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Instructive pan la unhracon del progama STAAD bre

1 PROLOGO

El programa STAD/Pro recientemente es uno de los programas mas conocidos en el
campo de la Ingenieria Estructural a nivel mundial, ha sido utilizado por un gran numero de
ingenieros en nuestro pais y en muchas partes del mundo, cuenta con respaldo y soporte
técnico al que tiene derecho el usuario autorizado asi como con los manuales respectivos
para uso del programa v de los modulos que lo componen

Por lo anterior el Departamento de Estructuras de la Division de Ingemieria Civil,
Topografica y Geodésica de la Facuitad de Ingenieria de la UNAM, considero conveniente
iniciar una serie de cursos para ensefiar a los alumnos de la carrera de Ingemero Civil a
utilizar varios programas incluyendo el modulo STAAD de! programa STAAD/Pro, para
ello, el contar con un instructivo que permita introducir al usuario de una manera sencilla, al
programa, facilitara el objetivo anterior.

En este instructivo se pretende describir algunos de los principales elementos que
intervienen en el uso del programa de computadora para Analisis y Disefio Estructural
STAAD. cuva prncipal utilizacién sera para los alumnos de la materia “Disefio Estructural”
de la carrera de Ingeniero Civil, de la Facultad de Ingeniena de la UNAM

Se ha procurado realizar este instructivo de una manera sencilla y resumida para que
el usuario no emplee demasiado tiempo en leerio v pueda resolver su problema en lo que
respecta al Analisis v Disefio de Estructuras utilizando el programa STAAD (STAAD/Pro).

Se recomienda que si algunos de los elementos no son descritos ampliamente se
consulten los manuales respectivos o la ayuda en linea incluida dentro del programa y se
observen los ejemplos que se desarrollan al final del instructivo. Se supone que el usuario
esta familiarizado con la nomenclatura v terminologia utilizada en el Analisis y Disefio
Estructural y que cuenta con conocimientos basicos de eomputacion en lo que respecta a
manejo de informacion (archivos) y ejecucion de programas en ambiente Windows.

El autor agradece al Ing. Miguel Angel Rodriguez Vega, Jefe del Departamento de
Estructuras. el apoyo para el desarrolio de este tipo de actividades y por las facilidades
otorgadas para la realizacion de este trabajo. asi como la revision del presente instructivo.
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L.1 Introduccion al programa STAAD/Pro

En los ultimos afios, el desarrollo de los equipos y sistemas de computo ha permitido
una comunicacion mucho mas rapida, directa y sencilla entre el usuario y la computadora
logrando la posibilidad de desarrollar programas que, utilizando las caracteristicas de las
computadoras de hoy en dia, nos permitan usarias mas eficientemente y entre otras cosas
facilitarnos la posibilidad de explorar varias alternativas de solucion de problemas
estructurales o bien considerar mas variables en el modelo de las estructuras con el objeto de
lograr un mejor entendimiento comportamiento de la estructura.

Tomando en cuenta lo anterior. STAAD/Pro es el resultado de un trabajo
desarrollado en los Estados Unidos de Norteamérica cuvo principal objetivo fue desarrollar
un programa para Analisis v Disefio de Estructuras, en donde el usuario tenga gran
versatilidad en el manejo del mismo a través de una interaccion directa en la mayor parte de
la ejecucion de los modulos que componen al programa que, junto con la relativa sencillez.y
facilidad de uso son algunas de sus principales caracteristicas.

STAAD/Pro consta basicamente de una sene de modulos (véase figura 1), de ellos.
en este instructivo se describira solo el modulo STAAD, en éste, el usuario puede
seleccionar diversas opciones para poder introducir v/o modificar datos. o bien almacenarlos
“para su procesamiento posterior. anahizar la estructura. ver resultados en la pantalla o
imprimirios. ver resultados de disefio etc.

STAAD/Pro, la siguiente generacion del programa STAAD-IT1, es el principal
software para Analisis v Disefio Estructural de Research Engineers. En STAAD/Pro, el
enfoque principal esta en la productividad. STAAD/Pro dirige el proceso completo de la
Ingenieria Estructural, desde el desarrollo del modelo hasta el analisis, disefio, bosquejo y
detaliado de componentes estructurales, STAAD/Pro se disefid para trabajar de manera
stmilar a como se hace en un despacho de Proyecto Estructural.

. STAAD/Pro es el ambiente de funcionamiento nativo con una ventana para la
seleccion de ios componentes que lo constituyen, permitiendo la construccion del modelo asi
como la visualizacion y comprobacion de resultados. STAAD/Pro es el paquete principal
COn varios componentes optativos. que consisten en lo siguiente:
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STAAD proporciona el analisis estructural y ei disefio integrado de acero, concreto ¥
madera

STARDYNE proporciona caracteristicas avanzadas de andhsis Construndo
alrededor de una biblioteca de elemento finito, STARDYNE proporciona poderosas
opciones de analisis Dinamico, Sismico. No-lineal, por temperatura, pandeo \ otras
capacidades avanzadas de analisis.

El ambiente FEMKit ofrece modelacion de Elemento Finito orientada graficamente,
se complementa con tecnologias para generacion de mallas 2D y 3D y herramientas
poderosas para la comprobacion del modelo.

Visual DRAW permite la generacion de planos, elevaciones, secciones v dibujos de
detalle. Totalmente integrado en el ambiente STAAD/Pro, Visual DRAW proporc:lona la
generacion de dibujos, con capacidades de edicion y ploteo.

Los modulos siguientes también estan disponibles como componentes de
STAAD/Pro '

STAAD.etc es una coleccion de modulos de disefio de componentes estructurales, le
permite a! ingeniero completar el proyecto disefando cimentaciones, muros de retencion,
mamposteria, conexiones y otros componentes estructurales de utilidad.

FabriCAD es una herramienia integrada que realiza el detallado de acero, calculos
de fabricacion vy montaje. asi como la generacion de dibujos.

El componente ADLPIPE ofrece un sistema confiable para modelado y analisis. Este
componente ofrece una solucion completa para diseiio de plantas industriales.

Poderoso v comprensivo, STAAD/Pro esta basado en un disefio orientado a objetos
que utiliza la tecnologia MFC (Microsoft Foundation Class). aprovechando la computacion
de 32 bits. Una base de datos relacional. con enlaces OLE y DDE. permite intercambio de
informacion entre mulitiples aplicaciones integradas con todo el software basado en
Windows. -

1.2 Introduccion al programa STAAD

El Sistema STAAD/Pro es un programa escrito para computadoras personates IBM
0 compatibles mediante el cual puede realizarse el Analisis y Disefio de Estruicturas bajo uno
o mas sistemas de carga formados por un .conjunto de fuerzas estaticas y/o dinamicas
aplicadas a“la estructura proporcionando, después del analisis, los desplazamientos de los
nudos. elementos mecanicos, reacciones, formas modales y resultado del disefio.

T Monroy 1310002 6



IMSUCOVY Pud be UBLZIOON A2 proctane 87 4400 i1

STAAD fue desarrollado basicamente bajo la hipotesis de que la estructura esta
formada por barras prismaticas (aunque también maneja cierto tipo de barras de seccion
variable) de eje recto, considerando también la posibilidad de modelar estructuras utilizando
elementos placa y solido (elemento finito).

Figura 1.1 STAAD/Pro, programa principal y sistemas que lo integran

Una de las principales caracteristicas del programa es la interaccion que se puede
establecer entre éste v el usuario, sin embargo. debido al nimero de opciones que el usuario
puede activar. se requiere aprender su lenguaje especifico para poder utilizarlo, ya que, el
usuario puede seleccionar varias opciones y la ejecucion de cada una de ellas genera otras
mas STAAD es un programa orientado a eventos (seleccionar un elemento con el mouse,
elegir una opcion, acuvar/desactivar sucesos etc.) y no siempre solicita textualmente los
elementos (datos) que se vayan requiriendo para la ejecucion completa de ese modulo.
ademas es necesario saber las convenciones de signos empleadas, los sistemas de referencia
utiizados asi como algunas recomendaciones para su uso, éstas y algunas caracteristicas mas
son descritas en los capitulos posteriores.

En el-capitulo 2 se dan las recomendaciones necesarias para facilitar la preparacion
e introduccion de datos, en el capitulo 3 se comentan los modulos que componen el
programa, el capitulo 4 describe el modulo para crear o generar la estructura, en el capitulo
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STAAD proporciona el analisis estructural y el disefio integrado de acero. concreto v
madera.

STARDYNE proporciona caracteristicas avanzadas de andlisis Construido
alrededor de una biblioteca de elemento finito, STARDYNE proporciona poderosas
opciones de analisis Dinamico, Sismico, No-lineal, por temperatura. pandec v otras
capacidades avanzadas de analisis.

El ambiente FEMKit ofrece modelacion de Elemento Finito orientada graficamente,
se complementa con tecnologias para generacion de mallas 2D y 3D v herramentas
poderosas para la comprobacion del modelo.

Visual DRAW permite la generacion de planos, elevaciones. secciones v dibujos de
detalle Totalmente integrado en el ambiente STAAD/Pro, Visual DRAW proporciona fa
generacion de dibujos, con capacidades de edicion y ploteo.

Los modulos sicuientes también estan disponibles como componentes de
STAAD/Pro

STAAD.etc es una coleccion de modulos de disefio de componentes estructurales, le
permite al ingeniero completar el provecto disefiando cimentaciones, muros de retencion,
mamposteria, conexiones y otros componentes estructurales de unihidad.

FabriCAD es una herramienta integrada que realiza el detallado de acero. calculos
de fabricacidn y montaje, asi como la generacion de dibujos

El componente ADLPIPE ofrece un sistema confiable para modelado v analisis. Este
componente ofrece una solucion completa para disefio de plantas industriales.

Poderoso v comprensivo. STAAD/Pro esta basado en un disefio orientado a objetos
que utiliza ia tecnologia MFC {Microsoft Foundation Class). aprovechando la computacion
de 32 bits Una base de datos relacional, con enlaces OLE y DDE, permite intercambio de
informacion entre muitiples aplicaciones integradas con todo el software basado en
Windows ’

1.2 Introduccion al programa STAAD

El Sistema STAAD/Pro es un programa escrito para computadoras personales JBM
o compatibles mediante el cual puede realizarse el Analisis y Disefio de Estructuras bajo uno
o mas sistemas de carga formados por un conjunto de fuerzas estaticas y/o dindmicas
aplicadas ala estructura proporcionando, después del analisis, los desplazamientos de los
nudos, elementos mecanicos, reacciones, formas modales y resuitado dél disefio

N o
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STAAD proporciona el andlisis estructural y eJ disefio integrado de azero. concreto y
madera.

STARDYNE proporciona caracteristicas avanzadas de analisis  Construido
alrededor de una biblioteca de elemento finito, STARDYNE proporciora poderosas
opciones de analisis Dinamico, Sismico, No-lineal, por temperatura, pandeo y otras
capacidades avanzadas de analisis

El ambiente FEMKit ofrece modelacion de Elemento Finito orientada graticame:te,
se complementa con tecnologias para generacion de mallas 2D y 3D y herramiemas
poderosas para la comprobacion del modelo.

Visual DRAW permite la generacion de planos. elevaciones. secciones v dibujos de
detaile. Totalmente integrado en el ambiente STAAD/Pro. Visual DRAW proporciona la
generacion de dibujos, con capacidades de edicion y ploteo.

Los modulos siguienies también estan disponibles como componentes de
STAAD/Pro.

STAAD.etc es una coleccion de modulos de disefio de componentes estructurales, le
permite al ingeniero completar e! provecto disefiando cimentaciones, muros de retencion,
mamposteria, conexiones y otros componentes estructurales de utilidad.

FabriCAD es una herramienta integrada que realiza el detallado de acero. calculos
de fabricacion y montaje, asi como la generacion de dibujos.

El componente ADLPIPE ofrece un sistema confiable para modelado y analisis. Este
componente ofrece una solucion completa para disefio de plantas industriales.

Poderoso y comprensivo, STAAD/Pro esta basado en un disefio orientado a objetos
que utiliza la tecnologia MFC (Microsoft Foundation Class). aprovechando la computacion
de 32 bits Una base de datos relacional. con eniaces OLE y DDE. permite intercambio de
informacion entre multiples aplicaciones integradas con todo el software basado en
Windows.

1.2 Introduccion al programa STAAD

El Sistema STAAD/Pro es un programa escrito.para computadoras personales IBM
o compatibles mediante el cual puede realizarse el Analisis y Disefio de Estructuras bajo uno
o més sistemas de carga formados por un conjunto de fuerzas estaticas y/o dinamicas
aplicadas a la estructura proporcmnando después del analisis, los desplazamientos de los
nudos, elementos mecanicos, reacciones. formas modaies y resultado del disefio.
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STAAD fue desarrollado basicamente bajo la hipotesis de que la estructura esta
formada por barras prismaticas (aunque también maneja cierto tipo de barras de seccion
variable) de eje recto. considerando también la posibilidad de modelar estructuras utilizando

elementos placa v solido (elemento finito).
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Figura 1.1 STAAD/Pro, programa principal y sistemas que lo integran.

Una de las principales caracteristicas del programa es la interaccion que se puede
establecer entre éste v el usuario, sin embargo. debido al nimero de opciones que el usuario
puede activar, se requiere aprender su lenguaje especifico para poder utilizarlo, ya que, el
usuario puede seleccionar varias opciones y la ejecucion de cada una de ellas genera otras
mas. STAAD es un programa orientado a eventos (seleccionar un elemento con el mouse,
elezir una opcion, activar/desactivar sucesos etc.} y no siempre solicita textualmente los
elementos (datos) que se vayan requiriendo para la ejecucidn completa de ese modulo,
ademas es necesario saber las convenciones de signos empleadas, los sistemas de referencia
utilizados asi como algunas recomendaciones para su uso, éstas y algunas caracteristicas mas
son descritas en los capitulos posteriores.

En el capitulo 2 se dan las recomendaciones necesarias para facilitar la preparacion
e introduccion de datos. en el capitulo 3 se comentan los médulos que componen el
programa, el capitulo 4 describe el modulo para crear o generar la estructura, en el capitulo
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5 se presentan las opciones de analisis, en el capitulo 6 se muestran ias opciones para ver
resultados del Anahsis, el capitulo 7 contiene algunos ejemplos con la correspondiente
interpretacion de los resultados obtenidos por el programa STAAD, por thimo. en el
capitulo 8 se incluven algunos comentarios y sugerencias finales '
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RECOMENDACIONES
PARA EL USO DEL
PROGRAMA

2.1 Ejecucion del programa

Una vez instalado, para iniciar la ejecucion del programa STAAD, se puede hacer
clic en inicio luego deslizar el puntero del raton hasta programas, enseguida desplazario a la
derecha.v hacia abajo hasta la carpeta STAAD/Pro v por ultimo a la derecha y hacia arriba
(en la computadora donde se prepard este instructivo), para. finalmente hacer clic en
STAAD (véase figura 2.1), con lo cual aparece fa ventana de la figura 1.1, después de hacer
clic en su zona central (STAAD) se muestra [a ventana de la figura 2.2
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Figura 2.1 Ejecucion del programa STAAD/Pro
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) " Figura 2.2 Inicio del programa STAAD.

2.2 Tipo de estructura y datos generales

Para iniciar la introduccion de datos generales v el tipo de estructura por analizar se
utifiza la opcion New del menu File (vease figura 2.2) mostrandose la ventana de la figura

23
STAAD permite manejar la estructura a analizar como una de las siguientes;
Truss
Plane
Floor

Space

Para el caso de la estructura tipo Truss (armadura) esta puede ser plana o en 3
dimensiones {3D) en ambos casos en el analisis solo se considerara el efecto axial
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Figura 2.3 Datos generales al inicio del programa STAAD.

En la estructura tipo Plane se consideran cortante y axial en el plano de la estructu.
y flexion perpendicular a ese plano.

El tipo Floor permite analizar estructuras con acciones perpendiculares a su plano
{reticulas) considerando flexion en el plano, torsion, y cortante

El caso general lo constituye el tipo Space en donde se consideran flexion y cortante
en dos direcciones, torsion y axial. v seis grados de libertad por nudo. desde luego que se
pueden liberar extremos de las barras a algun elemento mecanico y suprimir o ligar grados
de libertad (por ejemplo diafragma rigido).

La opcion que corresponda a la estructura por analizar, y la introduccion de un tituio
{opcional) como identificacion que se incluira dentro del archivo de datos. se realiza en la
ventana de la figura 2.3, una vez introducidos los datos y seleccionado el tipo de estructura
v despues de hacer ciic en el cuadro Siguiente se muestra la ventana de la figura 2.4, en
donde han de seleccionarse las unidades para las fuerzas y longitudes de los datos de la
estructura que se introduciran posteriormente (geometria, propiedades. cargas, etc.)

£ wtorros 1310103 11
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Figura 2.4 Datos de unidades al inicio del programa STAAD
Una vez seleccionadas las unidades se hace clic en Siguiente para que se despliegue

la ventana de la figura 2.5, finalmente, Finish conduce a la ventana de la figura 2.6 que es la
ventana 0 modulo principal de STAAD.

Stuctive Type  Plans

Ttle:  Elempio T andtsks de una vgs coninug ' Do

Delault Length Urit M&e;' _ - B!;efa\.ﬁ Force Urnl.  Mebic Tm_x_ - "

Cancelar

Figura 2.5 Datos seleccionados por el usuario alinicio del programa STAAD.

Obsérvese que en esta ventana (figura 2.6), en general, estan contenidos algunos
elementos tipicos de varios programas desarrollados para ambiente o plataforma Windows,
es decir, una barra de titulo (extremo supertor de la ventana), una de menus desplegables
(File, Edit. View, etc.), barras de iconos (algunos tipicos de varios programas, y otros
propios STAAD), una barra de estado en el extremo inferior de ia ventana (for help
press....,) En el extremo izquierdo se muestran algunos iconos y varias opciones agrupadas
por categorias (Job, Setup, Geometry, etc.), seguidas por un érea con fondo blanco que se
utilizara para desplegar graficamente la geometria y algunas caracteéristicas de la estructura
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(apoyos. cargas, etc.). el area restante {(a la derecha de la anterior) la utiliza el programa
STAAD para mostrar, generalmente, informacion de los elementos de la estructura en forma
numeérica (coordenadas de los nudos, incidencias de las barras, fuerzas, etc.).
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Figura 2.6 Ventana completa del programa STAAD

2.3 Definicion de la geometria

Antes de iciar la ejecucion del programa STAAD es conveniente tener
completamente bien definida la geometria del modelo. La estructura por analizar se
idealizara mediante una serie de elementos estructurales conectados entre si, los cuales, de
acuerdo a sus caracteristicas o con fines de analisis se podran modelar como elementos barra
(trabes, columnas, diagonales, etc ). elementos finitos placa (losas, muros) o elementos
finitos solidos (elementos tridimensionales), estos elementos estaran unidos en puntos
comunes (nudos), algunos nudos estaran completamente o parcialmente restringidos
{apoyos), en uno o varios grados de libertad.

F o Wonres 131007
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La definicion o ubicacion de los elementos (batra, placa, solido) se logra localizando
sus nudos extremos, por ejemplo, en un sistema coordenado cartesiano. Proporcionando las
coordenadas de esas nudos (o su longitud si es que el elemento barra es paralelo a alguno de
fos ejes de referencia) asi como los nudos extremos (incidencias) de la barra queda definida

su posicion.

No es necesario numerar los nudos que forman parte de la estructura va que ¢l
programa lo hace de manera automatica. Es conveniente localizar nudos en donde se tenga
cambio de propiedades geométricas o elasticas, recordando que el elemento barra requiere
de dos nudos para posicionarlo, el elemento placa 3 ¢ 4 v el solido desde 4 hasta 8 nudos
(véase figura 2.7).

Elemheno nexpeam Elemento 1etmaedre

N

: ,L-.-_.:F;L ————— - -
B 7 -
ya g
Pano noda!
Elemento Linea
Elemenio tnanguis) -

8} En una amenson b} En aos dumensones c1£n es simensiones

Figura 2.7 Tipos de elementos v nudos que los definen

2.4 Definicion de las propiedades geométricas de los elementos

Los siguientes son algunos de los tipos de elementos barra que permite manejar
STAAD.

a) Prismaticos (rectangular. circular, etc.).

b) Elementos estandar de acero

c) Elementos de acero definidos por el usuario.
d) Seccion | de peraite variable

e) Asignarles una forma especifica.

Para elementos barra prismaticos de forma arbitraria se requiere proporcionar las
siguientes propiedades referidas a ejes locales y centroidales de la barra,

AX = Area de la seccion transversal,

[X = Constante de torsion.

1Y =Momento de inercia al rededor del eje y.

[Z = Momento de inercia al rededor del eje z -

T Atonen 1VIQCR 14
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AY = Area de cortante en direccion y.
AZ = Area de cortante en direccion z.
YD = Dimension de la seccion en direccion y.
ZD = Dimension de la seccion en direccion z.

Para barras de seccion trapezoidal o T el significado de YB v ZB se muestra en la
figura 2 8,

7D ZD

© ZB ZB
Figura 2.8 Caracteristicas de secciones T y trapecial

Si al programa se le solicita el calculo de esfuerzos o el disefio (revision) en concreto
0 acero sera necesario proporcionar los valores de YD y ZD en caso contrario se pueden
omitir :

Si no se proporcionan las areas de cortante el programa no considera ese efecto en el
analisis. esto solo es posible definiendo a las barras deg tipo “General” e introduciendo los
valores de sus propiedades.

Para secciones especificas (rectangular, circular. etc.) las propiedades son obtenidas
por el programa solo con proporcionar las dimensiones caracteristicas segun la forma de la
seccion transversal de la barra (p ej B v D para la seccion rectangular, D para la circular,
etc.) en este caso seran considerados los efectos de deformacion por cortante.

Dependiendo del tipo de estructura. en la tabla 2.1 se muestran las propiedades
geometricas minimas que es necesario proporcionar para que el analisis se pueda realizar.

T Monros 1310001 1s
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Tipo de estructura Propiedad geométrica requerida
TRUSS AX
PLANE AX 1Zo1Y
FLOOR IX.1ZolY
SPACE AX IX, IY. 1Z

Tabla 2.1 Propiedades geométricas minimas requeridas para el analisis.

El programa STAAD permite asignar las propiedades geométricas de los elementos
barra de acuerdo a una tabla de perfiles de acero estandar ( P.ej tabla AISC) o tomarlas de
una tabla definida por el usuario.

En el caso de secciones 1 ce peralte vanable los datos son los que se muestran en la
figura 2.9.

: BFF
7 T, IFF =
‘-w._:_ - _
T TR i
Lo i
pww : = :-
_ P B ! ‘| .‘L
T . :
e _ ' i
—_ [ TFF1 _’_ 1 1 _‘l_
i |
! BFF1 '
DWW > DWW!

Figura 2.9 Caracteristicas de Ia seccion I de peralte variable.

Al programa se le pueden dar instrucciones para que. de manera automatica, maneje

a los elementos con secciones de formas especificas (seccion T, o formada por uno o dos
angulos, etc.).

Para el caso de los elementos placa sera necesario proporcionar el espesor de la piaca

en cada esquina. para el solido no es necesario proporcionar propiedades geométricas solo
constantes elasticas

F Moz 1371001
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2.5 Definicion de las propiedades elisticas de los materiales

Para realizar el anaiisis se requiere tener definidas las constantes del material del cual
estan o estaran hechos los elementos {barra, placa vy solido) como son E {Modulo elastico). v
i (relacion de Poisson) y, mediante la siguiente expresion se obtiene el modelo de ngidez a
cortante

_E
2{1+ )

Para incluir el peso propio es necesario proporcionar el peso volumeétrico. st se
consideran efectos de temperatura sera necesario especificar el coeficiente hineal de
dilatacion térmica

2.6 Tipos de fuerzas y combinaciones de carga

Es necesario tener compietamente identificados los sistemas o conjuntos de fuerzas
{condiciones de carga) bajo los que se realizara ei anahsis (P ej. peso propio. carga viva,
sismo. viento, etc.) y, para cada condicion de carga. contar con las caracteristicas de las
fuerzas (tipo, magnitud, direccion, sentido v punto de aplicacidn) que componen cada
sistema de fuerzas (condicion de carga).

Por ejemplo. una condicion de carga puede ser la carga muerta, que puede estar
formada por fuerzas uniformes en algunas barras simulando el peso, por ejemplo. de los
muros divisorios. ‘'o fuerzas concentradas que representan, por ejempio, el peso de tanques.
etc Otra condicion de carga. el sismo. puede ser representado por una serie de fuerzas
estaticas {sismo estatico) o dinamicas aplicadas a determinados nudos Una condicion mas
puede ser la carga viva, idealizada como una fuerza por unidad de area actuando en una
deterrminada zona de la estructura (P. ¢j. azotea, entrepiso, pasillos, escaleras, etc.).

Los sistemas de carga independientes o primanos (como los llama el programa)
pueden ser utilizados para formar sistemas de carga dependientes de los anteriores, es decir
combinaciones, s lo anterior se desea. es necesario saber de antemano el numero de
combinaciones a incluir en el analisis y. para cada combinacion, las condiciones de carga que
se incluiran asi como su participacion respectiva {factor de carga). Por ejemplo, teniendo
como marco de referencia al Reglamento de Construcciones para el D.F. pensando en una
estructura del grupo A. localizada en el D F una combinacion sera 1.5 de la carga muerta +
1.5 de la carga viva maxima, por io que el ractor de carga o participacion de las condiciones
anteriores ! y 2 es 1.5, siendo 1 y 2 las condiciones de carga respectivas (1 la carga muerta
v 2 la viva).

Y 'Lo03
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2.7 Eleccién del tipe-de andilisis y los resultados

STAAD permite realizar un anélisis elastico lineal de 1™ orden y también de 2
orden. en el segundo caso se consideran efectos P-A. o un analisis no lineal por geometria en
cuanto a considerar la geometria deformada de la estructura. por lo antenior habra que
decidir el tipo de analisis a efectuar por e} programa.

En cuanto a los resultados que el programa puede proporcionar. sera necesario saber
cuales se requeriran, por ejemplo desplazamientos, elementos mecanicos. graficas v
resultados de disefio (revision}, y de que elementos se requieren, por ejemplo: algunos o
todos los nudos, algunos o todos los elementos (barras, placas, etc.). Graficas de la
deformada, de algin marco o de toda la estructura, etc. Lo anterior se tendra que especificar
para una, aigunas o todas las condiciones de carga v/o combinaciones. Si el usuario no
selecciona o define fos elementos (nudos, barras, etc.) v las condiciones y/o combinaciones.
la tmpresion la realiza para todos los elementos y todos los sistemas de fuerza existentes

2.8 Diseito de eiementos

STAAD permite diseniar o revisar elementos de acero, concreto y madera por lo que
sera necesario especificar un codigo aplicable a utilizar (AC1, AISC, LRFD, ASSTHO. étc.),
asi como proporcionar los valores de los parametros a utilizar (f'c, fy, etc.), e indicar los
elementos que se disefiaran y el criterio a seguir para su disefio (viga. columna. etc.),

o Wlonros 13N0002
18



instucove pars e unohzacion del programa 5T 4AD Pro

3.1 Introduccion

Para poder introducir y/o hacer cambios a los datos o caracteristicas de la estructura
el programa STAAD, ademas de contar con un editor en linea modo texto, principalmente
tiene un editor grafico integrado desde donde también se puede invocar al editor modo
texto. Casi con cualquiers de los dos editores se puede:

e Manejar (Definir, mover, copiar, borrar, etc.) elementos estructurales (nudos, barras.
placas solidos)

¢ Especificar tipos de apoyo (fijo o con grados de libertad, resortes, apoyos inclinados,
tipo “Foundation”, etc.).

» Asignar propiedades geométricas de los elementos barra de acuerdo a: una tabla de -
perfiies estandar (AISC por ejemplo). una tabla previamente definida por el usuario,
secciones prismaticas {circular rectangular, Te, trapezoidal, 1 de peralte constante o
con variacion lineal etc.), o introducir sus caracteristicas particulares (propiedades
geometricas, orientacion de su seccion transversal, etc.).

e Especificar espesores de los elementos placa.

e Asignar propiedades a uno o varios elementos o grupo de elemi-ntos (barra, placas),
las propiedades pueden ser densidad. modulo elastico. relacion de Potsson,
coeficiente de dilatacion térmica. Asi como definir la posicion de la seccién dentro de
la estructura (posicion de ejes locales con respecto a los globales). Algunas de las
propiedades se tienen predefimdas para ciertos materiales (acero, concreto, etc.) o se
pueden introducir valores particulares.

» Especificar que elementos desempefaran solo una funcion estructural especifica por
ejemplo cable, barra en compresion, en tension, armadura (tension o compresion),
con articulacion o liberacion a algun elemento mecanico en un extremo, ignorarios y
otras opciones Tambien se puede definir diafragmas rigidos.

» Definir_cargas variables (moviles) pudiendo ser definidas por el usuario (tren de

cargas concentradas), de acuerdo a2 AASHTO(HS20, HS15, H20, HI5) o bien
tomadas de un archivo externo.

F Monrov | 310402 ) 19
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» Especificar fuerzas defimnidas en el tiempo (fuerza-tiempo o. aceleracion-tiempo)
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una
funcion (seno o coseno) proporcionando caracteristicas dinamicas (amplitud y
frecuencia), definiendo el lapso de tiempo de actuacion de la fuerza asi como
tambien considerar el amortiguamiento.

s Definir caracteristicas para generar cargas definidas por el UBC (Uniform Building
Code).

e Definir cargas de viento especificando (hasta cinco) intensidades (presiones)
actuando respectivamente en n alturas.

» Especificar fuerzas estaticas aplicadas a los nudos, desplazamientos prescritos de los
apoyos, peso propio. etc. Para barras: fuerzas y/o momentos uniformes, fuerzas v/o
momentos concentrados, fuerzas con variacion lineal, presion hidrostatica. Para jos
elementos placa: presion uniforme, lineal. hidrostatica.

e Asignar carga uniforme por unidad de drea en un nivel especifico y en cierta area.

* Incluir en las barras, presfuerzo, incrementos de temperatura y ajustes en la longitud
inicial de los elementos.

e Seleccionar el tipo de analisis como puede ser' elastico-lineal de primer orden,
analisis no lineal P-A, analisis de segundo orden (especificando el numero de

iteracciones) y analisis dinamico “

* Y otras opciones mas.
3.2 Descripcion general

En la figura 3 1 se muestra la ventana deslizable correspondiente a la opcion o mena
EFile

F Monrov 1374003 20
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Figura 3.1 Menu File de STAAD.

Algunas de las opciones del menu File permiten
New Iniciar un problema nuevo
Open Abnir un archivo existente con datos de alguna estructura,

View Ver el contenido del archivo de dat:  (Input File) o el archivo
de resultados (Output File)

Printer Setup Seleccionar una impresora o bien modificar sus
propiedades.

Print lnput File Imprimir el contenido de un archivo de datos.
Preview Print Input Ver el contenido del archivo de datos antes de imprimir.
Save, Save As Permiten guardar el archivo de datos.
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Exit . Cerrar el programa

Existen. dentro del menu anterior, otras opciones gue pueden ser de uso no muv
frecuente.

Ahora en la figura 3.2 se presentan las opciones del menu Edit
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Figura 3.2 Menu Edit del modulo STAAD.

Las opciones del menu Edit permiten.

Undo Deshacer la accion anterior (ditima).
Cut Supnmir(borrar) los elemenios seleccionados de ia estructura

{p-e} barras que aparecen en color en el area de dibujo) y los
coloca en la memoria temporal.
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Copy

Paste

Del

Edit command file

F Monroy 1¥10/02
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Copia a la memoria temporal los elementos seleccionados de |a
estructura (para poder insertarlos posteriormente), esta opcion
no borra a los elementos

Insertar los elementos almacenados en la memoria temporal.
Borra los elementos seleccionados de la estructura.

Ejecuta el editor modo texto mostrando el contenido del
archivo de datos al que pueden realizarsele cambios (adiciona;

comandos o datos, suprimir o modificar parte de la
informacion etc.).
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4.1 Generacion de la geometria

Una vez iniciado STAAD/Pro aparece Ia ventana que se muestra en la figura 4.1, en
donde se muestra la mayoria del contenido (iconos, menus) en gns, la mayoria de los cuales
se activara una vez seleccionado el archivo de trabajo que esta en el menu FILE, se elige
New mostrandose la ventana de la figura 4.2, en donde es necesario especificar el tipo de
estructura que se va a analizar teriéndose las signientes opciones:

e I el N
T :
R e

3 RS e

Figura 4.1 Ventana al iniciar STAAD/Pro

SPACE- Para estructuras tridimensionales considerando efectos de axial, torsion,
flexion. en 2 direcciones y conante también en 2 direcciones.

PLANE- Para cuando la estructura se puede considerar contenida en un plano (X, Y),
entonces se le consideran efectos de flexion. cortante y axial.

F Monrey 1310003 24
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4.1 Generacion de la geometria

Una vez iniciado STAAD/Pro aparece la ventana que se muestra en la figura 4.1, en
donde se muestra la mavoria del contenido (iconos, menuis) en gris, la mayoria de los cuales
se activara una vez seleccionado el archivo de trabajo que esta en el mend FILE, se elige
New mostrandose la ventana de la figura 4.2, en donde es necesario especificar el tipo de
estructura que se va a analizar teniéndose las siguientes opciones:

SNt

-:m,"'-:b‘%".’ =
Sor e
A,
ATy
G
27

Figura 4.1 Ventana al iniciar STAAD/Pro

SPACE- Para estructuras tridimensionales considerando efectos de axial, torsion,
flexion, en 2 direcciones v cortante también en 2 direcciones. |

PLANE- Para cuando la estructura se puede considerar contenida en un plano (X, Y),
entonces se-le consideran efectos de flexidn, cortante y axial.

F Mooy 1310402 24
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FLOR- Es util para analizar estructuras de piso (en el plano XZ, por ejemplo entrepisos
v reticulas de cimentacion), considerandose sélo torsion, flexion y cortante.

TRUSS- Para cuando solo se requiere considerar el efecto axial de las barras. la
estructura, por ejemplo. armaduras planas o tridimensionales

Mew File Setup - Step 1: Specity Type and Title -

- T?lle It}mmal‘

P iga contnua de 5 claro:

- Figura 4.2 Definicion del tipo de estructura

*
.

En el renglon en blanco puede introducirse de manera opcional, un titulo generaimente
alusivo al nombre alusivo al nombre de la estructura por analizar (se aceptan espacuos en
blanco). ¥

»
kY

Enseguida se muestra el cuadro que se muestra en la figure 4.3 en donde es necesario
seleccionar las umdades, tanto para las longitudes como para las fuerzas. en que se
introduciran los datos de la estructura por analizar. después de hacer clic en siguiente
STAAD/Pro nos muestra con la ventana de la figura 4 4 para finalmente haciendo clic en
Finish se activen la mavoria de los menus y opciones disponibles y la estructura general del
prozrama la cual se reproduce en la figura 4.3
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New File Setup - Step Z: Specify Units

L. CPamd  C Newon

i Dwéﬁa@m

_,gmm> I{'t;ioeia: J

| Te Vigs continua de 5 claos

©- Defait Lergth Unie - Meter. ©. .

Figura 4.3 Definicion de unidades

New File Setup - Finish ~ %"~

' SwuctueTrpe: Plane

| DefadFocelinc MeticTon -

I Friak, )

' -> | f.'ancelm ]

‘ 4
| F Sy i

Figura 4.4 Datos de inicio definidos por el usuario
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Figura 4.5 Pantalla principal del programa STTAD/Pro

En esa figura. se reconocen tanto la barra de menus (file, edit. etc.) y debajo de esta se
muestran 2 renglones de iconos los cuales son accesos directos a una buena parte de las
opciones contenidas en la mavoria de los menus, en la parte izquierda de la pantaila también
se observa una columna de 1conos y a la derecha de ésta. una columna de folders o carpetas
los cuales agrupan a la informacion o datos de la estructura por categorias, por ejemplo, en
la figura 4.3 se encuentra activado el folder Job v a la derecha del area en blanco se muestran
los datos concernientes a esa carpeta de trabajo

Para imciar la construccion de una malla se puede hacer clic en el folder geometria,
mostrandose en el area en blanco una malla y a la derecha las caracteristicas de esta, {véase
figura 4.6). Comencemos con seleccionar el plano de trabajo xy, v ademas usaremos lineas
de construccion espaciadas 2 m tanto en x como en y, €sos datos se introducen en la ventana
que tiene como titulo Snap node/ beam (véase figura 4 7).
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Figura 4.7 Especificacion de las caracteristicas de la malla
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Una vez aceptadas las caracteristicas de la malla-de dibujo. se pueden empezar-a dibujar -
las barras que componen al modelo, para ello se dirige el cursor a algun nudo de
coordenadas especificas correspondiente a nuestro modelo para hacer clic, con lo que se
muestra un circulo con un punto rojo indicando que es el nudo origen de un elemento barra.
moviendo el raton hacia la posicion de la malla que definira al otro extremo de la barra
(nudo) y haciendo clic en ese punto que serd el nudo final de una barra con lo que ésta se
habra definido, la creacion de la geometria (adicion de nuevas barras) se puede realizar de
esa manera (véase figura 4.8). :

Para interrumpir el ultimo punto referenciado antes de hacer clic en un nuevo nudo se
mantiene oprimida la tecla Curl., con lo cual se podran posicionar otras barras en otros
nodos.

Al cerrar la ventana Snap node/beam desaparece del area en blanco la malla auxiliar de
dibujo ya que no se podran seguir introduciendo elementos barra y ademas se muestra a la
derecha las caracteristicas donde estos nudos (coordenadas) como de las barras
(incidencias).

Para borrar elementos barra no deseados se puede proceder de la siguiente manera
primero asegurarse gue se estd trabajando en el modo de seleccion (cursor de flecha), para
ello se hace clic en el cursor icono flecha de la barra vertical de iconos. luego se dirige el
cursor cerca del elemento que se va a seleccionar y despues de hacer clic en dicho elemento
(este cambia a doble linea de color indicando que ha sido seleccionado) se oprime la tecla
supr o bien se selecciona la opcion delete del menu edit, enseguida aparecera una ventana de
mensaje indicando e} numero de elementos a eliminar, puede el usuario decidir (aceptar o
cancelar) la accion. ‘

Para seleccionar varios eiementos se puede proceder a seleccionar uno por uno
manteniendo oprimida la techa Ctrl y/o marcar una ventana para ello se hace clic en un
extremo del mismo y se arrastra e! puntero del raton hasta un extremo, de tal manera que los
elementos a seleccionar estén casi completamente conténidos dentro de la ventana definida
vor el usuano).

Para adicionar nuevos elementos barras se puede hacer clic en el icono que tiene una

malla vy una barra inclinada. en la barra vertical de iconos o bien seleccionar del menu
geometria la opcion Snap/grid node. ’

F Monrov 13/ 10403 9
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Figura 4.8 Geometria termmada

La figura 4.8 muestra la geometria de una viga continua de 5 claros. cada uno con una *
longitud de 4 m.

4.2 Asignacion de propiedades geométricas

STAAD/Pro puede trabajar de dos maneras' por comandos vy de manera grafica. de la
primer rnanera primero es necesario seleccionar elementos (nudos, barras. etc.) y después
elegir algun comando (asignar propiedades. apovos, etc.), para la segunda sera necesario,
primero. definir alguna caracteristica (seccion, tipo de apoyo, etc.), luego asignaria a aigun
elemento (barra. nudo, etc.)

Por ejemplo. consideremos que la viga continua va definida sera de concreto con una
seccion transversal de 30 x 45 cm, para asignar estas caracteristicas a las barras, primeo las

seleccionamos. enseguida en el menu comando / Member Property / Prismatic (ver figura
4 9)
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Figura 4.9 Definicién de propiedades geomeétricas

Seleccionar la carpeta rectangle e introducir las dimensiones de la seccion 0.45 y 0.30,
como se muestra en la figura 4.10, enseguida hacer clic en el cuadro Assign con lo que las
barras seleccionadas tendran esa caracteristica.
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Figura 4.10 Caracteristicas de la seccion rectangular
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4.4 Tipos de apoyo

Ahora con el cursor de seleccidn de nudos seleccionamos los nudos extremos (que
tendran apoyo empotrado) y del meni Commands / Support Specifications seleccionamos
Fixed (ver figura 4.11).
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Figura 4.11 Especificacion de apoyos

En la ventana que enseguida se muestra hacer clic en ei cuadro Assign (Figura 4.12).
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. Figura 4.12 Tipos de apoyos

Repetimos el proceso. pero ahora con los nudos Intermedios asignandoles apovos
articulados (pinned)

4.5 Asignacion de fuerzas, condiciones y combinaciones de carga.

Para definir condiciones y combinaciones de carga se utiliza el menu Commands /
Loading / Primary Loads (Figura 4.13)

T
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Figura 4.13 Definicion de condiciones de carga

En la ventana mostrada (Figura 4.14), se puede seleccionar una existente o crear una
nueva, en este Ultimo caso se puede introducir, en el cuadro en blanco. el titulo que se le
dara a esa condmon (Flgura 4 14), por ejemplo, peso propxo

= Cieate New Primary Load Case

Number |

ﬁ

Tile fPe.so propig,

N

B Cancel | l | |

Figura 4.14 Creando una nueva condicion de carga

Ahora para que el programa considere al peso propio como accion se hace clic en el
cuadro Selfweight (Figura 4.15) enseguida se muestra el cuadro Selfweight Load, en el se
hace clic en el cuadro Assign (Figura 4.15). con lo que en el cuadro en blanco (Load
Specification) se muestra SELFWEIGHT Y - 1 con lo que el peso propio se incluira en la

condicion de carga especificada
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Figura 4.15 Consideracion del peso propio en el anaiisis de la estructura

Ahora definiremos una nueva condicidén de carga seleccionando nuevamente Commands
/ Loading / Primary Load v en la ventana mostrada activar Create New Primary Load Case e
introduciendo como titulo el mostrado en la figura 6.16 y después hacer clic en el cuadro
OK introduzcamos una carga uniforme de — 1.5 Ton/m a’las tres primeras barras. para ello,
después de seleccionarlas y luego de hacer clic en el Member se introducen los valores que
se muestran en la figura 4.17

Set Active Pnimary Load Case

T Geimct EmmngaryLﬂadCaa [ il Bl
¢ gma;!le NchriimanadCasc" - S .
Nurmber |2 - c

. Tiki:e§ iCmgas muertay

Figura 4.16 Definicion de una nueva condicion de carga
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Figura 4.17 Especificacion de parametros para carga uniforme

Al hacer clic en el cuadro Assign se asignara la carga uniforme especificada a las barras
seleccionadas Enseguida de manera similar, se especificara una carga concentrada al centro
de los dos tramos de la derecha. Pnimero se seleccionan las dos barras, luego se hace clic en
el cuagro member v en la ventana que se muestra se hace clic en la carpeta Concentrated
Force ntroduciendo los datos que se muestran en la figura 4.18 y después de hacer clic en el
cuadro Assign la viga uene las cargas mostradas en la figura 4.19
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Ahora especifiquemos una combinacion de carga como la suma de las dos anteriores
multiplicada por 1.4, para ello, nuevamente del menu Commands seleccionar Loading v de
ahi Load Combination (Figura 4.20)
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Figura 4.20 Definicion de combinaciones de carga

En la ventana mostrada hacer clic en New e introducir e} nombre de la combinacion
(Figura 4 21)
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Figura 4.21 Nombre para la combinacion de carga

Al hacer clic en el cuadro OK se muestra la ventana de la figura 4.22 en ella primero
especifica el factor de carga (14 para este caso) y luego se selecciona, del cuadro a la
izquierda, la condicion que se quiere incluir y luego se hace clic en el boton > para pasarla al
cuadro de la derecha con lo que se incluira en la combinacion de carga, para este caso se

repite la operacion anterior con la condicion de carga

figura 4,22
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Figura 4.22 Datos para la combinacion de carga

Se pueden especificar mas combinaciones de carga haciendo clic en New en la ventana
de la figura 4.21 o bien como se indico al inicio de esta seccion

Para terminar la especificacion de las combinaciones de carga se hace clic en el cuadro
OK de la figura 4.22.
4.6 Opciones de analisis. seleccion de resultados

Para especificar la realizacion de un analisis elastico lineal se selecciona del menua
Comands / Analysis la opcion Perform Analysis /Figura 4 23) enseguida en la ventana que se

muestra. se selecciona ALL (Figura 4.24) v después se hace chc OK con lo que el comando
de analisis se adicionara al archivo de datos
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Figura 4.24 Parametros de la bpciOn Analisis

Para inchuir resultados en el archivo de salida (*.anl) se pueden seleccionar elementos
(nudos, barras, etc.) y luego del Meni Commands seleccionar Post-Analysis Print v el tipo
de resultados deseados (este comando se puede repetir varias veces), ver figura 4.25.
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Figura 4.25 Seleccion de resultados

Si no se seleccionan elementos (nudos, barras. etc.) se incluiran (en el archivo de salida)
los resultados de los elementos que estén presentes en la vista al momento de activar ese
comando. el cual despliega una ventana, por ejemplo. como la mostrada en la figura 4.26,
para la impresion de reacciones.
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Figura 4.26 Seleccion de reacciones
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ANALISIS DE 1A § CAPIL ::-.

=l

ESTRUCTURA

Antes de solicitar el analisis y una vez completados todos los datos de la estructura

por analizar se recomienda guardar los datos en un archivo, para ello se selecciona la opcion

2 e a Save as del menti file y en la ventana que aparece se especifica el nombre del archivo
asi como su ubicacion (Figura 5.1}.

Guyadar exc {74 Examp - &l d ey iEE
¥} Examp01.5td i} Ewamp07.std 3] Examp13 stc _I_| ExampiS.etd
‘%] ExampD2.std _3.] E xamp08.std 3] Exampl4 std ‘#} Examp20 std
‘%) Examp(03.std i3} Examp09 std i3] Examp15.std %] Examp21 std

- {8} Examp04.std :3] Examp10.51d %] Examp16.sd i3] EvampZ2 std

* %) Examp03.std __3_! Examplt.ctd i} Euamp17.std _i} Enamp23.std
1% Examp06.std -3} Examp12.3d ‘3] Examp18.stg {8} Examp24,std
Nombie deatcfm fwgeﬁcla‘std
Guerdar como:'*' . {STAAD Space Fires [* s1d] =1
achivos de tioo: - - - T T

Figura 5.1 Almacenamiento de datos en un archivo

Ahora del menu Analyze hacer clic en Run Analysis... (Figura 5.2), con lo que se
muestra la ventana de las figuras 5 3 en ella se selecciona la herramienta
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Figura 5.3 Seleccion de la herramienta de analisis

de analisis (STAAD Analysis o Siardyne.. ) y después se hace clic en Run Analysis para,
enseguida. iniciarse el analisis. -

STAAD/Pro procesa todas las instrucciones contenidas en el archivo de datos {* std)

generando el archivo (* anl o *.out, dependiendo de la herramienta ©o motor de analisis
seleccionado, Staad o Stardyne respectivamente). Para la herramienta de analisis Staad el
resuitado de la fase de analisis se muestra en la figura 5.4
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VER
RESULTADOS

6.1 Introduccior

Una vez reilizado el andlisis se recomienda revisar el contenide del archivo de

resultados (*

anl o ”.out) para ello se selecciona la opcion STAAD Output de Output File en

el submenu View del menu File (Figura 6.1).
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Figura 6.1 Ver el contenido del archivo de resultados

La secuencia antenor muestra el contenido del archivo de resultados en un “visor”
(Figura 6.2), después de revisar su contenido (utilizando las teclas de flechas de
desplazamiento o la barra para el mismo fin) haciendo clic en la opcion exit del menu file del
visor (Figura 6.2) regresamos al ambiente principal de STAAD/Pro.
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Figura 6.2 Visor de resultados

6.2 Ver estructura deformada

El modo postproceso (menu Mode. figura 6.3) permite, por ejemplo, ver de manera
grafica y numeérica la mavoria de los resultados generados por la fase de analisis (aun
algunos no contenidos en el archivo .anl). )
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Figura 6.3 Modo Postproceso

E! cambio al modo postproceso produce la ventana de la figura 6.4, en ella, por

glemplo. se pasan a la ventana de la derecha las condiciones de carga de las cuales se
mostraran los resultados.
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{2 Cargas muestas
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<4

Figura 6.4 Seleccion de condiciones para mostrar resultados
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Instucer e purs b vatizaaon del programs ST A P

Al hacer clic en aceptar STAAD/Pro muestra la pantalla y opciones del modo
postproceso. en el area en blanco muestra la deformada de la estructura. Ja escala de esa
deformada se puede modificar mediante la opcion scale de! menu Results (Figura 6.5).
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Figura 6.5 Cambio de escala
Para ver los resultados de otra condicion o combinacion de carga, por ejemplo, ésta

se puede seleccionar del cuadro en blanco de la segunda barra horizontal de iconos (Figura
66}

T wenreey 110002
38



INSTNUEDN » P Lo uBlzagon ded Brograrmg 87 44D P

SUARD Fyw - arparicle atd
P L e ivm é#* Fes Haoert, o b -2l

;ggj,ﬁ-iai;} g_”eh“!-i*i&} *»H-*igxi d-f ot A LR, -2

DI o - b RO s
e RN

e e
1
F
E
5 T i
* ST el LT homdd
FECIRT ) RV U S Y
. . AT, wPlAm Ao
EN KT MK 3O
o) DGR QLONIL DAEN,
) UMapt VI SN
2L hygay RAt13 %) NETTE
i R AR L Rt SR T ST
: D) T ensee T TCEMaY  AaXer
E“}' : H. Dy HIPRAC BTN e v
T R - EYCTREE TS TP T AN B L S50
i J e A T S R Y
R It aza awama, ymRa g
PR e Sen " hremen | Rewen Mo iT]
; Y
5y B e ﬁi%\\v“ﬂ@weﬂ"“““’““‘ i
e R i
I : Y ‘
" % - — -" el
) k! e T s
I .“ ﬁ.-«f . 59
B
== ;
s |
o
T-xl
X
“arle ewat L , E [ 3 P S wri LA W IR b bene
alml iy R 20T wDergr v Bt B S1an M - ety T T AR TR aaae

Figura 6.6 Seleccionando otra condicion de carga

6.3 Ver diagramas de elementos mecanicos
Para que STAAD/Pro muestre los diagramas de elementos mecanicos. puede ser

conveniente. primero quitar la deformada. para ello se deselecciona la opcion Section
Displacement del menu Resuits (Figura 6.7)
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Enseguida. en el mismo menu (Results) seleccionar Bending Moment .con lo que se
mostrara el diagrama de momentos de la figura 6.8
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Una manera de cambiar a otro tipo de elemento mecanico es. por ejemplo. hacer clic
en el icono simbolos vy etiquetas (Figura 6.8) con lo que se muestra la ventana de la figura

6 9. en ella hacer clic en la carpeta Loads and Results
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EL PROGRAMA
STAAD/Pro

1.1 Introduccion al programa STAAD/Pro

En ios ultimos afios, el desarrollo de los equipos y sistemas de computo ha permitido
una comunicacion mucho mas rapida, directa y sencilla entre el usuario y ia computadora
logrando ia posibilidad de desarrollar programas que, utilizando las caractensticas de las
computadoras de hoy en dia, nos permitan usarias mas eficientemente y entre otras cosas
facilitarnos la posibilidad de explorar vanas alternauvas de solucion de probiemas
estructurales o bien considerar mas variables en el modelo de ias estructuras con €l objeto de
lograr un mejor entendimiento comportamento de la estructura.

Tomando en cuenta lo anterior, STAAD/Pro es el resultado de un trabajo
desarrollado en los Estados Unidos de Noreamérica cuyo principal objetivo fue desarrollar
un programa para Analisis y Disefio de Estructuras, en donde el usuano tenga gran
versatilidad en el manejo del mismo a través de una interaccion directa en la mayvor parte de
la ejecucion de los modulos que componen al programa que, junto con la relativa sencillez y
faciiidad de uso son algunas de sus principales caracteristicas.

STAAD/Pro consta basicamente de una serie de modulos (véase figura 1), de ellos,
en este instructivo se describira solo el modulo STAAD, en éste, el usuano puede
seleccionar diversas opciones para poder introducir y/o modificar datos, o bien almacenarios
para su procesarmuento posterior, analizar la estructura, ver resultados en la pantalla o
imprimirlos, ver resultados de disefio etc. :

STAAD/Pro_ la siguiente generacion del programa STAAD-II, es el principal
software para Analisis v Diseno Estructural de Research Engineers. En STAAD/Pro, el
enfoque principal esta en la productividad. STAAD/Pre dirige ¢! proceso completo de la
Ingenseria Estructural, desde el desarrollo del modelo hasta el analisis, disefio, bosquejo y
detallado de componentes estructurales, STAAD/Pro se disefié para trabajar de manera
similar a como se hace en un despacho de Provecto Estructural.

STAAD/Pro es el ambiente de funcionamiento nativo con una ventana para la
- seleccion de los componentes que lo constituyen, permitiendo la construccion del modelo asi
como la visualizacion y comprobacion de resultados. STAAD/Pro es el paguete principal
con varios Componentes optativos, que consisten en lo siguiente:
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STAAD proporciona el analisis estructural y el disefio integrado de acero, concreto y
madera.

STARDYNE proporciona caracteristicas avanzadas de analisis. Construido
alrededor de una biblioteca de elemento finito, STARDYNE proporciona poderosas
opciones de andlisis Dinamico, Sismico, No-lineal, por temperatura, pandeo y otras
capacidades avanzadas de analisis.

E! ambiente FEMKit ofrece modelacion de Elemento Finito orientada grificamente,
se complemenia con tecnologias para generacion de mallas 2D y 3D y herramientas
poderosas para la comprobacion del modelo.

Visual DRAW permite la generacion de planos, elevaciones, secciones y dibujos de
detalle. Totalmente integrado en el ambiente STAAD/Pro, Visual DRAW proporcicna la
generacion de dibujos, con capacidades de edicion y ploteo.

Los modulos siguientes también estin disponibles como componentes de
STAAD/Pro. ,

STAAD.etc es una coleccion de modulos de disefio de componentes estructurales, le
permite al ingeniero completar el proyecto disefiando cimentaciones, muros de retencion,
mamposteria, conexiones y otros componentes estructurales de utilidad.

"
F

FabriCAD es una herramienta integrada que realiza el detallado de acero, ca]culos
de fabricacion y montaje, asi como la generacion de dibujos.

El componente ADLPIPE ofrece un sistema confiable para modelado y analisis. Este
componente ofrece una solucion completa para disefio de plantas industriales,

Poderoso y comprensive. STAAD/Pro esta basado en un disefio onentado a objetos
que utiliza la tecnologia MFC (Microsoft Foundation Class), aprovechando la computacion
de 32 bits. Una base de datos relacional, con enlaces OLE y DDE, permite intercambio de
informacion entre multiples aplicaciones integradas con todo el sofiware basado en
Windows.

1.2 Introduccion al programa STAAD

El Sistema STAAD/Pro es un programa escrito para computadoras personales IBM
o compatibles mediante el cual puede realizarse el Analisis y Disefio de Estructuras bajo uno
0 mas sistemas de carga formados por un conjunto de fuerzas estaticas y/o dinamicas
aplicadas a la estructura proporcionando, despueés del analisis, los despiazamientos de los
nudos, elementos mecanicos, reacciones. formas modales y resultado del disefio.
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STAAD fue desarrollado basicamente bajo la hipotesis de que la estructura e:sté
formada por barras prismaticas (aunque también maneja cierto tipo de barras de .s'eccnc'm
variable) de eje recto, considerando también la posibilidad de modelar estructuras utilizando

elementos placa y solido (elemento finito).

Figura 1.1 STAAD/Pro, programa principal y sistemas que lo integran.

Una de las principales caractensucas del programa es la interaccion que se puede
establecer entre este y el usuario, sin embargo, debido al namero de opciones que el usuano
puede activar. se requiere aprender su lenguaje especifico para poder utilizarlo, ya que, el
usuano puede seleccionar varias opciones v la ejecucion de cada una de ellas genera otras
mas. STAAD es un programa onentado a eventos (seleccionar un elemento con el mouse,
elegir una opcion, activar/desactivar sucesos etc} y no siempre solicita textualmente los
elementos (datos) que se vavan requinendo para la ejecucion completa de ese modulo,
ademas es necesario saber las convenciones de signos empleadas, los sistemas de referencia
utilizados asi como algunas recomendaciones para su uso, éstas y algunas caracteristicas mas
son descritas en los capitulos posteniores. '

En el capitulo 2 se dan las recomendaciones necesarias para facilitar la preparacion
e introduccion de datos, en el capitulo 3 se comentan los modulos que componen el
programa. el capitulo 4 describe el modulo para crear o generar la estructura, en el capituio
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'5 se presentan las opciones de analisis, en el capitulo 6 se muestran las opciones para ver
resultados del Analisis y Disefio, en el capitulo 7 se describen los modulos compiementarios,
el capitulo 8 contiene algunos ejemplos con la correspondiente interpretacion de los
resultados obtenidos por el programa STAAD, por ultimo, en el capitulo 9 se incluyen
algunos comentarios y sugerencias finales.

©oMomres 700
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PARA EL USO DEL
PROGRAMA

2.1 Ejecucion del programa

Una vez instalado, para iniciar la ejecucion del programa STAAD, se puede hacer
clic en inicio luego deslizar el puntero del raton hasta programas, enseguida desplazario a la
derecha y hacia abajo hasta la carpeta STAAD/Pro y por aitimo a la derecha y hacia arriba
(en la compuadora donde se prepard este instructivo), para, finalmente hacer clic en
STAAD (véase figura 2.1), con lo cual aparece la ventana de la figura 1.1, después de hacer
clic en su zona central (STAAD) se muestra la ventana de la figura 2.2

Figura 2.1 Ejecucion del programa STAAD/Pro.

T monros 259701
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Figura 2.2 Inicio del programa STAAD. 4

s P

2.2 Tipo de estructura y datos generales

Para iniciar la introduccion de datos generales y el tipo de estructura por analizar se
utiliza la opcion New del meni File (vease figura 2.2) mostrandose la ventana de la figura
23

STAAD permite manejar la estructura a analizar como una de las siguientes:

Truss
Plane
Floor
Space

Para el caso de la estructura tipo Truss (armadura) esta puede ser plana o en 3
dimensiones (3D) en ambos casos en el analisis solo se considerara el efecto axial.

F Morgow 2179701
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Figura 2.3 Datos generales al inicio de! programa STAAD.

-

En la estructura tipo Plane se consideran cortante y axial en el plano de la estructura
y flexion perpendicular a ese plano.

E! tipo Floor permite analizar estructuras con acciones perpendiculares a su plano
(reniculas) considerando flexion en el plano, torsion, y cortante.

El caso general lo constituye el tipo Space en donde se consideran flexion y cortante
en dos direcciones, torsion y axial, y seis grados de libertad por nudo, desde luego que se
pueden liberar extremos de las barras a algun elemento mecanico y suprimir o ligar grados

de libertad (por-ejemplo diafragma rigido). -

La opcion que corresponda a la estructura por analizar, y la introduccion de un titulo
(opcional) como identificacion que se incluira dentro del archivo de datos, se realiza en la
ventana de la figura 2.3, una vez introducidos los datos y seleccionado el tipo de estructura
v despues de hacer clic en el cuadro Siguiente se muestra la ventana de la figura 2.4, en
donde han de seleccionarse las unidades para las fuerzas y longitudes de los datos de la
estructura que se introduciran posteniormente (geometria, propiedades, cargas, etc.)
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Figura 2.4 Datos de unidades al inicio del programa STAAD.

Una vez seleccionadas las unidades se hace clic en Siguiente para que se despliegue
la ventana de la figura 2.5, finalmente, Finish conduce a la ventana de la figura 2.6 que es la
ventana o médt&lo principal de STAAD.
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Figura 2.5 Daros seleccionados por el usuano al inicio del programa STAAD.

Observese que en esta ventana (figura 2.6), en general, estan contenidos algunos
elementos tipicos de varios programas desarrollados para ambiente o plataforma Windows,
es decir, una barra de titulo (extremo superior de la ventana), una de menis desplegables
(File. Edit. View, ewc.), barras de iconos (algunos tipicos de varios programas, y otros
propios STAAD), una barra de estado en el extremo inferior de la ventana (for heip
press ...} En el extremo 1zquierdo se muestran algunos iconos y varias opciones agrupadas
por categonas (Job, Setup, Geometry, etc.), seguidas por un area con fondo blanco que se
utilizara para desplegar graficamente la geometria y algunas caracteristicas de la estructura
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(apovos, cargas, etc.), el area restante (a la derecha de la anterior) la utiliza el programa
STAAD para mostrar, generalmente, informacién de los elementos de la estructura en forma
numeérica {coordenadas de los nudos, incidencias de las barras, fuerzas, etc.).
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Figura 2.6 Ventana completa del programa STAAD.

2.3 Definicion de la geometria

Antes de iniciar la ejecucion del programa STAAD es conveniente tener
completamente bien definida la geometria del modelo. La estructura por analizar se
idealizara mediante una serie de elementos estructurales conectados entre si, los cuaies, de
acuerdo a sus caracteristicas o con fines de analisis se podran modelar como elementos barra
(trabes, columnas, diagonaies, etc.), elementos finitos placa (losas, muros) o elementos
finitos solidos {elementos tridimensionales), estos elementos estaran unidos en puntos
comunes (nudos), algunos nudos estaran completamente o parcialmente restringidos
(apoyos), en uno o vanos grados de libertad. '
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o La definicion o ubicacion de los elementos (barra, placa, solido) se logra localizando
sus nudos extremos, por gjemplo, en un sistema coordenado cartesiano. Proporcionando las
coordenadas de esos nudos (o su longitud si es que el elemento barra es paralelo a alguno de
los ejes de referencia) asi como los nudos extremos (incidencias) de la barra queda definida

su posicion.

No es necesario numerar los nudos que forman parte de la estructura ya que el
programa lo hace de manera automatica. Es conveniente localizar nudos en donde se tenga
cambio de propiedades geométricas o elasticas, recordando que el elemento barra requiere
de dos nudos para posicionarlo, el elemento placa 3 6 4 y el solido desde 4 hasta 8 nudos

(véase figura 2.7).

? ) En une demenedn b} En oot dwesrsmones ¢} En wis dmarmores.

5 Figura 2.7 Tipos de nudos. |

2.4 Definicion de las propiedades geométricas de los elementos

Los siguientes son algunos de los tipos de elementos barra que permite manejar
STAAD

a) Pnsmaticos (rectangular, circular, etc.).

b) Elementos estandar de acero.

c) Elementos de acero definidos por el usuario.
d) Seccion 1 de peralte vanable.

e) Asignarles una forma especifica.

Para elementos barra prismaticos de forma arbitraria se Tequiere proporcionar las
siguientes propiedades referidas a ejes locales y centroidaies de la barra.

AX = Area de la seccion transversal,
IX = Constante de torsion.

" IY =Momento de inercia al rededor del eje y.
IZ = Momento de inercia al rededor del eje z.

I

F Monzov 117940
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- AY = Area de cortante en direccion y.
AZ = Area de cortante en direccion z.
YD = Dimeasion de la seccion en direccion y.
ZD = Dimension de la seccion en direccion z.

Para barras de seccion trapezoidal o T el significado de YB y ZB se muestra en la
figura 2.8.

< < !

] | /

b 7 /

| JYB \ / YD
B ! a

YD
Figura 2.8 Caracteristicas de secciones T y trapecial

d

l

=

Si al programa se le solicita el calcuio de esfuerzos o el disefio (revision) en concreto
0 acero serda necesario proporcionar los valores de YD y ZD en caso contrano se pueden
omutir.

St no se proporcionan las areas de cortante el programa no considera ese efecto en el
analisis, esto sOlo es posible definiendo a las barras de tipo “General” e introduciendo los
valores de sus propiedades.

Para secciones especificas (rectangular, circular. etc.) las propiedades son obtenidas
por el programa solo con proporcionar las dimensiones caracteristicas segin la forma de la
seccion transversal de la barra (p.ej B y D para la seccion rectangular, D para la circular,
etc.) en este caso seran considerados los efectos de deformacion por cortante.

Dependiendo del tipo de estructura, en la tabla 2.1 se muestran las propiedades
geomeétricas minimas que es necesario proporcionar para que el analisis se pueda realizar,

F Morgoy 2191 15



Tipo de estructura Propiedad geomeétnica requenida
TRUSS AX . '
PLANE AX IZolIY
FLOOR X 1IZolY
SPACE AXIX, IY, IZ

Tabla 2.1 Propiedades geométricas minimas requeridas para el analisis.

Ei programa STAAD permite asignar las propiedades geométricas de los elementos
barra de acuerdo a una tabla de perfiles de acero estindar ( P.ej. tabla AISC) o tomarlas de
una tabla definida por el usuano.

En el caso de secciones I de peralte vanable los datos son los que se muestran en la
figura 2.9

l BFF !

T \ i R
. = !
| DWW ) pww i _._,] — TWW -

/ B l |
- _ ' TFF [ j _t__

! BEE]
DWW > DWW]

Figura 2.9 Caracteristicas de la seccion I de perilte variable.

Al programa se le pueden dar instrucciones para que, de manera automatica, maneje
a los elementos con secciones de formas especificas (seccion T, o formada por uno o dos
angulos, etc )

Para el caso de los elementos placa sera necesario proporcionar el espesor de la placa

en cada esquina, para el solido no es necesario proporcionar propiedades geometricas solo
constantes elasticas

F monro 119100
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2.7 Eleccién del tipo de analisis y los resultados

STAAD permite realizar un analisis elastico lineal de 1% orden y también de 2%
orden, en el segundo caso se consideran efectos P-A, o un analists no lineal por geometria en
cuanto a considerar la geometria deformada de la estructura, por lo gntenor habra que
decidir el tipo de analisis a efectuar por el programa.

En cuanto a los resultados que el programa puede proporcionar, sera necesano saber
cuales se requeriran, por ejemplo: desplazamientos, elementos mecanicos, graficas y
resultados de disefio (revision), y de que elementos se requieren; por ejemnplo: algunos o
todos los nudos, algunos o todos los elementos (barras, placas, etc.). Graficas de la
deformada, de algun marco o de toda la estructura, etc. Lo anterior se tendra que especificar
para una, algunas o todas las condiciones de carga y/o combinaciones. Si el usuanio no
selecciona o define los elementos (nudos, barras, etc.) y las condiciones y/o combinaciones,
la impresion la realiza para todos los elementos y todos los sistemas de fuerza existentes.

2.8 Diseinio de elementos

STAAD permite disefiar o revisar elementos de acero, cancreto y madera por lo que
sera necesario especificar un codigo aplicable a utilizar (ACl, AISC, LRFD, ASSTHO, etc)),
asi como proporcionar los valores de los parametros a utilizar (f¢, fy, etc.), e indicar los
elementos que se disefiaran y el criterio a seguir para su disefio (viga, columna, etc.).

T e 11
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2.5 Definicion de las propiedades elisticas de los materiales

Para realizar el andlisis se requiere tener definidas las constantes del matenial dv_:l cual
estan o estaran hechos los elementos (barra, placa y sélic@o) como son E*(Mbdulo‘ elésnco), y
i (relacion de Poisson) y, mediante la siguiente expresion se obtiene €l modelo de nigidez &
cortante.

E
o= 2(1+ u)

Para incluir el peso propio es necesario proporcionar el peso volumétnico, si se
consideran efectos de temperatura serd necesario especificar el coeficiente lineal de
dilatacion térmuca. '

2.6 Tipos de fuerzas y combinaciones de carga

Es necesario tener completamente identificados los sistemas o conjuntos de fuerzas
(condiciones de carga) bajo los que se realizara e} andlisis (P. ej. peso propio, carga viva,
sismo. viento, etc.) y, para cada condicion de carga, contar con las caracteristicas de las
fuerzas (tipo, magnitud,. direccion, sentido y punto de aplicacion) que componen cada
sistema de fuerzas (condicion de carga).

Por ejemplo, una. condicion de carga puede ser la carga muerta, que puede estar
formada por fuerzas uniformes en algunas barras simulando el peso, por ejemplo, de los
muros divisorios, o fuerzas concentradas que representan, por ejemplo, el peso de tanques,
etc Otra condicion de carga, el sismo, puede ser representado por una sene de fuerzas
estaticas (sismo estatico) o dinamicas aplicadas a determunados nudos. Una condicion mas
puede ser la carga viva, idealizada como una fuerza por unidad de area actuando en una
detertinada zona de la estructura (P. ). azotea, entrepiso, pasillos, escaleras, etc.).

Los sistemas de carga independientes o primanios (como los llama el programa)
pueden ser utilizados para formar sistemas de carga dependientes de los anteriores, es decir
combinaciones, si 1o anterior se desea, es necesario saber de antemano el nimero de
combinaciones a incluir en el analisis y, para cada combinacion, las condiciones de carga que
se incluiran asi como su parnicipacion respectiva (factor de carga). Por ejemplo, teniendo
como marco de referencia al Reglamento de Construcciones para el D.F. pensando en una
estructura del grupo A localizada en el D. F una combinacion sera 1.5 de la carga muerta +
1.5 de la carga viva maxima, por lo que el factor de carga o participacion de las condiciones
anteriores 1 y 2 es 1.5, siendo ! y 2 las condiciones de carga respectivas (1 la carga muerta
y 2 la viva).

F Monroy 21|
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MODULOS DEL PROGRAMA
DESCRIPCION GENERAL

3.1 Introduccion

Para poder introducir y/o hacer cambios a los datos o caracteristicas de la estructura
e programa STAAD, ademas de contar con un editor en linea modo texto, princtpalmente
tiene un editor grafico integrado desde donde también se puede invocar al editor modo
texto. Casi con cualquiera de los dos editores se puede:

e Manejar (Definir, mover, copiar, borrar, etc.) elementos estructurales (nudos, barras,
placas solidos).

o Especificar tipos de apoyo (fijo o con gt"-ados de libertad, resortes, apoyos inclinados,
tipo “Foundauon”, etc.).

* Asignar propiedades geométricas de los elementos barra de acuerdo a: una tabla de
perfiles estandar (A1SC por ejemplo), una tabla previamente definida por el usuario,
secciones prismaticas (circular rectangular, Te, trapezoidal, 1 de peralte constante o
con variacion lineal etc.), o introducir sus caractensticas particulares (propiedades
geométricas, orientacion de su seccion transversal, etc.).

e Especificar espesores de los elementos placa.

» Asignar propiedades a uno o varios elementos 0 grupo de elementos (barra, placas),
las propiedades pueden ser. densidad, moduio elastico, relacion de Poisson,
coeficiente de dilatacion térmica. Asi como definir la posicion de la seccion dentro de
la estructura (posicion de ejes locales con respecto a los globales). Algunas de las
propiedades se tienen predefinidas para ciertos materiales (acero, concreto, etc.) o se
pueden introducir valores paruculares.

» Especificar que elementos desempefiaran solo una funcién estructural especifica por
ejemplo. cable, barra en compresion, en tension, armadura (tensién o compresion),
con articulacion o liberacion a algun elemento mecanico en un extremo, ignorarlos y
otras opciones. Tambien se puede definir diafragmas rigidos.

£
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e Definir cargas variables (moviles) pudiendo ser definidas por el usuario ({rcn de
cargas concentradas), de acuerdo a AASHTO(HS20, HS15, H20, HIS) o bien
tomadas de un archivo externo.

o Especificar fuerzas definidas en el tiempo (fuerza-tiempo o aceleracion-tiempo)
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una
funcion (seno o coseno) proporcionando caracteristicas dinamicas (amplitud y
frecuencia), definiendo el lapso de tiempo de actuacion de la fuerza asi como
también considerar el amortiguamiento.

e Definir caracteristicas para generar cargas definidas por el UBC (Uniform Building
Code).

o Definir cargas de viemo especificando (hasta cinco} intensidades (presmnes)
actuando respectivamente en n alturas.

e Especificar fuerzas estaticas aplicadas a los nudos, desplazamientos prescritos de los
apoyos, peso propio, etc. Para barras: fuerzas y/o momentos uniformes, fuerzas y/o
momentos concentrados, fuerzas con vanacion lineal, presion hidrostatica. Para los
elementos placa: presion uniforme, lineal, hidrostatica. B

e Asignar carga uniforme por unidad de area en un nivel especifico y en cierta area.

l

e Incluir en las barras, presfuerzo, incrementos de temperatura y ajustes enla Iongltud
inicial de los elementos.

o Seleccionar el tipo de analisis como puede ser: elastico-lineal de primer orden,
analisis no lineal P-A, andlisis de segundo orden (especificando el nimero de

iteracciones) y analisis dinamico.

* Y otras opciones mas.

3.2 Descripcion general

Enla figura 3.1 se muestra la ventana deslizable correspondiente a la opcion 0 menu
File

¥ Morzoy 11 /90 20
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Figura 3.1 Ment File de STAAD

Algunas de las opciones del menu File permiten:

New Iniciar un problema nuevo
Open Abrir un archivo existente con datos de alguna estructura.
View Ver el contenido del archivo de datos (Input File) o el archivo

de resultados (Output File)

Printer Setup Seleccionar una impresora o bien modificar sus
propiedades
Print Input File Imprimir el contenido de un archivo de datos.

£

Preview Print Input Ver el contenido del archivo de datos antes de imprimir,
Save, Save As Permiten guardar el archivo de datos.

F Monroy 214701 3!



Exit Cerrar el programa

Existen, dentro del menu anterior, otras opciones que pueden ser de uso no muy

frecuente.

Ahora en la figura 3.2 se presentan las opciones del menu Edit

il 15 )

W

oloiminlelals |6/@lx

-

& : iGN
Pk O S : i
irens the Clghoad F—— - L (G SmoamOny  {iaderg Mo | lowd S WERTIGRE . 1 ... s kel TG

Figura 3.2 Menu Edit del modulo STAAD.

Las opciones del menu Edit permiten:

Undo Deshacer la accion anterior {ultima).
Cut Supnimir{borrar) los elementos seleccionados de la estructura

{p.ej. barras que aparecen en color en el area de dibujo) y los
coloca en la memoria temporal.

F Mooy 11901 o)



Copia a la memoria temporal los elementos seleccionados de la

Copy
estructura (para poder insertarios posteriormente), esta opcion
no borra a los elementos
Paste Insertar los elementos almacenados en la memoria temporal.
Del Borra los elementos seleccionados de la estructura.

Edit command file Ejecuta el editor modo texto mostrando el contenido del
archivo de datos al que pueden realizarsele cambios (adicionar
comandos o datos, suprimir o modificar parte de la

informacion etc.).

