
perform the exgensolutiorr and ensure thal the desired frequencias
weare computed. Now you are ready for the Sleady State Harmonic
Frequency Respanse Analysis.

Sicady statc harmonic lrcquency response Lo steady stale
sinusaidal dynamic lnadings using the modal superpasition
method. This is & "sinc sweep” approach where the response is
calculzied for the given loadings applied at a sequence of
frequencies  Naturally, Tor lightly damped struciures, the
responses will peak al the nawural (modal) lrequencics of the
slructure,

MO A A

Input forcing functions may be in the form of disiributed forces,
base excitations (displacements, velocilies or accelctalions) and
unit sinusoidal excitations {displacemenis, velocitics, accelerations
or forces) at specified nodes. Output consists of "relalive” and
“absolute” nodal responses and element loads and siresses versus
frequency (X-Y plot displays of selected node tesponscs or
clement forees/stresses). The response of the complele structure at
particular point in the overall cycle may be compuled as well. The
resulls and displays that arc then made possible are similar (o
thosc in a slatic solulion.

The use of Frequency spacing criteria and oulput frequency inpul
1o imprave Lhe quality of the results versus [requency graphs and
the probabilily of idenlifying the peak response frequencics is
described in the lfarmonic response appendix.

6.11.3.4 STARDYNE Missing Mass Method

Correction Modd8 - tn structural dynamic analysis by modal

superposilion il is someclimes necessary lo have a method to
account for the slatic effects of those higher frequency modes
which were not calculated in the eigenvaluc analysis and therefore
witl be omitted from the response solution. These omitled higher
frequency modes should have natural frequencies well above Lhe
range of dynamic inpul so they would act in a sialic manner.

The missing mode approach exacily accounts for the stalic effect
of alt missing modes and will exactly calculate the correet results
in all modal dynamic response programs as long as the missing
mass modes are truly well gbove the forcing frequency range.

The missing mass method described here is forcing funclion
specific. That is, there is one additional missing mass mode [or
each different (does not have the same spatial distribution pattern
of force; proportional forcing functions are not differcnt) forcing
function of interest. The method is quite simple. Firsl, the user
calculates as many modes as desired. Then, in the same anatysis, a
static analysis of cach forcing function is calculated. Each Static
displaccment is orthogonalized 1o the compuled modes lo
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srmine the missing mass mode (that part of the sigic

displaccmnent thal cannot be represcaded hy the computed modes)
lor ths Torcing function,

Then, run the dynamie analysis by sclecung all real compuied
modes and devired damping as wsual while also sclecung which
missing mass modes are associated with cach forcing functon.
Nute that the misaing mass modes are not normalized 1o onc as
.would he the case lor an cigenmode shape |

Additronal detarls of the Missing Mass method are in the Missing
Mass appendia.

MISSING MASS APPENDIX

“DYNAMIC” and “STATIC" Missing Mass Methods - The
"dlynflnlic" method uses 8 pseedo dynamic mode approach The
missing mass mode is given an ¢igenvalue. Then the generalized
weight and participation lactors ate computed lfom Lhe missing
mass mode shape. Depending on the cigenvaluc/ forcing Tunction/
specira/ damping given, the dynamic response is compuled lor this
mode as il 11 were an cigenmode. These modes may be
dynamicatly amplificd as well as statically amplified. In some
cascs the "dynamic” mcthed improves the dynamic portion of the
r?spunsc bul should not be a substitute lor including cnough
eigenmodcs 1o describe the dynamic aceceleralion and velocily
responsc Lo the input Torcing funclions. The “dynamic™ mecthod is
nol docwinented in the literature so it is not known whether the
method always has the clfect of improving the dynamic responsc.

The primary funetion of missing mass modes should he Lo descrihe
the addivonal derailed sialic deformation and siresses of the
omitied eigenmodes (i.c. modes thal would have no dynamic
response lo the forcing functions). The missing mass modes
usually provide a localized bul sometimes signilicanl improvement
in displacements, element forces and stresses: usually ncar the
supports.

HH
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fn the classic “static” missing mass meihod the extra sto
residual vectors may only be amplificd staticatly. In this method
only displacements, element forces and siresses are changed. This
method is well documented in the literature gnd does (in the time
history solutions) exactly supply the missing static "mass” clfecl
that the lower eigenmodes seiecied do not supply.

Time History Hesponse (Dynrel)- The missing mass modcs can
be referenced by any of the lirst 300 lorcing functions. A missing
mass mode number may be referred to by more than one lorcing
lunciion. However each [orcing function may only reler to one
missing mass mode. The “dynamic” missing mass method is the
default method.

