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EL PROGRAMA
STAAD/Pro

1.1 Introduccion al programa STAAD/Pro

En los tltimos afios, el desarrollo de los equipos y sistemas de computo ha permitido
una comunicacion mucho mds 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 usarlas 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 cuyo principal objetivo fue desarrollar
un programa para Analisis y 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 serie 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 introdﬁcir y/o modificar datos, o bien almacenarlos
_para su procesamiento posterior, analizar la estructura. ver resultados en la pantalla o
1rnpnm1rlos ver resultados.de:disefio etc.

Lo
(-,

STAAD/Pro, la siguiente generacion del programa STAAD-III, es el principal
software para Analisis y 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
detallado de componentes estructurales, STAAD/Pro se disefio para trabajar de manera
similar 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 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 sngulente
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STAAD proporciona el analisis estructural y el disefio integrado de acero, concreto ¥
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 Vv otras
capacidades avanzadas de analisis.

Fl ambiente FEMKit ofrece modelacion de Elemento Finito orientada graficamente,
se complementa con tecnologias para generacion de mallas 2D y 3D vy 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 proporciona la
generacion de dibujos, con capacidades de edicion y ploteo '

Los modulos siguientes también estan disponibles COMO componen'tes 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.

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 diseno orientado a objetos
que utiliza la tecnologia MFC (Microsoft Foundation Class}). aprovechaﬁdo'ld coinputacion
de 32 bits. Una base de datos relacional, con enlaces OLE y DDE, permite intercambio de
informacion entre multiples -aplicaciones integradas con todo el software basado en
Windows. : e '

1

1.2 Introduccion al programa STAAD -

El Sistema STAAD/Pro’ gs-un programa escrito para computadoras personales IBM
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 dinamicas
aplicadas a la estructura proporcionando, después del andlisis, los desplazamientos de los

nudos, elementos Mecanicos, reacciones, formas modales y resultado del disefio.

F Morwoy 1341003 6
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STAAD fue desarrollado basicamente bajo Ia 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 sdlido (elemento finito).

-z.""

VISUAL

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 y el usuario, sin embargo, debido al numero de opciones que el usuario
puede activar, se requiere aprender su lenguaje especifico para poder utilizario, 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, activar/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
uttlizados 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 moédulos que componen el
programa, el capitulo 4 describe el modulo para crear o generar la estructura, en el capitulo

F Monroy 13/10403 7
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s opciones de analisis, en el capitulo 6 se muestran las opciones para ver
resultados del Analisis, el capitulo 7 contiene algunos ejemplos con la correspondiente
interpretacion de los resultados obtenidos por- el programa STAAD. por ultimo. en el
capitulo 8 se incluyen algunos comentarios y sugerencias finales

5 se presentan la
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RECOMENDACIONES =
PARA ELUSO 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 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 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
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Figura 2.1 Ejecucion del programa STAAD/Pro.
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Figura 2.2 Inicio del programa STAAD.
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2.2 Tipo de estructura y datos generales

Para iniciar la introduc

cion de datos generales y el tipo de estructura por analizar se

utiliza la opcion New del menu File (véase figura 2.2) mostrandose la ventana de la figura

2.3

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 Momroy 13/10/03
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Capcetar |
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, y seis grados de libertad por nudo, desde luego que se
pueden liberar extremos de las barras a algin 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
y después 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 posteriormente (geometria, propiedades, cargas, etc.)

F Manroy 1 ¥10/03 1l
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Figura 2.4 Datos de unidades al inici0 del programa STAAD.
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Una vez seleccionadas las unidades se hace clic en Siguiente para que S¢ despliezue
|a ventana de la figura 2.5, finalmente, Finish conduce a la ventana de la figura 2.6 que €s la
ventana o modulo principal de STAAD.
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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 superior 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 la ventana (for help
press.....). En el extremo izquierdo se muestran algunos 1CONOS Y varias opciones agrupadas
por categorias (Job, Setup, Geometry, etc.), seguidas por un area con fondo blanco que S€
utilizara para desplegar oraficamente la geometria y algunas caracteristicas 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
numernca (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 1a geometria

Antes de imciar la ejecucidn de! 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 Mooy 131003 13
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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 (0 su jongitud si es que el elemento barra €s paralelo a alguno de
los ejes de referencia) asi como los nudos extremos (incidencias) de la barra queda defimda

su posicion.

No es necesario numerar los nudos que forman parte de la estructura ya que el
programa 1o 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 04 Y el solido desde 4 hasta 8 nudos
(véase figura 2.7).

Elemento hexaedro Elemento tetraedro

Elementc cuaaniatero
Puntes nogales

/ \ i I
3
Elemento Linea
Elemento trangula

r) En una amenskn b) En dos dimenscenes ¢1 En tres dimensiones

Figura 2.7 Tipos de elementos y nudos que 10s 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 1 de peralte 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.

IX = Constante de torsion.

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

F Monroy 1316/03 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 1a seccion en direccion z.

Para barras de seccion trapezoidal o T el significado de YB y ZB se muestra en lu
figura 2 8.

ZD _ 7D

YD

|
|
t YD
|
]
52

e \
i
| YB \

! Y

A

\ :
! \

e i ————

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 .

St no se proporcionan las areas de cortante e} programa no considera ese efecto en el
analisis, esto solo es posible definiendo a las barras d¢ 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. ¢j. B y D para la seccion rectangular, D para la circular,
etc.) en este caso serdn 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 €l analisis se pueda reahzar.

F Monrey 13/10/03



Instructivo pars L uthizacion dzi programa STAAD P

Tipo de estructura Propiedad geométrica requerida
TRUSS AX
PLANE AX. 1ZolY
FLCOR IX. 1Z o6 1Y
SPACE AX. IX 1Y, 1Z !

Tabla 2.1 Propiedades geométricas minimas requeridas para el analisis.

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

En el caso de secciones 1 ce peralte variable los datos son los que se muestran €n la
figura 2.9

| BFF

P T IFF ] | L
H -::‘_:-'J:r - - |
‘! TemaL — . ]1
!wa% l DWW 1 S — TWW DWW
11 : > _/:-f'/ o t' i l
1 ‘- e i ‘1 '
; o /// o !
i e TFF1 | | A

1 |

; BFF! '

DWW > DWW

Figura 2.9 Caracteristicas de la seccion 1 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, 0 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 necesarno proporcionar propiedades geomeétricas s0lo
constantes elasticas

F Monroy 13/10/03 16
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2.5 Definicion de las propiedades elasticas de los materiales

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

E
Gz
2(1+ )

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

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 el analisis (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 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 unmidad de drea actuando en una
determinada zona de la estructura (P. e]. azotea, entrepiso, pasillos, escaleras, etc.).

Los sistemas de carga independientes o primarios {(como los llama el programa)
pueden ser utilizados para formar sistemas de carga dependientes de los anteriores, es decir
combinaciones, si 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 incluirdn 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 lo que el factor de carga o participacién de las condiciones
anteriores 1 y 2 es 1.5, siendo 1 y 2 las condiciones de carga respectivas (1 la carga muerta
y 2 la viva).

F Monroy 1 3/10/03 17
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2.7 Eleccion del tipo de analisis y 108 resultados

STAAD permite realizar un analisis elastico lineal de | orden y también de 2
orden, en el segundo caso S€ consideran efectos P-A.oun analisis no lineal por geometria en
cuanto a considerar ja geometria deformada de la estructura. por 1o anterior habra que
decidir el tipo de analisis a efectuar por el programa.

En cuanto 2 los resultados que el programa puede proporcionar. sera necesario saber
cuales se requeriran, por ejemplo: desplazamientos. elementos MeCAnICos. graficas v
resultados de disenio (revision), ¥ de que elementos S€ requieren; por gjemplo: algunos O
todos los nudos, algunos © 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 usuario 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 10s sistemas de fuerza existentes.

2.8 Diseiio de elementos
STAAD permite disefiar O revisar elementos de acero, concreto y madera por lo que
sera necesario especificar un codigo aplicable utilizar (ACL, AISC, LRED, ASSTHO. etc.).

asi como proporcionar los valores de los parametros a utilizar (Fc, fy, etc ), e indicar.los
elementos que s€ disefaran v el criterio 2 seguir para su disefio (viga. columna. etc ).

F Mornroy 13410/03 18
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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
el programa STAAD, ademas de contar con un editor en linea modo texto, principaimente
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).

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

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

» Especificar espesores de los elementos placa.

» Asignar propiedades a uno o varios elementos o grupo de elerivntos (barra, placas),
las propiedades pueden ser: densidad, modulo 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, €tc.) o se
pueden introducir valores particulares.

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

¢ Definir cargas variables (moviles) pudiendo ser definidas por el usuario (tren de

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

F. Monroy 13/10/03 19
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o Especificar fuerzas definidas en el tiempo (fuerza-tiempo 0 aceleracién-tiempo)
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una
funcion (seno © coseno) proporcionando caracteristicas dinamicas (amplitud ¥
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).

e Definir cargas de viento especificando (hasta cinco) intensidades (presiones)
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 variacion lineal, presion hidrostatica. Para los
elementos placa: presion uniforme, lineal, hidrostatica.

s Asignar carga uniforme por unidad de area en un nive} especifico y en cierta area.

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

. Seleccionar. el tipo de anilisis como puede ser’ elastico-lineal de primer orden,
analisis no lineal P-A, anilisis 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 menu
File.

F. Menroy 13710403 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 Abrir un archivo existente con datos de alguna estructura.

View Ver el contenido del archivo de dat:- . (Input File) o &l archivo
de resuitados (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
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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 presenian las opeiones 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 (uitima)
ut Suprimir(borrar) los elementos seleccionados de la estructura

(p.¢j. barras que aparecen en color en el area de dibujo) y los
coloca en la memoria temporal
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Copy Copia a la memoria temporal los elementos seleccionados de la
estructura (para poder insertarlos 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 (adicionu:

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

F Momroy 13/10/03 23



Irstractvo pars Lo ublizaaon del programa STAAD Pre

GENERAC ION
DE LA ESTRUCTURA

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 mayoria del contenido (iconos, menus) en gris, 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 teniéndose las siguientes opciones:

. mmant AmaeehERARTATRIRARERTANL 3L

1 £ ASPROZ MR WELERA e - *

Figura 4.1 Ventana al iniciar STAAD/Pro

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

F Monroy 13/10/03 24
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GENERACION
DE LA ESTRUCTURA

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 mayoria del contenido (iconos, menus) en gris, la mayoria de los cuales
se activard una vez seleccionado el archivo de trabajo que estad 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 teniéndose las siguientes opciones;

Figura 4.1 Ventana al iniciar STAAD/Pro

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

F. Monroy 13/10/03 24
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FLOR- Es util para analizar estructuras de piso (en el plano XZ, por ejemplo entrepisos
y reticulas de cimentacion), considerandose solo 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.

St e

- f" Sﬁqce

¢ Tile (Optiond)--

{Viga continua de 5 claros

Figura 4.2 Definicion del tipo de estructura

En el renglon en blanco puede introducirse de manera opcional. un titulo generalmente
alusivo al nombrée;alusivo al nombre de la estructura por analizar (se aceptan espacios:en

blanco)

Enseguida se muestra el cuadro que se muestra en la figura 4.3 en donde es necesario
seleccionar las unidades, tanto para las longitudes como para las fuerzas, en que se
introductran 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 mayoria de los menus y opciones disponibles y la estructura general de!
programa la cual se reproduce en la figura 4.5

25
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New File Setup-'Slep 2: Specify Units -~
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Figura 4.3 Definicion de unidades

New Filé Setup:: Finish.

" Stcius Type: Pl -
: Tila.\hgacwmnuadsﬁclarm o

. Defaul ngth Unit ..r{!eier

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

e

En esa figura. se reconocen tanto la barra de menus (file, edit, etc.) y debajo de ésta se
muestran 2 renglones de iconos los cuales son accesos directos a una buena parte de las
opciones contenidas en la mayoria de los ments, en la parte izquierda de la pantalla también
se observa una columna de iconos 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 4.5 se encuentra activado el folder Job y a la derecha del area en blanco se muestran

los datos concernientes a esa carpeta de trabajo.

Para iniciar 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, y ademas usaremos lineas
de construccion espaciadas 2 m tanto en x como en y, esos datos se introducen en la ventana

gue tiene como titulo Snap node/ beam (véase figura 4.7).

F Monroy 110/03
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Figura 4.7 Especificacion de las caracteristicas de la malla
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Una vez aceptadas las caracteristicas de 1a 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 defimra al otro extremo de la barra
(nudo) y haciendo clic en ese punto que sera 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 (vease figura 4.8).

Para interrumpir el Gltimo punto referenciado antes de hacer clic en un nuevo nudo se
mantiene oprimida la tecla Ctrl, 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 vya 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 que se esta 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 después de hacer clic en dicho elemento
{éste 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 el numero de elementos a eliminar, puede el usuario decidir (aceptar o
cancelar) la accion. ’ '

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

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

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

F Monroy 13/10/03 29
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Figura 4.8 Geometria terminada

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 y de manera grafica. de la
primer manera primero es necesario seleccionar elementos (nudos, barras, etc.) y después
clegir algin comando (asignar propiedades. apoyos, etc.), para la segunda sera necesario,
primero. definir alguna caracteristica (seccion, tipo de apoyo, etc.), luego asignarla a algun

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 Definicion de propiedades geométricas

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 tendrén esa caracteristica.

Prismatic:Property - gt
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Figura 4.10 Caracteristicas de la seccion rectangular .
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4.4 Tipos de apoye

Ahora con el cursor de seleccion 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 el cuadro Assign (Figura 4.12).
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Figura 4.12 Tipos de apoyos

Repetim
articulados (pinned).

4.5 Asignacién de fuerzas, condiciones y combinaciones de carga.

os el proceso, pero ahora con los nudos Intermedios asignandoles apoyos

Para definir condiciones y combinaciones de carga se utiliza el meni Commands /

Loading / Primary Loads (Figura 4.13)
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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 condicion (Figura 4.14), por ejemplo peso proplo

Set Active anatp Lnad Case e

S Create Naw Primary Load Case | - -

Numbg;r i1 o »

) Tg]g iPeso propld'

o] o |

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 analisis de la estructura

Ahora definiremos una nueva condicion de carga seleccionando nuevamente Commands
/ Loading / Primary Load y en la ventana mostrada activar Create New Primary LLoad 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 Tor/m a'las tres pnimeras barras, para ello,
después de seleccionarlas y luego de hacer ciic en el Member se introducen los valores que
se muestran en la figura 4.17.

Set Active. P:imalp‘l_dad Case' i

"vf"' ﬁelect £ mnng Pmnary Laad Ca:a {

L6 Qreate New anlytmd Case

Nurmbe {2 ‘, :

T Tﬂe‘ iEaigas muertag

s R )

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. Primero se seleccionan las dos barras, luego se hace clic en
el cuadro member vy en la ventana que-se muestra se hace clic en la carpeta Concentrated
Force introduciendo 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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Instructin o para la uthizacion del programa ST aAL .