F Morroy 117901
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STARD SPACE EJEMPLO

START JOB INFORMATION
ENGINEER DATE 04-0ct-00
END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

1000; 2500 310 0 0;
MEMBER INCIDENCES
11222 3; 33 4;
MEMRER PROPERTY AMERICAN.
i TCc 3 PRIS YD 0.5 ZD 0.25%
UNIT METER KN

CONSTANTS

E 2.%e+007 MEMB 1 TO 3
POISSON 0.17 MEMB 1 TO 2
DENSITY 24 MEMB 1 TO 3
ALPHA 1.1le-005 MEMB 1 TO 3
UNIT METER MTON

SUPPORTS

1 TC 4 PINNED

LOAD 1 VERTICAL

MEMBER LCAD

1 TO 3 UNI GY -2 .-
PERFORM ANALYSIS PRINT ALL
PRINT ANALYSIS RESULTS
TINISEH

4 150 0;
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PAGE NO.
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STAAD/Pro STAAD-III
Revision 3.1 ..
Proprietary Program of
RESEARCH ENGINEERS, Inc.
Date= SEP 23, 2001
Time= 23:24:35

+ + % % + # &

-

* USER ID: Unknown User

t"-"ttt'*tti**'**"“'t"**"'**'*'ﬂ'*"*'*t**'*'*

LR JEE TR NN SO Y

STAAD SPACE EJEMPLO

START JOB INFORMATION
ENGINEER DATE 04-C2T-00
END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

1000; 2500; 21000; 41500
MEMBER INCIDENCES

112; 223;: 334

MEMBER PROPERTY AMERICAN

: TO 3 PRIS YD 0.5 ZD 0.25
UNIT METER KN

CONSTANTS

£ z.52+007 MEMB 1 TO 3
POISSON 0.17 MEMB 1 TO 3
DENSITY 24 MEMB 1 TO 3
ALPHA 1.1E-005 MEME 1 TO 3
UNIT METER MTON

SUPPORTS

1 TO 4 PINNED

LOAC 1 VERTICAL

MEMBER LOAD

TTD 3 UKD GY -2

PERFORM ANALYSIS PRINT ALL

£ s AN A B4 S Y N
L T R

Fer b ped b

=1 My Ut s L M)y O D @
I

(SR ARSI S I S B IS T T Tty Sy Wy Sy

[RLAT" A VS I % B R ot BY o ¢ 0]

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 4/ 3/ 4
ORIGINAL/FINARL BAND-WIDTH = 1/ 1

TCTAL PRIMARY LOAD CASES = 1, TOTAL DEGREES OF FREEDCOM = 12
SIZE OF STIFFNESS MATRIX = 72 DOUBLE PREC. WORDS

REQRD/AVARIL. DISK SPACE = 12.00/ 2047.7 MB, EXMEM = 1798.5 MB
EJEMPLC == PAGE NO.

LOADING 1 VERTICRL

MEMBER LOAD - UNIT MTON METE K -

MEMBER UDL L

-

L2 CON L LINl LIN2

C:\Mis documentos\STAADPRO\V3clapro. ANL



1 -2.000 GY g.00 5.60
2 -2.000 GY 0.00 5.00
3 -2.000 GY Q.00 5.00

+*+TOTAL APPLIED LOAD MTON METE ) SUMMARY {LOADING 1)) -

{
SUMMATION FORCE-X = 0.00 :
SUMMATION FORCE-Y = ~-30.00
SUMMATION FORCE-Z = 0.00

“SUMMATION OF MOMENTS AROUND THE ORIGIN-

MX= 0.00 My= 0.00 M2Z= -225.00
-+ Processing Element Stiffness Matrix. 23:24:35
«- Processing Global Stiffness Matrix. 23:24:35
+- Processing Triangular Factorization. 23:24:35

*+**JYARNING - IMPROPER LOAD WILL CAUSE INSTABILITY AT JOINT 4
DIRECTION = MX PROBABLE CAUSE MODELING PROBLEM -0.728E-11

~« Calculating Joint Displacements. 23:24:35

+~ Calculating Member Forces. 23:24:35

***TOTAL REACTION- { MTON METE } SUMMARY

LOATING I
SUM-X= 0.00 SuUM-¥Y= 30.00 SUM-I= 0.00
SUMMRTION OF MOMENTS AROUND QRIGIN-

MY = 0.00 wMy= 0.00 MZ= 225.00

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

oy EXT X/ EXT FY/ EXT FZ/ EXT MX/ EXT MY/ EXT MzZ/
INT FX INT FY INT F2 INT MX INT MY INT MZ
I G.00 -5.00 0.00 .00 0.00 -4.17
G.ocC 1.00 0.00 0.00 0.00 4.17
Z G.ocC -10.00 C.00 ¢.00 0.00 0.00
N .00 -1.00 0.00 ¢.00 0.00 0.00
3 0.ocC -10.00 0.00 Q.00 0.00 0.00
G.0C -1.00 .00 0.00 0.00 0.00
4 G.00 -5.00 ¢.0C 0.00 0.00 4.17
c.ocC 1.00 0.00 ¢.00 G.00 -4.17
EJEMPLO -- PAGE NO.

TETvem¥rwrss END OF DATA FROM INTERNAL STORAGE **w¢rvevvvews

26. PRINT ANALYSIS RESULTS

EJEMPLO == PAGE NO

C\Mis documentos\STAADPRO\V 3ciapro. ANL
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JOINT DISPLACEMENT (CM

- —————————

JOINT LOAD X-TRANS

1 1 0.0000
2 1 0.0000
3 1 0.0000
4 1 ¢.0000
EJEMPLO

SUPPORT REACTIONS -UNIT MTON METE

RADIANS)
Y-TRANS Z-TRANS
0.0000  0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000

X-ROTAN

JOINT LOARD  FORCE-X FORCE-Y  FORCE-Z
1 1 0.00 4.00 0.00
2 1 0.00 11.00 0.00
3 1 0.00 11.00 0.00
4 X 0.00 4.00 0.00
EJEMPLO - .
MEMBER END FORCES  STRUCTURE TYPE = SPACE
RLL UNITS ARE -- MTON METE
MEMBER LOAD JT AXIAL  SHEAR-Y SHEAR-Z
i1 1 0.00 4.00 0.00
2 0.00 6.00 0.00
z 1 2 0.00 £.00 0.00
3 0.00 5.00 0.00
30001 3 0.00 6.00 0.00
4 0.00 4.00 0.00

0.0000
0.0000
0.0000
0.0000

MOM-X

0.00
0.00
0.00
0.00

TOR

Y-

SION

ROTAN

0.000
0.000
0.000
0.000

STRUCTURE TYPE = SPACE

Z-ROTAN

0 -0.0010
0.0003

0

0 -0.0003

0

0.0010

-- PAGE NO.

STRUCTURE TYPE = SPACL

MOM-Y

0.00
0.00
0.00
0.00

MOM Z

©.00
c.00
c.0C

5

¢.ocC

-- PAGE NO.

LA A A E R A B N K X END OF LATEST ANALYSIS RESULT LA A R B R L 2 2R K X 2

27. TINISH

LA A A R B A K L E 2 2 £ N ¥ END o? STAAD-III LA K LA K & X 2°X 3 F " EY

*=**= DATE= SEP 23,2001

TIME= 23:24:35 wwss

'*twv-t-'-ftt-tv-'t’t'tft-twt'ttttttt'tttt-t*t**tttt#tttt

- FOR QUESTIONS REGARDING THIS VERSION QOF PROGRAM
RESEARCH ENGIMEERS, Inc at
974~-2500 Fax- (714

-
* West Coast:
* East Coast:

Ph- (714)
Ph- (978)

-t-t'--'ttt-ttv-wv'r*tttwf't-tv"tt*ivtvv'tttwtttiittwtti

688-3636 Fax~-
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L Dme 48 May-01 Cre
Charm Fi* marcot. s L""'"" 18-May-2001 02111
Job Information _
Engineer Checked Approved
Nama:
Date: 18-May-01
| Structure Type | SPACE FRAME |
Numbper of Nodes 5 | Highest Node 11
Number of Elements 4 | Highest Beam 13
Number of Basic Load-Cases 1
Number of Combination Load Cases 0-
inciuded in this pnntout are data for
[ Al | The Whole Structure ]
T
Included in this pnntout are results for load cases:
Type W]+ Name -/
Pnmary 1 | VERTICAL
Nodes
Node X Y 2
(m) (m) (m)
5 4000 . 7.000 0.000
7 2.000 | 3.000 0.000
] 2.000 0.000 0.000
10 9.000 7.000 0.000
1 9.000 | 0.000 0.000
Pre Tima/Date Z300/2001 23 52 STAAD/Pro for Windows Relegse 3.1 v fan t c



’ Pant
Sofrware § wl » Liner
Joo Thee L )
L Dwss 15 _pdgry-01 St
Coarrt Fis marcot s DawTeve 48 May-2001 02:14
Beams
Beam | Node A | Node B | Length [Property
{m) degrees
6§ | 7 3.000 1 0
0 | 7 5 4.472 1 0
11 5 10 5.000 1 0
13 10 | 1 7.000 1 0
Section Properties
Prop Section Area by [ J Material
| (m®) (m*) (m*) (m*)
1 | Rect 0.B0X0.40 0.320 0.004 0.017 0.012 .
Materials
Mat Name E G v Density a
(KN/mm3) ( (kN/mm?) (kg/m®) (1F°K)
1 | Steel 205.000 82.000 0.250 77.000 12€ -12
2__| Concrete 25.000 10.684 0.170 24.000 12€ -12
3 | Alumimum 70.000 26.316 0.330 28.600 23E -12
Supports
Node X Y 4 X rY rZ
{kNfmm) | (kN/mm) | (kN/mm) | (kNirad) | (kN/rad) | (kN/rad)
9 | Fuxed [ -Fixed. Fixed - - -
11 ! Fixed | Fixed Fixed - - -
Releases
There is no aata of this type.
Basic Load Cases
Number Name
1 VERTICAL

Prent TimeDane 220072001 22 52
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Combination Load Cases
There is no data of this type.
' 5 M=5m 10
10=447Tm
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STAAD PLANE VIGA EJEMPLO 2
START JOB INFORMATION

ENGINEER DATE 18-May-01

END JOB INFORMATION

INPUT WIDTH 79 -
UNIT METER MTON

JOINT COORDINATES

5470; 7230:9200; 109 70; 1190 0;
MEMBER INCIDENCES

69 7; 10 7 S: 11 5 10; 13 10 11;
MEMBER PROPERTY AMERICAN

6 10 11 13 PRIS YD 0.B 2D 0.4
SUPPORTS

$ 11 PINNED

UNIT METER XN

CONSTANTS

E 2.5e=007 MEMB 6 10 1I 13

POISSON C.17 MEMB & 10 11 13
DENSITY 24 MEMB 6 10 11 13

"BLPHA 1.1e-00% MEMB 6 10 11 13
UNIT METER MTON

LOAD 1 VERTICAL

MEMBER LOAD

11 UNI GY -2

PERFORM ANALYSIS PRINT ALL

PRINT SUPPORT REAZTION ALL

BRINT JOINT DISFLACMENTS ALL

PRINT MEMESER FORCES ALL

FINISE

C:\Mis documentos\cursos\stadpro\ejemnplosimarco1 .std
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> STAAD/Pro STAAD-III .
. . _._ Revision 3.1 . __ . - *
* Proprietary Program of -
- RESEARCH ENGINEERS, Inc. .
d Date= SEP 24, 2001 -
. Time= 0:35:15 -
- USER ID: Unknown User *

"’**.*"*"."&"’"l’t‘l"*-‘-*-t"'"f**tf*""t"**"“*‘*

STAAD PLANE VIGA EJEMPLO 2
START JOB INFORMATION
ENGINEZR DATE 18-MAY-01

END JOB INFORMATION

tNPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

£ 4 70; 7230;9200; 1097011900
MEMBER INCIDENCES

6 9 7; 10.7 5; 11 5 10; 13 10 11
MEMBER PRQPERTY AMERICAN

€ 10 11 ¥3 PRIS YD 0.8 2D 0.4
SUBPORTS :

¢ 1i PINNED

UNIT METER KN

CONSTANTS'

T 2.5E+007 MEMB 6 10 11 13
PCISSON 05.17 MEMB 6 10 12 13
DENSITY 24 MEMB 6 10 11 13
ALPHA 1.1iE-005 MEMB 6 10 11 13
UNIT METER MTON

LOAD 1 VERTICAI

MEMBER LOAD

i1 UNI GY -2

PERFORM ANALYSIS PRINT ALL

~) en o s L N R

ol

=

§-1 i

[

S CYAD N -] My s LR DO

(NS SNSRI
(WS I SR )

[ELIN 3% .

NUMBE® OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 5/ 4/ 2
ORIGINAL/FINAL BAND-WIDTIE = 3/ 1

TCTARL PRIMRRY LOAD CASES = 1. TOTAL DEGREES OF FREEDOM = 11
SIZZ OF STIFENESS MATRIX = 66 DOUBLE PREC. WORDS

REQRD/AVAIL. DISK SPACE = 12.01/ 2047.7 MB, EXMEM = 1804.5 MB
VIGAR EJEMPLC 2 -- PAGE NO.

LOADING 1 VERTICAL

MEMBER LOAD - UNIT MTON METE

MEMBER UDL L1 .2 CON L LIN1 LINZ

C:\Mis documentos\cursos\stadpro\ejempios\marcol . ANL



11 -2.000 GY 0.00 5.00

=+=TOTAL APPLIED LOAD ( MTON METE ) SUMMARY (LOADING 1)

SUMMATION FORCE=-X = 0.00
SUMMATION FORCE-Y = -10.00
SUMMATION FORCE-Z = 0.00
SUMMATION OF MOMENTS ARQUND THE ORIGIN-
Mx= 0.00 MY= 0.00 MZ= -65.00
+- Processing Element Stiffness Matrix. 0:35:15
~+ Processing Global Stiffness Matrix. 0:35:15
~+ Processing Triangular Factorization. 0:35:15
+~ Calculating Joint Displacements. 0:35:1%
-~ Calculating Member Forces. 0:35:15

**~TCTAL REACTION ( MTON METE )} SUMMARY

LOADING 1

SUM-¥= 0.00 SUM-Y= 10.00 3SUM-Is= 0.00
SﬁMMAT:ON OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY= 0.00 MZ= 65.00
EXTZRNAL AND INTERNAL JOINT LOAD SUMMARY-

o7 EXT FX/ EXT FY/ EXT FL/ EXT MX/ EXT My/ EXT MZ/

- e

INT FX INT FY INT F2 INT MX INT MY INT MZ

5 0.00 -£.00 0.00 0.00 0.00 -4.17

.00 5.00 .00 .00 0.00 4.17

7 c.oc 0.0C g.00 .00 0.00 0.00

c.oc 0.00 ¢.00 .00 0.00 0.00

¢ 0.00 0.00 0.00C 0.00 C.00 0.00

-0.74 -3.57 0.0C g.00 0.00 .00

1C c.co -5.00 .00 0.00 ¢.00 4.17
¢.oc¢ s.00 C.00 0.00 0.00 -4.17

il t.00 0.00 .00 G.00 0.00 0.00
0.74 -€.43 0.00 0.00 0.00 0.00

TEyrrerwwsy> END OF DATA FROM INTERNAL STORAGE *";';*"‘*'

VIGR EJEMPLC 2 : -- PAGE NOC.
25. éRINT SUPPORT REACTION ALL

VIGA EJEMPLO 2 - == PAGE NO.

SUPPORT REACTIONS -UNIT MTON METE STRUCTURE TYPE = PLANE

JOINT LOAD FORCE-X FORCE-Y FOéCE-Z MOM-X MOM-Y MOM Z

9 bl 0.74 3.57% . 0.00 oo 0.00 0.00
1z hA -0.74 6.43 0.00 00 0.00 0.00

C:\Mis documentosicursos\stadpro\ejemplosimarcol. ANL



W WU W E AW END OF LATEST ANALYSIS RESULT L A2 s X2 A 4 XX 2l

27. PRINT JOINT DISPLACMENTS ALL

VIGR EJEMPLO 2 -- PAGE NO.
JOINT DISPLACEMENT (CM RADIANS) STRUCTURE TYPE = PLANE
JOINT LORD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN
! 1 0.0973 -0.0395 0.0000 0.0000 0.0000 -0.0002
o 1 0.0252 -0.0013 0.0000 0.0000 0.0000 -0.0001
g i 0.000C 0.0000 0.0000 0.0000 0.0000 -0.0001
ic I 0.09¢8B -0.0055 0.0000 0.0000 0.0000 0.0001
il 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0003
rwwswwwsrwrwrery PN] OF LATEST ANALYSIS RESULT N ww T r TR A Ay
28. PRINT MEMBER FORCES ALL
JIGR EJEMPLC 2 -- PAGE NC.
MEMBER END FORCES STRUCTURE TYPE = PLANE
RIL UNITS ARZ -- MTON METE
MEMBEFR LOAD JT . BXTAL SHEAR-Y SHEAR-Z TORSION MOM=-Y
€ z 9 3.57 -0.74 0.0C 0.00 0.00
7 -3.57 0.74 0.00 D.00 c.00
e z T 3.53 0.93 0. 00 ¢.0cC 0.00
s -3.53 -0.83 0.00 0.00 0.00
P, z z 0.74 3.57 0.00 0.00 .00
16 -C.74 €.43 0.00 0.00 0.00
i3 : 10 £.43 0.74 0.00 0.00 0.00
11 -€.43 -0.74 0.00 0.00 0.00

LR R R EFEEEEE N END O‘I— LATEST

25. FINISH

ANALYSIS RESULT LA A R A S & 2 4 X 4 & & X J

AR N A R AR XEEEZ END OE‘ STAAD_III LA E S AL S 2SS 2 2]

*+*+* DATE= SEP 24,2001

TIME=

0:35:15 *w»~

bl R A A A AR A AR A A A Al A A A R A R L R LA L E L AR X 2 2R 2 X 2% 2 8 FrE-R LT Ty R g

* FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM
RESEARCH ENGINEERS,

-

* HWest Coast:
* . BEast Coast:

Ph-
Ph-

(714)
(978}

874-25800
€88-3636

Inc at
Fax- (714)
Fax- {978)

921-2543
685-7230

-

-

-

-

1'"t'f""*""tt'tt"t.tt"“i’t"'*t*'t't"ﬁ'*."'"'*""*"

C:\Mis documentos\cursos\stadpro\ejemplos\marcol . ANL
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STAAD PLANE VIGA OCHO CLAROS
START JOB INFORMATION
ENGINEER DATE 31-May-01

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

10 30; 23 30; 3630; 4930;51230; 6060; 73 ¢620;: 8¢660:

"99 6 0; 1012 6 0; 11 09 0; 12 3 9 0; 13 6 9 0; 14 9 9 0, 15 12 9 0;

16 0 12 0; 17 3 12 C; 18 6 12 0; 19 9 12 0; 20 12 12 0; 21 0 15 0: 22 3 1% 0Q:
23 6 15 0; 24 9 15 0; 25 12 15 Q; 26 0 Q 0; 27 3 0 0; 28 € 0 O; 29 9 0 0;

30 12 O C;

MEMEER INCIDENCES

11 2; 22 3; 33 4; 44 5; 56 7; 67 8; 7819829 10:; 9 11 12; 10 12 13;

11 13 14; 12 14 15; 13 16 17; 14 17 18; 15 18 19; 1€ 1% 20; 17 21 22; 1B 22 23;
19 23 24; 20 24 2%; 21 26 1; 22 27 2; 23 2B 3; 24 29 4; 25 30 5; 26 1 ¢©;

27 2 7; 728 3 8:; 29 4 9; 30 5 10; 31 6 11l; 32 7 12; 33 8 13; 34 9 14; 35 10 15:
36 11 16; 37 12 17; 3B 132 18; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 23;
44 19 24: 45 20 25;

MEMBER PROPERTY AMERICAN

1 TO 45 PRIS YD 0.4 2ZD 0.4

SUPPORTS

26 TO 30 TIXED .

UNIT METER KN

CONSTANTS -

E Z2.5e+007 MEMB 1 TO 45
POISSON 0.17 MEMB 1 TO 45
DENSITY 24 MEMB 1 TC 45
ALPHA 1.2e-011 MEME 1 TO 45
UNIT METZR MTON

LOAD 1 PESC PRCFPID

MEMBER LOAD

I TC 20 UNI GY -2

LOAD Z Fuerza lateral

JOINT LOAD

IFX 2 ’

€ X 4

I 6

l1e FH &

21 FX 10

LOAD COMB 3 Ccombinacién (suma de ambas)
IL.0 2z 1.0

PERFORM ANALYSIS PRINT ALL
PRINT SUPFPORT REACTION ALL
FINISH

C:\Mis documentos\cursos\stadpro\ejemplos\marcodn.std



2. START JOB INFORMATION

3. ENGIKEER DATE 31-MAY-01

4, END JOBR INFORMATICN

5. INPUT WIDTH 79

€. UNIT METER MTON

7. JOINT COORDINATES

8. 103 0;2330; 3630; 4930;51230; 6060; 7260:8¢6¢60

5, 6 96 0; 1012 60; 110 9 0; 12 3 9 0: 13 6 9 0; 14 9 9 0; 15 129 0

i0. 16 ¢ 12 0:; 17 3 12 0; 18 6 12 0; 19 9 12 0; 20 12 12 0; 21 0 15 ©; 22 3 15 0
11, 23 6 15 0:; 24 915 0; 25 12 15 0; 26 D 0 0; 27 3 0 0; 28 6 0 0; 29 9 0 O
12, 30 12 00

13. MEMBER INCIDENCES y
i4. 11 2; 22 3; 2 34; 445; 567; 678; 78 9;8%9%10; 9 11 12; 10 12 13
IS, 311 33 14; 12 14 15; 13 16 17:; 14 17 18; 1% 18 19; 16 19 20; 17 21 22; 18 22 3
16, 19 23 24 20 24 25; 21 26 1; 22 27 2; 23 28 3; 24 29 4; 25 30 5; 26 1 6
7. 27 2 7; 28 3 8; 29 4 9; 30 5 10:; 31 6 11; 32 7 12; 33 8 13; 34 9 14; 35 1015
1B. 36 11 16; 37 12 17; 3B 13 18; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 23
18, 44 19 24; 45 20 2%

20. MEMBER PROPERTY AMERICAN

2L. 1 TO 4% PRIS YD 0.4 ZD C.4

2Z. SUPPORTS

23, 26 TC 30 FIXED

24, UNZIT METER KN

23, CDONSTANTS

26. £ Z.%E+007 MEMB 1 TO 4%

Z7. POISSON 0.17 MEMB 1 TO 45

28. DENSITY 24 MEMB 1 TC 4%

2¢. ALPHA 1.2E-0Q11 MEMB I TO 45 .

3C. UNIT METER MTON

3i. LOAD 1 PESC PROPIO

3. MEMBER LOAD

33, 1 TC 20 UNI GY -2

34. LOAD 2 FUERZA LATERAL

33, SOINRT LOAD

36, 2 FX 2

37. 6 FX 4

36. 11 FX 6

2%, 16 FX B

40, 21 FX.10

41. LOAD COMB 3 COMBINACION (SUMA DE AMBAS)
VIGA OCHO CLAROS -- PAGE NO. 2

PAGE NOC.

PR T X R RE RPN R R 2 A X R R R A A L A A A A A AL A AL ALl d)

-

L I

+ %+

STAAD/Pro STAARD-III

Revision

Proprietary Program of
RESEARCH ENGINEERS,
2001

Date=
Time=

3.1

SEP 24,
1:29:31

USER ID: Unknown User

P e 2 A E R R LRI SRS A2 A 22 X R & X & 2 L 2 A B K & & & 8 LR & AR L AL S RS

STAAD PLANE VIGA COCHO CLAROS

C:'Mis documentos\curios\smdproiejemplosmarodn ANL
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42. 1 1.0 2 1.0
43, PERFORM ANALYSIS PRINT ALL

PROBLEM STATISTICS

. ————————

NUMBER COF JOINTS/MEMBER+ELEMENTS/SUPPORTS =
ORIGINAL/FINAL BAND-WIDTH = 25/ 5

30/ 43/ 5

TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 75
SIZE QOF STIFFNESS MATRIX = 1350 DOUBLE PREC. WORDS

REQRD/AVAIL. DISK SBPACE = 12.07/ 2047.7 MB,
VIGA CCHO CLAROS

LOADING 1 PESC PROPIO

MEMBER LOAD - UNIT MTON METE

MEMBER UDL Ll L2 CON L

1 -2.00C Gy 0.00 3.00
2 -2.000 GY 0.00 3.00
3 -2.000 GY 0.00 3.00
4 -2.000 GY 0.00 3.00
s -2.000 GY 0.00 3.00
€ -2.000 GY 0.00 3.00
i

-2.000 Y £.00 3.00
8 -2.000 GY 0.00 3.00
s -2.000 GY 0.00 3.00

10 -2.000 GY ©.00 3.00
ot -2.000 GY 0.00 3.00
12 -2.000 GY  0.00 3.00
12 -2.000 GY  0.00 3.00
14 -2.000 GY 0.00 3.0C
it -2.000°GY  0.00 3.00
16 -2.000 GY 0.00 3.00
17 -2.000 GY 0.00 3.00
1€ -2.000 GY .00 3.00
19 -2.000 GY 0.00 3.00
20 -2.000 GY G.00 3.00

EXMEM = 1779.0 MB

== PAGE NOQ.

LINl LINZ

***TOTAL APPLIED LOAD ( MTOK METE ) SUMMARY (LOADING 1)

SUMMATION FORCE-X = 0.00
SUMMATION FORCE-Y = -120.00
SUMMATION FORCE-Z = C.00

SUMMATION OF MOMENTS AROUND THE ORIGIN-
MK= 0.00 MY= 0.00 MiI=

LOADING 2 FUERZA LATERAL

JOINT LOAD - UNIT MTON METE

JOINT FORCE-X FORCE-Y FORCE-Z MOM-X

C-M1t documentos cursos smadprorejemplosunarcosg ANL

-720.00

MOM-Y MOM~-Z



1 2.00 0.00 0.00
6 4.00 0.00 0.00
11 6.00 0.00 0.00
16 §.00 0.00 0.00
21 10.00 | 0.00 _6.00_

VIGA OCHO CLAROS

0.00
0.00
0.00
0.00
0.00

++«+TOTAL APPLIED LOAD ( MTON METE ) SUMMARY (LOADING 2 )

SUMMARTION FORCE-X = 30.00
SUMMATICN FORCE-Y = 0.00
SUMMATION FORCE-Z = 0.00

SUMMATION OF MOMENTS AROUND THE ORIGIN-

MX= 0.00 My= 0.00 MI=

+- Procressing Element Stiffness Matrix.
-+ Processing Glopal Stiffness Matrix.
~- Processing Triangular Factorization.
-+ Calculazing Joint Displacements.

+- Calculating Memper Forces.

**+TCTAL REACTION ( MTON METE )} SUMMARY
LORDING i
SUM-¥= | 0.00 SUM-Y=

SUMMATION OF MOMENTS ARCUND ORIGIN-

Mx= 0.00 My= 0.00 Mi=

ZXTERNAL ANLC INTERNAL JOINT LOAD SUMMARY-

120.00 -SUM-2=

> EXT FX/ EXT FfY/ EXT FZ/ EXT MX/
INT F¥ °  INT FY INT F2 INT MX

SR 5.00 -2.00 0.00 0.00
5.00 3.00 0.00 0.00

z 0.00 -6.00 0.09 0.00
Q.00 6.00 0.00 0.00

3 0.00 -5.00 ¢.00 0.00
0.00 6.00 0.00 0.00

4 ¢.00 -6.00 0.00 ¢.00
¢.00 €.00 0.00 ¢.00

e 0.00  -3.00 0.0C ¢.00
0.00 3,00 0.00 0.00

6 £.00 -3.00 0.00 0.00
o.00 3.00 0.00 0.00

7 Q.00 -6.00 0.00 0.00
0.00 €.00 0.00 0.00

8 0.00 -6.00 0.00 0.00
.0.00 6.00 0.00 0.00

2 0.00 -6.00 6.00 0.00
0.00 6.00 0.00 0.00

10 0.00 -3.00 0.00 0.00
0.00 3.00 0.00 0.00

C:\Mis documentos\cursosstadprowyemplosumarcosa. ANL

.

0.00 0.00
0.00 .00
0.00 0.00
6.00 0.00
. Q00 _  6.00
-~ PAGE NO.
-330.00
1:29:31
1:29:31
1:29:31
1:29:31
1:29:31
0.00
720.00
EXT MY/ EXT MzZ/
INT MY INT MZ
0.00 =1.50
0.00 1.50
0.00 0.00
0.00 0.00
0.00 .00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.50
0.00 ~-1.50
0.00 -1.50
0.00 1.50
0.00 6.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 1.50
0.00 -1.50



(=
[ =]

VIGA OCHO

13

L8]
tn

| Re]
[£A]

OO0 OO0 0DODODDO0O000O000COOoO0DO00O000O0O00D00O0000 00

LOADING

SUM=X=

0.
0.

12 0.
0.

-3G.30 SUM-Y=

00 .=3.00
00 3.00
0o -6.00
00 6.00
CLARCS
.00 -6.00
.00 €.00
.00 -6.00
.00 6.00
.00 -3.00
.00 3.00
.00 -3.00
.00 3.00
.00 ~6.00
.00 €.00
.00 -5.00
.00 6.00
.00 -6.00
.00 6.0G0
.00 -32.00
.Q0 3.00
.00 ~3.00
.00 3.00
.00 -6.00
.Co €.00
.00 -6.00
.C0o 6.00
] -£.00
.00 €.00
.00 -3.00
.00 3.00
.0cC c.00
27 -1t.62
.ge G.00
.01 -2%.30
.00 .00
.03C -30.17
.00 0.00
.01 -29.30
.00 0.00
.27 -1t.62
2

0.00
0.00
0.00
0.00

0.00
- 0.00
.00
.00
.00
.00
00
oo
00
0o
.00
.00
.00
.0¢
.00
.0¢
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
. 00
.00
.00
.00
.00
. G0
.00
.00

COO0O00000O0COCOO0OCOO0OO0OCO0DCO0CO0CO00CODO0O00000

0.

SUMMATION OF MOMENTS ARQUND ORIGIN-

MX=

.00 My=

0.

0o

00

0.060
0.00
0.00
0.00

0.00
0.00
¢c.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
C.00
6.00
0.00
0.00
c.00
0.00
0.00
0.00
0.00
G.00
0.00
g.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00

SUM-2Z=

MZ=

EXTERNAL ‘ANDC INTERNAL JOINT LOAD SUMMARY-

JT EXT FX/
INT X

EXT FY/
INT FY

EXT FZ/
INT £2

C.\Mas documenios ctrsos wiadproie; emmplos\marcodn. ANL

EXT Mx/
INT MX

0.00
0.00
0.00
0.00

.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

330.00

EXT MY/

 INT MY

-1.350
1.50
0.00
0.00

PAGE NO. 5

0.00
0.00
0.00
¢.00
-1.50
-1.50
-1.50
1.50
0.00
0.00
0.00
0.00
0.00
0.00
1.50
-1.50
-1.50
1.50
0.00
.00
0.00
0.00
0.00
0.00
1.50
-1.50
.00
0.27
0.00
0.02
0.00
C.00
0.00
-0.02
0.00
-0.27

EXT MZ/
INT MZ



2.00 0.00
-2.00 0.00
0.00 0.00
0.00 0.00

VIGA OCHO CLAROS

3

4

26

27

Cridvis documenios'cursos\siadprowemplos\marcodn. ANL

0.00 .00
G.00 .00
.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
4.00 .00
-4.00 0.00
.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
0.00 0.0¢
6.00 0.00
-6.00 0.00
0.00 0.00
0.00 0.00
C.00. 0.00
0.00 0.00
0.00 0.00
0.00 .0.00
0.00 0.00
0.00 .00
£.00 0.00
-£.00 0.00
¢.00 ° .00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 6.00
0.00 .00
0.00 .00
.00 G.00
10.00 0.00
-1C.00 .00
.00 0.00
£.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
.00 0.00
-6.00 0.00
0.00 0.00
5.13 23.71
0.00 0.00
6.64 -1.38

0.00
.00
c.00
.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
£.00
0.00
0.00
0.00
0.00
0.00
£.00
0.00
0.00
0.040
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0C
0.00
C.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00 — -
0.00
0.00
0.00
0.00
0.00
C.00
0.00
6.00
0.00
0.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
00
00
00
.00
.00
.00
.00
0.00

.« 8

.

OO0 0D0DO0O0O0000DO0O000DO0O0O0COoOCO0O0OOCOOO00D0O00ODCOO0O0CO0O

0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00-

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
c.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00C
0.00C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00C
0.00
.00

-- PAGE NO.

6.00

---- -0.00

0.00
.00
c.00
¢.00
c.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
.00
C.00
©.00
C.00
¢.00
0.00
0.0C
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-10.02
¢.00
~11.49



28 0.00
6.52

29 0.00
‘ 6. 62

30 0.00
5.09

c.00
-0.04

0.
1.
0.
-23.

VIGA CCHO CLARCS

LOARD COMBINATION NO.

COMBINACION (SUMA DE AMBAS)

LOADING- 1.
FACTQR - 1.00

1.00

Y
29
00
58

3

©.00
0.00
0.00
0.00

. 0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

swvxxwswwwss END OF DATA FROM INTERNAL STORAGE *wwwrewvww=v

44. PRINT SUPPORT REACTION ALL

VIGA CCHO CLAROS

SUPPORT REACTIONS -UNIT MTON METE

JOINT LOAD

b B =2 L Y -

tu
m

tad 1D b

tJ
n

Lt
L
[PV o S LI W B 3 B B8

EE R S RS AL X N

rs
wh
l!‘

INISH

FORCE-X

.27
.13
.B&
.01
.84
.63
.00
.52
.52
.02
. 62
.63
.27
.08
.36

| I R R R N R | [ | 1
P O ONH MO0 OH WO

FORCE-Y

15

1

is

.

28.

.62
23.
-8.
29.
1.36
30.
30.

0.
30.
29,

71
09
30

€7
17
04
2%
3¢
29

0l

.62
2%.
39.

58

B

END OF LATEST

STRUCTURE TYPE = PLANE

FORCE-2

0.00
0.00
Q.00
0.00
.00
.00
.00
.00
.00
.00
.00
.00
.0¢
.00
.00

OCOoCOoOO0O0O0O00O0DO0O

MOM-X

OO0 000000000000

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.
o
o

0.00 0.00
0.00 -11.36
C.00 0.00
G.00 -11.45
0.00 © 06.00 .
0.00 -5.85
-=- PAGE NO.
-- PAGE NO.
MOM-Y MOM 2
0.00 -0.27
0.00 10.02
.00 8.7
6.00 -0.02
. 0.00 11.459
0.00 1l.48
0.00 0.00
0.00 11.36
0.00 11.3¢6
0.00 0.02
0.00 11.45
0.00 11.47
0.00 0.27
0.00 9.985
0.00 10.22

ANALYSIS RESULT LA A RS & 0 AR 2 4 2 2 X

LA R AR X X R EE R ELREZS S ) END OE‘ STAAD_III WwhWwwaw R dr e w

-

** DATE= SEP 24,2001

TIME=

1:29:3] www>

LA AR AR B AR A A LAl AL R AR Ll AR ARl Rl sl il Xt Xidl it X R 2 2 X1

* FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM
Inc at

*  West
* Easxt

Coast:

RESEARCH ENGINEERS,
974-2500

Ph-

(714)

Coast: Ph- (978} 68B-36€36

AR A A SRS LA A Al RS AR AL R A A ARl A Al Rl R X Xl L XX 22 R 22 2

€\Mis documentos \cursos\stadprocjemplos\marcosn. ANL

Fax-
Fax-

{714) 921-2543
{978) 685-7230

-

-

-

-
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00 o Sraee mo Rev
6
Part
Rt
L Do 24-Sep-01 Cra
P mard2d-10nsd | D" 34 Sep 2001 16:07

1331 kN
-

1422 kN
——

1283 kN
——

1105 kN
-

BB7 kN

o —

1435 kN
i

1263 kN
e — ——

21

2

74

ek g2

Whole Structure Loads 262.764kN:1m 2 FUERZAS LATERALES PARA RIGIDECES

Bt TymaDem 24002001 18 00

STAAD/Pro for Windows Release 3.1

ple



1 5
!
: Pan
Softwwrs komrend 1 Uricown Lser
; Job Tioe Rt
| By b 24-Sap-01
e F& mar3-24-10n.xtd | CweTeme 24 Se0-2001 16.07

Section Properties

Prop Section Area by 1 J Materisi
(m?) (m*) (m*) (m*)
1 | Rect 0.95%0.95 0.802 0.068 0.068 0.115 .
2 | Rect 0.95X0.35 0.332 0.003 0.025 0.010 .
Materials
Mat . Name E G v Denslty a
(kNfmm?) | (kN/mm?) kg/m®) | (1PK)
1 | Steel - 205.000 82.000 0.250 77.000 | 12E-.12
2 | Concrete 25.000 10.684 0.170 24.000{ 126-12
3 | Aluminum 70.000 26.316 0.330 26.600| 23E-12
Supports
Node X Y Z X rY rZ
{(kN/mm} | (kN/mm) | (kN/mm) {kN/frad) {kN/rad) (kN/rad)
1 Fixed Fixed Fixed Fixed Fixed Fixed
2 Fixed Fixed Fixed Fixed Fixed Fixed
3 Fixed Fixed Fixed Fixed Fixed Fixed
4 Fixeg -Fixed Fixed Fixed Fixed Fixed
5 Fixed Fixed Fixed Fixed Fixed Fixed
Releases
There is no data of this fype. -
Basic Load Cases
Number Name
1 PESO PROPIO
2 FUERZAS LATERALES PARA RIGIDECE:

Combination Load Cases
There 1s no data of this type.

P TrmaDats 20003001 1800

STAAD/Pro for Windows Releasa 3.1




Job Mo St N Ry
4
Part
. 4 +> Unicroow User
v Job T Rat
| [ n-m G
o % mar3.20-10n.xtd DemTine 24-Sep-2001 16:07
Beams Cont...
Beam | Node A | Node B| Langth [Property; B
(m) degrees -
36 24 25 8.000 2 0
a7 21 26 3.500 1 0
38 22 27 3.500 1 0
39 23 28 3.500 1 0
40 24 29 3.500 1 0
41 | 25 30 3.500 1 0
42 26 27 8.000 2 0
43 27 28 8.000 2 0 ”
44 28 29 8.000 2 0
45 2% 30 8.000 2 0
46 26 31 3.500 1 0
47 27 32 3.500 1 0
48 28 33 3.500 1 0
51 31 32 8.000 2 0 i
52 32 33 8.000 2 0 :
55 31 38 3.500 1 0 .’
56 32 37 3.500 1 0 i
57 33 38 3500 | 1 0 f
60 | 36 37 8.000 | 2 0 :
81 | 37 38 8.000 | 2 0 ;
64 | 36 41 3.500 1 0 \
85 37 42 3.500 1 0 |
66 ag 43 3.500 1 0 \
69 a1 42 8.000 2 0 :
70 42 43 B.00O 2 0
73 41 45 3.500 1 0
74 42 47 3.500 1 0
75 43 48 3.500 1 0
78 46 47 8.000 2 0
79 47 48 8.000 2 0
82 46 51 3.500 1 0
83 a7 52 3.500 1 0
84 48 53 3.500 1 0
87 51 52 8.000 2 0
88 52 53 8.000 2 0

Prox TrnaDme 240072001 18'00

STAAD/Pro for Windows Release 3.1

Pyt R 4 of ¢



Part
Softwary enesd © Urknown U
Job Tios Rt
»” Daw24Sep-01  O@
" Coer Fo mar3-20-10nsty | DT 24.540-2001 16:07
Beams _
Baam | Node A | Node B | Length [Property B
{m) degrees
1 1 6 5.000 1 0
2 2 7 5.000 1 0
3 3 8 5.000 1 0
4 4 9 5.000 1 0
5 5 10 5.000 1 0
6 6 8.000 2 0
7 7 8 8.000 2 0
8 8 9 8.000 2 0
9 9 10 8.000 2 0
10 6 1 3.500 1 0
11 7 12 3,500 1 0
12 8 13 3.500 1 0
13 | 8 14 3500) 1 0
14 10 15 3.500 1 0 Y
15 11 12 8.000 | 2 0 .
16 12 13 8.000 2 0
17 13 14 8.000 2 0
18 14 15 8.000 2 0
18 11 18 3500 1 0
20 12 17 3.500 1 0
21 13 18 3.500 1 0
22 14 18 3,500 1 0
23 15 20 3.500 1 0
24 16 17 8.000| 2 0 )
25 17 18 8.000 2 0
26 18 19 8.000 2 0
27 -] 19 20 8.000 2 0
26 | 16 21 3.500 1 0
29 17 2 3.500 1 0
30 18 23 3.500 1 0
31 19 24 3.500 1 0
32 20 | 25 3.500 1. 0 '
33 21 22 8.000 2 0
34 22 23 B.000 2 0
a5 23 24 8.000 2 0

Prrt Troa/Dees 240872001 1800 STAAD/Pro tor Windows Raiease 3.1 Pt fam 3 ¢



i ‘ Job M Sraw MO L]
" | 2
‘{ .""7 Part
Softwars kcaread 1 Lincnown Lesr
: Jab Tiow ™~
' o Duw24.Sep01
P F* mar3-20-10n.sd Dom/Tom 54 Se0-2001 16:07

Nodes Cont...

Node X Y F 4
(m) (m) (m)
13 16.000 8.500 0.000
14 24.000 8.500 0.000
15 32.000 B.500 0.000
16 0.000 12.000 0.000
17 8.000 12.000 0.000
18 16.000 12.000 0.000
19 24.000 12.000 0.000
20 32.000 12.000 0.000
21 0.000 15.500 0.000
22 8.000 15.500 0.000
23 16.000 15.500 0.000
24 24.000 15.500 0.000
25 32.000 15.500 0.000
26 0.000 18.000 0.000
27 8.000 18.000 0.000
28 16.000 19.000 0.000
29 24.000 19.000 0.000 |
a0 32.000 19.000 0.000
3 0.000 22.500 0.000
2 8.000 22.500 0.000
33 16.000 22.500 0.000
36 0.000 26.000 0.000
37 8.000 26.000 0.000
38 18.000 26.000 0.000
41 0.000 29.500 0.000
42 8.000 28.500 0.000
43 16.000 29.500 0.000
46 0.000 33.000 0.000
47 8.000 33.000 0.000
48 18.000 33.000 0.000
51 0.000 36.500 0.000
52 8.000° 36.500 0.000
53 16.000 38.500 0.000
Pt TamaDete. 2402001 16 00 STAAD/Pro for Windows Relesse 2.1 Prthnae

Ay



. ot o Snest No [
& _
i
* Pant
: Softemre Fomnew 10 Linanown Uner
koo Tes g
oy Dz‘_s”,gn O
G F= rigr3-20-10n.8t0 | DewTem 24.Se0-2001 18:07
Job Information
Engineer Checked Approved
Name: |,
Pate: 24-Sep-01
[ structure Type | SPACE FRAME |
Number of Nodes 45 | Highest Node 53
Number of Elements 70 | Highest Beam 88
Number of Basic Load Cases 2
Number of Combination Load Cases 0
included in this printout are data for;
! All | The Whole Structure !
Included in this printout are results for foad cases: !
Type wc Name .
Pnmary 1 PESO PROPIO
Pnmary -2 FUERZAS LATERALES PARA RIGIDECE:
Nodes
Node | X Y 3
(m) (m) (m)
1 0.000 0.000 0.000
2 B8.000 0.000 0.000
3 16.000 0.000 0.000 )
4 24000 0.000 0.000
5 32.000 0.000 0.0600
<] 0.000 5.000 0.000
7 8.000 5.000 0.000
8 16.000 5.000 0.000
8 24.D00 5.000 0.000
10 32.000 5.000 0.000
11 0.000 8.500 0.000
12 8.000 8.500 0.000

Provt Tena'Dem 20/0R/2001 18 0% STAAD/PIo tor Windows Reeass 3.1 Peint fun 1
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JOINT

MARZOS

JOINT CISPLACEMENT (CM RADIANS)

3
[

B3t B3 b3 BRI s BRI 4 KD 0 RS B4 RD 45 B S RD B

LS S BRSNS RN S ST % TR B BURN N R TR N A

BEEE R B

[aS SRR N T o I

F) e b}

TIiPO

X-TRANS

0.0000
0.0000

e.
0.
0.
0.
Q.
0.
a.
0.
-0.
4.
=-0.
4.
-0.
4.

elola]e)
0000
0000
0000
0000
0000
0000
0000
0024
3083
sl
3180
0g10
3054

~0.0004
4.2746

0.
4.
=-C.

ooo0z
2179
G035

B.7115

=0.
8.
=-0.
8.
=G.
g.
=C.
8.
-0,

6032
6402
030
5835
0cze
5620
0Gz7
5491
0064
0045

-¢.00863

1~

-0.
12.
-G
2.
-C.
TL2.
-C.
17,
-C.
it
i,
-0.
15,

9115
006D
8564
0059
8268
o0se
B226
0102
¢099
o102
8814
c162
7878
0099
7773

30

“OAL

P NI TR N ST NI IR 8 B N O 2

X~TRANS

-0.
16.
-0.
20.
-C.
2C.
0140
.4624

-0
20

=-C.
20.
-0.

oos?
7474
0131
9477
0134
7485

0160
0B70
0175

Y-TRANS

C.
0.

0000
QoQo

£.0000
0.0000
0.0000
0.000C
0.0000
0.0000
0.0000
0.0000
-0.0269
0.2117
-0.0337
0.0006
-0.0302
-0.0897
-0.0174
=-0.0048

-C.0128

-0.1178
-0.0436

0.3415
-0.0545

0.0019
-0.0488
-0.1528
-0.02686
-0.0087
~-0.01%7
-0.1820
-0.0582

0.452%
-0.072¢

0.003%
-0.0650
-0.2164
-0.0337
=-0.0127
-C.024¢6
=0.2273
-C.071%

C.

5480

=-3.0890C
0.00eZ

-C.
=-C.
=-0.
~C.

0787
2809
03el
Q167

Y=-TRANS

-C.
'y
-0.

0.
-0.

0.
=-0.
=0.
.0400
.0200
.0288

-0
=0
=0

0277
2545
0820
6232
1026
0091
a90c
3464

Z-TRANS

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000C
0.0000C
c.ooccC
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
¢.0000
0.0000
0.0000¢
c.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000C
0.0000C
0.0000
0.0000
0.0000
0.c000
0.0000
0.c000
0.0000
0.c00c
0.0000
0.0000
0.0000
0.Q00C
£.0000
€.0000
0.0000
©.0000
£.0000

EN X {PARA TORSIK, ™MM)

C:Mis documentoscursas stadprone) empiosunar 3-24-10n ANL

X-ROTAN

¢.0000
0.0000
¢.Qo00
0.0000
0.0000

0.0000 _

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
p.ooo0e
£©.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
¢.ocon
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
€.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

X=ROTAN

.0000
.0000
.0000
.0000
.0000
.0coo

(===l
. .

¥-ROTAN

¢.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
C.0000

0.0000
0.0000

0.
0.
0.0000

0000
0000

0.0000

Q.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
a.
Q.
Q.
0.
0.
Q.
0.
0.
0.
Q.
0.
0.
0.
0.
0.

0.
0.
Q.
.0oco
.0000

¢
¢
G.
¢
¢
C

0000
0000
0000
0000
0000
0000
Qo000
0000
Q000
oooo
oooo
0000
0000
0000
0000
+e]e]s]
Q000
0000
0goo
0Q00
cooo
gooo
0000
Q000
G000
Q000

2=ROTAN

0.0000
€.0000
0.0000
0.0000
0.0000
0.0000
G.0000
¢.0000
0.0000
0.0000
0.0000
-0.0113
0.0000
-0.0100
0.0000
-0.0099
0.0000
-0.0098
g.0000
=-0.0111
0.0000
-0.0116
0.0000
-0.0108
0.0000
-0.0105
0.0000
-0.0105
0.0000
-0.0115
0.0000
-0.0109
0.0000 .
-0.010¢C
0.0000
-0.0100
0.0000
-0.0100
0.0000
-0.0108%
0.0000
-0.0104
0.0000
=-0.0094
0.0000
-0.0090
0.0000
-0.0081

== PAGE NO.

STRUCTURE TYPE = PLANE

Y=ROTAN

0000
0000
0600

0co9Q

.0000
.0000

Z=ROTAN

0.0000
-0.0095
0.0000
=-0.0107
0.0000
-0.0099%
0.0000
=-0.0097
0.0000
=0.0060
0.0000



16
17

18

MARCOS TIPO EN X

2%

26

27

2E

25

30

reace

0.00
€.00
146.70
-14€.70
.00
.00
.00

uw A

PO OO0 GO B d

D CH P 1 CH ) oy an i Y 03 Y ) O OO DA N g

1
s

b

b

]
iJd g
MO O OO0 OCO 0000000000

por
-

-14%.

S QOO 000 GOm0

-3

-~

o000
(=]

OO 0O An O CY ) €
S e

«

0.900
0.C0
0.00
0.00
0.0¢C
0.0¢C
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00

{PARA

0.00

OCOoOOOoOOOOO00000C00 OO0 COoO0000O00D0000 00
(=]
(=]

¢.00
g.oc
0.0¢
.00
0.00
g.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
g.oc
.00
0.00
0.00
0.00

TORSIN, FMM}

0.0C
0.0¢C
.00
0.00
0.00
0.0C
.00
0.00
¢.00
0.00
0.00
0.0C
C.00
0.00
0.00C

DODUDbDDDODOOOQDQDD
(=]
[

0.00
Q.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
.00
0.00
G.00
0.00
0.00
0.00
0,00
0.00
0.00

0.00
0.00
J.00
0.00
0.00
0.00
0.00
0.00
0.0C
g.00
€.00
.00
0.00
c.00
0.00
0.00
c.co
0.00
6.00
0.00
0.00C
0.00
0.00
0.00
0.00
c.oc
0.00
c.o¢
.00
g.oc
C.00
0.00
.00
C.0G
0.00
.00
G.0¢
0.00
.00
0.00
0.0¢
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.o0
c.00
0.00
0.00
0.00
0.00

0.00

0.00
.00
c.o¢
c.o0
€.00
0.00
c.00
0.00C
Q.00
0.00
0.00
0.00
0.00
g.o00
c.00
0.00
€.00
0.00
0.00
0.00
0.00
c.00
c.00
c.00
6.00
c.00
G.o0
0.00
C.00
Q.00
0.co
0.00
¢.00
0.00
0.0C
0.0¢C
¢.0cC
0.00
c.00
.00
c.00
£.00

0.00
D.00
g.00
Q.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-— PAGE NO.

.00
Q.00
0.00
0.00
.00
0.040
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

e=ev+svs END OF DATA FROM INTERNAL STORAGE *==swweesves

PRINT JQINT DISPLACMENTS ALL

MARCOS TIPO EN X (PARA TORSIN, PMM)

JOINT

DISPLACEMENT

{cH

RADIANS)

== PAGE NO.

STRUCTURE TYPEL = PLANE

C:\Mu documentwscursos sadprowejemplosynar3-2d- 10 ANL

80



¢.00 10.77 0.00 0.00 0.00 -4.26

36 g.0e =16.77 0.00 0.00 0.00 -4.26
0.00 16.77 0.00 0.00 £.00 4.26
37 0.09 -13.96 c.o0 0.00 0.00 0.00
€.00 13.96 0.00 0.00 0.00 0.00
38 0.06 -10.77 £.00— - -—-0:00 0,00 4.26
0.00 16.77 0.00 0.00 0.00 -4.26
41 0.00 -1¢.77 0.00 G.00 0.00 -4.26
c.Co 10.77 c.00 0.00 0.00 4.26
4z 0.00 -13.96 £.00 0.4Q0 *0.00 0.00
¢.Q0 132.96 0.00 £.00 0.00 0.00
43 0.00 -16.77 0.00 0.00 0.00 T 4.26
0.00 12.77 0.00 €.00 0.00 -4.26
46 £.02 -1¢.77 c.09 0.00 0.00 -4.26
¢.oo ic.77 ¢.c00 0.00 0.00 4.26
47 ¢.00 -11,97 c.00 ¢.00 0.00 ¢.00
G.Co 12.97 c.00 Q.00 0.00 0.Q0
4E £.00 ~10.77 0.00 0.00 0.00 4.26
0.00 .77 0.00 0.00 0.00 ~4.26
51 c.00 -6.98 0.00 0.00 0.00 -4.26
.00 6.98 o 00 ¢.00 0.00 4.26
52 c.00 -10.17 c.00 0.00 0.00 0.00
0.0¢ 10.17 0.00 0.00 0.00 0.00
53 0.0C -€.98 6.00 0.00 0.0C 4.26
¢.00 .98 c.00 £.00 0.00 -4.26

LOADING 2
SUM=X= -1130.6% SUM-Y= 0.00 SUM~-i= 0.00
SUMMATION OF MOMENTS AROUND CRIGIN-
MX= C.0C Mr= 0.00 MZ= 25627.40
MARCZOS TIPO EN X (PARA TORSIN, FMM) -=- PAGE RNO.

EXTEZRNAL ANC INTERNAL JOINT LOAD SUMMARY-

s EXT FX/ EXT ¥/  EXT FZ/ EXT MX/ EXT MY/ EXT MZ/
InT % INT FY INT F2 INT MX INT MY INT Mz

W 5,900 c.0¢ 0.00 0.60 0.00 0.00
195.7% B4t.04 c.00 C.Co 0.00 -838.75

: 2.32 c.0% £.00 c.00 0.00 0.0¢
245 . €% .32 c.00 c.00 0.0C -913.66

: c.oc c.oc ¢.00 0.00 0.00 0.00
243,67 -358.4C C.00 ¢.Co 0.00 -912.17

4 £.0% c.oc 0.00 0.00 0.00 0.00
244.0¢ -1%.08 c.oo G.00 0.00 -505.87

: C.QC CC.00 0.00 0.00 0.00 0.00
195,54 -47G.69 C.0G 0.00 0.00 -821.13

£ 4c.22 £.0C c.ot c.00 0.00 0.00
-g% .5t .00 ¢.06 0.00 ¢.00 0.00

- 2.0z £.00 ¢.0C 0.0% 0.00 0.00
.00 £.oC c.o0 £.00 0.00 c.00

€ £.00 C.00 8.00 £.00 ¢.00 0.00
c.oo G.0C 0.00 ¢.00 ¢.00 0.00

G c.0C 0.00 0.00 £.00 ¢.00 0.00
¢.00 G.0C c.00 c.oo .00 0.00

] C.0C ¢.00 ¢.00 C.00 0.00 0.00
3.00 0.00 c.00 c.00 0.00 0.00

Pt §3.0C 0.00 0.00 ¢.00 0.00 0.00

-0 N- [a)
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JT EXT FX/ EXT Y/ EXT FZ/ EXT MX/ EXT MY/ EXT M2/

INT FX INT FY INT FZ INT MX INT MY INT MZ
1 0.00 ©=5.41 0.00 0.00 0.00 0.00
-0.64 -107.49 0.00 0.00 0.00 1.32
2 0.00 =5.41 0.00 0.00 0.00 0.00
-g.1¢0 -134.53 0.00Q 0.00 ¢.o0 0.36
3 0.00 -5.41 6.00 0.00 0.00 0.00
0.05 -121.18 0.00 6.00 c.o00 C.04
4 0.0¢C =5.41 €.00 0.00 0.00 0.00
.11 -65.44 0.00 ¢.00 0.00 -0.12
£ 0.00 ~5.41 .00 0.00 0.00 0.00
c.59 -51.29 Q.00 0.00 ¢.00 -0.97
6 0.0¢C -.2.40 0.00 0.00 0.00 . -4.26
¢c.00 12.40 ¢.00 0.00 ¢.00 4.26
7 .00 -1£.5%9 0.00 0.00 0.00 0.00
.00 12.5¢9 ©.00 0.00 0.00 0.00
B 0.00 -15.59 0.00 0.00 0.09 0.00
.00 15.59 0.00 0.00 0.00 0.00
9 g.0¢ -15.%9 0.00 0.00 g.00 0.00
0.00 15.59 0.00 0.00 0.00 0.0¢C
10 0.00 -12.490 0.00 G.00 0.0C 4.26
£.090 12.40 0.00 0.00 0.00 -4.26
1l c.00 -10.77 .00 c.00 0.00 -4.26
c.oc 10.77 0.00 . 0.00 0.00 4.26
2 0.0C -13.96 0.00 0.00 0.00 0.00
.00 13.98 c.00 0.00 0.00 0.00
13 0.00 -13.86 0.00 0.00 .00 .00
¢.06 13.97 c.00 0.00 0.00 0.00
14 c.02 -12.96 .00 0.00 g.00 ¢.00
c.2¢ 3.97 G.00 0.0C 0.00 0.00
1g 0.05 -10.7% .00 0.00 0.00 4.26
€.0¢ ic.17 c.00 0.00 0.00 -4.26
i€ £.2¢ -iC.97 .00 0.00 0.0C -4.26
c.cc 13.77 C.00 0.00C 0.00 4.26
M ¢.CC -13.96 .00 0.00 0.00 0.0¢
£.00 15.9¢ 0.00 0.0C 0.Q0 Q.00
18 c.0C -13.9¢ 0.00 0.0c 0.00 c.00
c.oc 13.96 0.00 0.00 0.00 0.00
ie .02 -13.9¢ 0.00 0.00 0.00 0.00
£.oc 12.96 0.00 0.00 0.00 G.00
2 c.0¢C -ic.77 0.00C 0.00 0.00 4.26
c.oc .77 06.00 c.00 0.00 -4.26
Zl 2.0¢ =107 o.oC ¢.06 0.00 -4.26
¢.3¢ 12.77 c.a0 0.00 0.00 4.26
oz C.3G -13.9¢ 0.0C c.oc C.Qe 0.00
¢.0c 1i.%¢ c.co .00 0.00 0.00

MARCOS TIPC EN X {PARA TORSIN, PMM) -=- PAGE NO.
23 9.C¢C -13.9¢ 0.00 0.00 0.00 0.00
c.0l 13,99 c.oe ¢.00 Q.00 0.00
24 L.6C -.3.9¢ 0.0¢ c.0oC 0.00 .00
c.ocC 23,97 ¢.00 0.00 .00 0.00
25 c.0¢ -1C0.77 0.00 c.00 0.00 4.26
t.0¢C 10.77% 0.0C 0.00 0.00 -4.26
26 .00 -1C.77 0.00 .00 0.00 -4.26
3.0C c.7° 0.00 0.00 ¢c.oc 4.26
7 c.0c -.2.96 c.0C 0.490 0.00 G.0C
¢.oc¢ 13,87 0.00 Q.00 G.00 g.Qo
26 G.CO -13.96 0.00 0.00 0.00 0.0cC
g.oc¢ 13,97 0.090 D.o0 .00 0.00
28 c.oc -16.17 0.00 G.00 0.00 0.00
¢.00 10.17 0.6 0.00 ¢.oc .00
30 C.00 -6.98 c.00 .00 0.00 4.26
¢.0¢ . 6.98 0.00 G.00 c.00 -4.26
ERY 6.0Q -10.7% 0.00 0.00 ° 0.00 -4.26
c.oc 10.77 0.00 G.00 0.00 4.26
32 0.0Q =13.9¢6 0.00 0.00 0.00 0.00
0.0cC 13.97 Q.00 0.00 0.00 0.00

33 C.0¢C

-10.77 0.00C 0.00 g.o0 4.26

C\Mis documentas < ursesistadproeiemolosunar3-24-10n. ANL



PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS =
ORIGINAL/FINAL BAND-WIDTH = 5/ 5

45/ 0/

TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 120

SIZE QF STIFFNESS MATRIX = 2160 DOUBLE PRE;. WORDS
REQRD/AVAIL. DISK SPACE = 12.11/72047.7 MB, "EXMEM = 1817.8 MB
MARCOS TIPO EN X (PARA TORSIN, FMM) -= PAGE NC.
LOADING i PESO PROPIO
SELFWEZIGHT Y -1.000
ACTUAL WEIGHT OF THE STRUCTURE = 511.005 MTON
+weTOTAL APPLIED LCAD | MTON METE )} SUMMARY (LOADING 1)
SUMMATION FORCE-X = 0.00
SUMMATION FORCE-Y = -511.00
SUMMATION FORCE-Z = 000
SUMMATION OF MOMENTS ARCUND THE ORIGIN-
MY C.00 MYw 0.0C M2= ~6755, 64
4
LOADING z FUERZAS LATERALES PARA RIGIDECES
JCINT LOAD - UNIT MTON METE
JCIRKT FORCE~-X FORCE-Y FORCE-1 MOM-X HMOM-Y MOM=-Z
L 122.7C 0.00 0.0¢ o.oe 0.00 0.00
46 l14z.0C 0.00 0.0¢ .00 0.0C 0.00
42 Z3c.es 0.00 0.00 0.00 .00 0.00
35 1270 Q.00 0.00 0.00 0.00 0.00
a: 90.43 0.0C 0.00 0.007 0.00 0.00
Z€ 14€.70 .00 G.oo 0.00 0.00 Q.00
2t 129.48 0.0C 0.0G " 0.00 0.00 0.00
1€ L11.60 0.0C G.00 0.00 G.00 0.00
P 83.0C 0.00 c.oo 0.00 0.0C 0.0C
€ 4% .2¢2 0.00 .00 0.00 0.00 0.00
*T*T2TRL APPLIED LOAL ! MTOM METT | SUMMARY (LOADING 2
SUMMATION FORZE-X = L13C.65
SUMMATION FORCE-Y = £.00
U TION FORCE-Z = c.co
SUMMATION OF MOMENTS ARQUND THE ORIGIN-
M= 0.00 Myw 0.00 Mz= -25627.40
=~ Processing tlemen: Stiffness Mazrix. 16: T7:45
- Processing Glopai Stiffness Maroix, 16: 7:45
+- Procesaing Triangular Factocrization. 16: 7:45
~- Za.culating Join: Displacements. 16: 7:45%
=+ Calculating Member Forces. 16: 7:45
***TOTAL REAZTION | MTON METE } SUMMARY
LOADING N
MARCOS TIPO EN X {PARR TORSIN, FMM! -- PAGE NO.
SUM-x= 0.00 SUM=Y= 51..00 SUM-2= 0.00
SUMMATION OF MOMENTS ARCUND ORIGIN-
Mx= .00 My= 0.00 MZ= 6755. 64

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

C.\Mis documenos \cursos\suadpro'cj empiosnar 3-2d-100.ANL
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PAGE NO. 1

PR R A I A R R AT L R R RS R DAL S A L S A R b bl d
L ]

STAARD/Pro STAAD-III
Revision 3.1

Proprietary Program of
RESEARCH ENGINEERS, Inc.
Date= SEP 24, 2001
Time= 16 7:45%

% 4 % & 4. ¢ & w
¢« & @

- & & & @

USER ID: Unknown User

R R FE R T L R R R AR R R AT RS T A S AL LA L A A A A L A b A A b Al

STAAD PLANE MARCOS TIPO EN X (PARA TORSIN, FMM)

-

2. START JOB INFORMATION

3. ENGINEER DATE 24-~5EP-01

4. END JOB INFORMATION

S. INPUT WIDTH 72

6. IT METER MTON

7. JOINT COORDINATES

6. 1 00 0; 2600:; 31600; 42¢400; S3200; 60507850

$. 816 5 0; 224 50; 10 32 5 0; 11 0 8.5 0; 12 8 8.5 0; 13 16 8.5 0

10. 14 24 B.5 0; 15 32 8.5 0; 16 0 12 0; 17 8 12 0; 18 16 12 0; 19 24 12 ©
1i. 20 32 12 0; 21 0 18.5 0; 22 8 15.5 0; 23 16 15.5 0; 24 24 15.5 0

i2. 25 32 15.2 0; 26 0 19 0; 27 B 19 O; 28 16 1% 0; 29 24 1% 0; 30 32 19 0
13. 31 ¢ 22.5 0; 32 B 22.5 0; 33 16 22.5 0; 36 0 26 0; 37 8 26 O
14, 3€ 16 26 0; 41 0 29.5 0; 42 8 29.5 0; 43 16 29.5 0; 46 0 33 0

15. 47 € 33 0; 48 16 33 0; 51 0 36.5 0; 52 8 36.5 0: 53 16 36.5 0

MEMBER INCZIDENCES

34
LI

11 6; 227; 338B; §449; 5510; 667; 77 8; 88859 9910

18. 10 € 131; 11 7 12; 12 8 13;.13 9 14; 14 10 15; 15 11 12; 16 12 13

[

19, 17 12 14; 18 14 15; 19 11 16; 20 12 17; 21 13 18; 22 14 19: 23 15 20
2C. 24 16 17; 25 17 18: 26 18 19; 27 1% 20; 28 16 21; 29 17 22:; 30 18 23
23, 31 19 245 32 20 25; 33 21 22; 34 22 23; A5 22 24; 36 24 25; 37 21 26
2Z2. 3B 22 27; 39 23 26; 40 24 28; 41 25 30; 42 26 27; 43 27 28; 44 28 29
22. 45 28 20; 46 26 31; 47 27 32; 48 28 33; 51 31 32; 52 32 33:; 55 31 36
24. 56 32 27:; 57 33 3B:; 60 36 37: €1 37 38: 64 36 41; 65 37 42:; 66 38 43
25, B9 41 42: 70 42'43: T3 41 46; T4 42 47: TS 43 48; 78 46 47; 79 47 4B
26. BZ 46 51; 82 47 52; B4 48 53; 87 51 52; BB 52 53

27. ETART GROUF DEFINITION

28, _COLU B4 B3 BZ 75 74 73 66 65 64 57 56 55 48 47 46 41 40 39 3B 37 32 -
29, 321 30 29 28 23 22 21 20 1% 14 13 12 11 10 54 3 2 1

_ B8 87 7% TE T0 69 61 60 ST 51 45 44 43 42 36 35 34 33 27 26 25 -
.. 24 18 17 lE 15 9B 7 6

32, ENG .

33. MEMBER PROPERTY AMERIZAN
34, _COLY PRIS YD €.95 ZD 0.95
3. _VIGS PRIS YD C.9% ZID (.33
3€. CONSTANTS

3T, £ I.2136E~GO6 ALL

JE. DENSITY I.4 ALL

39, SUPPORTS

4C. I TO & FIXED

4.. LOAIZ I PESD PROPIC

()
[}
]
v
[#]
L

MARZOS TIPC EN X (PARA TORSIN, FMM) == PAGE NO. 2

42. SELFWEIGHT Y -1
43. LOAD 2 FUERZAS LATERALES PARA RIGIDECES
44, JOINT LOAD

45, E1 FY 13%.7
46. 46 TX 145

47. 45 FX 1:30.85

4B. 36 FX 112.7

45. 31 FX% 90.45

5C, 26 FX 146.7

51. 21 FX 129.4

2. 16 FX 1il.6

53. 11 FX 83 )

54. & FX 45.2%
§5. PERFORM ANALYSIS PRINT ALL

C:\Mus documemos cursos\stadproejemplosvnar3-2d-i0n.ANL



STAAD PLANE MARCOS TIPO EN X (PARA TORSION, PMM)

START JOB INFORMATION

ENGINEER DATE 24-Sep-01

END JOB INFORMATIOR

INPUT WIDTH 72

UNIT METER MTON

JOINT COORDINATES

1000, 2800; 31600; 42400; 53200, 6050; 785 0;

£ 16 5 0; 924 5 0; 10 32 35 0; 11 0 8.5 0; 12 8 8.5 0 13 16 8.5 O;

14 24 8.5 0; 15 32 8.5 0; 16 0 12 0; 17 8 12 0; 18 16 12 O; 19 24 12 O:
20 22 12 0; 21 0 15.5 0; 22 8 15.5 0; 23 16 15.5 0+ 24 24 15.5 0;

2% 32 15.5 0; 26 0 19 O; 27 8 19 0; 2B 16 19 0:; 29 24 19 0; 30 32 19 0;
31 0 22.5 0; 32 B 22.5 0; 33 16 22.5 0; 36 0 26 0; 37 B 26 0;

38 16 26 0; 41 0 29.5 0: 42 8 29.5 O; 43 16 29.5 0; 46 0 33 0;

47 8 33 0; 48 16 33 0; 51 0 36.5 0; 52 B 36.5 0; 53 16 36.5 0;

MEMBER INCIDENCES

116,227 338B: 449; 5510; 66 7; 778 888999 10;

10 6 1i; 11 7 12; 12 8 13; 13 9 14; 14 10 15; 15 11 12; 16 12 13;

17 13 14; 1B 14 15; 1% 11 16; 20 12 17; 21 13 18; 22 14 19; 23 1% 20;
24 16 17: 25 17 1B; 26 18 19; 27 19 20; 28 16 21; 29 17 22: 30 18 23;
31 1% 24; 32 20 25; 33 21 22; 34 22 23; 35 23 24; 36 24 25; 37 21 26;
38 22 27; 39 23 28; 40 24 29; 41 25 30; 42 26 27; 43 27 28; 44 2B 29;
45 29 30; 46 26 31; 47 27 32; 48 28 33; 51 31 32; 52 32 33; 55 31 36;
56 32 37; 57 33 38; 60 36 37; 61 37 3B; 64 36 41; 65 37 42; 66 38 43;
65 41 42; TD 42 43: T3 41 46; 74 42 47; 79 43 48; 7B 46 47; 79 47 48;
82 46 51; 83 47 52; B4.48 S3; 87 51 52; 88 52 53:

START GROUP DEFINITION

_COLU 84 83 82 75 74 73 66 65 64 57 56 55 4B 47 46 41 40 39 38 37 32 -
31 030 29 28 22 22 21 20 19 14 13 12 11 10 5 4 3 2 1

_VIGS B3 §7 7% 78 70 69 €1 60 52 51 45 44 43 42 36 35 34 33 27 26 25 -
24 18 17 16 15 9 8 7 6

END

MEMBEFR. PROPERTY AMERICAN

_COLU PRIS YD €.95 ZD 0.95

_VIGS PRIS YD C.9% ID 0.35.

CONSTANTS

I 2.2136e+006 ALL

DENSITY 2.4 ALL

SUPPORTS

I TO S FIXED

LOARD 1 PESC PROPIO

SELFWEIGHT ¥ -1

LORL - FUERZAS LATERALES PARA RIGIDECES

JOINT LOAD

51
4€
43
i€
31
2¢
16

]

[T
&)
[

b
MO
~1 0

n

L

[RT.
S % I O o T I U RN N )
2D M.
S s

~¥tp

A

AFDAITANA

g3

€ FX 45.2%

PERFORM ANALYSIS PRINT ALL

PRINT JOINT DISPLACMENTS ALL

PRINT SUPPORT RERCTION

LORD LIST 2

PRINT JOINT DISBLACMENTS LIST 53 52 51 4B 47 46 43 42 41 38 37 36 33 -
32732 30 29 28 27 26 25 24 23 22 21 20 19 I8 17 16 15 14 13 12 11 10 9 -
FINISH
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Example Problem No. 2

A floor structure {bound by global X-Z axis) made up of steel
beams is subjected 10 area load (i.e. load/area of floor). Load
generation based on one-way distribution 15 iflustrated in this

example.

r——<xs-o~=zom"

200~
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Select the STAAD. Pro icon from the STAAD.Pro 2001 program
group.

e i

[ TS G B

i mﬁna 4,00 Professonal’

Figure 2. 1
The STAAD.Pro Graphical Environment will be invoked.
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2. The unmits in which we wish to create this mode! are the Eﬁgir‘sh
units. {feer, kip. etc.) The defauit unit system setting 1s whatever
we chose during the instailation of the program. If you had chosen
Meiric at the time of installation, you may want to change it to
English. To do so, click on the File / Configure menu oplion (see
Figure 2.2) and choose the appropnate one {Enghish for our case).
Then, click on the Accep:r button.

"
;A

¥ .

Figure 2. 2

.

Contigire Program 7L T Y e o o H
_"un-..':ta.
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3. To create a new structure, click on the File / New option in the
STAAD.Pro screen that opens (as shown in Figure 2.4}

ke

Figure 2. 4

4. In the New File Setup dialog box, choose Floor as the Structure
Type and specify an optional Tirle (A FLOOR FRAME DESIGN
WITH AREA LOAD). Then click on the Nex? bulton as shown in
Figure 2.5.

e

T
i B

kX H T LT y
B (i TB| 0

- - sl a s

Figure 2. 5
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The next dialog box that comes up prompts us o select the length
and force umits in which we wish 1o start working in. So. specify
the Length Units as Foot, the Force Units as KiloPound and chick
on the Nexr button as shown in Figure 2.6. Piease note that the

inpul units mav be changed subsequently at any stage of building of
the model.

Hew frie Setug - Step 2- Specity Unets

.3

. This dialog box confirms the information of our previous
selections. Press the Finish button. {see Figure 2.7)
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Once we press the Fintsh button, the STAAD . Pro main window
appears on the screen.

Fir: il Vome ' | qir Selact * Gmeratry _ Cowmarns  Avainen . liade ‘Whecem Halh —~ - --

ﬁm}i-‘ I L !{ B n & w0/ n]a.]--lg!‘-jnlmuhm_ﬂ vialot] ¢ ﬁm—[? [J(oﬁim

Flgurc 2.8



Sclect Geomertry | Beam Page from the lefi side of the screen. In
th2 Snap Node/Beam dialog box that appears in the Data Area (on
the right side of the screen), choose X-Z as the Plane and 1n the
Construction Lines group, set X and Z 10 20 with a spacing of /ft.
(sce figure below) This 20X20 grid 100 is only a starting grid
selting to enable us to start drawing the structure, it does not
restrict our mode! to those limits as we will see later.

11} \"i"ik’,}l‘ HH T

Figure 2. 9
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With the help of the mouse. click at the origin (0. 0) to create the
first node. 1n a similar fashion, click on the following points to
create nodes and automatically join successive nodes by beam
members.

(5.0). (10.0). (15.0) and (20.0)

The exact location of the mouse arrow can be monitored on the
status bar located at the boitom of the window where the X. Y. and
Z coordinates of the current cursor position are continuously
updated

Firure 2. 10



9.

After having created these four beams and five nodes, let us close
the Snap Node/Beam dialog box.

! Snap Made/Beam N B

T i St

T

LREAERE M AT

i't:t] Smao Node/Beam b

g lrfead PR S e el

Figure 2. 11

|29
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10.

RIS S T
'Swltching ‘On"'Node. And Beam Labels

S LA e i e R S, P L EOR

“‘-""""'"‘,"1'_4!;" i"ﬁl"\ ..,gz, gt % DI LIENT.

In order to display the node and beam numbers. right click

anywhere within the drawing area. In the pop-up menu that
appears, choose Labels as shown below.

Figure 2. 12

Alternatively, one may access this option by selecting the View
menu {rom the top menu bar followed by Structure Diagrams, and
the Labels 1ab of the dialog box that opens.

View
<oom-_12::
“Pan-- v

View swum:dm :T

- ablos. .
Whoie Sincture

Operdston... -

Staciuee Dizgramz

-Upen Yiew ..
Hewview .
Vigws WMenagemont : . -

" “odber...
- Dpoora = .0

SeCoe. . G-t

Refrth

Flgure 2.13
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11. In the Diagrams dialog box that appears. wurn the Node Numbers
and HBeam Numbers on and then click on OK.

IR LT

Tt T e

d
y
&
(s
j]

Figure 1. 15
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12.

As shown on the title page of this example, beams 5 10 9 are
located at the grid line Z = 10fi. We could create them in a manner
similar to what we did for creating beams ! to 5 by clicking at the
relevant grid points. Altemmatively, we may use STAAD’s
Transiational Repeat facility to do the same.

Let us choose the latter method. First, select members 2, 3, and 4

with the help of the Beam Cursor The Beam Cursor can also
be selected by choosing the Beam Cursor option from the Selecy
menu. To select multiple beams, hold down the *Ctrl" key while
clicking on the members.

Figure 2. 16



Nexl, go o0 the Geometry { Transiational Repear menu option as

shown below.

IS TeERE —f
3 SRR i
Nade =z

ST Sl e i T T
S ar e ot g e ]
Z-Aun StnciueWizad=5 255

e Figure 2. 17
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13.

In the 3D Repear dialog box that opens, specify the Giohal
Direcrion as Z, No of Steps as | and the Default Step Spacing as
10ft. Leave the Link Steps box pnchecked. Then. click on OA.

- “aaree

ID Repeat ' ]|

L

R TR e P e TR 4
5
1n
18
i /S
—
o
i P
Co LT
' ) o l it
' :I | .. . g

S

= Defad Step Spacng [I0 - I~ Coer Base |

Hy

Figure 2. 18

After completing the transiational repeat process. the structure
should look as follows:

Figure 2. 19
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14. Next, let us spilt member 6 into two parts of length 3ft and 2fi
respectively. First, select the member by clicking on it and then
click the right mouse button. In the pop-up menu that appears.
choose the Insert Node option as shown below.

ety

st bty cies LAt oy =
Figure 2. 20

Alternatively. one may access this option by going to the Geometry
menu and choosing /nsert Node

Figure 2, 2t
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15, Inthe Insert Nodes dialog box that opens, specify the Distance as
3ft. click on the Add New Point button, and click on OK.