Steady State Harmonlc Frequency Response (Dynre?) - This
program only uses the “dynamic” missing mass method,

Response Spectrum Response (Dynred) - The “dynamic” missing
mass method will be used as the defaull. The Missing mass
method will generally improve the Response spectrum sotution
However (unlike time hislory solutions) it will not give the same
deformations and element results as a modal solution using all of
the possible eigenmodes. The Missing mass method should nol be
uscd with User Furnished Force or Multi-base {nput.

If you are running oniy | global shock direction with one missing
mass mode and while using the “dynamic” missing mass mcihod;
then there is no need to indicaie that the mode is a missing mass
mode,

In the “static” method the specira witl be chosen at the ZPA
frequency. 1n CQC, DBLSUM, or GUPTA, the coupling of the
missing modes 1o olher modes and lo themselves is ignored.

For the “static” method or for multiple shock directions il is
necessary (o select each missing mass mode separately and Lo
indicate which ditections the missing mass mode is noy to be used
{e.g. for X direction shock mode: IMX=0, IMY=1 , IMZ=1).



STARDY L iy AN
—_— ‘Kh\m
W6 | Secuon

Alternanively a pew aption allows you 19 seq IMX=2 and legve
IMY =1M /= blank

Section ﬂ 407
Quadrilateral (QUADBE)

., C. A. A Refined Qundyilateral
Clurgh. R. W. and Felippa, C. A e adrilertl
Einlte Elemeng for the Analvels of Plate Bending

Procecdings of Lthe 2nd Conference on Matrix Mcethods in
Structural Mechanics, 1968 (thin plate)

For muliiple shack dircctions, the R§S=14 10 20 combination
methods should work pto

perly with 1he multiple missing mass
modes,

For R8S=| 1o 3, unly one dircction 1s uscd by taking the indicared
veetor sum of the base shocks hefore the r:rndal combinations, [gr
missing mass, plcase run your siayic 12 rus in the same non-glohal
dircction 1o create the yne missing mass mode Then sclect all the
modes withow declaring nny mode 1o be a missing mass mode,

¢  Solid Hexahedran

ENi
frons, B. and Ahmed, 5. Techniques of Finile Etements FEllis

Horwood, Sussex, UK, 1980,

Wilson, E. L., Taylor, R. L., Dohesly, W. P.. and Ghaboussi, T.

i men} Models Numerical and Computer
incompatibie Displacement Models

Mecthods in Struclural Mechanics, pp 43-57, ed. §. Fenves, clhflxl..h
Academic Press, 1973, (8-node cube can be made more fexible by
the incompalible modes-- "bubble funciions?).

Taylor, R. L., Beresford, P.J., Wilson, E.L. A Non-Conforming

E nt {o § sis. Intcrnational Journal of Numerical
emen

Meclhods in Engineering, 10, 1976 (makes an clement with
incompatible modes lo pass Lhe patch test).

For RSS=6 10 13, muidi

ple independent shock dircctions should he
possible

However R§S=2 19 |3 are unicsted and Lherefore ot
recommended for use with missing mass modes.

6.12 References (STARDY'NE)

The basic theory of the Finite Element
many texthooks. The followin
describe many of the lechnical
clemenis.

Mcethod is presented in
g publicly available documents

e  Hybrid Cube and Hybrid Quadritateral Plate
aspects of the STARDYNE finile

Pian, T.H H. Hybrid Modely. Numerical and Compuier Mclh‘ods in
ian, T. .
Structural Mechanics, pp58-78. ed. S. Fenves, el al., Academic

Press, 1973,

frons, B. and Ahmad, S Techniques of Finile Elementy. Ellis

Horwood, Susscx, UK, 1980 (Chapler {5).

* Beamelement
Preemicniecki, ). S. Theory of Matrix Strucfurai Analysjs.
Mchw-llilI‘ New York, USA, 1968

* Triangular Plate
Clough, R. W and Tocher, 1, L. ite Element Stifrnes
alric r late Bending. Conference on

Mairix Mcthods 1n Structural Mechanics, Wright Patlerson, AFB,
1965 ((thin plate)

Loikkanen, M, Hybrid Membtanes, Solids and Plales System

Development Corporation, Santa Monica, California.

Pipi .
;\SMEanoﬁlcr and Pressure Vessel Code, Scction I1t., 1971,

Mariin, H. C, f atrix for angular Sandwic

‘ Element ip Bending JPL No. 32| 158, Jel Propulsion Laboratory,

Pasadcna, California, Ociober, 1967 (thick plale and sandwich
oplion)
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Zicnkicwics, Q.C. The Finjie Element Method McGraw-Hill,
1977, Third Editioq.