Ahora especifiquemos una combinacién 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 el nombre de la combinacion
(Figura 4.21).
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PROLOGO

El programa STAD/Pro recientemente s 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 usuano autorizado asi como con los manuales respectivos
para uso del! programa y de los modulos que lo componen.

Por lo anterior el Departamento de Estructuras de la Division de Ingenieria Civil,
Topografica y Geodésica de la Facultad de Ingenieria de la UNAM, considero conveniente
iniciar una serie de cursos para ensefiar a los alumnos de la carrera de Ingeniero Civil a
utilizar varios programas incluyendo el modulo STAAD del 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 descnibir algunos de los principales elementos que
intervienen en el uso delprograma de computadora para Analisis y Disefio Estructural
STAAD, cuya principal utilizacion sera para los alumnos de la materia “Diseno Estructural”
de la carrera de Ingeniero Civil, de la Facultad de Ingenieria de la UNAM.

Se ha procurado realizar este instructivo de una manera sencilla y resumida para que
el usuario no empiee demasiado tiempo en leerlo y pueda resolver su problema en lo que
respecta al Analisis y 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 desarrolian al final del instructivo. Se supone que el usuario
esta familiarizado con la nomenclatura y terminologia utilizada en el Analisis y Disefio
Estructural y que cuenta con conocimientos basicos de computacion 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 desarrollo 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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CONTENIDO

PROLOGO
CAPITULO 1 EL PROGRAMA STAAD/Pro

1.1 Introduccion al programa STAAD/Pro.
1.2 Introduccion al programa STAAD

CAPITULO 2 RECOMENDACIONES PARA USO DEL PROGRAMA

2.1 Paso 1. Ejecucion del programa

2.2 Paso 2. Tipo de estructura y datos generales

2.3 Paso 3. Definicion de la geometria

2.4 Paso 4. Definicion de las propiedades geométricas de los elementos
2.5 Paso 5. Definicion las propiedades elasticas de los materiales

2.6 Paso 6. Tipos de fuerzas y combinaciones de carga

2.7 Paso 7 Eleccion del tipo de analisis v los resultados

2.8 Paso 8. Dis=iio de elementos
CAPITULO 3 MODULOS DEL PROGRAMA DESCRIPCION GENERAL

3.1 Ejecucion del programa, modulos que lo componen.

3.2 Descripcion general.
CAPITULO 4 GENERACION DE LA ESTRUCTURA

4.1 Generacion de la geometria

4.2 Asignacion de propiedades geométricas
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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 ia figura 4.22 en ella primero
especifica el factor de carga (1.4 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 pasaria al
cuadro de la derecha con lo que se incluira en la combinacion de carga, para este caso S€
repite la operacion anterior con la condicion de carga 2 quedando como se muestra €n la

figura 4.22.
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Figura 4.22 Datos para la combinacién 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 a! 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 menu
Comands / Analysis la opcion Perform Analysis /Figura 4.23) enseguida en la ventana que se
muestra, se selecciona ALL (Figura 4.24) y después se hace clic OK con lo que el comando
de analisis se adicionara al archivo de datos
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Figura 4.24 Parametros de la opcion Analisis
Para incluir resultados en el archivo de salida (*.anl) se pueden seleccionar elementos

(nudos, barras, etc.) y luego del Menu Commands seleccionar Post-Analysis Print y el tipo
de resultados deseados (este comando se puede repetir varas veces), ver figura 4.23.
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Figura 4.25 Seleccion de resultados

St 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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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
Save a Save as del menu file y en la ventana que aparece se especifica el nombre del archivo
asi como su ubicacion (Figura 5.1)

Eua:da: ent i___j Examp

EEEEEE

] _l ExampQ1.std ¥ Examp[]? std %] Examp13 std ‘2] Examp?13.std :
% {%) ExampD2 std ___1 Exarmp08.std _] Exampl4.std __! Examp20.std - '
“{ %) Evamp03.std i3] Examp03.21d '3] Examp15.std %] Examp2] std

8] Examp04. std 3] Examp10.std 2] Examp16 std {2} Examp22. std
, ‘_!_] Examp0a. std ﬂ Examptl.sid _] Exampi7.std _1 Examp23.5id
%] € wamp05.std 3] Examp12.5d ‘2] Examp18 std %) Examp24.std

. E,ombic de archwn iwgaScIa std

= Guerdar como
: a:chwnsde llpo‘

| : Cancela;l

Bt

Buandar
isrmo Space Fies [ stdl -]

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 5.2 Analisis de la estructura
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Figura 5.3 Seleccion de la herramienta de analisis

de analisis (STAAD Analysis o Stardyne...) 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
resultado de la fase de analisis se muestra en la figura 5 4.
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ﬁ;STnmﬂlAnabdmandDesEM"

STAAD aAnalys:s and Design

"{Release 3 1

Build 1002
Design Codes U3

Input File wvigaScla std

++ Processing Joint Cocordinates

++ Processing Member Information.

++ Checking Structural Integrity

++ Performing Band-Width Reduction

++ Checking Load Data 1

++ Checking load Data 2

++ Processing Support Condition

++ Processing and setting up Load Vectuor
++ Processing Element Stiffness Matrix.
++ Processing Global Stiffness Matrix

++ Processing Triangular Factorization.
++ Calculating Joint Displacements

++ Calculating Member Forces

++ Analysis Successfully Conpleted ++

++ Creating Displacement File (DSP} .

++ Creating Reaction File (REA)

++ Caleulating Section Forces

++ Creating Section Force File (BM¥D)

++ Calculating Section Forces

++ Creating Section Displace File (SCN)
++ Calculating Section Forces

#» End of STAAD-III Elapsed Time = 0 Se
‘“ﬂ*ﬁﬂut-uthrittenLtc~Filer-wiaaS:lanenl'w*

Figura 5.4 Resultados de la fase de analisis
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VER
RESULTADOS

6.1 Introduccion

Una vez realizado el andlisis se recomienda revisar el contenido del archivo de
resultados (*.anl 0 *.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 contemdo de! archivo de resultados

La secuencia anterior 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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sTAAD/Pro STAAD-III -

Revision 3.1 L
* Propriastary Program of b
- RESEARCH ENGINEERS, Inc. -
* Date= ocT 13, 2003 .
. Timn= 1: 5:40 -
- -
* USER ID: UHAM .

t.titte.itt...Qtott.t.t#t.ltﬁ'.o.tito..i‘ittto--0.

1. STAAD PLANE VIGA CONTINUA DE 5 CLARO2
2. 8TART JOB INFQRMATION

3. ENSINEER DATE 12-0CT-03

4, END JOB INFQRMATICN

5. INPUT WIDTH 753

3
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. UNIT METER MTCHN .
., JOINT COORDINATED '
. 1000, 2400D; 3800; 412 po; 51600; 6200C0 -
o4 - - o o
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Figura 6.2 Visor de resultados

6.2 Ver estructura deformada
E! modo postproceso (memi Mode, figura 6.3) permite. por ejemplo, ver de manera

grafica y numérica la mayoria 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

El cambio al modo postproceso produce la ventana de la figura 6.4, en ella. por
gjemplo, se pasan a la ventana de la derecha las condiciones de carga de las cuaies se
mostraran los resultados

LOad@ } Hangg l
- Lnadgaszs : N
5 Avaiale. : 3 Selcted:
.11 Peso propia

-{2 Caigas muertas
{31 4 [Peso propio + Carga muerta]

L

|

<«

[ Acapt'ar_g 'téncel;: Apligar i

Figura 6.4 Seleccion de condiciones para mostrar resultados

-
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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. la escala de esa

deformada se puede modificar mediante la opcion scale del menu Results (Figura 6.3).
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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 horizonta! de iconos (Figura

6.6).
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Figura 6.6 Seleccionando otra condicion de carga

6.3 Ver diagramas de elementos mecdnicos

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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Figura 6.8 Diagrama de Momentos

Una manera de cambiar a otro tipo de elemento mecanico es, por ejemplo, hacer clic
en el icono simbolos y 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 Resuits.
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EL PROGRAMA
STAAD/Pro

1.1 Introduccion al programa STAAID/Pro

En los altimos afios, el desarrollo de los equipos y sistemas de compute 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 usarlas mas eficientemente y entre otras cosas
facilitarnos la posibilidad de explorar varas 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 cuyo principal objetivo fue desarrollar
un programa para Analisis y 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 mddulos que componen al programa que, junto con la relativa senciilez y
facilidad 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 €l modulo STAAD, en éste, el usuano puede
seleccionar diversas opciones para poder introducir y/o modificar datos, o bien almacenarios
para su procesamiento posterior, analizar la estructura, ver resultados en la pantalla o
imprimirlos, ver resultados de disefio etc.

STAAD/Pro, la siguiente generacion del programa STAAD-III, es el principal
software para Analisis y Disefio Estructural de Research Engineers. En STAAD/Pro, el
enfoque principal esta en la productividad STAAD/Pre dirige el proceso completo de la
Ingenienria Estructural, desde el desarrollo del modeio hasta el analisis, disefio, bosquejo y
detallado de componentes estructurales, STAAD/Pro se disefi0 para trabajar de manera
similar 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 los 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:

F Momroy 2159001
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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
airededor de una biblioteca de elemento finito, STARDYNE proporciona poderosas
opciones de andlisis Dinamico, Sismico, No-lineal, por temperatura, pandeo y otras
capacidades avanzadas de anaksis.

El ambiente FEMKkit ofrece modelacién 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 y dibujos de
detalle. Totaimente integrado en el ambiente STAAD/Pro, Visual DRAW proporciona 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 al ingeniero completar el proyecto disefiando cimentaciones, muros de retencion,
mamposteria, conexiones y otros componentes estructurales de utilidad.

¥ o

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 andlisis. 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 computacién
de 32 bits. Una base de datos relacional, con enlaces OLE y DDE, permite intercambio de
informacion entre multiples aplicaciones integradas con todo el software basado en
Windows.

1.2 Introduccion al programa STAAD

E! Sistema STAAD/Pro es un programa escrito para computadoras personaies IBM
0 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 estiticas 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.

~ ora e



STAAD fue desarrollado basicamente bajo la hipotesis de gque la estructura esta
formada por barras prismaticas (aunque también maneja cierto tipo de barras de .s.eccu'm
variable) de eje recto, considerando también la posibilidad de modelar estructuras utilizando

elementos placa y sélido (elemento finito).

CT.etc

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

Una de las principales caracteristicas del programa es la interaccion que se puede
establecer entre éste y el usuario, sin embargo, debido al numero de opciones que el usuario
puede activar, se requiere aprender su lenguaje especifico para poder utilizarlo, ya que, el
usuario puede seleccionar vanias 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, activar/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
utilizados asi como algunas recomendaciones para su uso, €stas 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

F Monroy 214401 7
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"5 se presentan las opciones de analisis, en €l capitulo 6 se muestran las opciones para ver
resultados del Analisis y Diseio, en el capitulo 7 se describen los modulos complementanos,
el capitulo 8 contiene algunos egjemplos con la correspondiente interpretacion de los
resultados obtenidos por el programa STAAD, por uitimo, en el capitulo 9 se incluyen

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 y hacia abajo hasta la carpeta STAAD/Pro y por ultimo a la derecha y hacia arriba
(en la computadora donde se preparo 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.

F. Monroy 21/5/01 °
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n Figura 2.2 Inicio del programa STAAD. 'A»

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 menu File (véase 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 M 21/970
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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 estructura
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, y seis grados de libertad por nudo, desde luego que se
pueden liberar extremos de las barras a algun elemento mecanico y supnmuir o ligar grados
de libertad (por-ejempio 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
y después 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 postenormente (geometria, propiedades, cargas, etc.)

F Movoey 217901 1
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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 modulo principal de STAAD.

(3

L

Figura 2.5 Datos seleccionados por el usuario al inicio 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 superior 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 la 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 drea con fondo blanco que se
utilizara para desplegar graficamente la geometna y algunas caracteristicas de la estructura

F Morroy 21/9/0 12



try Pars in deld progy STAADPro

(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 iniciar la ejecucion del programa STAAD es conveniente tener
compietamente bien definida la geometria del modelo. La estructura por analizar se
idealizara mediante una seric 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 sélidos (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 |
Mornroy 21/9) 13
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T La definicién o ubicacion de los elementos (barra, placa, solido) se logra localizando
sus nudos extremos, por ejemplo, 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 necesarioc 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 s6lido desde 4 hasta 8 nudos

(véase figura 2.7).

Eh ] Edar © o
Elwmeno cmaridter j/i S
3 ¥ 3 ! 1
) / \ 2 T /___J
— L Ir § ——
==Y oo el Ve ;
Semerme Linea e i
o) En una amenain b) En dos cmermones €] En rus dmanmones
" x
; 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 I de peralte variable.

e) Asignarles una forma especifica.

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

AX = Area de la seccion transversal.

IX = Constante de torsion.

IY =Momento de inercia al rededor del eje y.
[Z = Momento de inercia al rededor del eje z.

Fm 21 1
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- AY = Area de cortante en direccion y.
AZ = Area de cortante en direccion z.
YD = Dimensién de la seccion en direccion y.
ZD = Dimension de la seccion en direccién z.
Para barras de seccion trapezoidal o T el significado de YB y ZB se muestra en la
figura 2.8.

7D ZD

R AN
—_

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 de tlpo “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.e). 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
geometricas minimas gue es necesario proporcionar para que el analisis se pueda realizar.

F. Monray 219701
15



Tipo de estructura Propiedad geométrica requerida
TRUSS AX '
PLANE AX, 1IZo6TY
FLOOR X, 1ZoIY
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 I de peralte variable los datos son los que se muestran en la
figura 2.9

BFF ‘

TFFL § [ |

* BFFI

DWW > DWW]I

Figura 2.9 Caracteristicas de la 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 © 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 necesarno proporcionar propiedades geométricas solo
constantes elasticas.

F Monroy 11/9/01 16



fmirwctvo gars s whiloecon do progracme STAADPYo

2.7 Eleccion del tipo de anailisis y los resultados

STAAD permite realizar un anilisis 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 anterior habra que
decidir el tipo de analisis a efectuar por el programa.

En cuanto a los resultados que el programa puede proporcionar, sera necesario saber
cuales se requeriran, por ejemplo: desplazamientos, elementos mecanicos, graficas y
resultados de disefio (revision), y de que elementos se requieren; por ejempio; algunos o
todos los nudos, algunos o todos los elementos (barras, placas, etc.). Grificas de la
deformada, de algin 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 usuario 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 Diseiio de elementos

STAAD permite disefiar o revisar elementos de acero, concreto y madera por lo que
sera necesario especificar un codigo aplicable a utilizar (ACI, AISC, LRFD, ASSTHO, etc.),
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.).