Intent Nodes mto Beam 6

Figure 2, 22



After the insertion is done. the structure will look as shown below.

Notice that a new node (number 10) has been added.

Before insertion

Figure 2. 24

| 217
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16. Repeat this procedure to split member 7 to create node 11 1In the
Insert Nodes dialog box. specify the Distance as [.5/t, click on the
Add New Point button, and click on OK.

Figure 2. 25
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17. To create the X direction beams at Z = 2511, just as we did beiore,
we can use the Translational Repeat operation by using the X
direction beams at Z = ( as the basis. Yet another method 1s the
Copy-Paste facility from the Edir menu. To apply this method. we
first select members 1. 2, 3, and 4, Click the right mouse button
and choose Copy from the pop-up menu (or click on the Edir menu
and choose Copy). Once again, click the right mouse button and
select Paste Beams (or choose Paste Beams from the Edir menu) as
shown below.

18  Provide 0. 0, and 25 for X. Y and Z respectively and click on the
OK button,

Figure 2. 27
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19.  As we click on the OX button, the following message box appears.
This is only a reminder that we need to subsequently assign the
required properties to these entities as well. Let us click on the ON

button.

| 5 1AAD Pro tor Window | x|

Figure 2. 28

Members 10 to 13 will appear on the model as shown below.

Figure 2. 29
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20. If we look at the figure on the title page. we will observe that

beam 11 is 6ft long and not 5ft. So, the X co-ordinates of its end is

at 11. not 10. To make this change. let us change the co-ordinates

of Node 14. To do that. select that node using the Nodes Cursor

L.[ The data relating to Node 14 will be highlighted in the Nodes
table located in the Data Area.

C 3

Figure 2. 30

21. 1in this table, change the vaiue of the X co-ordinate from /fito /1.

Figure 2. 31
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1.2
(18]

We also need to change the co-ordinates of Node 15 from (15, 25}
to (16.5, 25). However, instead of using the method described in
the previous step. let us try a different approach. Let us first select
Node 15 by clicking on it. Then, from the Geometry menu. select
the Move option, specify the X direction distance as /. 5/t and click
on OK.

Move Nadez Selectian’ - .7

T <5pll Bram
Move Ongin

S AT

Aun Stnuchae Wizad

Figure 2. 32
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We now have to create the X direction beam at Z = 28ft. To do
this. we shal) adopt yet another method. Using the Copy-Pasre
facility of the Edir menu, let us create the joints at (0, 0, 28) and
{20, 0. 28) using the joints at (0, 0, 0) and (20, 0, 0) as the basis.
Then, we shali add a beam between the two new joints. The steps
are as follows:

First. let us ensure that we have the Nodes Cursor selecied. From
the Selecr menu, verify that the check mark is against the Nodes
Cursor option.

Figure 2. 33

Then, select Node | which has the co-ordinates {0, 0. 0) by

clicking on it. 1t should be highlighted. To copy that Node, type
Curi+C or select Copy from the £dir menu. To paste, type Ciri+V or
select Pasre Nodes from the Edit menu.

"""E:IS:I# Flos:

Figure 2. 34
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When we select Paste Nodes. the following dialog box appears,

Specify the X and ¥ values as zero, and Z as 28/1. Then, click on
the OK button.

Figure 2. 35

Natice that a new node {no. 17} appears on the screen.

Figure 2. 36
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24. In a similar fashion, copy node 5 (at 20, 0, 0) and paste it to create
the node at (20, 0, 28).

Figure 2. 37

(%]
(¥,

To add a beam between the two newly created nodes (17 and 18).
select the Add Beam option from the Geometry menu. Then, chck
on the two nodes in succession and notice that the beam (no. 14)
has been created. At this point, switch off the Add Beam option.

Figure 2. 38



2-26 |

o e S T AT L
=aalereating Member-15..
Lo R D s L RelE

26. To create the beam at Z = 35t, we shall use the Copy-Pasre
technique of the Edir menu, and use Beam no, 14 as the basis.
Select beam no. 14. Copy and Pasre it at Z = 7ft. The value 7 is
derived from the fact that Z = 35 is 7ft awayv from Z = 28.

As we paste the beam, the following message box will appear. This
is only a reminder that we need to subsequently assign the
properties o this beam as well, Let us ¢click on the OK button.

§ STAAD Pro tor Windows . : E

Figure 2. 39

The following figure shows the mode! with the newly created
member 13,

19

Figure 2. 40
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ﬁ% b T

TR I T
Creating Members"‘lB“t 28
i SNt

The remainder of the members in the model can be created by
adding beams between existing nodes since all the nodes of the
structure have already been created. So, let us select the Add

Beams icon L (If vou are unable to iocate the icon, choose
Geometry | Add Beam menu option.) The cursor will change as
shown below.

¥4

You may choose to turn the Beam Numbers off to ease locating the
node numbers. Beam Numbers can be switched off from View /
Structure Diagrams [ Labels tab and unchecking Beam Numbers.

Figure 2. 41

2.27
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28.  Using the cursor, add new beams by clicking between the following
pairs of nodes.

16 17 and 19
7 12 and 17
18 Land 12
19 6and 13
20 T and 6
2! 10 and 14
22 Jand 7
23 1 and 15
24 a3
2 18 and 20
26 16 and 18
27 @ and 16
28 5and 9

19, Afier adding the beams. switch off the Add Beam 1con to stop
adding anv more beams.
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The structure will now look as shown below:

19

Figure 2. 42
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Plap View

1045 1

Figure 2. 43

i 3 14 15 16
17 e
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30. The next step is to define properties for the members. To do this,
select General / Property Page from the left side of the screen.
Then, click on the Darabase button in the Propernes dialog box as
shown below,

- Bingeteny . Whols Shuctas [ 2]
B Sl e T

tarerr

FO Ll b it vk R YA Tl e -t ¢

Figure 2. 4

31, In the Select Country dialog box that appears. choose the country
name whase steec) table you want to use, in our case. American.
Then, click on OK.

Figure 2, 45
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In the American Steel Table dialog box. select the W Shape tab.
Notice that the field called Materiai is presently on the “checked”
mode. If we keep it that way, the material properties of steel (E.
Poisson. Density, Alpha, etc.) will be assigned along with the
cross-section name. The material property values so assigned will
be the program defaults. We do not want default values, instead we
will assign our own values later on. Consequently, let us uncheck
the Marerial box. Choose W/2X26 as the beam si1ze. 5T as the
section type and click on the Add button as shown in Figure 2.39.
Detailed explanation of the terms such as ST. T. CM, TC. BC. etc.
is available in Section 3 of the STAAD Technical Reference
Manual.
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Figure 2. 46
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Since the selected cross section has to be assigned to all the
members in the structure. the simplest method 1o do that will be to
set the assignment method as Assign 1o Fiew. So. clich on the
Assign to View button in the Properties dialog box followed by the

Assign button.

+ Piapeitses - Whaie Structure

Figure 2. 47

A message box (shown below} asks us to re-confirm that we do
indeed want to assign this property to all the members in the
model. Let us click on OK.

Figure 2. 48
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After assigning the property. let us once again switch on the Beam

Numbers (go to View / Structure Dragrams - Labels — Beam
Numbers). The structure will now look as shown below,

Figure 2. 49

Let us Close the Propernies dialog box as shown below. Also. click
anvwhere in the drawing area 10 unhighlight the members.

Armgnment Method
C ping 1o Selesied Beams
¢ asngnToView: ~
€ Uts Cerser To Assgn ‘—‘—._'-
© AsgnToEdlat

Figure 2, 50



34. To assign member releases, first, go to General [ Spec Page from
the left side of the screen. Then, click on the Beam button in the
Specifications table located in the Data Area.

i
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Figure 2. 51

(V8]
wn

In the Beam Specs dizlog box that apens. select the Release 1ab
which also happens to be the default. We want to apply the release
at the start node, and hence it is convenient that ‘Starr’ 1s the
default. Check MZ under the Release option and click on the Add
button.

i Gotgicr IS L I D -
B e A s T L L
‘Member:Releases
R e R R L Y ey

11238
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Beam Specs

“

3
LY

P

3é6.

Figure 2. 52

1.5.10.1

Now seject the members listed below that are to be released.

4. 15,18, 17,28, 26, 20 t0 24

One way to select these members is to go 10 Sefect [ By List |
Beams menu option. In the Select Beams dialog box, type the beam
numbers in the Enrer lisr box, and click on OK as shown below

. 1 "
A s B M
: {3 R T o
I . Cancel l
E - Seboct Tyve
g 1'(' Select from bst by curstr
9 1 & Select utng typed kst
10 :J,l S
Emterist: [1.510.14.15.18.17. 26,26, 2010 24 d

Figure 2. 53
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Notice that as we select the members, the Assignment Method
automatically sets to Assign to Selected Beams.

T _.-»._,.. e T AT

% =

Flgure 2.54

Then, click on the Assign button in the Specifications dialog box. A
message box (shown below) asks us 1o re-confirm that we do

indeed want to assign this attribute to the selected memters in the
model, Let us click on OK.

“. . .- Figure2.55 .
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After the releases have been assigned at the start, let us click
anvwhere in the drawing area to unhighiight all the members. The
structure will Jook as foilows:

Figure 2. 56

37. To apply the releases at the beam ends, repeat the above procedure
by clicking on the Beam button in the Specificanons dialog box.
Then. click on the £nd button. check MZ under the Release option
and click on the Add bution.

Assign this atiribute to the following members.

4.9, 13,14, 15, 18, 16,27, 25,19, 21 10 24
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After the releases have been assigned at the end, once agan
unhighlight the members by clicking anywhere in the drawing area.
The structure will now look as shown below:

W

Figure 2. 57
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2 .'Specn‘ying Materlal Constants ’

LY B

38. The Commands we wish to generate are:

CONSTANTS
E 4176E3J ALL
POISSON STEEL ALL

To do this, go to Commands [ Material Constants [ Elasticty
option from the top menu bar as shown below.

E m ‘Mode “Window Help L
Mk ety 5+ fIy] DI&:I”H’-I"‘""“N
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~ - | e I
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Density..
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B . ; . Porsron's Raoa ..
"~ Member Spechcabons L 2RS .
- Alpha.

_ Plate Eisment Spacificaions »
- Maste/Slave Speciicaton - »

Damgeg Raoo.. - - .

*Sean ard Gendrate I-_lursn.él -T-agz

" PredAnabePint - - -0
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Loadng »
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Dengn 3 a7
[san f pecitoawns:

Figure 2. 58



39. In the Material Consrant dialog box that appears, enter 4/746E3 in
the Enter Value box. Since the value has to be assigned 10 all the
members of the structure, setting the assignment method 7o Fiew
aliows us to achieve this easily. Then, click on OK.

Matesial Constant - Elasticity %)}

b,

Figure 2. 59

40. In a similar fashion, set the Poisson’'s Rano to the Marerial
Constant for Steel and assign to all members 1n the view,

1 2-41
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41. The commands we wish to generate are:
1512 16 19 20 FIXED

To do this, select the General [ Supporr Page from the left side of
the screen. In the Supports dialog box. click on the 4dd bution.
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| 2-43

In the Creaie Suppor: dialog box that opens. select the Fixed tab
{which also happens to be the default tab that comes up). and then
click on the Create butten. This creates a FIXED type of support
where all 6 degrees of freedom are restrained.

Lreate Support '

Figure 2. 61

To assign the support, first select the Support 2 specification n the
Supports dialog box.
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Figure 2. 62
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Then. select the following nodes:
1.5, 12.16. 19,20

To select these nodes, go 10 Select [ By List [ Nodes menu option.
In the Selecr Nodes dialog box, type the node numbers in the Enrer
list box.

Notice that as we select the nodes, the Assignmenr Method
automatically sets 10 Assign to Selecred Nodes. Then, click on the
Assign button in the Specifications dialog box.

-_;'t‘awtoswnm PR

Figure 2, 63

A message box (shown below) asks us 10 re-confirm that we do
indeed want 10 assign this support to the selected nodes. Let us
click on OK.

STAAD Pro fos Windows - ©.

A\ The Assigrment method you have chosen is Asign to 5 elected Noxdos.
[ Domummuumd‘?

______ i

Figure 2. 64
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After the supports are assigned, the structure will look as shown
below:

Figure 2. 65
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- Spéc ifying Lo ads .

Load assignments are done {rom the General / Load Page as shown

44,
below.
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Figurc 2. 66

43, For load case 1. we wish 10 generate the following load data;

LOADING 1 300 POUNDS PER SFT DL + LL
1to 28 ALOAD -0.30

In the Set Actrve Primary Load Case dialog box thal opens. enter
300 POUNDS PER SFT DL - LL as the utle for Load Case ! and
click on OK.
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46. In the Loads dialog box that appears, click on the Member bution.

-7 Loads - Whale Shuctuie
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Figurc 2, 68
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47. In the Beam Loads dialog box that apens, select the Arew tab. Enter
-(.30 as the Force and click on the Add button.

5&&{%%@ Fiot W Z Rerge'i 7P :
'Uﬁtmrq' mﬁmuwl'ﬁi—ﬁdﬂﬂm-lwpdum
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Figure 2. 69

As we click on the Add button, the following message box appears.
in the case of loads such as joint and member loads. the magnitude
and direction of the load at the applicable joints and members is
directyy known from the input. However, the Area load is a
different sort of load where a load intensity on the given area has
to be converted 10 joint and member loads. The calculations
required to perform this conversion are done only during the
analysis. Consequently, the loads generated from the Area load
command can be viewed only after the analysis 1s completed.

STAAD. Pl'b for Windows -

Figure 2. 70
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48. Since this load is 1o be applied on all the beams of the model. set
the Assignment Method to Assign to View in the Loads dialog box.
Then, click on the Assign button followed by Close.
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Figure 2. 71

A message box {shown below) asks us to re-confirm that we do
indeed want to assign this load to all the members in the model. Let
us ¢click on OK.
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49,
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;?*Spec:fymg The Analysls Command

.

The next step is to assign the commands to perform the analysis
We wish to generate the command:

PERFORM ANALYSIS PRINT LOAD DATA

To do this, go to Analysis/Print Page from the left side of the
screen. Then, click on the Analysis sub-page {rom the second row
of pages as shown below.
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Figure 2. 73



50. Click on the Define Commands button in the Data Area on the
right hand side of the screen.

51.  1n the Analysis/Print Commands dialog box that appears, seiect the
Perform Analysis tab. Click on the Load Data option followed by
the Add bution and the Close button.

PR T T

Figure 2. 75
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52.

P r

The next step is to specify steel design parameters. To do this.
click on the Design [ Steel Page from the left side of the screen.
Make sure that under the Currens Code selections on the top right
hand side, AISC is selected. Then. click on the Define Paramerters

‘-T'Sﬁécifyiﬁ—ﬁ éteei Design Parameters -

button in the Stee! Design dialog box.
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The commands we wish 1o generate are:

BEAM 1 ALL
DMAX 2.0 ALL
DMIN 1.0 ALL
UNT 1.0 ALL
UNB 1.0 ALL

53.  In the Destgn Parameters dialog box that opens. select the Beam
1ab. Then. define the Beam Parameter as 1 and click on the Add

button.
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Figure 2. 77
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54.

56.

In a similar fashion select the 1abs Dmax. Dmin. Uni. and Unb.
Then. enter the following values and chick on the Add button,

Pnrnmeter
Name .

. B

--.-.Valuc‘-:“‘“ E

DMAX

2.0

DMIN

1.0

UNT

1.0

UNB

1.0

After all the values have been added. chick on the Close button in
the Design Paramerers dialog box.

Since each of these parameters has to be assigned 1o ALL the
members in the view, do the following. Select each parameter. click
on the Assign to View button, followed by the Assign button 1n the

Design Parameters dialog box.
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Figure 2. 78

As we click on the Assign button,

a message box (shown below)

asks us 1o re-confirm that we do indeed wani to assign thys
parameter to all the members in the model. Let us click on OK.
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Figure 2. 79
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Notice that before assigning the parameters, each of them will be
preceded by - ¥, whereas after assigning the parameters. they will’

be preceded by

Before Alter
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. ~Speclfy|ng The SELECT MEMBER Command
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57. Click on the Commands bution in the Stee! Design dialog box.
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Figure 2. 81

58. Inthe Design Commands dialog box that opens. click on the Selecr
tab followed bv the Add and the Close buttons.
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59. Next, make sure that the SELECT parameter is selected in the
Steel Design dialog box.
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Figure 2. 83
Then. select the following members.
2.600,14, 15 16, 18, 19, 21,23, 24,27

By now. you shouid be familiar with the process of selecting
members. Ip case you have forgotien, you may:

e . Choose the Beams Cursor from the Select menu. and then click
on those members in the drawing while keeping the "Ctri’ key

pressed.
or

e Choose By List / Beams from the Sefect menu, and type the
member numbers in the Enrer st box, followed by OK.

Notice that as we select the members, the Assignment Method
automatically sets 1o Assign To Selected Beams

| 2-59
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60. After the members are sclected, click on the Assign bution located
in the Steel Design dialog box.

7" Highigh Avsioned Geomety i
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Figure 2. 84

A message box (shown below) asks us to re-confirm that we do
indeed want to assign this command to the selecied members in the
model. Let us click on OK.
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The structure will now look as shown below.

Isometric View

Figure 2. 86
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Plan View
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Figure 2. 87

This concludes the assigning of all the data 10 the struciure. From
the Frie menu. select Save. and provide a file name, if you haven't
already done so.
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Example Problem No. 5

This example demonstrates the application of support displacement
load (commonly known as sinking support) on'a space frame
structure.

LR ©

; 200" 5
200"
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Select the STAAD. Pro icen from the STAAD.Pro 2001 program

Fipure 5. 1
The STAAD.Pro Graphical Environment will be invoked.



The units in which we wish to create this model are the English
units. (feet, kip, etc.} The default unit system setting is whatever
we chose during the installation of the program. If you had chosen
Merric.at the tme of installation, you may want 1o change it to
English. To do so, click-on the File [ Configure menu option (see
Figure 5.2) and choose the appropriate one (English for our case).
Then., click on the Accept button.

Py &

Figure 5. 3

153



To create a new structure, click on the File / New option in the
STAAD.Pro screen that opens {as shown in Figure 5.4). '

In the New File Setup dialog box, choose Space as the Strucrure
Type and specify an optional Title (EXAMPLE PROBLEM NO. 5).
Then click on the Nexr button as shown in Figure 5.5.

[Frarie P 5

Figure 5.5
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The next dialog box.that comes up prompts us to select the length
‘and force units in which we wish to start working in. Sa, specify
the Length Units as Foot, the Force Units as KiloPound and click
on the Nex! button as shown in Figure 5.6. Please note that the

input units may be changed subsequently at any stégc of building of
the model.

New File Setup - Step 2; Speciiy Uz

Figure 5. 6

This dialog box confirms the information of our previous
selections. Press the Finish button, {see Figure 5.7)
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Once we press the Finish button, the STAAD.Pro main window

appeats on the screen.
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Select Geometry [ Beam Page from the left side of the screen. In
the Snap Node/Beam dialog box that appears in the Data Area (on
the right.side of the screen), choose X-Y as the Plane and in the
Construction Lines group, set X to-20 and Y to /0 with a spacing of
Ift. (see Figure 5.9) This 20X10 grid too 1s only a starting grid
setting to enable us to start drawlng the structure, it does not
restrict our model to those Ilmlts as we will see later.

; Snap NodclBeam N

kol

Snap Mode/Beam %M* |
| Sreotocebem .._._J

Figure 5. 9

With the help of the mouse, click at.the onigin {0, 0) to create the
first node. In a similar fashion, click on the following peints to

create nodes and automatically join successive nodes by beam
members. (see Figure 5.10)

(0. 10), (20, 10), (20, 0)
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The exact location of the mouse arrow can be monitored on the
status bar located at the bottom of the window where the X, Y, and
Z coordinates of the current cursor position are continuously
updated.

Figure 5. 10
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9. After having created these three beams and four nodes. let us close
the.Snap Node/Beam dialog box.

) Snap Node/Beam - i

@1.

i 1t; Aign

Figure 5. 11
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10. 1n order to display the node and beam numbers, right click
anywhere within the drawing area. In the pop-up menu that
appears, choose Labels as shown in Figure 5.12.

‘Figure 5. 12

Allernatively, one may access this option by selecting the Fiew
menu from the top menu bar followed by Strucrure Diagrams. and
the Labels tab of the dialog box that opens. (see Figure 5.13)

Figure 5. 13



11.

In the Diagrams dialog box that appears, turn the Node Numbers
and Beam Numbers on and then click on OK.

ke o ttmrcmmt > o ¢t R AT 7 B, F 4 bt

The nodes and beams.are now labeied on the drawing as shown
below.

Figure 5. 15
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12.

13.
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Creatm_é; Members

Looking at the diagram of our structure shown in the utle page of
this example, it can be seen that members 4 .and 5 can be easily
generated if we could first create a copy of members | and 2 and
then rotate those copied units.about a vertical line passing through
the point (20, 0, 0) by 90 degrees. Fortunately, such & facility does
exist which can be executed in a single step. 1t 1s calied "Circular
Repeat” and is available-under the Geomerry menu.

First, select Members | and 2 using the Beams Cursur Then,
go to the Geomerry [ Circular Repear menu option as shown below.

Figure 5. 16
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In the 3D Circular dialog box that comes up, specify the Axis of
Rotarion as ¥, Total Angie as 90 degrees, No. of Steps as / and
passing through Node 3. Instead of specifying as passing through
Node 3, one may also specify the X and Z co-ordinates as 20 and ()
respectively. Leave the Link Steps box ynchecked and ciick on the
OK button. (see figure below)
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Figure 5. 17

After completing the circular repeat procedure, the model will look
as shown below.

Figure 5. 18
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15. For specifying member property values, as a matter of convenience,
1t1s stmpler if our length units are inches instead of feer. To

- change the length units from feet to inch, either click on the /npus
Units icon .or select the Tools [ Set Current Unit menu option

as shown below. .
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= ' Creste AY| File..,

Figure 5. 19
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16. In either case. the following dialog box comes up. Set the Length
Unuts to Inch and click on the OK button.

Figure 5. 20
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17. The next step is to define properties for the members. The
commands we wish to generate are:

MEMBE PROP
1 TO 5 PRIS AX 10. iZ 300. 1Y 300. 1X 0.

To do this. select the General [ Properry Page from the left side of
the screen. The property type we wish to assign is called

= PRISMATIC, and is available under the Define button in the
Propernes dialog box as shown below.
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Figure 5. 21
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In the Prismatic Property dialog box that.comes up. select the
General tab. Notice that the field called Marerial is presently on,
the checked mode. If we keep it that way, the material properues
of steel (E. Poisson. Density, Alpha, etc.) will be assigned along
with the cross-section name. The material property values 50
assigned will be the program defaults. We do not want default
values, instead we will assign our own values later on.
Consequently, let us uncheck the Material box. Then, enter the
following values:

1Z 300

Finally, click on‘the Add button as shown below.
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19.

Since the selected cross section has to be assigned to all the
members in the structure, the simpiest method to do that will be 10
set the Assignment Method as Assign to View. Click on the Assign
te View button in the Properties dialog box followed by the Assign’

‘button. As we click on the Assign button, the following message

box appears asking us to re-confirm that we do indeed want 1o
assign this property to all the-members in the model.

STAAD.Pro far Windows
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Figure 5. 23

Let us click on the Yes button and Close the Properties dialog box.
(see Figure 5.24)

H i Propesiies - \n’hnle .;Iluctme

Figure 5. 24



After assigning the property, the structure will look as shown
below.

):R4

Figure 5. 25
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Specifying. MateriaLConstants
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20.- The Commands we wish to generate are:

CONSTANT
E 29000. ALL
POISSON STEEL ALL

To do this, go to Commands [ Material Constants [ Elasticity
option from the top menu-bar as shown below,

e T R}

Figure 5. 26
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21, In the Material Constant dialog box that appears, .enter 29000, 1n
the Enter Value box. Since the value has to be assigned to all the
members of the structure, setting the assignment method To Fiew
allows us to achieve this easily. Then. click on OK. (see figure

below)

ERSITRENCSY C—

Figure 5. 27

22. In a similar fashion, set the Poisson’s Ratio to the Marerial
Constant for Steel and assign to all members in the view.-
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23. The commands we wish to.generate are:
14 5-FIXED

To do this, select the General / Support Page from the left side of
the screen. In the Supports dialog box, click on the Add button.
{see figure beiow)
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Figrure 5. 28
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24. In the Creatre Support dialog box that opens. select the Fixed tab
and then click on the Create button-as shown below. This creates a

FIXED type of support where all 6 degrees of freedom are
restrained.

(S NPT RO AT ke iy
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Figure 5. 29

25. To assign the support. first select nodes 1, 4 and 5. To select these
nodes, go to Select [ By List { Nodes menu option. In the Select
Nodes dialog box, type the node numbers in the Enrer listr box.
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26. Then, make sure that the Support 2 (Fixed) parameter is selected in
the Supports dialog box.

: Suppeits - Whote Shuctne | x|

Figure 5. 30
27. Notice that the Assignment Method becomes automatically set to
Assign 1o Selected Nodes. Click on the Assign button in the
Supports dialog box. (see figure below)
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Figure 5. 31
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28. As we click on the Assign button, the following message box
appears (shown below) asking us to re-confirm that we do indeed

want to assign this support to the selected nodes in the model. Let
us clhick on OK.

Figure 5. 32

After the supports are assigned, the structure,will look as follows:

Figure 5. 33
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29,

PR

Load assignments are done from the Gerera! / Load Page as shown
below.
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Figure 5. 34
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For load case |, we wish to apply 2 % inch displacement
downwards in the giobal Y direction at the support at node 4.

The commands we wish to generate are:

LOADING 1-SINKING.SUPPORT
SUPPORT DISPLACEMENT LOAD
4 FY -0.50

In the Set Active Primary Load Case dialog box that comes up,
enter SINKING SUPPORT as the title for Load Case I and click on
OK. (see figure below)

Figure 5. 35
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30.

The Loads dialog box will now appear in the Data Area on the right
hand side of the screen. Support Displacement loads are assigned
through the dialog boxes available under the Noda! type of loads.
Hence, click on the Nodal button.(see figure below)
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In the Node Loads dialog box, select the Support Displacement
tab. Enter -0.50 as the Displacemen: value, set the Direction to Fy
and click on the Add button.
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Figure 5. 37

This toad is to be applied on node 4 of the model. We shall use a
method of assignment called Use Cursor to Assign. To do so. first
select the load from the Loads dialog box (it will become
highlighted).
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Make sure that the Nodes Cursor is selected so that we can
select the nodes.

Click on the Use Cursor To Assign radio button. Then, click on the
Assign button. The button will appear depressed and the label will
change to Assigning. Using the cursor, click on node 4 to which the
load is to be assigned. Click on the Assign button again 10 finish.
{see figure below)

: L“m‘
hi T

W TIPS

)

Figure 3. 39
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. Speclfylng TheaAnalysis*Command__

o AT A e e i " b St e 1

e e ot . i = 3
The next step is'to assign the commands to perform the analysis
and report the analysis results. We wish to generate the following

commands:

PERFORM ANALYSIS
PRINT ANALYSIS RESULTS

To do this, first go to Analysis/Print Page from the left side of the
screen. Then, click on the Anaiysis sub-page from the second row

of pages as shown below.

wats Ve

ST ] A
N oL _

i

1

Figure s. 40



-5-32

34,

35,

Click on the Define Commands button in the Data Area on the right
hand side of the screen.

Figurc 5. 41

In the Analysis/Print Commands dialog box that appears, select the

Na Print option. Then, click on the Add button followed by the
Close button.
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Figure 5. 42
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36 The dialog box for specifying the “PRINT ANALYSIS RESULTS”
command is nestled in the Posr-Print sub-page of the Analvsis
Page.
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Click on the Define Commands button tn the Datz Area on the right
hand side of the screen.
S gkl ooy
77 [ Defre Commands.

‘Figure 3. 44

38 in the Analvsis/Print Cummands dialog box that appears. select the

Analvsis Results tab. Then, click on the Add button {ollowed by the
Close button.

. Mods Shases |~ ElementShesrSdid |- Secten Dapacsment
- . Foree Erveone': I MoxFoce Eweiope | Stoy Dt | g

1. Load Lw:'l“"Sad:m -+ ot Dispiacoment | Member Forces |~ Support Reactons.
“Anapr ﬂeﬂ-_“l Member Sacnon Farcas | 'Memos: Stessac-] Eiemarnt Forces/Stesses.|’

. -The command hex no sddsonal perametess: . R

H .

[ o

bl A__' 'E'_z':"_?' i poom f

Lk
Figure 5. 45

This concludes the assigning of all the data to the structure. From
the File menu, select Save, and provide a file name, il you haven’t
already done so
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Citemos para terminar tres proyectos gigantescos que podrian algun dia realizarse
en la U.RS.S.: ‘

— Central de 5.000 MW en el golfo de Mczensk, con una amplitud media de marea
de 5.80 m, area embalsada de 860 km? y longitud del dique de 50 km.

— Central de 10.000 MW en ¢l golfo de Tugursk, con una amplitud media de marea
de 5.80 m, drca embalsada de 1.140 km? y longitud de digue de 174 km.

-— Central de 3.500 MW en el golfo de Penzhinsk. con una amplitud media de"marea
de 6.8 m, :irea embalsada de 6.720 km* y longitud de digue de 31.6 km.

Las reservas mundiales de energia marcomotriz superan a fas de todos los rios del mun-
do y superan los 10° MW, pero su explotacion es excesivamente costosa.

233. LA ENERGIA DE LAS OLAS

Es otra fuente de energia del mar aprovechable, Existen en la actualidad multitud
de ideas. prototipos y patentes pero ninguna aplicacion prictica mmportante, En la
actuahdad se estiman los costes por kW instalado de este tipo de energia ocho veces
mayores que en la energia térmica convencional o nuclear. Un esquema reciente quc
segtin el inventor reduciria notahlemente los costes. consiste en unidades que constan de
un globo semiflotante alargado con una quilta de hormigon en su interior. Al pasar las
olas comprimen y expuansionan :tlternativamente ¢l aire en los compartimentos internos.
originando unos movimicntos peristialticos, que bombean aire a través de vilvulas y con-
ductos instalados en la quilla. El aire finalmente acciona la turbina de aire acoplada al ge-
nerador (5). Otro proyecto prometedor consiste en una_nstalacion combinada de desali-
nizacion del agua del mar por el principio de la dsmosis invertida y de extraccion de energia
de las olas, cuya economia se presenta muy atractiva.

PROBLEMAS

23-1. En oesie problema e desprecardn fay pérdides. Una rurbina de ane tiene un didinemro de 3
voes accionada por un viento de 50 kogh, La denswdad del ane ey 1.2 kgon®,

Caloular fa pesencia mdyima ded anre.

232, La misma turbina del problema aniervior atravesada altora por un caudal de aive de la miseng
densidad de 160 m*ys. Las presiones medias antes v después de la turbing son 2.5 v 2 mbar, respectr-
vamenie. :

Calcular :

a) la velocidad del viento:
b) ta fuerza axial que se g¢jerce sobre la turbina:
¢) la potencia del aire.

(5) Cf. Ups and downs of wave energy. en «Warer Power, 31, 1 (1979, 54-55. Véase también
Symposium iiber Mecercsencrgienuizung (Simposio sobre la utilizacion de la energia del mar). en
«BWK, 31, 2 (1979)», celebrado en septiembre de 1979,



24. Turbomagquinas hidrdulicas:
Transmisiones hidrodinamicas

24.1. INTRODUCCION

Para transmitir potencia a corta o larga distancia existen entre otras, ademas
de fa solucion eléctrica, dos soluciones: la mecanica y la hidraulica. Las dos
soluciones han sido empleadas en los barcos.

Un barco movido con turbina de vapor presenta el problema de que la tur- -
‘bina debe girar a gran velocidad; mientras que la hélice a poca velocidad.

~ la transmision eléctrica consistiria en hacer que la turbina accionara un
generador, cuya potencia por cable se transmitiria al motor gque moveria
la hélice. Este tipo de transmision es frecuente en las locomotoras diesel.

-— la transmision mecdnica en este caso consiste en utilizar engranajes helicoi-
dales reductores. Esta solucidn es la mds empleada en los barcos por su
mayor sencillez y rendimiento (en otras aplicaciones las transmisiones
mecdnicas pueden incluir palancas, cadenas, correas, levas, etc.).

— la transmision hidraulica es la que vamos a estudiar en este capitulo.

La transmision hidraulica consta de:

— bomba que comunica la potencia del eje de entrada al fluido;

— conducto mas o menos largo y complicado por donde circula el fluido
transportador de potencia (en las transmisiones hidrodinamicas estudia-
das en este capitulo este conducto practicamente no existe);

— motor hidrdulico accionado por el fluide, que comunica- potencia al eje
de salida. ‘

Las transmisiones hidraulicas se dividen en
~— Transmisiones hidrostadticas: 1a bomba y el motor son de desplazamiento

positivo. Estas -transmisiones se estudian en el Cap. 28 de este libro.

—- Transmisiones hidrodindamicas. la bomba y el motor (turbina) son turbo-
maquinas, y el conjunto de la transmision es una turbomidquina com-
puesta. Estas transmisiones se estudian en el presente capitulo. Existen
dos tipos distintos de transmisiones hidrodinamicas: acoplamientos hi-
drodindmicos (Sec. 24.2) y convertidores de par hidrodindmicos (Sec. 24.3).

Las transmisiones hidrodinamicas fueron ideadas por el aleman Fottinger.

524
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STAAD/Prais a suite of proprieiary computer programs of
Research Engineers, Inc. (RE1}, Califormia, i S A Although
every effort. has been made 1o ¢nsure the accuracy of these
programs. RE1 will not accept responsibility for any mistake,
€ITOr Of mysTeprescntation in or Js a result of the usage of these
programs

l Ahout STAAD/Pro |

STAAD/Pro. the next level of STAAD-UL is the leading Structural Analysis and
Dcsign soltware lrom Rescarch Engincers. In STAAD/Pro. the ocus 15 on
productivity. STAAD/Pro addresses the entire process of Structurat Engincering.
From model development 10 analysis 1o design to drafting to detailing - and even
component design — STAAD/Pro 15 designed 1o work the way the Suructural
Design Ot fice works.

STAAD/Pro consists of a Core package and several oprional Extension
componenis. You may procure onc or more Extension components along with Lthe
STAAD/Pro Core package. The Corc and the Evicnsion components ol
STAADIPro arc descnbed in the following paragraphs,

The STAAD/Pro Core package consists of the [ollowing:

The STAAD/Pro Design Studio. s a powerful Window's native workiog
eavitonment for mudel building, visvahizauon and result vertficauon.

The STAAD cngine provides gencral-purpose structural analysis and integrated
STEEL/CONCRETE/TIMBER design

The STARDYNE cngine provides advanged analvsis facihines. Bwlt around a
comprchensive finite clement hbrary. the STARDYNE enginc provides
powerlul Dynamic. Seismic, Non-binear. Thermal. Buckling and other advanced
analysis capabihities.

The FEMKit environment uffers graphscally oncnied Finite Element modeling
and venfication facilities -complete with 2D/3D meshing technologies and
powerful model verification ools.

The Visusl DRAW CAD cngine allows generation of Plans, Elevations,
Sections and detail drawsngs. Fully intcgratcd 1n the STAAD/Pro environment,
Visual DRAW provides drawing gencration, cditing and plowing capabilitics.

RELEASE 1.0

Copynight
Rescarch Engincers, Inc
Published February, 1999

The lollowing modules are available as STAAD/Pro Extension components:

STRUCT.ete - 2 suite of structural component design modules. allows the
enginecr 1o complete the project by designing Foundation: uning Walls,
Masonry, Connections and other utility struciures.

-
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The FabriCAD detaihing engine s an integrated tool that perlorms production
Steel Detarhing - from tabricanon/erection calculavions 1w detaibing 1

eencraon of shap drawings. About STAAD/Pro Core Documentation
The ADLPIPE component uifers reliabie Piping sysiem modeling and analysis
Fully imegraied with the STAAD component. this component aifers & compleie

i The STAAD/Pro Core documentation consists of a set of manuals as descrnibed
plant engincening solution.

helow We strongly recommend that you go through the Getting Started manual 1o

. . ger an overview ol STAAD/Pro
Powerful and comprehensive. STAAD/Pro is based on an object-onented design =

that uulizes MFC (Microsaoflt Foundatian Class) technalogy. aking full advantage
of 32 bit computing A live relanonal database a1 the core. with OLE and DDE
hinks, allows smooth workflow nicgranion and scamless interdisciphinary
tnformanon cxchange with 3l Windows based soliware

Getting Started and Examples

This manual is divided into three parts, Part-l cxplains the contents of the
STAAD/Pro CD ROM. installation process. the syslem requirements, copy
protection assucs, and descripltion un how 10 start Jifferent componcents of
We welcome you 1o the warld of STAAD/Pre S5TAAD/Pro

Part-1l of this hook provides a sicp-by-siep tutonial for the STAAD/Pro
cnvironment as well as the STAAD Command File

Part- 111 of ths hook offers Application Exumples. The example set covers a
wide range of Siructural Analysis and Design facilines offered by
STAAD/Pro The cxamples represent various Structural problems
commonty encounicred by the Siructural cngincers.

Graphical Environment

This manual contains detaled deseriptron of GUL(Graphical User
Intertace} of STAADIPro. The wopics covered include Modcl gencration,
Structural Analysis/Design, Result venification. Report gencration, and
Printing. {n addition. a Quick Reference Guide section provides a siep-by-
step descripiion for the frequently asked modeling and post-processing
lasks.

TREODONDANRNNE

-~

Note Please note that the STAAD Cammand File 15 explained tn the
STAAD/Pro Technical Reference manual

Technical Reference ’

This manual deals with the theory behind the STAAD and STARDYNE
analysis engines offered by STAAD/Pro. It alse includes cxplanation ol all
commands which you may use in the STAAD Command File,
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[nternational Design Codes
STAAD/Pro supports all major sniernauonal design codes. which are u
explaiped in this manual. You shall receive this manual (f you have
purchascd one of these sniernanonal design codes Table of Contents
. m T STARDYNE Technical Reterence Mamzl
STAAD/Pro Verification STAAD &
STAAD/Pro 1s developed and maintained using an exiensive venlicalion
procedure. The STAAD/Pro Venihicavion manual contains the prohlems m
used tn the venfication procedure This is distributed under the Quality
Assurance program only. Note thal the sel of venilication problems 18 n Section 1 General Description
represcmative of various Analysis/Desipn facilities offered by STAAD/Pro )
These problems have heen derived fram well-known references and 11 Introduction
lextbooks. m 12 Input Generation
) 1} Tvpes ol Structures
: . - b4 Lo Sysiems
FEMit Getting Started and Training 1'S Structurc Geomeury and Coordinate Systems
This manual contains the description of the TEMku Finite clement m 151 Globalt Coordmate Sysucm
modcling cavironment along with a step-by-step Traiming secuan. The 152 Local Courdinate Svstem )
sccond part of this book alsw contains the Appendices which arc referred to E 151 :;:lmmnsl:u; Between Glohal & Local Coordinates
| 6 Finitc Elcment Information
M .
[rom the FEMku1 Users manual 161 Ploc/Shell Element
162 Solid Elemernt 1
FEMKkit Users Manusl m 17 Member Propenics N
This manual contains the description of the FEMkit menu nptions and 171 Pnsmauc Prupertics 21
commans. 1.72 Buit-ln Siecl Sceunn Library 3
m 173 User Provided Steel Table 2
i ; 174 Tapered Sectons N
Visual DRAW Lsers Manual 175 Assign Command o1
This manual describes different features and facihities of the Visual DRAW m 18 Memher/Element Release z
CAD softwarc, 19 TrusyTension - Only Mcmbers 5
i 10 Cable Mcmbers 15
] : 1 111 Mcmber Oflsets a8
Note: Pl'ea:_e note that the abf:ne set of manuals comprise ihe ST,MDI_Fro Cure n 117 Viatena) Comstants 9
documeniaiion only. In addition, vou may recerve the docvmentahion for the - 113 Suppons 30
STAAD/Pro Extension companenis when vou purchase these components .44 Master/Slave Jomnts 30
m 115 Loads N
- 1 16,1 Jom Load 3
| 1162 Member Load ; il
m 1163 Area Load n
- 1163 Fized End Member Load n
4 1165 Prestess and Poststress Member Load i)
E 1.16 6 Temperaturc/Suan Load Ll
1167 Support Displacement Load 16
I.16 8 Loading on Elcments 3
117 Load Generaior . L
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General Description

Section 1

1.1 Introduction

STAAD/Pro oifers 1wo analysis cngines - the STAAD
Analysis/Design engine and the STARDYNE Advanced Analysis
cagine. The STAAD analysis engine is descrihed in this seclion
The STARDYNE analysis enginc 1s discussed in section 6,

This section of the manual contains a general deseniption of the
analysis and design faciliuces available 1in STAAD Speaific
informations on Sicel. Concrete. and Timber design are available
in Secuions 2. 3, and 4 of this manual. respectively. Delailed
command lormats and other specific user information is presenied
1n Sccuion 5

The vbycctive of this scction s 1o fameliarize the user with the
basic principles invalved in the implementaiion of the various
analysis/design facilitics offered by the STAAD engine. As a
general rule, the sequence 1n which the facilities are discussed
follows the recommended sequence of their usage in the input file

1.2 Input Generation

The user communicates with STAAD through an input file The

input file is a text file consisting of a senes of commands which
Sec seciion § arc exccuted sequentially. The commands contain esther

insiructions or dala pertaining to analysis and/or design The
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clements and convenuons of the STAAD command language Jre
described in Secuon § of this manual
The STAAD apul lile can be ereated through a text cditor or the
Modchng facility Tn gencral. any text editor may be utihized 1o
create the input lile. The Modeling facihny creates the input tile
through an interactive menu-drniven graphics onented procedure
1.3 Types of Structures
A STRUCTURE can be defined as an assemblage of elements
STAAD is capable of unalyzing and designing siructurcs
coasisting of both trame and plate/shell elements Almost any type
of structurc can he analysed hy STAAD Mosi general s the
SPACE structure. which 1s a threc dimensional framed siructurc
with loads applied 1n any planc. A PLANE structure 1y bound by g
Forinpur, }

global X-Y coordinaic system with loads in the same 'plane. A
TRUSS siructure consists of truss members which can have anly
auval member forces and no bending in the members. A FLOOR
structure 15 a lwo or three dimensional structure having no
honizonial (global X or Z} applicd lvads or any 1oad which mav
cause any hunizenial movement of the siructure. The floor lraming
lin global X-Z plane) of a butlding 15 an ideal example ol 4
FLOOR structurc. Columas can alsv he modeled with the tonr in a
FLOOR structure as long as the structure has no horizontal
loading Il there is any honizonial lvad, n must be analysed as a
SPACE siructure. Specificatian of the correct structure type
reduces the number of cquations 10 be solved during the analysis.
This results 11 a fastcr and more ecanomic sotution for the user
The degrees of freedom associated with lrame clements of
different types of structures is illusirated 1n Figurc 1.1,

iee section
5 A
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Fegure 1.1

1.4 Unit Systems

For tnput.
fee el lton

i

The user 15 allowed 10 input data and request output in almost all
commonly used cngincertng unit systems including MKS. S{ and
FPS In the input file. the user mav change umis as many limes as
required. Mix and match hetween length and force umis lrom
different unnt sysiems 1s also alowed. The input-umi for angles (or
rotations) 15 degrees. Huwever. 1n JOINT DISPLACEMENT
outpul. the rotations are provided m rndians._Fur all outpur, the
units are clearly speaificd by the program,

1.5 Structure Geometry and Coordinate Systems

A structure 1s an asscmbly of individual components such as
hecams. columns, slabs, piates ctc.. In STAAD, framc clements and
plate elements may be uscd 10 model the structural components.
Typically, modcling of the siruciure geometry censisis of (wo
sleps: ‘

A. Idennfication and description of joints or nodcs.

B. Modcling of members or elemenis through specification of
conncclivity {incidences) between Joints.
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For input,
ire fecliony
Sitwiiz

In gencral, the term MEMBER will be used o refer (o trame
clemenis and the term ELEMENT will be used 1o refer to
plaie/shell clemems. Connectivily for MEMBUIERs may be provided
Lhrough the MEMRBER INCIDENCE command while connectivity
‘for ELEMENTS may be provided through the ELEMENT
INCIDENCE command.

STAAD uscs two 1ypes of coordinaic sysiems 1o Jefline the
structure gecometry and loading patterns The GLOB AL coordinag
sysiem 1s an arhurary coordinaie system in space which s mihrsed
to specaily the overall geomerry & loading paticrn of the struciorc.
A LOCAL coordinale system s associated with cach member vor

element} and 15 unhzed in MEMBER END FORCE output or tocat
load specilication

1.5.1 Global Coordinate System

The following coordinate sysicms arc avaglable for specificannn of
the struciure gcometry

A. Convenuwnal Cartesian Coordinaic System, This coordinaie
sysicm {Fig. 1 2)1s a rectangular coordinate system 1X. Y. 7}
which follows the orthogonal right hand rule. This canrdinale
sysicm may be used to define the joini locations and loading
directions. The translational degrees of frecdom are denoed
by u,. u.. uy and the rowational degrees of freedom arc denoted
by u,. u; & ug

B. Cylindrical Coordinate System [n this coordinale system,

(Fig. | 3) the X and Y coordinates of the convennonal
cartesian sysiem are replaced by R (radiusy and @ tanglc in
degrees). The Z coordinate is identrcal to the Z coordinate of
the cartesian system and its positive dircction 1s deicrmined by
the right hand rule.

C. Reverse Cylindrical Coordinate Sysicm: This is a cylindrical

type coordinaie system (Fig, 1.4) where the R- @ plane
corresponds to the X-Z plane of the cariesian sysiem. The right

fHEEE

10

ToInt

4]

Section | ]

hand rule 1s followed Lo determine the posilive direction of

the Y axis.

Cartrsan  Rectampular ) Coordinate Syvaem

Figuer | 2

\ L RRAY )

Crindrrcnd Coordinate Svitem
Figure 13
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Reverse Cvednual Coordinate S111em

Figure I

1.5.2 Local Coordinate System

A local coordinate system is associated with cach member Each
axis of the local onhogonal coordinate sysiem 1s also based on the
right hand rulc. Fig. 1.5 shows a heam member with siart jornt o'
and end joint )" The postive directiion of the local © atis s
determincd by joiming i 10 ' and projecting 1t 1n the same
direction. The right hand rule may he applied to obtain the positive
directions of the local y and £ axes. The local v and 7-ases
coanerde with the axes oy the 1wo principal momenis ol ineria,
Note that the local coordinate sysicm s always reciangular

A wide range of cross-sectional shapes may he specified lor
analysis. These include rolled steel shapes. user specified
prismsuic shapes ctc.. Fig. | 6 shows local axis system(s) {or these
shapes.
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1.5.3 Relationship Between Global & Local

Forapui,

ser techion
3.6

Coordinates

Since the input tor member loads can be provaded 1 the local and
lgltlhal coordinaie system and the ouput for member end-forces 1s
printed in the local coordinate sysiem. s imparlanl to Anow the
relauoaship between the local and global coordinate systems This
cclanianship 1s delincd by an angle measured i the tollowing
speciicd way This angle will he delined as the beta (f) angle

Beta Angle

When the local v-axis 15 parallei 1o the global Y-avs, as in the
case of 4 column in a structurc. the heta angle 1s the angle through
which the lacal z-axis has been rotated about the local v-axis from
a pusition of being paralled and 1n the same povnve dircchan of
the global Z-axis.

When the local x-axis 1s not paralicl to the global Y-axis, the heta
angle 1s the angle through which the Jocal conrdinaie svsiem has
heen rotaied abuout the local «-axis from a posiuen + haviag the
local z-axis parallel ta the global X-Z plane and the Lrcal v ausin
the same positive dircetion as the global Y-axis Fipure |7 detarls
the positiens tor beta equals § degrees or Y1) Jegrecs. When
providing member loads i1n the locat member aus, 111s helpiul w
refer to this Nigure for a yuick determination ol the Tocal axis
sysicm.

Reference Point

An aliernative 1o providing the member onentation s to input the
coordinates of an arbstrary reference point locatcd in the member
1-y plane bul not on the axis of the member. From the location of
the reference poinl, the program automatically calculates the
oricnlation of the member x-y plane

.
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Relutiemimp herween Global und Lival atet
Figure ! 7

1.6 Finite Element Information

Far input.
1ee trcfiong

AR R

1.6.1 Plate/Shell Element

1=90
s

. 8 =90
P
Is
8-0 , -
={

X

STAAD s cquipped with a state-of-the-ar plate/shell and solid
finite element. The features of each 1s explained below

The Plate/Shell fimie clement 1s based oa the hybnd clement
formulation The clement can be J-noded (tnangular) or 4-noded

tquadrilaieral). I all the foru nodes of a quadrt

| element do
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not hie on one planc. 1t is advisable 10 model them as tnangular
clemenis The thickness of the element may he differeni from anc
node Lo another.

Element Load Specification

Following toad specificanons are available:

Iy Joint loads a1 element nodes in global directions.

2y Concentrated loads a1 any user specified point within the
element in global or local directions,

3y Umilorm pressure on element surface 1n global or focal

“Surface structures™ such as walls, slabs, plates and shelly may he

modeled using fimte clemems For convenence 1n generation of a

finer mesh of plate/shett clements within a large arca. a MESH

GENERATION facality s available The facdity 1s described in

detail in Section 5.14 direcuions

4y Partial uniform pressure on user specificd poruen of element
surface in global or local directions

51 Lincarly varying pressure on element surface in local

The user may also usc the clement for PLANE STRESS action
only. The ELEMENT PLANE STRESS command should he uscd
for thts purposc, directions.

6) Temperature load due to umform increase or decrease of
Geometry Modeling Considerations lemperature.

71 Temperature load due to difference tn temperature between top

The loll 1 lated . .
¢ follawing geomeiry related modeling rules should be and hottom surfaces of the elememt

remembered while using the plate/shell element

I} The program autumaticaily generales a fifth node "0 (center
node - sce Fig. 1.4) at the clememt center

21 Whilc assigning nudes to an ¢lement in the inpot data. i s
cssential that the aodes be specified either clockwise or L «
. . J [ 4 L L4
counter clockwise (Fig 191 For henter elficiency. semilar \ / .
clements should he numhered sequentally O . / | . - .
- 4 (W, E I GTT
31 Element aspect ratwo should aot he excessive They should be \
on the arder of L°1. and preferably bess than 4 | \ « L ) L
4} Individual clements should not be distorted. Angles hetween Famrrmed l 4 \ X
two adjacent element sides should not be much larger than 90 et Aot
and never larger than 180, Figur 1 4 Figure 1 3
Gl ETronis A Ligmeng
L—"
Fgwe | 10 Fgure 1 1]
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Theoretical Basis Section 1 | 13

The following quadralic siress distnibunion is assumed lor plaie

The STAAD plate fimite clement is hased on hybrid linne element
hending action:

for : i
mulauons A complete quadratic stress distriitbution s assumed

For planc siress acuon, 1he assumcd stress distribution 13 s,
follows,

™MA T cyaoo0oao00 < w0 0o 0o 0 0 .
M, idog ot vyoo00 0 0 0 oy g0 0 |"
1 N a
. f™Ma =000 0000 1 vy -y 0 0 0 0 vy F oyt
. . e o0 a0 a0 D0 v 0 i
Complete quadratic assumcd siress disiribution R LI . ¥y ! _
Q. o000t 01 0 -y 0 0 0 12 ¥y I u_'la
1T

a, throueh a,: = constants of stress polvnomials.

AL EEEEEER

The distinguishing lcatures of this fimite element are:
a, ] iF ox y 00 0 o0 2ay y: 1) +oal
o l=t0 0 01t vy o v g g -
) 10 -y 00 0 - iy -yt o0 g ¢ |

&

1) Dhisplacement compatibility hetween the ptanc stress component
of oac clcment and the plate bending component of an adjacent
ctement which is at an angle 10 the first (sce Fig. below) is
achieved by the elements. This compatibitity requirement is
usually ignored 1n most Nat shell/plate elements.

b@, |

2, through a;; = constants of stress poiynomiais.

— L
v

pponn

2) The out of plane rotational sullfness from the plane siress
portion of cach element is usefully incorpor: ad o
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4)

5)

)

L

4)

"

rcated as a dummy as is usually done 1n most commanly
available commercial sofware,

Despite the incorpuoration of the rotational suffness mennoned
previnusly, the clements sansly the paich test absoluicly

Thesc clements are available as trtangles and yuadnilaterals,
with corner nodes only, with cach node having sia degrees of
freedom. X

These clements are the simplcst forms of Nat shell/plaic
clements possibic with corner nodes only and six degrecs of
frcedom per node. Yet solutions to sample problems converge
rapidly 1o accurale answers even wilh a large mesh size.

These clemenis may be connected 10 plane/space [rame
members with full displacement compaubitity No addisonal
restraints/releascs are required.

Out of planc shear strain encrgy is incorporated 1 the
formulatian of the plaie bending compenent. As a resuiy, the
¢lements respond to Peisson boundary condinions which are
considered lo be more accurate than the customary Kirchoff
boundary conditions

The plaic bending portion can handle thick and thin plaies. thus
exntending the usclulness of the plate clemenis-into a multipheny
of preblems Ina addivion, the thickness of the plate is taken into
consideration in caiculating the vul of plane shear.

The plane stress iriangle behaves almost on par with the well
known lincar stress inangle. The tnangles of most similar flat
shell clements tncorporaie the constant stress inangle which
has very slow raics of convergence. Thus the triangular shelt
clemcnt is very usclul in problems with double curvature
where the quadrilateral element may not be suitable.

10} Suress retrieval at nodes and at any point within the element,

Element Local Coordinate System

The prectsc onicntation of local coordinates is determined as
follows:

1) Designaic the midpoints of the four or three clement edges 1],

JK, KL, LI by M, N, O, P respcctively.

2)

1

1)

Secuon | 1
The vector pminting from P 1o N is delined 1o be the local x-
axis. (In a triangle, this is always parallel 10 11).

The cross-product of vectors PN and MO (for a triangle, ON
and MK} defines the local z-axis. i.e., z = PN 1 MO,

The cross-praduct of veclors £ and « defines the local y- axs,
ie.y=zsxx

The sign convention of output force and moment resehtants is
vlustrated in Fig, 1.13

o
3

v N (3

N
’ N
./(’\ 1N
hl
,‘A

Figure | 12

Output of Element Forces

ELEMENT FORCE outputs are availabie a1 the Tollowing
focatsons:

A Centcr node of the clement.
B. All cotner nodes of the clement.
C. Avany user specificd point within the element.

Following are the items included in the ELEMENT FORCE oulpw

Qx. QY
FX, FY. FXY

Shear stresses (Force/ unit len.fuanil thk )
Membrane siresses (Force/unit Ien fumit thk)

MX,. MY, MXY Bcending moments per unit width (Moementunit

SMAX, SMIN

fen,)
Principal stresses (Forcefunit area)

TMAX Maxim. shear stress (Force/unil arca)
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ANGLE Oricntation of the principal plane (Degrees)
Naotes:

1. All element force putput 1s 10 the local conrdinate system
The directhion and sense of the clement forces are
explained in Fig. 1 13

1. To obtain element forces al a specificd point within the
clement. the user must provide the coordinate system for
the element Note that the ongin of the local coordinate
system coincides with the cenier node of the clement

3. Principal stresses (SMAX & SMINY. the maximum shear
stress { TMAX) and the orientanon of the principal planc
(ANGLE) arc aiso printed lor the 1op and boitom surfaces
of the clements. The op and the hovom surfaces are
determined on the basis of the direction of the lncal 7-aa0s

Sign Convention of Element Forces

[} I ;'/.

/a \‘ ' I/L '.
g T — A/
7 / Thatoam ' / A——

ASti? ¥4 < )
' —~ ’

LIS '
/
it

l
1

Frgure | 13

Please nolc the following few restrictions in using the finite
element portien of STAAD:

1) Both frame members and finite elements can be used together
in a STAAD analysis. The ELEMENT INCIDENCES command
must directly follow the MEMBER INCIDENCES 1nput.

2) The selfweight of the finite elements is converted to joint
loads at the connccied nodes and is ot used as an clement
pressure load,

ygpnnnanennuonitl

Secnon | l
3) Elememt forces are prented a1 the centroid and not along any
cdge.
4) [n addivion to the stresses shown in Fig | 13, thc Von Mises
stresses at the top and bottom surface ol the ¢lement are also
printed

Element Numbering

During the generanon af clement stiffness mairix, the program
verifics whether the element 1s same as the previous ane or not [
il is same. repetitive calculations are not performed The sequence
in which the clement stiffness matrix is gencrated is the same as
the sequence in whach elements arc input in clement incidences.

Therclore. 1o save some computing ume. similar clements should
be numbcered sequentially 12,71 14 shows examples of cfficient
and non-cfhoient clement numbering.

Howcver the user has 1o decide hetween adopling a numbering
svstem which reduces the computation tme versus a numbering .
system which increases the case of defiming the struciure
goomerry.

Frgure [ 14
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1.6.2 Solid Element

Solid elements caable the solution of structural problems involving
general three dimensional Stresses, There is a clasy of problems
such as stress distribution 1n concrete dams, sonl and rock strata
where fimite clement analysis using solid elements provides a

pawerful tool

Theoretical Basis

The solid clement used 1n STAAD 15 of cight noded 1soparametrnic
1ype, These clements have three translanonal degrees-of-frecdom

per nodce.
E R = Rl
1. - %
bl
3 -5
P "

By collapsing vanous nodes ogether, an cight noded sohd ¢lement
can he degenerated to the following furms with tour 10 seven

nodes.
1
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The suffness matnix ol the solid clement is cvaluated by
numerical intcgration with cight Gauss-Legendré points. To
facihitate the numernical mlegration, the geamelry af the element 1s
cxpressed by interpolating funcvions using natural coordinate
system. {r,5,1) of the element with 1ts origin at the center of
gravity The interpolating functhions are shown below,

Tt
x=Y ha. y= ih.y- .or= ih.a
Ll il wl
where vy and ¢ are the courdinates af anv poiatan the element and
£, ¥,. 2. i=1. Barc the coordinates ot nudes defined in the global
conrdinate svsiem  The wnterpolanon tunctions. b ase delined tn
the natural coordinaie sysiem. fr.s.1h. Each of r.s and t vanies
between -1 and + 1. The fundamental property of the unknown
interpolaton funcuons hi s that therr values in aatural coordinate
systemas unity at node, 1, and sero st gil uther nodes ol The
clement The element displacements are also inerpreted the same
way as the geometry For compleiencss, the funcuons arc given
below:

1 A 1
g= Yhu. vz Yhv. w= 3 hw
vk 1

N

where u. v and w arc Jisplacements a1 any pinnt 1a the elemeat and
u,v,. w,.1=1.8 arc corresponding nodal displacements tn the
coordinale system uscd to deserihe the geomelry,
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Local Coordinate System

The local coordinate system used in solid clement s the vame as
the global system as shown helow -
2 !
v - )
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Frqure 1 15
Properties and Constants

Unlike members and shell {plaiet clements, no prapertics are
requircd (or solid clernents However. the constants such as
modulus of clasticity and Poisson’s ratio are to be specitied

Also. Densuy needs to be provided 1f sell{weight 1s included moany
load vasc

Output of Element Stresses

Element sircsses may be obtained at the center and at the joints of
the solid clement The items that are printed dre

Normal Sircsses SXX.SYY and 522

Shear Stresscs 'SXY,S5YZ and SZX

Principal stresses . S1. 52 and S3.

Van Miscs stresses [ SE

Direclion cosines .6 direction cosines are printed, following the
expression DC, corresponding (o the first
two principal stress directions.

poonoaoRORRRRE
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1.7 Member Properties

The following types of member property specifications are
available 1n STAAD:

A) PRISMATIC properly specilicauons

See secrion B) Standard Sicel shapes fram buili-in section library

5 0 C) Uscr created stcel 1ables

D) TAPERED sections
E) Through ASSIGN command

1.7.1 Prismatic Properties

The lollowing prismatic properties are required for analysis:

AX = Cross sectional area

IX =  Torsional constant
Yer tection 1Y = Moment of 1nertia about y-axis.
o002 I1IZ = Moment of incriia aboul z2-av1s

In addition, the user may choosc to specify the followeng
propertics, '

AY = Effccuve shear arca for shear force paraltel 10 focal v-avis
AZ = Effeeuve shear area for shear force parallel 1o locat z-axis.
YD = Depth of section parallel 1o local y-axs
ZD =  Depth of section parallel to local z-axas,

To specify T-beam or Trapezoidal heam. the following additional
prapertics must be provided.

YB = Depthof Web of T-secuion [Sck ligure below| '
ZB = Widih of web of T-section or bottom width of Trapesoidal
scchon.

To specily T-beam. the user must specify YD, ZD. YB & 7B
Similasly for Trapesotdal sections, YD, ZD and ™7
provided,

must be
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1M the shear arcas arc input, the program will automatically
consider shear deformanions 1n the analysis, and il they arce left
om‘..shcar deformation will be ignored In a frame siructure, the
ratio of shear deflection 1o bending deflecton s so small th.al mn
mast c.ascs. 1t can be ignored. The depths in the two major ‘
directions (YD and ZD) are used in the program 1o calculaie the
scction moduli. These are needed only 10 calculaic member
siresses or to perform concrete design The wser can omat the YD
:& 72D valucs il siresscs or design of these members are of no
interest. The delault value 1s 254 mm (10 inches) for YD and 2D

All the prismanic properties are inpult in the local member
coordinaics.

m i
————————
]
1 A W
/1
—)
h—
u o

,TU define a concrete member. the user must not provide AX. but
imst ¢ .
|- caq, pravide YD and ZD for a rectangular section and just YD
o . .

1 a circular section. I no moment of tnenia or shear arcas are

provided, th
and ZD. ¢ program will automatically calculate these from YD

Table 1.1 is offered to assist the user in speciflying the necessar
scctian values [t lists, by structural type, the required section ’
propertics for any analysis. For the PLANE or FLOOR type
analyses. the choice of the required moment of incriia depends

:I;:m the beta angle. If BETA equals zero, the required property is

Table 1.1 Required properties

HHETIIRARERARARE

Section | l n
Structural Required
Type Properties’
TRUSS structure AX
PLANE structure AX, 1Z or 1Y
FLOOR structure IX, 1Z or IY
SPACE structure AX, IX, 1Y, 12

1.7.2 Built-In Steel Section Library

This featlure of the program allows the user 1o specily section
names of standard steel shapes manulactured in different
countries [nformation pertaiming to the American steel shapes is

avatlable 1n section 2.
See tection
> lund

sl

Contact Rescarch Enginners fur information on steel shapes for

uther countrics.

Since the shcar arcas of 1he scctions arc builtinto the tables. shear

Jelormation is always considered lor these sechons.

1.7.3 User Provided Steel Table

The user can provide a customized steel 1able with dcsignated

names and proper corresponding pruperues. The program can then

519 und lind member propertics [rom thosc tables. Mcmber selcclion may

04 also be performed with the program selccting members from the
provided tables only.

Sre sectiont

Thesc tables can be provided as a part of a STAAD 1aput ot as
scparately creatcd files from which the program can rcad the
properties. The uscr who does not use standard rolled shapes or
who uses a limited oumber of specilic shapes may create
permanent member property files. Analysis and design can be
limited to the scethions in these files '
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Section 1 ] 25
1.7.4 Tapered Sections
1.9 Truss/Tension - Only Members
Properties of tapered {-scctions may be provided through
MEMBER PROPERTY specificanons. Given key section
dimensions. the program is capable of calculaung cross-sectional
propertses which are subsequently used in analysis Specihication
of TAPERED sections 1s descrnibed Yn Section S of this manual

Ser secnon

S For analvses which involve members that carry axial loads only,
v ¢ lruss members, there arc two methods for specilying this
condition When all the members in the structure are truss

Sve seetion members. the \ype of structure 15 declared as TRUSYS whereas,

51y when oniy some of the members are truss members (e g. bracings
of a buitding). the MEMBER TRUSS command can be used where
those members will be identified scparately A considerable
amount of analysis and design time s saved by declaring an axial
member as a TRUSS member, specificanion ol such members as
frame members with both ends pinned should be avoided wherever
possible

1.7.5 Assign Command

Through this command. the user may insituct the program 1o
automalically select a stee! section from the 1able for analysis and

See teciion subscquent design. The scction types that may he ASSIGNed

s include BEAM, COLUMN. CHANNEL, ANGLE and DOUBLE
ANGLE. When a BEAM or COLUMN 15 specified, the program
wiltl assign an I-beam scction {WF lor AISC) and subscquent
member sclection or opumization will be performed with a similar
lype scction,

In STAAD, a memher may be declarcd as a Tension-only member
The analvsis will he performed accordingly Refer to Section
5.23 3 for detals an this facility

1.8 Member/Element Release 1.10 Cable Members

STAAD allows releasces for both members and clemems Cable memhers may be specified hy using the MEMBER CABLE

command. While specifyrng cable members. the inttial 1easion in
the cable must be provided. The following paragraph cxplains how

See cable suffness is calculaled.
section 5 23

One or both ends of a2 member or clement can be released
Members/Elements are assumed to be rigidly framed nto joinis in
accordance with the structural type spectfied. When this full
ngidity 1s not applicable, individual force components at cither
end of the member can be sct to zero with member relecase
statemenis. By specilying rclease components. individual degrees
of lreedom arc removed from the analysis. Release componenis are
given in the tocal coordinate system for cach member. Note that
PARTIAL moment releasc is also allowed.

See

section §.22

The increase in fength of a loaded cable is a combination of two
eflects. The lirst component 1s the elasuc stretch, and 1s governed
by the famliar spring relationship:

EA ‘
F=Kywhere K .. =—

The sccond component of the tengthening is duc 10 2 change n
geometry (as a cable 1s pulled taul, sag is reduced) This
relationship can be described by

peogeooEEOOOOnE

ikt
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F=kKybuthere kK ., = 7
’ . : - . .

"Comlrp c}e&rch.dn w 3 A cable member offers no resistance to a compressive force

- ra . M .
J (.Cademu‘m where w = weight per unit length of cable applicd atits ends When the cnd Joints of the member are
) subjecied to a compressive force, they "give in” therchy (Par we,

T = tension in cable

]

tausing the cable to sag Under these circumstances. the cahie
member has rero suffness and this situanon has o be
accounted for in the stiffness matrix and the displaccmenis . -
have 1o be recalculated. But 1n STAAD., mcrcly’dcclariﬁg the
member 1o be a cable member does not guarantee that this
behavior will be_gecaunted for, fias also imporiant that the

Therefore. the “stsffness” of a cabld depends on the vniial 1nstalled
tension {or sag) These two cffccis may be combined as totlows

Kr mis -
“ V Ky =V Ketane

-r

user décélare the member 1o be a lension only member by using
the MEMBER TENSION command. This will ensure that the
program will test the nature of the force 1n the member alter
the analysis and 1l it vs compressive. the member t5 swilched
ufl and the snifness matrix re-calculated.

o 3 -
Komh = EA U =w UTEN 120

Note. When T =0 K = EA/L e

4+ Due to potcnual instabiliy problems cxplained in 1iem |
abuve, users should also avond modcling a calenary by
hrecaking it down inlo a number of strzight line \cg'mcnls. The
cablec member in STAAD cannot be used 1o simulate the
behavior of a calenary By vaienary. we are referming to those
structural components which have a cucved profilc and develop
aval forces due their self weight This behavior 1s 1n rcafity a

ann-lincar behavior where the atwal force 15 causcd because ol

cumb

It may be noticed that as the tension increases (sag decreases) the
combined suiffness approaches that ol the pure c¢lashic situation,

The following pownis nced 10 be cé)nsndcrcd when using the cable
mcmber in STAAD

1) The cable member is only a truss member whose propertics

)

accomudate the sag factor and iniual tension. The behavior of
the cable member 1s 1dentical to that of the truss member. It
can carry axial loads only. As a result, the fundamenial rules
involved 1n modeling truss members have to be followed when
modeling cable members. For example, when twao cabic
members meet at a common joint, if there 1sn't a support or 2
3rd member connccled 10 that joint, it is a2 peint of polcntial
instability.

Due to the reasons specified in 1) above, applying a transverse
load on a cable member is not advisable. The load will he
converted 1o Iwo concentratcd loads at the 2 ends of the cable
and the true deflection pattern of the cable will never be
realized.

FannonoopRROOEny

5)

cither a change in the prolile of the member or 1nduced by
large dlsg.al.:ccmcnls.(:fgtﬁ;{nf which arc valid assumptions in
an elastic analysis. A'typical example of a catenary is the main
U shaped cablc used in suspension bridges.

The increase of stiffacss of the cable as the tension in it

increases under applied Joading 1s not accounted for during 1he
analysis.
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1.11 Member Offsets

* Some members of a structure may not he concurrent with the
incident joints therchy creating offsets. This offser distance 15
specificd in terms of glubal coordinate system (1 ¢ global X, Y
See 1eciion and Z distance from the incideni jointe). Secondary forces induced,

5% due 1o this offsct connecuion, are 1aken inio account 10 analysing
the structure and also to calculate the individual member forces.
The new offsct cenirord of the member can he at the siart or end
incidences and the ncw working potnt will also he the new start ur
cnd of the member. Therefore. any reference trom the starnt or end

MEMBER OFFSET
1 START 7
of that member will always be from the new oifset ponts t END -8

2 END -6 -9

ngnang

fl(w" 11y

1.12 Material Constants

The matena! constants are modulus of clasucny (E}; weight
density tDEN): Possson's ratio {1 POISS), co-ctlicient of thermal
cipansion (ALPHA), and beta angle i1BETA L or coordinates for
Sre any refescnce (REF)Y point,
sectieon > 16
E valuc for members must be provided or the analysis will not be
petformed. Weight density (DEN) 1s used only when selfweight of
the structure is to be taken into account. Poisson’s ratio (POISS) s
uscd (o calculate the shear modulus (commonly known as G) by

the formula,

G = 0.5 2 E/] + POISS) ‘

—

poppoRoRt

Il Poissan’s rauo 1s not provided G will be 172 E. Coeflicient of
thermal expansion (ALPHA) iy used to calculate the expansion of
the members if iemperature loads are applied. The temperature unnt
for temperature load and ALPHA hastobe the ¢ -

<
Al

b
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BETA angtc and REFerence point arc discussed 1n Sec 1 5 ) and
arc inpul as parl of the member constants.

1.13 Supports

See

section 5.27

STAAD allows speaifications of supports that are parailel as well
as inclined to the global axes. »

Supports are specified as PINNED. FIXED. or FIXED with
different releases. A pinned support has restraints agasnst all
transtational movement and none agansi rotational movement. In
other words. a pinncd support will have reactions for all forces bul
will resist no momenss. A fixed support has resirants aganst all
dircctlions of movement.

The restrainis of a fixed support can also be rcleased in any
desired dscection as specified 1n section 5,

Translaitonal and rotatonal springs can also be specified. The
springs arc represented in terms ol their spring constants. A
transiational spring constant s defined as the force Lo displace a
support joint onc length unit in the specthed global dircction
Similarly, a rotational spring constant 1s defined as the torce 1o

retate the support joint vne degree around the specified glubal
dircction.

1.14 Master/Slave Joints

e

.oction 5.28

The master/slave option is provided 1o cnable the user 10 modet
rigid links in the struciural system. This facality can be used o
mode) special structural clements hke a rigid Noor diaphragm.
Several slave joinis may be provided which will be assigned same
displacements as the master joint. The user is also allowed the
flexibitity to choose the specific degrees of freedom for which the
displacement constraints will be imposed on the slaved joints. If _
all degrees of lreedom (Fx, Fy, Fz, Mx, My and M2) are provided
as constraints, the joints will be assumed to be rigidly connected.

il

-

A -

ggoogooont

e

Section 1 | 31

1.15 Loads

Loads in a siructure ¢an be specificd as joint load, member load,
temperature load and fixed-end member load. STAAD can also
generale the sell-weight of the structure and use 1t as umitormly
distributed member loads in analysis. Any [raction of this seif-
weight can aiso be applicd in any desircd direcuon.

1.16.1 Joint Load

Josnt loads. hoth forces and moments, may be applicd to any [ree
See section joint af a structore. These loads act in the global coordm.alc systemn
3.2t of the structure. Posstive forees act in the positive cnurdtnalc? .
B Jirections. Any number of loads may be applicd on a single joint.
i which case the loads will be additsve on that jont.

1.16.2 Member Load

Three types of member foads may he apphied dircctly to a member
of a structure Thesc loads are umformly distnbuted loads.
concentralcd loads, and lincarly varving loads (including
trapesoidal). Uniform luads acl on the full or partal length of a
member Concentrated loads act 3t any intermediate. specified
paint. Linearly varying Joads act aver the {ull tenglh of 2 member
Trapezowdat lincarly varying Joads acl over the Tull or parnal
length of 2 member. Trapczoidal loads are converted into a
smiform load and several concemtrated loads.

Ser secitan

122

Any number of loads may be specificd 1o act upon 3 member 1n
any independent loading condition. Member loads can be specificd
in the membet coordinate sysiem or the global coordinatc sysicm
Uniformly distributed membee loads provided in the global
coordinate system may be specified 10 act along the luil or '
projected member length. Refer to Fig. 1 310 Tind the relation of
the member to the global coordinate systems for specifving
member loads. Posiive forces acln the positive courdinate
directions, Tocal or global. as the casc may be
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1.16.3 Area Load

See secnan

5124

Many tmes a floor (huund by X-Z planc) is subjected 10 2
uniformly distributed load It could require a lot of wurk tu
calculate the member load for individual members in that {loor
However, with the AREA LOAD command, the user can specily
the arca loads (unit load per umit squarc arcal for members The
program will calculaie the Inbutary arca for these members and
provide the praper member loads. The following assumplions are
made whtle transferning the area load 10 member load:

a) The member load is assumed 1o be a linearly varying load for
which the start and the end valucs may be of diffcrent
magnifude.

b) Tributary arca of 2 mecmber with an arca load 1s calculated
based on half the spacing to the necarest approximately parallel
members on both sides. I 1he spacing 13 more than or equal 1o
the length of the member, the arca load will be 1gnored.

Section §
¢) Arca load should not be specificd on members declared as
MEMBER CABLE. MEMBER TRUSS or MEMBER
TENSION.

Figure 1.17 shows a (loor structurc with arca load specificauon of

0.1,
fun lm S, Ao \
U] = 1 il
¥ L} ] L}
m ] L]
I T
L
hin Pt
Fieure 1 17

Member | will have a lincar load of 0.3 at onc end and 0 2 at the
vther end. Members 2 and 4 will have a uniform load of 0 5 aver
the Tull length. Member 3 will have a lincar load of 0 45 and 0 55
at respective ends Mcember § will have a uniform load of 0.25.
The rest of the members, 6 through 13, will have ne coninbutory
arca load since the nearest parallel members are more than cach of
the member lengths apart. Howevet, thg reacuions from the
members to the girder wifl be considered.

1.16.4 Fixed End Member Load

Load effects an a member may also be specified 10 terms of s
Nxed end loads These loads are given in terme
coordinale system and the direclions are oppos

¢ member
Ser rection

the actual load
5127
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on the member, Each end of a member can have six lorces axial:
shear y. shear z, torsion; moment y, and muoment ¢

1.16.5 Prestress and Poststress Member Load

See section

5125

Members in a siruciure may he subjected to presiress load lor
which the load distribution in the structure may be investigaled.
The prestressing toad in a member may be apphied axially or
cccentrically. The cecentnieities can be provided at the start joini,
at the middle, and at the cnd joint These cocentricities arc only in
the local y-axis. A positive ecceninicity wiil be in the posinve
focal y-direction Since cecentricinses are only provided 1n the
local y-axis. care shuuld be taken when providing prismance
propertics or 1n specifying the corrcet BETA angle when rotating
the member coordinales. 1f necessary. Two types of presiress load
specification are available; PRESTRESS, where. duce to the {oad,
reactions arc gencrated durtng the application ol presiress lvad and
POSTSTRESS. assumcd to be applicd alier the prestress load s 1n
place, which does not gencrate reactions.

1) The cable is assumed to have a gencralized parabolic profile.
The cquation of the paraboia 1s assumed o be

-
y=ax"+bx+c

1
where 2= —(2cs - dem + 2ec)
g

1
h=E{4cm—oc—3es)

cC=C

where cs

eccentnicily of cable at start of member (in local
y-axis)

em = cccentricily of cable at middle of member {in
local y-axis)
ec = cccentriciy of cable at end of member (in local

y-axis)
L = Length ofmember

2) The angle of inclination of the cable with respect 10 the local
x-axis (a sirasght linc joining the siart and cnd joinis of the

[ ==
[
==
==
==
=
=l
==
=
-
|
-
-
==

H

4)

3)
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member) at the start and cnd pownts s smatl which gives nise
lo Lthe assumption that

sinB=0=dy/dx

Hence, f the axial Torce in the cable s P, the verucal
component of the force at the ends is Pldy /ds) and the

honizontal component of the cable force 1s.

Users are advised 1o ensure that their cable profile meets this
requirement. An angie under § degrees is recommended.

The member is analyzed for the prestressing/postsiressing
eflects using the cquivatent load method. This method is well
ducumented 1n mosi reputed books on Analysis and Design of
Prestressed concrete, The magnitude of the uniformly
distrthuted load is calculated as

udi =“—l-)E
LI

where P = axial force in the cable
{es + o)
———;—-cm

“

L = length of the member

The force in the cable is assumed to be same throughout the
member tength. Na reduction 15 made in the cable forces to
account for [riction or other losses

The term MEMBER PRESTRESS as used in STAAD sigmifics
the following condition. The structure is constructed first.
Then, the presiressing force is applicd on the relevant
members. As a result, the members deform and depending on
their end condilions. lorces are transmitied Lo other members
in the structure In other words, "PRE” referes to the ume of
placement of the member in the structure reldtive to the time
of stressing.

3
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6) Thcierm MEMBER POSTSTRESS as used w0 STAAD
signtlics the following condition The members on which such
load vs applicd are Tirst cast in 1he faciory Fuollowing this, the
Prestressing force 15 applied on them. Meanwhile, the rest of
the structure 1s constructed al the canstruction site Then, the
prestressed members are hrought and placed o position on the
partially butlt structure Due 10 thes sequence. the cffects af
prestressing are "capenenced” by only the prestressed
members and aot iransmytted m the rest of the structure In
other words, "POST" refers to the tme of placement of the
member tn the structure relanive to the Lme of stressing

T As may be evidemt from licm (6) abave, 1t is net possible 1o
compule the displaccments of the ends of the
POSTSTRESSED members for the effects of
POSTSTRESSing, and hence are assumed Lo he sero. As a
result. displacements of intermediale sccnitons (Sce SECTION
DISPLACEMENT command) are measured relative o the
straight linc joining the start and end Joints of the members as
defined by their inuial JOINT COORDINATES.

1.16.6 Temperature/Strain Load

See seciton
5128

Temperature difference through the length of u member as weil as
differences of both faces of members and clements may also be
specified. The program calculates the axial strain (¢longation and
shrninkage) duc 1o the icmperature difference. From this al
calculates the induced forces in 1he member and the analysiy s
done accordingly The strain intervals of elengation and shrinkage
can be input directly,

1.16.7 Support Displacement Load

See secrion
5428

Loads can be applicd 1o the siruciure in terms of the displacement
of the supports. Displacement can be translational or rotational.
Translational displacements are provided in the specified length
while the rotational displacements are always in degrees. Note that
displacements can be specified only 1n directions in which the
support is restrained and not in directions in which it is released.

R

HHTTIIIENNNINY
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1.16.8 Loading on Elements

On Plate/Shell clements, the types of loading thal are permissible

are:

1) Pressure loading which consists ol loads which act
perpendicular 1o the surface of the clement. The pmssurc ltlmds
can be of uniform inlensity or irapeczoidally varying intensity
over a small portion vr over the entire surface of the element.

2) Joint loads which are [orces or moments thal arc applied at the
Joints an the direction ol the global axcs.

1) Temperalure loads which may be conslant across the depth of
the ciement {causing only in-planc clongauen / shortening) or
may vary across the depth of the clement causing bending on the
clement. The coelficicnt of thermal cypansion for the matenial of
the elcment mus! be provided in order 1o facilitate computation
of these effects.

4) The sclf.weight of the elements can be applicd using the
SELFWEIGHT load:ng conditien. The density of the clements
has to be provided in order to lacilitate computatton of Lthe scll-

weight
(In Solid elements. the only 1wo loading lypes avaitable are

1) The sclf-weight of the solid clements can be applied using the
SELFWEIGHT loading condition. The density of the elements
has 10 be provided in order to [acilitate compulation of the self-

weight.

2} Jont loads which arc forces or moments thal are applied at the
joints in the direction of the global axes.
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1.17 Load Generator

"STAAD 15 equipped with buthi-in algonithms 1o generate moving
loads and lateral sersmic loads (per the Umiform Building Cude

and the 15 1893 code) un a siructure Use of the load gencranan
facihty consists of two parts *

1) Definition of the load system(s).

1) Gencraton of primary toad cases using previously defined
load system{s).

The lollawing sections describe the salient featuses of the moving
load gencrator. the scismic toad gencraior and the wind load
generatur available

1.17.1 Moving Load Generator

See tecrrons
531t and
sz

1.17.2

See secriony
.21.2 and
32.12

This feature cnables the user to generate moving loads vn g
structure. Moving load sysiem(s) consisting of concentrated loads
al fixed specified distances 1n both directions un g planc can be
delined by the user. A user specificd aumber of primary luad cascs
will be subscquently generated by the program and taken into
consideration in analysis. Amencan Association ol Staie Highway
and Transportation Officials (AASHTO. 19831 loadings are

available within the program and can he specificd using standard
AASHTO designations.

UBC Seismic Load Generator

The STAAD seismic lead generator follows the UBC procedure of
cquivalent latcral load analysis. It 1s assumed thait the lateral loads
witl be excried 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 Moors and point upward (all Y joiat
coordinates positive). The user 15 required 1o sel up his model
accordingly. Total lateral scismic force or base shear is

Sect.on | l Ry

automatically calculated by STAAD using the appropriate UBC
cquation. Notc both 1994 and 1985 specificatons may be uscd.

For load gencratton per the 1994 code. the user i'r. required ‘10
provide seismic zone cocfficicnt, importance factor, co-gfficient
Rw and site soil cocificieat. For UBC 1985 load gencrauon,
seismic sone coclficient importance facior & hnnzontal force
factor k must be provided. Specafication of site churacter period Ts
1s optional

Instead of using approximate UBC formulas to cstimate the
building period ta a certain directian, the pragram calculates the
period using Raleigh quoticnt lechnique. This period 15 then
atilized to caleulate seismic coefficient C.

After the base shear is calculated from the appropriatc cqualion. "
\s distributed among the various levels and roof per UBC
specifications. The distributcd base shears arc subscquently
apphed as lateral loads on the structure, These loads may then be
sutized as normal load cases for analysis and design.

1.17.3 wind Load Generator

The STAAD Wind Luad generator 15 capable of calculatng wind
loads on the structure from uscr specified wind intensiics and
exposure faclors. Different wind intensitics may t?: specalicd for
different herght zones ol the structure. Opcnings in the slruc!urc
mav be modelcd using cxposure faclors. An caposure factor 1s
ass;)culcd with each joint of the structure and is deflincd as th
fraction of the influcnce arca on which the wind load acts. Built-in
algorithms automatically calculate the wind toad on a SPACE
structure and distribute the loads as tararal yoints loads

See secnons
537 Jand
s3212

1.18 Analysis Facilities

Following analysis [acilities are available in STAAD

1

Hepooggeeannnas
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1) Suffncss Analysis

2) Sccond Order Analysis
P-Dchia Analysis
Non-Lincar Analys:s

3) Dynamic Analysis

Salient leatures of each type of analysis are discussed in the

. . h .
following scchions. Detailed theorctical treatments of these
features are avalable in standard siruciural enginecring texthooks.

1.18.1 Stiffness Analysis

See section

5.37

The stiffness analysis :mplemented 1n STAAD is based on the
mairix displaccment method In the mainx analysis of structures
by the displacement method, the structure 15 irst 1dealized nto an
assembly of diserete structural components (frame members or
fintle elements). Each component has an assumed form ol
displacement in a manner which satisfics the ferce equilibrium and
displacemcnt companshility at the joints.

Structural systems such as slabs, plaics. spread footings. clc..
which transmit Joads in 2 dircctions have 10 be discretized into a
number of 3 or 4 noded finite elemenis connccted to each other at
their nodes. Loads may be applicd in the form of disinbuicd loads
on the element surfaces or as concentrated toads al the joints. The
planc stress effects as well as the plate bending cffects arc 1aken
inlo consideratian in the analysis.

Assumptions of the Analysis

For a complete analysis of the structure, the necessary mairices are
generated on the basis of the following assumptions:

1) The structure is 1dcalized into an assembly of bcam and plate
Lype clements joined together at their vertices (nodes). The
assemblage is loaded and reactcd by concentrated loads acting
at the nodes. These loads may be both forces and moments
which may act in any specified dircclion.

N

‘

toe
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Section | 1

2) A beam member is a longitudinal structural member having a

constant, doubly symmetric or necar-doubly symmetnic cross

scction along 11s length. Beam members always carry axial

forces. They may also be subjected to shear and bending in

two arbitrary perpendicuiar planes. and they may also be

subjectcd to torsion. From this point these beam members are

relerred to as "‘members” tn the manual.

3} A plate element is a three or four noded elemeni having
constant thickness These plate elemeats are referred to as
“elements™ 1 the maauai.

1) Internal and exicrnal loads acting on cach node are in
equilibrium. IT torsional or bending propertics are deflined lor
any member, six degrees of frcedom are considered at cach
node (i.c threc translational and three rotational) in the
generation of relevant matrices. If the member 1s defined as
lruss member (i ¢ carrving only axial lorces) then only the
three degrees (translational) of freedom are consrdered at cach
node.

5) Twao types of coordinate sysiems are used tn the generation of
the required matrices and arc referred 1o as tocal and global
systems,

Local coordinate axes are assigned 1o each individual clement and
are oriented such that computing elflort for element suffness
mairices arc generahized and mnimized. Global coordinate axes
arc a common datum esiablished for all idealized elements so thal
clement forces and displacements may be rclated 10 2 tommon
{rame of refcrence.

Basic _Equation ;

The complcte stiffness matrix of the structure is obtained by

systemanically summing the comributions of the vartous member
and element sttffness. The exiernal loads on the siructure are

represented as discrete concentraied loads acting only al the nodal

points of the siructure.
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The stilfness matrix relaies these loads to the displacements of the
nodes by the equation:

Ai=a]+S,xD,

Thas formulation includes all the joims of the structure, whether
they arc frec 1o displace or are resirained by supports, Those
componenis of joint dispiacements that arc free to move arc called
degrees of frcedom. The 1mal number of degrees of (reedom
represent the number ol unknowns in the analysis

Method te Solve for Displacements

There are many methods 10 solve the unknowns lrom a series of
simultancous cquanions An approach which is particalarly suned
for siructural analysis 13 called the method of decomposition. This
method has hecn sclccted for use 1n STAAD Since the stiffness
matrices of all hincarly ¢lastic structures are always symmctric, an
especially efficient form of the decomposition called Modilied
Cholesky's method may be applied to these problems, This method
15 very accurate and cost effcctve and well suited for the Gaussian
climination procecss in salving the simultaneous cquanions.

Consideration_of Bandwidth

The method of yeccomposition is parucularly efficicnt when
appiwed to a symmeclinically banded matsix. For this type of matrix
fewer calculations are required due 1o the fact that clements
outside the band are all equal to zero.

STAAD takes full advaniage of this bandwidth during solution, as
it is imporiant ta have the Icast handwidih 10 obtain the most
efficient solution. For thys purpose, STAAD eflfers fecaturcs by
which the program can wnicrnally rearrange the joint aumbers Lo
provide a better bandwidih.

Structural Integrity

The integrity of the siructurc is a very important requirement that
must be saticlied by all models. Users musy make sure that the

SE3RESE1S
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model developed represents one single siructure only. not lwo or
more separate slruclures,

An “integral® structure or “onc” struclurc may he defined as a system
1n which proper "suffness connections” €isl between the
membersielements. The entire madel functions as a single integrated
load reusting sysiem. Two or murc independent structures within an:
model results in errancous mathematical formulation ard therefore,
generales numencal problems. STAAD checks structural inlegriy
using a sophisticated algurithm and reports detection of multiple

structures within the model.

Modeling and Numerical Instability Problems

Instaitity problems can occut Jue 1o 1Wo primary rcasons.

1Y Muodching problem

There are a variely of modehng prohiems which can give rise
10 mstabitity conditions, They can be classificd into two

Eroups.

a1 Local instability - A local instabiluy 1s a condition where
the lizity conditions 3t the end(s) of a member are such as
10 cause an installity in the member about onc or more
degrees of frecdom. Examples of Jocal instabiiny are’

(1) Mcmber Release: Members releascd at both ends lor
any of the foltowing dcgrees of freedom (FX. FY. FZ
and MX) will be subjccted to this problem,

(ii) A feamcd structure with columns and beams where the
columns arc defined as “TRUSS™ members. Such a
calumn has no capacity 1o transfer shears or moments
from the superstructurc 1o the supporis.

b) Global Instability - Thesc are caused when the supporis of !
structure arc such that they cannot offer any resistance to
sliding or overturning of the siructure n onc or more
directions. For example, a 2D structure (frame in the XYy
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planc) which 1s deflined as a SPACE FRAME wiih pinned

supports and subjected 10 a force in the 2 direction will 1opple

over aboul the X-axis. Another crample s that ol a space
frame with all the supports relecased lor FXL FY or FZ,

11 Math precision

A math precision crror is caused when numerical instabililies
occur in the matrix inversson process Onc of the terms of the
cguilthrium equation takes the form 1/(1-A). where
A=k1/{k1+k2); ki and k2 being the sulfness coclficients ol two
adjacent members. When a very “stifl” member s adjacent 10 a
very “{lexible” member, vie . when kl>>k2 orkl«k2 =kl A=)
and hence., 1/i1-A) =1/0 Thus, huge varauons in suffnesses of
adjacent members are not permiticd.

Math precision errors are also caused when the units ol Tength
and force are not delined correctly for member lengtihs,
mcmber properiics. constants cie,

Users also have 1o ensurc that the model defined represents one
single siructure only. not twn or more scparate struciurcs For
example. 1n an effort to model an expansion pont, the user may
end up delining scparate structures within the same input hile
Muluple structurcs delined tn onc input file can lead to grossly
crroncous results.

1.18.2 Second Order Analysis

See

section 5,37

1.18.21

ee

STAAD offers the capability 1o perform second order stability
analyses Two methods are available - a simplified method called
P-Dclta Analysis and an ¢laboraie mcthod called Noa Lincar
Analysis. Both methods arc cxplaincd below.

P-Delta Analysis

Structures subjected 10 lateral loads often expertence secondary
farces due to the movement of the point of application of vertical
1s. This secondary ¢lfeet, commonly known as the P-Della

ppaponpoonounuEt
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effect. plays an important rote 1n the analysis of the structure In
STAAD. a unique proccdure has heen adopted to incorporale the
P-Dechia cffect 1nto the analysis. The procedure consists ol the
following steps:

19 First, the primary deflections are caleulated hased on the
pravided external loading.

1) Primary deflecuions are then combined with the ortginally
applied loading to create the secondary loadings The load
vector is then revised to include the secondary elfccts.

Nate that the lateral loading must he present concurrently with
the vertical laading for proper consideration af the P-Delta
cffect The REPEAT LOAD facihity €scc Section 5 32.11) has
heen created with this requirement in mind This facality
allows the user 1o comhbine previously deflined pnmary load
cases 10 create 3 new primary load case

11 A new stiffness analysis 15 carricd out based on the revised
load vector Lo gencrate new deflechions.

1) Element/Mcmber furces and support reactions arc calculated
based on the ncw deflecuuns,

1t may he noted that this procedure viclds very accurate results
with alt small displacement problems STAAD allows the user to
go through muluple ilerations of the P-Delta procedure of
necessary The user 15 atlowed 1o specily the number of ierations
hascd un the requircmenl.

The P-Delta analysis 1s recommended by the ACT code (1n Treu of
moment magnification methods) and the ALSC LRFD code for
calculation of more reahstic forces and moments

P-Delta effcets are calculated for frame members only They arc
not calculated for fimie clements or solid elements.
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1.18.2.2 Non Linear Analysis

Ser

tection § 17

STAAD also offers the capability 1o perform non-linear analysis
_based on geometric non-hinearty The non.linear analysis

. algorithm incorporates both geometric siiffness corrections and
secondary loadings.

Non linear analysis methodology is generally adopted For
structures subject to large displacements As large displaccments
generally result in significant movement of the puint of applicanon
of loads, consideration of secondary loadings beccomes an
important criteria In addition. geometric stiffness corrections are
apphed to take into consideration the modificd geomeiry, Since the
geometric suffness correctrons are based on generated
displacemenis, they arc different for different load cases, This
makes the non-lincar analysis option load dependent. The STAAD
non-lincar analysis algorithm consists of the following steps -

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

2} Sufflness corrections ate applicd on the memberfelement
stiffncss matrices based on obscrved disptacements. New
global siiffness malrix 15 assembled based on revised
memberfelement suffness matnices.

}) l.oad veclors arc revised Lo include the secondary effects duc
to primary displacements.

4) The new set of cquations are solved Lo generale new
displacements.

5} Element/Mcmber forces and support reactions are calculaled

from these new displacements.

6) The STAAD non-linear analysis algonthm allows the user to
_ o through multiple iteravons of the above procedure. The
number of iterations may be specified by the user based on the
requirement. [t may be noted, however, that muliiple iterations

pggppooooneapoont
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may increase the computer resource requirements and
cxccution lime substantially

Notc : The following points may be nuted with respect to the non-

lincar analysis facility -

I} Sincc the procedure is load dependent, the user 1s required Lo
usc the SET NL and CHANGE commands properly The SET
NL command must be provided to speeily the tora number of
primary load cascs The CHANGE command should be used to
reset the stiffness matrices

73 As the geometnc correclrons are bascd on displacements. all
Joads that are capable of producing stgmlicant displaccmenis
must be part of the fvad case(s) idennficd lor non-lincar

analysis.

1.18.3 Dynamic Analysis

Ser tections
3t
j 3210 534

Currently available dynamic analysis facthities 1aclude soluuon of
the free vibranon problem tergenprobhlem). respunse specirsm
inalvsis and forced vibration analysis.

Solution _of the Eigenproblem

The eigenproblem 15 solved for structure frequencies and made
shapes considering a jumped mass matnx, with masscs al all active
d 0.4, included. Two solution methods arc available' the
determinant search method. and the subspacc iteration method,
with solution selecuion based on problem size.

Mass Modelin

The natural frequencics and mode shapes ol a slr‘u::lurc are the
primary paramcicrs thal affect the response n[. a structure under
dynamic loading. The free vihration problem is solvvcd 1o exiracl
these values. Since no exiernal torcing function 18 ln}-olvcd. the
natural requencies and mode shapes are direct [unctions of the
<tiffness and mass distribution 1n the structure, Rcs—ul:s ol the
frequency and mode shape calculatiuns may vary sigmficantly



General Descnpiion

48 I Secnon |

Sre section
51210

-ce Seclions
$41.4and
j2.io2

depending upon the mass modeling. This vartation, 1o turn, alfcets
the responsc spectrum and forced vibration analysis results Thus,
exireme caution should be cxcrcised in mass modeling 10 a
dynamic analysis problem. Active masses should he modeled as
Toads. All masses that arc capable of moving should be modeled as
loads applied in al) possible directions of movemenlt. In responsc
spectrum analysis, as a bare mimimum, all masses that are capabic
of moving 1n the dirccuon of the sgecirum, must he provided as
loads acting in that dircction

Response Spectrum Analysis

This capabelity allows the user to analyse the structure for scismic
loading. For any supplicd responsc spectrum {enher acceleration
vs. period or displacement va. pertod), joint displacemenits
member [orces, and support reactions may be calcuiated Muodal
responscs may be combincd using either ihe square root ol the sum
ol squarcs {SR35) or the completc guadratic combinatian (CQC)
method 1o oblain the resultant responses. Resulls of the tesponse
spectirum analysis mav be combined with the results of the sianc
analysts 1o perform subsequent design. To account lor reversibhity
of seasmuc aclivity, load combinations can be created to include
erther the positive or negatrve contribution of scismic results

Response Time History Analysis

STAAD 1s cquipped wiih a facility o perform a response history

_analysis on a structure subjected 10 time varying forcing function

loads at the joints and/or a ground motion at its basc. This analysis
ts performed using the modal superpasition method Hence, all the
aclive masscs should be modeled as loads in order 1o facilitate
determination of the mode shapes and freguencics. Please refer 1o
the seclion above on "mass modeting" for additional informanon
on this topic. In the modc superposition analysis, 11 is assumed that
the structural response can be obtained from the "p™ lowest modcs.
The equilibrium cquations are writicn as

(mI{X) + [e){x) + (k}x) = (P} ()

S RERRRRRRRRE
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Using the transformation .

Y ={[, @ a

o P B

Equation | rcduces to "p” scparate uncoupled equations ol the
form

q,+25,m,9, +wiq, = R, (L}

where £1s the modai damping ratio and w \he natural
frequency for the ' mode.

These ate solved by the Wiison- 8 method which s an
unconditionally stable step by siep scheme. The ume sicp for the
responsc 15 chosen as 0.1 T where T s the pertod ol the highest
mode that 1s 10 he included 1n the response The g,s arc subslitzed
in equation 2 Lo abtain the displacements { <} at cach ume step

Time History Analysis for_a Structure Subjected
to_a_Harmonic Loading

A Harmonc loading is onc in which can be described using the

following cquatien
Fin=Fysintwi+d)

In the ahove cquation.

Ftt) = Value of the force at any instant of time 17
Fp = Pcak valuc of the Torce

w = Frequency of the forcing Tunclion

¢ = Phase Anglc

*

A plot of the above equalion 1s shown 1n the figure below
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1 Cycle

Definition_of _Input in STAAD for the Above
Forcing Function

As can be scen from us definition. a lorcing funclion is 3
conlinuous funciion. However. in STAAD, a sct of discrete nme-
force pairs 1s gencraled fram the forcing function and an analysis
1s preformed using these discrete trme-forcing pairs. Whan that
means 18 that based an the number of cycles that the user specifies
for the loading, STAAD will generale a table consisting of the
magmitudc of the force at various points of lime. The trme valucs
are chosen from this time "0° to n*ic 1n steps of "STEP” where n is
the numbcer of cycles and ¢ ts the duration of onc cycle STEP s a
value that the uscr may pravide or may choose the defaull value
that is butlt into the program. Users may refer 1o secuon § 31,4 of
this manual {or a list of input paramciers that nced to be specified

for a Time History Analysis on a siructure subjected 1o 2 Harmonic
loading.

The relationship between variabies that appear in the STAND

“tapul and thec corrcsponding terms in the equation shown abave 1s

cxplatned below.

Fo = AMPLITUDE
w =FREQUENCY
¢ = PHASE

1.19 Member End Forces

See

5 non 5. 41

Member end forces and momenis in the member result from loads
apphed 1o the structure. These forces arc in the local member

wippoogoopononnt!
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coordinate system Figure t 1B shows the member end actions

with their directions

Figure 1 IR -

1.19.1 Secondary Analysis

Ser sections
540, 5 41
5 42 und

K]

Solunion of the stiffness cquabions yield displaccmf_:ms and forces
at the joints or cnd ponts of the member STAAD is cquipped with
ihe following secondary analysis capabilities to obiain resulls at

,ntermodiate points within 2 member.

1} Mcmber lorces at intermediate scct.mns

1) Member disptacements al inlcrmc.dmc sections.
3) Member stresses at specificd seclions

4y Force envelopes.

The following seclions describe the sccondary analysis capabilitics

in detail.

1.19.2 Member Forces at Intermediate Se_ections

See sectiond
5 40 and
544

With the SECTION command. the user may choose any

' ced
iniermediale section of 2 member where forces and momenls n

\0 be calculated. These forces and moments may also be used in

design of the members, The maximom number ol seciions

. . at
specificd may nol exceed five, including onc al the start and one

i he
the end of a member. I[ no intermediale sections arc requested. t
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program will consider the start and end member lorees for design

However. of the scelions provided, they are the only ancs 10 he
consydered design

1.19.3 Mémber Displacements at Intermediate

See sections
542 and
452

Sections

h
Like forces, displacements of iptermediate sections of members
can be printed or ploticd. This command may aot be uscd Lor truss
or cable members.

1.19.4 Member Stresses at Specified Sections

See
sections
5.40 and
541

Mcmber sircsses can be printed at speerfied rmicrmedsate sections
as well as at the start and end joinis. These stresses include

2)  Axial siress, which is caleelated by dividing the axial lorce by
the cross sectional area,

b) Bending-y siress. which is calculated by dividing the mament
m tocal-y direction by the section modulus in the same
dircction,

¢) Bending-z siress, which is the same as above cxcepl an local-2
direction,

d) Shear stresses (in y and « dircctiuns), and

¢) Combined stress, which 1s the sum of anial, bending-v and
bending-z siresses.

All the stresses are calculated as the absolute valuc,

1.19.5 Force Envelopes

See secrion

43

Force envelopes of the member lorces FX (axial force}, FY (Shear-
y). and MZ {moment around local ¢-axis, ie. sirong axis) can be
printed [or any number of intermediate sections. The force values
include maxamum and minimum numbers represcating maximum
positive and maximum ncgative valucs. The foliowing is (he sign
convention for the maximum and mimimum valucs:

pRlogogoRoonORad
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FX A positive valuc 1s compression, and ncgative lension

FY A positive value is shear in the positive y-direction. and
negative in the negative y-dircetion,

F7 Samec as abave, cxcept in local 2-dircction.

~

M7 A gosiive momem will mean a moment causing tension at the
top of the member Converscly. 4 ncgative moment will cause
tension at the bottom of the member. The top of 2 member s
delined as the side towards positive local y-axs

MY Samc as abave, excepl dhout local 7 ans,

1.20 Muitiple Analyses

See secrion
518

Structural anatysisidesign may require multiple analyscs in the
same run. STAAD allows the user Lo change 1nput such as member
propertics. support condiizons cte. in aninpul file to facilitate
muluiple analyses 1n the same run. Results from different analyses
may be comhined lor design purposes.

For structures with hracing, it may he necessary to make certain
members inactive for a particular load case and subsequently ‘
activate them far another, STAAD prowvides an INACTIVE facility
for this type of analysis The INACTIVE opuon is Jiscussed 1n
deta) in the following paragraph.

Inactive Members

With the INACTIVE command. members can be made inactive
These inaclive members will not be copsidered in the stiflness
analysts or in any printout. The members r'nadc- wactive hy the
INACTIVE command arec made active again with the C.HANGE
command. This can be useful in an analysis whcrc_l:nslon-only
bracing is desired, so a set of members should be inactyve for
certain load cases. This can be accomplished by.

a) making the desired members inactives
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b) providing the relevant load cases lor which the members arc
inactive,

¢) performang the analysis;

Jd) wusing the CHANGE command 10 make all the inactive

© members active;

¢) and making the other set af members inaciive and providing
the proper load cases for which the members are meant to be
inactive. performing the analyss’s and repeanng the procedurc
as nccessary

1.21 Steel/Concrete/Timber Design

See sections
L dand 4

Exicnsive destgn capahilines are avinlable in STAAD tor sicel.
concrete and umber sections Detailed infurmation on steel.

concrele and timber design is presented 1n Secuons 2, 3 and 4
respectively

1.22 Footing Design

e

ection 5.52

A fgoting design factlny capable of designing individual fooungs
lTor user specificd supportis) is available. Al active [oad cascs are
checked and design is performed for the support reactiontst which
requires the maximum fooung size Parameters are avarlable o
control the design. Quiput includes footing Jimensions and
reinforcemcent delaals. Dowel bars and development lengths are
also calculated and included in the design output. Detarled
descniption and command specificationfs) (or fonting design s
available in scction 5 52 uf this manual.

.23 Printing Facilities

All input data and outpul may he printed using PRINT commands
available in STAAD. The input is normally echoed back in the
output. This is important {rom a documentation poini of view
However. il required, the echo can be switched off

ppogoaeeeunnnnng
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ovided in almost all PRINT

i i cili arc pr
= ytensive histing facilities
o lcct joints or members {clemenis)

commands 1o altow the user (o s
for which values are requircd.

1.24 Plotting Facilities

Two types of ploting facilities are available in STAAD. The first
type allows the uscr 1o view structure geometry. defected shape,
bending moment/shear force diagrams. siress contours cic. using

or ¢ c Lies (hike deflected
Ser sections the Past Processing module. For certaim L;E:;l: :-Ilc ke e
529, und shape. bending moment diagrams clc.) a o :D
S35 relevant 1afo must first he created through AD.

1n additon 1o the graphics capahilives of the Post Prnccsyngl -
modyle. 2 wide range of PRINTER PLOT options are available 1;
STAAD These capabilines may be utilized 1o gencraic PRINTE
PLOTS of siructure geometry. deflected shapes. bending moment
diagrams cte as part ol the cqulpul.

1.25 Miscellaneous Facilities

STAAD offers the following imscellancous facilities for problem
e

solution.

Perform Rotation

icd. this command can be used

etry has been specil :
- A art h any desired angle aboul any

’ 547 he structure shape throug
fechion < 1o rotatc t |
global amis The rotated configuration cao be used for further

analysis and design.
Substitute
Jotnt and member numbers may be redefined in STAAD lhroug}t:
S
See the use of the SUBSTITUTE command. After a new sct of number

d. input and oulpul valucs will be 1o accordance with

45 ignc .
e e allows the user 10 speeily

the new numbering scheme. This facility
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numbering schemes that will result 1n simple input specification as
well as casy inierpretanion of daia.

i i
Calculation of Center of Gravity American Steel Des gn

STAAD 1s capable ol calculating the center of gravity ol the

dee tection structure. The PRINT CG command may be utilized for this

3 4 . 4
purpose. Section ,
Print_Problem Statistics
The user may 1ake advantage of this lfaclity (o revicw analysis

See related characteristics {s1z¢ of the stiffness matri, disk slorage 21 Design Operations

teciton § 36 reguirement cle.) of the prohlem helore actvally runming the job
Th tien s especially uscful for the estimation ' . .

s aptionas espeaially uscful for the estimation of storage STAAD contarns a broad set of facihities for desigaing structural
requirements before running a large problem which may require h
members as individual compancnts of an analyzed struciure The
large amaunts of slorage, . .
. member design lacilities provide the user with the ability to carry
Input_Memor out a number of ditfcrent design operations. Thesc facrhncshmay
he used sclectively in accordance with the requirements of the
See techion This optton may be used for problems runming un the PC requiring design problem. The operations te perform 2 design are:
5552 a large amount of memury. It should be remembered thar the use of

this option may resuliin slow program cxccunion, Specily the members and the load cases (o he considered 1n the

design.
126 POSt PfOCESSlng FaC“Itles Specify whether to perform code checking or member

sclection
All output from the STAAD run may be uulised lor further

processing cither by other modules or external programs. Files
conlaining relevant information must be created through STAAD
for this purpose. The following opuions are available.

Specifly design parameter values, if different {rom the default
values.

These operalions may be repeated by the user any number of times
" Save/Restore depending upon the design rcquircmcn?.
See sections © The save/restore fealures cnable the user (o save all the data and | Desi he pesformed based on the following codes:
i per :
5.54 and results associated with a prablem and reactivate (restore) the Steel Design may i
3.5% problem and resume processing at a later lime. AISC-ASD, AISC-LRFD and AASHTO. A bricl descripuion of

cach is presented in the following pages.

Currently STAAD supports sicel design of wid age, S. M, HP
shapes. angle, double angle, channel, double ¢ ;. beams with
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=

=

=
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cover plate. compusite beams and tode checking of prismaye
properucs.

2.2 Member Properties

For specification of member properties of viandard Amenican steel
scetions, the steel sectyon library’availabic 1n STAAD may he

used The symax lor specilying the names of burlt-in steef shapes
is described 1n the next seclion

2.2.1 Built-in Steel Section Library

The foltowing sccrrans describe spectficanon of steel seetions
from 1he AISC (Sh Edinon, 1989) Stee| Tahics

"AISC Steel Table

Almosi all AISC steel shapes are avalabie for nput Following are
the descripuons of 21) the types of sections avajlable:

Wide Flanges (W shapes)

All wide flange sections as lisied 1in AISC/LRFD-RY are availahle
the way they are written, c.g2 WINX49, W2{X50. e,

20 TO 30 TA ST W10X49
3336 TA ST wisXss

C. MC, S, M, HP Shapes

The above shapes are avajlable as listed in AISC {Nh Edigony
without decimal points. Far example, CBX11.5 wiil be 1npul as
"C8X11 and $I15X42.9 wil be input as S15X42, omiiing the
decimal werghts, (Exception: MC6X 151 for MC6X15.1 and
MC6X153 for MC6X15.1))

pfoonaaonannne

Section 2 _‘ B

10 TO 20 BY 2 TA 5T C15X40
12TA ST MC8X20

Double Channels

Back 10 hack double channels, with or without spacing hcuw:t:n.Il
them. arc available. The letter D in fronl ol the secuon fmmc wi

specily a double chaancl,

2122 24 TA D MC9X25
55 TOG0 TAD Caxta

Angles |
Angle specifications 1n STAAD arc diffcrent {rom those wn the
AISC manual. The lollowing example illustrates angle

specificalions

L 40 356 = L 4x3-12x3/8
Angle symbol-j

10 timas Ieng.ih
of one leg in inch

Thickness in 1/16th
inch

10 times Ienlgth of
other leg in inch

Similarly, L505010 =L 5x 5 x 5/8 and L904016 =L 9 x4 1 |

Al present, there are iwo ways 10 define the local y and z-axcs for
an angle section. To make the transition from the' AISC Manual 10
the program data easy, the standard section for an angle s

specified:

.61 52 53 TA ST L40358

This specification has the local £-axis {i.c.. the minor axs)
corresponding to the Z-Z axis specificd 1n the slcel tables. Many
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hon used by some other

_ ¥Y-axis 15 the minor x4 ST,
provides for (h)e conveniion by accepling the command- P

Section 2 ‘ :

Pipe scctions listed in the AISC manual can be specified as

follows.

5 TO 1¢ TA ST PIPX20

54555
6 TA RA L403ss (RA denotes reverse angla)

PIP X 20 denoles exira strong pipe of 2
in.dia

Pipe symbu’—‘_,_' T—w X Dia. in inches

specily only portion before
decimal point

Double_Angles

pgoon

]
a
5
-
)
-
5]
w
=
a
n
<
e
<
3
=)
=]
Fl

qual angle enher LD or SD will St th
rength spe

serve the purpose,
(S = Standard, X = Extra-strong, D = Double exira-strong)

il

14To20TA X
LD L35304 SP 0.5 Long leg back to back Tubes

L.’.I-ll2x3x1'ld wilh 0.5

L
pace Tubes from the AISC tables can he specified as follows

2327 TA SD 1904012
Short lag back 1o back § TO 10 TA ST TUB120808

L9x4x3/4

TUB 120 80 8
e g

ees .
Tees ar i : Tube Symbol ——r Thickness in 1/18th in.
Avse mca:m I|ni.‘!ul Il}y their actual names. ¢ they are disted in the

ual. but instcad Height x 10 (in.) Width x 10 (in.)

by dcsngnnllng the beam shapes « W ing

3) from whch they are cut. For ciampie

Tubces. bike pipes, can be input by their dimensions iHeight, Widih

and Thickness) as follows,

.

1258TAT WBX24 loa cut from WaX24 when WT4X12 ’

8 TA ST TUBE DT 8.0 WTG.0TH 0.5
is a tube that has a haight of 8, a width of 6, and a wall

thickness of 0.5. )

Pipes

Two types of specifications can be used for pipe

. : sections.
general pipes may be input by their ouicr and inn .

et diameters For
Member Selection cannot be performed on Lubes specsfied in the

latter way Only code checking can be performed on these

seclions.

| with 0.0. of 2.0. 4
= b ~,and ).D.lof 1.875 ing

current input unils. a8

Welded Plate Girders

Welded plate girders from the AISC manual mav be specificd as

follows.
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: 1
Buwilt-up section symbol Thicknass ofi flange in

inches X 10 {Only use
portion belore decimal
A\ point}

—— Nominal flange Width
{inches)

Nominal Depth in inches—

Exampic .
I TO 10 TA ST B61201T
1516 TA ST B6E2210

2.3 Allowables per AISC Code

For sicel design, STAAD compares the actual siresses with the
atlawable stresses as defined by the Amencan {nsutute of Sicel
Construction (AISC) Codc. The ninth cdition of the AISC Cude, as
published in 1989, is uscd as lhc?nsus ol this design (except lor
lension siress). Because of the sife and complexity ol the ALSC
codes, 11 would not be practical 1o describe every aspect of the
sicel design sn thas manual. Instcad. a bricf descriptioa of some of
the major allowable sircsses arc descnibed heren,

2.3.1 Tension Stress

Allowable wensile siress on the nel sectivn s calculated as 0 60 Fy.

2 1.2 Shear Stress
Allowable shcar stress on the gross scclion,
F,= 0.4F,
For shear on the web, the gross section is taken as the product of

the 10tal depth and the web thickness. For shear on the flanges, the
gross section is taken as 2/3 times the woal flange arcas.

| =]

gppeggguonid

H
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2.3.3 Stress Due To Compression

Allowable campressive siress on the gross seclion of axiaily
joaded compression members is caleulatcd based on the formuia E-
1 in the AISC Code, when the largest effective slenderness ratio
{Kl/r) is less than C.. 1f Kl exceeds C.. allowable compressive
stress 1s decreased as per lormula 1E2-2 of the Code.

c, =J3n:E F,

2.3.4 Bending Stress

Allowable bending stress for tension and compression fora
symmetncal member ivaded 1n the plane of 1ts minor :x1s, as given
in Sceuon 1 5.1 3 is:

Fy = 0.66F,
If mecung the requirements of this scction of:

al by /s less than of cqual to 65/

h) b /tg s less than or cqual 1o 190/

¢1 /i s less than or cqual 10 640(1 SREIIN IF,)}IF when (f, IF,)
< 0 16, or than 25747 2T (1 /F ) >0 16

d) The lateratly unsuppuried Jength shall not exceed 76.0bg /F,
{excepl for pipes or lubes), nor 20.0001’((1F!r fA¢)

¢) The diameter-thickncss ratio of pipes shall not exceed 3300/F,

If for these symmetrical members. by 121 exceeds 65/1 . but is less
than 95/, F,=F,(0.79-0 002(bg /2tp) )

For other symmetrical members which do not meet the above, Fy is
calculated as the larger value compulcd as per AISC formulas Fl-6
or F1-7 and F1.8 as applicable. but not more than 0.60F, An

snstiffened member subject to axial compression of compression
due 1a bending is considered fully cffective when the width-
thickness raiio 1s not grealer than the following:
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76.0/ 7. for single angles or double angics with separators, }

95 0/, Tor double angles 1 comact,
F27 157, Tor siems of 1ees,

When the aciual width-thickness ranoe cxceeds these values, (he
allowabie stress 1s governed by BS of the AISC code

Tension and compression lor the daubly symmeine (1 & H)
scctions with by /20, less than 65/ and bent about thewr minur
s, By = 0.75F 10 by 724 exceeds 65/, but 1s less than 9515,
Fy = F,(1 075.0 005(b, 12ty

Far wbes, meenng the subparagraphs b and ¢ o1 this Scction. bent
abuout the minor s, Fp=0060F . failing the subparagraphs b and
< but a widih-thickness ratio ess than 138/ K =0.6F,

2.3.5 Combined Compression and Bending

Mcmbers subjected 1o hoth axial compression and bending siressey
are proportioned to satisfy AISC formuda H1-| and HI-2 when

I,/F, 1s greater than 015, otherwise tormula H1-3 5 ased Iy

should be noted that during cod checking or member selection, of
T./F, excecds unuy, the program does not compute the sccond and

third part ol the formula HI-1, because 1his wauld result in 4

mislcadingly liberal ranio, The value of the coelTicican Cp 13 1aken

a3 0.85 for sidesway and 0.6 - 0 4 {M1/M2), but not iess than 0.4
for no sidesway.

=
=
=
C="
s
=3
=
-
a3
-3
ain

2.3.6 Singly Symmetric Sections

For double angies and Tees which have only one axis of symmeiry,
the KL/r ratio about the focal Y-Y axis is determined using the
vlauses specified on page 3-53 ol the AISC Manual.

2.3.7 Torsion per Publication T114

The AISC 89 cade of specifications for steel design currently does
not have any provisions specifically meant fur design of sections
lor Torsion However, AISC has published a separate document
calted "Torsional Analysis ol Steel Members™ which provides
gurdehincs on transtorming torsional moments into aormal sircsses
;nd shear siresses which can then be incorporated into the
tnteraction cquations expiained 1o Chapier H of [ltlc AISC B9 cade.
The guidelines of the publication have now been incorporaled inio
the AISC-89 sicel design modules of STAAD,

To consider siresses duc to torsion in the code checking or member
sclecnon procedure. specily the parameter TORSION with a value
uf 1 0. Sce Table 2.1 [or more detatls

Methodology

Il the user were to request design for torsion, the torsional
properiscs required {or calculating the warping norinal slrcsse?_ ,
warping shear stresses and pure shear stresses are first delcrmm:d.
These depend of the "boundary™ conditions that pr_cvanl alulhc c'r: s
af the mcmber. These boundary conditions are defined as Ifrcc .
“Pinned” or “Fixed” They are explasned below:

Free : “Free” represents the boundary tondition such as that w‘hu:h
cxists at the free end of a cantilever beam. It means that there is no
ather member connecied 1o the heam at that point,

Pinned : “Pinned” r;:prcscms the condition that corresponds 10
cither a pinned supporl defined at the joint through the Support
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amand or a release of any of the moments at the Joing through a
Member Release specificanon.

Fixed : “Fixed" represents the condition where a fixed supporn
c?lisls at the joint. In 1he absence of a support a1 that joint. n
fepresents a conditiun where a riged Irame conncction caists
between the given member and at feast one other member
connccied 10 that joint. Also, no member releases should be
present at thal jownt on the given member.

Afu?r Ihe boundary conditiuns are detcrmined. the normal and
shear stresses are determined. The guidelines specificd 10 the
publicavon Tt 14 for concentrated torsional maments acting at the
ends of the member arc uscd 1o determine these suresscs,

The normal siresses are added to the axial stresses caused hy axial
load. These are then substitated 1o the interachion equations n
Chapter H of the AISC 89 code for deiermiming the ratio. The
plane shear and warping shear siresses are added 1o the shear
siresses causcs by actual shear forces and compared againsi the
allowablc shear stresses on the cross section,

Restrictions

This faciliny s currently availablie 1or Wide Flange shapes {W. M &
$). Channcls. Tce shapes, Pipes and Tubes 11 1s not available tor
Single Anglcs. Double Angles, members with the PRISMATIC
Property specificalion, Composite seclions {Wide Flanges with
concrete slabs or plates on 10p), or Double Channels. Alsuo. the
siresses are calculated based on the rules far concentrated

lorsional moments acting at the ends of the member,

Higopooooona
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2.3.8 Design of Web Tapered Sections

Appendix F ol AISC-89 provides specilications for design of Web-
Tapered members. These specifications have been incorporated
mte STAAD 1o perform code checking on web 1apered wide flange
shapes Pleasc note that member sclection cannot be performed on
web-tapered members,

2.4 Design Parameters

dee Table
2 und
Section

RN P

The program caomains a large number of paramcter names which
are nceded 1o perform designing and code checking. These
parametcr names, with their deiault values, are hsted in Table 2.4
These paramcters commumcaie design decisions from the cngineer

te the program.

The defaubt parameter values have been sclecied such that they are
Ircquenily uscd numbers for conventional design. Depending an
the parucular design requirements of an analysis, some or all of
these paramcter valucs may have 1o be changed 10 exactly model
the physical siructure. For examplc, by deiault the KZ 1k value in
local 7-ans) value ol 2 member ts set 1o | 0. while in the real
siructure 1t may be L.5. In that case, the KZ vaiue 1n the program
can be changed 1o 1.5, as shown in the inpul Insiructions (Sechion
6. Simalarly, the TRACK value of a member is set to 0.0, which
mcans no atlowable siresscs of the member wil] be printed. If the
allowabie stresscs are (o be printed, the TRACK value must be sel

w 1.0,

Nole that parameter names PROFILE, DMAX and DMIN are only
uscd for member selecnion, ‘
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2.5 Code Checking

The purpose of code checking is 1o check whether (he provided

scclion properues of the members are adequaic. The adeguacy 1y
vhecked as per AISC-#Y Code checking 1s done using the lurces
and moments at specificd sections mt the members. I ny sections

are specificd. the program yses the Start and ¢nd forces tor cade
checking

Wlien code checking is selected. the program calculates and prings
whether the members have passed the code or have failed. the
¢cnitical condition of the AISC code (like any of the AISC
specifications or tompression. tension, shear. cie_j: the value of
the rano of the crincat conditivn (aversiressed for 3 value more
than 1.0 or any ather specified RATIO value): the goverming load
tase, and the lecation distance from the start of the member) uf
farces in the member where the cnitical condinon occurs

Cuode checking can be donc with any type of sieel secnion listed 1n
Seetion 2 2 of this manual

2.6 Member Selection

e

rection

7.3

STAAD is capable of perfurming design operalions on specitied
members. Once an analysis has been pecformed. 1he program can
select the most economical section, i.c. the lightest secnion, which
fulfills the code requirements for the specificd member. The
section selected will be of (he Same lype section as originally
designated for the member betng designed. A wide Nange will be
sclecled 1o replace a wide Mange, etc . Several parameters are
available 10 guide this selection. If the PROFILE parameter o5
Provided, the search for (he lightest sectian is resiricled to that
profile. Up 10 three (3) profiles may be provided for any member
with a section being selected from ¢ach one. Member selection can
alsa be constrained by the parameters DMAX and DMIN which
limtt the maximum ang minimum depih of the members, Noie thas

===
w=
B3
=
. |
=
R
=
B-u
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=3
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+f the PROFILE parametier 1s provided for specified mcmbcrs:
DMAX or DMIN parameters will be ignored by the program in
selecuing these members.

Member scicction can be performed with all ihe types of steel
;ccuuns listed 1n Section 2.2 oi this manual. Note that for beams

¢ nt
with cover plates. the sizes of the cover plate are kepl consta
while the beam scction 1s ierated.

i i i ma
Sclechion of members, whose properties are originally mpullfro
¢ .
uscr created able. will be limuied to sections in the user tabie.

ion
Member selecion can not be performed on members whose sect

) properucs arc inpul as prismaiie,

2.6.1 Member Selection by Optimization

See Secnion
4T

Steel table properuies of an entire siructure can be optimized lhy
STAAD. This upumizanien method invoives a mm:-of-lht:-armr
techmique which requires automatic mulliple analyses. The u' ]
can start with no properuies for the members but prowde\‘l:ZLyp
of profile-spec they have (e.g. BEAM, COLUMN, QHA. ;bc“. e
ANGLE ctc. Refer 10 Secuton 2.7 5). The su.cs ol the mem e
vptimized by the suffness they arc coAnl.rlbullng and the amu:nr::lm
loads they arc receiving Based on this, a balar?ccd S12C 1S scl-e -
tor each member. This method requires exicnsive compuler tim
and hence should be used with caution,

2.6.2 Deflection Check With Steel Design

Thas facility allows the user to consider deflection as a crilc;l:;n
the CODE CHECK and MEMBER SELECTION processes. "
defection check may be conirolled using thr_cc ?uamel—crs wdlnlcmn
are described in Table 2 |. Note that deflection is used in ad :l. "
10 uther strength and siabeluy relaied critena. The local deflectio
calcuiation 1s bascd on the latest analysis results.
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Table 2.1 - AISC Parameters Cont
2.7 Truss Members Parameter Defaulit Description

Name Value

As menioned carlier. a truss member 1s capable ol carrying only EYLD 16 KSI Yieid strength of steel in cument unis.

. i F ralcul he
axial forces Sc:‘ in design no me 1s wasled calculanng the NGF 1o Net section lactor Tor tonaom mambars.
allowable bending or shear siresses, thus reducing design ume
-considerably Therelore, if there 1s any truss member in an UNT Member Langth Unsupported length of the top flange for

calculating allowable bending compressive
stress. Will be used only if flexural
comprassion is on the top Range.

analysis {hike bracing or sirut, ¢tc ), 11 1s wise to declare at s a
truss membher rather than as 4 regulds trame member with hoth
ends pinned.

[
@

uUNB Memper Length Unsupparted lengih of the bottom {lange
for caicutabng ailowable bending
compressive stress. Whli be used only
Hexural compression 18 on the bottom
flange

2.8 Unsymmetric Sections

|0
o8]
o

Cb value as used in secton 1 5 of AISC.
0 0 = Cb value to be caiculated. Any other
value will mean the value 1o be used in

For unsymmectric sccuions (like angle, doubic anglc and tcc),
STAAD cansiders the smaller secuon modulus for checking

ppoogaguuidaid

against bending For some cases. this approach may produce design.
shightly conservative resulls. SSY 00 0 0 =Sidesway n local y-ans
1 0 =No sidesway

Appendix C of the AISC code has been implemented for siress 552 oa Same as above except n local z-axs.

reduction of unstiffened compression clemems. in addiunn, the CMY 0 85 for sidesway" Cm value in local y & Z axes

AISC specificanion for SINGLE ANGLE dJesign has been tully cM and cakulated

implemenicd tncluding tateral torsional buckling ctfecty for no sidesway

MAIN 040 0.0 =check for siendemess
.dble 2.1 - AISC Parameters ! 0 =suppress siendemess check
STIFF Member length Spacing of sttteners tor plate girder design
I rameter Default Des,cripﬁon PUNCH Sea sect. 2.10 Parameter lor punching shear
M_me Vaiue THACK 0.0 0.0 = Suppress crical membaer stresses
1.0 =Pnnt all crical member strasses
KY t0 K value in local y-axs. Usually, this 15 2.0 =Pnnt expanded output
_ minor axg. (see Frgure2.1)
K 1.0 K vatue in local 2-axis. Usually, this i DMAX 45 in. Maximum aitdwable depth.
major axs, _—
MIN 0.cm. Mimmum alkowable depth.
L Member Length Length in local y-axis 10 calculate om bl
slendemess rabo. RATIO 10 Perrmissibie rato of the actual to allowable

— stresses.

L Member Length Same as above except in z-axs (major).
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Table 2.1 - AISC Parameters Cont

Description

Woeid type, as explained in section 2.11_ A
value of 1 will mean welding 1S on one sxle
only excepl for wde-Hanga or tee sections
where the web 1s always assumed 0 be '
welded on both sides. A vatue of 2 will
mean welding on both sides For closed
secnons hke pipe or ube, the welaing waill
be on gne side only,

0 C = design only for ena momenis or 1hose
at iocabons specihed by the
SECTION command

1 0 =calkcuiate momants at twerith points
along tha beam, and use the
maximum, Mz location for gesign.

Mimimum welging thickness.

Allowable welding stress.

"Defiection Length” / Maxm ail
oneho lowable local

Jowrt ll:: der:oung starting point for
caiculation ol “Detlection Langth’
o gih' (See

Jm_m Na. denoting end pomnt for calculation
of “Deflection Length” {See Note 1)

No torsion check parformed.
Perlomm torsion check based cn
rules of AISC T114,

00
10

Parameter Default
Name Value
WELD 1 lor closed sections
2 for open sections
BEAM 00
WMIN 1116 inch
WSTR 04 xFYLD
QFF None
{Mandatory lor deflecton
check)
pNL] Start Joint
of member
w2 £nd Joint of member
TQRSICN 00
.APER 1.0

0.0 = Design tapered |-sechon based on
futes of Chapter F and Appendix B
only Do not usa tha rules of
Appenchx F.

1.0 = Design tapared I-sectons based on
rules of Appenchx F of AISC-89.

In the case of no sidesway, which means the member is restraned al both ends, the

m value is computed based on the formula in Section |.6.1 of the AISC code

feootgoogooanunt
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NOTE:

1}

~DefMection Length™ 1s defined as the length that 1s used for
calculation of local deflections within a member. It may be
nated that for most cases the " Dellection Length® will be equal
(o the length of the member. However, in some siluauons, the
“Deflection Length” may be differcnt. For example, refer lo
the ligure below where a beam has been modceled using four
joints and three members Noitc that the “Deflecuon Length”
for all three members will be equal to the wial lengih of the
beam in this case. The paramelers DI1 and DJ2 should be used
(o model this situation, Also Lhe strarght line joning DI and
]2 is used as the reference line {rom which local deflections
are measured, Thus, for all three members here, DI should be

“1* and DI? should be "4".
PARAMETERS

DFF 300. ALL
DJi 1 ALL

EXAMPLE :

DJ2 4 ALL

D = Mammurm iocal deflecton lor membars

12and)

2) If DJi and DI2 are noi used, "Detlection Length” will default

{6 the member length and lacal delections will be measured
from ornginal member hine. ‘

3} It 1s important 1o nate that unless a DFF value 15 specified.
STAAD wiil not perform a deflection check, This s in
sccordance with the fact that there 15 no default vatue for DFF
tsec Table 2.1).

1) A cniucal difference cxists between the paramclcr'UNL and
the parameters LY & LZ. UNL rcpresenis the laterally
unsupported length of the compression Mange. It is defined in
Chapter F, page 5-47 of the specificaions in the AISC 1989
ASD manual as the distance between vross sections braced
against twist of lateral displacement of the compression
flange. UNL is used lo caleulate the allowable compressive
stress (FCZ and FCY) for behavior a3 a beam. LY and LZ on

the other hand are the unbraced lengths for bchavior as 2
column and arc used o calculate the KL/r ratios and the
allowable axial compressive stress FA.
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SSY and CMY arc 2 paramciers which are based upon 2 values
defined in page 5-55. Chapter H ot the AISC 9th cd. manual.
SSY s a variablc which allows the user 1o define whether or
nol the member 1s subject to sidesway in the focal Y direciion.
CMY is a vanable used lor defining the capresiton called Cm
in the AISC manual. When SSY s sct 1o ) (which is the
defaull value), 1t means that the member 1s subject 1o videsway
in the local ¥ duirection. When SSY s serto 1 0, i means tha
the member 1s not subject 1o videsway 1n the focal Y dircction.
The only effect that S5Y has is that it ¢causcs the program (o

. calculate the appropriate value of CMY 1f SSY s set 1o () and

« CMY 1s not provided, STAAD will caleulate CMY as D 85 I
§SY is sct 101 and CMY 1s not provided. STAAD will
calculaic CMY [rom the cquatton on page 5-53. However, of
the uscr provades CMY, the program will use that value and

not caleulate CMY a1 all, regardless of what the user delines
SS5Y to0 be,

.9 Plate Girders

Plaie girders may be designed according to Chapter G of the AISC
specifications. The gencralized ISECTION specification capabiliy
available in the User Tahlc facility may be used (o spect(y the
plaie girder sections. The AISC welded plate girder shapesipages
2-230 and 2-231 - AISC 9th Edition) are avaiiable n the Sicel
Secnhion library of the program. Both CODE CHECKING &
MEMBER SELECTION may be performed when sections arc
specified {rom a standard AISC plaie girder section Lable or
through the generalized ISECTION facility. Parametcr STIFF (sce
Table 2.1) may be used 10 specily stiffener spacing so that the
right allowable shear siress may be calculated. The program
automatically calculates the flange siresses according 1o the
requirements of section G2.

4

o=

“.

i

[ fiant

2.10 Punching Shear Check

For tbular members, punching shear may be c‘hecke(_l a;;:;:::::o

rican Petroleum Instilc (AP} spccnﬁc;u_lons. ‘
lhc:g;: may be uscd 10 identil[v members for which punchi;ng
:lnjcar cheek is required. This parameler should also t.u: uls;:hi:nrc'r
specify jmint type and geometry Referio the following

.
the valuc of parameter 1o Table 2.1.

Req. Value of

Parameiet PUNCH

Type of Joinl

and Geometry
10
K toverlap) o
Tav 0
10
CROSS (widiaphragms) 0

CRQOSS 1wio diaphragms)

Secuion 2 I T
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Section 2

Section 2 I ™
Note: h) LOCATION specifics the actual distance from the start of the

t) A valuc represcniing joint type & geometry must he member to the section where dcsign lorces govera.

provided for parameter PUNCH
) For derailed descripuon ol jont type & geomelry, reler 1o

i) Il the parameter TRACK is se1 o 1.0, the program will block
AP! code (Section 2 5. 5)

out part of the table and will print the allawable bending
sLrcsscs in COMPressiun (FCY & FCZ) and tension (FTY &
FT2). alluwabic axtal stress ip compression (FA). and
silowable shear stress (FV). all 1n kips per squarc 1nch.. In
addiion, member length, area, section maoduly, governing KL/t

ratio and CB are also printed.

2.11 Tabulated Results of Steel Design

For code checking or member selcction, the program produces the
rcsljlls 1n 3 1abulated tashion. The items in the vutput table are

cxplaincd as fullows: jy  In the vutput for TRACK 2.0, the iicms Fry and Fez arc as

follows:
2) MEMBLER refers te the member number for which the Jesign
is performed. 12n'E
Fey 2 —————T
XKLL, /)
b} TABLE refers 10 the AISC stcel section name which hus been
checked against the steel code or has been selected o E
fer = - T
<) RESULT primis whether the member has PASSed or Falled UKL, /)

[f the RESULT 15 FALL, there will be an asterisk £°) mark 1o
front of the member number

d) CRITICAL COND refers to the sccnion of the AISC code
which governed the design.

¢} RATIO prints the ratio of the actual suresses 10 allowahle
stresses for the cniucal condition Normally a valuc or 1 0 or
less will mean the member has passed.

) LOADING provides the load case number which governed the
design.

g) FX, MY and MZ provide the axial force. moment in local y-
axis and moment in local z-axis respectively. Although
STAAD does consider all the member forces and moments o
perform design, only FX MY and MZ are printed since they
are the ones which are of interest, in most cascs

HipgooronnnmnNAY
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Since the thickness of a weld is very small in comparison Lo its
length, 1he properties of the weld can be calculaed as line

TUp- 111 ROWED JLTHR - (40
—————ptr— ———

— I' gt member. Therefore, the cross-scctional area (AZ) of the weld will
oy ! I o w actually be the length of the weld. Similarly, the unis for the
s cone | m o i S scction moduli {SY and SZ) will be length-squarcd and for the
wom | 2. an polar moments of inertia (JW) will be length-cubed. The following

I M table shows the different available weld lines, their type and theie

Avarmn coordinale axes.
mnr En e al (LRI )
sigi| ¢ .l -
L - at L1 :g , e ANGLE WAOE FLANGE TEE CrsaseeEl PP TUBE

W o e -

e i e B

1533234
“hAa22E
3
De S e T AYCE m
LisEsSsRELL%

ESwon

MEEAYTY "2 teiort Iy
LILE N N in

g FUNL NN WY (RIF LITH

S O el [l (el
£ |- &

-ing Map ¢ NS . RFENT r RADR

(R ] [N ]
LX) L]
* Actual stresses. calculated from the member forces. can he

specified by three names. based on their dircenions.
H MR Rswear S0P TIT

LTINS 1 LN D% Horizonwal Stress - as produccd by the local «-shear force and

f n L] LOCA1 A lorsional moment.
[} M- 1) 19 I
A 19 ‘e a4 19 Vertical Stress - 4s produced by the axial y-shear force and

torsional moment.

Darect Siress - as produced by the axial force and bending
Frgure 24 moments in Lthe local y and ¢ direchions.

The Combincd Siress is calculaled by 1he square root of the
summation of \he squarcs of the above three principal stresses.

212 Weld Design

STAAD is able 10 sclect weld thickness for connections and
tabulatc the various sircsses. The weld design s limited to the
members having properiies lrom wide [Tange, e, siagle angle,
single channel, pipe and wbe section tabtes only. The parameiers
WELD, WMIN and WSTR (as cxplained in Table 2.1) govern the
weld design

Following are Lhe equations:

§S  Section

5 75 Forces

MX = Torsional moment
MY = Bending in local y-axis

freooageauoiina
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MZ = Bending 10 local z-axis
EX = Axal force

VY = Shear in local y-anis
¥Z = Shcar in local £-ans

Propertics of Weld

»
AX = Arca of the weld as 1he hine member
$Y = Section moedulus sround local y-axs
§Z = Scction modulus around focal z-axis
I.E = Polar moment ol 1nertia
CH = Distance of the exireme fiber for horizontal (local 7)
forces
CY = Distance of the cxtreme tiber for vernical (local y)y forces

Siress Equations:

v CHx M)
Horizontal siress. Fh= _.E‘. __x}_

AX W

VY CVxMX
—_—_——
AX JW

Vertical stress, Fv =

X MZ MY
Ditect siress, Fd = — 12 o ——
AX 82 SY

* Nole that the moments MY and MZ arc 18ken at the absolule valucs.
which may result 10 some conscrvative 1esulty for asymmeincsl vections
like angle, 1ee and channel

Combined lorce F, ., =

F.
Weld thicknesy = —wmb
F

"

where F, = Allowable weld stress, defauli value is 0.4 FYLD
(Table 2.1).

Tonouneguuequauigy
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The thickness t1s rounded up 1o the nearest 1/16th oi an inch and
all the stresses arce recalcolated. The (abulaied oulput prints the
latter stresses 1§ the parameter TRACK 15 set 1o 1.0, the autput
will tnclude the weld praperties. Nuie that the program does not
calculate the mmimum weld thickness as needed by some codes,
but checks unly against the mimimum thickness as provided by the
uscr (of /16th inch if not provided),

When the TRUSS qualifier is used with SELECT WELD
command. the program will design the welds required lor truss
angle and doubic angle members that are avtached to gusset plates.
The program reports the number ol welds (two Tor single angles,
{our for double angles), and the length required for cach weld. The
thickness of the weld is 1aken as 1/4 inch (b mm) for members up
1o 1/4 tnch (6 mm} thack, and /16 inch {1 5 mm) less than the
angle thickness for members greater than /4 inch (6 mm) thick.
Minimum weld length is 1aken as four 1imes weld thickness.

SV

;

2 -

Figure 2.2 Weld denen jor SELECT WELD TRUSS

2.13 Steel Design per AASHTO Specifications

2.13.1 General Comments

This section presents some general statéments regarding the
implementations of Amencan Association of Stawe Highway and
Transportaion Officials (AASHTO) specifications for structural
steel design in STAAD. The design philosophy ard procedural
logistics for member seleclion and code checking is based upon the
principles of allowable siress design. Two major ladure modes are
recogmzed: failure by overstressing and failure by stability
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considerations. The lollowing scctions describe the salieny teatures
ol the allowable stresses heing valculated and the stability critena
being used. Members are proportioned 1o resist the design loads
wilhout ¢xcecding the allowable siresses and the most ¢conemical
seciion is selected onr the basis of the least weight critenia The
code checking part of the program also checks the slenderness
requircments, the mimmum metal thickness requirements and the
widih-thickness requirement, 1t s gc-nurally assumud that the user
will 1ake care of the detailing requirements hke provision vl
stifleners and check the lacal effects hike Mange buckling, weh
crippling elc.

2.13.2 Allowable Stresses per AASHTO Code

A> mentioned belore. the member desiga and code checking in
STAAD is bascd upon the allowabie stress design method. ftas a
method (or proportioming structural members using design toads
and {orces, allowable siresses, and design limuitauions for the
appropriate maicnial under service coadinons 1L 1s beyond the
scupe of this manual Lo describe every aspect of struciural steed
design per AASHTO specifications because of practical reasuns.
This section will discuss the salicni features of the allowable
stresses specified by the AASHTO code Table 10 32.1A ol the
AASHTO code specifics the allowable siresses.

Axial Stress

Allowable 1cnsion siress, as calculaled in AASHTO 1s based vn the
net secuon. This 1ends 1o produce & slightly conservative result.
Allowable tension siress on the net section is given by,

F = 0.55F_\

Allowable compressive stress on the gross section of axially
{oaded compression members is calculaied based on the fellowing
formula:

.
(I-[KI'r)'F_‘
4n:E

F\
F, = — when(kl/irye C
F.S.
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Foe n’E

) 8 ———— when (KI ri> C,
FS(K! ry :

withC, = (28°E F)"* and FS.= 212

It can be mentioned here that AASHTO does not have a provision
for increase in allowable siresses for a secondary member and
when U/t exceeds a certasn value.

Bending Stress

Allowable siress in bending compression lor rolled shape girders
and built-up secuons whose compression Nanges are supported

lateraily through its full length by embedment in concrete is given
by ) :

Fh = OSSF‘

For similasr members with unsupported or partially supported
flange lengths, the allowabic bending compressive sifess is given
hy

.
th T F,

N|

Fp =0.55F (1= } when bl )< C

in

withir )=b" |2

The AASHTO code does not have a specification for maximum
allowable 1ensile stress in members stibject to bending. The
correspanding AISC specification is 0.66Fy for compact hot rolled
or built-up sections symmetrical about, and loaded in. the plane of
iheir minor axes and meeting other requirements of Section
1.5.1.4.1 of the AISC specificatians. A common practicc among
bridge designers is to use 0.55F as the atlowable bending tensile
siress for members mecting olher requirements of Seciion 1.5.1.4.
of the A1SC specifications. This practice fs slightly conservative
and 1s beang used here in the STAAD implementation of the
AASHTO steel code. '
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Shear Stress

Allowable
able shear siress on the gross section 15 given by

F, = 33F,

LM on th b C p el
FOI sh ar an C web, the Bross swellion iS det ned as o} rodu tof
1 d 5
lhc |(}|dl dcplh and the weh lhll.kllb!s. ]IIC .\r\s}l i O cuode ducs not
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g
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Bending-Axial Stress Interaction

M ‘
r;mbcrs subjected 10 barh axal and hending viresses are
EOdZt):lltlmcd dccording 1o sechon 10 Jg ol the AASHTO Licel
. members subject o bend ‘
. Ing and axiaf ¢
fequired 1o satisfy the following tormuly: lcompresson ar

-'_‘.+_ Comalhy . Con Mim
\ -___—"———-n—.
F, =1, 'F,, 1 (-f, F, . <i0

atantermediale points, ang

r.l - 'h\ fh\
—_— I e
ATE, Ry F, <tn

at support poinus.

The AAS -
combin dHTO steci ¢ode does ot provide ary specification for
ed axial iension and bending interaction, The AISC

- procedure of ¢ i i ]
hecking beading-axial icnsion Isicraction is used in
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2.13.3 Stability Requirements per AASHTO Code

According to AASHTO code, for compression members, the
slenderness ratio, KL/r, shall be limited o 120 {or main members
and to 140 lor sccondary members. The AASHTO code delines
secondary members as those whoese primary purpose 1s 1o brace the
siructurc againsi latera) or tongiudinal lorce, or 1o reduce the
unbraced iength of other members, main or sccondary. For tension
members, KL/r1s 200 for main members and 240 for secondary

mcmbers.
2.13.4 Minimum Metal Thickness Requirement

The AASHTO code has a mimimum thickness requirement for all
structural steel. According 1o this requirement, all structural steel
cxcept {or webs of certain rotled shapes. closed nbs in ortholropic
decks, fillers and railings. shall not be less than 0.3125 tnches.
The web thickness of rolled beams or channels shall be not less
than O 23 inches. These requirements have been incorporated in
the AASHTO implementation of STAAD.

2.14 Steel Design per AISC/LRFD Specification

2.14.1 General Comments

The design philosophy embadicd in the Load and Resistance
Factor Design (LRFD) Specification is built argund the concept of
hmit state design, the current statc-of-the-art in structural
cngincening. Structures are designed and proportioned taking inlo
consideranion the limit staies a1 which they would become unfit lor
their intended use. Two major calegaries of Limut-slate are
recognized--ultimate and serviceability. The primary
constderations in ulumate limil state design arc strengih and
stability, while that in serviceability 1s deflection. Appropriate
load and resistance {actlors arc used so that a uniform reliabitity is
achieved lor all steel siructurcs under varivus loading conditions
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aed i the same ime the chances ol Limus being surpassed are
acceplably remote.

In the STAAD implementation of LRFD, members arc
propurtioned to resist the design loads without exceeding the timu
states of strength, stabilny and serviccability Accordingly, the
most economic sechion 15 selected on the basis ol the least weight
criiena as augmenicd by the designer in specilication of allowabte
mcmber depths, desired secnion type, or other such parameiers.
The code checking portion of the program checks that cude

requircments for cach sclected section are mer and identifics the
governing criteria

The flollowing sections describe the salient features of the LRFD
specificanons as implemented in STAAD stcel design A detaled
descripuion ol the design process along with s underlying
concepts and assumpiions 1s availablc in the LRFD manual.
However, since the design phulosophy 1s drastically different from
thc convenuional Allowable Siress Design (ASD), a briel
description of the fundamental concepis is presented here o
imisaie the user 1nto the design process.

2.14.2 LRFD Fundamentais

The primary objective of the LRFD Specilicanon i1s lo provide a
umform reliabitivy for all steel siruciures under vanous loading

conditions. This umiformily car not be oblained with the allowable
siress design (ASD) format.

The ASD mcthod can be represenied by the inegquality

[QﬁR,Ii’.S.

The left side is the requircd sirength, which is the summantion of
the load effects, Qi (forces and momenis). The right side. the
design strengih, is the nominal stirength or resistance, R, divided
by a factor of salety. When divided by the appropriate seclion
properly (area or scction modulus), the two sides of the inequality
become Lhe actual siress and allowable siress respectively. ASD.

—

1y

11102

gaot

o

——
%
—
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then, is characienized by the use of unfactored “waorking” Io'ads in
conjunction with a single factor of safely applicd to the rc_st‘stancc.
Because of the greater variahlity and, hence, unprediciability of

the live 1oad and other loads 1n companson with the dead load, a
uniform reliability is not possible.

LRFD. as its name implies, uses >eparaie factors [or each load and
resistance. Because the differcnt 1aclors refect the degree of
uncertainty of dilferent loads and combinauons uf.load_s and of the
accuracy of predicted strength, 3 mure umform rchabtlu_y 15 _
possible. The LRFD mcihod may be summarized by the inequality

¥ |OI < R“g

On the lelt side of the incguality. the required slrc_ngth 15 lht::
summation of the various load clfects. Q;. muluphcd by their

respective load lactors, ¥, The design strength, on the night side,
vs the nominal stirength or resistance, Ry, muluplied by a resistance

factor, ©

In the STAAD implcmentation of LRFD, i1 is assumed that the
usct will use appropriate load lactors and create the load
combinalisns nccessary for analysis, The design pomo_n ol the
program will 1ake 1nto consideraton the Ioad‘c[fct:ls (19rccs and
moments) obtained (rom analysis. In calculation of resistances of
various clements (heams, columns ¢lc ), resislance (numlrlml
streaglhy and applicable resistance lactor will be auomaticaily

consudered.
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2.14.3 Analysis Requirements

The t1ypes of construction recognized by AISC specilicanon have
nat changed, cacept that bath “stmpic Iramag” (formerly Type 2)
and “semi-ngid (raming” (lormetly Type 3) have heen combincd
tnto the same category. Type PR (parprally restrained). "Rigid
Framing™ (furmerly Type 1) 15 now l“ypc FR (Tully ressrained).
Type FR construction s permitted uncondinonally. Type PR
construction may nccessitate some inclastic. but self-liming,
dcfon_'nalion of a struciurat steel elemeni. Thus, when specilying
Type PR construcnon, the designer shuuld take 1nio consideration
the elfects of partial resirmimt on the siabiliy of the siructure,
lateral deflecuions and second order hending momenis. As siaicd in
Sect. C1 of the LRFD specification, an analysis of second order
cflecis is requircd. Thus, when using LRFD code for steel design.,
the user must usc the P-Delia analysis feature of STAAD,

2.14.4 Section Classification

The LRFD specification allows inctastic delormanon of section
clemems. Thus local buckling bccomes an important eritcrion
Sicel sections are classificd as compact, noncompact or slender
clement sections depending upon thair local buckling
characteristics. This classification is a funclion of the geometric
properties of the section. The design procedures are different
depending on the section class. STAAD is capable of determining
the seciion classificatton for the standard shapes and user specified
shapes and design accordingly.

2.*4.5 Axial Tension

The criteria governing the capacity of iension members is based on
two limt siates. The limit staie of yiciding in the gross secuon is
intended to prevent excessive clongation of the member. The
second limit staic involves fracture at the seciion with the
minimum effective net arca. The nel section area may be specified
by the user through the use of the parameter NSF (sce Tabie 2.2).
STAAD calculaics the ension capacity of a given member based

=3
=
=a
=3
=3
=31
-
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Sccuoa 2 1 n
on these two himil siates and proceeds with member selection of
code check aceordingly.

214.6 Axial Compression

The column strenglh cquations have been revised in LRFD}:u':akc
into account inclasue delarmanon and other recemt rescan:lh |arc
column behavior. Two cquations governing column S":“g h e
avatlabie, une for inclasug buckling and Lhe other for ¢ a_s(;u.lo
Euler buckhng. Bath cquations include the elfects oflrcsi ul::1 ora
stresses and imual sut-ol-siraighiness, Compression mcnﬁ
paruculas member 15 calculated by STAAD .n:cnrd.ulg to the cor
procedure outhned in Chapier E ol the LRI-:D spcultcnl;:jns}. "
Jlender clements, the procedure described in Appendix Bo.

uscd.