F Morroy 21701 1t
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2.5 Definicion de las propiedades elisticas de los materiales

Para realizar el analisis se requiere tener definidas las constantes del material dei cual
estan o estaran hechos los elementos (barra, placa y sohdo) como son E (Médulo elastico), y
i (relacion de Poisson) y, mediante la siguiente expresion se obtiene el modelo de rigidez a

cortante.

_E
C2(1+4)

Para incluir e! peso propio es necesario proporcionar el peso volumétrico, si se
consideran efectos de temperatura serd necesario espec1ﬁcar el coeficiente lineal de
dilatacion térmica.

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 el analisis (P. ¢j. 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 serie de fuerzas
estaticas (sismo estatico) o dinamicas aplicadas a determinados nudos. Una condicion mas
puede ser la carga viva, idealizada como una fiterza por unidad de area actuando en una
determinada zona de la estructura (P. €j. azotea, entrepiso, pasillos, escaleras, etc.).

Los sistemas de carga independientes o primarios (como los llama el programa)
pueden ser utilizados para formar sistemas de carga dependientes de los anteriores, es decir
combinaciones, si lo anterior se desea, es necesano saber de antemano el numero de
combinaciones a incluir en el analisis y, para cada combinacién, 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 lo que el factor de carga o participacion de las condiciones
anteriores 1 y 2 es 1.5, siendo 1 y 2 las condiciones de carga respectivas (1 la carga muerta
y 2 la viva).

F Monroy 21/9/01
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Inarrectvo pare ln utirscaon del programa STAAD/Pro

MODULOS DEL PROGRAMA
DESCRIPCION GENERAL

3.1 Introduccién

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 cualquiera de los dos editores se puede:

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

» Especificar tipos de apoyo (fijo o con g;ados de libertad, resortes, apoyos inclinados,
tipo “Foundation”, etc.).

e Asignar propiedades geométricas de los elementos barra de acuerdo a: una tabla de
perfiles estandar (AISC por ejemplo), una tabla previamente definida por el usuario,
secciones pnsmaticas (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.).

» Especificar espesores de los elementos placa.

e Asignar propiedades a uno o varios elementos o grupo de elementos (barra, placas),
las propiedades pueden ser. densidad, mddulo 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 particulares.

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

FM
onroy 21/9/01 19



trenactivo pars e utirecon del prograrny STAADPre

Definir cargas variables (méviles) pudiendo ser definidas por el usuario (tren de
cargas concentradas), de acuerdo a AASHTO(HS20, HS15, H20, HI5) o bien

tomadas de un archivo externo.

Especificar fuerzas definidas en el tiempo (fuerza-tiempo o aceleracion-tiempo)
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una
funcién (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.

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

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

Especificar fuerzas estéticas 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.

Asignar carga uniforme por unidad de area 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.

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

iteracciones) y analisis dinamico.

Y otras opciones mas.

3.2 Descripcion general

File.

Enla figura 3.1 se muestra la ventana deslizable correspondiente a la opcion o ment

F Monroy 1179/01
20



REUCEvG pars is uhirecacon del progrena STAADPro

AR
o SRR p

Figura 3.1 Menu 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. Mexqoy 21971 21



Exit Cerrar el programa

Existen, dentro del ment anterior, otras opciones que pueden ser de uso no muy
frecuente. '

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

(P T g (e T g T T

Figura 3.2 Meni Edit del modulo STAAD.

Las opciones del menu Edit permiten:

Undo Deshacer la accion antenor (Gltima).
Cut Suprimir(borrar) los elementos seleccionados de la estructura

(p.¢j. barras que aparecen en color en el area de dibujo) y los
coloca en la memoria temporal.

F Moaroy 11401 22



Copy

Paste

Del

Edit command file

F. Mooy 21/9/01

pars ks del progr STAADVPyo

Copia a la memona temporal los elementos seleccionados de la
estructura (para poder insertarlos posteriormente), esta opcion
no borra a los elementos

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

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
informacién etc.).
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&
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Job Tise Rl
By Dt 04-Dct-00 Cra
"Carn Fe \iciapro. std | Dol 23 Se0-2001 22:26
Job Information :
Engineer Checked Approved ;
Name: :
Date: 04-0c1-00 l‘
i
| Structure Type | SPACE FRAME | .
Number of Nodes 4 | Highest Node 4 i
Number of Eiements 3 | Highest Beam 3 ‘
|
Number of Basic Load Cases 1 ‘
Number of Combination Load Cases 4 |
|
included in this printout are data for; [
[ | The Whole Structure ] !
Port Tima/Dats, 23002001 2228 J
" STAAD/Pro for Windows Releass 3.1 Priet R 1 of 1

g 24



Jab No S o Ry
1
Pan
Ral
By D04 0ct-00 Cra
Gt Fie \aciapr. sid | DweTer 23 502001 22:26

-19.6 kN/m -18.6 kN/m -19.6 kN/m .

L] Y} ™ 1

o Tesm A Zeem A esm &
Prnt TanaDa: ZV0W2001 22.34 STAAD/Pro for Windows Relaase 3.1 T I

25



sTARD SPACE EJEMPLO

START JOB INFORMATION
ENGINEER DATE p4-0ct=-00
END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

1 000; 25003 10 0 0; 4 15 0 0;
MEMBER INCIDENCES

112; 22 3;334;
MEMBER PROPERTY AMERICAN:
1 T0 3 PRIS YD 0.5 2D 0.25
UNIT METER KN

CONSTANTS

E 2.5e+007 MEMB 1 TO 3
POISSON 0.17 MEMB 1 TC 3
DENSITY 24 MEMB 1 TO 3
ALPHA 1.1e-005 MEMB 1 TO 3
UNIT METER MTON

SUPPORTS

1 TO 4 PINNED

LOAD 1 VERTICAL

MEMBER LOARD .

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

C:Mis documentos\STAADPRO\V3clapro.std ~
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i Job T Rt
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i
-19.6 kN/m -19.6 kN/m -19.6 kN/m i
1=8m 2=8m v I=fm : l l|
& 1 1 2 L 3 1 4
39.2 kN ' 3924
108 kN 108 kN
|
Pt Tima/Dete 2V0R2001 23:17 STAAD/Pro for Windows Releass 3.1 Print o 1 of 1
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PAGE NO. 1

***********t*****t*;’**** ko w Rk radwdrddrdrwrrd

- »
* STRAD/Pro STAAD-III *
* Revision 3.1 . ¥
d Proprietary Program of *
* RESEARCH ENGINEERS, Inc. *
* Date= SEP 23, 2001 *
* Time= 23:24:35 *
> "USER ID: Unknown User *

b d kR AR R R bWk W W Wk Wk

STaAD SPACE EJEMPLO

START JOB INFORMATION
ENGINEER DATE 04-CT7T-00
END JOB INFORMATION

INPUT WIDTE 79

UNIT METER MTON

JOINT COORDINATES

1000; 2500; 31000; 41500
MEMBER INCIDENCES

10, 112; 22 3; 334

11. MEMBER PROPERTY AMERICAN
12. 1 To 3 PRIS YD 0.5 ZD 0.25
13. UNIT METER KN

14. CONSTANTS

15, E 2.5E+007 MEMB 1 TO 3

16. POISSON Q.17 MEME 1 TC 3
17. DENSITY 24 MEMB 1 TO 3

i8. ALPHA 1.1E-Q05 MEMB 1 TO 3
19, UNIT METER MTON

20. SUPPCRTS

21. 1 TO 4 PINNED

22, LOAD 1 VERT;CAL

23. MEMBER LOAD

24, 1 TO 3 UNI Gy -2

2%5. PERFORM ANALYSIS PRINT ALL

.

WO -~-dm s by

PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 4/ 3/ 4
ORIGINAL/FINAL BAND-WIDTH = 1/ 1
TOTAL PRIMARY LOAD CASES = 1, TOTAL DEGREES CF FREEDOM = 12
SIZE QF STIFFNESS MATRIX = 72 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.00/ 2047.7 MB, EXMEM = 1798.5 MB
EJEMPLO - == PAGE NO. 2
LOADING 1 VERTICAL

MEMBER LOAD - UNIT MTON METE

MEMBER UDL Ll L2 CON L LIN1 LINZ

C:\Mis documentos\STAADPRO\V3clapro.ANL
31



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

+*»+TOTAL APPLIED LOAD (
SUMMATION FORCE-X = 0.00
SUMMATION FORCE-Y = -30.00
SUMMATION FORCE-Z = 0.00

SUMMATION OF MOMENTS AROUND THE CRIGIN-
MXe= 0.00 My= 0.00 M2=

-+ Processing Element Stiffness Matrix.
++ Processing Global Stiffness Matrix.
++ Processing Triangular Factorization.

MTON METE ) SUMMARY (LOADING 1) -

-225,00

23:24:35
23:24:35
23:24:35

»++WARNING - IMPROPER LOAD WILL CAUSE INSTABILITY AT JOINT 4

DIRECTION = MX PROBABLE CAUSE MODELING PROBLEM

++ Calculating Joint Displacements.
++ Calculating_Member Forces.

»++TOTAL REACTION-{ MTON METE ) SUMMARY

LOADING 1
SUM-X= 0.00 SUM-Y= 30.00 SUM-Z=
SUMMATION OF MOMENTS ARQUND ORIGIN-

MX= 0.00 MY= 0.00 MZ=

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

JT EXT FX/ EXT FY/ EXT FZ/ EXT MX/
INT FX INT FY INT F2 INT MX

1 6.00 -5,00 0.00 0.00
0.00 1.00 ¢.00 0.00

2 0.00 -10.00 0.00 0.00
0.00 -1.00C 0.00 0.00

3 0.00 -10.00 0.00 0.GO
0.00 -1.00 0.00 0.00

4 .00 -5.00 0.00 0.00
0.00 1.00 g.00 0.00

EJEMPLO

-0.728E-11
23:124:35
23:24:35

0.00

225.00

EXT MY/ EXT MZ/

INT MY INT MZ
0.00 -4.17
0.00 4.17
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 4.17
0.00 -4.17

-- PAGE NO.

sexwxwrxwwwxs END OF DATA FROM INTERNAL STORAGE **w*wwwwiwws

26. PRINT ANALYSIS RESULTS

EJEMPLO

C:\Mis documentos\STAADPRO\V3clapro.ANL

-- PAGE NO.

1o
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JOINT DISPLACEMENT (CM

JOINT LOAD X-TRANS

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

SUPPORT REACTIONS -UNIT MTON METE

JOINT LOAD FORCE-X

1 1 0.00
2 1 C.00
3 1 0.00
4 1 ¢c.og
EJEMPLO - -

MEMBER END FORCES

RADIANS)
T-TRANS Z-TRANS
0.0000 ¢.0000
¢.0000 0.0000
0.0000 0.0000
0.0000 £.0000

ALL UNITS ARE -- MTON METE

MEMBER LOAD JT
1 1 1

2

2 1 2

3

3 1 3

4

X-ROTAN

0.0000
0.0000
0.0000
0.0000

STRUCTURE TYPE = SPACE

Y-ROTAN

0.0000
0.0000
0.0000
0.0000

z-

ROTAN

0.00:0
0.0003
0.0003
¢.0010C

-- PAGE NO.

STRUCTURE TYPE = SPACE

MOM 2

¢.00
G.00
0.00
0.00

—-- PAGE NOC.

FORCE-Y FORCE-2 MOM-X MOM-Y
4.00 0.00 0.00- 0.00
11.00 0.00 0.00 0.00
11.00 0.00 0.00 G.00
4.00 0.00 0.00 0.00
STRUCTURE TYPE = SPACE
LXIAL SHEAR-Y SHEAR-Z TORSION M
c.o0 4,00 0.00 0.00
0.00 €.00 0.00 0.00
0.00 5.00 0.00 0.00
0.00 5.00 0.00 0.00
0.00 6.00 0.00 0.00
0.00 4.00 0.00 0.00

LA R R R A2 L 22X 2 X2 END OE‘ LATEST ANALYSIS RESULT dr e e i de U e e e o e e e

27. FINISH

Wk W W W W W END OF STAAD_III W dr oW ke WU oW

wwr*xr DLATE= SEP 23,2001

TIME= 23:24:35 wwww

*********t**tt*tti*t********itt*#t**********ti*****i***i*

* FOR QUESTIONS REGRRDING THIS VERSION OF PROGRAM
RESEARCH ENGINEERS,

w

* West Coast:
* East Coast:

Ph- (714)
Ph- (378)

9

74-2500

Inc at
Fax- (714)

688-3636 Fax- (978)

**it*t*!****t**t***t******t***t********i******it******'**

C:\Mis documentos\STAADPRO\V3clapro.ANL

521-2543
685-7230

o

*
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MOM-2
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Job Trte Rt
B e 18-Mary-01 Cra

. Charl Fi* marco1.sid l""‘”"' 18-May-2001 02:11

Job Information

Engineer Checked Approved
Name:
Date: 18-May-01
| structure Type | SPACE FRAME |
Number 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
Included in this printout are dats for-
[ All ! The Whoie Structure ]
Inciudad in this printout are results for load cases:
Type LC Name
Primary 1 VERTICAL
Nodes
Node X Y 2
{m) (m) {(m)
5 4.000 . 7.000 0.000
7 2.000 3.000 0.000
9 2.000 0.000 0.000
10 9.000 7.000 0.000
1 9.000 0.000 0.000

Pront TimaDane 20/00/2001 23 52

STAAD/Pro for Windows Reieass 3.1

Print Run 1 of 4

Ir
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\: Job No Shasl No 2 Reov
L{*‘ —
’ Softwars kcansed 1o Uninown User
. Job Tite Ref
By Dute 4 5-May-01 Gt
Cint Fie marco1.std ] Dese/Tere 48 May-2001 02:11
i
. Beams
Boam | Node A | Node B| Length |{Property B
(m) degrees
6 9 7 3.000 | 1 0 :
10 7 5 4472 1 0 1
11 5 10 5000 1 0 j
13 10 11 7.000 1 0 '
i
Section Properties !
Prop Section Area by - J Material
(m?) (m*) (m*) (m*) A
1 | Rect 0.80X0.40 0.320 0.004 0.017 0.012 - ;
I
Materials
Mat Name E G v Density a
(kN/mm?) | (xN/mm?) (kg/m?) (1K) |
1 | Steel 205.000 82.000 0.250 77.000 | 12E-12 |
2 Caoncrete 25.000 10.684 0.170 24.000 12E -12 '
3] Aluminum 70.000 | 26316 |  0.330 |  26.600 | 23E-12 |
|
Supports
Node ) 4 Y Z rX rY rZ
(kNimm) | (KN/mm) | (kN/mm) {kN/rad) {kN/rad) {kN/rad)
9 Fixed -Fixed. Fixed - - -
11 Fixed Fixed Fixed - - -
Releases
There is no data of this type.
Basic Load Cases
Number Name
1 VERTICAL
Prnt TimaDate ZW0/2001 23,52 STAAD/Pro for Windows Releass 3.1 Prinl Run 2ot 4
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Jobr No Shast Mo Rapv
3
Pant
Sofwere ioarasd 1 Unknown LUges
" Job Troe Rat
By DmsygMay-01 O™
. Charm % marcot.st | DewTere 15.00y.2001 02-11
Combination Load Cases
There is no data of this type.
11=5m
5 10
10=447m
13=T1
7
6=3m |
|
!
v I
Z—X 9 é 11 1
Whole Structure Loads 5kN:1m 1 VERTICAL
Prrt Tima/Date ZMOW2001 22 &2 STAAD/Pro for Windows Releasa 3.1 Prirt Run 3 of 4
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{4 -
Softwars moarpd 1 Unknown User
5 Jab Te Rad
By Daw 1 8-May-01 Cra
Coart I e marcot.e | omartene 15 aay.2001 02:13
11=86m
S 10
10=4.47m
13=7n
7 ' .'
!
i
l
6=3m
Y |
Z—X 9 é 11
Whole Structure Loads 5kN:1m 1 VERTICAL
Prm TimaDute 23082001 2382 STAADVPrO for Windows Release 3.1 mm‘d"
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+ Job Tite ~
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T Max:0m