Singly symmelrnc and unsyMMELIIC COMPression mecmbers a:c .
] ) i l-1arsional an
he Timit states ol flexura
designed on the basis af L rur M
torsional buckhing The procedure of Appendit E3 15 impleme
I i slates.
for the dercrmination ol Jesign strength for these limit sta

Effccuve length for caluuiaiion ol compression l’l:SISI.:Il:;c m:: be
provided through the use ul the parameicrs KY.KZ ::n :r -m'{,
LZ. 1f not provided. the catire member lengih will be 1aken

consideration.

spiteri q ien
1n addition to the compression resistance criterion., Lomprcss:‘
i css limitanons which are 3
usly slcnderncss
members are required 10 »a eh
funcnion of the nature uf usc of the member (main load 'csgls liogn
component, bracing member, eic.). In boih the mcmber sclec
- . '
and code ghecking process, STAAD |mmcd:auf:1y does a ing wih
before continul
chee appropriale members
slenderness check on app g
other procedures for deicrmimag Lthe adgquacy of a givenm
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2.14.7 7 vural Design Strength

funct
o ”l‘orllvufpiasnc mumem capacity. actyal laterally unbraceq
Bth. Limiting lajeraily unbracedvicngth buckling mement and
i . cnl an
laterally unbraced lengih L
r
s of the section gcomeiry and

are ca'culatcd as pﬂ l|lc pmc:duu: of {:haptcr F lhc pl.llpllj(: of
bel‘ldln cocfi tent C 15 (o accouny f r the nfl nce o ”l(‘
4 1c ! b t a 1 ueng f

The in
IRleraction of fMlexure and ax)a) forces in singly and Jdouhl
y

'
ymmeiric shapes 13 governed by formulas Hy. |, and Hl. b
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2.14.9 Design -for Shear

The procedure af Sect. F2 of the LRFD Spectfication is used in
STAAD 1o design for shear forces 1n members. Shear-sirengih as
calculated 1n LRFD is governed by the following limu states: Eq,
F2.1a by yiclding of the web; Eq. F2-2a by inelastic buckhing of
the web; Eq. F2-3a by elasuc buckiing of the web. Shear in wide
Nanges and channel sections 1s resisied by the area of the web,
which is 1aken as the overatl depth times the web thickness,

2.14.10 Design Parameters

Design per LRFD specifications is requesied by using the CODE
paramcier (sce Section 6 47). Other applicable parameters are
summariscd in Table 2 2 These paramciers communicaie Jdesign
decisions {rom the engincer 1o the program and thus allow the
cngincer 1o control the design praccess 10 suit an applicauon’s

specific nceds

The delault parameter vajues have been setected such that they are

See Tuble

22 and Ireguently uscd numbers for conventional design Depending on
Secrion the particular design requirements. same of all of these parameter
ha7 valucs may be changed 1o ¢xactly model the physical stiructure

Nulc that paramcters PROFILE. DM AX and DMIN may only be

uscd lor member scicction.
2.14.11 Code Checking and Member Selection

Both code checking and member selection oplions are available 1n
STAAD LRFD impicmceniation. For general information on these
aptions, refer to Secuons 2.5 and 2.6, For information on
specafication of these commands. refer to Section 5.47.1.

Toggoonoonnnn
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-
v
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2.14.12 Tabulated Resuits of Steel Design

Results of code checking and member sele
labular formai.
Scciton 2,11,

ciion are presented i1 a
A detailed discussion of the furmat is pravided n
Following ¢xcepuions may be noicd: CRITICAL
COND refers 10 the secuion of the LRFD spectiications which
governed the desiga,

If the TRACK s set 19 1.0, member desg

gn strengths will be
primed our.

Table 2.2 - LRAFD Parameters

Parameter Delaunt Descnplion

Name Value

KY 10 K value for bending ahout -
axas. Usvally this 18 minor
ans.

Kg 10 K value lor banding about Z-
axs Usualty this 1s major
ans.

LY Member Length Length to calcuiate
slendemess rano for bending
about Y-axsg

L2 Member Langth Length to caiculale
slendamess rato for bending
about Z-axs

EYLD 36.0 ks Yiek strength of stee,

NSE 10

Net secton tactor for tension
members

Secuion 31 95

Table 2.2 - LAFD Parameters Cont.

Parameter

Name

Qetault
Value

Description

LN,

Member Length

Unsupporied length (Ly ) ol
the lop lange tor calculating
Hexural strength Wil be used
only it llexural compression is
on the top flange.

ung

Member Length

Unsupported length (L, ) of
the battam flange for
calculahing flexural strength.
Will be used only f flexural
compression 15 on the bottom
flange. '

Co-etticienm Cy, per Chapter F
It Cy15 set 10 00, it wall ber
caiculated by the program.
Any other vaiue wll be directly
used in design

00

0 0 =Suppress all design
strengths.

1 0 =Pnnt all design
strengths.

2.0 =Pnnt expanded design
output. ~

450 in,

Maxmum allowable depth.

00mn,

Minimum aliowahle depth

10

Permissible ranoe of actual
load eHect and design
strength.

00

0.0 =design onty for and
moments and those at
locations specified by

i SECTION command.

*1.0 =caiculate moment at
wetve ponts along the
beam, and use
maxmum Mz for design.

Note: For deflection check, parameters DFF, DJ1 and DI2 from
Table 2.1 may be used. All requircments remain the same.
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Section 3

3.1 Design Operations

STAAD has the capahiliues for performing concrete design. B will
calculae the reantorcement needed lor the specified concreie
section All the concrere design calculations are based on the

current ACI 3138,

3.2 Section Types for Concrete Design -

iy,
10

PRNMATK

The following types of cross scchions can be defined for concrete

Jesign,
For Beams Prismatic (Rectangular & Square),
Trapezoidal and T-shapes
For Columns Prismatic (Rectangular. Square and Circular)
For Slabs Finite element with a specified thickness.
Walls/Plates
iD n
AL .
Yo Y] o
— fi}
[RLTR R Y 4 8

e !I\‘HJWDAL
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3.3 Member Dimensions

Concrete members which will be designed by the program must
have ceriain section properues pul under the MEMBER
PROPERTY command The following example shows the required
input.

UNIT INCH

MEMBER PROPERTY

13TO 79 PRISM YD 18. ZD 12. 1Z 2916 |Y 1296
1113 PR YD 12.

14 TO 16 PRIS YD 24. 2D 48. YB 18, 28 12. |
17 7O 18 PR YD 24. ZD 18. ZB 12.

In the above input, the tirst st of members are rectangular 1R inch
depih and 12 inch widih) and the secund set of members, with anly
depth and no width provided. will be assumed 10 be circular with
12 inch diameter, Nowe that no area tAX) is provided for these
mcmbers. For concrete destgn, this property must not be provided.
Il shear arcas and momcents of inerhias are not provided, the
program calculates these values from YD and ZD. Nuouce that in
the above cxample the [Z and IY valucs provided are aciually S0%
of the values caleulated ustng YD and ZD. This 1y 4 coaventional
praciice which takes into consideration revised secuivn paramelers
due 10 cracking of sechion,

Note that the third and the lourth sct of members 1n the above
example represem a T-shape and a TRAPEZOIDAL shape
respectively. Depending on the properues (YD, 2D, YB. ZB. cic.)
provided, the program will determine whether the section is
rgcungulu. trapezordal or T-shaped and the BEAM design will be
done accordingly.

nggggd

i

f

1

qJeRNE
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3.4 Design Parameters

See Sechion
351

The program contains a number ot parameters which are nceded to
perform design by the ACI code. Default parameter valucs have
been selected such that they are frequently used numbers for
convenuional design requircmenis. These values may be changed to
suit the particular design being performed. Table 3.1 is a compiete
hist of the available parameters and their default values.

Scction 5 51.2 of this manual describes the commands required to
provide these parameters in the input file. For example. the values
ol SFACE and EFACE iparameters that are used in shear design),
the distances of the lace of supporis from the ¢nd nodes of a beam,
are asstgned values ni sero by defauht but may be changed
depending on the actuai situation Simalarty. heams and columns
are designed for moments directly obtained from the analyscs
without any magntficauon The factor MMAG may be used flor
magnilicacion of column moments For beams. the user may
generate load cases which contain loads magmfied by the
appropriaic load laciors

3.5 Slenderness Effects and Analysis

Consideration

Slenderness effects arc ¢xiremely important in desigaing
compression members. The ACI-318 code specilics two options by
which the slenderness clfect can be accommodaled (Section 10.10
& 10.11 ACI1-318). One option s to perform an cxact analysis
which will take into account the influence of axial loads and
variable moment of incruia on member stiffness and fixed-cnd
moments. the effect of deflections on moments and forces. and the
ellect of the duration of loads. Another oplion is to approximately
ma—gmfy design momenis.

STAAD has been wrillen to allow the use of both the options. To
perform the irst Lype ot analysis, usc the command PDELTA
ANALYSIS instcad of PERFORM ANALYSIS. This analysis
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n location at en
=thod will accommodale the requirements as specified 1n Sectian EFACE 0.0 Em:r'nsmz?e' Both SFACE &
+ 10 of the ACI-318 Code, except {or the effecis of the duration ﬁ EFACE are input as posiive
of the loads. ltas felt that thes ¢ifect may be sately ignored because numbers) If m?:‘cl:r:puted
experis believe that the effects ol ihe duration of loads are :?gal;.::;?::ol EFACE +d from
neghigible in a normal siructural configuracion. If it s desired, w the end jont of the member..
STAAD can afso accommodale any arbitrary moment magnification Tied Column. A value of 1.0
factor {second ophion) as aranpul. in order 1o provide sume safely REINF 0.0 wnil mean spiral.
duc 1o the effects of the duration of loads ﬁ
Table 3.1 ﬁ
Parameter Default Description '
Nama Value m
FYMAIN ° 60.000 psi Yield Stress 1or man
rainlorcing sieel. ,
FYSEC * 60,000 psi Yield Slress lor secondary ﬂ
stoel.
EG * 4,000 psi Compressive Strength of ﬁ
Concrete,
CLT *18inch Clear cover fof fop '
reinforcement. m .
cLa *15:mch Clear cover for boftom
reinforcement.
CLS * 1 5wnch . Clear cover lor side u
remnforcement.
MINMAIN ** Number 4 bar Mirumum main reinforcement
bar size (Number 4 - 18)
MINSEC *~ Numbet 4 bar Minimum secondary :
reinfarcement bar size )
MAXMALIN == Number 18 bar Maxmum marmn reinforcement
bar size
SFACE ‘00 Face of support locabon at

stan of beam. it specifieq, the
shear lorca at start 18
computed at a distance of
SFACE +d from the start joint of
the member
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Table 3.1 Cont.

Parameter Defauil Description
Name Value
MMAG 10 A lactor by which the column

{tor columns anty)

design momants will be
magnitied

Width of concrete member.
This value defaults to ZD as
prowided under MEMBER
PROPERTIES

Depth of concrele member
This value defaumts 1o YE) as
provided under MEMBER
PROPERTIES.

Number of equatly-spaced
sections 10 be consdered in
finding crical moments tor
beam design.

WIDTH ‘Z0
DEPTH YD
NSECTION 12
TRACK 00

BEAM DESIGN:

With THACK setw 00, Croca
Moment wd not he prveed out
wath bean desson report

A value ol 1 0 will mean a pant
o

Avaig of 2.0 wl pre ot
requred steed arsas for al
eemmedats secsans speched
by NSECTION,

COLUMN DESIGN:
TRACK 00 prrits out detaded

values N aocwon W all o above.

. o
These values must be provided in the current unil sysiem being used.

When uting metric units for ACI design, provide values for Lhese

Paramelers in actual ‘'mm’ units insiead of the bar number. The
foflowing metric bar sizes are available: & mm. 8 mm. 10 mm. 12
mm, 16 mm. 20 mm, 25 mm, 12 mm, 40 mm, 50 mm and 60 mm.

113313 3111913511%

Section ﬂ 103

Although 1gnaning load duration effects is somewhat ol an
approximalion, 1t must be realized thas the approximaie cvaluation
ol sienderness effects 1s also an approximate method. In this
method, moment-magnification 1s based on empirical formula and
assumplions on sidcsway.

Considenng ali this information, n is our beliel, that a PDELTA
ANALYSIS, as performed by STAAD, 1s most appropriate for the
design of concrelc members. However, the user must note, to lake
advaniage of this analysis, all combinations vf loadings must be
provided as primary load cases and not as load combinations. This
is due to the fact that Joad combinations are just algebraic
combinations of forces and momenls, whereas a primary load case
13 revised during the pdehia analysis based on the deflcctions. Also
note that the proper factored loads (such as 1.4 for DL e1c.) should
he provided hy the user STAAD does not factor the loads

automancally

3.6 Beam Design

Beams arc designed (or Mexure, shear and tarsion. For all these
torces. a1l acnive beam loadings are prescanncd to locaie the
pussible crniucal sections The total number of sections vunsidered
15 12 tiwelve) unless this number ts tedefined with an NSECTION
parameter. All ol these cqually spaced scctions are scanned (o
determine moment and shear envelopes.

Design for Flexure

Reinforcement for positive and negative moments are calculated on
the basis of the section properiics provided by the user. If the
seclion dimensions arc inadequale to carry the applied load. that 1s
1l the required reinforcement is greater than the maximum
allawable for the cross section, the program reports that beam {ails
in maximum reinforcement. Effective depih is chosen as Toial
depth - (Clcar cover + diameter of stirrup « half the dia. of main
reinforcement), and a trial value is obtained by adopuing proper bar
sizes for the surrups and main revnforcements. The relevan clauses
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1 <bons 10210 106 of ACI 318 are unlized 10 obiain the actual
amount of sicel required as well as the maximum allowable and
minimum required sicel These values are reported as ROW,
ROWMX and ROWMN in the output and can be prinied using the
parameter TRACK | 0 (see Table 3.1). In addiuvion, the maximum,
minimum and actual bar spaciag are also printed.

I 18 imporiant 10 nole that beams are dcsigned (or (Texural moment
MZ only. The moment MY 15 not considered in the Mexural design

Design for Shear

Shear reinforcement is calculated 1o fesist both shear forces and
torsional moments. Shear (orces are calculated at a distance
(d+SFACE) and (d+ETACE) away trom the end nodes of the beam,
SFACE and EFACE have dcliaull values of tero unless provided
under parameters (see Table 3.1). Note that the vajue of 1he
elfective depih “d” used lor this purpose is the update value and
accounts for Lthe actual ¢ g ol the main rewnfarcement calculawed
under Mexural design. Clauscs Fi.1 through 11 6 of ACI 313 are
used 1o calculate the reanfurcement Tor shear lorees and 1orsional
momenis Bascd on the total surrup reinforcement required, the
suze of bars, the spacing, the aumber of bars and the distance over
which they are provided arc calculated Surrups are always
assumed to be 2-legged.

Design for Anchorage

In the output lor Mexural design, the anchorage delails are also
provided. Al any particular level, the START and END coordinates
of the layout of the main reinforcemeni 1s described along with the
information whether anchorage in the form of a hook or
continualion is required or not at these START and END poinis.
Note 1hat the coordinates of these START and END points are
abtained aficr taking into account the anchorage requirements.
Aachorage length is calculaied an the basis ol the Clauses
described in Chapter 12 of ACI 118,

JreaeoQouooontt

Description of Output for Beam Design

Table 3.2 shows a sample output of an actual reinforcecment pattern
developed by the program. The lollowing annotations apply 10 the
Table 3.2:

1) LEVEL Scrial number of bar level which may contain
onc or more bar group

7] HEIGHT  Hecight of bar level {rom the bottom of beam.

3} BAR INFO Retnforcement bar information specilying
number of bars and bar size

4) FROM Distance from the start of the beam to the start
of the rewnforcement bar
5 TO Distance from the start of the beam o the end of

the reinforcement bar.

L ANCHOR  States whether anchorage,

(STAJEND) eiiher a hook or continuauon, 1s necded at start
{STA) or a1 the end.

N ROW Actualty required flexural reinlorcement
(As/bd) where b = widih of cross section (ZD
tor reclangular and square section) and d =
cifective depth of cruss secuon (YD - distance
from extreme tension fiber Lo the c.g. of man

reinfarcement).

w) ROWMN  Minimum required Nexaral reinforcement
tAmin/bd)

9) ROWMX Maximum ailowable ltexural reinforcement
1Amaxibd)

10) SPACING Distance between cemters of adjacent bars af
main reinforeement

1) Vu Factored shear lTorce at scction.

12y Ve Nominal shear strength provided by concrete.

13) Vs Nominal shear sitength provided by shear
reinforcement.

14} Tu Factored torsicnal moment at section

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

16) Ts Nominal 1orsional momeal strength provided by

torsion reinforcement

-?A_.A---w Nl Ty

pp o =
T 3
soem

- rure
i [ e [
e i
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Table 3.2
(Actuad OQutput from Design)

AR AARSAAANSANRASEssuEdERE I EOMiaMEEEELEINIROSNSANIETIEANERINEATERT

3ZAM YO 4 DESIGYW AYSUL™S - FLEKRE
LEN - 20 JOFT  FY - 90000 FC - {CO0  SiZE .3 )G ¢ D) JD INC.ES
M’ ] ANC O
FT il FT N 54 ND
b EERE LYY | 20 - 3-0/0 s
|, OATIOAL 208 MBI @y 1 2T AT 2 30 T, b .
1

AEOC STEEL+ 2,40 (NZ, ROMeG Q090 0WMONs0. 0214 AOwpei:-) 00];
WAX MINSACTUAL BAR SPACINGS 1 00 2 e & 94 DNt
WSICUEQD, DEVIROMAINT LENCTY 17 357 11 41 -0

AITICAL NEG MOMENT: 169,34 42277 AT 0.23 T, LA .
AWYD FTEELs S.47 TU2L 0WrG 313 ROWRX.0.5204 «OWMNa0 202)
SMAX, MTU/ACTUAL BAA SPACING: T 3, @ 437 320 T

CRITICAL NEG MOMENT? 0% @7 WP FT OAT 20 20 T CAD -
WD STEELs L)Y N2, K0 Q04T AGWRX-J J2.3 tOweN-0 J01)
WL MON/ACTUAL BAR SPACTNG. T 42 T Th: 5 1) &

FTAN NO. 4 32313 VE3JLT SHEAR
AT STAAT SUPPORT - W 83 30 <17 .ca % .0 2 e 55 ol 4P

MOVIOE KM, 4 BAS AT T 0 DN C/C ORI N
AT DHD  SUPPORT - Vus 35D R Jer IS0 7 Ve 12 26 4P

:L.--'_——_. ST .'_._.:‘.-. M
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3.7 Column Design

Columns design in STAAD per the ACI codc 1s performed for axial
force and uniaxial as well as biaxial moments. All active loadings
are checked to compute reinforcement. The loading which produces
the largest amount of reinforcement 1s called the critcai load.
Column design is dene for squarc, rectangular and circular
secuons For rectangular and circular scctyons, resnforcement 1s
always assumed 10 be equally distnbuted on all faces This means
that the 1otal number of bars for these sections will always be a
multiple of four (4} Il the MMAG parametcr 15 specified, the
column moments are multiplied by the MMAG value 10 arfive al
the ultimate momenis on Lthe coelumn. Since the ACI code no longer
requires any munimum cccentricily conditions 1o be sausfied, such
checks are nor made.

Method used: Bresler Load Contour Method

Known Values: Pu, Muy, Muz, B. D. Clear caver. Fc. Fy
Ulimate Strain for concrete : 0.003

Steps involved -

1) Assume some reinforcement. Mimmum reinforcement (1%) 18 a
goud amount 1o start with,

!} Find an approximatc arrangement of bars for the assumed
resnforcement.

3} Catculate PNMAX = 0.85 Po. where Po is the maximum axial
load capacity of the section. Ensure thal the aclual nominal
load an the column does nol exceed PNMAX. If PNMAX is
less than Pu/PHL, (PHI is the strengih reduction {actor)
increasc the reinforcement and repept steps 2 and 3. If the
reinforcement excecds 8%, the column cannot be designed with
its currcat dimensions.

4) For the assumed reinforcement, bar arrangement and axial load,
find the uniaxial moment capacities of the column for the Y
and the Z axcs, independently. These values are referred to as
MYCAP and MZCAP respectively.
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5) Solve the Inicracuun ¢quanon

a [V}
M
AL N Mpg < 10
Mycap M scap

where a =| 24
[f the column 1s subjected to a uniaxial moment, @ 15 chosen as
1.0
6) I the Interacuon equation is satistied, find an arrangement
~with available bar vi1zes, find the uriaxial capacities and solve
"the inicraction equation agan. 11 the equanion 1s sausiicd now,
the rernforcement details are wrillen 1o the output lile.
T If the interaclion equation 1s not sansfied, the assumed
reinforcement 1s increased (ensuring that it 15 under 8%) and
sicps 2 to 6 arc repeated.

Column Interaction

The column interaclion values may be obtained by using the Jdesign
paramcier TRACK 1.0 or TRACK 2 0 for the columne member [l a
value of 2.01s used {or the TRACK parameter, 12 delferent Pn-Mn
pairs, cach represcnting o different puiat on the Pn-Mn curve are
printed. Each of these poins represents onc of the several Pa-Mn
combinations that this column s capabie of carrying about Lhe
given axis, lor the acwual rernforcement that the column has heen
designed for. In the case of circular columas. ithe values are lor any
of the radiai axes. The vaives prinied for the TRACK 1.0 ouiput
are:

PO = Maximum purcly axial load carrying capacuy of the
column {Zcro moment).

Pnmax = Maximum allowabie axial load on the column (Section
10.3.5 of ACI 318).

P-bal = Axial load capacity at balanced strain condition.

M-bal = Umaxial momeant capacity a1 balanced strain condition.

c-bal = M-bal / P-bal = Ecceniricity at balanced sirain
coadition.

MO = Moment capacity at zero axial load.

P-tens = Maximum permissible 1ensilc load an the column.

LS
3
==
=2
=2
=
=
=3
==
==
=
s
-

Secuoa 3 | 100

Des. Pn Pu/PHI] where PHI 15 the Sirength Reducnion Faclor
and Pu s the axial load for the crincal load case.
Mu*MMAG/PHI where PHE 1s the Sirengith Reducuon
Factor and Mu 15 the bending moment for the

appropriate axis for the crinical load case. For circular

Des Mn

columns,

M. = M, + ML

eth = (Ma/Pni/h where s the length ol the column.

Column Design Output

The following table 1llusirates dufferent levels of the column design
outpul

Table 3.3

The lollowing output 1s generated without any TRACK
speaification

cz-sez.estclazasadf 3T o ZTAT-TETCC LI _23rIESCi.31°33I2TTIITI.TTEMIASET

[ BEENSR T N2 b} 323 .3 T3 . .3
7Y - 40000 FC 4000 25: SCME 37t - I )0 & I i3 .NCHES, TIZD
AREA JF 3TFEL AEQLIAXD toaa8 g
JAR TINFIGLAATION AEINF 2T JAD ADCATIN e
k] WLM3IER 9 5 tie 2 i 7 1o

[ PMCVIIE IGLUAL SNUWIER oOF AMRS AT ZACY FACT)
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TRACK | 0 geaerates the folowing additional vutput.

COLUMN INTERACTION “OMENT ABOUT I -ARIS {(KIP--T}

* o Y pal q-oa.. a-ca. 1inch)
LL L 1.0 189 54 A8 50 L0 23
“0 ?-Lans, Jes ™M Ses Mn .-
PR ET -433 00 2y 12 .88 0 J03

COLLMN INTERAC™IOY  MOREWT ACUT ¥ AAIS 14:2-r™)

[g!] M Bax T o4l v-3al &-Da..l.nc1

w2 1y 89 18 “:8 50 t0.3)
% 2-cens. e .-
17 &6 -4)2.00 : o J3)

TRACK 2.0 generaies the following vulpul in addition to all ol the

above.
- .- bl A [k
. 110 34 s T36 3l .I0 3)
M <02 1 6T 149 3) (ed oY
[ 194 1% 9T 141.6&% .58 61
P, onan " .85 1 4 137 a0 .67 i
- TR O3 LUl L2 2t e M
faa] - LP IR PR T R B | BN T LY
NOMINAL . Ea = M L] oy
AXIAL * 1.0 44 60 60 .zé 3 70 o}
COMPRESSIONI - 182 4% B8 6T 149 %) 69 o9
bt TR *qn Y94y 69 3 131 83 (el el
* L85 3y LT 4% 137 30 a7 4
. MR I 3 TR SO T DO I B0 T Y e + |
* %0 M, I3 B PR Y B R | a) .l
- BENDING
LAY L1 TR NOMENT

.3 Slab/Wall Design

Stab and walls are designed per ACI specificanons. To design a
slab or wail, it must be modcled using Nimie elements.

Element design will be performed only for the moments MX and
MY atthe center of the clement. Design will not be perfofmed for
FX, FY, FXY, QX, QY or MXY. Also, design 13 not performed at
any other point on the surface of the clement,

ppoagoiogoaaniit

Socuon 3 | 151
A typical example of element design output is shown in Table 3.4.
The reinforcement required 1o resist Mx moment i8 denoled as
longitudinal reinfarcement and the reinforcement required Lo resist
My moment is denoted as transverse reinforcement (Figure 3.1).
The parameters FYMAIN, FC, and CLEAR listed 1n Table 3.1 are
relevant to slab design. Other parameters mentioned in Table 3.1
are not apphcable to slab design.

/

e, f/ i

1R NS
ALl

R0
Table 3.4
(Actual Output from Design)

mpwey= QRCES TORCE ENC™M NITSs 410 FEET

e A FESS + TCACT,WIDTTMICK MOMENT - FORCE-ENGTH.WIITH

z - Y o hid oY
aas GAD = - ?—X Ea XY
1 3 30 0 M 04 326 . 3 ao
’ ’ 6 3% 1% a0 2o
935 SN 209 TMAXs 3.6 ANGLE=
-‘:I.""'P. MM; 2 T4 SMIN4 0 36 TMAX: 165 ANGIEZs 2.0
o 0 o0 o0 03 0.0 9 04 0.00
FS] 0,35 S e e
DX 5 &4 SMINe 0 T4 TMAXS . . B
R s-ven 13T SMDNe 1Bl TMAKe 1789 AGLEr 35 5
oL PENT JESICN SUMMARY
"""""""""" . .
SLOENT  LONG, REINF WON-x /LOAD  TTUNS, RETNF YOu-Y /LOAD
|Sg. IN/FT) (K-FT/FT1 5 N7 1K-FT¢FTY
0.130 0.:4 ' 3 :30 06/ 1
N o o 000 60 9 3 200 a1, O
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Timber Design

Section 4

4.1 Timber Design

STAAD Timber design module offers design of Glulam umber
secuons as per AITC Codes (Timber Consiruction Manual, 3rd.
Editon. 1985). It also conferms Lo the Nauonal Design
Specificanon for Wood Construction and Supplement (NDS) and
building codes ke Umiform Building Code (UBC). Basic/Nauonal
Building Code and Standard Building Codc. Some of the main
features of the program are:

Vad frd

This feature 15 for Glulam Timber only.

Code check and design of members as per TCM - AITC,
Design values for Siructural Glued Laminated Timber tables
arc in-butlt into the program. The program accepts Table no.,
Combination and Specics specifications as inputs (¢ g, 1: 16F-
V1-5P/5P) and rcads design values from in-built 1ables.
Incorporaics all the following Altowable stress modifiers:

i} Duration of Load Faclor

ii) Size Factor

iii) Form Factor

iv) Lateral siabshity of Beams and Columas

v) Moisture Content Factor

vi) Temperawire and Curvature flaciors,

The allowable siresses for bending, tension, compression, shear
and Moduli of clasticities arc modified accordingly .
Determines slenderness for beams and columns {Short,
imermediate and long) and checks for min. eccentnicity, lateral

1
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stabiluy, huckling, bending and compression, bending and
tension and horizontal shear against both axes

6. The output resulty show secuons provided or chosen, actual
and allowable siresses, goverming condition and ranos of
interaction formulie and the relevant AITC clause nos et for
cach individual memher.

4.2 Design Operations

Explanstion of Terms and Symbols Used in This Section
Symbals Descriptien

(, Actual compression or teasion siress {in PSD For
tension. the axial Yead s divided hy net secnonal srea
{1.e, NSF 2 X-arca).

FA Allowable design value [or compression ur tenston (in
P51} modified with spplicable modiliers or calculated
based on slenderness 1n case of compression,

fye oy Actual bending stresses about local Z and Y axis (in

PSh
FBZ, FBY Allowahle design values Tor bending stresses abous
local Z and ¥ axis (in PS]) modilicd by the apphicable

mudiliers.
1Z, 1Y Modihier for P-DELTA eifect sbout the Z and Y axis
respeclively as cxplained in formula 5-18 of TCM.
Mo Ly Actual honizoaial shear stresses.

FVZ, FVY Allowable honizoneal shear stresses.

VZ. VY Shear 1n lucal Z and local Y direchion.

D, YD Depth of scetion in local Z and Y axis.

EZ. EY Minimum ccceniricity along Z and Y auis.

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

CLZ,CLY CLZ and CLY represcnt the laciors of lateral stabilily
for beams about Z-axis and Y axis respectively.

RATIO Permissible ratio of the stresses as provided by the
user. The defaull value is 1.

tat

poogaggdl
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Combined Bending and Axial Stresses

Bending and Amal Tension:

The following intesaction formulae are checked :

i) [JFA+ My J(FBZ ¢ CFZ) + [hyl(FBY x CFY} =< RATIO
i Tty check with Net compressive stress.
i1} Lateral siability check with
- [FA + ({FBZ x CLZ) « f,,yI(FBY « CLY)} =< RATIO

Bending and Axial Cymprgssion; -
0 EJFA + G JFBZIZ < f) + (yy/(FBY-IY ¢ [,) =< RATIO

Applicabitny of the size factor,

ay When CF < 1.00, - .
[ fa> FRZ « (}-CF2), FBZ 1s not modilied with CFZ. if fa
» FRY z (1.CFY), FBY 15 not modified with CFY.

[ fa < FRZ « (1-CFZ) FBZ s 1aken as FBZ 1 CFZ + fa but
shall not ciceed FBZ x CLZ

0 fa< EBY ¢ (1-CEY)FBY s taken as FBY < CFY + fa
but shall not exceed FBY x CLY

b When CF >= 1 00, the effcct of CF and CL are cumulative .
FB7Z s 1aken as FBZ x CEZ x CLZ FBY is taken as FBY 1

CFY n CLY

Min, Eccemricity;
The program checks against min. eccentricity in following cascs
¢
a) The member is 3 FRAME member and not 3 russ member
and under compression. ‘

b) The valuc of actual axial compressive sress does not
exceed 30% of the allowable COMPrEssive sIrcss.
The actual woments about both axcs are less than moments
that would be caused duc to min. eccentricity. In this

€}
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approach, the momem Jue 10
the compressive |oad Lumcs a4
depth whichever 1g larger,

Min. eccentricny is laken g
heccentricny of 1 gr ) X

In case of min eccemricuy,

Ly rs taken as £ x (8 [ 5 :
a 216+ S 0 IZ)EzD
x JYW (EY/YD) ) rhy

the following condinions are checkad
fL/FA + foAFBZ.JZ x 1

‘ a)
M) =< RATIO

Sheat Suesscs:
Honzonual stresses are calcular
valucs:

15 taken as I, vi{6+] 5

< RATIO and 1 Fa « 1, FBY Iy

ed and checked g anst silowsable

le=3xvY s, Arca x NSF) =

NSO < FVZII‘", =3O VZHY CArca

4.3 Input Specification

¥p | sct ol n ul IIIIIIJIIdS I()l lr\:\l) ] J“BER D 5](_“\' 15
Al ca put co

UNIT KIP INCH
PARAMETER
CODE TIMBER

GLULAM 1:16F.v3-DF/DF MEMB 17014
GLULAM 1:22F-E5-SP/SP MENB 15TO N
GLULAM 2:3-DF MEMB 32 TO 4 '
LAMIN 1.375 Ly 168.0 MEMB 5 ¢ 1570 21 !

LZ 176.0 MEM
LUZ‘.IM.BALLB"TO‘ 67810701
LUY 3226 ALL . . "t .
WET1.0ALL 1.7 ERC |
CDT'IJ.33 : ‘.1.'.-.\ S S
'NSFogs ~ ' o I
BEAM 1.0 ALL™™ ¢ e

e wat . . .o |

t

- “ A b b
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CHECK CODE 1 TO 14
SELECT MEMS 15 TO 31

Input Commands and Parameters Explained

Specifly PARAMETER and then CODE TIMBER 10 starnt TIMBER
DESIGN belure specifying the input parameters. The user must
pruvide the umber grade (GLULAM GRADE) for cach member he
iniends 1o design. The parameters can be specified for all or
specified st of members. If a parameter 1s noi speciiied, the
default value 1s assigned o it See jollowing INPUT
PARAMETERS LIST TABLE for descripnoa and default values of
ihe paramciess,

Glulam Grade & Allowable Stresses from Table

The allowable siresses for GLULAM members are read 1in (rom
Table-1 and Tabie-2 of AITC lor desagn values for Sirucweal
Glued Laminaied Timber The structural members are (o be
speciflied (n the following manncr:

Table - | Mcmbers ©

Tabhle Combinanon Specics
No Symbaol {Outer/core
Lamination)

e

GLULAM | - I16F-V3-DF/DF
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Table - 2 Members - { M
| == ,
Table Combination Spevies === m
No No i i ¥
—_ I
— :m A == v
| ot "
n
GLULAM 23y . Df

‘

i

For TABLE-? members, (he applicable sucss values are swlevied
based on the deplh and the number of laminations Please auie here
that lamination thickness tin inchi can be pravided by the user and
'8 Case 1Lis not provided the delaultas taken gy 15 inch Usually, u
1s either | 5 inch or 1,375 neh.

4.6 Member Selection

The SELECT MEMBER command starts with the min pcm:s:;k;lc
Jdepth (or min. depth provided thru DMIN parameter) and ¢ :

the code 1f the member fails with this depth, the thickness e
increased by one laminanen thickness and the codal rt:.qum:m“ms
arc checked again. The process 1s contimued ull the sccuan [:0 .
all the codal requirements. This ensures the least weight sq.:(:bll nor
the member. 1f the depth af the section reaches masx. allowal |:c
available depth and the member still fals, the user can have

following vpuions for redesign:

i

4.4 Code Checking

The CHECX CODE command ¢nables the user 1o check the
adequacy uf the sige ( YD X ZD ) provided in 1he MEMBER
PROPERTIES (or (he muost eritical forces and momenls The
Program prinis whether the member Ras PASSed ur FAIL e, ihe
cnucal condsuons and (he value of the raijo,

:

vt Change the width ur increase the max allowabie Jdepib
(DM AX)

) Change the umber grade

ii1) Change the design paramelers.

+

SETRTE

.5 Orientation of Lamination

Tabile 4.1 - Timber Design Parameters
Laminations are slways assumed 10 lje along 1he Yocal Z-plane of

Description
the member. The user may plcase nole that in MEMBER Parametar D\'f'::“
PROPERTIES scction, YD always rcprescats the depib of 1he Name 2 : Eftective length of the column
seclion across the grain and ZD represents the width along 1he Lz Length of " 3
rain the Memperl) TEPE
grain, 3 0. Same as above In y-axis
19270 Unsupported effective length
Lz ‘ for bgam n 2
. Unsupported eftective tength
LUy ezt for beam in y.
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Table 4.1 - Timber Design Parameters Cont.

Paramster Detault Description
Name Value
WET 00 00 - dry condion

~ 10 - wel condion
wel use lactors are in-built

Net section factor 1or tension
. members, (both shear and

. tension stresses are based
on sectonal area x nsl )

coT t0 Duratgn ol load lactor

CSF 10 Form lactor

CT™ 1.0 Temp lactor

CCR 10 Curvature factor.

RATIO 10 Permmuasible mbo of actual lo

allowabia sirassas.

LAMINATION 1.50 inch Thickness of lamunation n

inch {1 50 or 1 375)

BEAM 00 0.0 = dessgn lor end farcas or
at locanons specified by
sechon command

1 0 =caiculate momenis al
tenth along the beam
and use the max lor
design.

Nuote:

1. In case the column buckling is restraired in Y and/or Z
direction provide LY and/or LZ as zero(s). Similarly, lateral
beam buckling in Y and/or Z direction could be resirained by
providing LUY and/or LUZ as zcros.

ii. Size Factor, lateral stability and moisture content factors and
few others arc cither calculated or read from 1ables within Lhe
program.

ggooopoanuns

H
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SAMPLE OUTPUT RESULTS
STAAD CODE TEECAING - (AITCH
AlL NITS ARE - 1P FEET ILNLESS OTVERWISE NOTEDH
(B “ABLZ AESULTS CRITICAL ConD/ ATIO04 TARDTNG
ame ABL - o Z SICATION
15 400 FAIL ™ Cn. 5-1 1 205 2
@8 oo 224C ¢ J0 1510 3 Joco
';!-!;:_-V;;":I:';L-% TEF -V -OF W LAM. 31,500 UNITS SOLND- NCH '

: 2 : —re..000
S xa242 20 L¥=240 20 LUZ=240 5G “iY=140 Q0 ST :0.170 J¥ 1 aga =
S e g 3 Xms..00 C™Mal 00 FZ.0,98 CFY:1.00 Cizel Y00 TYel 000 .
noual TTRESSES fas L8 67,fbz:1B1% D& foy= 0 30.fvi: 4317 o= 300
O TarSscs A 661 TZ:I5T9 19 FEY: 950.I0.7VZ:0 0.0 00

X_% 000 FAIL e Sl 3-8 A} ] 2
ymoa 0 54 2 J.30 43 3 000
-..\uuunasrv‘:r .l LAM:1.:00 INTTS  20ND- NGt
BC 30 w-BO J0 AZT:180.30 i¥=.80.00 JZ :0.374 JY 20.3%7 =1 200
- 3g W4ET-0 9 XS0 M=l 30 TTZ-0 38 crY=..30 Cl2.l I0C :‘.'::1.333
UAL SORESSES: ! 17 : 23, seze M6.al.tvyr D
AL STRESSES: ‘ax 38 &8 he=.797 1%, foy: 9 22, tves ] )
ma:_'.'x TuFSSEs  TA: §52.22.782-1600 30, 7BY. 3%0 0.7VZ 0.0, 7/v:110.00

SAAD MEMBER FTIICTION - (AITX)

ressEsEmzssEveravAALBAT NN

ALL JNTTS MAE - 4<IP FEET (LNLESS THizRW.SE NCUTED)

s TALE WSS CAITICAL CONDY 2AT10/ LCADDNG/

- ’ x ' w2 XCATION

ererevesieeEteassrcissEsEEINEIIEEIIITASIEISRRETIIEIATRAILASSIIETRNE
. ax:s 300 2ASS .c. 58 a #60 2
P 1c o 00 45.38 12,0000

EMB- 2 GLIULAM GRADE: 16F -V -OF /el LAM, 1,500 UNITS: “OLKD- DM §

2-243 30 LY-140 00 1Li2:240.00 122240 00 22 Bl :.?J JY s1.J00 3:‘1..000 !
+ mgFa] 30 WET-0.0 CCR11.00 CTHe1.00 CFI«0.96 CFYsL. 00 c.z-E.:_mo..-:-l.ﬂgg
ACTUAL STREGSES: far 15.56. "be=1260 46. (by= 0.00, *vzs 41 L4, fvyr Q. |
Atoiw  FTRESGES, FAs 16667 FEZ:15435 08, Y. 950 20, TVZ=140.30.F '

R LR L L LR L LR R b

L m. 3 CLULAK GRAGE-16F-V1-CF/Wd  LAX.1.300 INTTS- PORD-DNOY ]
| LT85 20 Ly-180 00 UZ2180 00 tiy=130 00 JT 10 000 JY :0.397 CT:: 07

L 0.0 CCRA1.00 CTH=: 00 CFZs0.96 CFY:1.00 ClZa) 000 i+l 09 |
i Pfees tew 1190 thesi220 18 fbys 0.30.lvze 30.51.0wys 0.0 1
T Torsas fA- 637 22.FB2:1600 00 FSYs $50.30 FVZ.140 00,7130 00 |
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Output Results and Parameters Explained

For CODE CHECKING and/or MEMBER SELECTION the vutput
results are priated as shown in the previous section The wems are
caplained as follows.

a)

b} TABLE rcfers to the size ol ihe PRISMATIC scction (B X D ur

)

d)

c)

2)

h
MEMBER rcfers to the member number fur which the design s
performed.

.ZD X ¥YD).

RESULT priats whether the member has PASSed or FAILed
CRITICAL COND retees 10 the CLAUSE or FORMULA NO
from the TIMBER CONSTRUCTION MANUAL (3cd. Cdstion,
AITC 1985) which governcd the design. See (ollowing 1able:

Critical Governing Criteria
Conditicn

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 Hourizonial Shear

CLAUSE 5-30 Lateral stability for nel compressive stress
in ¢ase of Tension and Bending

RATIO prints the rauo of the actual stresses 1o allowable
stresses for the crincal condition. This ratio s usually the
cumulatve ratio of stresses in the interaction formula In case
of shear governing the design, it meaas the ratio of the aciual
shear siress to allowable shear stress. IT this value exceeds the
allowsble ratio {default 1.0) the member is FA[Led.

LOADING provides the load case number Lhat governed.

FX, MY and MZ provide the design axial force. moment in
local Y axcs and moment in local Z axcs respecuively. FX value

13 follawed by a leuter C or T to denate COMPRESSION or
TENSION.

sEEAEEROOOOONNRY
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t} LOCATION specifies the actuai distance from the start of the
member to the sccnion where design forces gOvVeErn in case
BEAM command or SECTION command 1s specificd.

OUTPUT parameters thal appear within the box are explained as

fullows.

21 MEMB refers to the same member number far which the design
is performed. _

hi GLULAM GRADE refers to the grade ol the umber.

¢y LAM refers 10 lamunation thickness provided in the input ar
assumed by the program. Sce INPUT PARAMETERS seclion.

4) L2.LY.LUZ and LUY arc the effective lengths as provided or
calculated. See INPUT PARAMETERS scction.

¢l JZ and JY are the modificrs for the P-DELTA cffect about Z-
anrs and Y-aus respectively, These are calculaied by the
program.

Ny CpT, CSF. WET. CCR. CTM arc the allowable siress
modifices cxplained i the INPUT PARAMETERS section.

g) CFZand CFY arc values of the size factors in the Z-axis and
¥.ans respectively, CLZ and CLY represemt the factors ol_'
|areral stabulity for beams about Z-axis and Y-anis rcspl:ct.lvcly.
Thesc values are printed to help the user sce the intermediate
design values and re-check the design calculanons, -

1y fupe foye For and [, arc the uctualvnlal stress. bending
slfesses about Z and Y axcs and horizontal shear siresses aboul
Z and Y axcs respectively If the bending maments about both
axcs arce less then the eccenlnc moments hased on min.
eccenlricity then bending stressca are valculaled based on the
min. ecceniricity . Refer DESIGN OPERATIONS sccuion for
detals. .

3 FA,FBZ, FBY.FVZand FVY are the final allowabie axial,
bending (Z and Y axes) and horizanial shear (Zand Y al}cs)
stresscs. Refer DESIGN OPERATIONS section for details
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, STAAD Commands and
LS8 input Instructions
| Section §
Fn
‘ . This section of the mapual descnibes in detail vanous commands

and related nstructions lor STAAD. The user utilizes a command
language lormal 10 communicate instructhions 1o the program. Each
of these commands either supphics some dala 1o the program or
instructs 1t o pecform some calculattons using the daia already
specificd. The command fanguage lormal and conventions are
described in Section 5.1, This 15 fullowed by a descripuon of the
svailable commands.

,

Adthough STAAD input can be created through the Modeling mode,
ly 15 very imporiant to undersiand the command language. With the
knowledge of this language, 1115 casy 10 understand the probiem
and add ur comment data as necessary. The gencral sequence 1o
which ithe commands should appear 1n an input [ile should ideally
follow the same sequence 10 which they are presenied in thas
section. However. the commands can be provided in any order with
the following cxcepuiuns.

i} All design relared data can be provided only afier the analysis
command.

it} All load cases and load combunalions must be provided
rogether, cacept in a case where the CHANGE and RESTORE
commands are uscd. Additional load cases can be provided in
the laner part af input.

All input data provided is stored by the program. Data can be
added. deleted or modified within an existing data file.

rggegoont
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input Instructions

5.1 Command Language Conventions

This sechion describes ihe
First, the various elements
the command formar s des

command language uscd 1n STAAD

of the language are discussed und thep
cribed in detal,

Section $ | 127

a) Integer Numbers: Integer numbers are whole numbers writien
without a decimal point. These numbers are dcsighalcd as i,
15, ¢tc., and should not contain any decimal posnt. Signs (+ or -
) are permitted 1n (ront of these numbers. [f the sign 1s omited,
1115 assumed 10 be positive (+). ‘

F: 5.1.1 Elements of The Commands
.

b) Floating Paint Numbers: These are real numbers which may
contain a decimal portion. These numbers are designated as f,,
fy... etc.. Values may have a decimal point and/or exponent.
When specifying numbers with magmiude less thar 17100, it s
advisable to use the € format to avoid precision related errors.

Example

5055.32 0.73 -89 T2
SEJ -J.4E-8
etc.

When the sign is ominicd, itas assumed to be positive (+) Also
nolc that the decimal poiat may be omuted, f the decimai
portion of the number is zero.

¢) Alphanumeric: These are characters which are used to
construct the names for data, wiles or commands. Alphabelic
characicrs may be input in upper or lower case letiers. No
quotation marks are needed 1o cnclose them.

Example
MEMBER PROPERTIES
1708 TABLE ST W8X3§.
i  amar TNT e

d) Repetitive Data: Repetitive numerical data may be provided
by using the following (ormat;

ke nd A NI EEE]
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n_
wd
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n*f
where  n = numher of limes data has 0 be repeated
{ = numenic data, nteger and floaung point

5.1.2 Command Formats

a) Free-Formal [nput: All input to STAAD is in frec-formal
style. Input dasa items should be separated by blank spaces or
commas from the other input daia nems. Quoiation marks are

. never needed Lo scparate any alphabetic words such as data,
commands or utles.

Example

JOINT COOADINATES '
13°0.

b) Commenting Input: For documentauon of a STAAD daa file,
the lacility to provide comments is available. Commenis can be
included by providing an asterisk (*) mark as the first non-
blank characier in any hnc. The line with the comment is
“echoed™ 1n the oulput file bul not processed by the program.

goot

This joini coordinale specificauon 15 same as'

100 0
Exampie

JOINT LOAD e

* THE FOLLOWING 1S AN EQUIPMENT LOAD
237FY 350

olc.

¢} Meaning of Underlining in the Manual: Exact command
formats are described in the lauer part of this section. Many
words in the commands and dala may be abbreviaicd. The full
word inlended 1s given in the command description with the
portion actually required (the abbreviation) underlined.

ERERRREE

For example, il the word MEMBER is used in a command, only
the poruon MEMB nced be input. [t is clearer for others
reading \he outpul if the entire word is uscd, but an
expericnced user may desize 10 use the abbreviations.

B3

d) Meaning of Braces and Parentbhesis: In some command
formats, braces enclose a number of choices, which are
arranged vertically. One and only oae of the choices can be
selected. However, several of the listed choices may be
selected 1f an asterisk (*) mark 18 located outside the braces.
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Example

Xy
YZ
X

In the above cxample, the user must make 4 chuice of XY or
YZ or X2. '

Example

*[Ex

Hcrc the user can choose une or all of the listing (FX. FY and FZy
'n any order. Parcnihesces, ( ), enctosing 4 poruon of a command
indicate that the enclosed portion is opuional. The presence or
absconce of this portion aifects the mcaning of the command. 2y 15
caplawned in the descripuon of the parucular comemand.

Example

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

In the Brst line, the word MEMBER may be amitied with no
change of the meaning oi the command. [n the sceond line,

PRINT LoAD GATA

command may also be omitted, in which case the load data will not
be printed,

e) .’0‘lultipIe Data Separator: Multtple data can be provided on a
single line, if they are separated by a semicolon (;) characier

JrooooERRONnN,
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One restriction s that consecutive commands can not be
separatcd by a semicolon. They must appear on separalc lines.

Exampie

MEMBER INCIDENCES
112,223,334

etc.

Possible Error:

PRINT FORCES; PRINT STRESSES

In the above case, only the PRINT FORCES command 15
processed and the PRINT STRESSES command 1s 1gnored.

N Listing Data: [n some STAAD command descripuons, the
ward ‘list” s used 1o wdenufy a hist of joints,
members/clements or loading cases. The lormat of a st can be
defined 4s follows: '

" s, iy
list = i, TO i~ (BY iy)
2or % or 2

TO mcans all integers from the lirst (1)) (o the sccond (ia)
inclusive. BY mcans that the numbers are incremenied by an
amount cqual 10 the third data item (i), [I BY iy 15 omitted, the
increment will be sct 10 one. Sumcumes the hist may be oo
long 10 (1 on onc line, 1n which case the list may be continued
1o the next line by providing a hyphen preccded by a blank.
Also note that only a l1st may be continued and not any other
1ype ol daia.

L)
Instcad of a numerical list, the specification X ( or Y or Z) may
be used Thes specilicaton will include all MEMBERS parallel
1o the global direction specified. Nole that this is not
applicabie 10 JOINTs or ELEMENTS.

Example
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24770138Y219TO 22-

28 31 TO 33 FX 10.0

Thise list of items is the same as: .
2479111319202122283123233FX 10.8
Possible Error:

35TO91115-

FX 10.0 A

Naotas

1} Only onc range direction (XRANGE, YRANGE cic.) is allowed
per list

i

2y The values defining the range (b1, [2) must be in the current
unil sysiem.

Example

[n this case, the continuation mark for list 1tems 1s used when
L -

list items are not continued. This will result in an error
message or possibly unpredictable results,

MEMBER TRUSS
XRANGE 20. 70.
CONSTANTS

€ STEEL YRANGE 10. 55.
1.3 Listing of Members by Specification of

Global Ranges

1n the above example, 3 XRANGE is specified with values of 20.
aad 70. This range will include all members lying enurely within a

- d limited by X=20 and X=70.
This command allows the user to specify hisis of membersiclements range paralicl (o the global X-axis an y (

by providing global ranges. The general formal of the specification
is as follows.

Ganerail format:

XRANGE
YAANGE 1,1,
ZRANGE

where,
XRANGE, YRANGE, ZRANGE = direction of range (parallcel (v

global X, Y. Z direcutons
respectively)

(1, 12 = values (in current unit system) that defines the speaificd
range.

]
=3
C=
m—1
o
S
—
=3
=0
s
il
i
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STAAD Commands

.2 Problem Initiation And Title

See

tion 1.3

Purpose

This command initiales the STAAD sun, allows the user 1o specily
the type of the suructuce and an opuional uite.

Ganeral format:

PLANE
SPACE

THUSS
OR

(any title a,)

Description

Any STAAD input has to start with the word STAAD. Following
lype specifications are available:

PLANE = Plane frame structure
SPACE = Space frame structure
TRUSS = Plane or space truss siruclure
FLOOR = Floor struciure

a, = Any title for the problem. This title will appear on the top of
every output page. To include additivnal information in the page
header, use a comment linc containing the pertinent information as
the second line of input.

jeeaegaeREauiid
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Noles

1) The user should be carcful about choosing the type of the
structure. The choice 1s dependent on the various degrees of
freedom that aeed to be considesed in ihe analysis. The
following figure illustrates the degrees of (reedoms considercd
in the vanous type specificanons. Detailed discussions are
available in Section 1.3.

SlRLCTLVAE [RPES

S e e
L«

e P i/X/

[RESS I 1D -— —_— —

Lo —ﬁ ———— -—/Q

2 The npuonal title provided by the user is printed on top of
every page of the output, The user can use this facility w0
customize his output
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5.3 Unit specification

Purpose

This command allows the user 1o specity or change lengih und
force umts tor inpul and output.

General format:
: *  |length-unit
© UNIT

force-unit

INCHES
FEET or £T
Cc

CM
length-unit = METER
MMS
DME
EM

[
EQUND
KG
force-unit=  {MTON '
NEWTON
KNS
MNG
\DONS

Note:
DME dcnotes Decimeters. MNS denoies mega Newlons
{1000 Newions) and DNS denotcs DecaNewions (10
newions). MTON decaotcs Metric Ton (1000 kilograms). All
other units arc sclf cxplanatory.

Description

The UNIT command can be specificd any number of times during
an analysis. All data is assumed 1o be in the most recent unit
specification preceding that dala. Also note that the input-unit for

JrpopeoonnnEn g
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angles 1s always degrees However, the output unit for joim
rotations {(1n josnt displacement) is radians. For all output, the units
are clearly specified by the program.

Exampis

UNIT KIP FT
UNIT INCH
UNIT CM MTON

Notes

This command may be used as (reguenly as needed 10 specily data
or gencraic vylput in the desired length and/or fosce umits. Nole
that miy and match between diifercat unit systems (‘mperial.
Metric. Sl ete b are allowed.
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5.4 Input/Output Width Specification
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Purpose

These commands may be used o specify the widih(s) of the lines of
the input and/or vuput Nile(s). )

Genaral format:

INPUT

WIDTH iy
OUTPUT

For INPUT WIDTH.
i, = Number of characters per line in the input file to be processed.

For QUTPUT WIDTH,

1y = 12 or 118 depending on narraw ur wide vulpul.

Description

The user may speci{y the required input/outpul width, as required,
using this command For INPUT widih, any aumber up to 79 may
be provided. The detauli input width is 72, I the input width s
ml?rc than 72, the output must be printed on wider paper. un 4
printcr capablc of handling up 10 118 characiers. 11 should be
remembercd that a narrower inpui width results o faster line
scanning and therefore increases the speed of execution, The
program can create oulpul using (wo different output wadths - 72
(default) and 118. The 72-character width may be used for display
on most CRTs and for priating on 8-1/27 wide paper. The | 18-
character width may be uscd for printing on 11" wide papcer

Noles

This is a customization lacility that may be uscd 1o improve the
presentation quality of the run documents.

sgpooonoonuny

Tt

—

5.5 Set Command Specification

See Sectrons
518 und 3 3

Purpose

This command allows the user 10 sel vartous general specilications

for the unalysis/design run.

General format:

NL i
_:ONNECTIVITY !2
JISPLACEMENT in

EHOQH}
ECH QOFF
4

I

where.
1, = Maximum number of pamary luad cases «NL)
Maximum number of members (or clements) connected 1o a

u

L

jont, ‘
1y = Maximum allowable displacament for any jointan the
stryclure.
Description

The SET NL command 15 used 1 2 muluple analysis run il the user
wants 1o add more primary load cases after une analysis has been
performed. Specifically, for those examples, which use the
CHANGE or RESTORE command, if Lhe uscr wanis 1o add more
primary load cases. the NL value should be sct 10 the maximum
aumber with the SET NL command. The program will then be able
1o set aside additivnal core spacc for information to be added later.
Nole that this command should he prpvided before any jount,
member or toad specifications. The value for 1, should not be
greater than the maximum number of primary load cases.

The SET CONNECTIVITY command may also be used 10 speci{y
the maximum number ol members (or elements) that may be
connccted to a joint. The default value is sct 1o 16 in the program.
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If 1l 1s necessary 1o connect more than 16 members (or clements) 1o

a ymnl, the SET COnncettvity vpnion may be used This command
should be positiened betore the JOINT COORDINATE
specificattons

The following leatures of STAAD cannot be used with 1he SETZ
UP command:

1y Wind Load Generauon
3y Floor Load Generation

The SET DISPLACEMENT command 15 used to specify the 3) Auomatic Generaton of Spring Supports [or Mat Foundations

ltmting value of displacement for us¢ 1n co?vcrgcncc checks of
displacements wherever apphicable such as a NON-LINEAR
ANALYSIS This command should be placed before the JOINT
COORDINATE specificanon

The SET ECHO ON cummand will activale and the SET ECHO
OFF command will deacuivate the echuing of input hle commands
w the gutput file. [n the absence ol the SET ECHO command, inpul
ite commands will be cehued back o the output Nle.

By default, the Y-.axis 15 the verucal sais However. the SET Z UP
command may be used 1o model suuations whete Z-axs represcnts
the vertical anss {directren of gravity load) of the struciure This
siuanhon may arnise 1f the tnput geomeiry 1s created through some
CAD softwarc. Note that this command will alfect the defauh
BETA angle specificanson. However. BETA can he set to a certain
value for at! members parallel Lo a particular global axis by using
the MEMBER X (or Y or Z) type ot histing For additanal
information, sce the CONSTANTs specificanuon (Sechon § 10y,

Notss

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

1) JOINT COORDINATE
2) Input [or the PERFORM ROTATION Command
3y BETA ANGLE

ipreereornnnny
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"6 Separator Command \
Purpose
This command may be used Lo specify the desired separator
character that can be used 10 separaie muitple lines of data on 4
single line of 1aput.
General format:
SEPARATOR a,
Desacription
The semicoion () is the default characier which tunchions as the
eciton

scparaior for multiple Linc Jats on vne hine However, this
scparator characicr can be changed by the SEPARATOR command
1o any characier a|, other than the comma or asterisk.

Notes

Comma (,) or asterisk (*) may not be used as a scperator characier
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5.7 Page New Command

Purpose

Thss commuand may be uscd io instruct the program 1o siart il new

page of output
General format:
PAGE NEW

Description

With this command, 3 new page ol vulput can be slaried. This
command provides the Mexibility, the user nceds, 10 design the

ouipul [ormat.

Noles

The presentation qualiny af the output document may he improved
by using this command properly

R EREECROCNBAENRER
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5.8 Pag

-ength/Eject Command

Purpose

These commands may be uysed 1o specily the page lengih of the
oulpul and the desired page cject characier

General format:

LENGTH |

. BAGE
EJECT a;
The page length 1in ST AAD vutput 15 based on o delault value of 60
lines Howcver, the user may change the page length 10 any
number 1 {number of hines per page) desircd.

Description

Standard page cjcet character (CNTRL L for PCs and | lor
Mini/MIrm) is ¢embedded n the STAAD program The PAGLE
EJECT command with the input of the character a; will alicr 1the
defaull page ¢ject characier 1n the program A biank characier will
uppress page cjection

5.9 Ignore Specifications

Purposs
This command allows the user to provide member hsts in a

convement way without iriggering crror messages pertaining to
non-¢xistent members numbers.,

General format:

IGNORE LIST

Description

IGNORE LIST may be uscd if the user wanis the program le 1gnore
any nuncxistent member that may be wncluded i 3 member hist
specification. For exampie, for the sake of simphicity, a hist of
mcmbers may be specilicd as MEMB 3 TO 40 where members 10
and 11 Jo aot exist. An crror message can be avawded oo this
situalhion by providing the IGNORE LIST vommand anywhere in
the beginning ulinpul A warning message. however, will appear
for cach nuncxistent member.

JITOCCCEREAR000

Section § | 14
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10 No Design Specification

Puspose

This command allows the user 10 declare that no design operations
will be pertarmed during the run The memory reserved for design
will be refeased 10 accomodate large? analysis jobs

General format:

INPUT NODESIGN
Description

ST.—\AP always assumes that a1 some potntn the inpul, the user
may wish to perform design for sicel or concreie members These
design processes require more computer memory I7 memory
availability s a problem. the above command may he used to
climinate cxira memory requirements.

fRing

i

ERod

L
=D
=
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5.11 Joint Coordinates Specification

Purpose

These commands allow the user to specily and gencrate the
coordinates of the JOINTs of the structure The JOINT
COORDINATES command imitiates the specificanon of the
coocdinates. The REPEAT and REPEAT ALL commands allow
vasy generalion of coordinates using repetilive paterns.

General format:

JOINT COQRADINATES (CYLINDRICAL {REVERSE)) (NQCHECK) band-spec

iy Xy, ¥1. Zya {1, X2, ¥2, 23, 1)
REPEAT n, xiy, yiy, ziy, (xig ¥ig, Zig,..., xiy, yig, zi,)
BEPEAT ALL n, xiy, yiy, 2iy, (Rig, yip, Ziy,..., Xi,, Yig, i)

band-spec = (NOREDUCE BAND)

NQOCHECK= Do nol pertorm check for muluiple structures or
orphan joints,

Description

The command JOINT COORDINATES specifies a Cantesian Coordinale
Sysiem {sce Figure 2.2). Joints are defined using the giobal X. Y and Z
coordinales. The command JOINT COORDINATES CYLINDRICAL

See Section specifics a Cylindrical Coordinate System (sce Figure 2.3). Jois are

15 defined using the r, 8 and z coordinates. JOINT COORDINATES
CYLINDRICAL REVERSE specifics a Reverse Cylindncal Coordinate
system (see Figure 2.4). Joinis are defincd using the r, y and 0
voordinates. NOREDUCE BAND causes the program 10 cxecule without
performing a bandwidth reducuon. ‘

Example

JOINT COORDINATES NOREDUCE BAND
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tuc REPEAT command causes the previous line of tnpul 1o be
repeated *n’ number of umes with specifed coordinate increments.
The REPEAT ALL command functiuns similar lo the REPEAT
command except that it repeals all previously specitied input back
10 the most recent REPEAT ALL command, or all jount duta 11 no
previous REPEAT ALL command has been given. (When using the
REPEAT and REPEAT ALL commands, joint sumbering must be
consecutive and should begin with 1)

i = The joint number for which the coordinates are
provided. Any inicger number (five dagit max.) s
permitied.

Yeypand g = X. Y& Z(R,0& Z for cylindrical or R, Y & 8 for
cyhndnical reverse) coordinaies of the joint.

For PLANE analyscs £y 1s an oprional daia item when defiaing
input for individual Joints £, is always required for joint
generation. The following are used only s joints are 1o be
generaled.

iy = The second joint number 10 which he joint
coordinates are gencraicd.

*nY¥rand o = XY R Z (R, 0& 2 for cylindrical or R. Y & 6 for
cyhndnical reverse) courdinates ol the joing 1.

1y = Joint number increment by which 1he generaicd
Joines wilj be incremenied. Defaulis 1o | f lelt aut.
n= Number of times repeat is to be carried our, Nove

that *n” cannot exceed 94 4n any une single
REPEAT command.

g yiy & o, =X, Y&2 (RROZZ(R Y& 8]) coordinate
increments for k th repear,

The X, Yand Z (R, 0 & 2 (R, Y & 8}) coordinates will be equailly
spaced between iy and iy

:
e

n=3
=
=3
==
==
=
n=s
s
2
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Example 1

JOINT COORDINATES

1 105 2.0 8.5

2 0.0 0.0 0.0

3 525 0.0 85 6 50.25 0.0 BS

[n this example, X Y Z coordinates of joinis | 1o 6 are provided.
Note that the josns between 3 & 6 will be gencrated with jAOmIS
cyually spaced from 3 10 6. Hence, joint 4 will have courdinaies of
210.250 0 8.3 and joimt 5 will have coordinates of 3525 0.0 8.5.

Example 2

JOINT COORDINATES

1 0.0 0.0 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

Hcee, the 220 joint coordinates of a 1en story 3 X 4-.bay' -;trucu.m: \
arc generated. The REPEAT command repeats the first ur_lpul’lnr?c
umes, immcrementing cach Z coordinate by 15 Thus, the lirst 2 lines
are sufficient to create a “Moor” of wtwenty joints,

; 0
10.0.0.;2150.0.;330.0 0 ;445 0
500 15 ;615 0. 15 ; 730, 0. 15. ; 8 45. 0. 15

;&Iﬂ;jﬂli&ﬂ.:l?@.um;ﬂﬁiﬂ.m

The REPEAT ALL command repcats alf previous daia (i.c. the 20
joint “Moor™) ten limes, incrementing the Y coordinate by 10 cach
ume. This creates the 200 remaintng joints of the struciure:
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Exampie 3

21 0.0 10.0 0.0 ; 22 150 10.0 0.0 ; ..;;
40 45.0 10.0 60.0 ; 41 0.0 20.0 0.0 ; ....;
200 45.0 90.0 60.0 ; 20t 0.0 1000 0.0 ; ..
219 30.0 100.0 60.0 ; 220 45.0 100.0 60.0

*

The follawing examples 1llustrate vanous uses of the REPEAT
command.

REPEAT 10 5.10. 5.

The above REPEAT command will repeat the Tast input hine 10
tames using the same scl ol tncrements (lLe. v =5 . y=s 10.2=5)

REPEAT 3 2.10.5.3.15.3.5.20. 3.

The above REPEAT command will repcat the last inpul linc three
wmes. Each repeat operation witl use o different increment set.

REPEAT 10 0. 12. 0. 15°00. 10. 0. 8*0

The above REPEAT command will repeat the last input line 10
times; $ix times ustng x, y and ¢ increments of 0, 2. and 0 . and
four times using incremenis of 0., 10. and 0. Each x, y and 7 value
of 0 represents no change {rom the previous increment. To creace
the 2nd through 6th repeats, five sets of 0., 0. and 0. {15°0) arc
supplied. The seventh rcpeal is done with incremenis of 0., H) and
0. The Bth through 10th repeats are done with the same increments
as 7, and is represenied as 9°0.

1
pu———

sLEaggaaoooonanl
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Notes

The PRINT JOINT COORDINATE command may be used to verify
the jont coordinates provided or gencraied by REPEAT and
REPEAT ALL commands.

Also, use the Post Processing facility o venify geometry
graphically.
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5.12 Member Incidences Specification

”~
o

Section 5 ] 15"

The fullowing data are used lor member generation only:

VERLEIIEIITONND

1; = Second member number 10 which members will be
Purpose generated.
i ) i = ber increment {or generation.
This set of commands ts used Lo specily MEMBERSs by delining 's Member number ynceem or g

= Jownt number increment which will be added to the incident

conneclivity between JOINTs. REPEAT and REPEAT ALL s = . e ot 1o 1 4 1ot out

commands arc avatable 1o [aciliate gencranen of repetiiive josnts. (ig e g e ‘ -

patierns. n = Number of times repeal is tu be carned oul.
m, = Mcmber numbcr increment

Th&; member/ctement incidences must be Jdelined such that the ), = Joint number increment

model developed represents one single structure unly, not two or Example

more scparate structurcs. STAAD s capable ol detecung muluple
struclures automatically,

MEMBER INCIDENCES
t12

2575
7111313223

General format:

MEMBER INCIDENCES
Iy, dg, Iy, (g, g, ig )
REPEAT n, m, |,
REPEAT ALL n, m, |

In thas example, member | goes trom joini | 1o 2. Maember 245
connected between joinis § and 7 Member aumbers from 3o 5
will be generated with a member number increment af 1 angd a i
pumber increment | {hy defaulty. That 1s. member 3 goes {rom 6 1o
8. member 4 from 7 to 9. member § feom 3 1o 10 Simalarly, in the
pext hine. member 9 will be from 1410 16. 11 from 17 to 19 and 13
from 20 (o 22

Descriptian

The REPEAT command causes the previous hine ol anput to be
rcpeated ‘n’ number o times with specified member and juini
mcrements. The REPEAT ALL commuand functions similar 10 the
REPEAT command cxcepl thar it repeats all previously speciiied
inpul back 10 the most recent REPEAT ALL command or 10 the
beginning vl 1he specification if ao previous REPEAT ALL
command has been issued. (When using REPEAT and REPEAT
ALL commands, member numbenng must be consccutive).

See Section

52 Additional example

MEMBER INCIDENCES

1121 20
iy = Member number for which incidences are provided. Any 21 21 22 23 .
inicger number (maximum six Jigis) is permiticd. -REPEAT 4 ) ;
1y = Start joint aumber. 38 21 25 239 .
iy = End joint number, REPEAT 21 4

REPEAT ALL 9 51 20
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This example creates the 510 members of a tenstory 3 X 4-bay
structure (this 1s 3 conunuation of the example statted 1n Sechon

5.12) The {irst inpul hine creates the twenty columns of the hirst
foar:

1121;222;,3323;..;191939; 20 20 40

\

The 1wo commands (21 21 22 23 and REPEAT 1) Hycreaie 15
members which are the second flour “Tuar™ beams running, tor
cxampie, 1n the cast-west direchion.

21 21 22; 22 22 23; 23 23 24
24 25 26; 25 26 27, 26 27 28

v ase sem

33 37 238; 34 38 29; IS5 39 40

The ncxt two commands {36 21 25 39 and REPEAT 3 4 J1tunchion
simitar 10 the previous 1wo commands. bul here create the 1n
second floor “floor” beams running in the nonh south direction

36 21 25; 37 22 26; 38 23 27; 39 24 28
40 25 29; 41 26 30; 42 27 J1; 43 28 ]2

e s

48 33 37; 49 34 318; S0 35 39; 51 36 40

The preceding commands have creaied a single 1oor unit of hoth
beams and columns, a total of 51 members. The REPEAT ALL now

repeats this unik nine umcs. generating 459 new members and linishing
the ten story structure. The member aumber 1s incremented by 51 (1he

number of members in a repeating unit) and the joint number is
incremented by 20, {the number of joints on onc Moor).

AaSEEERRRRERREE
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Notes
The PRINT MEMBER INFO command may be used Lo venly the

member incidences provided or generated by REPEAT and
REPEAT ALL commands.

Also. use the Post Processing facthity 1o vertfy geometry
graphicatly
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.13 Elen..at Incidence Specification

$
lo

Seclion

Purpose

This set of commands is uscd to specity ELEMENT; by defining
the connectivity between JOINTs. REPEAT and REPEAT ALL
commands arc available 1o facihitatesgeneration of fepelilive
patterns.

The elemens incidences must be defincd such thar the model
developed represents one single structure anly, not (wo or more
scparate struciures. STAAD is capable of detecting muliiple
structures automatically

hel en idenc

General format

ELEMENT [NCIDENCES (SHELL)
l‘s lzl i:]l idl (Is)l ( Ig iﬂl i?l '8)

BEPEAT n,e,|,
REPEAT ALL n,e, i

Description

ELEMENT INCIDENCES SHELL musi be provided immedialely
after MEMBER INCIDENCES {if any) are specified. The REPEAT
commaod causes the previous line of input to be repeated 'n’
aumber of times with specificd element and josnt increments. The
REPEAT ALL command functions similar 10 the REPEAT
comman:?. except 1hat it repeas all previously specified input back
1o the most recent REPEAT ALL command; or (o the beginning of

the specification if no previous REPEAT ALL command had been
issued.

S
=
p =
="
=3
3
|
220
=3
=
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= Element number (any number up to six diguts). If
MEMBER INCIDENCE is provided, this number must
nol coincide with any MEMBER number.

13 ...ig = Clockwise or counterclockwise yoint numbers which

represent the element connectivity. Note that ig is nol

nceded for tnangular () noded) elements.

"

The following data ys nceded if clements arc 1o be gencrated:

ig = Last elecment number 1o which elemenis are generaed.

t7 = Elcment number increment hy which ¢elements are gencrated.
Delaulis 1o 1 if omitted.

ig = Joint number increment which will be added (o incident joints.
Delauils 1o 1 1f omatied.

The following daa is necded if REPEAT or REPEAT ALL
commands are used 1o generate clements: )

n = Number of limes repeal is to be carmcd oul,

¢, = Element aumbcr increment.

J, = Joini number increment.

Example

ELEMENT INCIDENCE

11278
23418
3891 10708
81377014
Notes

The PRINT ELEMENT INFO command may be used to verify the
clemeant incidences provided or generated by REPEAT and
REPEAT ALL commands.

Also, use the Post Processing facility 1o venly geometry
graphicaily.
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Solid Element Incidences

General format

The element incidences tor sold elements are o be wdentihied using
the expression SOLID 1o distunguisn thern from PLATE/SHELL
clements. 4

m

LEMENT INCIDENCES S50LID

i, bz, by, day i, gy ir, 1g0 B9, {TO g, i, la)

REPEAT n, e, ji

REPEAT ALL n,e, 1

Description

ELEMENT INCIDENCES SOLID mus1 be provided symmediaiely
alter MEMBER INCIDENCES (af any) are specilicd as well as
alter the ELEMENT INCIDENCLES SHELL il any)

1 = Element number

i 1o« = Jownl numbers of the solid clemeny

dgg = Lust clement number 1o be gencrated

b = Element number increment

I = Juint numbcer increment

n = Number ol times REPEAT 15 o be carnied vut
c, = Elcment number increment )
i = Joint aumber increment

Spueify the four nodes of any of the faces of the sohd clementina
counter-clockwise dircction as viewed from the outside of the
clement and then go to the opposute face and specily the four nodes
ol that face in the same direcuion used while specilying the nodes
of the first face.

HrErpInRRRRRENE

Example

ELEMENT INCIDENCE soLiD
115622 25 26 22 TO 3
4 2125 26 22 41 45 46 42 TO 6

Secuon 3 ‘ '
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o

[

J1ent Mesh Generation

Purpose

This scl of carmmands 15 used to generate linie clement meshes
The proccdure involves the definmon ol super-clements which are
subscquently divided into smaller ¢lements.

Description

This is the sccond method for the gengration of clememt incwdenees
It the user needs to divide a big clement in1o a numbgr of small
clements, he may usce this facihity which generates the juint
aumbers and joint coordinates, the clement numbers and the
clement incidences automancaily Usc ol this feature consists of
two parts:

. Definition of the super ¢lement boundary points’ A supct-

clemem may be defined by either 4 boundary points or §
boundary ponts { see Figure on next page). Vv buundary point
15 denvied by a umigue aiphaber 1A-Z 10 upper case or 3-21n
lower case) and its corresponding coordinates. Hence, any 4 or
8 of the 52 characters may be used to define the super-clement
boundary. If 4 points are used 1o deline the super clement. cach
side of the yuper-clement will be assumed to huve a straight
cdge connecting the 2 paings detining that side 1178 points are
used, cach side wilt he 3 smooth curve connccning the 3 points
Jefining that side.

2. Generaton of sub-clementis: define the super-clement using

boundary points (4 or ¥ as explained above} and specify the
o1zl number of sub-clemenis required.

5

SRR

gl

TEEat
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General Format:
DEFINE MESH CYL
A| X Yi Zj ( (‘guvtpnzo”
- RCYL
Ay e
(QUADRILATERAL)
GENERATE ELEMENT
TRIANGULAR
MESH A A ... n, (ng}
MESH A A, ... ny (Ny)
where
ALA = Alphabets A - Z or alphabets a - 7. That 15 max 52.
\,.y,., = Coordinates lor boundary point A,.

If CYL or RCYL is defincd. above coordinates wall be
in cyhindrical or reverse cybindnical coordinales sysiem.
Optional coordinates v, v, and 7, will he the caricsian
cnurdinates tor the ongin ol the cviimdncal courdinaies
Defaults o 0.0, 0 1 aot provided

ALALAL =A reclangular super-clement dciined by four ar cight
houndary points

n, = Number ot ¢lements along the side A, A, ol the super-
clement. 1Should not cxeéed )

ns = Number oif clements along the side A] Ay of the super-
clement. 1 Should not ¢xceed 10}

il n~ is omitted, that s, oaly a; is provided. then ay wiil indicate
\he total number of clements withun the super-clement. In this case,
n, musi be Lthe square al an inieger.

Notes

All coordinates are in current uml systern. While using thus facility

“the user has to keep the following points in mind:

1} Al super-clements must be 4-noded or 8-nuded. Generated
clements for 4-noded super-clements will retain the straight-
line cdges of the super-elements, while juints of etements
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a4 geonerated from 8-noded super-ciements will Lie on 4 curved
irajectory

B . ]

s , /\/ /?»

B . " /

1 ) W ot

'y ! i b L,'\Lf'\;"
N A ST
t ] ) ] l ! h T r_v—-l_— -t

- Mesh generaied Jor o
1 d-auded super element

Mesh cenerated fur o
A Acnded super elemeny

1) 2 super-clemenis which have a comman buundary must have
K the same number of elements slong ther common boundary.

1) Sequence of super-clements - MESH commands define the
super-elemeats, The scquence of this MESH command should

e be such thal once wne is defined, the next wuper-clements
should be the ones connccted 10 this. Therefore. for
convenicnce, the first super-clemeni shouid be the one which 1s

. conncecied by the largest number of super-clements In the

example shawn here for the 1ank, the boitom super-clement 1y
specificd first.

4} This command must be used aller the MEMBER INCIDENCE

& ELEMENT INCIDENCE secuion and befure the MEMBLER
* PROPERTIES & ELEMENT PROPERTIES section. The

clements that are created internally are numbered sequennally
with an increment of ane siarting from the last member/clement
number plus onc. Similarly the additional joiats created
internally are numbcred sequentially with an increment of one
starting from the last joint aumber plus one. 1t'is advisablc that
users keep the joint numbers and memberfelement numbers 1n 2
sequence with an increment of one starting from one.