Max: 0.001
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! Softwars icanesd 10 Unknown Liser -

;-Jdﬂh R

F o Dee1gMay-g1 O

e 8 marcol.std _[ QuaTme 18-May-2001 02:1%

i

i

I

_ 35KN
BIBKN ~ 7.27 kN
] ; ~ B3kN
%
s
RGN |
|
|
I
A, 727 kN A& 72T kN
Prot TimalDae. ZAT0A(Z001 00 15 STAAD/Pro for Windows Reiease 3.1 Pt R 1 of 1
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Job Tie Ref
By Do 18-May-01 oo
. Coart Fée marcot st | owTeme 18 May-2001 G211
50.9 kNm ‘
,_ﬂf'.fée‘izad N 50.8 kNm :
ST 7 '
/’ l :
i
|
T |
[— i
| |
24,8 kN — |
_ B
~
I
b, 0 KNm A0 kNm
Prmt TmaDate  24/08/2001 00,20 I

STAAD/Pro for Windows Raieane 3.1 Print Run 100 1
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Srwat NC Rawv
& _
; Softwars soereed 10 Unknown Liser
1 Jab Tie Raf
O Do 18-May-01 O
Conet F marcot.std- | DewTeme 46 pay-2001 02:11
-19.6 kN/m
E
i
N9 _ N11
X = 7.269 kN X = -7.289 kNi
Y = 35024 kN Y = 63.043kN!
Z = 0.000 kN Z = 0.000 kN
‘MX=  FREE ‘MX= FREE !
MY =  FREE IMY=  FREE |
.MZ= FREE MZ= FREE |
e T 3000001 o35 STAAD/Pro for Windows Reiensa 3.1 Print Run 1 of 1
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STAAD PLANE VIGA EJEMPFLO 2

START JOB INFORMATION

ENGINEER DATE 18-May-01

END JOB INFORMATION

INPUT WIDTH 79 -
UNIT METER MTON

JOINT COORDINATES.

5470; 7230;9200; 10970; 1190 0;
MEMBER INCIDENCES

6 9 7; 16 7 5; 11 5 10; 13 10 11;
MEMBER PROPERTY AMERICAN

6 10 11 13 PRIS YD 0.8 2D 0.4
SUPPORTS

9 11 PINNED

UNIT METER KN

CONSTANTS

£ 2.5e+007 MEMB 6 10 11 13

POISSON 0.17 MEMB 6 10 11 13
DENSITY 24 MEMB 6 10 11 13

ALPHA 1.le-005 MEMB 6 10 11 13
UNIT METER MTON

LOAD 1 VERTICAL

MEMBER LOAD

11 UNI GY -2

PERFORM ANALYSIS PRINT ALL

PRINT SUPPORT REACTION ALL

PRINT JOINT DISPLACMENTS ALL

PRINT MEMBER FORCES ALL

FINISH L

C:\Mis documentos\cursos\stadpro\e¢jemplos\marcol.std
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PAGE NC.

*t**ttt*****t*tt**i"'i**i**it*ii*i****ﬁtt*'i*"tt*’

* *
* STAAD/Pro STARD-III *
* _ __ ..__ . Revision 3.1 .. e . *
* Proprietary Program of *
* RESEARCH ENGINEERS, Inc. -
* Date= SEP 24, 2001 -
* Time= 0:35:15 *
* -
* USER ID: Unknown User *
******'I*t****ﬁ**'ti***i’*i********it*'*tvb**t*t**t*i

1. STAAD PLANE VIGA EJEMPLO 2
2. START JOB INFORMATION
3. ENGINEER DATE 18-MARY-0l
4. END JOB INFORMATION
5. INPUT WIDTH 7%
§. UNIT METER MTON
7. JOINT COORDINATES
6. 5470;7230;9200; 1097 0; 11 900
g. MEMBER INCIDENCES
10. 6 9 7; 10 7 5; 11 5 10; 13 10 11
11. MEMBER PROPERTY AMERICAN
12. & 10 11 13 PRIS YD 0.8 2D 0.4
13. SUPPORTS .
14. 9 11 PINNED
15. UNIT METER KN
16. CONSTANTS
17. E 2.5E+007 MEMB 6 10 11 13
18. POISSON 0.17 MEMB 6 10 11 13
19. DENSITY 24 MEMB 6 10 11 13
20. ALPHA 1.1E-005 MEMB 6 10 11 1i3
21. UNIT METER MTON
22. LOAD 1 VERTICAL
23, MEMBER LOAD
24. 11 UNI GY -2
25. PERFORM ANALYSIS PRINT ALL
FEROBLEM STATISTICS
NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 5/ 4/ 2
ORIGINAL/FINAL BAND-WIDTH = 3/ 1
TOTAL PRIMARY LOAD CASES = 1, TOTAL DEGREES OF FREEDOM = 11
"§IZE OF STIFFNESS MATRIX = 66 DOUBLE PREC. WORDS

REQRD/BAVAIL. DISK SPACE = 12.01/ 2047.7 MB, EXMEM = 1804.5 MB
VIGA EJEMPLO 2 -- PAGE NO.

LOADING 1 VERTICAL

MEMBER LOAD - UNIT MTON METE

MEMBER UDL Ll 2 CON L LIN1 LINZ2

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

‘6
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= **TOTAL APPLIED LOAD

++
++
-+
++
++

++*TOTAL REACTION

11

SUMMATION OF MOMENTS

-2.000 GY

0.00 5.00

SUMMATION FORCE-X =

SUMMATION FORCE-Y
SUMMATION FORCE-Z

M=

0.00 My=

{ MTON METE ) SUMMARY
0.00 -
-10.00
0.00

AROUND THE ORIGIN-

{LOADING 1)

0.00 MZ=

Processing Eiement Stiffness Matrix.

Processing Global Stiffness Matrix.

Processing Triangular Factorization.

Calculating Joint Displacements.
Calculating Member

LOADING

SUM=-X=

SUMMATION OF MOMENTS AROUND ORIGIN-

MX=

1

Forces.

0.00 SuM-Y=

0.00 My=

{ MTON METE )

SUMMARY
10.00 SUM-Z=
0.00 Mz=

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

JT

10

i1

EXT
INT

[ on o I b Y oo B o T o B8 o Y o B )

FX/

FX

.00
.00
.0C
.00
.00
.74
.00
.0C
.00
.74

EXT FY/

INT FY IN

-5.00

5.00
.00
0.00
.00
3.57
5.00
5.00
0.00

-6.43

EXT

T

DCOO0OOCcC OO0 00

FZ/

FZ

.00
.00
.00
.00
.00
.00
.00
.00
.0C
.00

EXT
INT

OO0 000 OoCOO00

M/

MX

.00
.00
.00
.00
.00
.0C
.00
.00
.00
.00

-65.0

0:35:15
0:35:15
0:35:15
0:35:15
0:35:15

0.00

€5.00

EXT MY/
INT MY

0.00
0.00
0.00
.00
0.00
0.00
g.00
0.00
0.00
0.00

Frwxwwrwwxr>x END OF DATA FROM INTERNAL STORAGE **rwwwewwwww

VIGR EJEMPLO 2

26.

PRINT SUPPORT REACTION ALL

VIGA EJEMPLO 2

SUPPORT REACTIONS ~-UNIT MTON METE

JOINT LOAD

g8
11

1

1

FORCE-X

0.74
-0.74

FORCE-Y

STRUCTURE TYPE = PLANE

FORCE-Z

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

MOM-X

MOM-Y

0

EXT MZ/
INT MZ

-4.17
4.17
¢.00
0.00
0.4Q0
0.00
.17

-4.17
.00
0.00

PAGE NO.

PAGE NO.

3



wxwawwww=wwwwes END OF LATEST ANALYSIS RESULT By T 2 1
27. PRINT JOINT DISPLACMENTS ALL

VIGA EJEMPLO 2 —-- PAGE NC.

JOINT DISPLACEMENT (CM RARDIANS) STRUCTURE TYPE = PLANE

JOINT LOARD X-TRANS Y-TRANS Z-TRANS X*ROTAN ¥~-ROTAN Z-ROTAN

5 1 0.0973 -0.0395 0.0000 ¢.0000 0.0000 -0.0002
7 1 0.0252 -0.0013 0.0000 0.0000 0.0000 -0.00021
9 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001
10 1 0.0968 -0.0085 0.0000 0.0000 0.0000 0.0001
11 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0003

wxsuwwxwwr=wss END OF LATEST ANALYSIS RESULT ****¥>wrwrwwws

2g. PRINT MEMBER FORCES ALL

VIGA EJEMPLO 2 -- PAGE NO.
MEMBER END FORCES STRUCTURE TYPE = PLANE

ALL UNITS ARE -- MTON METE

MEMBER LOAD JT AXIAL SHEAR-Y SHERR-Z TORSION MOM-Y
6 1 8 3.57 -0.74 0.00 0.00 0.00

7 -3.57 0.74 0.00 0.00 0.00

10 i 7 3.53 0.93 0.00 0.00 0.00

5 -3.53 -0.93 0.00 ¢.00 0.00

11 1 5 0.74 3.57 0.00 0.00 0.00

10 -0.74 6.43 0.00 c.00 0.00

13 1 10 6.43 0.74 0.00 0.00 0.00

11 -6.43 ~0.74 0.00 0.00 0.00

oo ve W v e e e W END OF LATEST ANALYSIS RESULT o e e e e W R e W
29. FINISH

*t**!'***fitf*i END OF STAAD_III t*‘k'iti********
~«+v DATE= SEP 24,2001 TIME= 0:35:15 ****
"i*'b'.'*i***"*‘t****'1’**Q*i‘i**'ti’**""i****it***"*********.**
* FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM *
* RESEARCH ENGINEERS, .Inc at *
« West Coast: Ph- (714) 974-2500 Fax- (714) 921-2543 ~
~ East Coast: Ph- {978) 688-3636 Fax- {978) 685-7230 *

*t"i***i'i’tﬂ*"fi**-'ti‘****i'i******t**i***t****ﬁ****'*'**'**

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

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

1030; 2330 3630:; 4930;51230; 6060; 7 360:87%6%60;
996 0; 1012 6 0; 11 0 9 0; 12 3 9 0; 13 6 9 0; 14 9 9 0; 15 12 9 0;

16 ¢ 12 C0; 17 3 12 0; 18 6 12 0; 19 9 12 0; 20 12 12 O: 21 ¢ 15 0; 22 3 15 0O:
23 € 15 0; 24 9 15 ©0; 25 12 1% 0; 26 0 0 0Q; 27 3 0 0; 28 €6 Q0 0; 29 9 0 O;

30 12 0 0;

MEMBER INCIDENCES

1 12; 22 3; 33 4; 445; 56 7; 678; 78989 10; 9 11 12; 10 12 13;
11 13 14; 12 14 15; 13 16 17; 14 17 18; 15 18 19; 16 19 20; 17 21 22; 1B 22 23;
19 23 24; 20 24 25:; 21 26 1; 22 27 2; 23 2B 3; 24 29 4; 25 30 5; 26 1 6;

27 2 7; 28 3 8B; 29 4 9; 30 5 10; 31 6 11; 32 7 12; 33 B 13; 34 9 14; 35 10 15;
3¢ 11 16; 37 12 17; 38 13 1B; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 23;
44 19 24; 45 20 25;

MEMBEER PROPERTY AMERICAN

1 TO 45 PRIS YD 0.4 2ZD 0.4

SUPPORTS

26 TO 30 FIXED

UNIT METER KN

CONSTANTS

E 2.5e+007 MEMB 1 TO 45

POISSON 0.17 MEMB 1 TO 45

DENSITY 24 MEMB 1 TO 45

ALPHA 1.2e-011 MEMB 1 TO 45 -

UNIT METER MTON

LOAD 1 PESO PROPIO

MEMBER LOAD

1 TC 20 UNI GY -2

LOAD 2 Fuerza lateral

JOINT LOAD

1 X 2

6 FX 4

11 FX 6

16 FX B

21 FX 10

LOAD COMB 3 Combinacién (suma de ambas)

1 1.0 2 1.0

PERFORM ANALYSIS PRINT ALL

PRINT SUPPORT REACTION ALL

FINISH

C:\Mis documentos\cursos\stadpro\ejemplos\marco4n.std



PAGE NO. 1

t****t*tii***t****i-.r*ii"tttt*t*t********t*t***twt*

* -
* STAAD/Pro STAAD-III »
* ) Revision 3.1 S S
* Proprietary Program of *
* RESEARCH ENGINEERS, Inc. *
* Date= SEP 24, 2001 »
* Time= 1:29:31 -
- L
* USER ID: Unknown User v
****it***********&1’*'****ti***i***i***t**tti*’l*tt*

STAAD PLANE VIGA OCHO CLAROS

START JOB INFORMATION

ENGINEER DATE 31-MAY-01

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER MTON

JOINT COORDINATES

1 030;2330;3630;4930;51230: 60860 736 0; 8
99 60; 1012 60; 11 09 0; 123 9 0; 13 6 5 0; 14 9 9 0: 15 12
10. 16 0 12 0; 17 3 12 0; 18 6 12 0; 19 9 12 0; 20 12 12 0; 21 0 15 0; 22 3150
11. 23 6 15 0; 24 9 15 0; 25 12 15 0; 26 0 0 0; 27 3 0 0; 28 6 0 0; 29 900

12. 30 12 00

13. MEMBER INCIDENCES

14, 1 12; 223; 334; 445 567; 678:;789:829510; 9 11 12; 10 12 13
15. 11 13 14; 12 14 15; 13 16 17; 14 17 18; 15 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

17. 27 2 7; 28 3 8; 29 4-9; 30 5 10; 31 6 11; 32 7 12; 33 B 13; 34 9 14; 35 10 15
18. 36 11 16; 37 12 17; 38 13 18; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 3
19. 44 19 24; 45 20 25

20. MEMBER PROPERTY AMERICAN

1. 1 TO 45 PRIS YD 0.4 ZD 0.4

22. SUPPORTS

232. 26 TO 30 FIXED

24. UNIT METER KN

25. CONSTANTS

26. E 2.5E+007 MEMB 1 TO 45

37. POISSON 0.17 MEMB 1 TO 45

28. DENSITY 24 MEMB 1 TO 45

5%, ALPHA 1.2E-011 MEMB 1 TC 45 .