=
==
=1
=
=
R3
=
==
=
=
Bn

3)

h)

T

3}

Section § l

[l there are members embracing a super-element which s
being meshed. the users will have 1o take care of \he required
addinons/modifications in the MEMBER INCIDENCT section
themselves since a few more new joints might appear on the
cxisting commun boundary as a result of meshing the super-
clement, See the lollowing ligure:

Nole Al 2 memder cxists belween ponts A and 8 the uscr must breakup

this member into 4 parts Members will not be meshed autemancally

The sub-clements will have the same direction tClockwise of
Ann-clockwise) as the super-clements For a super-clement
hounded by four puints A, B, C and D1 ABCD, BCDA cic.
arc 1in ¢lockwisce dircction. CBAD ur DCBA cic are in ann-
clock wise direction [T the particular super-clement 15 denoled
as ABCD. 4ll the sub-clements tn 1l will have a clockwise
clement incidence m this example

Element rnaidences of the gencrated sub-clements may be
cbtained by providing the command PRINT ELEMENT
INFORMATION' alter the 'MESH. . command in the input file

If the STAAD input file contains commaads for JOINT
COORDINATES, MEMBER INCIDENCES. ELEMENT
INCIDENCES and MESH GENERATION, they should be
specificd in the following order:

STAAD SPACE

UNIT KIP FEET

JOINT COORDINATES

MEMBER INCIDENCES
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p: ELEMENT INCIDENCES

b DEFINE MESH

| o GENERATE ELEMENT

":_ N

' Example

: The following scction o1 input lusirates the use of MESH
GENERATION tlacility, the user may compare this with the

] geometry inputs for Example Prob Mo, 100 the STAAD cxample

manual.

STAAD SPACE TANK STRUCTURE WITH
* MESH GENERATION

UNIT FEET KIPS

DEFINE MESH
A000;B0200:;C20200
D2000;E00-20;F020-20
G 2020-20; H20.0.-20
GENERATE ELEMENT

MESH AEHD 16

MESH EABF 16

MESH ADCH 16

MESH HEFG 16

MESH DHGC 16

B3
=
==3
e
=3
e |
==3
2=

Typical generaled Quad and Triangular clemenis:

I R
77
] —]

Fiprial cenrrared
susat rlemanis

Foproat generured

Tnangular elements
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’ 5.15 Redefinition of Joint and Member

Toinis with Y coordinates ranging from 9.99 10 10 [t will have a

L] Numbers new number starting frum (01 Columns will be renumbered
. starung with the new number 901.
-
Note
" Purposa

Meanmingiul respecificanon of JOINT and MEMBER numbers may

This command may be used o redeline JOINT and MEMBLR )
sigmficantly improve case of interpretation of cesulls

numbers. Original JOINT and MEMBER numbers are substnuted
by new numbers.

L)
General Format:
. JOINT XRANGE
YRANGE f..1: START i
sSugsT MEMBER ZRANGE
. COLUMN

where, | and f, are lwo range values of &, y, or 2 and 115 the new
starting number.

Description

Joant and member numbers can be redefined sn STAAD through the
usc of the SUBSTITUTE command. Aller a new scl of numbers are
assigned, input and output valucs will be in accordance with the
new numbering scheme. The user can design numbering schemes
that will result in simple input specsfication as well as easy
interpretation of resubts. For example, ald joints in first Nloor of a
building may be renumbercd as 10!, 102 ..., all second Moor joinis
may be renumbered as 201, 202 ..., clc.

Example

UNITFT ... i/ oo
SUBST JOINT YR 9.89 10.0 START 101
SUBST COLUMN START 901

P Y o

poooupERuanuiidy
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-.16 Listing of Members by Specification of
GROUPS
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where,
group-name = an alpha-numeric name specified by the user 1o
idenufy the group. The group-name must start with

This command allows the uscr Lo specify a group of members/joints . .
e y 3 group o the ‘_' (uaderscore) character and 15 imited 10 cight

and save the information using a ‘group-name’. The "group-name’

characiers.
may be subscqt‘:cnlly uscd_m the |npu*l file instead of 4 member-iist/ = the List of members/juinus beloaging to the group.
member/joint list to specily other atiributes. This ¢xtremely useful Joint-list
leature allows avoiding ol muluple specifications of the same
member/joint list. Foltowing is the gencral format required (o the Notes

GROUP command.

1} The GROUP delimnion must start with the START GROUP
DEFINITION command and ¢nd with the END command.

3) Morce than one GROUP name may be specilied within the same

Ganers| format:

START GAQUP DEFINITION defintion specification.
3) The words JOINT, MEMBER, ELEMENT and SOLID may be
(GEOMETRY) provided if vhe user wishes 1o denuly the group name and lists with

_lgroup-name) joint-list those speaific items However, if the group name and list 1s merely a
mecans ol grouping together more than one type of structural
compuncnt under a single heading, the word GEOMETRY may be
provided. In the absence of any uf those five words (GEOMETRY.
JOINT. MEMBER, ELEMENT or SOLID), the list 1s assumed o be

that lor GEOMETRY

OR

JOINT

_lgroup-name) joint-list
MEMBER

_(group-name) member-list

ELEMENT
_{group-name) slement-list

e

SOLID
_(group-name) solid element-list

......

END GROUP DEFINITION

rrrnenrnIrNONIL.
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Example

START GROUP DEFINITION
_TRUSS t TO 20 25 35
_BEAM 40 TO 50

END

MEMBER PROPERTIES
-TAUSS TA LD L40304
_BEAM TA ST W12X26

Example

START GROUP DEFINITION
JOINT

_TAGA1TO 10

MEMBER -

_TAGB 40 TO 50
GEOMETRY

_TAGC 101 TQ 135

END

MEMBER PROPERTIES
_TAGB TA LD L40304
_TAGC TA ST w12X28

Y

Ao gagoraonng!

Sccuon s | 471

5.17 Rotation of Structure Geometry

Purpose

This command may be uscd (o rolate an exisling siruciure gecomelry
about the global axcs.

General farmat:

- ! d
PERFORM RQTATION [% :,;} .

where, d|, d.. dy are the rotations (in degrees) about the X, Y and
Z global axcs respectively. After the Joint Coordinates and Member
Incidences are specificd, this command can be used Lo rotate the
structure geometry by any desired angle about any global axis. The
rotated conliguration is used for analysis and design. Whle
specifying this command, note that the sense of the rolalion should
conform to the nght hand rule. '

Description

This command can be uscd 1o rotate the geometnic shape through
any desired anglc aboul any global axis. The related configuration
can be used for analysis and design.

Example

PERFORM ROTATION X 20 Z -15

Note .
L]

This command should be provided immediately following member
incidences if there are only members and afier element incidences
if there are members and clements.
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5.18 In. .ive/Delete Specification

Purpose

This set of commands may be used o (emporanly INACTIVATE or
permancntly DELETE specified 1QINTs or MEMBERs

»
General format:

INACTIVE MEMBERS membar-list

MEMBERS mnmhar-llst}

DELETE {
JOINTS joint-list

Description

These cammands can be used to specify that certan juinis or
mcmbers be deactivaied ar completely Jeleted from a siructure.
The INACTIVE command makes the members temporanly tnacuve,
the user must re-actevaie them during the later part of the input for
further processing. The DELETE command will compteicly delete
the members frem the structure: the user cannot re-activate them.
These commands must be provided immediatcly afier all
member/element tncidences are provided,

Notes

2) The DELETE MEMBER command will automatically deleie all
Jjoints associated with deleied members, previded the joints are
not connrccted by any ather active members or clemenis

b) This command will alse delete all the joints which were not
connccied to the struciure in the first place. For example, such
joints may have been generated lor ease of input of juint
coordinates and were intended 1o be deleted. Hence, «f a
DELETE MEMBER command is used. a DELETE JOINT
command should not be used.

¢} The DELETE MEMBER command is applicable for deletion of
members as well as elements. If ihe list of members 10 be
deleted cxtends beyond onc Jine. it should be continucd on to

jpoononRREEROOE.
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the ncxt line by providing a blank space {ollowed by a hyphen
{-) at the end of the current line

Example

INACTIVE MEMBERS S§7TO10
DELETE MEMBERS 29TO M 43

d) The INACTIVE MEMBER command cannot bc. used in
siuations where inacuvating a member results in joinis
becoming unconnected in space. '

¢1 The INACTIVE MEMBER command should not be used if the
MEMBER TENSION command 13 used. _

N The INACTIVaicd members may be resiored Inr‘funhcr
processes (such as an analysis or design for a 2° ser of load
cascs) by using the CHANGE command. Scec Secuien 5.37 and
Example 4 for mare information,

g) The DELETE MEM BER ¢command should be used ta delele _
clements oo Specify the command as DELETE MEMBER j
where )15 the ¢elemenl number of the clement you wish 10
detete. In the example shown abave, 19 1o 34 and 33 are
clement numbers.

h) Loads that have heen defined on members declared as .
INACTIVE members will not he considered 1n the analysis.
This apphies (o SELFWEIGHT. MEMBER LOADS.
PRESTRESS and POSTSTRESS LOADS. TEMPERATURE

LOAD:s. ctc.
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5.19 User Steel Table Specification

Purpose

STAAD allows the uscr to create and use customized Sieel Seetion
Table (s) tor Property speciflicanon, Code checking and Member
Sclection This sct of commands may be used to create the tableis)
and provide necessary data.

Generat format:

START USER TABLE
TABLE i (1)

section-lype
section-name
property-spec
END
where,
iy = 1able number (1 to 20) Duning the analysis
process, the data 1n cach user provided able s
stored 1n 3 corresponding lile with an extension
.U0?. For cxample, the daia of the Sthiable s
stored 1n UOS The lirst part ol the inpul file rame
13 the same as that ot the STAAD input lile These
files arc located in the same working dircclory Jas
the input lle. Hence, they may later be used as
cxternal user provided tables for other input files.
=

scelion-lype =

scclion-name =

external file name contdining the section name and
correspunding propertics.

a steel secion name including: WIDE FLANGE.
CHANNEL, ANGLE, DOUBLE ANGLE, TEE,
PIPE, TUBE, GENERAL, ISECTION &
PRISMATIC.

Any uscr designaled scction name, within 12
characiers, Firsi three characiers of Pipes and
Tubes must be PIP and TUB respectively. Only
alphanumeric characiers and digus are allowed for
dcfining section names. (Blank spaccs, asicrisks.

TEELERREY
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question marks, coton, semi-colon etc. are not
pcrmlllcd_)

property-spec = Prapertics for the scction The requirements are

different for cach section Lype as lollows. Note that
shear areas AY and AZ must be provided to cnsure
proper shear stress or shear strengih calculalions
during design.

The default lengeh uniis for properties arc inch {(or
Amernican version) and em ({or other versions).
However, the user may specify the desired length
unit by using the UNIT command as the first
command in the tablc {see exampie lollawing this

descniption),

Description

Foljowing scctioh 1ypes arc available under this ophon

Wide Flange

1y
M
3}
4
3
hy
)]
8)
9)

AX = Cross scctinn area

D = Depth ol the scction

TW s Thickness al web

WE = Widih ol the 1Tange

TE = Mhickncss ol tlange

1Z = Moment of incetia about local 2-axs (usually strong axis)

1Y = Muoment of ineria about local y-axis

IX = Torsional constant

AY = Shcar area n local y-axis. [f sero, shear deformanion 15
ignored in the analysis.

10} AZ = Same as above except i local z-axs.
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Channel

DAX,2)D, 3 TW. 4) WF,

10) AY, 11) Az

Angle

SYTF. 6HZ 1) 1Y, 8)1X, 9) 7,

D, )WE 1) TE. 4)R, 5) AY, 6) AZ

Double Angle

1D, 1) WF, 3) TF. 4) SP, 5
0y AZ

y
{wrr

_,71

!
P—

VIZ 6y 1Y, 7)1, 31 CY. 9 Ay,

B
——» Z 7_..

sp

ds and Inpus Insirucuons
H

b

1
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1t

—_—
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Tee

NAX, 2D, DIWF, 4)TE, 53 TW, 6) IZ, T IY, 8)1X,. 9 CY,
10) AY, 11) AZ

Y
A Y

Pipe

1) QD = Quter diameier
23 ID = lnner diameter
NAY. )AL

Tube
DAX,2)D. OIWE, HTF. 512, 63 1Y, T IX, §8) AY.9) AZ

General

The lollowing cross-seclivnal propertics should be used [or this
scction-type. Nate that this [acility allows the user 10 specify a
buili-up or unconventional Stecl Seciion.

1) AX = Cross scction arca.
2y D = Depth of the section.
3) TD = Thickness associated with section element parallct 10

depth (usually web). To be uscd to check
depth/thickness rati.

4) B = Width of the section.

5) TB = Thickncss associated with section element paratlel 1o
flange. To be usced 10 check widith/thickness rauo.
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h) 12 = Momecnt ol inertia about local ¢-axs

oY = Moment uf 1nertia about local y-ans,

8) I1X = Torsional Constan.

9y  SZ = Section modutus aboul local z-axs

1) SY = Section modulus about local y-axn

1) AY = Shear arca tor shear parallel o lacal y-axrs

12) AZ = Shear arca tor shear parallel to local 7-axis

13} PZ = Plastic modulus about tocal 2-axis.

1) PY = Plasue modulus about local y-axis

15) HSS = Warping consiant lor lateral torsional buckhng

cafculanons
16}y "DEE = Dcpth of web For rolled sections, distance between
fillets should be provided

Nusc:
Propcrues PZ. PY, HSS and DEE must he provided for code
checking/member selecnon per plastiic and Tumat state hased
codes (AISC LRFD. Bowush, French, German and
Scandinavian codes). For codes bascd on allowable stress
design (AISC-ASD. AASHTO. Indian codes). sero values
may bc provided lor these properuies.

isection

This section 1ype may he uscd to specaily a generabized
l-shaped section. The cruss-sectiunal propertics required are histed

below.

Notc that thss facidity can be uulized to specily tapered (-

shapes.

1) DWW = Depih of scciion a1 siarl node
1) TWW = Thickness of web.

}) DWW = Depih of scction at end node.
4) BFF = Widih of 10p Nange.

5) TFF = Thickness of top Nange.

6) BFF1 = Width of bonom flange.

7} TFF1 = Thickness of botiom flangc.

8) AYF = Shear area for shear paralicl 10 Y-axis.
9) AZF = Shear arca [or shear paraliel 10 Z-axis.
10) XIF = Torsional constant.

4
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NOTE:

1

A)

DWW should never be less than DWW 1L, The uscr should
provide thc member incidences accordingly.

The uscr 1s allowed the following options [or the values AYF,
AZF and XIF.

a) 1{ pasitive values are pravided. they arc used directly by

the program.
b) If seros provided, the program calculates the propertics

using the following formula

AYF =D x TWW {where D =Depth ot scction under
consmderahion}

AZE =066 ((BFF x TFF) + (BFFI x TFFLD

XIF = 1/3 ((BFF x TFF?) + {DEE x TWW?) « (BFFI x
TFF1}))
. (where DEE = Depth of web of section)

c) If negative values are providedi they are applied as factors
on the corresponding value(s) calculaled by the program
using the above formula. The (actor apphed is alwavys the
absolute of the value provided, i.e. 1l the user provides the
value of XIF as -1.3, then the program will muluply the
value of XIF, calculated by the above formula, by a factor
of 1.3.
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Prismalic
START USER TABLE

TABLE 1 TFILE1
TABLE 2 TFILE2

The property-spec for the PRISMATIC sccuion-type is as (oliows -

13 AX = Cross-sechion arca

2) 1Z = Moment of inethia about the local z-axis END
3) 1Y = Moment of inerua about the local y-axis
4) [X = Torsional constant

Where TFILE] and TFILE2 arc names of files which must be
created grior 10 running STAAD, and where the file TFILEL will
contain the loltowing:

S) AY = Shcar area for shear parallel o Jocal y-axis.
6) AZ = Shear arca lor shear paralicl 1o local £-axis.
7) YD = Depih of the seciion in the direcnion of the focal y-axis.
8) ZD = Depth of the secuion in the direction of the local 2-axs.

UNIT INCHES
Example WIDE FLANGE
. . W14X30
START USER TABLE \ 8.85 13.84 .27 6.73 .385 291. 19.6 .38 0 0
TABLE 1 _ ; W21X50
UNIT iNCHES . 3 14.7 20.83 .38 6.53 .535 984 249 1.14 792 O
WIDE FLANGE . W14X109
W14X30 ] | 32. 14.32 0.525 14.605 .86 1240 447 7.12 7.52 0
8.85 13.84 27 6.73 .385 291. 19.6 .38 0 @
W21X50

14.7 20.83 33' 6.51 .535 984 24.9 1.14 7.92 0 and the file TFILE2 will contain:

wW14X109

32. 14.32 .525 14.605 88 1240 447 7.12 752 0 UNIT INCHES

TABLE 2 ANGLES

UNIT INCHES L25255

ANGLES ‘" 2.5 2.5 .3125 489 0 0O

L25255 L40404

2.5 25 0.3125.488 0 0 4.4 25 79500

L40A04 = K

4. 4,25 7950 0 Notes -
CENR g - - y ;

The User-Provided Sicel Table(s) may be crcaled and maintained
as separate lile(s). The same files may be used for all models using
sections [rom these tables. These files should reside in the same
directory where the input file is located.

*  Note that these section-names must be provided in ascending
order by weight, since the member-selection process uses these
1ables and the iteration starts from the op. The above example
can also be input as lollows:
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2.20 Member Property Specification

Section 3 | 183

Each specificanon 1s desenibed 1n detail in the following seclions.
Examples are available in Secuon 5.20 6.

Purpose

This set of commands may be used fur vpecification of sechon

properties lor frame members
Y

General format:

(AUSTRALIAN ]
CANADIAN
EUROPEAN
FRENCH
MEMBER PAQPERTIES  {INDIAN 1
AMERICAN
BRTISH
GERMAN
[JAPANESE |

JABLE type-spec table-name
{additional-spec)
member-list {PRISMATIC property-spac
TAPERED argument-list
UPTABLE i, section-name
ASSIGN profile-spec

AMERICAN, BRITISH. EUROPEAN (uv1c ) opiion will instrucy the
program 1o pick up properties from the appropriate steel table The
default depends on the country of distnbution.

Description

This command initiaies the specification of MEMBER
PROPERTY. Following arc the vanous options available:

a) Specification from built-in stcel 1ables. (Section 5.19.1)

b) Specification of prismatic properues. (Section 5.19.2) H
c} Specification of tapered members. (Section §5.19.3)

d) Specification from user provided table. (Section 519 4)

) Specificauon by ASSIGNieg a profile. (Sccuon 5.19 5)

Stlaaaiaaganiang
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5.20.1 Specifying Properties from Steel Table ‘ < [sb 1)
wp
TH 1
Purpose ' o wr 4
. additional-spec = DT {3/
The following commands are uscd for specilying scclion propertics 9]0 I
from buili-1a steel ablegs), s 1D t;
€T g
General lermat: EC )

SP I,= This set describes the spacing () between angles or
channels il double angles or double channels are used. f,

type-spec . table-name additional-spec.

'§I defaults 10 0.0 {1 not given.

BA WP [,= Width (f) of the cover plate il a cover plale is used with |

D shaped seclions.

LD See Section TH I3= Thickness (f3) of plates or tubes.

S0 rr:2 WT = Width ([,) of tubes. where TUBE 1s the 1able-name.
typeespec = I DT f,= Depth (£) of tuhes.

% OD f,= Quiside didgmeler (1) of prpes. where PIPE 15 the table-

I name.
ngj ID f,= Inside diameter (14} of pipes.

CT fy= Concrete thickness (fy) for compusite sections.

. “C ly= ve s fy) of the concrete [Or composite
ST specifies single section from the standard buili-in 1ables. FC Iy= Compressive strength (M) o the concre comp

R specifics single angle with reverse Y-Z sxes (see Secnon
1.5.2}.

D  specifics double channel.

LD specifics long leg. back 1o back. doublc angle

SD specifics short 1eg. back to back. double angle.

T  specifics tee section cud from | shaped beams.

CM specifies composiie scction, availabie with | shaped beams.

TC specifics beams with 1op cover plate.

BC specifics beams with bottom cover plate.

TB specilies beams with top and bottom cover plates.

sections,
Example

Sece Section 5.20 6

table-name = Table section name ke WBX 18, C15X33 ctc.
The documentalion on steel design per individual country codes
contains information regarding their stecl section specification
also. For details on specifying sections [rom the American steel
tables, see Scction 2.2.1 of this manual.
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All values [| 4 must be supplied in current units. [ﬂ 5.20.2 Prismatic Property Spec"ication
Some imporiant points 1o note in Ihe case of the composite section m )
are: v Purpose

The following commands are used to specify seclion properlics for
prismatic cross-sections.

1) The wudth of the concrele slab is ussumed to be the width of
the top Nange of the steel scclion + 16 times the thickness of
the slab

2) In order 1o calculate the seclion properties of the cros's-scmion.

9
E .

General format:

J—

the modular ratio is calculated assuming that:
Es= Modulus of clasticity of steel = 29000 Ksi.
Ec= Modulus of elasticity of concrete = 1802.5VFC Ksi

For the PRISMATIC specification, propertics are provided direcily

m as lollows:

where FC (in Ksi) is defined carlicr . r% :1
I wnsr iy r§
Z 4y r7
, . property-spec = J{AY g |' ' "
w AZ g [ ] l i
' ym
. ZD iy
m _Y'-a '9 [ TR ImarFt 7idBs] g TR
' \;--B- f‘o
ﬂ AX [ = Cross scctional area ol the member [f omitted, the
area is calculated from the YD and ZD dimensions.
[X {» = Torsional consiant.
1Y 1y = Moment of inertia about local y-akis.
1Z f, = Momentof tnertia about local z-axis {usually major}. °
See Section AY [5 = Effeclive shear area in local y-axis.
171 AZ [o = Eflcctive shear area in local z-axis.

YD f, = Decpth of the member in local ¥ dircction.
(Diameter of section for circudar members)

ZD Iy = Depth of the member in loc'al z direction. Hf ZD is not
provided and YD is provided, the section will be

. assumed to be circular.

YB [y = Depth of stem for T-section.

ZB [,y = Width of stem for T-section or boitom widih for
TRAPEZOIDAL section.

1L
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5.20.3 Tapered Member Specification

Section
[V

Purpose

The lollowing commands are used 1o specily section properties lor
tapered I-shapes. " [

General format:
argument-hist = [y I3 Ty [ [, Ty)

where,

fy = Depth of section at start node

fy-= Thickness of web,

{y = Depth of scction at end node.

I, = Widih of top flange.

[y = Thickness of top {Tange

{g = Widih of bottom flange Delaults to T if felt out.
f; = Thickness of boitom Nange. Defavlts 10 Iy lett aut

Example

MEMBER PROPERTY
1 TO 5 TAPERED 13.98 (0285 13.98 6.745 0.455 6.745 0.455

Notes

1. All dimensions ([}, . .....[;) should be in currenl units.

3. [, (Depth of section at slart node) should always be greater
than f, (Depth of scction al end node). The user should provide
the member incidences accordingly.

Sa:uonﬂ

5.20.4 Propérty Specification from User Provided

See Section

t 73

Table

Purpose

The following commands are used to specify seclion properties
from a previously created USER-PROVIDED STEEL TABLE.

Geneérdl format:

member-list UPTABLE |; s&ction-namé
LPTABLE stands for user-provided table
1, = tablc number as specified previously (1 to 4)

scction-name = sectton name as specified in the table.
tRefer 10 Section 5.19)

Example

See Section 5.20 6
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5.20.5 Assign Profile Specification

Vee Sechion
'3

Purpose

The ASSIGN command may be used to instruct the program to
assign a switable sicel section to a frame member bascd on the
prolile-spec shown below.

General format:

BEAM
COLUMN

CHANNEL
ANGLE (DOUBLE)

profile-spec =

Example
Sce Section 5.20.6

Notes

Seenons are always chosen from the relevant busls-in sicef table.
To find out the details of the sections that are chosen, the command
PRINT MEMBER PRO_PERT[ES shouid be provided siter
specification of all member properties.-

1

JEQOOQEROTRERIDE

Scction 3 | 1

5.20.6 Examples of Member Property

Specification

This section illusirates the various options available for MEMBER
PROPERTY specification

Example

UNIT INCHES

MEMBER PAOPERTIES

t TO § TABLE ST wax3i

9 10 TABLE LD L40304 SP 0.25

12 TO 15 PRISMATIC AX 10.0 1Z 1520.0

17 t8 TA §T PIPE OD 2.5 ID 1.75

20 TO 25 TA ST TUBE DT 12. WT 8. TH 0.5
27 29 32 TO 40 -

42 PR AX 5. 1Z 400. Iy 33. I1X 0.2 YO 9. ZD 3,
431 7O 47 UPT 1 W10x49

50 51 UPT 2 L40404

52 TQ 55 ASSIGN COLUMN

56 TA TC W12X26 WP 4.0 TH 0.3

57 TACM W14x34 ct 5.0 ¥C 3.0

" This example shows cach type of member property 1inpul. Members
| 10 5 are wide Ninges selected from the AISC 1ables: 9 and 10 are
double angles sclected from the AISC tables; 12 1o 15 are prismatic
members with no shear deformation: 17 and 18 are pipe sections:
20 1o 25 arc lubé sections: 27, 29, 32 10 40, and 42 are prismatic
members with shear deformation; 43 to 47 arc wide flanges
selected from the user input table nuimbgr |: 50 and 51 dre single
angles from the user input lable number 2; 52 through 33 are
designated as COLUMN members using the ASSIGN specification
The program will assign a suitable {-section from the steel tabie for
cach member

Mecmber 56 is 2 wideflange W12X26 with a 4.0 in. wide cover plale
of thickness 0.3 inches at the top. Mcmber 57 is a compesile
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»

svotion with a concrete slab thickness of 5.0 inches at the lop of a
wide flange W14X34. The compressive strength ol the concrele in
the slab is 3 0 ksi.

1

HEIIIIIIIIns
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5.21 Element Property Specification

Purposé
This sct of commands may be used 1o specify properties of plate

linite elements.

Unlike members and plate/shell clements, no properties are
requircd (or solid elements However, constants such as modulus of
elasticity and Poisson’s ratio are to he speciiied.

General Format:
ELEMENT PROPERTY
slerent-list THICKNESS 1, (f., f;, 1,)

f, = Thickness of the elément.
f,..1,= Thicknesses at othér nodes of the element, it
different from f,.

Description
Yee ' Llements of wniform thickness may be modeled using this
Section 1 8 command. Note that the value of the thickness must be provided in

cutrent unils.

Example

UNIT INCH
ELEMENT PROPERTY
1 TO 8 14 16 TH 0.25
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.22 Member/Element Releases
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5.22.1 Member Release Specification

STAAD allows specification of releases of degrees of freedom for :
lrame members and plate elements. Section 5,22, 1 descnibes - !
MEMBER release options and Section 5.22.2 describes ELEMENT
release options.

Purpose

This sct of commands may be used 1o (ully release specific degrees
of freedom at the cnds of [rame members. They may also be used to
describe a mode of attachment where the member end is connecied
to the joint lor specific degrees of freedom through the means of
springs.

General farmat:

MEMBER RELEASES

$TART]

5

m-ember-list {
END

REERRR

. where FX through MZ and KFX through KMZ represent force-x
through moment-z degrees of {recdom 1n the member local axes and
i1 through 6 arc spring constants for these degrees ol frecdom. If
FX thtough MZ is used, it significs 4 Tull release for that d o.l. and
1l KFX through KMZ is used, it significs a spring attachment

Example

S EEEE

MEMBER RELEASE
13709 11 12 START KFX 1000.0 MY MZ
11011 13 TO18 END MZ KMX 200.0

In the above example, for members 1, 310 9, {1 and 12, the
moments about the local Y and Z axes are released at their stan
joinls (as specified in MEMBER INCIDENCES). Further, these
members are attached to their START joint along their local & axis
through a spring whose stillness is 1000.0 units of force/iength.
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See Section

Fu.. .nembers 1, 10, 11 and |3 to 18, the momenl about the local Z
axts is released at their end joini. Also, the members are atiached
tor their END joint about their local x axis through a moment-spring
whose shffness 1s 200.0 units of force-tength/Degree. Note that
members | and 11 are released at both start and end joinis, though
nol necessarily in the same degrees of freedom

3

Partial Moment Release

Momentis at the end of a member may be releascd partially, This
facility may be used 1o model partal fixity of connections. The
following format may be used 1o provide a partial moment relcase.
Note that thrs Tacitity 1s provided under the MEMBER RELEASE
option and 5 in addition to the existing RELEASE capabihues,

General Format:
MEMBER HELEASE

START]
member-list MP f,
END
where [ = release factor,

The moment related siiffness co-eflicient will be multiplicd hy a
factor of (1-1)) at the speeified end

Example

MEMBER RELEASE
15 TQ'25 START MP 0.25

The above RELEASE command will apply a factor of 0.75 on the
moment related stiffness co-elficients al START of members 15 10
25.

Secuon S | 19
Notes

It is important to note thal the factor f indicales a reduction in the
sliffeness corresponding to the rotational degrees of freedom MX,
MY dnd MZ. In othér words, the uscr should not expect the
momenl on the member to reduce by a factor of {; [l may be
necessary fof the user 1o perform a few triais tn order Lo arrive at
the right value of [, which resuits in the desired reduction in

~

moment.

Also., note thal START and END is based on the MEMBER
INCIDENCE specification,

At any end of the member, for any particular DOF, full,
partial and spring retease cannot be applied
simullaneously. Only one out of the three is permitted.



STAAD Commands and byput Instruciions

cuon 3

£ 22.2 Element Release Specification

See

“rciton 18

Purpose

This set of commands may be uscd to release specified degrees of
. *
freedoms at the end of plate finite clements,

General Format:

ELEMENT RELEASE

element-liat

=lGists
EEERIER

where the keywords J1, J2, 13 and J4 signify joints in the urder of
the specification of the clement ncidence. For examples, 1f the
incidences of the element were defined as 3542 76 63. 11
represents 35, 12 represents 42, 13 represents 76, and 4 represents
63. Plcase notc that cicment releases at mulliple Joints cannuol be
specified 1n a single line. Those must be specificd separatelv as
shown below.

FX through MZ represents forces/moments Lo be released per local
axis system.

Examplie

Cairect Usage Incorrect Usage
ELEMENT RELEASE ELEMENT RELEASE

10 TO 50 J1 MX MY B 10 TO 50 J1 2 MX MY
10 TO 50 J2 MX MY 10 TO S0 J3 J4 MY
10TOS50JIMY - - S e -
1070 50 J4 MY 1

! .
]

;

—

i

SEEREE

1L

Notes

All releases are in the local axis system.

Secuon 5 | 198
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523 Member Truss/Cable/T ension/Compression
Specification

STAAD Comstands and Input Insiructions
cuon § ,

5.23.1 Membeér Truss Spécification

Ju—

STAAD allows frame mcmbers to be designated as TRUSS

mecmbers, CABLE members and TENSION/COMPRESSION-only
members. Sections 5.23.1 through 5.23.3 dcs;:rlbc these
specifications.

Purpose

This command may be uscd 10 model a specilied set of members as
TRUSS members.

Description

i1

This specification may be used to specily TRUSS type members in
a PLANE, SPACE or FLOOR structure. The TRUSS mcmbers arc
capable of carrying only axial forces. Typically, bracing members
in a PLANE or SPACE frame will be of this nature

General format:

MEMBER TRUSS
member-list

11§

Note thal this command is superfluous when o TRUSS 1ype
structurc hds already been specified.

See Sections o
! 9and 1 1 EXxample

MEMB TRUSS

1 TO 8 10 12 14 15

——

1

Notes

The TRUSS member has only one degree of freedos-the axial
deformation. [t is nut equivalent te a [rame member with moment
rcleases al both ends. ‘

Teeet
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5.23.2 Member Cable Specification

See Sectiony
9140

Purpose
This command may be used Lo model a specificd sct of members as

CABLE members.

hl

Description

The CABLE members, in addition 10 ctastic axjal deformauon. are
also capable of accommodating the effcet of iniual lension.
Theoarencal discussions of CABLE members arc presenled n
Section 1 of this manual

General format:

MEMBER CABLE

member-list TENSION I,

where fy= fnittal Tension 1n cable member
{in current unis)

Example

"MEMB CABLE
20 TO 25 TENSION 15.5

Notes

The TENSION specified in the CABLE member is applied on the
siructure as an external load as well as is used to modily the
suffness of the member. Sce Section 1.10 for defails.

TrroerInnRRONLNY

Section 5 | %

5.23.3 Member Tension/Compression Specification

See Secnan
19

Purpose

This command may be uscd to designate certain members as

Tension-only or Comprcssion-only members.

General Format:

MEMBER TENSION
member - list

MEMBER COMPHESSION
member - list

Description

Tension-only members are truss members that are capable of
carrying tensile forces only. Thus, they arc aulomatically
inactivatcd for load cases that are capabie of causing compression
on them.

Compression-only members are truss members that are capable of
carrying compresstve forces anly. Thus, they are automatically
inactivaled for load cases thal are capable of causing tension on
them.

The procedure fot analysis of Tension-only or Compression-only
members tequires itcrations for every load casc and therefore may
be quite involved. The user may also consider using the INACTIVE
specilicition il the solution time becomes unacceptably high.

[Lis very important te rccognizc that the input dala must be
provided in such a way that onty oné primary load case 1s provided
for cach PERFORM ANALYSIS command. Also, the SET NL and
CHANGE commands musl be used 1o convey ¢ STAAD thal
multiple analyses and multiple structural conditions are involved.
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Exuutple

MEMBER TENSION
25TO 3035 36

Example ?

MEMBER COMPRESSION
43 57 88 102 145

.Example

MEMBER TENSION
121719 TG 37 65
MEMBER COMPRESSION
51348 TO 5387

Notes

1}

2)

3)

4)

Loads that hiave been defined on members declared as
MEMBER TENSION or MEMBER COMPRESSION will be
active cven when the member becomes INACTIVE duning the
procesé of analysis. This applies 10 SELFWEIGHT. MEMBER
1.OADS, PRESTRESS & POSTSTRESS LOADS,
TEMPERATURE LOAD. cte.

A member declared as a TENSION only member ar a
COMPRESSION only member will carry axial forces only. it
will not carry momenls or shear forces. In other words, 1t 15 a
truss member.

The MEMBER TENSION and MEMBER COMPRESSION
commands should not be specilied if the INACTIVE MEMBER
command is speeified.

The following is the general sequence of commands in the
input file if the MEMBER TENSION or MEMBER
COMPRESSION command is used. This example is for the

—

B

TEETEETEST

A

q". “

./I Secu‘onSllﬂg

MEMBERTENNONcommmd.Sthrmhsamapmane
for .lhc MEMBER COMPRESSION command. The dots
indicate other input daja items.

STAAD ...

SET NL ...

UNITS ...

JOINT COORDINATES

MEMBER INCIDENCES
ELEMENT INCIDENCES
CONSTANTS
MEMBER PROPERTY
ELEMENT PROPERTY
SUFPORTS

MEMBER TENSION
LOAD 1

PERFOHM ANALYSIS

CHANGE
MEMBER TENSION

e

LoAD 2

PERFORM ANALYS!S
CHANGE
MEMBER TENSION

LOAD 3
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PERFORM ANALYSIS
_CHANGE
MEMBER TENSION
LOAD 4
PERFORM ANALYSIS
CHANGE
MEMBER TENSION
"LOAD 5 |

LOAD COMBINATION &

LOAD COMBINATION 7
PERFORM ANALYSIS
'CHANGE "* '
LOAD LIST ALL

PRINT ...

PRINT ...

PARAMETER

CHECK CODE ...
SELECT MEMBER ...
FINISH

2} Sce Scction 5.5 for explanalion of the SET NL command,
The number that follows this command is the total rumber
of primary load cascs in the file.

b)

c)

d)

c}

Seclinn?l 207

The principle used in the analysis is the following,

4  The program reads the list of members declared as
MEMBER TENSION.

& The analysis is performed for the enlire structure and
the member forces are computed.

* For the members declared as MEMBER TENSION, the
program checks the axial force 1o determine whether it
is tensile or compressive. L[ it is compressive, the
member 1s “switched of ™ from the struciure.

* The analysis is performed again withow the switched
off members.

In the example shown, only one LOAD cisc is specified
per ANALYSIS. This is because. 2 member whtich is
under tension lar ane load case may be 1n compression for
another load case. The stillness matrix for an analysis can
account for the structural condilion of onty one of these
iwo {oad cases

Noic that the MEMBER TENSION command and its
dccomipanying list of members is provided afier cach
(except the last) CHANGE command. This is because.
¢ach CHANGE command signifies thal the previous
MWEMBER TENSION command is delunct thereby
nccessitaling the specifivation of the MEMBER TENSION
command again.

The MEMBER TENSION command should not be used if
the following load cases are present . Response Spectrum
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

Section 1 8

Purposa

»
These commands allow the user 1o modei the following conduions
on plate e¢lemenis

a] PLANE STRESS condition
b) IGNORing the in-planc rotation

General Format:

PLANE STRESS }
ELEMENT {
IGNCRE ( INPLANE ROTATION )

eleament-list

Description

The PLANE STRESS specification allows the usei 1o model
selected clements for PLANE STRESS action only.

Similarly. the [GNORE INPLANE ROTATION command causcs
the program to ignore "in-planc rotation’ actions he STAAD
plate element formulation icludes this important action
automatically

However, it may be noted that some clement formulations ignore
this action by defaull. This user may utilize this option to compare
STAAD resuits with solutions lrom these programs.

\ i gt
{
i

R—

Example

ELEMENT PLANE STRESS
1 TO 10 15 20 25 35
ELEMENT IGNORE

30 50 TO &5

SN

Seclim?l n
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3.25 Member Offset Specification

Seclionﬂ 2
Example

MEMBER OFFSET
1 START 7.0

1 END -8.0 0.0

2 END -8.0 -9.0

Purpose

This command may be used to medel the offset conditions existing

at the ends ot Irame members, ’
t i

L
General format: '

Notes

MEMBER QFFSETS 1) If a MEMBER LOAD (scc MEMBER LOAD s‘pcciﬁcalinn) is

LART applicd on a member for which MEMBER OFFSETS have been
member-ist otz ta specificd, the location of the load i$ measurced not [rom the
END coardinates of the starting joint. Insiead. 1 is mcasured [rom
ipti the offsct location of the starling joinl.
Pescriptien 7y START and END is based on the uscr's specification of_
I ' M. Is. and [ correspond (o MEMBER INCIDENCE for the particular member.

the distance, measured in
the global coordinate

system, from the joint
{START or END as

1

¥

|

I

i ——[ . specified) to the centrmd

k']‘; of the starting or ending
j/‘; | point of the members
S ' listed. MEMBER OFFSET
command can he used for

any member whose starting or ending point 1s nol ¢concurrent with
S Sectron the given incident joint. This command enables the user 1o account
! for the secondary forces which are induced duc 1o the eccentricily
of the member. Member olfscts can be specified in any direction,
including the direction which may comncide with the local x-axis of
the member.

wp in the diagram refers to the location of the centroid of the
starting or ending point of the member.
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5.26 Constant Specification

See Section
S

Purpose

This commapd may be used to specily the material properlics
(Modulus of Elasticity, Poisson’s ratio, Density and Co-elficicnt of

- linear expansion) of the members and clements. In addition, this

.cummand may also be used 1o specily the member orieatation
(BETA angle or REFERENCE poinl).

General format:

CONSTANTS

E
POISSON

DENSITY
BETA

) {&!_EEBER memb/elem-list
"l '

ALPHA

B.E.E le ‘3: ’4

POISSON

DENSITY

ALPHA

BETA

MEMBEER memb/elem-list

specifies Young's Modulus. This value must be
provided as the first item in the Constants fist.

specifics Poisson’s Ralio. This valuc is used for
calculating the Shear
Modulus(G=0.5xE/(1 +POISSON)).

specifics weight density.
Co-efficient of thermal expansion.

specifies member rotation angle in degrees
(see Section 2),

Note : Single angle sections are oriented according
1o their principal axes by defauit. If it is necessary
to orient them such that their legs are parallel to
the global axes, the BETA specification must be

|

Section 5 |
used. STAAD offers the followiig additional
specificitions for this purpose :

BETA ANGLE
BETA RANGLE

Both of the above oplions will result in an
orientation with the legs paraliel to the global axis.
The ‘ANGLE' optioti rotales the section through the
angle “theta” (where “theta” = angle between the
principal axié system and the global axis system).
The '"RANGLE® option folales the section through
an angle equal to (180 - “theta”). Both options will
work the same way for equal angles. For uncqual
angles, the right option must be used based on the
requircd orientalion.

£, Valuc of the corfesponding constants. For E.
POISSON and DENSITY. material names can be
provided tnstead of I} Appropriate valucs will be

. automatically assigned. Current list of material
sames includes STEEL, CONCRETE &
ALUMINUM.

PV PR Y Global X. Y. and Z coordinales lof the refercnce
point, from which the BETA angle can be
calculated by the program.

Example

CONSTANTS o
- E 29000.0 ALL - Cy
| BETA 45.0 MEMB § 7 TO 18

DENSITY STEEL MEMB 14 TO 29
BETA 90 MEMB X

Ty

Nolg that the last command in the above cxample will sct BETA as
90° for all members parallel to the X-axis.
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Notes

1) The value for E must always be given first in the Constants list.

2) All numerical values must be provided in the current units.

3) It is not necessary nor possible to specify the units of

- temperature or ALPHA. The user must ensure that the value

provided lfor ALPHA 1s consistent in lerms of units with the
vafuc provided for 1emperalure (sec Section 5.32.6).

4} if the POISSON RATIO is not specilied, the program will usc a
default value of 0.0

JRREOOaOpaaogaiel
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5.27 Support Specifications

STAAD support specificalions may be enther parallet or inclined to
the global axes. Specification of supports parallel 1o the global
axes 1s described in Section § 27 1. Specification of inclined
supports is described in Section 5.27 2.
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;.27.1 Global Support Specification

we Section
13

Purpose

This sct of commands may be used Lo specify the SUPPORT
conditions for supporis parallel to the,global axes.

General format:

SUPPORTS
{_pluﬂsn }
joint-list .
FIXED (BUT releagse-spec[spring-spec.])
' O|EX
EY
FZ
release-spec = MX
MY
M
* [KEX fy
KEY 17
. KFZ fy
spring-spec = KMX fy
KMY fs
KMZ

Description

PINNED support is a support which has translational, but no
rotational restraints. In other words, the support has a0 moment
carrying capacity. A FIXED support has both translational and
rotational restraints. A FIXED support can be releascd in the global
directions as described in rclease-spec (FX for force-X through MZ
for momem-Z). Also, a fixed support can have spring constanis as
descnbed in spring-spec (iranslational spring in global X-axis as
KFX through rotational spring in global Z-axis as KMZ).
Corresponding spring constants are [, thraugh fg. Note that the

Section 5 | 3"
rolational spring constanii are 2l ways per degree of rotation. No
more than five releases may be provided. [ both release
specifications and spring specifications are to be supplied for the

- same support joint, release specificalions musi come first.

Example

SUPPORTS

1 TO 4 7 PINNED

5 B FIXED BUT FX MZ

8 9 FIXED BUT MZ kKFX 50.0 KFY 75.
18 21 FIXED R

27 FIXED BUT KFY 125.0

In this example, joints ! to 4 and joint 7 are pinncd. No moments
are carried by thosc supports. Joiats § and 6 are lxed lor all DOF
cxcept in ferce-X and momen-Z. foints 8 and 9 are Mxed for all
DOF cxcepl moment-Z and have springs in the global X and Y
dircctions with corresponding spring constants of 50 and 75 units
respectively. Joiats (8 and 21 arc fixed for all translational and
rotational degrees of freedom. At jount 27, all the DOF dre liied
except the FY DOF where it has a spring with 125 uiiits spring
constant

Notas

1) Users arc urged o reler 1o Sccuon 5.38 for information on
specification of SUPPORTS along with the CHANGE
command specificalions.

2) Spring constants must be provided in the current units.
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9.27.2 Inclined Support Spééification

ioint-tist INCLINED f, 1, 1, {

r

Secrion 13

Purpose

These commands may be used to specify supports that are inclined

with respect 1o the global axes. N

General Format:

SUPPORT
BINNED }
FIXED (BUT réiease- spec [spring-spec.})

where £}, I, [} are coordinates of the “reference puinl” necessary
for the "Inclined Support Axis System” (sec below).

Note the relcase-spec and spring-spec arc the same as 1n the
previous scction (5,27 1). However. please note that FX through
MZ and KFX through KMZ refer to lorces/moments and spring
constants in the "Inclined Support Axis System” (see belaw).

I A
Pani. I \;‘ .Y
{ <
I T )‘x
Retownce pom (1 1B

An inclined support shouid not be defined at a Jotnt 1o which a
limite element is connected.

ERQETEERIIRORLY

Section 5 | 21

Inclined Support Axis Svstem

The INCLINED SUPPORT specification is bascd on the “taclined
Suppaort axis system”. The local v-axis of this sysiem is delined by
assuming the inclincd support joint as the origin and joining it with
a “reflerence point” with co-ordinates of I, {5 and (5 (see ligure)
measured tom the inclined 'suppurl joint 1a the global coordinate

system,

The Y ;md Z axes of the inclined support axis system have the same
vrientation as the local Y and Z axes ol an imaginary member
whose BETA ANGLE s zeto and whose incidences are delined
from the inclined support joint Lo the reference poinl. Users may
refer 1o scction 1.5.3 of this manual for more informaticn on these

concepls.

,Example

SUPPORT | ‘ .
4 INCLINED 1.0 -1.0 0.0 FIXED BUT FY NX MY MZ
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5.27.3 Automatic Spring Support Generator for ? ‘may have modeted the entire slab as finite elements and wish to

Foundations generate spring supports at the nodes of the clerments. Nole that the
word ELASTIC is optional.

Section 5 | 22

STAAD has a facility for automatic generation of spring supports
to medel footings and foundation mats. This command is specified
under the SUPPORT cummand. +

General Format:

The DIRECTION option : The keyword DIRECTION is lollowed
by one of the alphabels X, Y or Z which indicate the direction of
resistance of the spring supports.

Thé SUBGRADE option : The keyword SUBGRADE is followed

by the value of the subgrade reaction. Please note the value should
be provided n the current unijt system signified by the mosl recent
UNIT statement prior to the SUPPORT command.

SUPPORT

FOOTING 11 {12)

Joint-tist { } DIRECTION {g }memne 13

BLASTIC MAT Example

where ) .
SUPPORTS .

(IR = Length and widih of the footing. I 2 is not given, the 170126 ELASTIC MAT DIREC ¥ SUHG 200.

footing is assumed to be a square with sides fl
(] = i - i : ! . :
XYZ = (S](‘Jllbsui:i—gradc mf)dulus n fD.rccla‘tca{Icng(h units The abave comimand insteucts STAAD to intcrnally generate

.Y.Z = Giobal dirccuon in which soil springs are lo be supports for ail nodes | through 126 with elastic springs STAAD

first calculates the infuence arca perpendicular Lo the global Y
axis of each node and then multiplies the corresponding influence
area by the soil subgrade madulus of 200 ¢ 1o calculate the spring
constaot 1o be applicd w the node.

generated

The FOOTING option : If you want 1o specify the influence arca
ol a joint yoursell and have STAAD simply multiply the arca you
specified by the sub-grade modulus. use the FOOTING option. -
Siluations where this may be appropriate are such as when a spread ‘

fooling is located bencath a joint where you wani Lo specify a

spring supporl, Please note that it is absolutely imperative thal you Z
provide f1 {and 2 il its 2 non-square footing) if you choosc the . '
FOQTING optioa. -

The ELASTIC MAT option : Il you want to have STAAD

calculate the influchce arca for the joint (instcad of you specifying " i
an area yourscll) and use that area along wilh the sub-grade '\ “
modulus to determine the spring stiffness value, use the MAT

P option. Situations where this may be appropriate arc such as when a I

slab is on sotl and carries the weighi of the struclure above. You
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<7.4 Multi-linear Spring Support Specification Spring Constant -
* 63 Kip/
When soil is modeled as spring supports, the varying resistance 1t
olfers 1o external loads can be modeled ustng this facitity, such as
when its behavior in tension differs from s behavior in . ’
compression, s i 50 Kip/in
. General format: v
- ’ \ -
MULTILINEAR SPRINGS g | Displacer
joint-list SPRINGS d, s, d, 8,...... d, 8, i | 05in
0.5 i
Where (di si) parrs represent displacement and spring constant pairs.
Example
: 40 Kip/in
UNIT KIP INCH !
SUPPORT

1 PINNED ; 2 4 FIXED BUT KFY 40.0 1
MULTILINEAR SPRINGS ' ! N | )
24 SPRINGS -0.5 40.0 0.0 50.0 0.5 65.0 The mulli-lincar spring command will trigger aAmluIllp!t.: analysis

o | | and convergence check cycle The eycle will continue till the
support displacements computed in the previvus analysis cycle are

close cnough with the support displacements compuied in the

current analysis cycle.

Load-Displacement characieristics of sotl can be represented by a
mubti-linear curve. Slope of this curve will represent the spring
charaétensiic of the soil at different displaccment values. A typical
spring chafactensuic of soil may be represented as the step curve as
show in below. In 1he above cxample the multi-linear spring
command specifies soil spring at joints 2 and 4.
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28 Master/Slave Specification Example
SLAVE FX MZ MASTER 9 JOINT 1 TO 15 - .
Purposa 17 19 20

®;
=2
i
=3
s
-
o=
=1

This sct of commands may be used 10 modet rigid links through the

SLAVE FX FY MASTER 37 JOINT YR 16.9 20.1
specification of MASTER and SLAVE joints. '

The SLAVE RIGID specification may be used to modet a rigid
diaphragm directly. All degrees of freedom will be taken inlo
consideration for slaving and the rigid body rotation wil} be

General format:

. %m automaltically considered.
| ) a4 Lo
SLAVE EZ  MASTER | JOINT  joint-spec Example
My SLAVE RIGID MASTEHR 22 JOINTS 10 T_O 45
J SLAVE RIGID MASTER 70 JOIN YR 25.5 {8
joint-list
Notes
foint-tpec = | ;EANgE t,f Proper stiffness connection is nccessary between the master and the
. . | ZHANGE " slaved joints for this type of modeling.
Description

The masicr/slave option provided 1n STAAD allows the user (o
model rigid links in the system. The suppon specifications mus| be
provided before this command is used. Notice that instead of
providing a joint list [or \he slaved joints, a range of coordinale
values (in global sysiem) may be used. All joiat coordinates within

See Section a specified range are assumed Lo be slaved jounts. No finite

; elements may be connecied to the slaved Joints. The joint list or
coordinate range specified for slaved joinis may include the master

_Joimt. Fx, Fy ctc. are the directions in which they arc slaved to thé

master. Il all directions arc provided. the jaints are rigidly
connected. The following examples illustrate the use of his option.
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Purpose

This sel of commands may be used to gencerate printer plots of
structure geometry and resulls as part of the outpul

Description

Besides interactive graphics, STAAD has features to provide
commanads o plot structural geomeltry, analysis results cic. as pan
ol the STAAD output Nile.

Note that these output files { ANL filest should be printed only
through the Print Quipur option ol the main meny of STAAD.
Plots can also be displayed by the View Quipur option of the main
menu of STAAD,

Plots arc of high-resolution and most of the 8/9724 pin dot matnix
and laser printers are supporicd.

The DRAW command 1s used w create the plots 1n the output. The
lellowing 15 the format of the DRAW command,

jpoooO RO RO RAn

£

Sccuon 5 ] 7

+ [ISOMETRIC
ROTATE rotate-spec
SECTION section-spec

__OPERTY
SHAPE .

DHAW {HIDDEN - LINE - REMOVED  (LIST list-spec)
SH RINK {5

LOAD in

DFDRAW In

MODRAW sn

5CD RAW In

MSDRAW In force-spec
AW in torce-spec
EL P force-spec
SCALE

___ ty
s ESS CONTOQUR In

- 4 [X xa Xy
rotite-dpec = {Y ya{ section-spec= Yz ry ry
Z 18 Xz

:

force-apec =

.

f = Zoowm factof by whech structure is to be reduced of
enlarged. A value less thin 1.0 135 for reduction and
greater than | 0 is 1o enlarge.

fs = Shrink lactor by which member/elements be shrinked
Value varies from0 11009
M = Scale facior by which deflected shapes to be

multiplicd. Normally all scales are automatically
computed. However, the user may change this by this

command.
vy = vandy s values based on slructure coordinales.
in = Load number 10 be considered
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- = Mode-shapes number 10 be displayed.

xa,ya,za = X, Y and Z angles by which the structure is to be
rotaled.

rfa = Maximum and minimum values defining the range in
the direction perpendicutar to the specified section
planc.

Notes >

i) Following commands may be uscd znywhere in the input.

ISOMETRIC = Draw isgmetric view.

ROTATE = Rotate as specified in rolate-spec,

SECTIGN = Draw scction as specified in seclion-spec,
Z00M = Draw with a zoom factor of value |,

SHIFT = Shift the structure to the specified x, y values.
JOINT = Display joint numbers.

MEMBER = Display member numbers.
SUPPORT = Display support icons.
PROPERTY = Display property names.

SHAPE = Display the shape of the member property with
proper BETA angle orientation,

HIDE = Remove hidden lines when clemenls are present.

SHRINK = Shrink al) member/clements by the factor of 1y

LOAD = Display load icons. Obviously. this command can

be used only alter the loading§ arc provided.

2) Foilowing commands are related 10 results and should be used
only aficr the PERFORM ANALYSIS command.

DFDRAW = Draw deflccted shape.

MODRAW = Draw mode shape.

SCDRAW = Draw section displacement.

MSDRAW = Display force/moment diagram on the entire siructure
for specified In (load number).

BMDRAW = Display force/moment diagram for independent
members as tisied 1n LIST, No more thad 2 member
lisis are allowed. Use multiple DRAW commands to
display force/moment diagrams for independent
members.

i

JiagEpaopaooanns®

Sections | 2
ENVELOP = Same as MSDRAW cxcept worst of alf aclive load
cases.
SCALE = Scale factor by which deflected shapes 1o be
multiplied.
VALUE = Display values ol Force/Momenis, displacements.

STRESS-CONTOUR  =Draw suress-contour for fiitte elements.
Only the contour for the Absolute makimuin principal
stress can be ploited.

Examplé

DHAW ISOMETRIC MEMBER SUPPORT PROPERTY
DRAW SHAPE SUPPORT

DRAW SECTION XY 14.9 15.1 7

DAAW HOTATE X -20 Y 30 Z 20 HIDE .

DAAW ISOMET MSDORAW 2 MZ VALUE
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.30 Cut-Off Frequency or Mode Shapes

Lo Secuun

11383

Purposs

These commands arc used in conjunction with dynamic analysis.
They may be used 10 specify the highest frequency or the number
of mode shapes that need 1o be cansidered,

General Format:

FREQUENCY t,
CUT (OFF)
. MODE SHAPE i,
Where,
Iy = Highest frequency {cycle/sec) 1o be coasidered lor dynamic
analysis.

1| = Number of mode shapes to be considered for dynamic analysis
If the cul off frequency command is not provided the cut off .
frequency will default to 108 cps. [ the cut off mode shape
command is not provided. the first (hree modes will he

calculaied. These commands should be provided prior 1o the
loading specificauvns

Secuon 5 | 23

5.31 Definition of Load Systems

Ser
Section 117

Purpose

This scction describes the specilications necessary for deflining
vartous load systems lot automanc generstion of Moving loads,
UAC Sersmic loads and Wind loads. In addilion, this secuion also
describes the specification of Time History load for Time History

analysis,

Description’

STAAD has built-in algonithms to generate moving loads. lateral
seismic loads (per the Eniform Building Code). and wind lvads on
a structure. Usc of the Joad generation facility consists of two
parts:

1y Delinition of the Toad svstemis),
1) Generation of primary load cases using previously defined
lgad system(s).

Defintron ol the load system(s) musl be provided before any
primary load case is spectfied This section describes the
specification’of load sysicm(s). Information on huow 10 gencrate
primary load cases using the defined load systemi(s) is avarlable in
Section 53212,
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3.31.1

See Section
y 1212

Definition of Moving Load System

s

IS

Purpose

This set of commands may be used 1o define the moving load
system. b

- General tormat:
DEFINE MOVING LOAD(EILE file-name)
LOAD {1 DISTANCE d,d,,.d,; (WIBTH w)}

IYPE| {
load-name ()

Note that the MOVING LOAD system may be defined in two

possible ways - directly within the input lilc or using an external

Nle.

The FILE option should be used only in the second case when Lhe
daia is 10 be read (rom an exaternal file. The filename should be
limited to 16 characters.

Moving Loads can be generated for frame members only. They
will not be generaled for finite elements,

Define Moving Load within input file
Use the first TYPE specification.

IYPE | LOAD ft,..t, DISTANCE dydydi.y
(WIDTH w) .

Where,

i = moving load system type number. (integer}

f; = value of conc. i load

dy = distance between the (i+] }'M load and the ith load in the
direction of movement
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w = spacing between loads perpendicular to Lhe direction of
movement, Il left out, one dimensional loading is assumed.

Define Moving Load using an extérnal file
Use the second TYPE specification.

TYPE j odd-name (f)

Where, .
load-name Is the name of the moving load systert
and f= Optional muitiplying {aclor 1o scalé up or down the

value of the loads. (default = 1.0)

Followlag is a typical file containing the dala.

cs20 0 - namé of load system (load-name)
50. 80. 90. 100, ----- loads
7.17.9. 0 -ee- distance betwecn loads
6.5  e---- width
su sU W 4]

l I | |
— 0 — 70— 90 -

Nole that several load systems may be repeated within the same
file.

All loads and dislances are in current udit system,
Thé STAAD moving load generator aés‘urileé:

1) All loads are acting in the negative global vertical (Y or Z)
direction. The user is advised 1o sel up the structure model
accordingly.

2} Resultant direction of movement is determined from the X, Y
and Z increments of movemenls as provided by the user.
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Reference Load

The first specified concentrated load in the moving load system is
designated as the reference load. While generating subscquent
primary load cases, the initial position of the load system and the
direction of movemens are defined with respect 1o the reference
load location. Also nole that, when salecting ll?lc relerence load
location, the value of the widih must be positive in the apphcable
global X or Z direction. The follewing figures (liusiraie the cancepl
of reference load.

reterence point

> X ) % -» X
; 19 p
- )
Jl
W ‘
1 )
11
. + - L
, \ -
L
< 1
relerence puoing A J f——— .y
W
YA
Movement paratle] 1o glabaj X axs Wun ement poradle! i ylobal Z ares

rclton

te f

Specifving standard AASHTO loadings

General format:

HS20
TYPEI HS1s (1) {ve)
H20
H1s
where,
i =moving load system type no. (integer).

f = optional muhipiying factor (default = 1.0)

==
=3
a
o
.
=z
e

H
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vs = vartable spacing as defined by AASHTO, for HS series
trucks {defauli = 14 ft.)

Example

UNIT KiP FEET

DEFINE MOVING LOAD

TYPE 1 LOAD 10.0 20.0 15.0 DISTANGE 5.0 7.5 WIDTH 8.0
TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5

TYPE 3 H520 0.80 23.9

Noles

All loads and distances must be provided tn the current unit system.
Example

When data i$ provided through an cxternal file called MOVLOAD

Data in Input fite

UNIT KiP FEET . ‘
DEFINE MOVING LOAD FILE MOVLOAD
TYPE 1 AXLTVP1

TYPE 2 AXLTYP2 .25

Dats in externd| file MOVLOAD

AXLTYPH |
102015
5075 -
AXLTYP2.|_ ) - '
2020
10 L IE LA A TR S TR A

‘7.5

TN S I FUREY I TR ARG 15
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5.31.2 Definition of UBC Load

See Sections
'7.2 and

1212

Purpose

This set of commands may be used 10 deline the paramelers lor

generation of UBC-type cquivalent sjatic lateral loads for scismic
analysis.

Description

The STAAD setsmic lead generator assumes that the lateral Joads
wili be exerted in X and Z directions and Y will be the direction of
the gravity loads, Thus. {or a butlding model, Y axis will be
perpendicular 1o the tloors and point upward (all Y coordinaies
positive). The user is advised Lo set up the model accordingly

Total lateral sersmic force or base shear 15 automacally calculated
by STAAD using the approprialc UBC cqualion(s).

V= ZIc W (per UBC 1994) . (1)
Rw
V= ZIKCSW {per UBC 1985) (2)

Nole:

I} All symbols and notations are per UBC

7) Base shear V may be calculated by STAAD using either the
1994 procedure (cquation 1) or the 1985 procedure (equalivn
2. The user should use the appropriate “ube-spec” (see
General Format below) 1o instruct the program accordingly.

STAAD/ISDS utilizes the lollowing procedure 1o generaié the
laleral seismic loads. .

1. User provides ;cismic zone co-efficient and desired "ubc-spec”
(1985 of 1994) through the DEFINE UBC L.OAD command.
2. Program calculates the structure period T.

SHE

#
i
|

graogttl

u !
[ e
e

—_ SecuonSlﬁ

3. Program calculates C ltoe appropriate UBC equation(s)

ulili‘zmg T.

4. Program calculates V from appropriate equation(s}. W is

obiained from SELEWEIGHT. IOINT WEl‘GHT(s) and
MEMBER WEIGHT(S) provided by thé user through the

DEFINE UBC LOAD command. o
The total lateral seismic load (base shedr) is then distributed by

the program among different levels of the structufe per UBC

("]

prnccdurcs.

General format:

DEFINE UBC (ACCIDENTAL) LOAD

—_—

ZONE ubc-spec

SELFWEIGHT
JOINT WEIGHT
joint-list WEIGHT w
MEMBER WEIGHT

UNL vy va V3
mem-list

CON v‘ Vs
A ta
wa; :3 L1 G
‘| RW . . K .
ubc-spec = 12 fs ubc-dpec = {IT,S 37)
tor UBC 1994 |{CT 1) | for UBC 1985 (IS s
X to)
Bz i)
where. .
n = seismic zone coefficient (0.2, ._0.3 ¢ic.)
f = importance factor ) o
fz = nu:'lcrical co-cfficient R, Tor tateral load in denrcctlwn
[] = numérical co-efficiént R, for laseral load in Z-directions
f: = site co-efficient for sail characieristics

fob = horizonial force factor
fy = imporlance [actor
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= sile charactenstic period {Relerred 10 as Ts in the UBC
code). Defaull value is 0.5.

= optional CT value 10 catculale alternative period per
mcthod A of UBC.

= Period of structure (in seconds) in the X- direction

= Penod of structure (in scconds) in the Z- direction.

= joinl weight associated wilh‘lisl

UNI = specifies a umformly distributed load with a value ol v,

starting a1 a distance of v, (from the start of the member)
and ending a1 a distance af v§ (from Lhe start of the
member). if vy and vy are omiticd. the load is assumed 1o
caver the entirc leagth of the member

CON = specifies a concentrated force with a valuc of v applied at

a distance of v5 (from ihe slart of the member). If v 1s
omatted, the load is assumed to act o the center ol the
member,

Notes

)]

3

4)

If the option ACCIDENTAL is used, the accidental torsian will
be calculaied per UBC specifications. The value of the
accidental Lorsion is hased on the “center of mass™ for cach
level. The “center ol mass™ 15 calculated from the
SELFWEIGHT, JOINT WEIGHTs and MEMBER WEIGHTs
specificd by the user

in "ubc-spec™ for 1985 code, specification of TS is oplional. If
TS is specificd, resonance co-efficient S is determined from the
building period T and user provided TS using UBC equations.
I TS is not specaified, the default value of 0.5 is assumed.,

By providing cither PX or PZ or bolh, you may override the
period calculated by STAAD and the user defined value will
then be used for the base shear calculation. I you do not define
PX or PZ, the period will be calculated by the program.

Some of the ilems 1n the output for the UBC analysis are
expiained below.

—_—
N
e
E-n
=

Section s | &
CALC / USED PERIOD

The CALC PERIOD is the period calculated using the
Raylcigh method (Mcthod B as pet UBC code). For UBC
in the x-direction, the USED PERIOD is PX. For the UBC
i the z-direction, the GSED PERIOD 1§ PZ. [T PX and PZ
are not provided. then the uséd period is the same as the
calculated period for that direction. The used period is the
one substituted into the critical equation of the UBC tode
‘ to calculaté the value of C.

C, C-ALY

Accordinig 1o the UBC code. C in Eq. 34-2 has to be
calculated as per a period calculated by method B and a
period calculated by Mcthod A. The former is represented
in the output as C. The latter i multiplicd by 0.8 (80%)
and the resulting value is represented as C-ALT.

51 In the analysis far UBC toads. all thé supports of the structure
liave to be at the same level and have to be al the lowest
elevalion level of the structure.

Examplé

See Scution 5§ 32,12 under Generatton of UBC Seysrinc Load.

5.31.3 Colombian Seismic Load

Purpose

The purgose of this command is to define and generate s}alic
cquivalent seismic loads as per Colothbian speuflﬁcalmns using a
_static equivalent approach similar to those outlined by UBC.
Dependinig on this definttion, equivalent fatcral loads will be
generated in X or Z direction(s).
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siption Where.
The STAAD seismic load gencralor assumes that the lateral loads . _ . .
will be exerted in X and Z directions. Y will be the direction of Wi = Weight al the pa'rll.(:U|al' lével
gravity loads. Thus, for a building model, the Y axis will be hx = Height of that particular level
perpendicular 1o the Moours and point upward ( all Y coordinates K = 1.0 when, T €0.5 sec

0.75+05*T when, 0.5<T<25sec
2.0 when, 25<T

positive). The user is advised 1o set up the model accordingly

non

Methodology : N

A nat
Seismic zone coefficient and parameter values arc supplied by the General Farma
user through the DEFINE COLOMIBAN LOAD command. DEFINE COLOMBIAN LOAD

ZONE M ubc-spec

Program calculates the natural peried of building T utilizing clause

1628.2.2 of UBC 1994, SELFWEIGHT
Design spectral coefficient ( Sa) is calculated utslizing T as. JOINT _‘_V_E_I.C"T
Joint-list WEIGHT w
'Sa = Aal{1.0+50T) when, 0 €T <03 sec MEMBER WEIGHT
= I5Aaa0  when, 03 < T <048 5 1n sec Mem-list {U_N_I rene)
= F.2AaS8 17T when, 0485 <T<248n
seC ' : !l.bC'IPCC =(| l'l. S B)
= Nal/2when, 2485c¢T o
Where. i, I2 and 3 are Scismic Risk factor. Soi} Site Coellicient
where, and Coelficienl of tmporlance. '
Aa = -Seisrme Risk factor (user inpul} General furmat to provide Colombian Seismic Joad tn any load
5 = Suil Sie Cocefficient {user inpul}

case’

Coeflicient i [mportance fuser 1npul)

LOAD i
Basc Shcar, Vs is calculated as COLMBIAN LOAD | X2 n
Vs = W *Sa where i and [ are the load case number and factor 10 multiply
Where, horizontal seismic load respectively.
w = Total weight on the siructure

Examples
Tatal lateral scismic load, Vs is distributed by the program among - - . .
different levels as, DEFINE COLOMBIAN LOAD
ZONEO0.38 | 1.0 8 1.5

h i Crxn s JOINT WEIGHT = .
Wh 51 56 93 100 WE'GHT 144

;o . 50 WEIGHT fo00 - -~
Cvx = { Wx *haK )/ Eni=] (Wx * hxK) A0t 108 1431

15t 158 193 200 WEIGHT 720
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LOAD 1 { SEISMIC LOAD IN X TeT
DIRECTION } R, = 1.0 ‘ when <T,
COLOMBIAN LOAD X = 1-02(T/T-1) when T.<T<32E,
= 16T/T when 2T, €T

=3
=
[ =
e
==
i
x=3
-

.31.4 Japanese Seismic Load

1

Purpose

The purpose of this command is to define and generate stalic
equivalent sersmic loads as per Japanese specifications ustng A
slatic equivalent approach similar to thase outlined by UBC.
Depending on this delinition, equivalent lateral loads wall be
generated in X or Z dircclion(s).

Description

The STAAD scismic load generator assumes that the lateral loads
will be exerted in X and Z directions and Y wtll be the direction of
gravity loads. Thus, for a building modcl, Y axis will be
perpendicular to the Roors and point upward ( all Y coordinates
posutive). The user is advised to set up the model accordingly.

Methodology :

Scismic zone coefflicient and parameter values arc supphied by the
user through the DEFINE All LOAD command.

Program calculates the natral period of butlding T utilizing the
following equation

T = h(0.02 +0.01 )
where,

h = height of building
o =

ratio of stcel part

Design speciral coeflicient { Rt ) is calculated wiilizing T and Tc
as follows

a is calculated from the weight provided by the user in Deline AlJ
Load comimand.

Scismic coefficient of Noor Ci is calculaled using appropriale
equations

Ci = Z Rt A1 Co

Where,

7 = zone factor ‘

Co = normal coelMicient al shear lorce
Al = P+ {t/¥di-ai) 2T - 3T)

The 1o1al lateral seismic load 13 disteibulcd by the program among
different levels,

Geéneral Format

DEFINE ALl LOAD

ZONE 1 nbc-spec

SELFWEIGHT

JOINT WEIGHT

Joint-list WEIGHT w

VMEMBER WEIGHT
Mem-list (UNI ....)

ubc-spec = (1 2, COf3, TC f4)

Where. {1, 2, Banrd 4 are Zone lactor. Ratio of Sieel Plart. Normal
coefficient of shear force and Value neaded for calculalion of R1.

General format to provide Japancse Seismic load in ary load case:

LOAD i
IJ LOAD {X/Y/Z] (D
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Where, i and f are load case number and factor to muliiply
honzontal seismic load respecuvely.

Exampie

DEFINE ALl LOAD

ZONEO.8 1 0.0 CO0.2 TCQ.6
JOINT WEIGHT

5156 93 100 WEIGHT 1440

101 106 143 150 WEIGHT 1000
151 156 193 200 WEIGHT 720
LOAD 1 { SEISMIC LOAD IN X)
Al] LOAD X

=9

TREDERIRLLNODE

Secuoa 5 | 245

5.31.5 Definition of Wind Load

Purpose

This set of commands may be used to definé the parametets for
automauc generalion of wind loads on the structure.

General Format:

DEFINE WIND LOAD
TYPE |
INTENSITY py py Py .. py HEIGHT by hy hy ... b

) e, JOINT joint-list
EXPOSURE
e, YHANGE 1, 1,
EXPOSURE e, -do-
EXPOSURE e, -da-
wherc.
1= wind load system type number (inlcger)

Pt-P3-Py--Pn wind intensilics (pressures) in lorce/area. Up o 3
different tnignsitics can be defined in the inpul file.

hyhphy by corresponding heights in global vertical direction up
to which the above iniensities occur.

€q.65.04...€; €kposurc factors. A valuc of 1.0 means that the wind
force is applicd on the full infuence arca associaled
with the joini(s).

joint-ist loint lisl dssociated with gxposure faclor

fy and [, global vertical coordinate valués 1o specify vertical
range (or cxposure factor.

If the command EXPOSURE is not spectfied. ihe ciposure factor is
chosen a5 1.0.
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Description
All loads and heights are in current unit system. In the list of 5.31.6 Definition of Time History Load
intensitics, the first value of intensity acts from the ground level up . :
to the first hetght. The second intensity {p.)} acts in the Global ’
vertical direction between the first iwo heights (hy and h.) and so Purpose -
on. The program assumes that the ground level has the lowest This set of commands may be uscd Lo define parameters for Time
global vertical coordinate. b ‘ . History loading an the structure.

cr Section Exposure [actor (e} is the (raction of the influence area associaled General format:

3 with the joini(s) on which the load acts. Total load on a particuiar
joint is calculated as follows. DEFINE TIME HISTORY (DT x)
- . {gggusnmou }

Joint lead = (Exposure Factor} X (Influence Areaj X (Wind [nicnsity) TYPE | {SAVE)
The exposure factor may he specified by a joint-list or by giving 4 - EQRCE
vertical range within which all joints wiil have the same exposure. READ 1
Il exposure factor is not specified. o defaulis 1o | 0 in which case See Sections n
the entire influcnce area associated with the joint(s) will be 118 3and ty P1ty Pz oo by P
considered. 5.32.02 - tunction-spec

ARRIVAL TIME
For PLANE FRAMES, tnflucnce area for cach joint is calculaled

- . . Ay 87 84 ...en 4,
considering unit width (1 inch) perpendicular to the plane of the (Q. AMPING d)
siructlure. Nole that the user can accommodaie the actual widih by
incorporating it in the Exposurc Factor 4s follows wheare

. ; SINE

Exposure Factor (User Specified) = (Fracuon ol iniluence arca) X FUNCTION

(influence width for joint) COSINE
function-spec =

Natas

All intensitics, heighis and ranges must be provided in the current
unil sysiem.

[ IEQUENCY] - . )
‘AMPLITUDE 1, FRE }'2 (PHASE 1y} CYCLES t, (STEP 19

= solution time step used in the tep-by-stcp
integration of the uncoupled cquations. The
delault value of DT is detcrmined as lollows-
4) If the highest mode to be included in the
response has a frequency larger than 60 cps,
DT = 0.0016sec.

-
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Save

Gt Py

Ay Ay ay ... 3,

b} If the highest mude (Nf 1h mode) has a
frequency less than 60 cps, DT= L/10th the
period of the Nith mode.

type aumber of lime varying load (integer). Up to

6 types may be provided. ACCELERATION

indicates that the lime varying load type is a

ground motion. FORCE indicaies that it is a

forcing function.

The save option results in the creation of a lile

(input file name with a "Tim" eitension)

conlaining the history of the displacements of

every node of Lthe structure al every time siep.

Symax: TYPE | FORCE SAVE

valucs of time(sec.) and cofresponding lorce

(current force unit) or acceleration (current leagth

unitfsec?) depending on whether the time varying

toad is a forcing funclion or a ground motion. IF

the data is specificd through the input file. up 10

299 pairs can be provided for cach type in the

ascending value of time. More than one line may

be used il necessary. However. il the data 1s
provided Lthrough an external file. an untimned
number of time-force pairs may be specified.

Values ol the various possible arnval umes

(seconds) of the various dynamic load types.

Arrival time is the time av which a load type

begins 10 act at a joint (forcing function) or at the

base of thic structure (ground motion). The same
load typec may have different armival times for
different joints and hénce all thosé valges inust be
specified here. Thé afrival times and the time-
force pairs for the load types are used to creale
the load veclof necded for each Lime step of 1he
analysis. Refer to Section 5.32.10.2 for
infdrmation on input specification for application
of the forcing funcuon and/or ground motion
loads. Up 1o 99 arrival lime values miay be
specificd.
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= Modal damping ratto. Default value is 0.05. Only
one modal damping ratio can be used for the
entire structure.



STAAD Commands and Input Instructicas

al

Note that the "funciion-spec™ oplion may be used 1o specily
harmonic loads. Bath “sine” and "cosine” harmomc functions may
be specified. The program will automatically calculate the
harmounic load time history based on the following specifications -

[, - Amplitude of motion 1n current umis.

I, - [TFREQUENCY, then cyclic frequency (cycles / sec.)
If RPM. ithen revolulions per minute.

fy - Phasc Angle in degrees, defavht = 0

[, - No. ol cycles of loading.

[ - tume step of loading, defaull = une 1eath of the period
correspoending 10 the [requency of the harmonic loading.

Example

UNIT FT

DEFINE TIME HISTORY

TYPE 1 FORCE

0.0 1.0 1.0 12 2.0 1.8 3.0 2.2
4.0 2.8 5.0 28

TYPE 2 ACCELERATION

0.0 25 0.5 2.7 1.0 3.2 1.5 38
2.0 4.2 25 45 3.0 45 35 2.8
ARRIVAL TIME

0.0 1.0 1.8 2.2 35 4.4
DAMPING 0.075

The '"READ (n' command 15 to be provided oniy 1f the history of tlie
lime varying load is 10 be read [rom an external file. fn is the file
name. The data in the external file must be provided as one ime-
lorce pair per line as shown in the loliowing example.
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Data in Input file

UNIT KIP FEET
DEFINE TIME HISTORY
TYPE 1 FORCE

READ THFILE -
ARRIVAL TIME

0.0

DAMPING 0.075

Data in the External file “THFILE"

0.01.0
1.01.2
2018
022
4028
5028

Example for Hirmonic Loading Genarator

UNIT KIP ‘

DEFINE TIME HISTORY
TYPE 1 FORCE o
*Following linés for Harmonic Loading Genérdtor i
FUNCTION SINE

AMPLITUDE 6.2831 FREQUENCY 80 CYCLES 100 STEP 0. ni
ARRIVAL TIME 30
0.0 3 o %E
DAMPING 0.075 : : ¥

.-yh‘
.
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To define more 1han one sinusoidal load, the inpul specification is
as follows :

DEFINE TIME HISTORY -~ ! - e i .
TYPE 1 FORCE FATV it
FUNCTION SINE 3 1

AMPLITUDE 1.625 RPM 1o7un CYCLES 1000

TYPE 2 FORCE S S

FUNCTION SINE -
AMPLITUDE 1. 511 RPM 9794 0 CYCLES 1000
TYPE 3 FORCE ;

1

FUNCTION SINE , | o o

AMPL|TUDE 1.488 RPM 1785 0 CYCLES 1000

ARRIVAL TIME

0.0 0.0013897 0.0084034 Gt o

DAMPING 0.04 L S
Nate

The responsc (displacements, lorces etc.) will contain the
contribution of orly thosc modes whose frequency is fess than ar
equal to 60 cps. Contribution of modes with frequency greater than
60 cps is not considered.
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5.32 Loading Specifications

Purposé

This section describes the various loading options available in
STAAD. The lollowing command may be uscd lo initidte a new
load case.

General lormit:
LOADING |, {dny load title)

1y = any unique integer number (upto five digits) to idenlily the
load case. This number nced not be sequential with the
previous load rumber.

The LOADING command initiates a new load case. Under this
heading, all different loads relaled to this loading aumber can be
inpit. These different kinds of loads aie describied below,
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--32.1 Joint Load Specification
5.32.2 Member Load Specification
Purpose

This set of commands may be used to specify JOINT loads on the Pur

structure.
N This sel of commands may be used to specify MEMBER loads on
General format: frame members.
JOINT LOAD General format:
* Ex '1 .
fointiat EY f MEMBER LOAD
-{is E f :
MX 1 ~ [uNl or UMOM  direction-spec 1y, Iy, 1,
MY " member-list CON of CMOM direction-spéc 1, 1g, 1,
fs %ﬂ |°c;_a|'spec 7 g Vg
8 RAP direction-8pec g, 141 g, g
FX. FY and FZ specify a I i . : :
dircclion. peetly a force in the Forresponding global [é
:::CIMY and MZ specify a moment in the corresponding global Z
ion.
) GX X
f. T3 ... fg are the values of the loads, direction-spéc = {GY local-spec = 1Y
‘¢ 3ection GZ Z
5.1 Example PX
PY
(BEZ |
JOINT LoAD
3TO 79 11 FY -17.2 MZ 180.0 UNIor UMOM specifics a uniformly distribuled load or moment
5 8.FX 15.1 with a value of I}, al a distance of [, lrom the

start ol the member Lo Lhe stari of the load, and a
distance of [y from the $tart of the member to the
¢énd of the load. Thé load is assuried 10 cover thé
full member léngth if £y and 1y are omilted.

CON or CMOM spccifies a concentrated force or moment with a
value of f; applied at d distance of {g from the
itart of thé member. fg will default 1o halTl thé
member length if omitted.

fy= Perpendicular distancé from the member shear
center to the plang of loading. The value is
posilive in the general diréction of the parallel (ar
closc Lo paratlel) local axis.

12 MX_180.0 FZ 6.2

Noten

Jon!l.nunl:bcrs may be repcated where loads are meant to be
additive in the joint,
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T Ls specilics a linearly decreasing or increasing, or a

triangular load. if 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
load 15 triangular, then I and [y are input as zero
and {, is the value of the {oad in the middle of the
member,

TRAP specifics a trapezoidal linearly varying toad which
may act over the full or partial lengih of a member
and tn a local, global or projecled direction. The
starting load value is given by I}, and the ending
load value by f},. The loading locatton is given by
7. the loading starting point. and [, the
stopping point. Both are mcasurcd from the start
of the member. If f|, and )4 are not given. the
load 1s assumed 1o cover the full member length,

X, Y, & Zn the directson-spec and local-spec specify the direction
of the load 1n the local (member) x, y and ¢-axcs.

GX.GY, & GZ in the directioni-spec specily the direction of the
load in the global X, Y. and Z-axes.

PX. PY and PZ may be uscd if the load is to be along the projecied
length of the member in the corresponding global direction. Load
start and end distances are measured along the member length and
not the projected length.

Specification of global axes is nol permissible for the linear load
(LIN optian).

If the member being loaded has offsct distances (see MEMBER

" OFESET specification), the location of the load is measuied not

from the coordinates of the starting node but from the offset
distance.

Trapezoidal loads are converted into uniform loads plus several
conceniraled |loads.

Example

MEMBER LOAD

619 CON GY -2.35 5.827

48 TO 72 UNI GX -0.088 3.17 10.0
186 TRAP GY -0.24 -0.35 0.0 7.06
9212 LIN X -5.431 -3.335

41018 UNI PZ -0.075

Section 5 | 2
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5.32.3 Element Load Specification Lol ¥

Purpose
This command may be used 1o i '

specily varnous 1ypes of ELE Lucal X
LOADS on the plate clements. ypes of ELEMEN -

Ganeral format:
Uniformh Loaded

\rea -

ELEMENT LOAD

f Elcment pressure {laree/square of length) ot
concentrated load (force). Note that f, is assumed
as 2 concentrated load if © and y. are omitted.
1y & 1Y Co-ordinale points in local co-ardinale system
{cenier node 13 oTigin) defining

{ starrade \ n 10 \he réctafgular arca on which

b See Seenon f

o GX
PRESSURE % £, (xy ¥y %3Y5) 'e

aslement-list |

X
LIB_AP { } tyty

SEEEEERLE

PPress i [rap Vb Local Y
Yy Y— the pressure is applied.
I
Descripti . ST S P .

. ription '1 o ** * The TRAP option should be
The PRESSURE o — d when a lincarly varyin
nceds to be ?P:Dﬂ should be uscd when 3 UNIFORM pressure e u:::ss:rcc:ccdls lo bz " cZiliid '

speciii - > $ - ¥ .
 the entire c‘cl:n 1fied. The un!l‘ornl1 PRESSURE may be provided on 1" mifosmis Y aning F{"hc vanation must bcppmvidcd
(derned ent or an user specificd portion of the clement Press lrap N1 b o
; ined by x;, y, and x., y, - see description below). If 1), ¥, and aver the enttre element.
\ ¥y are i . o ’ )
clzcn{:m I;ml lprmvldcdj the erssurc is applied oh the entire . N .
udnccm- only xy, ¥ .IS provided. the load is assumed as 1 XorY Dircclion gf vanatu_m of c!.cml;:nl pr.cssurc. o
4 raied load applicd at the specificd point. T:“hTRAP XIY,;P“,D" ;Ind;u"l:sxlhat.'h':hva:m:;“;,
of the Trapezoid is in the local X af in the foc
:;’;: l:;l the PR'ESSFJRE may be provided either in GLOBAL dircc_lion.‘ The _load always acts in the local Z axis.
" . . GZ) directions ar in local Z dircciion (normal 1o the £y P.rcssurc :‘nlcnn_ly at start.
_ ment). I the GLOBAL direction is omilled, the appiied loadin M Pressure intensity at end
is assumed 10 be in the local Z direction. &
Nole:

]
{ ~Start” and "end” defined above is based on positive dircctions
of the local Xor Y axis.
3. While the Xor Y indicates the direction of variation of the
trapezoidal load, the load itsell acts in the local Z direction.

GX.GY.GZ Global direction .spccil‘icalion for pressure denoles

global X, Y, or Z directlion respectively.
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LOAD & 5324 Area Load/Floor Load Specitication
ELEMENT LOAD
17 70 10 PR 25
11 12 PR 2.5 1.5 2.5 55 4.5
15 TO 25 TRAP X 1.5 45 |
34 PR 5.0 2.5 2.5
- 35 TO 45 PR -2.5

Puiposé
These commands may be used to specily AREA LOADS or FLOOR
LOADs on a structuie, The AREA LOAD may he used for

modcling one-way distribution and the FLOOR LOAD may be used
for modeling two-way distribution.

Genéral format tor AHEA LOAD:
AREA LOAD

member-list ALOAD !,

See Section

' 163 f, = The valuc of the area load (unit weighi vver squarc length

unit). This load always dcts along the positive local y-axis.
For the members of a FLOOR analysis. this direction witl
coincide with glabal vertical axis in most cases.

{For dctajled description, refer 1o Section 1)

Example

AREA LOAD ]
24T0O 8 ALOAD -,250
12 18 ALOAD -.500

Note

Arca load should not be specified on rembers declared as
MEMBER CABLE. MEMBER TRUSS or MEMBER TENSION.

prporpoonnage

11
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General Format for FLOOR LOAD:

FLOOR LOAD

YRANGE , 1, FLOAD f; (XRANGE It
ZRANGE f, 1)

Where N

fy Iy Global vertical coordinale values to specify vertical ringe.
The Moor load will be calculated lor ait members Iying in
the global horizontal planc within the specificd global
vertical range.

f The value of the Moor load {unil weight over square tength
unit}. This load always acts parallel to the global vertical
axis. A positive value signifies that the load s acting in
the positive global Y dircction. A negauve valuc indicates
a ioad in the negative global Y directson.

fy- [y Global X or Z coordinate values 10 define the corner points

of the area on which the specified Moor load (fy) acts. If
not specified, the Moor load will be calculated for ail
members in all Noors within the specificd global verucal
range.

Notes

1) The siructure has to be modeled in such a way that the global
vertical axis remains perpendicular to the Aoor plane(s)

2) For the FLOOR LOAD speciflicauion, a two-way distnibution of
the load 1s considercd. For the AREA LOAD specilication, a
one-way action is coasidered.

3) FLOOQR LOAD from a slab is distributed on the adjoining

- members as trapezoidal and triangular loads depending on the
length of the sides as shown in the diagram. Internally, these
loads are converted 1o muliiple point loads.

Members | and 2 get full Irapezoidal

- and triangular loads respectively.
Mcmbers 3 and 4 get pantial wrapezodat
________ = ! loads and 5 and 6 gel partial triangular
> load.

FEEEIEEIE

==
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4) The load per unil area may not vaty for a pasticuiar pane! and i
is assumed Lo be conlinuous and without holes.

5) The FLOOR L OAD facilily is not available if the SETZ UP
command i§ used (Sce Section 5.5.)

The load distribution paitern depends upon the shape of lhc.panc.I.
If the panel is Rectangular, the distribution will be Trigezoidal and
triangular as explained in the following diagram.

A -
~ -
~ R
~ . X
h -
~ .
™ -
.
.
~ B
| —,
, ~
r . 6
s ~
4 ~
- ~
.
’l LY
’ ~
. .
’, NS J
- -
A~
N * - ”
~ R . .
A ~
”
. 'I' -.\ -
.
N ’ . 4
Z B { <
ra ”
a’ \\ - S
. . - ~
5 - ~
. . N
4 ~ - -
” - -
P o S
-~ L il |

For a pane! which is not rectangular, the distribution is described
in following diagram.

First, the CG of the polygon is calculated. Then, each corner is
connected to thé CG to form triangles as shown. For cach triangle,
a vertical liné is drawn from the CG 1o'the opposile side, [f lh;
point of intersection of the vértical line and lhc’sldc falls outside
the triangle, the area of that triangle will bc calc.ulnlcd and an
cquivalent uniform distributed load will be applied on that side.
Otherwise a triangutar load wil) be applied on the side.
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-~ Trangular

Trangular
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If the entire flodr has & load of 0.25 (farce/unit area),
then the input will bé as follows: -
LOAD 2
FLOOR LOAD
YH 12.0 12.0 FLOAD -0.25

It in the above éxampie, panel A has 4 load of 0.25 and
panéls B and C have & load of 0.5, théh the input will

be as follows:
Note the usiage of XHANGE YRANGE arid ZRANGE

specifications.

LDAD 2
FLOOR LOAD

Exatple

. ’ |
The input for FLOOR LOAD is explained through an
example.

Let us consider the following floor plan at y = 12'.

RN S T T
S ? === ¢ ’
Y BEETTS, PR P DR EE Y T
. .':Trl. . A W"{'l‘n eS|
*7 ’ "n\\” ' "" il ;;ti
-“‘*I‘.? Aty ;’P N, /;‘ T _‘-),-7-11‘.
’P‘Ju:',':’-‘ 'H\' )\g\ g’ -~ 'f '_}
D SN NE |
-’.. ,.'.'f: % .';‘JET?,L?J’%;".\ e 1502
g1 Wit 1-_4q.tuuLp.; W
mbulzst«aﬂﬁ& ww;ﬂ&mw s

o

.'5‘ v

YR 11.9 12.1 FLOAD -0.25 X 0.0 11.0 2R 0.0 16.0
YR 11.9 12.1 FLLOAD -0.5 XR 11.0 21.0 2R 0.0 18.0
LOAD 3 :

The program internally identifids the panbln {shown as
A, B and C In the figurs). The floor loads are
distributad as trapézoidat and triangular loads as
shown by dotted lines In the figure. The negativé sign
tor the load signifias that It |s appliad In the downward
global Y directian,

" -
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5325 Prestress Load Specification

Vee Section

[N

5

Purposa
This command may be used o specifly PRESTRESS loads an

mcmbers of the structure, >

General Format:

MEMBER

PRESTRESS
TSTHESS

t
'member-list FQRCE f, {Ej ':}
EE

f, = Prestressing force This valuc is positive in the direction of
the local x-axis.

ES = specifies eccentricity of the prestress force at the start of
the member at a distance f, from the centroid.

EM = specifies eccentncity of the presiress force at the mid - point
of the member at a distance [y [rom the ceatroid.

EE = specifics eccentricily of the prestress foree at the end of

the member at a distance [ from the ceniroid.

Description

The first option, (MEMBER PRESTRESS LOAD), considers the
effect of the prestressing force during its applicanion. Thus,
transverse shear generated at the ends of the member(s) subject 1o
the presiressing force is transferred 1o the adjacent members.

The second option, (MEMBER POSTSTRESS LOAD), considers
the effect of the existing prestress load afier the presiressing
operation, Thus, lransverse shear at the ends of the member(s)

subject 10 the prestressing lorce is not transferred (o the adjacent
members,

Section 5 | 267
Example

MEMBER PRESTRESS

2T0 7 11 FORCE 50.0

MEMBER POSTSTRESS _

8 FORCE 30.0 ES 3.0 EM -6.0 EE 1.0

In the first example. a prestressing force of 50 kips 1s applied
through the centraid (i.c. no cccentricity) of members 2 10 7 and
L1. In the second examplc, a postsiressing force of 30 kips is
applicd with an eccentricity of 3 inches at the start, -6.0 inches al
the middle, and 3.0 ai the cod of member 8.

One of the limitations in using this command is thal undcr any one
load case. on any given member, a prestress of postsiress load may
be applied only once. If the given member carrics mulnple stressed
cables or has a PRESTRESS and POSTSTRESS load condition,
such a situation will have to be specified through muliiple toad
cascs ot thal member. See cxample below.

Incorrect input

LOAD t

MEMBER PRESTRESS

6 7 FORCE 100 ES 2 EM -3 EE 2
& FORCE {S0ES 3 EM -6 EE 3
PERFORM ANALYSIS

Correct nput

LOAD { ‘ )
MEMBER PRESTRESS .
8 7 FORCE 100 ES 2 EM -3 EE 2
LOAD 2

MEMBER PRESTRESS

6 FORCE 150 ESIEM -8EE3
LOAD COMB 3

110210
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MEMBER POSTSTRESS
1 FORCE 100 ES 3 EM -3 EE 3
PERFORM ANALYSIS

Section § d‘ =
: Sa:ﬁunT‘ i

‘»EAFORM ANALYSIS “ Exdmple 2

Examples for Modeling Techniques .
Moy
The lollowing examples describe the partial input data lor the * T ’
members and cable profiles shown below. m ny
Example 1 v ‘l—_= p ey
’@k e S - = - Lt’ ! JOINT COORD
= i m t00;2200
A MEMB INCI
, i ' 112
- = [ e ]

JOINT COORD | | UNIT INCH
.100;2100 LOAD 1

MEMB INCI o ' PRESTRESS LOAD

112 “ : 1 FORCE 100 ES -3 EM -3 EE -3

PEHFORM ANALYSIS
UNIT INCH
LOAD 1 m
l i
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Example 3

1 ‘ j
%“—"* - -—i‘

Example 4

1

JOINT COORD
100;250;31500;4200
MEMB INC)
112;223;334

UNIT INCH

LoAD ¥

PRESTRESS LOAD

1 FORCE 100 ES 3 EM 0 EE -3
2 FORCE 100 ES -3 EM -3 EE -3
3 FORCE100ES-3aEM O EE2
PERFORM ANALYSIS

JOINT COORD
100;2100;32000
MEMB INCI
112;223

UNIT.INCH

LOAD 1

PAESTRESS LOAD

1 FORCE 100 ES 3EM 0 EE -3
2 FOHCE 100 ES -3 EM 0 EE 3
PERFOAM ANALYSIS
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Example 5

JOINT COORD N

100;2100;32000 '
MEMB INCI

112;223

UNIT INCH

LOAD 1

PRESTRESS LOAD

1 FORCE 100 ES 3 EM -3 EE 3
2 FORCE 100 ES 3 EM -3EE 3
PERFORM ANALYSIS
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5.32.6 Temperature Load Specification for
Members and Elements

Purpose

This command may be uscd 1o speetly TEMPERATURE loads or
strain loads on members and cliements.

General format:

TEMPERATURE LOAD

TEMP ez}

memb/élém-list {
STRAIN 1,
fy = The change in temperature which will cause axial clongation in
the members or uniform volume cipansion in clements. The
temperature unit is the same as the unit chosen for the
cocflicient of thermal expansion ALPHA under the
CONSTANT command.
I, = The temperature differential fram the top to the boltom of the
See Section ’ member or element | Tip wreace” Thatom sustaced 1T 13 05 omitted,
1186 no bending will be considered.
Iy = Imual axial clongation (+ 4 shrinkage (-) in member due to
musiit, etc. in lengih umit,

Examplé

TEMPLOAD
170 9 15 17 TEMP 70.0
18 TO 23 TEMP 90.0 86.0
8 TO 13 STAAIN 0.46E-4

ER SRR R R R AR RAE.
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Note

It is not necessary nor possible to specify Lthe untts for temperature
or for ALPHA. The uscr must ensure that the value provided for
ALPHA is consistent in terms of units with the value provided for
the iemperacure load. (sce Section 5.26)

53
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5.32.7 Fixed-End Load Specification

Purpose
This command may be used to specily FIXED-END loads on
members af the structure.

General format:

FIXED ( END) LOAD

member-list 1, 15, ... tia
See Sectivn

1164 f, ..fy =Forcex, shear-y, shear-2£, lorsion, moment-y. moment-Z

(all in local coordinates) at the start of the member.
f- .. f,» = Same as abave except at the end of the member
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5.32.8 Support Displacement Load Specification

See Section
67

Purpose

This command may be used 10 speci|y SUPPORT
DISPLACEMENT load on supports of the structure.

General format:

SUPPORT DISPLACEMENT ( LOAD)

support joint-list

EZIERRER

With this command, the support displacement s modeled as a load. -

Note that displacement cannot be <pecified in a direction in which
the support is released.

FX. FY, FZ spectfy translational displacemenis in global X, Y. and
Z directions respectively. MX, MY, MZ spectly rotational
displacemems n global X, Y, and Z directions.

(, = Value of the corresponding disptacement. For transtatonal
displacements, the unit is in the currently specified tengih
umit, while for rotational displacemems the unit is always 1n
degrees.

SEOOCEOORRQOIIE"T

Section § | 2!
Example

UNIT INCHES
SUPPORT DISPL
5710 11 13 FY -0.25
1921 TO 25 MX 15.0

In this cxample, the joints of the first support list will be displaced
by 0.25 inch in the ncgative global Y direction. The joinis of the
second support list will be rotated by 15 degrecs aboul the global
X-axis.

Notes
Support displacements can be applied i upto 4 load cases only

The suppoit displacecment load should not be applied on 4 sireciure
which contains fimte clements.
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5.32.9 Selfweight Load Specification 5.32.10 Dynamic Loading Specification

Purpose

. Purpose
This command may be used 1o calculate and apply the

SELFWEIGHT of the structure for agalysis m The command specification nceded to perform response specirum
=n

analysis and tiime-history analysis is explained in the foilowing

General farmat: seclions.

X
SELFWEIGHT {%} f,

This command is used [ the sell-weight of the struciure 15 to be
considered. The self-weight of cvery active member s calculaied
and applicd as a uniformly distnibuted member load.

XY, & Z represent the global dircciion in which the selfweigh
acts.

I, = The factor to be used 1o multiply the selfweight.

This command may also be used wiihoul any direction and lactor
, specification. Thus, if specified as "SELFWEIGHT", loads will he
applied in the negative alobal Y direcuon with g factor of umity

Notes

Density musi be pravided for ealculanen of the self weight.

The selfweight of finite clements 1s converted to joint loads at the
connecled nodes and is not used as an clement pressure load.
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5.32.10.1 Response Spectrum Specification

Purpose

This command may be uscd to specily and apply the RESFONSE
SPECTRUM loading fur dynamuc snalysis.
A

General Format:

s [x 1 .
SPECTRUM {Sﬂs } {v r;} {AQQ} (SCALE 1,). (DAMP 15)
cac DIS

Z '3
P'. V1 N Pz. V2 N P]I v: . P‘, VQ ..... P'“ vﬂ

Where, [,...; are the taclors lor inpul specirum ta be applicd in
X.Y & Z dircctivns. Any anc or all directions can be input.
Directions not provided will default 1o sero.

Whete, [, = Scale factur by which the response spectrum s
modiflied. Defaults to 1.0 il not specified.

Where, fs = Damping Facior. Default vatue 1s 8.05 (5% Jamping).
This value 1s necessary for the CQC Method only

Where, ACC or DIS stands Tor Acceleration ur Displacement,

Where, PL, V1; P2, V2, ...; Pn, Vn = Values of periods (sec) and
corresponding accelcration (current fength univsee) or
displacement (current length unit) as the case may be.
More than one fine may be used if necessary. Use of
hyphens (-) ai the end of the line 1s not permitted to
conlinue da1a 1o the nexl line. Spectrum paits should be
provided in ascending value of period, with 2 maximum of
99 spectrum pairs,

TITTTTITILLILL

See Sectians
1181 5130
und § 14
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Déscription

Nole that if SPECTRUM SRSS is uicd, medal combinations are
doiie dccurdmg to SRSS (square root of summation of squares)

method. Otharwise, the CQC (complele quadratic coribination)

method is used,

This command shouid appear as part of a loading specification. I it
15 the [irst occurrence, it should be accompanied by the load daia 1o
be used for frequency and mode shape calculations. Additioiial
occurrences necd no additional inforination. Maximum response
spectrum load cases allowed in one run is 4.

Results of frequency and mode shapeé calculations may viry
significantly depending upon the mass madeling. All active masses
should be modeled as loads. All masses that are capabic of moving
should be modeled as loads. applicd in all possible direclions of
movement. In responsc spectrum analysis. all masscs that are
capable of hoving in the direction of the spectrum must be
provided as loads acting in that direction. An illustranion of mass
modeling s available, wrh cxplanalory comments, in Example
Problem No.it

Example

LOAD 2 SPECTRUM IN X-DIRECTION
SELFWEIGHT X 1.0

SELFWEIGHT Y 1.0

SELFWEIGHT Z 1.0

JOINT LOAD

10 FX 17.5

10FY 175 .

10FZ 175 i

SPECTRUM SRSS X 1.0 ACC SCALE 32.2
0.200.2; 0.40 0.25 ; 0.50 0.25 ; 0.80 0.43 ;: 1.0 0.47
1.205;1.4085;1.80.867;1.80.55;2.00.43
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Multiple Response Spectra

IT there is more than onc response spectrum delined 1 the inpul
lile, the load data should accompany the first set ol spectrum Jata
only. In the subsequent load cases, only the spectra should be
defined. Sce example below,

5\ |
i

LOAD 1 SPECTRUM IN X-DIRECTION
SELFWEIGHT X 1.0

SELFWEIGHT Y 1.0 |
SELFWEIGHT Z 1.0

JOINT LOAD

10FX 175

10 FY 17.5

10FZ17.5 -

SPECTRUM SRSS X 1.0 ACC SCALE 32.2
0.20 0.2 ; 0.40 0.25 ; 0.60 0.35 ; 0.80 0.43 ; 1.0 0.47
1.20.5;1.40.85; 1.6 0.67;1.80.55;2.00.43
) ]

Ser Sections
I i%d and
i

LOAD 2 SPECTRUM IN Y-DIRECTION
SPECTRUM SRSS Y 1.0 ACC SCALE 32.2
0.20, 0.1 ; 0.40 0.15 ; 0.60 0.33 ; 0.80 0.45 ; 1.00 0.48
1.200.51 ;1.4 0.63;1.8 0.67; 1.8 0.54:2.00.42
LOAD 3 SPECTRUM IN Z-DIRECTION

SPECTRUM SRSS Z 1.0 ACC SCALE 32.2

0.20, 0.2 ; 0.40 0.25 ; 0.80 0.35 ; 0.80 0.43 ; 1.00 0.47
1.200.5:14085;1.80867;1.8 0.5§ 120043
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Application of Time Varying Load for
Response History Analysis

Purpose

This set of commands may be used o model Time History loading
oa the sifucture for Responie Time History nnalysils. Nf)lc that both
nodal time histories and ground motion time historics mlay be

provided.
General format:

TIME LOAD

joint list

RN R

X
1 ) N Y (N
GRQUND MQTIO {z}

Where Iy = 1ype aumber of time varytng load tsee Section .31 )
Iy = arrival ume number {scc Section 5.J|.-1I {integer). ‘
This is the sequential number of the am\ra] pime 10 the list
explained 1 section 5 31 4. Thus the arrivat ume numbcr

of ayis 3 and ol a_ is n.

Note that cither TIME LOAD or GROUND MOTION or both may

be specilicd under one load case. Morec than oné load case for lime

history analysis is not permitied.
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LOAD 1 5.32.11 Repeat Load Specification

SELFWEIGHT X 1.0
SELFWEIGHT Y 1.0
SELFWEIGHT Z 1.0

MEMBER LOADS S
5§ CONGX 7.510.0

5§ CONGY 7.510.0

S§CONGZ 75100

Pyrpose
This command i§ used Lo creale a primary load case using
combinations ol previously defined primary foad cases.

Géneral format:

TIME LOAD )
23FX 13 REPEAT LQAD
STFX 18

GROUND MOTION X 2 1 b by ia ty oo o B
where,

ty, ba .1, = primary load case numbers
[, [+ ... [, = corresponding laclors

in the above cxample. the permanent masses 1n the siructure are
provided in the form of “selfweight™ and "member loads™ for
obtaining the mode shapes and Irequencics. The rest of the data is
the input for application of the time varying loads on the structure.
Forcing function type 1 1s applied a1 joinis 2 and 3 slarting
arnval time number 3. (Arrival lime number 3 ts .8 secoads in
cxample shown in section 5.31.4) Similarly, forcing function Lype
| is applied al joints 5 and 7 starting a1 arrival trme number 6 (4.4
scconds). A ground motion {type 1} acis on the structure in the x-
direction slarting at arrival ume number 1 (0.0 sceonds).

Déscription

This command may he used 1o creaic a primary load case using
combtnations of previously defined primary load casei§). The
REPEAT load differs from the load COMBINATION command
{Scction 5.35) 1n 1wo ways:

1) A REPEAT LOAD is trcated as a new primary load. Therélore,
a P-Delta analysis witl refllect correct secondary effects.
(LOAD COMBINATIONS, on the other hand. algebraically
combine the effects of previously defined primary loadings
evaluated independently).

2) In addition to previously defined primasy loads, the user can
alo add new loading conditions. °

3) The REPEAT LOAD option is available with load cases with
JOINT LOADS and MEMBER LOADS containing UNL.
UMOM and CON specifications only. [t is not availabic (or
MEMBER LOADS with LEN and TRAP specificattons. Il ean
also be uscd on load cases with ELEMENT PRESSURE loads

JRROOOCOQCCEDR20¢
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(without the TRAP specification). SUPPORT
DISPLACEMENTS LOAD., TEMPERATURE LOAD on
members or elements, RESPONSE SPECTRUM LOAD and
TIME HOSTORY LOAD should not be used in REPEAT
LOAD. It 1s also not available or loads generated using the
program’s load generation facilities such as UBC LOAD

Generation, WIND LOAD Generation, MOVING LOAD
Generalion, cic.
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5.32.12 Geneération of Loads

Purpose

R This cammand i3 uscd to gencrate Moving Loads, UBC Scismic
loads and Wind Loads using previously specified load definitions.
Example
Primary load cases may be gencrated using previously defined load
systems The following scctions describe generalion of moving

LOA
DIDL+LL loads, U'BC scismic loads and Wind Loads.

SELFWEIGHT Y -1.4
MEMBER LOAD

1 TO7 UNIFORM ¥ -3.5
LOAD 2 DL + LL + WL

Generation of Moving Loads

Pre-defined moving load sysiem types may be used to gencrate the

REPEAT LOAD See .

t 1.10 Secnions desired number of primary load cases, cach representing a
117 und particular position of the moving load system on the structure. This
5311 proccdure will simulate the movement of a vehicle in a specified

direction on a speciticd plane on the structure

5) The maximum number of load cases thai ¢an be combined using

4 REPEAT LOAD command 15 14, General format:

LOAD GENERATION n (ADD LOAD i)

i * {XINC 1 YHANGE
IYPE l"1 ¥y, z; 1YINC '2 (3. r)
ZINC

where,

n = tolal no. of primary load cases to be gencrated.

1 = load case no. for the previously defined load case to be
added to the generated loads.

j = type no of previously definéd load systcm.

1. ¥y, £; = x. y and z coordinates {globab of the initial position of
the reference load.

M. f3 Ty = x, yor 2 (global) increinénl of position of load system
to be used for generation of subsequent load cases.
r = (Optional) defines section of the structure atong global

verucal direction o carry moving load. This r value is
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added to the reference vertical coordinate (yq or 2y)in
the positive global verucal direction. The moving load
will be externally distributed among all members
within the vertical range thus generated. r always
should be a positive number. In other words, the
program always lacks for members lying in the range
Y, and Y,+~ABS(r) or Z, and Z,+ABS(r).
*
The ADD LOAD specificalion may be used to add a4 previously
defined toad case to all the load cases generated by the LOAD
GENERATION command. In the ¢xample below, the
SELFWEIGHT specified in load case | is added o all lhe
generated load cases.

Sequential load case numbers will be assigned (o the series of
gereraled primary load cases. Numbening wilt begin at one plus the
immediale previous load case number Allow for these when
specilying load cases after load case generation.

Notes

Primary load cases can be generated from Moving Load sysiems lor
irame members only. This feature does not work on finite
clements.

Example

LOAD t DL ONLY

SELFWEIGHT

LOAD GENERATION 20 ADD LOAD 1
TYPE 10. 5..10. X! 10.

TYPE 2 0. 10, 10. ZI 15.

LOAD 22 LIVE.LDAD ou‘m\vsnsm
MEMB- LOAD .

10 TO 20 30 TO 40 UNI GY -5.0
.LOAD. COMBINATION 31 ... -
10.0.75 22 075~ - 5. - -
PERFORM ANALYSIS .

_?_

FE1EEE

See Secrions
{17 2and
a2
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Generation of UBC Seismic lLoad

Built-in algorithms will aulomatically disiribute the base shear
among appropriate levels and the roof per UBC specilications. The
{ollowing general format should he used 1o generaie UBC load ina
particular direction.

Genéral Format:

LOAD i <
S

where 1 = load casc number
I = faciot to be used to mulliply the UBC Load
(default = 1 0)
Example

DEFINE UBC LOAD
ZONED0.2K10 | 1.51805
SELFWEIGHT

JOINT WEIGHT

1 TO 100 WEIGHT 5.0

101 TO 200 WEIGHT 7.5
LOAD 1 UBC IN X-DIRECTION
UBC LOAD X

JOINT LOAD
§ 25 30 FY -17.5

LOAD 2 UBC IN 2- nlmzcnou j
UBC LOAD 2 S
LOAD 3 DEAD LOAD - ¢
SELFWEIGHT . -2 o
LOAD couammou 4 .
107520752310
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In the above example, notice that the Tirst 1wo |gad cases are UBC
load cases. They are specitied before any other load cases 3 UNIGY 4.5
LOAD 3
Notes SELFWEIGHT Y -1
LOAD 4
1) The UBC Joad cases should be provided as the first set of JOINT LOAD
load cases. Non-UBC primary load case specified before 3 IFX45 )
UBC load case 1s not acceptable. Addinonal loads such gs PERFORM ANALYSIS
MEMBER LOADS and JOINT LOADS may be specilied
along with the UBC load under the same load case, 7 All load cases involving UBC Load generation must be

Incarrect usage

LOAD 1
SELFWEIGHT ¥ -t
LOAD 2 .
JOINT LOAD

JFX 45

LOAD 3

UBC LOAD X 1.2
JOINT LOAD

AFY 4.5

LOAD 4

UBC LDAD Z 1.2
MEMBER LOAD
JUNIGY -4.5
PERFORM ANA‘LYSIS

Correct usage

Loan 1~

UBCLOADX 1.2~
JOINT LOAD .
IFY4s *
l'OA-D. ; R ".‘-""Q:’.}: e
UBCLOADZ {2 -
MEMBER LOAD *©

t

IDEOEEOOONOODINl

provided before the ANALYSIES specification. In other
words, multiple analyses in which the UBC load generation
is performed in the separate analyses is not permitted.

Incorrect usage

LOAD 1

UBC LOAD X 1.2
SELFWEIGHT Y -1
JOINT LOAD
3FY-4.5

PDELTA ANALYSIS
LOAD 2

Usc LOAD Z 1.2
SELFWEIGHT ¥ -1
JOINT LOAD

IFY -45 ]
PDELTA ANALYSIS

Correct usage

LOAD 1

UBC LOAD X 1.2
SELFWEIGHT Y -1 -,
JOINT LOAD

IFY -45
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LOAD 2

UBC LOAD Z 1.2
SELFWEIGHT Y -1
JOINT LOAD

3FY 45

PDELTA ANALYSIS

hl

3 REPEAT LOAD specification cannol be used lor load vases
involving UBC load generation. For example.

incorrect usage

LOAD 1

UBC LOAD X 1.0
LOAD 2
SELFWEIGHT Y -1
LOAD 3

REPEAT LOAD
114212

PDELTA ANALYSIS

4 If UBC load generation is performed for the X and the 7

dircctions, the command for the X direction mus precede the
command for the Z direction.

Incorrect usage

. 3
LOAD 1
UBCLOAD Z 1.2
SELFWEIGHT V- 1
LOADQ' AR
UBCLOAD X 1.2
SELFWEIGHT ¥ -1
PDELTA ANALYSIS .

Ser
Secnions
1173 and
5313

Section § ] 193

Correct usage

LOAD 1

UBC LDAD X 1.2
SELFWEIGHT Y -1
LOAD 2

UBC LOAD Z 1.2
SELFWEIGHT ¥ -1
PDELTA ANALYSIS

Generation_of Wind Load

The built-in wind load generation [acility can be used (o calculate
the wind loads bascd vn the parameters defined i Section 5,313,
The following gencral format 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.

j Type number of previously defined systems .

i The lactor Lo be used to multiply the wind foad. Negative
signs maybe used to indicaic opposite dircction of wind
{defauli=1.0)
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Example

DEFINE WIND LOAD
TYPE
INTENSITY 0.1 0.12 HEIGHT 00 200

EXP 0.6 JOI 1 TO 25 BY 7 29 TO
TYRE . a7 BY 4 22 23

INT 0.1 0.12 HEIGHT 100 900
EXP 0.3 YR 0 500

LOAD 1

SELF Y -1.0

LOAD 2

WIND LOAD Z 1.2 TYPE 2
LOAD 3

WIND LOAD X TYPE 1

See Sectinn

1igs

TEEORORREEROANTOSR

Section 5 | 295

5.33 Natural Frequency Specification

Purpose

This command may be uscd 1o caleuiate the natural frequency aof

the structure for vibralion corresponding to the general direction of
dellection generated by the Joad case which precedes this
command. Thus, this command tvpically fallows a load case.

General format:

CALCULATE NATUAAL (FREQUENCY)

Dégcription

This command is specificd alter all ather load specifications of any
primary load case for which the natural frequency is caleulaied,
I'his natural lrequency caleulation s based an the Rn_vlclgh
teration method, {1 4 full-scale cigensolution 1s required. the
MODAL CALCULATION command tsec next section) may be
used. Note that an eigensolution 15 automatically performed if a
RESPONSE SPECTRUM is speuified in any foad case

Examplé

LOADING 1 DEAD AND LIVE LOAD

AHEA LOAD

1 TO 23 ALGAD -200.0

CALCULATE NATURAL FREQ

LOADING 2 WIND LOAD
In this example. the natural frequency for load case | will be
calculated. The outpul will produce the value ol the natural
frequency in cycles per second (cps). the maximum deflection
along with the global direction and the joint number where i

oegurs.
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5.34 Modal Calculation Command

:‘hls command is based an Rayleigh method of iteration The
fequency calculaled estimates frequency for the mode shape that
corresponds (o the static deflected sh

»Nape gencrale i
o eoponds | pe g d by the loads in A

Purpose

This command may he used (b ubtain a [ull scale cigensolution to
calculate relevant frequencies and mode shapes

Genéral Format:

MODAL (CALCULATION REQUESTED)

This commitnd s typically used in a load case after all loads arc
spectficd The 19ads wilt be treated as masses for eigensolutions.
Static displacements and forces will be calculated for the load case.

This command must only be used lor onc load case, and can-nol be
used in cunjunclion with a response spectium afialysis (sce

See Secnons Venfication Probiem No. 2 for sample implementalion), ‘
531 and
2181 Notes

i

The ergensolution nittated by this command will wreat the loads
specified 1n the load case as masses. The user 1s advised Lo specily

the louds keepang this in mind.

1)
1!
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Purpose

This command may be used 1o combine the results of the analysis.

Thchctlmbmatmn may be algebraic, SRSS and a combinauon ol
both.

General format:
LOAD COMBINATION (SRSS) ia,

it' 't- iz» !2 ('lru)

i = Load combination number { any intcger smaller than
10000 that 1s not the same as any previously defined
primary load case number.)

a; = Any litle for the load combination.

1y, i1 .. represenis the load case numbers which are to be
combined.

l,. [ ..represents corresponding (aclors to be applied 1o Toadings.
lsrss = optional factor to be appiicd as a multiplying facior on the
combined result of the SRSS load combination (see

examples below).

Notes

h Il‘l the LOAD COMBINATION SRSS optian, il the minus
sign precedes any load casc no.. then thal load case will be

combaned algebraically with the SRSS combination of the
rest.

2) The total aumber of combination Yoad cases cannol exceed
150.

Section 5 | 299
Description

Results from analyses may be combined both algebraically and
using the SRSS {Square Root of Summation of Squarcs) method.
The combination scheme may be mixed il required. For cxample, in
the same 1oad combination case, results from load cases may he
combined in the SRSS manner and then combined algebraically
with other load cascs. Refer to the following examples for

lustration -
Example

Several combinalion examples are provided to illustrale the
possibic combinanon schemes -

Simple Algebraic and SRSS Combinations

LOAD COMBINATION 7 DL+LL+WL.
10.7520.753 t.23 '
LOAD COMBINATION SRSS 8 DL+SEISMIC

110204304

The first item abave (LOAD COMBINATION 7)llustrates a
simple algebraic combination. The second item (LOAD
COMBINATION B) illustrales a pure SRSS load combination with
4 default SRSS factor of 1. The following combination scheme will

be used -

=10V TALIZ+04 L2+ 0413

where v = thé combined value and Ll - L3 = values from {ioad cases
l.i and 3.

Note that since a SRSS factor is not pravided, the default value of
1.0 15 being used.
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Algebraic & SRSS Combination in the Same Load Cambination
Case

Example 1

L TS, L
LOAD COMBINATION SHSS 9
107521.33242075 . \

The combination formula will be as lollows -

v=075xLl + 0.75"\/1 AxbL22 42425 L32

where v = combined value
L2 & L3 = vaiues from load cases 2 & 3.

Ir the above specification. note that a minus sign precedes load
case |, Thus, Load 1 is combined dfgebraically with the result
obtained from combining load cases 2 and 3 in the SRSS maaner.
Note that the SRSS factor of 0.75 is applied on the SRSS
combination of 2 and 3.

Example 2

LOAD COMBINATION SRSS 10
-10.75-2057231.241.70.63

Here, both load cases | and 2 are combined algebraically with the
SRSS combination of load cases 3 and 4. Note the SRSS faciof of
0.75. The combiration formula will be as follows.

v=075xLl +0.572x L2+ 063 1.2x032+1.7xL42

Notes

1) This option combines the results of the analysis in the specified
manner It does not analyze the siructure for the combined
loading.

|

3)

6)

h]
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If the secordary elfects of combined load cases i$ 1o be
obtained thtough a PDELTA ANALYSIS, the LOAD
COMBINATION command is inappropriate lor thie purpose.
See the REPEAT LOAD command (section 5.32.11) for delails.
In a load combination specification, a value of 0 (zera) as a
load factar is not permitted. In other words, a specification

such as

LOAD COMB 7 ‘
{1as 2 00 3 12 4 005 1.7

i¢ not permitted. What happens is that due lo the way the
program processes the data, as soon as it crcounters a 0.0, it
stops reading the data at the 0.0 and ddes not read any further.
Thus, i the abave Joading case, the results will consist only of
farces due to load 1 multiplied by a factor of 1.35. The
contribution from 1.2 * toad 3 and 1.7 * load 5 will not be
there because the program simply did not read those data.

Al combination load cases must be provided immediately after

{he last primary load case.
The maximum aumber of load cases that can be combined using

a LOAD COMBINATION command is 30.
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.36 Calculation of Problem Statistics

Purpoge

This command may be used for ohiaintn
Space required, band-width info etc.

4

8 runm slatistics like sturage

General format:

PRINT PROBLEM STATISTICS

Descriptian
This com i i
mand provides an estimate of the hard disk space
e Sectron 10 run a file before actually running it Iy is particularl reaured
a
.. recommended for PC users runns ™
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'5.37 Analysis Specification

See Section
118

Purpose

sTAAD analysis options include linear slatic analysis, P-Delta (or
second order analysis), Nonlincar analysis, and several types of
Dynamic analysis

This command is used lo specily the analysis request. In addition,
this command may be used Lo request various analysis related dala
like load info, siatics check info. mode shapes cic.

General format:

LOAD DATA
STATICS CHECK
STATICS LOAD 1}
MODE SHAPES
BOT

PERFORM ,
NONLINEAR (n) & ANALYSIS (PAINT

PDELTA (n) ANALYSIS (CQNVERGE (m)) (PRINT LOAD DATA)

Where n = no. of rierations desired (defaull value of n = 1),

This command directs the program to perform the analysis which
includes:

a) Checking whether all information is provided for the analysis:

b) Forming the joint siiffness matrix;

c) Checking the stability of the struclure;

d} Solving simultaneous equations, and

e) Computing the member forces and displacements.

N If P-Delta analysis is specificd, forces and displacements are
recalculated, taking into consideration the P-Della effect.

g) Non-linear analysis will take the geonictric non-linéarily_as
well as the P-Delta effects into accouat (seé Section 1.18.2.2).
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h) 1f a RESPONSE SPECTRUM is specified within a load case or
the MODAL CALCULATION command is used, dynamuc
analysis is performed.

1) Ineach of the "n* iicrations of the PDELTA analysis, the load
vector will be modilicd to include the secondary effect
generated by the displacements caused by the previous
analysis. »

There are twa options v carry out P-Delta analysis.

1) When the CONVERGE command is not specilied: The member
end lorces are evaluaied by ilerating “*n” times. The default
value ol “n" 15 | (onc).

1) When the CONVERGE command is included: The member end
forces are evaluaicd by performing a convergence check on the
joint displacements. In each step, the displacements are
compared with those of the previous iteration 1n order lo check
whether canvergence is attained. In case "m" 1s specified, the
analysis will stop after that ilcration cven il convergence has
not been achieved. ([ convergence is achicved in less than “m*
iterations, the analysis is termenated.

Example

Followings are some example on use ol the command for P-Delta
analysis.

PDELTA ANALYSIS

PDELTA § ANALYSIS

PDELTA ANALYSIS CONVERGE
PDELTA ANALYS[S CONVERGE 5
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Without one of these analysis commands, no analysis will be
performed. These ANALYSIS commands can be repeated il
multiple ahalyses afe nceded a1 different phases.

Nole that a PDELTA ANALYS1IS will correctly refleet the
secondary effects ol a combination of load cases only il they are
defined using the REPEAT LOAD specilication (Scction $.32.11).
Secondary cffects will not be evafuated correctly lor LOAD
COMBINATIONS.

if the PRINT LOAD DATA command is specified. the program
will print an interpretation of all the load data.

PRINT STATICS CHECK will provide a summation of the applied
loads and supporl reactions as well as a summalion of moments of
the loads and reacttons tzken around the ornigin,

PRINT STATICS LOAD prints everything thmt PRINT STATICS
CHECK does, plus it prints 2 summation of 4l internal and
txternal forces at cach joint {gencrates voluminous culput).

PRINT MODE SHAPES prints mode shape values }at‘lhc joints lor
all calculated mode shapes.

PRINT BOTH is equivalent to PRINT LOAD DATA plus PRINT
STATICS CHECK.

PRINT ALL is equivalent to PRINT LOAD DATA plus PRINT
STATICS LOAD.
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Notes

STAAD allows muhiple analyses in the same run, Muilipic
analyses may be uscd for the following purposes:

[

—

Successive analysis and design cycles in the same run result in
optimized design. STAAD's live relational database
automalically updatcs changes in member cross-sectionul sizes.
Thus the entire process 1s automhted.

Refcr to Example | in the Getting Started & Examples manual
for derailed illustration,

2} Multiple analyses may be used tar load-dependent siructures.
For example, struciures with bracing members are andlyzed in
several steps. The bracing members are assumed 10 take
Tension load only. Thus, they need Lo be activated and
inactivated based on the dircetion of lateral loading.

The eatire process can be modeled in one STAAD run using
multiple PERFORM ANALYS!S commands. The STAAD run
database automatically keeps track of results for ditferent ruas
and is capable of generating a design based on load
combinations provided,

Refer wo Exampic 4 1n the Getting Siarted & Exampies manual
for detailed illusiration

3) The user may also yse Multiple Analyses to model change 1n
other characteristics like SUPPORTS, RELEASES. SECTION
PROPERTIES eic.

1) Multiple Analyses may require usc of additional commands like
the SET NL command and the CHANGE command.

5) PDELTA cffccts are computed for [rame members only. They
are not calculaled for lintic elements or solid clements,
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5.38 Change Specification

Purpose

uscd to reset the stiflness matrix. Typically, this

This command is
the same

command is used when muluple analyscs are required in

Tun.

Generaf format:

CHANGE
This comrhand indicates that input, whieh will change the stiffness

] follosw This command should only be used when an

matrix. wil ANGE command does

analysis has already been performed. The CH

the following:

a) sets the sliffness matrix to zcro. o .

h) makes members active if they had been made inactive by a
previous INACTIVE command. and .

¢) allows the respecification of the supports wilh :mntl-!cr
SUPPQRT command which causes the otd supporls to be
jgnorcd. The SUPPORT specification must be such that the
number of “relcascs™ before the CHANGE musl he greater than

| to the number of “relcases” afier the CHANGE. Also,

or cqua
d order belore and

the supports musl be speeified in the same
after the CHANGE command.

Example

Before CHANGE

1 PINNED .
2 FIXED BUT FX MY MZ
{3 FXED BUTEX MX MY MZ

Aller CHANGE
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Section

1 PINNED
2 FIXED
3 FIXED BUT FX M2

N

The CHANGE command is not necessary when only member
properties are revised to perform a new analysis. This s Lypically
the case 1n which the user has asked for 3 member selection and
then uses the PERFORM ANALYSIS command to reanalyze the
structure bascd on the new member properties.

Notes

i) If new load cases arc specificd after the CHANGE command
such as in a struciure where the INACTIVE MEMBER
command 15 used, the user needs 1o define the total nymber of
primary load cases using the SET NL option (sec Section 3.5
and Exampic 4). '

?) Multipic Analyses using the CHANGE command should not be
performed if the input file contains load cases invalving UBC
Analysis, Responsc Spectrum Analysis, Time History Analysis,
Wind Load Generation or Moving Load Generation.
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5.39 Load List Specification

Purpose
This command allows specification of a set of active load cases.

All load cases made aclive by this command remain active until a
new load list is specilied.

Géneral format:

] load-list
LOAD LIST

Description

This command is used to aclivate the toad cases listed in this
command and, in a sensc, deactivate ail other load cases not listed
in thié command. Tn other wards, the loads listed are used for
printing output and in design for performing the specificd
catculations. Nole that, when PERFORM ANALYSIS comimand is
used, the program internally uscs all load cascs, regardless of
LOAD LIST command, cxcept aftier a CHANGE of RESTORE
command. [n these two cases, the LOAD LIST command allows the
program lo perform analysis only on those loads in the list. IT the'
LOAD LIST command is never used, the program will assume all
load cases Lo bhe aclive.

Example
LOAD LIST ALL o
PRINT MEMBER FORCES .
LOAD LIST13 ‘

"PRINT SUPPORT REACTIONS
CHECK CODE ALL .

Alerg e e b,
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In this example, member forces wili be printed for all load cases,
whereas loading | and 3 will be used for printing suppart reactions
and code-checking of all members.

Notes

The LOAD LIST command may be used for multiple analyses
situations when an analysis needs to bc performed with z sclected
set of load cases only Picase note that all load cases are

aulomalically aclive before a CHANGE or RESTORE command is
used.
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5.40 Section Specification

See Sections
1192, und
1194

Purpoae
This command is used to specify sections along the length of frame
member for which lorces and moments are required.

Genéral format:

MEMBER memb-list

SECTION 1,1, .. 15
{ALL)

Description

This command specifies the sections, in terms of [ractional member
lengths, at which the forces dnd moments are considered for further
processing.

[y, fy ... f5 = Scction (in terms of the fraction of the member length)
provided for the members. Maximum number of sections is 5,
including one at the start and one at the end. In other woids, no
more than three intermediate sectlions arc permissible per
SECTION command. ~

Example

SECTION 0.0 0.5 1.0 MEMB 1 2
SECTION 0.25 0.75 MEMB 3 7O 7
SECTION 0.8'MEMB 8. » ;. = ".

[n this exampie, first the members | ang 2 are sét to section values
of 0.0, 0.5, and 1.0, i.e. at the start, mid point and end. The
members 3 1o 7 are specificd by the next SECTION command
where sections 0.25 and 0.75 are set.

In the next SECTION comtand, member 8 hai its section specified
at 0.6. The remainder of the members will have no sections
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ptovided lor them. If no sectien value 15 given for any member, it
defaulis 1o 0 0 and 1.0 (i e. start and end). For example, the siart
and end forces of the members will be used for design, if no section
is specified. As mentioned earlier, no more than hree inlermediate
seclions are allowed per SECTION command. However, il more
than three intermediate sections are involved, they can be examined
by repeating the SECTION comimand, alter completing the required
calculations. The following example will clarify.

Example

SECTION 02 0.4 05 ALL
PRINT SECTION FORCES
SECTION 0.6 0.75 0.9 ALL
PRINT SECTION FORCES

[n his example, fiest forces at 3 intcrmediate sections (namely 0.2,
0.4 and 0.5) are printed and then forces at an addinonal 3 sccuons
(namely 0 6. 0.75 and ©0.9) are printed. This gives the user the
seclion forces at more than thiee intcrmediate sections.

Notas

1) The SECTION command just specifies the sections, Use the
PRINT SECTION FORCES command afier this command lo
print out the forces and moments at the specified sections.

2) This is a secondary analysis command. Note that the analysis
must be performed belore this command may be used.
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5.41 Print Specifications

Purposge

This command is used to direct the program to print various
modeling information and analysis results. STAAD offers a number
of versatile print commands Lthat can be uséd to customize Lhe
culpul.

General format for data related print commands:
(JOINT COORDINATES ]
MEMBER INFORMATION

ELEMENT [NFORMATION SOLID (ALL)
MEMBER PROPERTIES

PRINT { MATERIAL PROPERTIES t JLIST list of items
SUPPORT INFORMATION i.e. joirits,
or meémbers
ALL J

General format to print location of cg:
BRINT CG

General larmat to print analysis results:

((JOINT) DISPLACEMENTS

(MEMBER) FORCES
PRINT  {ANALYSIS HESULTS  List-
(MEMBER) SECTION FORCES spec

(MEMBER) STRESSES

ELEMENT (JQINT) STHESSES {AT 1, ,)
ELEMENT (JOINT) STHESSES SOL!D
(MQDE SHAPES

Liat-dpeéc = {% it of itériis-joints, }
members or siéments
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General format to print support reactions:

PRINT SUPPORT REACTIONS

— T

General format to print entire steal table:

5

PRINT ENTIRE (TABLE)

Description

Note that the list of items are not applicable for PRINT
ANALYSIS RESULTS, PRINT SUPPORT REACTIONS, and
PRINT MODE SHAPES command.

Thc PRINT JOINT COORDINATES command prints all
interpreted coordinates of joints.

The PRINT MEMBER INFORMATION command prints all
member information, including member tength, member incidences
beta angles. whether or not a member is 4 truss member and the ‘
member release conditions at start and end of the member
{l=released. 0 = not released). .

The PRINT ELEMENT INFORMATION command prints alf
incident joints, clemeni thicknesses, and Poisson ratios for
Plate/Shell clements. The PRINT ELEMENT INFORMATION
SOLID command prints similar information for Solid clements.

The PRINT MEMBER PROPERTIES command prints all member
pru;?enics including cross sectional area, moments of inertia, and
section moduli in bath axes. Units for the properiies arc always
lN‘CH or CM (depending on FPS or METRIC) regardless of the
unit specified in UNIT command.

The flollowing designation is used for member property names:

AX - Cross section area
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AY - Areaused lo compute shear deformation in local Y-axis
AZ - Areca used 1o compute shear deformation in local Z-axis
IZ - Moment of Inertia about the local Z-axis
IY - Moment of [nertia about the local Y-axis
X - Torsional constant
SY - Smallest section modulus about the local Y-axis -
SZ - Smallest section modulus aboul the local Z-avis

The PRINT MATERIAL PROPERTIES command prints all
malterial properties for the members, including E (modulus of
clasticity), G (shear modutus), weight density and cociTicient of
thermal expansion {alpha) for frame members. This command is
available for members only.

The PRINT SUPPORT INFORMATION command prints all
support information rcgarding their fixily, releascs and spring
constant values, if any. The LIST option is not available for this
comrnand,

The PRINT ALL command is equivalent to last five print
commands combined. This command print§ joint coordinales,
member information, member properties, material properties and
support information, in thal order,

The PRINT CG command prints out the coordinales of the cenler
of gravily ol the structure. Only the selfweight of the structure is
used ta caiculate the C.G. User defined joint loads, metiber loads

. elc. are not considered in the calculation of C.G.

The PRINT (JOINT) DISPLACEMENTS cdmmand prints joint
displacements in a tabulated form. The displacemenis for all six
directions will be printed for all specified load cases. The length
unit for the displacements is always INCH or CM (depending on
FPS or METRIC unit) regardless of the uhit specified in UNIT

command.

The PRINT (MEMBER) FORCES command prints member forces
(i.c. Axial force (AXIAL), Shear force in local Y and 7 axes
(SHEAR-Y and SHEAR-Z), Torsional Moment (TORSION),
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Moments about local Y and Z axes (MOM-Y and MOM-Z7)) in a
tabulated form for the listed members, for all specified load cases.

PRINT ANALYSIS RESULTS command is cquivalent to the last
three commands combined. With this command, Lhe joint
displacements, support reactions and member lorces, in that order,
are printed. N

The PRINT (MEMBER) SECTION FORCES command prints
member forces at the intermediate sections speciflied with a
previously input SECTION command. The printing is done in a
tabulated form, by member, for all specified load cases.

The PRINT (MEMBER) STRESSES command tabulates member
stresses at the start joini, end joint and all specilied intermedaate
sections. These siresses include axial (i.e. axial force over the
area}, bending-y (i.c. moment-y aver section modulus in local y-
axis), bending-z (i.e. moment-z over section modulus in local ¢-
axis), shear stresses in both local y and £ directions (FY/AY and
FZIAZ) and combined {absalute combination of akial, bending-y
and bending-z) stresses,

For PRISMATIC sections, if AY and/or AZ i3 not provided, Lhe
full cross-sectional area (AX) will be considered in shear stress
calcutations. ’

For TAPERED sections, the values of AY and AZ arc those lor the
location where the stress 1s printed. Hence il the stress is printed
at the location 0.0, the AY at AZ zre based on the dimensions of
the member at the start node.

AY = Total depth * Thickness of web.
AZ = 2/3 area of both Mlanges put together.

The PRINT ELEMENT STRESSES command must be used to print
stresses (FX. FY, FXY, QX, QY), moments pér unit width (MX,
MY, MXY) and principal sircsses (SMAX, SMIN, TMAX) for
plate/shell elements. Typically, the stresses and momenis per unit
width a1 the centroid will be printed. The Von Mises siresses
{YONT, VONB) as well as the angle (ANGLE) defining the
orientation of the principal planes arc also printed.
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The vanables that appear in the oulput are the lollowing. See
Figure 1.13 in Section ) of this Reference Manual [or more
information regarding tliese variables.

QX = Shear stress on the local X face in the Z direclion

QY = Shear sircss on the local Y [ace in the Z direction

MX = Moment per unit width about the local X face

MY = Momenl per unit width about the local Y face

MXY = Torsional Moment per unit width in the local X-Y plase
FX = Axial stress in the local X direciion

FY = Axial sticss in thé local Y direction

FXY = Shear stress in thé local XY plané

VONT = Von Miscs stress on the top surface of the element
VONB = Von Mises siress on the bottom surface of the element
SMAX = Maximum in-plane Principal stress

SMIN = Minimum in-plane Principal stress

TMAX = Maximum in-plane Shear stress ‘

ANGLE = Angle which determines direction of maximum principal

stress with respect to local X axis

If the JOINT option is used, forces and moments at the nodal
poinls are also printed out in addition to the centroid of Lhe

clement.

The AT option may be used (o print elemént forces at any sfaeciﬁcd
point withtn the elément. The AT option must be ar.c-s:(?mpfnme.d by
f, and f,. Note that f) and {; are local X and Y cour.dltlfz-iles (in
currént units) of the point where the stieises and munfn_ld gre
required. For detailed description of the local coerdiniaté system ol
thé elements, refer to Section 1.6 of thii manual.

Thé PRINT ELEMENT (JOINT) STRESS SOLID command
enables printing of sifcsses al the center of the SOLID clements,
The variables that appear in the output are the following.

Normal Stresses : SXX, SYY and SZZ
Shear Stresses - §XY, SYZ and SZX
Principal Stresses 51,52 and 53,

Von Mises Siresses :'SE
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Direction cosines - 6 direction costnes are prinicd following
the expression DC, corresponding to the
first two principal stress dircclions.

The JOINT aption will print out the siresses al the nodes ol the
sofid clemenis.

The PRINT MODE SHAPES command prints joint displacemenis
for alt calculaled modes

The PRINT SUPPORT REACTIONS command prints support
reactions in a tabulated form, by support. for all specified load
cases. The LIST option 1s not available for this command.

The PRINT ENTIRE TABLE command may be used o obtain a
print-out of the contents of the stecl table fram which member
properties are being read. This command must be provided
following the specification of all member properies.

*hiyenad

Y
f Fovutnn

Example

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

Notes

1) Thke oulput generated by these commands arc based on the
current unit system. The user may wish (o verily thé current
unit system and change it il necessary.

2) Results may be prinied for alf joinis/members/elements or
based on a specified list,

PRINT SECTION (MAX] DISPL (NSECT I) {SAVE a) {AL!.
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5.42 Print Section Displacement

Purpose

This command i$ used 1o calculate and priat displacements at
sections (imermediale points) of frame members. This provides the
user with deflection dala between the joints.

General format:

NOPRINT ]
LIST memb-ist

Description

This command prints displaccmems
at intermediale points between iwo
jomints of a member. These
displacements are in global
coordinate directions (sce {igure). I7
the MAX command is used. the
program prints only the maximum
locat displacements amang all load
_cases.

i = number of sections to be taken. Defaults 10 12 if NSECT is not

uscd and also il SAVE is used.

a = File name where displacement values can be storéd and used

by STAADPL graphics program. Il NOPRINT command is
used in conjunction with SAVE commind, the program writes
the data to file only and does not print them in ouiput. The PC

version doed not need 2 filename and if one iy provided, il will
be ignored.
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. . 5.43 Print Force Envelope Specification

PRINT SECTION DISPL SAVE

PRINT SECTION MAX DISP _

. ‘ Purpose
f‘:gs;f“"" SECTION DISPLACEMENTS are measured in GLOBAL This command is used to calculate and prirt force/morment

COORDINATES. The valucs are measured from the original

envelopes lor frame members. This command is not available for
{undellected) pOSilIDI; to the deflected position. Sce figure above. )

finite elements.
. . ) . . . ane drmat:

The maximum local displacement is also printed. First, the location General to

is determined and then the value is measured from this location to

the line joining start and end joints of the deflected member. PRINT {&CE } ENVELOPE (NSECTION |} list-6p.
- MAXFORCE .
Notes
. LIST

1} The section displacement values are available in Glaobal list-spec = { }

Coordinates. The undeflected position is uied as the dawm fof (ALL)

calculating the deflections. '

) 2) This is a secondary analysis command. An analysis musl be Déscription

performed before this command may be used. Where i is the numbei of equally spaced sections to be considered

in printing maximum and minimum force envelopes, IF the
NSECTION 1 command 13 omitied, | will default 10 12
MAXFORCE command produces maximum/minimumi force values

See Seéction only of all sections. whereas the FORCE command prints

1i9s maximum/minimum force values at cvery section as well as the
max/min force values of all secuons. The force components include
FY.MZ. FZ, and MY. Note that the SECTION command (as
described in section 5.40) does not define the number of sections
for force cnvelopes. For the sign convention of force values, refer
6 Section 2.19.
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Exampie
PRINT FORCE ENV . -
PRINT MAXF ENV NS 15
PRINT FORCE ENV NS 4 LISTATO 15
Notes A
. This is a secondary analysis command and should be used aflter

analysis specificalion,
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5.44 Post Analysis Printer Plot Specifications

Printer plots of the analysis results may be penerated after lhc'
analysis has been performed. Reler to Section 5.29 for the various
commands that can be provided in Lhe input file after the
PERFORM ANALYSIS command.
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5.45 Post Analysis Graphics Display
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5451 Display Deflected Shapes

This part describes input style to create plot files which can be
_accessed by STAADPL for graphics display on screen or pen
plotters. -
Purpose
This command creates a {ile with dala containing the joint
displacements. This file must be created in the STAAD
analysis/design run so that the deflccted shape may he viewed in
the Post Processing graphics display in a later session.

General format:
PLOT DISPLACEMENT FILE

Description

This command crcales the data required (o display the deflected
shape for any load case at any associated scale facior, The
defllected shapes are displayed by drawing the displaced positions
of joints and conneccting them with straight lines.

Notées

1) It is nol nccessary Lo have Lthis command in the STAAD
anialysis run il the deflected shapé 1§ viewed in the same
session. STAAD's live "concurrcnt database” stores the
displacement data from the latest analysis run which.is
automatically utilized by the Post Processing module.

7) This ts a post-analysis facility, Thus this command must be
used alter the analysis specification.
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+45.2 Display Section Displacements 5.45.3 Display Bending Moment/Shear Force

Diagrams
Purpose
This command creales a file with data containing the scction
disptacements. This file must be created in the STAAD Purpose

analysis/design run so that the section displacements may be
viewed in the Post Processing graphics display in a later session,

General Format;

PLOT SECTION FILE

Description

Using the Scction Displacement command, the user can dispiay the
section displacement for sny load case with anv associaled scale
facior.

Notes

1} It1s not necessary to have this command 1n the STAAD
analysis run 1f the scction displacement is viewed in the same
session. STAAD's hive "concurrent database” stores the
displacement data from the latest anatysis run which 1s
auiomatically utilized by the Post Processing module.

1) This is a post-analysis facility Thus this command must be
used atler the analysis specification.

This command creates a lile with data centaining the bending
moment and shear forec values This file musl be crealed in the
STAAD analysis run so that the bending moment and shear force
diagrams may be vicwed in the Post Processing graphics display in

a later session.

General Foirmat:

[

PLOT HENDING FiLE

Description

Using this command, the user can create necessary data to display
the moment and shear force diagrams lor either one/two members
or all memnbers al a iime.

Notes

1} It is not neccssary 10 have this command in the STAAD
analysis run il the diagrams arc viewed in the same session.
STAAD's live "concurrent dalabase™ storcs Lhe necessary data
from the Jatest analysis run which is automatically wilized by
the Post Processing module.

2) This is a post-analysis facility. Thus this command must be
used after the analysis specification.
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5.45.4 Display Mode Shapes

Purpose

This commund creates 4 lile with data containing the mode shapes,
This Nile must be created in the STAAD analvsis/design run so that
the mode shapes may be viewed 1n the Post Processing graphies
display 1n a later session.

General Format:

PLOT MODE FILE
Description

Using this command the user can create the daia required fo display
the mode shape for any number il modes with 4 corresponding
scale lactor

Notes

ty ltis not necessary Lo have this command in the STAAD
analysis run 1l the mude shapes are vicwed 10 the same session,
STAAD's live "concurrent database” stores the displacement
data from the latest analysis run which s automancally antized
by the Post Processing module.

2y This is a posi-analysis tacility. Thus this command must be
used after the analysis specilicanon,
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5.45.5 Display Stress Contours

Purpose

This command creates a lile with data conttiming the stress values.
This lite must be created in the STAAD 1nalysisidesign run so that
the stress contours may be viewed in the Past Processing graphics

display 1n a later session.

General Format:

PLOT STRESS FILE

Desacription
Csing this command the uscr can display the stress conlours for any

load case weth a corresponding scale factor.

Notes

I3 I :s not accessary o have this command 1n the STAAD
andbysis run il the stress contours are viewed in the same

scw;un STAADS live "concurrent database” slores the 4!{'!:.59

data trom the latest andlysis run whien 14 dutomancally atilized

hv the Post Processing module

1) This is a pust-analysis facihity. Thus thes command musi be
gsed after the anabysts specification.
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.46 Size Specification

Purpose

This command provides an estmate for required section properties
tor a frame member bascd on certarn analysis results and user
requirements. :

General Format:

* IWIDTH ty '
DEFLECTION f, MEMBER membér-iist
SIZE  {LENGTH f
BSTRESS | ALY
SSTRESS ts

where,
f;, = Maxm. allowahlc width
Iy = Maxm. allowable (Length/Maxm. Tocal detflechion) ratio
Iy = Length Tor calcuiating the above ralio.
Deflaubt = actual member length,
I, = Maxm uallowable bending siress.
5 = Maxm. altowable shear siress

Note that the values must he provided tn the current unil system

Deascription

This command may be used to calculate required section properties tor
a member based on analysis results and user specified enterias. The
user specified criterias may include Member widih. Allowable
{Length/Maxm. Deflection) Ratio, Maxm. allowable bending siress
and Maximum aliowable shear stress. Any number of these ¢ritenias
may be used simultancously. The output includes required Scctton
Modulus {about major axis}, required Shear Area (for shear parallel to
minor axis), Maxm. moment capacity {about major axis), Maxm. shear
capacity (for >hear parallel w minor axis) and Maxm. (Lengib/local
maxm. dellection} ratio,

Sncuun-‘\_‘ 131
Example

§iZE WID 12 DEFL 300 LEN 240 HSTH 38 ALL
g1ZE DEFL 450 BSTR 42 MEMB 18 TO 25

Note: '
[t may he noted that sizing will be based on

specified by tihe user 1m the relevant SIZE command.

only the criteria

tn the tirst example above, sizing wiit be basced on user specified
member width of 12, Length/Deflection ratio of 300 (where
[ength= 240) and max. allowable bcnding stress af 36.

In the second cxampte. sizing will he based on {_ength/Deflection
ratio of 450 (where Lengths actual member length) and max.

alowabic beading stress of 42

Notes

This s 4
specifications.

post-analysis facility and must be used after the analysis
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.47 Steel Design Specifications

This section describes all the specificalions necessary lor structural
steel design.

Sccuion 5.47.1 discusscs spcc:ﬁcnlion of all the parameters that ~
may be used to cantroi the design. Sections 5 37.2 and 5 47 3
describes the CODE CHECKING and MEMBER SELECTION
optrons respeclively, Member Sclection by optimization 1s

discussed in 5 47.4 STAAD also provides facilities for Weld
Design which are described in 5.47.5.

5.47.1 Parameter Specifications

Purpose

Section 5_‘ I

This scl of commands may be used to specily the parameters

requircd for steel design

General format:

fy MEMBER memb-list

PARAMETER
(AASHTO
AlSC
AUSTRALIAN
BAITISH
CANADIAN
CODE {FRENCH
GERMAN
INDIA
JAPAN
LRFD
\NORWAY
parametér-name
PROFILE a,, (a5, a4) AL
Description

Parameter-name relers o the "PARAMETER NAME" (s} listed in

the parameter table contarncd in the Steel Design section.

For a list of parameters for AISC Allowable Stress Design, see
Table 3.1 of this manual For a list of paramelers for AISC LRFD
Design. sec Table 3 2. For steel design per other codes, refer to the

relevant documentation

f, = Value of the parameter.
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The user can <ontrel the design through specificalion of proper
parameter

The PROFILE parameter is available for the AISC ASD code only,
The user can specily up 1o three profiles {a;, 14 and a5). Proiule, ag
deseribed 1n Table 3 1, is the first three letters of an AISC steed
table name, ¢.g WEX, W12, CH), L20 etc The PROFILE
parameter-name is used oniy for member selechion where members
are sclecied Irom cack of those profilc names The PROFILE lor 4
T-section 15 a W-shape. Also. the shape specified under PROFILE
has o be the same as that specified imitially under MEMBER
PROPERTIES. Nute that the PROFILE command can only be used
loe the AMERICAN sicel table CODE parameter lets you choose
the 1ype of steet code to he checked for design. The defaull steel
sade depends un the country of distribution.

Example

PARAMETERS

CODE AlISC

KY 1.5 MEMB 37 TO 11

NSF 0.75 ALL

PROFILE W12 W14 MEMB 1 2 23
RATIO 0.9 ALL

Moles
b1 Adlunst sensinive values should be in the corrent unit sysiem,

21 For default values of the parameters. refer (o the appropriate
parameter table.

3y PROFILE command 15 available with the American AISC ASD
code onty [t 1s not avarlable with the LRED or AASHTO
codes.

‘ﬂ“

114

i

Sccuon 5 | 335

5.47.2 Code Checking Specification

See Secrion
23

Purpose
This command may be used to perform the CODE CHECKING

vperation.

General format:

MEMBER memb-list

HECK CODE

AL

Description

This commund checks the specificd members against the
specification of the desired code. Refer (o Section 2 of this manual
for detarled nformanon. .
F

Notes

The output of this command may be controlled using the TRACK
parameter Three levels of detadls are available. Refer 1o the
appropriate Steel Design section lor more informauion on the
FRACK paramcler. ;
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5.47.3 Member Selection Specification m

Seclion § ‘ 37

5.47.4 Membeér Selection by Optimization

Purpose

This command may be uscd to periorm the MEMBER SELECTION
operation.

General format:

MEMHBER memb-list
SELECT
AL

Description

This command instructs STAAD 10 select specilied members based
un the parameter value restriclions and specified code The
sclection 1s done using the results from the most recent analvas
and 1terating un sections untl A least weaght sizc ts obtained Reler
to Secuon 2 for more detads,

Notes

] The vutput of this command may be conirolled using the
TRACK paramcier. Three levels of detaiks arc avaitable.
Reter 1o the appropriate Sieel Design section for more
information on the TRACK parameter.

2 Mcmber selection can be done only after an analysis has
been performed. Consequently, the command to perform
the analysis has (10 be specificd before the SELECT
MEMBER command can be specified.

Purpose

Fhis command performs member sclection using an oplimized
technitque based on multiple analysis/fdesign ilerations,

Genéral format:
SELECT QPTIMIZED

Description

The program selects all members based on a state-of-the-art
uptimization technique This method requircs multiple analyses as
weil as icraton of sizes until an overall siructure least weight is
ubtatned. This command should be used with castion since i will
require longer processing time.

Notes
Iy The output of this command may be comrolled using the
TRACK parameter. Three levels ol details are available. Refer

to the appropriate Steel Design section for more information on
the FTRACK parameter

1) This command may require multiple iterations involving
analysis/design cyctes and therefore may be time consuming.
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2.47.5 Weld Selection Specification

Purpage

This command performs selection of weld sizes for speeificd
members,

General tormat:

MEMBER memb-}i
SELECT WELD (TRUSS) st
AL

Deacription

By thlhs command, the program selects the weld sizes of the
speciflied members at siart and end. The selections are tabulated
with all the neeessary informauen, [T the TRUSS command «s used
the program will design welds for angle a2nd double anglc mcmhur-i.
Allached 1o gusset plates with the weld dlong the length of
members,

Notes

The weld size calculanon may also he controllcd patametrically

For wnformannn on availabte parameters, refer o the appropriate
Steel Design seenon,

Seciion 3 l 139

5.48 Group Specification

Purpose

This command may be used 10 group members logether for analysis
and steel design,

General format:

(FIXED GROUP)
GRQUP prop-spec MEMB memb-list (SAME AS i,)

AX = Cross-section area
prop-apéc = {SY = Section modulus in local y-axis
sz = Section modulus in local z-axis

Descriptiorn

This command ¢nables the program tu group specified members
together Tor analysis hased on their largest property specilication.
[f memher number 1, 1s pravided v SAME A5 command. the
program will group the members hascd on the properues of i. This
command ts usually used after the member sclection, where the
members can he grouped for further processing M the FIXED
GROUP option 1s used. the specilicd grouping will be retained in
memaorv by the program and will be used 1n subsequent member
seleet aperations and the results of the "GROUPing™ will not be
seen unless a "SELECT MEMBLER” uperation is perfarmed.

Example 1

GACUP SZMEMB 137 TO 1215 _
GROUP MEMB 17 TO 23 27 SAME AS 30

In this example. the members 1,3, 7 to 12, and |5 arc assigned the
same propertics based on which of these members has the largest
section modulus. Members 17 to 23 and 27 ate assigned the same
propertics 1s member 30, regardless ol whether member 30 has a
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smaller or larger cross-sectivnal area. AX 1s the default property
upon which grouping ts based.

Example 2

FIXED GROUP
GROUP MEMB 1 TO 5
SELECT OPTIMIZED

tn the above cxample. the usage of the FIXED GROUP command 15
illustirated. The SELECT QPTIMIZED command involves the 3
stage process of

ty MEMBER SELECTION
}) GROUPing of members t TO 3
31 ANALYSIS

a mulugple number of umes until 2 consergencz 1n member
propertics 15 allained between adjacent cycles The FIXED GROUP
command 15 required for exccution of step 2 the cycie

Notes

This command 1s typrcally used alier the member selection tor
further analysis and design. This facihiy may be very elfectively
utilized o develap a practically orrented design where several
members neced 1o be ol the same size

an
CES
=3
==
R
==
R
e
=3
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5.49 Steel Take Off Specification

Purposa
This command may be uscd to abtain a suminary of all steel

seclions being used along with their lengths and weights.