30. UNIT METER MTON

31. LOAD 1 PESO PROPIO

32. MEMBER LOAD

33. 1 TO 20 UNI GY -2

314. LOAD 2 FUERZA LATERAL

35, JOINT LOAD

O~ B W

6 60
90

36. 1 FX.2
37. & TX 4
3. 11 FX 6

39, 16 FX B
40. 21 FX 10
41. LOAD COMB 3 COMBINACION (SUMAR DE AMEAS)

VIGA QCHO CLAROS -- PAGE NO. 2

C:\Mis documentos\cursos\stadpro\ejemplosimarcodn. ANL
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42. 1 1.0 2 1.0
43. PERFORM ANALYSIS PRINT ALL

PROCBLEM STATISTICS

s ————————— " — . T

NUMBER OF JCINTS/MEMBER+ELEMENTS/SUPPORTS =
ORIGINAL/FINAL BAND-WIDTH = 25/ 5

30/ 45/ 5

TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 75

SIZE OF STIFFNESS MATRIX = 1350 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.07/ 2047.7 MB, EXMEM = 1779.0 MB
VIGA OCTHO CLARQOS -- PAGE NO. 3
LOADING 1  PES0 PROFPIO
MEMBER LOAD - UNIT MTON METE
MEMBER UDL 1 12 CON L LIN1 LINZ
1 -2.000 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
5 -2.000 GY 0.00 3,00
6 -2.000 GY 0.0Q0 3.00
7 -2.000 GY (0.00 3.00
8 -2.000 GY 0.00 3,00
) -2.000 GY  0.00 3.00
10 -2.000 GY 0.00 3.00
11 -2.000 GY  0.00 3.00
12 -2.000 GY 0.00 3.00
13 -2.000 GY 0.00 3.00
14 -2.000 GY 0.00 3,00
15 -2.000 GY 0.00 3,00
16 -2.000 GY 0.00 3.00
17 -2.000 GY 0.00 3.00
18 -2.000 GY 0.00 3.00
19 -2.000 GY 0.00 3.00
20 -2.000 GY 0.00 3.00
**+TOTAL APPLIED LOAD { MTON METE ) SUMMARY (LOADING 19
SUMMATION FORCE-X = 0.00
SUMMATION FORCE-Y = -120.00
SUMMATION FORCE-Z = 0.00
SUMMATION OF MOMENTS AROUND THE ORIGIN-
M%= 0.00 MY= 0.00 Mz= -720.00
LOADING 2 FUERZA LATERAL
JOINT LOAD - UNIT MTON METE
JOINT  FORCE-X  FORCE-Y FORCE~2 MOM-X MOM-Y MOM-2

C:\Mis documentosursas\stadpro\ejemplos\marcodn. ANL
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*»»*TOTAL APPLIED LOAD
SUMMATION FORCE-X
SUMMATION FORCE-Y

++
R
++
++
++

1-
6
11
16
21

VIGA OCHO CLRRCS

2.00
4.00
6.00
§.00

10.00_,

0.00
0.00
0.00
0.00

.00

SUMMATION FORCE-Z

(

30.
0.
0.

0.00
0.00
0.00
0.00
0.00

00
00
00

0.00
0.00
0.00

©0.00

. 0.00

SUMMATION OF MOMENTS AROUND THE ORIGIN-

MX:

0.00

MY=

0.00 M=

Processing Element Stiffness Matrix.
processing Global Stiffness Matrix.
Processing Triangular Factorizaticn.
calculating Joint Displacements.

Calculating Member

Forces.

»=+TOTAL REACTION ( MTON METE ) SUMMARRY

LOADING

5

UM-X=

1

0.00 SUM-Y=

120.00

SUMMATION OF MOMENTS AROUND ORIGIN-

MX=

0.00 MY=

0.0

SUM-2Z=

c Mz2=

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY -

JT

1c

EXT
INT X

.00
. G0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.0C
.00
.00
.00
.00
-Q0
.00
.00
0.00

OOOOOOOOOOOOOOOOOOO

EX/

EXT
INT

-3
3
-6.
6.
-6.

FY/
FY

.00
.00

00
00
00

.00
.00
.00
.ao
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

INT F2

£.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.0C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00

EXT FZ/

0.00

C:AMis documentas\cursos\siadpro‘ejeraplosimarcoén. ANL

EXT MX/
INT MX

0.00
0.00
c.00
0.00
0.00
6.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
£0.60
0.00
0.00

0.00
0.00
0.00
0.00
0.00

e e -

0.00
0.00
0.00
0.00
¢.00

-- PAGE NOG.

MTON METE )} SUMMARY (LOADING 2)

-330.0

1:29:31
1:29:31
1:29:31
1:29:31
1:29:31

0.00

720.00

EXT MY/
INT MY

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
G.00
0.00
.00
0.00
0.00
0.00

0

EXT MZ/
INT MZ

-1.50
1.50
¢.00
0.00
0.00
¢.00
0.0G
0.00
1.50

-1.50

-1.50
1.50
0.00
0.00
0.00
0.00
0.00
0.00
1.50

-1.50

=
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11 c.00 -3.00 0.00 0.00 0.00 -1.50

0.00 3.00 0.00 0.00 0.00 1.50
12 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.60 0.00 0.00 0.00
VIGA OCHQ CLAROS -- PAGE NO.
13 0.00 ~6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.00
14 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.00
15 0.00 -3.00 0.00 0.00 0.00 1.50
0.00 3,00 0.00 0.00 0.00 -1.50
16 0.00 -3,00 0.00 0.00 0.00 -1.50
.00 . 3.00 0.00 0.00 0.00 1.50
17 0.00 -6.00 0.00 0.00 0.00 6.00
0.00 6.00 0.00 0,00 0.00 0.00
18 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.00
19 0.00 -6.00 0.00 6.00 0.00 ¢.00
0.00 6.00 0.00 0.00 0.00 ¢.00
20 G.00 -2.00 0.00 ¢.00 0.00 1.50
0.00 3.00 0.00 0.00 0.00 -1.50
21 0.00 -3,00 0.00 ¢.00 0.00 -1.50
0.00 3.00 0.00 0.00 ~0.00 1.50
22 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.00
23 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.00
24 0.00 -6.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 g.00 0.00 0.00
25 0.00 -2.00 0.00 0.00 0.00 1.50
0.00 3.00 0.00 0.00 0.00 -1.50
26 0.00 0.00 0.00 0.00 0.00 0.00
-0.27 -15.62 0.00 0.00 0.00 0.27
27 0.00° 0.00 0.00 0.00 0.00 0.00
-0.01 -29.30 0.00 0.00 0.00 0.02
28 0.00 0.00 0.00 0.00 0.00 0.00
0.00 ~36.17 0.00 0.00 0.00 0.00
29 0.00 0.00 C.00 0.00 0.00 ¢.00
0.01 -29.30 0.00 0.60 0.00 -0.02
30 0.00 0.00 0.00 0.00 0.00 0.00
0.27 -15.862 0.00 0.00 0.00 -0.27

LOADING 2

SUM-X= -30.20 SUM-Y= 0.00 SUM-Z= 0.00
SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MYe= 0.00 Mz= 330.00
EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

JT EXT FX/ EXT FY/ EXT FZ/ EXT MX/ EXT My/ EXT MZ/
INT FX INT FY INT P2 INT MX INT MY INT MZ

C:\Mis documentios\cursos\suadpro‘ejemplosimarcodn. ANL



1 2.00 0.00 0.00 0.00 0.co 0.00

-2.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

VIGA OCHO CLAROS -- PAGE NO.
3 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 .-- - 0.00 — . 0.00 .- .0.00
4 0.00 0.00 6.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
3 4.00 ¢.00 0.00 0.00 0.00 0.00
-4.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 .00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 c.00 0.00 0.00 0.00 0.00
0.00 .00 0.00 0.00 6.00 0.00
10 D.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
11 6.00 0.00 0.00 0.00 0.00 0.00
-6.00 0.00 0.00 0.00 0.00 0.00
12 0.00 C.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
13 0.00 0.00 0.00 0.00 0.00 0.00
C.00 0.00 ¢.00 __  0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
16 8.00 0.00 0.00 0.00 0.00 0.00
-8.00 0.00 0.00 0.00 0.00 0.00
17 0.00 ° 0.00 c.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00 0.00 0.00
C.C0 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
21 10.00 0.00 0.00 0.00 0.00 0.00
-1C.00 0.00 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00 0.00 0.00
- .00 0.00 6.00 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00 0.00 0.00
0.00 .00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 ° 0.00
25 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 0.00 0.00 0.00 0.00
5.13 23.71 0.00 0.00 0.00 -10.02
27 0.00 0.00 0.00 0.00 0.00 0.00
: 6. 64 -1.38 0.00 0.00 0.00 -11.49
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28

28

30

0.00
6.52
0.00
6.62
0.00
5.09

0.00
-0.04
0.00
1.29
0.00
-23.58

VIGA OCHO CLAROS

LOAD COMBINATION NO.

COMBINACION

LOADING- 1.
FACTOR - 1.00

2.
1.00

3

{SUMA DE AMBAS)

0.00
0.00
0.00
0.00

£ 0.00

0.00

0.00
0.00
¢.00
0.00
0.00
0.00

«s#xwrex+x+* END OF DATA FROM INTERNAL STORAGE *¥¥+*#wwx¥wx

44,

PRINT SUPPORT REACTION ALL

VIGA QCRHO CLARQOS

SUPPORT REACTIONS -UNIT MTON METE

27

28

29

30

LA R K R E RS KX L 2 22

45.

LOAD

wl\)l—'wll\)!—‘ml\)l—‘ml\)l—'wmb—‘

FINISH

FORCE-X

0.27
-5.13
-4.86

0.01
-6.64
-6.63

0.00
-6.52
-6.52
-0.01
-6.62
-6.63
-0.27
-5.08
-3.36

FORCE-Y

15.

62

-23.71

-8.
29.

1.
3C.
30.

0.
30.
29.
.29
28.
15.
23.
39.

-1

09
30
3B
&7
17
04
21
30

01
62
58
19

END OF LATEST

STRUCTURE TYPE

FORCE-2Z

0.00
0.60
0.00
¢.00
0.00
€.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

M

oM-X

G.00
0.00
0.00
0.00
G.00
0.00
0.00
0.00
0.00
0.00
0.00
C.00
0.00
0.00
0.00

ANALYSIS RESULT *w*wwwawwwwswss

LA S R R E RS EE X L L X END OE‘ STAAD_III LA R B A RS A R 2L 2 X

**»+ DATE= SEP 24,2001

TIME=

1:29:31 ww++

AR AR R A S AR LR Rl sl R K BR R EEX IR R FUECE R g Y

* FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM

L

* West
* East

Coast:
Coast:

RESEARCH ENGINEERS,

Ph-
Ph-

(714} 974-2500

{978)

688-3636

Inc
Fax-
Fax-

at
{714)
(978)

921-2543
685-7230

-
o
L
-

LESA A X RS LS A Rl Rl AR R s KR 2L R 1 X2 R EE R Ry gt g R g X 3

C:\Mis documentos\curses\siadpro'ejemplos\maroo4n. ANL

0.00 0.00
0.00 -11.36
0.00 " 0.00 |
.00 -11.45
g.00 . _ 0.00 .
g.00 -9.85
-~ PAGE NO.
-- PAGE NO.
= PLANE
MOM-Y MOM Z
0.00 -0.27
0.00 10.02
0.00 9.75%
0.00 -0.02
0.00 11.48
0.00 11.48
0.00 0.00
.00 11.36
0.00 11.36
~ 0.00 0.0z
0.00 11.45
0.00 11.47
0.00 0.27
0.00 9.95
0.00 10.22
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1331 kN
——-

N422 kN
H—

1283 kN
-

1105 kN
— -

B87 kN
— —

1439 kN
—-—

1269 kN
—— —

e ? 2

ez

& oz

Whole Structure Loads 262.764kN.1m 2 FUERZAS L ATERALES PARA RIGIDECES

Pt Tema/Deme, 24/08/2001 18.08
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[ Job Mo Shast Mo
& :
; Part )
Softwars koarmed I Uninown Ueer _
| Job T Rat ]
f By Date 24-Sep-01
== Fio mard-2d-10n.std | D% 245002001 1
. Section Properties
" [Prop Section Arga by = J Material
(m?) (m") (m*) (m")
1 Rect 0.95X0.85 0.902 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 Density a
(kNmm?) | (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 12E -12
3 Aluminum 70.000 26.316 0.330 26.600 23E -12
Supports
Node X Y Z rxX__ rY 174
(kN/mm) {KN/mm) {kN/mm) {kN/rad) (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 Fixed -Fixed Fixed Fixed Fixed Fixed
5 Fixed Fixed } Fixed Fixed Fixed Fixed
Releases
There is no data of this type.
Basic Load Cases
Number Name
1 PESO PROPIO
2 FUERZAS LATERALES PARA RIGIDECE!

Combination Load Cases

There is no data of this type.

P Tire/Date: 200020011 16:05

STAAD/Pro for Windows Release 3.1

Privt R £



| Job Mo Shast Mo Rev
& .
! Pant
Software kosnmed 10 Uniknown User
i Jab T Rt
: & Du 24 Sep-01 G -
— Fie mar3-20-10n.std | Deweme 24 S00.2001 16:

Beams Cont...

Beam | Node A | Node B | Length [Propertyl B
(m) degraes B
) 24 25 8.000 2 0
a7 21 26 3.500 1 0
28 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 v
23 27 28 8.000| 2 0 .
44 28 29 8.000 2 0
45 29 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 T 0
52 32 a3 8.000 2 0
55 31 36 3.500 1 0
56 32 37 3.500 1 0
57 33 38 3.500 1 0
60 36 37 B8.000 2 0
61 37 a8 8.000 2 0
64 36 41 3.500 1 0
85 37 42 3.500 1 0
86 38 43 3.500 1 0
89 41 42 8.000 2 0
70 42 43 8.000 2 0
73 41 46 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 47 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
Print Tuma/Dia: 240672001 1800 STAAD/Pro for Windows Reiasss 3.1 Prrint Run 4 of



& :
& _ _
Software oanesd 10 Linknown Lser -
Jab Tive Rt
- By Dew24 Sap-01 (-] -
= P mard20-10nmd | W1 24-Se2001 18
Beams -
Beam [ 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 ¢ 5.000 1 0
5 5 10 5.000 1 0
6 6 7 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 11 3.500 1 0
1 7 12 3.500 1 0
12 8 13 3.500 1 0
13 9 14 3.500 1 0
14 10 15 3.500 1 0
i5 1 12 8.000 2 0
16 12 13 8.000 2 0
17 13 14 8.000 2 0
a1 14 15 8.000 2 0
18 11 18 3.500 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 ]
27 19 20 8.000 2 0
28 16 21 3.500 1 0
28 17 22 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 8.000 2 0
35 23 24 8.000 2 0
Prnt Tira/Date. 24/00/2004 10:08 STMDImeu'wﬂdeguaaj FHIMSJ



! k[ { Part
h So o i) LirucrDwn Lear
} dob Tow add .
; By De=24-Sep-01 O
G Fi* mer3-2d-10n.std | Ot v 24-5-9-2001715:
!
=: Nodes Cont... -
. [Node| X Y F2
(m) (m) (m)
13 16.000 8.500 0.000
14 24.000 8.500 0.000
15 32.000 8.500 0.000
16 0.000 12.000 0.000
. 17 8.000 12.000 0.000
i 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
30 32.000 19.000 0.000
31 0.000 22.500 0.000
32 8.000 22 500 0.000
a3 16.000 | 22.500 0.000
36 0.000 | 26.000 0.000
a7 8.000 | 26.000 0.000
38 16.000 26.000 0.000 i
41 0.000 29.500 0.000
42 8.000 | 29.500 0.000
43 16.000 29.500 0.000
46 0.000 33.000 0.000
47 - 8.000 33.000 0.000
48 16.000 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
1
‘;urrrmzmmm 18:.09 STMDPNMWIMMRMS1 Print R 2 of



Job Mo Shast Mo L
Fér 1
A - -
. Software icared © Unknoen Ler —
Txob Tea Rl
By Dear24-Sep-01
+ Conrt P mgr3-2d-10n.std | DmaTeme 24 Sep-2001 16

Job Information

Enginoer Checked Approved
Name:
Date: 24-Sep-01
| Structure Type | SPACE FRAME |
Number of Nodes 45 | Highest Node 53
Numiber 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. ;
{ Al | The Whole Structure 1
Included in this printout are resufts for load cases:
Type uc Name
Primary 1 PESO PROPIO
Primary - 2 FUERZAS LATERALES PARA RIGIDECE:!
Nodes
Node X Y b4
{m) {m) (m)
1 0.000 0.000 »0.000
2 8.000 0.000 0.000
3 16.000 0.000 0.000 *
4 24.000 0.000 0.000
5 32.000 0.000 0.000
6 0.000 5.000 0.000
7 8.000 5.000 0.000
8 16.000 5.000 0.000
g 24.000 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
Pratt Tima/Date: 24/0G/2001 18:0% STAAD/Pro for Windows Reieass 3.1 Print Run 1 ¢
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JOINT

1B
19
20
21
22
23

24

MARCOS TIFO

JOINT DISPLACEMENT {CM RADIANS)

5
&

[ IETU S I SR SR SR SR NIRRTl ST S N R E N S B N B I S B SR I S SRt N B S e I T

N RN H R RN e

X-TRANS

0.0000
0.0000
c.0000
0.0000
0.0000
0.0000
£.0000
0.0000
¢.0000
0.0000
~G.0024
4.30832
-0.0017
4.3180
=-0.001¢C
§.3054
-(.0004
4.2746
¢.0002
4.2179
-0.0035
8.7115%
=-0.0032

6402

-0.0030

8.

5935

-0.0028

8.

5620

-0.0027

8.

5491

-0.0064
13.0045
~0.0063

12.

9115

-0.0060

12.

8564

-0.0059

12.

8268

-0.0058

2.

8226

-0.0103

17.
-0.
156,
-0.
16,
-0,
16.

0098
0102
8814
0102
7878
0093
1773

JOINT

2%

26

27

28

29

30

LOAD

HANEHENRHRRNRERNENPE

X-TRANS

-0.
16.
-0.
20.
L0134
. 7485
.0140
20.
.0160
.0870

-0
20
-0

-0
20

=-0.

0097
7474
0131
9477

4624

0175

Y~-TRANS

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
-0.
0.
-0.
0.
=-0.
=-0.
=0.
=-0.
-0.
-0.
=0.
0.
-0.
0.
=-Q.
=-0.
=0.
-0.
-0.
-0.
=-0.
0.
=-0.
0.
=-0.
-Q.
-0.
=0,
-0.
=-0.
-0.
0.
-0.
0.
-0.
=0.
-C.
-0.

Q000
0000
0000
0000
0000
aooo0
00490
gooo
0000
0000
0269
2117
0337
0006
0303
0897
0174
0048
0128
1178
0436
3415
0545
0019
0488
1528
0268
Q087
0197
1820
0583
4525
0729
0039

‘0650

2164
0337
0127
0246
22713
0711
5460
og9c
0061
0787
2809
03g
0167

Y~-TRANS

=0.
-0,
=0.

0.
~-0.

0

~0
-0

0277
2545
0B20
6232
102¢

.0091
=0.
=-0.
=0.

0900
3464
0400

.0200
.0289

Z-TRANS

0.0000
0.0000
0.0000
¢.0000
0.0000
0.0000
0.0000
0.0000
0.0000
©.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
0.000¢
0.0000
0.000¢
0.0000
0.0000
0.0000
0.0000
G.0000
0.0000
G.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

EN X (PARA TORSIN, fMM)

Z-TRANS

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

C:\Mis documentosicursasistadpro\ejemplosinard-2d-10n ANL

X-ROTAN

0.0000
0.0000

0.0000°

0.0000
0.0000

0.0000 __

0.0000
0.0000
0.0000
Q.0000
0.0000
0.0000
0.0000
0.0000
0.6000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00090
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
o.o0o0C
0.0000
0.06000
0.0000
¢.0000
0.00¢0
0.0Q00
0.0000
0.0000
0.0000
0.0000
0.0000

X=-ROTAN

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

¥-ROTAN

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
C.0000
0.0000
0.0000
0.0000
0.0000
0.0000
$.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
G¢.0000
0.0000
0.0000
0.0000
C¢.0000
0.0000
0.0000
0.0000
£.0000
0.0000
0.0000
0.0000
0.0000
0.0000
€.0000
0.0000
0.0000
0.0000
c.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
c.Q0o0

Z-ROTAN

0.0000
0.0000
0.0000
0.0000
0.0000
G.ooQe
0.0000
0.0000
0.0000
0.0000
©.0000
-0.0113
0.0000
-0.0100
0.0000
-0.0099
0.0000
-0.0098
0.0000
-0.0121
0.0000
-0,0116
0.0000
-6.0106
0.0000
-0.010%
0.0000
-0.0105
0.0000
-0.0115
0.0000
=-0.0109
0.0000
-0.0100
0.0000
-0.0100
0.0000
-0.0100
0.0000
-0.0109
0.0000
-0.0104
0.0000
-0.0054
0.0000
-0.00%0
0.0000
-0.0091

-= PAGE NO,

STRUCTURE TYPE = PLANE

Y~-ROTAN

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

Z=-ROTAN

g.0000
-0.0095
0.0000
-0.0107
0.0000
-0.0099
0.0000
-0.0097
0.0000
-0.0060
0.0000



16 111.60
-111.60

17 ¢.00
0.00C

18 0.0¢
0.0¢

19 0.00
0.00

20 0.00
8.00

21 129.40
-129.40

22 0.00
0.00

23 0.00
0.60

24 0.00
0.00

0.00

0.00
0.00
0.00
0.0¢
0.0C
0.00
0.00
0.00
G.00
c.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
Q.00
0.0
0.00
0.00
0.00
0.00
0.0¢
0.00C
0.0cC
0.00
0.00
0.00

MARCQOS TIPO EN X (PARA TORSIN, FMM)

25 Q.00
26 14¢.70

-146.70
27
28
2%
30

31

- o
OO0 CORNOQOOCOO0COOoOO0OCO OO0
o
o

3z

w
th
I
[

3
bt

e
*

—
w
o
@
n

~130.8%

42 .00
0.00

43 0.00
g.c0

46 145.00
-145.00

47 0.0C
0.0C

48 .00
-G.00

31 138,70
-135.70

52 ¢.00
0.00

52 g.o0
0.00

0.00
0.00
.00
G.oo
0.00
0.00
.00
Q.00
0.00
¢.00
G.o0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
C.0C
0.006
0.00
0.Q0
0.00
¢c.o00
g.oc
g.oc
G.00
0.00
0.00
0.00
Q.00
¢.oc
0.00
0.00
0.00
0.00
0.00
¢.0cC
c.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
0.00
0.0C
0.00
0.00
0.00
.00
0.00
.08
0.00
0.00
0.00
G.00
0.00
0.00
0.00
0.00
0.00
£.00
c.00
0.00
0.00
0.00
0.00
.00
C.00
0.00
0.00

¢.00
Q.00
0.00
¢.00
0.00
c.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
G.0C
0.00
.00
0.00
0.00

¢.00
0.00
J.00
¢.0C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
c.o0
c.oC
¢.oe
0.00
0.00
0.00
c.00
¢.00
0.00
0.00

0.00 -

c.0c
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
Q.00
0.00
0.00
0.0C
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
Q.00
0.00
0.00
0.00
0.00
0.00
0.0Q
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
0.900
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
c.o0
0.00
0.00
0.00
0.0C
0.0C
0.00
0.00
0.0C
.00
0.00
0.00
0.00
0.00C
G.00
€.00

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

-- PAGE NO.

0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.c¢
Q.00
0.00
0.00
0.00
.00
0.0¢C
0.00
0.00
0.00
0.00
0.00
.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
0.00
0.00

vvsrvsweeses END OF DATA FROM INTERNAL STORAGE **evevivvwee

56. PRINT JOINT DISFLACMENTS ALL

MARCOS TIPO EN X (PARA TORSIN, FMM)

JOINT DISPLACEMENT {CM RADIANS)

== PAGE NO.

STRUCTURE TYPE = PLANE

C:\Mis documentos\cursos'siadpro\cjiempiosunar3-2d- 1 On ANL
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0.09 10.77 0.00 0.00 0.00 -4.26

36 0.00 -10.77 0.00 Q.00 0.00 -4.26
0.00 10.77 0.00 0.00 0.00 4.26
37 0.00 -13.9¢6 c.00 0.00 .00 0.00
0.C0 13.9¢ ¢c.oo 0.00 .00 0.00
38 0.00 -10.77 0.00- --— @00 "0.00 4.2¢
¢.00 10,77 ¢.00 0,00 a.00 -4.26
41 .00 ~-10.77 0.00 0.00 .00 -4.26
0.00 10.77 0.00 0.00 0.00 4.26
42 0.00 -13.896 0.00 0.00 0.00 0.00
0.00 13,96 ¢.00 c.00 0.00 0.00
43 0.00 =-10.77 £.00 0.00 0.00 T4.26
0.00 ic.77 0.00 0.00 0.00 -4.26
46 0.00 ~10.77 0.00 0.00 0.00 -4.26
0.00 1c.77 €.00 0.00 0.00 4.26
47 ¢.00 -13.97 0.00 0.00 0.00 0.00
0.co 13.97 0.00 0.G0 0.00 0.00
48 c.00 -10.77 0.00 0.00 0.00 4.26
0.00 10.77 0.00 0.00 0.00 -4.26
51 ¢.00 -6.98 0.00 0.00 0.00 ~4.26
0.00 6.98 0.0C 0.00 0.00 4.26
52 .00 =-10.17 6.00 ¢.00 0.00 ¢.00
0.00 10.17 0.00 .00 0.00 c.00
&3 c.0¢ -6.98 Cc.00 0.00 €.00 §4.26
0.00 6.98 0.00 0.6C c.00 -4.26
LOADING 2
SUM-X= -1130.65 SUM-Y= 0.00 SUM-I= 0.00

SUMMATICON OF MOMENTS ARQUND CRIGIN-
M= 0.00 M¥= C.00 MiI= 25627.40
MARCOS TIPO EN X (PARA TORSIN, FMM) == PAGE NO.

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

JT EXT FX/ EXT FY/ EXT F2/ EXT MX/ EXT MY/ EXT Mz/
INT FX INT FY INT FZ INT MX INT MY INT M2Z

i 0.00 g.co 0,00 0.00 . 0.00 0.00
195.753 845.84 0.00 0.00 Q.00 -838.75

z 0.00 .00 Q.00 .00 0.00 0.00
245.65 2.33 0.00 c.00 0.00 -913.66

3 0.00 ‘0.00 0.00 0.0¢C 0.00 0.00
245.67 -358.40 0.00 c.00 0.00 =912.17

4 0.00 0.00 0.00 c.00 0.00 0.00
244 .08 -19.08 0.00 0.00 0.00 -905.87

5 0.00 0.0C 0.00 0.06 0.00 0.00
195.5¢4 -470.69 0.00 0.00 0.00 -821.13

€ 45.25 0.00 c.00 0.00 0.00 0.0C
-45.25 0.00C .00 0.00 0.00 0.00

7 0.00 ¢c.oc 0.00 0.0C 0.00 0.00
0.00 0.00 0.00 0.900 0.00 0.00

& ¢.0¢c 0.00 c.00 0.00 0.00 0.00
.00 0.00 0.00 0.00 0.00 0.00C

9 0.00 0.00 0.00 0.00 0.00 0.00
.00 0.00 0.00 0.00 0.00 o0.oc

10 0.0C 0.00 0.00 0.00 0.00 0.00
0.00 0.C0 0.00 0.00 0.00 0.00

11 83.00 .00 0.00 0.00 0.00 0.00
-84 AN n an nonn nonn noon n nn



JT EXT FX/ EXT FY/
INT FX INT FY
1 0.00 -5.41
-0.64 -107.4%
2 0.CC ~5.41
0,10 ~134.53
3 0.00 -5.41
0.05 =121.18
4 0.00 -5.41
6.11 -60.44
5 .00 -5.41
0.59 -51.29
6 0.00 -12.40
0.00 12.40
7 0.00 -15.59
c.00 15.59%
] C.00 -15,59
0.00 15.59
9 0.00 -15.59
0.00 15.59
10 0.00 ~12.40
0.00 12.40
11 c.00 -10.77
0.00 10.77
12 0.00 ~-13.96
G.00 13.96
13 0.00 -13.96
0.00 13.97
14 0.00 -13,9%96
0.00 13.97
15 0.00 =10.77
0.00 16.77
16 0.0G -15.77
0.00 16.77
17 0.00 -13.96
0.00 i3.96
ig 0.00 -13.96
G.00 12.96
19 ¢.00 -13.96
0.00 13.96
20 ¢.00 -10.77
0.00 1¢.77
21 0.0C -16.77
0.G0 10.77
22 0.00 -13.96
c.00 13.96
MARCOS TIPO EN X
23 c.co -132.96
C.00 13.97
24 6.0 -13.96
0.00 13.97
25 £.00 -10.77
0.0C 10.77
26 ¢.Co -10.77
2.00 10.77
27 0.00 -13.96
0.00 13.97
28 0.co -13.98
0.00 13.97
29 0.00 -10.17
0.00 10.17
30 0.00 -6.98
6.00 6.98
31 0.00 -10.77
0.00 10.77
3z 0.00 -13.9¢
0.00 13.97
33 0.00 -10.77