General tormat:
STEEL {(MEMBEHR) TAKE { OFF)

Description

This command provides a complete listing - .. sleel
tabie scctions used 1n the structure The tabulated listing will
include total length of each section name and its total weight. This
cin be helpful in estimaling steel guantitics

Thé MEMBER option list edch member lenyg . ... TR %
number. profile-type, leigth and weigh.

Notes

This facility may be very effectively w “ ahtain 1 quick
estimaic of the structural steel quanuty, ’
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.50 Timber Design Specifications

Section § 1 343

5.50.1 Timber Design Parameter Specifications

This section describes the specificatuons required for timher

design, Dewailed description of the umber design procedures s

available in Section 4. Purpose
This set ol commands may be uscd for specificalion of paramelers

Section 4.50.1 describes specification of parameters for mber

design. Sections 4.50.2 and 4.50.3 discusses the code checking and

member selection facilitics respectively.

Tor timber design.
General Format:
PARAMETER

CODE TIMBER

; MEMBER member-list
ameter-name {

par 'ofALL

Description

f, = the value of the parameter.
Nate that the paramcier-name refers to the parameters described in
Scction 4.

Notes

17 All values must he provided in the current untl system.

3) For default valucs of parameters, refer to Scction 1
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5.50.2 Code Checking Specification

*

Purpose

Mus command performs code checking operation on speciticd
members based un the American losui i

: osutute ol Timber Consiryeti
tAITC) codes. e

General Format:

ME 1A
CHECK CODE {_..MBEFI member-list
ALL

Description

This command vhecks the spectfied members against the
requirements of the American Institure of Timber Cunstruction
1AITCY C(?dcs. The results of the code checking ure summuarized in
a tabular format Exampies and detayled explananons of the rabular
lormat are available in Scetion §

Notes

The vuiput ol this command may be controlled by the TRACK
;_:aramclf:r. Two levels vl details are available. Refer 10 Section 5
Tor detailed 1nfurmation on the TRACK parameter
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5.50.3 Member Selection Specification

Purpose

This command performs member selection operation on specilicd
members based on the American Institute of Timber Construction

{AITCY codes
Genéral Format:
MEMBER member-list

SELECT
Li

T

|

Description

This command may he used 1o perforin member selection according
1o the AITC codes. The sclection 15 based on the results of the j
latest analysis and iterations are performed until the feast weight
member sausiving all the apphcable code requirements s obuained.
Paramcters may be used to contrel the design and the results are
avatable 1n a tabular format. Detailed explanations of the sclection

process and the ouiput are availshle o Section 5,

Naotes

The outpul of thi$ command may be controlied by the TRACK
parameter. Twa levels of detnls are avadable. Refer to Section 3
fur detatled information on the TRACK parameler.
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1 Concrete Design Specifications

This section describes the specifications for concrete design. The
concrete design procedure implemented in STAAD consists ol the
fullowing sieps

Iy Initiating the design

1) Specitying parametcrs.

1) Specilying design requirements
4)  Reyuesting quanuty wake-olT.
5) Terminating the design

Secuon 5.51 | describes the design imitiation command. Seetion
5.531 2 discusses the spectiication of parameters, Design
requirement specifications are described 5.51 3. The CONCRETE
TAKE OFF command 1s described 1n 5 51,4, Finally. the design
termination command s described in 5.51.5.

TEOOaRREaananIng

Section 5_] M7

5511 Design Initiation

Purpose

This command is used (0 imuate the concrete design.

Generdl format:

START CONCRETE DESIGN

Description

This command 1nitiates the concrete design specification. With
this, the design parameters are automatically set 1o the default
valucs {as shown an Table 4.1) Without this command, nonc af the
t:t:lluwing cancrete design commands will be recognized.

Notes

This command must be present before any concrete design

command 15 used.
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5.51.2 Concrete Design-Parameter Specification

Purpose

This set of commands may be used 10 specity parameters 1o control
the concrete design. k

General format:

Acl
BRITISH
CANADIAN
CODE {ERENCH
GERMAN
INDIA
JAPAN
LNQ

T b

parameter-name [,

HWAY
MEMBER memb/elem list }
{ ALL)

Description
Parameter-name relers to she concrete parameters Jescnibed in

Table 4.1

[} = 15 the valuc of the parameter. Note that ihis value is always
tnput 1n current units. The UNIT command 1s also accepted
during any phase ol concrete design.

Notes

1} All parameter values arc provided in the currcnt unst system.

2) For delault values ol parameters, refér Lo Section 3.

Section 5 ‘ g

5.51.3 Concrete Désigh Command

Purpose

This command may be used 1o speeify the type of design required.
Members may be designed as BEAM, COLUMN or ELEMENT.

Genéral format:

HEAM
DESIGN COLUMN memb-list
ELEMENT

Description

Mcmbers (o be destgned must be specified as BEAM. COLUMN or
ELEMENT. Notc thut members, once designed as beam. cannot be
redesigned 4s a column dgain. or vice versa,

Notes
Oaly plate elements may be designed as ELEMENT.



STAAD Commands and Input Instru st : .
] put Instructions . ’ Sectiof 5 l 351
. Secuon §

-51.4 Concrete Take Off Command 5.51.5 Concrete Design Terminator

Purpose Purpose ‘
This command may be used 10 obiain an estmate of the 1otal This command musi be used 10 icrminale the concrete design.
volume of the concrete, reinforcement bars used and thetr .
réspective weights

Géneral tormat:
General fFormat:

END CONCRETE DESIGN

CONCRETE TAKE QFF Description

" i er which normal
Description This command terminales ihe concreté design, after

: . -ommands resumec.
This command can be 1vsued 1o print the totat volume of concrete STAAD co
and the bar aumbers and their respective werght tor the members .
Example
designed,

SAMPLE OUTPUT: START CONCRETE DESIGN

CODE AcCI
sarsssasvesees CONCRETE TAKE OFF ®svessssassnas ' FYMA'N 40.0 ALL
(FOR BEAMS AND COLUMNS DESIGNED ABOVE) FC 3.0 ALL )
_ , DESIGN BEAM 1 TO 47
TOTAL YOLUME OF CONCRETE = B87.50CLFT DESIGN COLUMN 912 TO 18
BAR SIZE WEIGHT DESIGN ELEMENT 20 TO 30
NUMBER {in Ibs) END
k 4 805.03
6 91.60 Notes ds will not be
rommands will n
g l;g;.:g without this command. further STAAD com
tr 818.67 recognized.
*** TOTAL = 3506.74

Notes

This command may be used very effectively for quick guaatity
estimales.
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K

Design Procedure

i

Purpose The following sequential design procedure is followed:

This‘scl ol commands may be used 10 specify fovting destgn
rc‘lquuf:mcnls. Sections 5.32.1 thraugh 5.52.4 describe the process
of qcslgn imiation, parameter specificution, design command and
design termination.

1) Footing size 1s catculated on the basis of the load dircetly
available Irom the analysis resulls (supporl reactions) and uscr
specified Allowable Soil Pressure, No faclor 1s used on the

suppurl reactions.
2} The footing size obiained from 1) and the FACTORED LOAD

is utthzed 1o calculate soil reactions.

FACTORED LOAD = ACTUAL REACTION X Parameter FFAC

Desgcriptian

This lacility may be used to designasolated footings for user
specified support joints. Once the support is specificd, the program
dutomaticaily wentifies 1he support reaclionds) assoctated with (he
paL All active load cases are checked and design is pertormed lor
the support reactions) tha requires the maximum footing sizc.
Parameters arc available 1o cantrol the design. Dowel bars and

devclopment lengths are alsg calculated and included 1o the design
ulpul,

Noig thal ibe uscr may provide a desired value [or parameter
FFAC.

3) Footing depth dnd remmforcement details dre based on soil
reactions caleulated per 2) above
1y Dowel bar requirements and development lengths are
D ‘ calculared and reported 1n the oupul.
esign Considerations )
The STAAD 1s0laicd fouting design 15 based on the fotlowing Followtng parameters arc available for footing design.
vonsiderations,

TEE00008

Design Parameters

I} The design reaction toad may inc
y include concenirated load and amet g scri
i desn resc :arar_neter Dveflaull Deacription
| e alue
1} The verucal reacnion load 15 increased by 10% 10 account for -
FY 60.000 psi - Yield strength lor

the sclfweight of the fout
g uling. reinforcement sieel.

3) - Footing s].uh size 15 rectangular. The ratio between the length - -

and the width of the slab may be controtled by the yser through FC 3.000 psi ' ggz;::;:swe Strength of

@ paramcter.
41 Optional pedestal design is available. CLEAR agm, ' Clt'eﬂar cover !r:.r siab

i : i : reinforcemen

5) Foolings cannot he designed at supports where the reaction " ' .

€auses an uphift on the lootings. REINF Number 9 bar :Aal:hrglziurpgm bar size

. or osign. ©
EFAC 1.0 Load factor for concreta
design.
BC 3000 pst Soil beanng capactty.

RATIO 10 Ratio between slab sides.
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Design Parameters Cont. m 5.52.1 Design Initiation
Parameter Defauit Description :
Name Value m 3
TAACK - Purpose
A 1.0 1 0 = only numencal output 1s . , .
o pro‘\:ldea ° This command must be used to intliatc the footing design.
. 2 0 =numencal output and
sketch provided Ganeral Format:
DEPTH Calculated by The min depth cf the footing - ) , .
the program base slab Program changes START EQQTING DESIGN
this valtue | required faor
design. s
" m Description
81, 82 Calculated by Size of the looung base slab - N . R {Feali Withoul
the program S1 and 52 correspond to : This command initiates the footing design specibications.

column sides YD and ZD

10 further footing design command will be
respectively Either S1 or 52 this command, no fur g

or both can be specriied f one recognized.
15 provided, the ather will he
calculaieg based on RATIO If Notes

both are provided, RATIO will

be gnured No footing design specification will be processed without this
EMBEDME 0.0 The depth of the footing base command.
NT trom the suppaort point of the

column
PEDESTAL a.o 0 0 =no pedestal design

1 0 =pedestal design with
pregram calculating
pedesial dimensians.

X1 X2 - pegestal design with

user provided pedestal

dimensions. X1 and X2 are
pedestal aimensions
corresponaing 1o slab sides S1
and S2 respectively.
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5.52.2 Footing Design Parameter Specification 5.52.3 Footing Design Command

Purpose )
Purpose
This command 1s used 10 specily parameters that may be used 1o
control the footing design. ‘ |

This command must be used to execute the looling design.

General Format: General Format:

[AMERICAN |
BRITISH
CANADIAN
CQDE {ERENCH
GERMAN
INDIA
JAPAN
(NORWAY

DESIGN EQQTING joint-list

Description

This command may be used lo specily the joints for which the
foonng designs are requared.

Notes

The output of this command may be controled hy the TRACK
parameter tsce Sectron 5520 iF TRACK 15 sel 10 the defaull value
of 1 0. only numenical output will be prowvaded. [T TRACK 15 set to
2.0, graphical vutput wilt be pravided n additton.

JOINT jaint-list }
(ALL)}

parameter-name {, {

Description
Parameler-nume relers (o the parameters descnibed in Secuon 3 32
Iy is the value of the parameter Nute that this value should be tn

the current units. The UNIT command is also accepied duning
any phase of loating design,

GREQRR0002108

Notes .

1y Al paramcier values must be provided in the currenl unit
system. _

2) For default values uf parameters. refer to the parameter table in
Section 5.52.
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Seclion 3 .
EXAMPLE bon$ | 3

START FOOTING DESIGN 5.52.4 Footing Design Terminator

CODE AMERICAN
UNIT KIP INCH

Purposge
FY 45.0 JOINT 2 ’ . ‘ e ot desia
FY 80.0 JOINT 5 ' . This command must be used 10 terminate the fooling desighn.
FC3 ALL Y !
AATIO 0.8 ALL ) General Format:

TRACK 2.0 ALL

PEDESTAL 1.0 ALL

UNIT KIP FEET

CLEAR 0.25

8C 5.20 JOINT 2

BC 5.00 JOINT 5

DESIGN FOOTING 1 2 3 5
END FOOTING DESIGN

END FOOTING DESIGN

Description

This command lerminates the fooling design.

Notes

If the fooning design is not terminaled. no further STAAD
command will he recognized.
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5.53.1 Precision Command

Following are 1wo special commands that may be used to conirol
the precision characteristics of the stiffness matrix elements and
memory requirements for a particular problem. . Purpose
This command may be used o control the precision checking
characieristics ol the structural stiffness matrix.

Description

The global suffness matnx of 4 correctly modeled siructure is
always 4 symmelric matrix with positive elements on the main
tidgonal. Negative or very small posilive clements are usually a
resull of incorreet modeling resulting in anall-conditoned stiffness
matrtx In STAAD, all sulfness coclficienis numerically less than
0.01 arc idenuiied a5 possible sources of instability and a warning
message is issucd cautioning the user. In certain special situations.
these stitfness cociTicients may represent aeeurale numbers. To
climinate the warning message 11 these circumslances. the
PRECISION command may be used to resel the value against which
the coclTicients are checked. This command should be posilioned

« acar lhe beginning of the input tile.

Geéneralt format:

PRECISION f,

where. I} = number against which stiffness
coclficients are checked.
{defauht = 0.01)

Notes

Ttus command should be speeificd hefgre the JOINT
COORDINATES specilications.
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+.53.2 Input Memory Command

Purpose

This command may be used 10 controd the memory requirement in
the case o a CORE QVERFLOW probiem.

Description

This command may be used 1n a CORE OVERFLOW siwuinon to
dccrease memaory demand by the probiem. A default value of 16000
is preset tn the program. A number lower than this may decrease
memory requirements. Problems requiring more memory possibiy

" can be solved using this command Use of this command wiil resuit
in slower exccution, Fhus, caution should be exercised 1n using 1his
command. Increasing the rumber may resull in {aster execution (f
resources are avarlable This command should be placed near the
beginning ol inpul.

General Format:
INPUT MEMORY {1,

where I, = number represeating memory asailable
tdefauli=16000 for PC version)

Notes

1) This command should be specified before the JOINT
COORDINATES specifications.

1) The vatue of f; may be specilied as zero. The command INFUT
MEMORY O will result in tmmimum possible core memory demand
by the problem. However, the user is cautioned in us use as this
will reduce the specd of exccution. Thus, one shouid consider
using this command only when a CORE OVERFLOW message has
appeared and all other means of reducing the core memory demand
have been exhausied.

Section § ] ]63

5.54 Save Specification

Purposé
This command may be used ta save run data and analytical resuits
for lurther processing 10 a later run.

General format:
§__,.AVE (a4 l'!l

Deacription
a4y = Namc of the file in which the analytical results and data will
be saved. Any name up to twelve characlers, stanting with an
alphabetic character, is accepied.
1+ = Name of a sccond filc in which the load data will be saved.
) Any name, differemt (rom the first up (o Iwelve characters,
starting with an alphabetic character. s accepled.

Notes

If the file names are nat provided. data will be saved  files called
TEMI and TEM2 respectively.
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5.55 Restare Specification

Secuons | 365

556 End Run Specification

Purpose Purpose

This command may be used to restore the run data saved by the

This command musi be used to lerminale the STAAD run.
SAVE command.

+

Géneéral format:
General farmat:

INISH

RESTORE (d,, a,)
Description
This command should be provided as the last input coimand. This

termunates 4 STAAD run.

Description

4y and a, are the same filcnames as specified 10 the SAVE
specification. This command 1s used 10 restore ¢ previous STAAD
run which was saved with the SAVE command. [T the names 4, and
3, are feft out, the program will assume the names TEMI and
TEM? respectively. So a run saved with no filename c¢an he
restored in the same manaer by providing no Nienames wnh the
RESTOREL command

Example

STAAD SPACE TITLE
RESTORE FILE1 FILE2

Notes

1) This command will alse recogmize the derault file names
TEMI and TEM2,

fUiggouiinutls

n Operations involving fimic clements cannot be performed
with the restored fle.
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STARDYNE Advanced Analysis

L . ; i -Sectioné

6.1 Introduction

STAAD/Pro offers twao analysis engines - STAAD and
STARDYNE The STAAD analysis engine has been described in
section | of this manual. The STARDYNE analysis engine is
discussed in this section.

STARDYNE was the lirst commerciatly available Ginite élement
analysis soltware for dynamic analysis and has been in use
throughout the warld for over 30 years. STARDYNE offers the
structural analyst a reliable and casy to use method to solve any
problem in static and dynamic analysis.

This section of the munual contains 4 general description of the
analysis capabilitzes available 1n STARDYNE. Detailed cormmand
formats and other specific user infdrmation is the samé as in
STAAD engine (see Scction 5). 1n addition, several analysis-
related oplions may be specificd just befote Lthe Analysis i3
performed. For ciplanation of these opuions, please fefer to
Scction 3 of the STAAD Graphical Environment manual.

‘
The objective of this section is to familiarize the user with the
basic principles involved in the implemmeéritation of the various
analysis capabilities.
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6.2 Input Generation - STARDYNE

Input 1s generated through the STAAD/Pro model gencration
faciliies. Please reler 1o the STAAD Graphical Enviranment
manual for detailed description, ! .

|
6.3 Types of Structures - STARDYNE

A STRUCTURE can be defined as an assemblage of elements.
STARDYNE 15 capable of analysing siructures consisting of beam
clements. platefshetl clemenis, sohd clemenis, and/or matrix

clements. Almuost any 1ype of siruciure can be analyzed by
STARDYNE.

5.4 Unit Systems - STARDYNE

The STARDYNE unalysis may be conducted 1n any consistent
umiform unit system. STARDYNE iniermediate output files, il
inspected, will he 1n o consistent umil system chosen tn anv
consistient umform umit system. STAAD/Pro provides a seamless
translation Lo and from the analysis modules so that the user need
not be concerned with the unit system used in hy the translator

5 Structure Geometry and Coordinate
Systems-STARDYNE

A structure is an assembly of indtvidual physical components such
as beams, columns. slabs, plates ete.. In STARDYNE, the finite
clement model will consist of those physical components being
subdivided into onc or more finile elements per component.

Typreally. modceling of the structure geomelry consists of (two
steps:

pogROgRiR0E0000>
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A tdentification and description of nodes.
B. Modeling of clemeits through specification of
connectivity {incidences) between nodes.

Note that subdividing individual physicat componems. such as an
{-beam, 1010 several beam [inite clements may improve the
dynamic response and someclimes improve static respanse as well.
So the user should nat think that there must be a one foe
correspondence between physical components and the [linite

clements.

STARDYNE uses two iypes of conrdinatc systems to defise the
structure geometry and loading patterns. The GLOBAL coordindie
system 15 an arbitrary coordinale sysicm in spacc which is utilized
Lo specily the averall geometry & loading pattern of the sirueture.
A LOCAL coordinate svstem is associated with cach clement and
is uttlized 1n clement output ur local load specilicatiod.

6.5.1 Global Coordinate System

he Conventional Cartesian Coordinate System1s used for
spectficatron ol the structure geometry This coordinale system is
1 rectangular coordinate system (X, Y, Z) which follows the
orthogenal right hand rule. This coordinale system may he used to
detine the node locatiuns and loading directions The transiational
degrees of [reedom dre denoted by ag, Uy, Wy and the rolational
degrees of {reedom are denoted by uy, us & U .

6.5.2 Local Element Coordinate Sys‘iem

A local coordinate system 15 associated with cach clement. The
local « axis ié from the [irst nodc Lo tife second node for cach
glement type. A third node delines the planc conlaining the
orthegonal local ¥ axis and ils positive dircction. The local £ axis
is orthogonal 1o x and y and positive by the right hand rule.
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The beta angle method ol specilying the beam clement local
system 1s detined in the Beam Element topic

¢ 3 Finite Element Information - STARDYNE

STARDYNE includes beam, plate/shell. spring, and matrix linue
clements. The features of cach ts explained bélow

3.6.1 Plate/Shell Element

[he Plate/Shell (inite element is based on the hybrid etement
formulation. The clement can be 3-noded (triangular) or 4-noded
{3-4 node. isoparameirie. hybnd. axisymmetric. composite)
tquadnilateral). 1T all the four nodes of a quadnlaierat element do
not lic on onc pline. it 1s advisable 10 model them as tnangular
clemenis  “Surlace structures” such as walls, slabs, plates and
shells may be modeled using tinie clements  The user may also
use the ¢lement for PLANE STRESS action only

Plate Geometry Modeling Considerations
The following geometry related modeling rules should be kept in
mind while using the plate/shell element:

Iy While assigming nodces to an clement in the input data, its
essential that the nodes be specified either clockwise ur
counter clockwise

2) Element aspect ratto should not be excessive, They should
be on the order ol 1, and preferably less than 4: 1|

¥} Individual clements should not be distorted. Angles
between lwo adjacent clement sides should not be much

- larger than 90 degrees and never larger than 180

Plate Element Load Specification
Fuollowing load specificalions are available:

1) Lincarly varying pressure on clement surface in locai
directions.
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2} Temperatore load due Lo uniform increasc or decrease of
lemperalure.
3) Temperature load due (o dilference in temperature between
top and botlom surfaces of the clement,
4)  Alsvu, Density needs to he provided il selfweight is
included tn any load case,

Triangle Plate Theoretical Basis
Two types of triangular plaies are availabie:

1) A lincar curvature compatible tnangle which simulates
thin plaic behavior (withoul consideralion of transverse
shear cfTects) for non-sandwich structures:

2y the "Martin” clement which simulates thin or thick plite
behavior in a sandwich or homogencous (solid) structure.
Sandwich Core thickness and G for the transverse shear
are sddinonal input options. The “Martin” plate must be
used when transverse shear ¢lfects and/or transverse shear
stresses are desired in a3 node element. A denser nodal
mesh is desirable with this element.

Assumptions:
* Lincar, clastic. and homogencous or sandwich.

s Small deformations.

¢ Constant strain (lincar vanalion of displacement) for in-plane
(both TYPES}) and "Marhin” platc bending clemenlt.

¢+  Normal stress (d,) is ncglected. (Thin shell theory.)

* No coupling of tn-plane and bending action.

¢ The displacement ol a triangular plale element is defined by
three transtations and two rolations at each corner of the plate.
5 equations (dot) per node.

+¢  Orthotropic properties with axis angle from principal

direcitons to local axes. :

Quadrilateral Plate Theoretical Basis
Scveral types ol quadrilateral plates are available

1Y QUADR. QUADS A standard 3-4 nodc isoparametric
inplane element with “hubble™ functions.
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Ay QUADA. A standard 3-4 node isoparametric wilh
“bubbie™ functions or hybrid axisymmetric ¢lement The
entire model must consist of QUADA clements if used and
the modci defined 1n the X-Y plane with X being radial
{posilive only) and Y being longnudinal. 2 DOF per nude

3y QUADB A bending plate basced on 4 linear curvature
compatible wriangles uround a centroidal node with 11 du
per triangle in bending which simulates then plate behavior
(without consideration ol transverse shear ctfecis)

4) QUADS. A hybrid method Mindlin thick plaic for bending
with transverse shear cnergy included.

5y QUADH A hybrid mecthod thin piate [or in-plane and
bending , :

6) QUADC and QUADCM. A hybrid methad thick plate for
in-plane and bending ot composite orthotropic multi-ply
clements QUADCM lormulation suppresses the internal
kinematic modes of deformatians in the clement. The
Tsai-Wu {ailure theory criterion can be calculaied. Up to
100 tayers (plys) may be defined.

Assumptions;

¢ Lincar, clashic, ortholropic

«  Small delormations,

= Nuormai stress (¢,) is negilected.

e No coupling of in-plane and bending action,

»  The displacement of 4 quadnlateral plate element 15 defined by
three dranslations and two rotalions at cach corner of the plate.
5 cquations (dol) per node.

= Orthotropic propertics with axis angle from principal
directions to local axes.

Plate Element Local Coordinate System
From node JA 10 node JB is the local x-axis with ongin at JA.
The JC node hes 1n the 2-y plane and is on the positive y side of

the 1 axis. The local £-axis 3s found by the right hand rule from x
and y.
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Plape Strain Analysis ' . .
If the use wishes (o use STARDYNE in an m-pianc‘ only, .
isotropac. planc sirain analysis, the malerial properlies (E, Ppt?ll
ALPHA1) specilicd for the in-plate irtangles and quadrilaterals
must be modificd as lollows:

E

E = -—"t—oo

‘ (I-PR,]
PR,

T

ALPHA; = ALPHA, * (1 + PRy)

Where: .
Ey Actua) Maodulus of Elasticity

PR, = Actual Poissen’s Ralio .
\LPHA, = Actual Coelficient of Thermai Expanstion.

1]

and .
£. PR, and ALPHA, are the values 1o be calered in the material

property table for the plane strain analysis.

Output of Plate Element Forces . _
Elcment outputs arc available at the following locations:

A. Cenler of the element.
g Al corner nedes of the element

Following are the items tncluded in the ELEMENT FORCE oulput.

QX. QY Shear stresses (Force/ unit len.funit thk.}

FX. FY FXY Membrane stresses { Forcefunit Ich.lun'll tlhk) .

MX. MY, MXY Bending momenls per unit width (Momenl/unit
len.) ‘

SMAX, SMIN Principal sticsses {Forcefunil a?rea)

T™AX Maxim. shear stress (Force/unit area)

VONMISES siress (Forcefunil arca) =

s SQRT[ 05 * [(S1-52)*%2 + (S2 - §3)**2 +(53 - S1)**2 1}
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S1, 82, $3 are principal stresses.
ANGLE Onientation of the principal plane (Degrees)

Notes:

| :\I.I clement force output is in the local coordinate syslem.

I Principal stresses (SMAX & SMINY, the maximum shear siress
{TMAX) and the orrentation of the principal plane (ANGLE)
are also prinied Tor 1the top and botom surfaces of the
clements. The 1ap and the botlom surfaces arc determined un
the basis of the direction of the local z-axis.

i.. Solid Element

Salid elements enable the solution of structyral problems 1mvaelving
general three dimensional siresses  There 1s a class of problems
such 15 siress distribution 10 conerete dars. soil and rock strata
where finile ¢lemeni analvsis using solid ¢lements provides a
powertul 0ol

Solid Elemeni Theoretical Basis

Thc slid element used tn STARDYNE is an eight node’
ISOpArametric type gr optionally hybrid 1vpe. The issparametric
type 1s the same us 1in STAAND with the addition of 3 "bubble
functions™ 1o improve shear behavior, These elements have three
transtational degrees-of-freedom per node. By collapsing various
nodes together. an cight node solid clement can be degeneraied 10
an clement with Jour to seven nodes.

Solid element Local Coordinate System

The local coordinate system used in solid clemenl is the same as
the glubal system, however stresscs may be presented as if JA-18.
IC nodes defined a local sysiem (see plate tocal coordinate
syslem}).

Solid element Properties and Constants
Fuil 3-D orthotropie properiics may be uscd. Also, Density needs
1o be provided 1f selfweighi is included 1n any load case.

Output of Solid Element Stresées

R EE N R R R R RREE!
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Clemenlt stresses may be obtained at the center and at the nodes of
the sohd element  The 1tems that are printed are :

SXX,S8YY and SZZ

Shear Stresses: SXY,.SYZ and S2X

Principal stresses: S1. §2 and S3.

von Mises stresscs: SE

6 dircctian cosines are ptinted, following
the cipression DC, corresponding 1o the
lirst two principal siress directions.

Normal Stresses:

Direction cosines:

Hybrid Element Formulation, Plate or Solid
(STARDYNE)

In the classical displacement [ormolaton, simple polynomials are
used to interpulate nodal vartables internal to the clement. For
¢vample. 4 unit nodal displacement 1n the < ditection, induces
displacements (€1 0) 10 the « difection inside of the clcment.
From these 1nterpalated displacements the strains can be found,
Then. using the matenial constants, the clement nodal stiffness
coclfictents and siress matnices can be contputed.

In the hybrid furmulation two scts ol interpolavon functicns are
used. The fitst to interpolate displacemenis along the element
huundiry and the second to interpolate stress felds inside of the
clement  Consequently, there is 4 rather complex relationship
hetween the nodal displacements and stresses inside of the
element STARDYNE uliers 4 choice belween the classical
displacement and the hybrid clements. The QUADH header
selects the hybnid yuads and CUBEH sclects the hybrid cubes.

Hybnd elements. in gencral, yield stighty betler accuracy if they
are only slightly distoried I'rom rectangular or parallelogram
shapes. [ there arc areas in the model where severely distorted
¢lements must be used. select the QUADB and CUBEG types.

The classical displacement clements converge to the correct
answers “from below™  This means that as the linile eletdient mesh
gets denser the model gets more {lexible and approaches to the
correct answers (assuming thal loads and boundary conditions are
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unchanged). The hybrid elements, on ‘the other hand. can converge
_esther [yom above or below. All of thc finitc elements in
STARDYNE are convergenl.

.3 Matrix (General Spring) Element

Matrix clemems are direct additions 10 the Global Suflness matrix
or Mass matrix. The user specifies the node incidences and the
malrix values.

Matrix element Local Coordinate System

The local coordinate sysiem used 1n the matrix clement is the same
as the global sysiem, however siresses may be presented as il JA-
JB-JC nuodes defined a local system.

Matrix element Properties and Constants
None needed.

Output of Solid Element Stresses
Eicment forces may be obtained at the nodes ol the matrix

clement.

.4 Beam Element

The beam clement is assumed to be siraight 2 node ciement of
constanl doubly symmetric cross-section, The beam is capable ol
resisting axial lotce, bending moments aboul the two principal
axes fcoincident with the beam local axes), and Lwisting moment
about the centrordal axis. The stilfuess propectics fof a uniform
beam clement arc derived from the differcnlial equations for beam
displacements wn the engineering beam theory. Lateral deflection
15 the sum of displacement duc 1o bending strain and the
displaccment due Lo shearing sirain (compuled using eflective
shear arca and G).

"The beam element is really the sum of 4 uncoupled elemeaots,
axial, lorsion, shear & bending in x-y, and shear & bending 1n &-2.
Any combination can be created via member releases. or selling
cross-scction properttes 10 zero, or TRUSS, cte. options.

10000000000
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Assumnplions

é  Linecar. clastic, hamogeneous,

*  Small strains and displacements,

»  Plane scetions remain plane.

4 No coupling of axial. torque and bending.

¢ Shear deformation are included

¢  Gceometric and elastic propertics constam afong length.

Beum Local Coordinate System Definition - The beam element
focal system are specified the following two methods:

STAAD Beam element Beta Angle

The relationship belween the [ocal and global coordinate system is
Jeflined by an angle measured in the following specified way. This
angle will be defined as the beta (B) angle. When the local x-axis
is parallel 1o the plobal Y -ax1s, as in the case of a column in 4
structure, the heta angle 15 the angle through which the local 2-axis
has been rolated about the local «-axis from a posilion of betng
parallel and 1n the same positive dircetion of the global Z-akis.
When the local x-axis is not paraltel 10 the global Y -axis. the beta
angle is the angle through which the local coordinate sysiem has
heen rotated about the local x-axis from a position of having the
lical z-axis parallel to the globsl X-Z plane and the local y-axis in
the same positive direction ds the glubal Y -dxis

Beim element Reference Point .

An aliernative to providing the bcam clement aricntation is to
inpul the coordinates of an arbitrary reference point located in Lhe
clement x-y planc but not on the aiis of the clement. From the
location of the relerence point, the program automatically
catculates the eriematton ol the clement x-y plane.
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4.1 Beam Element Prismatic Properties

Same ay STAAD Analysis engine.

4.2 Tapered Beam Elements

Properiics of tapered beam clements may bhe specificd, Given key
scetion dimenstons, the program is capable of calculaung cross-
sectional properties which are subsequently used 1n analysis.
Tupercd beam clements may not have beam clement loads applied
other than selfwesght lumped at cnds.

.3 Pipe and Elbow Beam Elements

Properties of pipe. pipe tee. and clbow beam clements may be
specilied. Given key section dimensions, the program is capable
ol caleulating cross-sectonal prapertes which are subscquently
used 1o analysis. Pipe tee and ¢ibow beam elements may not have
heam clement luads applied uther than selfweight lumped at the
cndy and enclosed liguid weaght fumped at the ends. The clbow
may opuonally allow the calculanon ol bending Nexbilivy
increase due to thin wall ovahizanon (while considering the
vppastng effect ot internal pressure) o he compuled.

~+.4 Beam Element End Releases

STARDYNE allows releases lor beam clement end 1orces and
momenls. Beam clements are assumed to be rigidly framed into
nadcs 10 accordance with the siructural type spectficd. When this
lull ngidity 1s not applicabte. individeal (orce components al
cither end ef the clement ¢an be sel o zcro with eiement release
slatements. By specifying relecase components, individual ¢lement
degrees of [reedom arc removed {rom the analysis. Release
componcals are given in the local cootdinate system for cach
clement.
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6.6.4.5 Tension - Only Elements

STARDYNE does not have a wension only element.

6.6.4.6 Cable Elements

STARDYNE does not have a cable ¢lement,

6.6.4.7 Beam Element Offséts

Somc heam elements may not be concurrent with the incident
nodes thereby creating offsets. This ofTset distance is specified tn
terms of global coordinate sysiem ti e. global X. Y and Z dislance
trom the incident node). Secondary lorces 1nduced, due to this
otfset connection. are taken into account 1n analyzing the siruclure
and 4lso to calculale the individual clement forces. Theé new affset
ceatroid of the heam element can be al the start or end incidences
and the new working point will also be the new start or end of the
heam clement. Therefore, any reference from the start or end of
that clément will alwavs he from the acw olTsct potnis.

6.7 Rigid System of Nodes - STARDYNE

STARDYNE provides tor ngid systems similar lo STAAD's
master/slave option with all degrees of (reedom (Fx. Fy, Fz, Mx,
My and Mz) provided as constrmmts. The nodes of a rigid system
will be assumed 1o be ngidly connecied. Rigid sysicms are
defined using beams with the rigid beam property specified.

The Rigid Beam can be used 1o moded those elements of a
structure which are very stiff in relalion to the total struciure. One
or more rigid beams form a Rigid System.

The highest numbered node in cach rigid sysiem (independent
nude) will remain a part of the clastic structural model. The
remasning nodes 10 each rigid system (dependent nodes) will not
be represented in the stilfacss matrix Jor the elastic model.
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However, 1l any static loads are applicd to these dependent nodes,
they will be carrectly transterred 1o the elastic model.

In the nodat equilibrium check, forces and moments will appear al
those nodes comtained n a rigid system, A [rce-body analysis of
the nged system wall indicate that these lorces and momenlts will
be 1 static ‘equilibrium with the extcenal loads acting on the rigid
system. : l

Vaterial Constants - STARDYNE

The material constants are: moduli of ¢lasuenty (E1. E2, E3);
werght density, Powsson’s ratio tPOIS12); coelficients ul thermal
expansion (ALPHA1.2.3}. GI2. G23, G}, composiic damping
coctficient, and composite clement Farture critenion constants.

Weight density 15 used in static anaiysis when sclfweight of the
siruciure 15 1o be taken into account and 1o dynamics lo caleulate
the_nodal masses.. Poisson » ratio (POLS12) may be used 10
calculate the shear modutus (GL2), i G12 s left blank, by the
formula,

_GlZ=0.5 LU - POISLDY)

Coetlicients of thermai expansion (ALPHATL2.3) are used 10
calculate the expansion of the elements 1f temperature loads are
applied. The temperature umil Tor temperature load and ALPHAS
have 1w be the same

The matenal constant dircctions are assumed te be principal
direcuions. For beams the malerial axes dre the beam local axes.
For sobid elements the material axes are the global axes. Foi plawe
elements. the malerial axes are the same as the local plate axes
unless an axis angle 13 speciiicd for a plate.

6.9
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Supports - STARDYNE

STARDYNE allows specifications of supports that are paralie) as
well us inclined 10 the global axes. Each of the possible six nodal
support directions may be resirained or released. Boundary riede
support dotf locations must be specificd 0 order to impose known
Jisplacements at those focations 1n a static analysis, The actuoal
dispiacement ts specificd 1n cach load case input.

6.10 Loads (STARDYNE)

Loads in a structure can be specified as node load or temperature,
and clement louad or temperature. STARDYNE can also geneiate
the self-weight ol the structure and usc it as uniformly disinbuted
clement loads 1n analysis, Any multipte of this sell-weight can
Also he applied 1n any desired dircction.

6.10.1 Node Load

~Nude loads, torces & moments or temperature. may he applied to

" any Iree mrode of a4 structure  These loads act in the globai

coordinate svstern of the structure. Paositive fofces act in the
pusitive coordinate direcuons. Any number of ioads may be
applicd on a wingle node. 1n which case the foads will be additive
on that node.

It does not matter which type or lypes ol elements are coanected to
the node except that if the elements cannot carry loads in that
direction, the load 1n the unsupported direction will be ignored.
Loads al supports will ot contribuic to delérmations or eleinent
resulls.
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v.2 Element Loads

Beam Element Load

Three types of loads may be applicd ditectly 1o beam elements 1n 4
structure. These loads are uniformly distributed loads,
concentraled loads, and Lincarly varying loads (1ncluding
trapezomdal). Uniform loads act on the tull or pnrl'ml length ot &
beam clement. Concentrated loads act at any intermediate,
specilied point. Lincarly varying loads act over the full length ol
a beam element. Trapesoidal lincarly varying loads act over the
lull ur parual length of 4 beam clement. Up 1o 10 load
descriptions may he specified 10 act upon a beam element in any
independent loading condiuon  Beam clement loads can be
specificd n the clement coordinaie system or the global coordinate
system. Uniformly disinbuicd efement loads provided in the
global caordingic system mav he specificd to act atong the fult or
projecied element length  Postuive lorces act 1 the posilive
coordinate directions. local or global, as the case may be.

Temperawres may be specilied on 4 points of cross-section and 4re
assumed constant along the length, The difference between the
specilicd wemperature and 1he ambient wmperalure will cause
tminal.axial sirarn and/or hending sirain i proporuon to the
thermai expansiun coelficient. alpha, for the material snd the
clement gecomelry.

Plate Element Load
On Plate/Shell elements, the types of loading thal are permissible
are:

1) Pressure loading which consisis of foads which act
perpendicular to the surface of the ciement. The pressurc
loads can be of umform intensity or trapezoidally varying
intensity over the enure surface of the clement,

2) Temperaiure loads which may be constant across the depih
of the clement (causing oaly in-pianc clongation /
shortening) or may vary across the depth of the clement
causing bending and cloagation on the clement. The
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coelfictent of thermal expansion, alpha. lor the material
of the clemeat must be provided for compulation of thesé
cliects, Orthotropic propertics permitied. Temperatures
may vary (rom nodc Lo node.

3) The sclf-weight ol the clemenls can be applied using the
SELFWEIGHT loading condition. The deasity of the
clements has to be provided lor computatisa of the self-
werght.

Solid Element Load

On 3olid elements, the loading types available are pressure
vanation normal to cach face. temperatures at the nodes, and the
seli-weight using the SCLFWEIGHT loading condition. The alpha

“and/or density of the clements has Lo be provided for computalton

ol these toads. Three-dimensional vrithotropic properties
permatted.

6.10.3 Node Temperature Load

Temperatures may be speeilicd at nodes or on element surfaces.
Node iemperatures are'translerred o clement temperatures before
processing  The difference between the specified temperature and
ihe ambient temperature will cause initial axial sirain and/or
nending strain tor br-axial or tn-axiai strain for 2d and 3d
clemenls) in proportion to the thermal expansion coelficients,
aiphas, for the material and the elemeni geomeuy. Orthotropic
muterial properties may be used. The program caleulates the
strains {elonganion and shrinkage) duc to the tcmperature
ditferences  From this it calcutales the induced fofces in the
clement and the analysis is done accordingly. Nodal lemperatures
will not induce bending thuial sirain in beams or plates.
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in 4 Support Displacement Specification

Displacements can he specified al boundary support nodes in
specified direeuons. Displaccment can be translational or
rotavional. The rotational isplacements are in radians. Note that
displacements can he specilicd only in dizections in which the
boundary support node dircctions are defined.

STARDYNE Analysis Capabilitiés

Carrenily available analysis capabalitics include

1} Stauc Analysis
Stilfness Maodcling
Applied Load Modeling
Static Equanion Solution

21 Second Order Static Analysis:

P-Dechia Analysis

Stress Suffencd static and cigensolution
Buckiing

31 Dynamic Response Analysis (Modal):
Mass Mudeling
Natural Irequencies and modes analysis
Response Spectrum analysis
Linear Time Hislory analysis

Kev feawures of cach type of analysis are disculsed in the
follawing scctions. Detailed theoretical Lreatments of these
fcaturcs are available in siandard struciural engincering textbooks.

Section 6 | 38%
6.11.1 STARDYNE Static Analysis

STIFFNESS MODELING - The general solulion procedure
cansists of formulating a nodal stiffness matrix from the finite
zlements tbeams. plates. and solidst and performing one or more
“al the following vperations: static analysis, cigenvalue/eigenvecior
cxtraction, and dynamie response analysis. The stalic analysis and
modal extraction phases are based on the "Stilfness Method" also
known as the "Displacement Mcthod™. The assumptions and
formulations are consistenl with “Small Displacement Theory™.

Each linite clement contributes stiffness (o the nodes o which it is
connecled. Each element tvpe has in assumed form of
displacement 1n a manner which sausfics the force equilibrium and
Jdisplacement compatibility ai the nodes  The nodal stiffness
mairices of the individual linite clements are Mirst computed and
then transformed Irom the tocal element coordinate syilem to the
zlubal coordinate sysiem. Finally. the indinidual stiffoesses
associated wath cach nodal point are svstematically summed to
uhtain the total (global) stitfness matnk | K |. This square
symmelric matrix has up 1 6 equanions per node.

\ssumptians of the Stiffness Method
For 4 complete analysis ol the siructure, the accedsdry mairices are
gencrated un the basis ol the folfowing assumptions:

[y The structure 1s idealized 1nto an asscmbly of beam, plate,
solid. spring. and matrix type clements joined logether al their
vertices tnodes). The assemblage 1s loaded and reacted by
concentrated loads dcting af the nodes. Thesc loads may be
both forces and moments which may act in any spectfied
direction. '

11 A beam element s 1 longiudinal structural ¢lement having a
constant. doubly symmetiic or a lincarly tapered ciosé section
along 1s length. Beam clements may carry axial foices, shear
and bending (n two arbitrary perpendicular planes, and are also
subjected o torsion.

pEeREOORERRORLER
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A plate ciement s a three or tour node at element having
constant thickness and orthowropic properties: or composite
fayered propernies; or may be axisymmeliric.

A solid element is a four to eight node three dimensional
clement having unuform orthotropic properues.

A general manix element may be a spring or generated
clement mairices or assembled siuffness / mass matrices from
an external source. '

Beams have | to 6 degrees of frecdom (DOF) 3 cach node:
piates have 5 DOF: and suhids have 3 DOF. Because of this
mismatch in DOF, the connection hetween solid elements and
plates or beams needs special modeling.

The solved internal clement farces and the applied exiernal
loads acting un cach node are in equilibriom except at
SUpports.

Twao types ol coordinate svsiems are uscd 1n the seneration of
the required mairices and Jre referred 1o as local and globat
systems. Lacal coordinate axes are assigned 1o each indevidual
clemen and are orrented such that computing ¢ifort for
clement stiifness matrtces are generalized and mimimized. The
nodal coordinate npul data are by detinition in the Glabal
coordinate axis system. The assembled forces and stiffness
and the solved displacements are in this Global coordinate
system

APPLIED LOAD MODELING - Loads may be applicd in the
form uf disinhuted loads un the ciement surfaces or 1s
concentrated loads gt the nodes. element thermal gradients,
pressures, inertia (sell-weight) loads and imposed nodal
disptacements  Using standard finite element methods the
loadings are assembled into 3 nodal force veclor.

STATIC EQUATION SOLLUTION - During a static analysis, this
matrix ¢guanon is solved:

FKje[d) =P}

Where
| K} =the suffness matrix

Seciton ﬂ 387
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[ P}

the resulling nodal displacement vectors
the applied nodal force vectors

i

Static cquation solunion uses onc of two methods:

Iy Preconditioned conjugale gradient solver (TurboSolver). This
sulver ts much faster than method 2 and uses much less disk.
The TurboSulver 1s used whenever pussible [no inclined
supports (ASYSG). spring supports. or rigid systems
tmaster/slave) allowed|: otherwise a

2 Modificd Gauss. LDL", vartable bandwidth solver is used.
This solver is always used in the cigensolunions.

Consideration of (K] Matrix Bebdwidth

Method 2 {LDLT) is more elfictent when the equations are
reordered to have the non-zero | K| mawnix terms form a
narrow band about the diagonal. STARDYNE
automaticaily computes a nearly optimum node order. For
this 1ype ol mairix fewer caleulations are required due to
the tact that terms vutside the hand are all equal 1o icro.
STARDYNE 1akes full advantage of the variabie
bandwidih during the solution

Independent “Disjoint” Structures {Structural
Integrity) - Unlike STAAD two ur more independent
structures may be solved. Check the “message file” for
disjoint structure messages to sce if independent struciures
were deteeted. Solving multuple stiructures in oné analysis
is not reccommended and 15 usually the result of 3 modeling

crTor.

Numerical Instability Problems - Singularities:
Instability problems can occur duc (o two primiry rcasons,

I} Modeling problem - There are a variety of
modeling problems which can give rise to
instability conditions. They can be classified into

 lwad groups.
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at Local instability - A local instability is a
condition where the lxity condnions at an
clement node are such as Lo cause an
instabiitiy in 1the element about one or more
degrees ol freedom. Examples of possible
local instability are:

L]

{i) Beam Release: Beam elements released at
bath cnds for any of the following degrees
of treedom (FX, FY, FZ and MX) may be
subjected o this problem,

(i1} TRUSS or axial unly beams have no
vapacity 1o traasfer shears or momenis
from the superstruciure to the supports.
Deoending upor the load carrying capacity
ol the resulting structure there may be a
locad instability.

{11}STARDYNE plates Jo aot have the 6' dol
tre1anon about the normal to the sarface
dircction) at edch node.

NOTE 1:
Zero Suifness at a node 1 one or more directians
1 OK. Loads al those dircclions will be ignored

NOTE 2.

For the LDLT sulver, Node Point Singularitics Jre
correcied tbut not for the TurboSolver). This ’
singularny vccurs when there is a zero stiffness
dircction other than a global direction.

b) Global Instability - These are caused when the
supports of the structure are such thai they
cannot ulfer any resistance to motion, sliding
or overturning of the structure 0 one or more
direcuons, An example 1s that of a structure
with all the supports relcased for FX, FY or -
FZ.

[N
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2y Math precision - A math precision crror is caised
when numerical instabililies occur m the matrix
decomposition process. When a very "stilf”
clement 1s ddjacent 10 a4 very “lexibic” element, 4
math precision error may occur. Replace suilf
clemenis with a rigid system or anificially solten
the clement.

he loads and stresses in the clememts afc computed using the
compuled nodal displacement vector.

6.11.2 STARDYNE Second Order Static Analysis

Stress Based Stittnéss Modeling {Star)

STARDYNE can compute dadditional bending sutfnéss for beams
and plaics given the axial ar mplane stresses. These matrices are
Lnown as geomelric sttlTness matrices |Kgl. When a stress
stilTened retated analysis is chosen i static, ergedsolution.
buckling, of P-Delta) then a standard s1atic analysis is performed
tirst to compute the plate & beam stresses. From those stresses
ind the element geommeiry. the addinonal hending sliffness is
computed  Then the analvsis s performed with the additional
stffness mcluded.

Buckling analyscs require LANCZOS (DYNAMIC entry) not HQR
on the sccond run. Stress “stiffened” natural frequencics may use
ctther eigenvalue method,

vl quad plate clements (QUADH, QUADH, QUADS, QUADC)
including composiles can be accommodated. although the
gecometric slitTness matny will e the sarhe for all types. All
trangular plate types may also be accommodated including 3-nodé

membranc quad plates.

n
-

Bending only plates and/or beams, or solid elements, or matrix
clemenis produce no stress stiffening and therefore do not
coniribate 10 bucklimg. Posinvely stressed elements become stiffer
and negatively stressed clements become more Mexible.
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The lolfowing STARDYNE feawsres should not be used, or should
be considered carefully when used 1n stress "sitlfened” or buckhing
analyses: ASYSG: AXIS ANGLE; Solid Elememis can be used hul
no stress sitffening will resull from them and they will not enier
into any buckiing calcufattons. uifsct beams, elbows, pipel, and
pioncd beams are treated as standard straight beams connecied
with 6 DOF/node at cach end ol the beamn

P-Deita {P-A) or Nonlinear (Star)

WHAT. This s an ilerative, geomelincally non-linear stalic analysts.
it :s often usea as part of an analiysis of a building to account for the
moments induced after lateral displacement of the orginal apphed
forces.

WHY. Pnmanly used as parn of an anaiysis of a burkding 1o account for the
moments induced after lateral displacement of the anginal apphed forces.
WHY STARDYNE. Two options: (1)} updates node coortinates with gach
iferanon; (2) solve incrementally

HOW: Seiect anly one stanc ipading case then select P-Oelta analysis
specifying winch option, and number of deralions.

Note that the “ull load case must be solved simuliancousty 1or thes
type of analysis, e the latersl loading must be present
concarrently with the verucal loading for proper consideration of
the P-Dehia etfect. Other analyses that this procedure may be used
for are:

1) problems with targer displacements while the clements are
undergoing small sirain;

by portions or all of the structure are near buckling or are o
simple post-buckhing like snap through

You [irst speetly the number ol teratiuns or foad seps (default is
41 There is no check for convergeace. Next, choose between the
rollowing apuions: 2a. ORIGINAL - Apply the jull luad on cach
iteration and 2dd the detormation Lo the vriginal nude coordinales
1 usc as the node coordinates for the next iteraton b,

QOO0 E00agagd
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CURRENT - Solve incrementally, Apply the loads in increments
{applied loads divided by (# of increments+1)). Solve #-of.
increment times with coordinales and deformations accumulated.

The defaults of 4 iterations and original coordinales (2a)}, should
bu adequate fuor P-a effects in butldings. Forf other, more compiex
4nalyses, then more ilerations and opuion b may he necessary.

Large deformations céutd invalidate beam local coordinate
detimtions und warp plaic clements. The tocal beam coordinates
in the intermediate incremenis arc not nioving with the beam but
are hased on either moving nudes which probably are not moving
wtth the beam or on an angle ol the beam 10 the fixed global axes.
Detormed and displaced plates olter hecome warped or distorted
which degrades the accuracy of the clement.

The ‘current’ coordinates upuon (which s an incremental load
with updated coordinates alter cach itcration) should have good
tinal displacements. The displacemenis. element loads and
stresses. and nodal equilibrium check resulls outpul are the
summation ol the resulls from cach of the incremencal iterations.
The clement and nodal equilibrium results are approximate o
mnaccurate depending on the amount of displacement and rotation.
Bettet resuits Lor the elements would he obtained by applying the
linal displacements ds a static load casc on the model with the
onginal coordinaices.

Stress Stitfened Static and Eigensolution (Star}

WHAT. This is a load case spectiic analysis. Compression
stresses i beam and plale eléments are used io determine a global
addironal sufinéss matnx ([Kgj} to add (o the global stiffness matrix
in either a stalic or eigensolution.
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WHY: Prnmanly used when the tension or compression in beam or
plate glements will contnbuta significantly fo those elements
bending stiffness and that the mncrease/decrease m stiffness is
impartant o the solution.

HOW: Seiact only one stanc loading case then sglect Strass
Stiffened Static or Eigensolution. Other npuls are the same as

normal analyses.

The stdtic global matrix equation becomes:
fK+Kgle[d)=(P}

The ergensolution global matrix equation becomes:
wimljig)-TK+Kgllaql=o

Stress “suffened” nawsral frequencies may usc either eigenvaltue
method.

Buckling {Star)

WHAT: Euler buckiing calculation based on a single static load
gistnbution. Compression stresses in beam and plate eléments are
used (o determine a giobal stabiity matnx ({Kg]) to use in place of &
mass maltnx m an eigensoiution. The w2 resulls are the buckling
factors.

WHY: Pnmanly used for stabilily analysis of parts of structures or
mechanical parts.

HOW* Select only one stalic loading case then select buckling

analysis.

The process of calculating the system buckling lactor and buckled
shape involves lirs1 salving the static load case lor displacements
and beam axial siresses and platc inplanc stresses. From these
stresses, additional beam and piate bending suflness can be

i

i
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computed. [Kgl. The solution of the folowing cigerproblem will
result in the amount that the applied load case would haveé to be
factored (BF) to.pe ot the critical Euler buckling load. The
buckled shape 1¢normalized lo a maximum displacement of one.
To get the actudl displacements and stresses at Lthe entical
buckling load, repeat the static analysis with the original loads
multiplied by BF.

BE[Kgl{al-1KIlal=o

Where

:Kg| = the gedmetric stffness matrik (banded symmelric)
BF = Buckling Factor

{4} = the norinaliied buckled shape

" For huckling analysis, the Lanceos cigenvalues are crilical

buckling factors The critical buckling loads are (all of the loads
that you have apphied) imes (the [irst huckling factor). A posilive
huckling factor that ts less than onc rndicates the applied load 13
srcater than the buckling load. A ncgative buckling factor
indicates that the applicd load casc s in the opposite direction of
the luading that would cause buckling

Note that all luads dre considered to be laciored. {1 self weight
and compression are apphed. then the buckling factor would be for
noth the compression and the sell weight.

Buckling analyses require LANCZOS, not HQR.

6.11.3 STARDYNE Dynamic Response Analysis

Currently available dynamic analysis capabilitics include solution
of the free vibration problem (eigenproblem) and scveral forced
vibration eicitauion analysis types. response spectrum analysis,
tincar time history analysis. and stcady state harmonic analysis: all
utilizing modal superposition methods. The dynamic response
resulls are presented as structural deformations (displacements,
velocities, or decelerations) and as internal ¢lement {oads iand

SIfCSSCS.
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Mass Modeling (Star)

The nawurat {requencies and mode shapes of a structure are the
primary paramciers that aifect the response of a struclure uader
dynamic loading. The {ree vibration problem is solved to exiract
these values, Since no external forcing {unction ins involved. the
natural [requencies and mode shapes are direct funcuans of the
stilTpess and mass distribution in the structure. Results of the
frequency and mode shape calculations may vary signilicantly
depending upon the mass modceling, This varauen. an turn, atfects
the dynamic analysis resulis. Thus, extreme caution should be
crercised i mass modeling 1in a Jynamic dnalysis probiem. Achive
muasses should be modeied as loads Al masses that are capable of
moving should be modeled 45 loads applicd 1 all possibte
directions of movement. In response spectrum anaiysis. a5 a bare
mintmum. all masses that are capable of moving in the direction of
the spectrum. must be provided as loads acting in that direction.

It 1y sirongly recommended that unit sell” weight be applicd in the
X. Y. and Z dircctions in all STARDYNE Eigenproblem/dynamic
analyses even lor 2-D frames or structures fozded 1n one or two
global directions. This will gencrate wdal masses hased on
density and clement volumes. As 1n STAAD the additional masses
al 3 point can be specified as Jorces.

GLYANSUPPORT DOF

If ihe HQRII-Guyan e1gensolution method 1s chosen. then you
should select some mass del (Guyan dof) to be retained 1n the
cigenselunen. The other mass dof will be siatically redistributed
(transformed) to add 1o the sclected mass dof resulting 1n a full
mass mainx {non-diagonaly. This method is dircctly analogous to
the static condensauson of stiffness at interior nodes Lo stiffness at
boundary nodes used in subsiructures or in some fipite elements,
No stilfness ts lost or changed but the kinctic energy of the mass
1s modified. However il N reasonably disinbuted Guyan dof are
chosen, then N/ 2 of the lowest cigenvalues will be accurate.
This procedure 15 only used by enginecrs who know how to use
Guyan dof 1o climinaic unwanted localized modecs,

P IPrT
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Damping Modeling (Star)

In the modal dynamic response method, damping is entered as 4
damping rativ {as a raction ol crittcal damping; 5% damping is
entered as 05) for edch cigenvalue/maode used in the response..
\n allernaiive 10 the user specilying a value for cach mode is the
compasite modal damping method of assigning damping lor cach
mode. This method is based on the coricept of different materials
having diffcrent damping ratios and that a particular mode’s
damping ratio should be a weighted averdge of the sitain cherpies
* Jamping vl the matenials used.

Solution of the Eigenprobiem (Star)

The cigenproblem is soived lor siructure frequencies and mode
shapes consrdering a mass mairia lumped at the nodes (See Mass
Muodeling ahovel. Masses at all active d.o.[. may be considered.

\ny structural model which consists of a stillness matrix and N
mass degrees ol freedom contarns N normal modes of vibration.
Each normal mode occurs at a specitic frequency of vibranon
snown as a4 natural (requency tor cigenvalue). At these
ircquencies. the nodal displacements. known as the mode shape (or
srgenvector ). oscillale from positive (o negalive about 0.0. The
advantage of modal methods are that only a small number of the
law [requency modes are necessary Lo abtain good dynainic
response results.

The process of calculating the system cigenvalues and
cigenvectors 15 known as Modal Extraction and 15 performed by
salving the cqualion:



B

STARDYNLE for SLAAI0

Secuen b

(u:lfll]iqi‘lKI{Qi="

Where

[ my{ =1lc mass matrix (assumed to be diagonal, i ¢, no mass
coupling)

) = the natural requencies {cigenvalues)

| q} =thc normalized mode shapes (eigenvectors)

FFrequency (HZ) = w/2n

Two solution methods are available: the Lancros ("Lan Chds™)
mcthod (recommendced) and the HQRI1-Guyan method.

Plcasc note thal various nomenclature is uscd to refer to the
normal modes of vibration. {Eigenvalue, Natural Frequency,
Modul t'requency and Eigenvector, Generalized Coordinate, Mode
Shape. Modal Veclor, Normal Mudes, Normalized Mode Shape.

GENERALIZED WEIGHT AND GENERALIZED MASS
Each eigenvector {q} has an associated generalized mass deflined
by

Generalized Mass (GM) ={q}T {M1{q}
Generalized Weighl (GW)=GM * g

PARTICIPATION FACTORS - A participation factor (Qi) is
compuied for cach cigenvector for cach of the three global (Xi)
transiational dircctions. N is the number of nodes.

:/\:I(q,.)(wl.)

Q, Gw
MODAL WEIGHTS - The summation of modal weights for all
modes in a given direction is equal o the Base Shear which wouid
result from o one g base acccleration, The modal weight for cach
mode = (GW)HQ,? The sum of the modal weights [or the

N0
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1
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compuied modes may be compared 1o the total weight

structure (1hal has not been lumped at supports). The diiicience is
the amount of mass missing from a dynamic, base cxcitalion,
modal response dnalysis. If too much is missing, then rerun the
cigensolution asking for a greater number of modes or read about
how to employ the Missing Mass Correction method.

Lanczos Method and Free-Free Structures - An unrestrained,
Iree-free moded has zero cigenvalues that may be solved in
LANCZOS. However you must know that zero eigenvalucs are
expected and select the Free-Free option. Internally Lhe program
witl compute a shill frequency, w?, which will be used 1o create 2
matrix, [K,), to be added to the stiffness malsix, [K], prior lo the
eigensolution (1K,] = o? [M]). The cigenveclors of the shilled
eigenproblem are exacily the same and the frequencics arc shifted
by w* from that of the aclual eigenproblem. So we simply add w?
te each computed frequency and we have completed an olherwise
unsolvable singular eigenproblem. If, however, a singularity is
still detected during decomposilion, it is an indication thal there is
a portion of the struciure without mass that is frce 1o move
statically retative to Lhe rest of the structure. Such a suructure
couid not be solved statically either. For example, a ltec-lree
beam which has Area, 12 and 13 properties, bul has masscs in only
the transverse directions does not have mass in the axial dircction
and consequently will be singular in that direclion. The remedy
would be o set Area=0.0 or restrain the axial direction, since
wilhout mass, no axial modes can exist.
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For any supplied response specirum (acceleration or velocity or

6.11.3.1 STARDYNE Response Spectrum Analysis

(Dynre4)

WHAT. Approximale modal analysis which compules the "Modal
Responses” due 1o a given directional, base excilation, response
spectrum. Each mode's response lo a given excitation direction are
then combined, using one of the many methods available, to form
the total response for that input direction. If there 1s more than one
direction of input, the total responses of each direction are then
combined by the SASS method.

WHY:  Primarily used lor seismic structural engineering of
buildings.

WHY STARDYNE: supporis “missing mass", multipie base
excitation; distributed force excitation; the SASS, CQC, Gupta,
Double Sum, NBL, Ten Percent, closely spaced group, elc.
methods In addition, a more realistic method is available: weighted
average of CQC (or Gupta) at low lrequencies (~3Hz) and algebraic
sim at lugher frequencias (-20 Hz).

HOW: First porform the Mass Modaling step carefully, noting that a
revised node/element model with additional rmid-span nodes with
masses may give better dynamic and element resulls. Next, decide
it Missing Mass modes are to be computed. Then select the
number of eigenmodes and/or frequency range required. Next,
perform the egensolution and ensure that the desred frequencies
were computed. Now you are ready for the Response Spectrum
Analysis Slep.

Response Spectrum Analysis allows the user 10 analyze the
response of multi-degree-of-freedom linear clastic structure
modcls subjecied o an arbitrarily oricnted loundation shock

* responsc spectrum inpul. You may enter Response Spectra versus
Frequency tables or sclect some ratio of the averaged response
spectra shapes computed {rom the 1940 El Centro, 1934 El Centro,
1949 Olympia, and 1952 Tuft carthquakes [or any ol the dircetions
of mouon.

T 1 R O O I O R
”HHEEHH-U'H‘H’U‘H'Hiﬂﬂﬂﬂ

displacement vs. frequency) the following may be calculaled: node
displacement, velocity, and acceleration; clement forces and
stresses. and support reactions. Results of the response spectrum
analysis may be combined with the results of the static analysis to
perform subsequent design. To account for reversibitity of
scismic aclivily, load combinatiohs can be crcated Lo include
cither the positive or negative contribution of scismic results

The Response Spectrum Analysis appendix contains: a complete
mathcmatical descriplion of the 20 modal combination methods; a
description of the User furnished [orce or multi-base excitation
analysis procedures; and the spectra for the NRC SSE Safe
Shutdown Earthquake.

6.11.3.2 STARDYNE Linear Time History Response

Analysis (Dynre1)

WHAT: Modal dynamic analysis which computes the “Modal
Responses” varsus time due to forces and/or ground molions that
may vary with time. Each uncoupled mode's time hislory responses
are summed to form the lotal struclure response versus lime.

WHY: Used for any tima varying force-motion analysis including
seismic, forced vibration, elc.

WHY STARDYNE: supports “missing mass”; multiple base
excitation; solution method may be more accurate for high
frequancy input forces like earthquakes, whole stiucture response
at specific limes vsing nodal forces (F = Ma.) rdlher than
displacement, select times for whole structure résponse based on
limes that specific stresses or displacementls reach peak values.
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[HOW- ™ First perform he Mass Modehng step carefully, noting that
a ravisad nade/element model with additional rmid-span nodes with
masses may give betier dynamic and element resulls. Next, decide
if Missing Mass modes are o be compuled. Then sgn‘ecf the
number of eigenmodes and/or frequency range requtred. Next,.
perform the eigensoiution and ensure that fhe. desrreq freqyenc:es
were computed Now you are ready for the Linear Time History

Analysis Step.

STARDY NE has the capability to perform a linear modal response
history analysis on a structure subjecicd Lo lime varying forcing
function loads at the nodes; ground motion at its basc; initial
displacemenis and velocities: and multiple base accclerations.
Quiput consists of nodal displacements, velocitics, aceclerations,
clement loads and siresses | Pleasc sce the Non-Lincar Modal
Time History Response Analysis il you need to model simple
nonlincarities with your analysis. There is also a “dircel
inicgration” method time history meihed if you have a specialized
problem requiring that method].

The Lincar Time Hislory analysis is performed using the modal
superposition method. Hence, all the active masses should be
included in the determination of the mode shapes and [requencics.
" Pleasc refer 10 the scction above on "mass modeling"” for
additional information on this topic.

In the mode superposition method, it is assumed that the structural

response can be obtained from "p” modes (usually the lowest
frequency modes). The cquilibrium equations are writicn as:

b+ le b+ ielxd= o M

{x}=|§{¢h k )

Equation (1) reduces Lo "p"” scparate uncoupled cquations of

the {orm:
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q)+2Eq+ o'q = R; (1)

whete £ is the modal damping ratio and @ the natura! lrequency
for the i th mode.

Thesc uncoupled modal equations of motion are solved by the
LaPtace transform method from one solution-lime-point to the next
solution-lime-point (this is not a numerical integration methed like
the Wilson - @ method). Thete is 4 solution-time-point at cach
time that any load curve changes slope as well as at the requested
aulput limes. With the assumption that the toad curves arc linear
beiween solution-time-points this method is exact and siable.
Unlike in STAAD, this method docs not require an intcgration
time step lor solution accuracy but does nced Lhe user to $pecify a
sufficicnt puinber of output times to allow linear X-Y plots to
reasonably show the peaks and shape of the response curves.
Theie is no advaniage in having thousands of output time points
however.

Culpul consists of "relative” and "absolute” nodal displacements,
velocities, accelerations, element loads and stresses. For selected
element stress locations and/or selected node-direction
displaccments or accelerations, that response value may be
displayed as a function of time. “Relative” response is (for the
case of base ground motion) the nodal response relative to the base
motion (basically the elastic part of the response).

The user may also select times (andfor have Lhe program select
peak times) al which the respoense of the complete struclure is
compuicd. The results and displays that are then made possible
ate similar to those in a static solution. The user may select lo use
either nodal foices (F = Ma) (recommended method) or
displacements at the selected times [or the calculation of clement
forces and stresses and the support reactions.

Less frequently used features including: enforced nodal molions,
individual modal results, large mass and relative motion methods

401
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tor multi-base excitation; are deseribed in the Lincar Time History
appendix .

1.11.3.3 STARDYNE Steady State Harmonic
Frequency Response Analysis (Dynre2)

WHAT: Modal analysis which computes the “Modal Responses”
due to a given directional, base excitalion or distnibuted forces with
their magnitude varying over the selected frequency range. Each
forcing direction can be oul of phase with the other directions by a
phase lag angle. Each mode’s response 1s computed and then
summed to form the lotal response for each frequency.

WHY: Used lo understand the response of a siructure to a broad
range of frequencies. Could be used as a basis to tune a structure
to minimize response or lo modify the frequency of the forces to
avoid resonance.

WHY STARDYNE: supports “missing mass”; mulliple base
excilalion, more accurale and straightforward than a sine wave
input lg a time history analysis.

! HOW: First perfarm the Mass Modeling step carefully, noting that a
revised node/element mode! with additional mid-span nodes with
masses may give better dynamic and element results. Nexl, decide
if Missing Mass modes are to be compuled. Then select the
number of eigenmodes and/or frequency range reqired. Nexl,
perform the aigensolution and ensure that the desirad frequencies
were compulad. Now you are ready for the Sieady State Harmonic

Frequency Response Analysis.

Sicady stalc harmonic [requency responsc Lo steady state
sinusowlal dynamic foadings using the modal supcrposition
method. This 15 a “sine sweep™ approach where the response is
calculated lor the given loadings applied av a sequence of

: frequencics., Naturally, lor lightly damped siructurces, the

responses will peak al the natural (modal) frequencics of the
structure,

T
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Lnput forcing functions may be in the form of distributed forces,
base excilations (displacements, velocities or acccleralions) and
unit sinvsoidal eicilations (dispiacements, velocitics, accelerations
or forces) al épecified nodes. Output consists of “relative” and
absolute” nodal responses and clement {oads and stresses versus
frequency (X-Y plot displays of selected node responses or
clement forces/siresses). The response of the complete siructure at
particular point in the overall cycle may be computed as well. The
resulls and displays that are then made possible are similar to
those in a slatic soltulion.

The use of Frequency spacing criteria and outpul [requency input
to improve the quality of the results versus [requency graphs and
the probability of identifying the peak response [requencics is
described in the Harmonic response appendix.

6.11.3.4 STARDYNE Missing Mass Method

Correction Modes - in stiructural dynamic analysis by modal
supcrposition il is sametimes necessary to have & method to
account for the static effects of those higher frequency modes
which were not calculated in the eigenvalue analysis and Lherefore
will be omitted from the response solution. These omitted higher
frequency modes should have natural frequencies well above the
tange of dynamic input so they would act in a stalic manner.

The missing mode approach exactly accounts for the static effect
of all missing modes and will exactly calculate the correcl results
in all modal dynamic response progeams as long as the missing
mass modes are truly well above the forcing frequency range.

The missing mass method described here is forcing lunction
specific. That is, there is one additional missing mass mode for
each different (does not have the same spatial disiribution paitern
of force; proportional forcing functions are not differcnt) forcing
function of interest. The method is quile simple. First, the user
calculates as many modes as desired. Then, in the same analysis, a
static analysis of each forcing function is calculated. Each Static
displacement is orthogonalized to the computed modes Lo
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iminc Lthe missing mass mode {that part of the siatic
displacement that cannot be represenied by the computed modes)
lor 1his Torcing Function.

.Then. run the dynamic analysis by sclecting all real computed
mudes and desired damping as usual while also sclecting which
IMssIng mass modes are associated with cach forcing funclion.
Noie that the missing mass modes are nol normalised 1o onc as
would be the case for an cigenmode shape I

Addtiional detarls of the Missing Mass method are in the Missing
Mass appendix.

MISSING MASS APPENDIX

“DYNAMIC™” and “STATIC" Missing Mass Methods - The
“dyn_amic" method uses a pscudo dynamic mode approach. The
Mussing mass mode is given an eigenvalue. Then the geacralized
weight and participation faclors are compuied from the missing
mass mode shape, Depending on the eigenvalue/ lorcing funcuhion/
spectral damping given, the dynamic response is compuled [lor this
mode as if it were an cigenmode. These modes may be

dynamically amplificd as well as statically amplified. In some

cases the “dynamic” method improves the dynamic portion of the
responsc but should not be a substitute for including cnough
eigenmodes 1o describe the dyramic acceleration and velocity
response to the inpul forcing functions. The “dynamic” method is

‘ot documented in the Hierature so il is not known whether the

mecthod afways has the effcet of improving the dynamic responsc.

The primary function of missing mass modes should be to describe
the additional detatled static deformation and stresses of the
omilled cigenmodes (i.e. modes that would have no dynamic
response to the forcing functions), The missing mass modes
usually provide a localized but sometimes significant improvement
in displacements, clement forces and siresses; usually near the
supporis,
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In the classic “static” missing mass method the extra sta
residual vectors may only be amplified statically. In this method
only displacements, elément forces and stresses are changed. This
method is well documeénted in the literature and does (in the lime
history solutions) exactly supply the missing static “mass” clfect
that the lower eigenmodes selecied do not supply.

Time History Response (Dynrel)- The missing mass modes can
be referenced by any of the first 300 forcing functions. A missing
mass mode number may be referred to by more than one foreing
Tunction. However each [orcing function may only refer 1o one
missing mass mode. The “dynamic” missing mass mcthod is the
default method.

Steady State Harmonic Frequency Response (Dynre2) - This
program only uses the “dynamic” missing mass method.

Response Spectrum Response {(Dynred) - The “dynamic™ missing
mass method will be used as the default. The Missing mass
melhod will generally improve the Response specirum solution.
However (unlike time history solutions} it will not give the same
delormations and clement resulls as a modal solulion using all of
the possible eigenmodes. The Missing mass melhod should nol be
used with User Furnished Force or Mulli-base Input.

If you are funning only 1 globa! shock direction with one missing
mass mode and while using the “dynamic” missing mass meihod;
then there is no need 1o indicate that the mode is a missing mass
mode,

In the “static” method the spectra will be chosen at the ZPA
frequency. In CQC, DBLSUM, or GUPTA, the coupling of the
missing modes to other modes and to themselves is ignored.

For the “static” method or for multiple shock diteclions il is
necessary to select each missing mass mode separately and 1o
indicate which directions the missing mas3 mode is not to be uscd
{e.g. [or X directiod shock mode: IMX=0, IMY=1 , MZ=1).
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Allcrnalivc]} ancw oplion allows you 1o sel IMX=2 and leave
IMY=IM¥= blank.

For multiple shock dircetions, the R§S=14 19 20 comb'inali(m

methods should work properly wiih the multtple missing mass
modes.

For R§S=1 (g 5, only one direction is useqd by taking the indicaicd

¥etwr sum ol the base shocks belore the modal combinalions, For

tor R§S=61n 13, multiple independent shock dircctions should be
possible, However R§S=2 1o 13 arc unicsted and therefore not
recommended for use with missing mass modes,

6.12 References (STARDYNE)

The hasic theory of the Finite Element Method is presenied in
many texitbooks. The following publicly available documenis

describe many of the technical aspects of the STARDYNE finiie
elements, .

* Beamelement

Przemicniccki, J. S, Theory of Matrix Structural Analysis.
McGruw-HilI, New York, Usa, 1968,

* Triangular Plate

Clough, R. W_ and Tocher, 1. .. Finite Element Stiffness
M

rices for the Analysis of Plate Bendin Conference on
Matrix Mcthods in Structural Megha
1965 (thin plate)

SO O0annD

*

nics, Wright Patlersgn, AFB,

~ Martin, H. C. iffness Matrix for a Triangular $andwich

Element in Bending. JPL No. 32.| 158, Jet Propulsion Laboralory,

Pasadena, Califlornia, Oclober, 1967 (thick plate and sandwich
option)

SEE

Quadrilateral (QUADB)}

3 ippa, C. A. efin adrilateral
Clough, R, W‘. and Felippa JBelned Quadrilateral
Fipite Element for the Analysis of Plate Be g

Proceedings of the 2nd Conference on Matrix Mcihods in
Structural Mechanics, 1968 (thin plate)

s Solid Hexahedron

lrons, B. and Ahmad, $. Techniques of Finjie Elements. Ellis

Horwood, Sussex, UK, 1980.

P., and Ghaboussi, T.
i . L., Taylor, R. L., Doherty, W. P, .
N Eii:]; ly acement Models. Numerical and Compulclr
Ipnsompatible Displag { / ]
Methods in Structural Mechanics, pp 43-57, cd. S. Fcnvc;, c'lbi b
Academic Press, 1973, (B-node cube can be made morc flexible by

the incompatible modes-- 'bubble functions’).

" Taylor, R, L., Beresford, P.J., Wilson, E.L. A Non-Conforming

Element for Stress Analysis. International Journal of Numcrical
Eleriient for Stress Analysis

Mcihods in Engineeting, 10, 1976 {makes an element with
incompatible modes Lo pass the patch 1est).

¢ Hybrid Cube and Hybrid Quadrildteral Plate

Pian, T.H.H. Hybrid Models. Mumerical and Computer Melhods 1n
1an, 1.11.41. .
Structurai Mechanics, pp58-78, ed. S, Fenves, ¢l al., Academic

Press, 1973,

Irons, B. and Ahmad, 8. Technigues of Finile Elcments. Ellis
L8] . . 1

Horwood, Sussex, UK, 1980 {(Chapter 15).

Loikkanen, M. Hybrid Membranes, Solids and Plates. System

Development Corporation, Santa Momica, California.

¢ Pipin .
;SM;EpBugiler and Pressure Vessel Code, Section 111, 1971
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_ommended Overall Reading

Cook, R D., et.al. Concepis and Applications of Fipite Element
Analysis. John Wiley, 1989, Third Edition.

Bathe, K.-I. Fimie Element Procedyres in Engincering Analysis.
Prentice-Hall, 1982

Hughes, T, I. R, The Finitc Element Melhod. Prentice-Hall, 1987,

Zienkicwics, O.C. The Finite Element Mcithod, McGraw-Hitl,
1977, Third Edition.
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