EXT FZ/

INT F2

0.00
0.00
0.00
.00
0.00
0.00
0.00
Q.00
C.00
0.00
0.C0
0.00
c.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
06.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢C
¢.00
0.00
0.00
0.00C
0.0¢C
¢.o00
0.00
0.00

{PARA TORSIN, FMM)

0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
c.o0
Q.00
0.0C
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

EXT MxX/
INT MX

g.o0
.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
c.o0
.00
0.00
.00
0.00
.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
g.oc
0.00
0.00
0.00
0.0C
0.00
0.00
d.00
.00
0.00
0.00
0.00
Q.0c

0.00
¢.oc
0.00
0.00
0.00
0.00
9.0C
0.0C
.00
G.00
0.00
0.00C
0.00C
0.00
0.00
0.00
g.ocC
0.00
0.00
0.00
0.00

C:\Mis documentos'\cursos\siadpro'ejemplosunar3-2d-10n. ANL

EXT MY/
INT MY

¢ + = o+ = a2 » A ®

4 o

COOOOO0OO0O0O0C00O0OCO0DO0OO0O00DQ
QOO0 000LO00DCCO0DLDODOO0D
0O0O0000C00O00DODODO0OO0ODO G

oo OO0 OO0 0000 C D000 CO0ODOO
& s s 3 s 4 = w . % » a & a r w e & m2 ® uw a =
[eNeoN=N-RollsNoNaNosNole ool Nolole o lolelNoNelae Rl
O000CO0O0DAO0CO0O00CCO000DO0DDODOOCOO0O

0.00

0.00
0.00
.00
0.C0
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
D.00

EXT M2/
INT M2

0.00
1.32
6.00
.36
0.00
0.04
0.00
-0.12
0.00
-0.97
-4.26
§4.26
0.00
0.00
0.00
Q.00
.00
0.00
4.26
-4.26
-4.26
4.26
0.00
0.00
0.00
0.00
.00
0.00
4.26
-4.26
-4.286
4.26
0.00
0.00
0.00
.00
g.00
0.00
4.26
-4.26
-4,.26
1.26
0.00
0.00

-~ PAGE NO.

0.00
0.00
0.00
0.00
4.26
-4.26
-4.26
4.26
0.00
0.00
0.00
c.00
.00
0.00
4.26
-4.26
-4.26
4.26
0.00
0.00
4.26
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PROBLEM STATISTICS
NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 45/ 10/
ORIGINAL/FINAL BAND=-WIDTE = 5/ 5
TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 120
SIZE OF STIFFNESS MATRIX = 2160 DOYBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.11/°2047.7 MB, EXMEM = 1817.8 MB

tn

MARCOS TIPO EN X (PARA TORSIN, FMM) -- PAGE NO.

LOADING 1 PESO PROPIC

SELFWEIGHT Y -1.000
ACTUAL WEIGHT OF THE STRUCTURE = 511.005 MTON

»»»TOTAL APPLIED LOAD ( MTON METE ) SUMMARY {LOADING 1)

SUMMATION FORCE-X = 0.00
SUMMATION FORCE-Y = -511.00
SUMMATION FORCE-Z = 0.00

SUMMATION OF MOMENTS ARQUNC THE ORIGIN-
MY = 0.00 My= 0.00 MZ= -6755.64

LOADING 2 FUERZAS LATERALES PARA RIGIDECES

JOINT LOAD - UNIT MION METE

JOINT FORCE-X FORCE~-Y FORCE~-2 MOM~X MOM-Y MOM-Z
51 135.70 0.00 0.00 0.00 0.00 0.00
46 145.00 0.00 0.00 0.00 0.00 0.00
41 130.8% 0.00 0.00 0.00 0.00 0.o0
36 112.70 a.00 0.00 0.00 0.00 0.00
31 90.45 0.00 0.00 0.00 0.00 0.00
26 146.70 0.00 0.00 0.00 0.00 0.00
21 129.40 Q.00 0.00 0.00 0.00 0.00
16 111.60 0.00C 0.00 0.00 0.00 0.60
11 83.00 0.00 0.00 0.00 0.00 0.00
[ 45.25 .00 0.00 0.00 0.00 0.00

+*+TOTAL APPLIED LOAD ( MTON METE ) SUMMARY (LOADING 2)
SUMMATION FORCE-X = 1130.65
SUMMATION FCRCE-Y = 0.0cC
SUMMATION "FORCE~Z = 0.00
SUMMATION OF MOMENTS AROUND THE ORIGIN-
M= 0.060 MYe 0.00 MZ=- ~25627.40

++ Proceasing Element Stiffness Matrix. 16: T:45

++~ Processing Global Stiffness Matrix. 16: 7:45

++ Processaing Triangular Factorization. 16: 7:45

++ Calculataing Joint Displacements. 16: 7:45

«+ Calculating Member Forces. 16: T:45

»+»«TOTAL REACTION { MTON METE } SUMMARY

LOADING 1
MARCOS TIPC EN X (PARA TORSIN, MM -- PAGE NO.
SUM=X= 0.00 SUM-Y= 511.00 SUM-I= 0.00

SUMMATION OF MOMENTS AROUND ORIGIN-
MY = .00 MY= 0.0 MIm 6755.64

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

C:\Mis docwnentos'cursos stadproejenpios\nar3-2d-10n.ANL



1. STAAD PLANE MARCOS TIPO EN X (PARA TORSIN, MMM}

2. START JOB INFORMATION -

3. ENGINEER DATE 24-SEP-0l

4, END JOB INFORMATION

5. INPUT WIDTH 72

6. UNIT METER MTON

7. JOINT COORDINATES

E. 100 0; 28B00; 31600 42400; 53200; 605407835
9. 8 16 5 0; 9 24 5 0; 10 32 5 0; 11 0 6.5 0; 12 8 8.5 0; 13 16 8
10, 14 24 8.5 0; 15 32 8.5 0; 16 0 12 0; 17 8 12 0; 18 16 12 0; 18

PP TR TR PTEEI TR PR AR L L L L R A b d il

STAAD/Pro STAARD-III
Revision 3.1
Proprietary Program of
RESEARCH ENGINEERS, Inc.
Date= SEP 24, 2001
Time= 16: 7:45

.k ¢t K o
L RN P

USER ID: Unknown User

P e TS TR RS AL RS R S AL L R L AL Al h bl il b

PAGE NO.

0
.5
24

11, 20 32 32 07 21 0 15.5 0; 22 8 15.5 0; 23 16 15.5 0; 24 24 15.5 0
12. 25 32 15.5 0:; 26 0 19 0; 27 8 19 0; 28 16 19 0; 29 24 19 0; 30 32
22.5 0; 32 8 22.5 0; 33 16 22.5 0; 36 0 26 0; 37 8 26 0

26 0; 41 0 29.5 0; 42 8 29.5 0; 43 16 29.5 0; 46 0 33 0
33 0; 48 16 33 0; 51 0 36.5 0; 52 8 36.5 0; 53 16 3€.5 0

13, 310

14. 36 16
15. 47 8

16, MEMBE
17.011 6
18, 10 &

19. 17 13
20. 24 1§
21. 31 19
22, 38 22
23. 45 29
24. 56 32
25. 69 4l
26. B2 46
27. START
28, _COLU
2g. 31 30
30, _VIGS
31. Z4 18
32. END

33. MEMBE
34. _COLU
35. _VIGS

R INCIDENCES

;22 7; 3 38B; 4489;:5510; 667; 7 78; 88 9;

11; 11 7 12; 12 8 13; 13 9 14; 14 10 15; 15 11 12;
14; 18 14 15; 19 11 16; 20 12 17; 21 13 18; 22 14
17; 25 17 18; 26 18 19; 27 19 20:; 28 16 21; 29 17
24; 32 20 25; 33 21 22; 34 22 23; 35 23 24; 36 24
27; 39 23 28; 40 24 29; 41 25 30; 42 26 27; 43 27
30; 46 26 31; 47 27 32; 48 28 33; 51 31 32; 52 32
37; 57 33 3B; €0 36 37; 61 37 38; 64 36 41; €5 37
42; 70 42 43; 73 41 46; 74 42 47; TS 43 48; T8 46
51; B3 47 52; B4 48 53; 87 51 52; 88 52 53
GROUP DEFINITION

g 910
16 12 13

1l9;
22;
25;
28;
33;
42;
47;

B4 B3 BZ 75 74 73 66 65 64 57 56 35 48 47 46 41 40 39

29 2B 23 22 21 20 19 14 13 12 11 10 54 3 2 1

88 87 79 76 70 €9 61 60 52 51 45 44 43 42 36 35 34 33

17 16 15 9 8 7 6

R PROPERT} AMERICAN
PRIS YD 0.95 2D 0.95
PRIS YD C.%5 zD 0.35

36, CONSTANTS

37, E 2.2

136E+006 ALL

38. DENSITY 2.4 ALL
39, SUFPORTS

40, 1 TC
4i. LOATD

MARCOS T

S FIXED
1 PESO PROPIO

IPO EN X {PARA TORSIN, FMM)

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

44. JOINT
45. 51 FX
46. 46 X
47. 41 F¥X
48, 38 FX
49. 31 FX
50. Ze FX
51. 21 FX
52. 16 FX
53. 11 FX
54. 6 FX

LOAD
135.7
145
130.85
112.7
90.45
146.7
129.4
111.6
83
45.25

S5. PERFORM ANALYSIS PRINT ALL

C:\Mis documentos\cursos\stadpro\ejemplos\mar3-2d-10a.ANL

23
30
37
44
55
66
79

3B

27

-- PAGE NO.

0

12

19

i
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STAAD PLANE MARCOS TIPO EN X (FRRA TORSION, FMM)

START JOB INFORMATION

ENGINEER DATE 24-Sep-01

END JOB INFORMATION

INPUT WIDTH 72

UNIT METER MTON

JOINT COORDINATES

1000; 2800; 31600; 42400;5 32 00; 6050; 785 0;

g 16 5 0; 9 24 50; 10 32 50; 11 0 8.5 0; 12 8 8.5 0; 13 16 B.5 O¢

14 24 8.5 0; 15 32 8.5 0; 16 0 12 0; 17 g 12 0: 18 16 12 0; 19 24 12 O
50 32 12 0; 21 0 15.5 0; 22 8 15.5 0; 23 16 15.5 0; 24 24 15.5 0; .
25 32 15.5 0; 26 6 19 0; 27 8 19 0; 28 16 19 0; 29 24 1% 0; 30 32 19 0;
31 0 22.5 0; 32 8 22.5 0; 33 16 22.5 O/ 36 0 26 0; 37 8 26 O;

38 16 26 0; 41 0 23.5 0; 42 B 29.5 0: 43 16 29.5 0: 46 0 33 0;

47 B 33 0; 46 16 33 0; 51 0 36.5 07 52 8 36.5 0; 53 16 36.5 0:

MEMBER INCIDENCES

116; 227: 338;449;5510; 667 778; 8889; 99 10;

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

17 13 14; 18 14 15; 19 11 16; 20 12 17; 2l 13 18; 22 14 19; 23 15 20;
24 16 17; 25 17 18; 26 18 19; 27 18 20; 28 16 21; 29 17 22; 30 18 23:
31 19 24; 32 20 25; 33 21 22; 34 22 23; 33 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 28 23;
a5 20 30: 46 26 31; 47 27 32; 48 28 33; 51 31 32; 52 32 33; 55 31 36;
s 32 37; 57 33 38; €0 36 37; 61 37 38; 64 36 41; 65 37 42: 66 38 43;
65 41 42; 70 42 43; 73 41 46; 74 42 47: 75 43 48; 78 46 47; 79 47 48:
g2 46 S5i; B3 47 52; 84 48 53; 87 51 52; 88 52 53;

START GROUP DEFINITION

_COLU 84 B3 82 75 74 73 66 65 64 57 56 55 4B 47 46 41 40 39 38 37 32 -
31 30 29 28 23 22 21 20 19 14 13 12 11 10 35 4 321

_VIGS BB 87 79 78 70 €9 61 60 52 S1 45 44 43 42 36 35 34 33 27 26 25 -
74 18 17 16 15 8 B 7 6

END

MEMBER PROPERTY AMERICAN

_COLU PRIS YD 0.95 2D 0.95

“viGs PRIS YD 0.95 ZD 0.35

CONSTANTS

E 2.2136e+006 ALL

DENSITY 2.4 ALL

SUPPORTS

1 TC 5 FIXED

LOAD 1 PESO PROPIO

SELEWEIGHT Y -1

LOAD 2 FUERZAS LATERALES PARA RIGIDECES

JOINT LCAD

51 FX 135.7

46 FX 145

41 FX 130.8% T
36 FTX 112.7

31 FX 90.45

26 FX 14€.7

21 FX 128.4

16 FX 111.6

11 FX 83

€ FX 45.25

PERFORM ANALYSIS PRINT ALL

PRINT JOINT DISPLACMENTS ALL

PRINT SUPPORT RERCTION

LOAD LIST 2

PRINT JOINT DISPLACMENTS LIST 53 52 51 48 47 46 43 42 41 38 37 36 33 -
32731 30 29 28 27 26 25 24 23 22 21 20 1% 18 17 16 15 14 13 12 11 10 9 -
g &

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 to area load (i.e. load/area of floor). Load
generation based on one-way distribution is illustrated in this
example.
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1. Select the STAAD. Pro icon from the STAAD.Pro 2001 program
group.

Figure 2. 1

The STAAD.Pro Graphical Environment will be invoked.
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The units in which we wish to create this mode] 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
Metric at the ime 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 appropriate one (English for our case).
Then, click on the Accept button.

TR
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Figure 2.3
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3. To create a new structure, click on the File / New option n the
STAAD Pro screen that opens (as shown in Figure 2.4).

Figure 2. 4

4. In the New File Setup dialog box, choose Floor as the Strucrure
Type and specify an optional Title {A FLOOR FRAME DESIGN
WITH AREA LOAD). Then click on the Nexs button as shown in
Figure 2.5.

Ay

ALOAD




6.

| 25
The next dialog box that comes up prompts us 1o select the tength

and force units in which we wish to start working in. So. specify

the Length Units as Foot, the Force Units as KiloPound and clich

on the Next button as shown in Figure 2.6. Please note that the

input units may be changed subsequently at any stage of building of

the model.

New Fite Setup - Step 2: Specily Unts

ety

Figure 2. 6

This dialog box confirms the information of our previous
selections. Press the Finish button. (see Figure 2.7)

Figure 2.7
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Once we press the Finish button, the STAAD . Pro main window
appears on the screen.

Fhiav—lns-uﬁa—nwmmu._”...a_:». N N
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Figurc 2. 8



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

| Snap Node/Be
B e

Figure 2. 9
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With the help of the mouse, click at the origin (0. 0) to create the
first node. In 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 iocation 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 2. 10
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9. After having created these four beams and five nodes, let us close

the Snap Node/Beam dialog box.
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a_—ﬁ.&:.—khﬁe*ﬁ.s-. ST -'i“l-nm"'“_“

10. 1In order to display the node and heam 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 Fiew
menu from the top menu bar followed by Strucrure Diagrams, and
the Labels tab of the dialog box that gopens.

View Seiectd Obsects Onp * 7+ -
" Tables.. e ) :
Who!s Struchue--

et Cutn

Relrach _;- Lo ’ LT

Figure 2. 13
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{ appears, turn the Node Numbers

1. In the Diagrams dialog box tha
m Numbers on and then click on OK.

and Bea

Figure 2. 14

The nodes and beams are now labeled on the drawing.

Figure 2. 15
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12.

o
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iiCreating'Members. §
TR, el § TR D Ea _by:,ﬁ‘f"';-n“_n—"!ii-“‘:{ﬂ_;‘:hm (R )

As shown on the title page of this example, beams 5 1o & are
located at the grid line Z = 10ft. We could create them 1n a manner
similar to what we did for creating beams 1 to 5 by clicking at the
refevant grid points. Alternatively, we may use STAAD's
Translational 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 Select
menu. To select multiple beams, hold down the *Cirl” key while
ciicking on the members.

Figure 2. 16
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Next, go to the Geometry [ Translational Repeal menu option as
shown below.
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13. In the 3D Repear dialog box that opens, specify the Global

Direction as Z, No of Steps as I and the Defaulr Step Spacing as
10ft. Leave the Link Sreps box unghecked. Then. click on OK.

TN cer e aare sas - 4

_— Re ) . N I

> " Oper. Ba-_se

Figure 2. i8

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

Figure 2. 19
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Next, let us spilt member 6 into two parts of length 3ft and 2f1
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.

Figure 2. 20

Alternatively, one may access this option by going to the Geomerry
menu and choosing [rsert Node.

Figure 2. 21
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15. In the Insert Nodes dialog box that opens. specify the Distance as
31, click on the Add New Pornt button, and click on OK.

Insert Nodes into Heam 6 '

o &

Figure 2. 22
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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 2,23

After insertion

Figure 2. 24
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16: Repeat this procedure to split member 7 to create node 1 1. In the
Insert Nodes dialog box. specify the Distance as [.5ft. click on the
Add New Point button, and click on OK.

Figure 2. 25
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18

To create the X direction beams at Z = 25ft, just as we did before.
we can use the Translational Repeat operation by using the X
direction beams at Z = 0 as the basis. Yet another method 1s the
Copy-Paste facility from the Edit menu. To apply this method, we
ficst select members 1. 2, 3, and 4. Click the right mouse button
and choose Copy from the pop-up menu (or ¢lick on the Edit menu
and choose Copy). Once again, click the nght mouse button and
select Paste Beams (or choose Paste Beams from the Edit menu) as

shown below.

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

Pazic with Move
- Morve current ciphoard selechon
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19.

As we click on the OK bution, 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 OK
butten.

5 1AAD Pro for Windows

L]

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 6t long and not 5ft. So, the X co- -ordinates of its end 15
at 11. not 10, To make this change. let us change the co-ordinates
o_fNode 14. To do that. select that node using the Nodes Cursor
Ro The data relating to Node 14 will be highlighted 1n the Nodes
table located in the Data Area.

s AR B ]

kil

E

€ DAk

Figure 2. 30

21. 1In this table. change the value of the X co-ordinate from [0 to [

Figure 2.31
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22, We aiso need to change the co-ordinates of Node 15 from (15, 23)
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 7.5/t and click
on OK.

Move ode: Seleclion I

“Move:

"~ Run Stucture Wized - -




23.

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

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

Figure 2. 33

Then. select Node 1 which has the co-ordinates (0, 0. 0) by

clicking onat. It should be highlighted. To copy that Node. type
Cri+C or select Copy from the Edit menu. To paste, type Ctrl+V or
select Paste Nodes from the Edit menu.

|

T

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

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

f Paste with Move [ %] ‘

Move cuaren cioboard solaction by: . [T -

Figure 2. 35

Notice that a new node (no. 17) appears on the screen.

12
17

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

25, To add a beam between the two newly created nodes (17 and 18).
select the Add Beam option from the Geometry menu. Then. click
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
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26. To create the beam at Z = 35ft, we shall use the Copy-Pasre
technique of the Edit menu, and use Beam no. 14 as the basis.
Select beam no. 14. Copy and Paste it at Z = 7ft. The value 7 is
derived from the fact that Z = 35 is 7ft away 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 to this beam as well. Let us click on the OK button.

Figure 2. 39

The following figure shows the model with the newly created
member 15,

19

Figure 2. 40
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TR T
‘Creating"Members

The remaindet 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 1con L8 (If you are unable to locate the icon, choose
Geometry | Add Beam menu option.) The cursor will change as

shown below.

3

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

.5 Add beam
"between thes }
T podesiarty
7 and 19
17 12 and 17
18 l and 12
19 6 and 13
20 Zand 6
21 10 and 14
22 Jand 7
23 1l and 135
24 4 and 8
28 18 and 20
26 16 and 18
27 9 and 16
28 5and 9

29, Afier adding the beams, switch off the Add Beam icon to stop
adding any more beams.



The structure will now Jlook as shown below:

Isometric View

19

Figure 2. 42

| 2-29
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Plan View
ki ] B
10 11
F2 13 14 15
I?
19

Figure 2. 43
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31

2-31

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 Database button in the Properties dialog box as

shown below.

Sehup

i

|- 77
i

11 T R PR T ]

T2 P

j bt e

Figure 2. 44

In the Selecr Country dialog box that appears. choose the country
name whose steel table you want to use, in our case, American.
Then. click on OK.

Select Country

Figure 2. 45
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32,

In the American Steel Table dialog box, select the W Shape tab
Notice that the field called Material is presently on the “checked”
mode. If we keep 1t that way, the material properties of steel (E.
Poisson, Density, Alpha. eic.) will be assigned along with the
cross-section name. The material property values so assigned will
be the program defauits. We do not want default values, instead we
will assign our own values later on. Consequently, let us uncheck
the Marerial box. Choose Wi2X26 as the beam size, ST 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 5 of the STAAD Technical Reference
Manual.

Charial (7). ange | Tubs | Pes |
Shape _ |7 SSnepe | HPShape | B Shape

" -Typs Specihication -
Uiﬂ?gohonmlfomBs-&i\]' ) :f

T W i0XES st h -‘W_WiaSagtmlr el e =
“hwox100 N nEet
- lwiediz FHHEmcrete Trckness) llJ 3 l!-
\wu:ggg N 7FC {Compaste Strength) IB ) Lapdh2

Wi1ZK19 £ .7C (Top Cover Plate) - :

W/ 222

RN - | ¢ BT (Bottom Cover Piate) ~ %
- View Table l : _:rv,‘rT-BvUop_&:B;tqm C-D_H{Of Piate). . o O

T Matena e WP G F’IateWidEI".}‘_v':“”IUI< T

L. A ol ;"
I -TH [Cover Plate Thehnesg o - 10
NES - = Add Clpsa ] " Assion I

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 to do that will be 1o

set the assignment method as Assign 1o View. So, click on the

Assign to View button in the Properties dialog box followed by the

Assign button.

Figure 2. 47

A message box (shown below) asks us 10 re-confirm that we do
indeed want to assign this property to all the members in the
model. Let us click on OK.
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After assigning the property, let us once again switch on the Beam
Numbers (go to View [ Structure Diagrams - Labels — Beam
Nunihers). The structure will now look as shown below.

Figure 2. 49

Let us Close the Properries dialog box as shown below. Also, click
anywhere in the drawing area to unhighlight the members.

Arsgnment Method

© asumTodeleciedBeams - T L
LT Atsign ToView:- . © l
| Use Cursr To Assign

© Assgn ToEd List™

A

* assan | Closa”,
F3 3

Figure 2, 50



34. To assign member relgases, 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.
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Figure 2. 51

15. In the Beam Specs dialog box that opens, select the Release tab
which also happens to be the default. We want to apply the release
at the start node, and hence it is convenient that *Start’ is the
default. Check MZ under the Release option and click on the Add

button.

2-35
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36.

Beam Specs

Figure 2, 52
Now seiect the members listed below that are to be released.
1, 5,10, 14, 15, 18, 17, 28, 26, 20 to 24
One way to select these members is to go to Selecr/ By List [

Beams menu option. In the Select Beams dialog box. type the beam
numbers in the Enter list box, and click on OK as shown below

Select Beams l

e
Sy

= WD~ U A —

rSB‘H‘!JonTmn‘-——-—*_ —"
| € Setect fiom st by cursoy
- | & Sectusnobped kst |-

el } ;l - K

I

* Emeriat: [1.5.70,14.15.18.17.28. 26. 2010 26

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

S yrare AL B

Figure 2. 34

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

indeed want to assign this auribute fo the selected members in the
model. Let us click on OK.

Figure 2. 55
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Afler the releases have been assigned at the start, let us click

anywhere 1n the drawing area to unhighlight all the members. The
structure will look as follows:

Figure 2. 56

37. To apply the releases at the beam ends, repeat the above procedure
by clicking on the Beam button in the Specifications dialog box.

Then, chick on the End button, check MZ under the Release option
and click on the Add button,

Assign this attribute 1o 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 again
unhighlight the members by clicking anywhere in the drawing area.
The structure will now look as shown below:

e

Figure 2. 57
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Spe_clfylng Materlal Constants

38. The Commands we wish to generate are:

CONSTANTS
E 4176E3 ALL
POISSON STEEL ALL

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

|-Commands  Andbds  Mode “Window Helo :~ L
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Figure 2. 58
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40.
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In the Material Constant dialog box that appears. enter 4176E3 in
the Enter Value box. Since the value has to be assigned to all the

members of the structure, setting the assignment method To View

allows us to achieve this easily. Then, click on OK.

Figure 2. 59

In a similar fashion, set the Poisson ‘s Ratio 10 the Material
Constant for Steel and assign to all members 1n the view.
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41. The commands we wish to generate are:
1512 16 19 20 FIXED

To do this, select the General | Suppor: Page from the left side of
the screen. In the Supports dialog box, click en the Add button,

: Suppulls Whole Stiucture E X ‘

~Ref Descmtm IR nery
51. No suppont X

'
¥
[

)8

O 1 pa | Assiooment Method
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o " Assign To View FAMR

1 g & Use Cusor ToAssign CO
5] & € AssignToEdtLst = P
- : 3 T
_8 1« |

o * Ao J ) Clos= k j
’-‘:'_": ee—

Figure 2. 60
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42 1In the Create Support dialog box that opens. setect the Fixed 1ab
{which also happens to be the default tab that comes up). and then
click on the Create button. This creates a FIXED type of support
where all 6 degrees of freedom are restrained.

Figure 2. 61

43. To assign the support. first select the Support 2 specification in the
Supports dialog box.

: Supports - Whole Structure

No support

FV L L2 et EwlpERmOTRSTE

Figure 2. 62
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Then, select the following nodes:
1,5,12,16. 16, 20

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

Notice that as we select the nodes, the Assignment Method
automatically sets to Assign to Selected Nodes. Then. click on the
Assign bution in the Specifications dialog box.

: ncmw
O Asmign ToEdkList - -

1
5‘@5?]— - Close - }

Figure 2. 63

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

STAAD . Pco tor Windows

) ;/! \ TmAsmmumednodynuhwemennAnmto Sebded Nudes
{ Doyoumrilupmcmd?

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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Specitying Loads.

44. Load assignments are done from the General [ Load Page as shown

below.
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Figure 2. 66
45.  For load case 1, we wish to generate the following load data:

LOADING 1300 POUNDS PER SFT DL + LL
1to 28 ALOQOAD -0.30

In the Ser Active Primary Load Case dialog box that opens, enter
300 POUNDS PER SFT DL ~ LL as the title for Load Case | and
click on OK.



et Active Primary Load Case

46. In the Loads dialog box that appears, click on the Member bution.

oy
v A = T AT
T WLy PP R EL BT

Figurc 2. 68
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47. In the Beam Loads dialog box that opens, select the Area tab. Enter
-0.30 as the Force and click on the Add button.

Figurc 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 s
directly known from the input. However, the Area load is o
different sort of load where a load intensity on the given area has
to be converted to 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 anaiysis is completed.

| STAAD . Pro lor Windows B8

e

- enetated A.rea Load it avalable only a’tet Andytw

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

: Loads - Whote Shuclire
PR e e T SRR
i”imw&&_‘nu&:ﬁmg 7

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.

Figure 2. 72
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49,

B L [ -

ommand.

& Analysis ¢

PR S LR R

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 Analvsiy sub-page from the second row
of pages as shown below.
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50. Click on the Define Commands button in the Data Area on the
right hand side of the screen.
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Figure 2. 74

51. In the Analysis/Print Commands dialog box that appears. select the
Perjorm Analysis tab. Click on the Load Data option followed by

the Add button and the Close button.

Analysiz/Print Commands
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52.

The next step is to specity steel design parameters. To do this,
click on the Design [ Sreel Page from the left side of the screen.
Make sure that under the Current Code selections on the top right
hand side. A/SC is selected. Then. click on the Define Parameters

mSpecifylng Steel Design Parameters -

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

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

53. In the Design Parameters dialog box that opens. select the Beam
tab. Then, define the Beam Parameter as { and click on the Add
button.

Design Parameters

g%}%m e e
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Figure 2. 77
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54.

Ln
wn

56.

In a similar fashion select the tabs Dmax, Dmin, Uni. and Unb
Then. enter the foliowing values and click on the Add bution

ParnrtIeter ""*-"_Vllué‘-':';d :

" Name .- “
DMAX 2.0
DMIN 1.0
UNT 1.0
UNB 10

After all the values have been added, click on the Close button in
the Design Parameters dialog box.

Since each of these parameters has to be assigned 10 ALL the
members in the view, do the following. Select each parameter, click
on the Assign to View button. followed by the Assign button in 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 to re-confirm that we do indeed want to assign this
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 After
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57.

Figure 2. 81

58. In the Design Commands dialog box that opens, click on the Selecr
tab followed by 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.
2.6.1, 14, 15,16, 18,19, 21, 23, 24,27

By now, you should be familiar with the process of selecting
members. In case you have forgoiten, you may.

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

or

e Choose By List [ Beams irom the Select menu, and type the
member numbers in the Enrer list box, followed by OK

Notice that as we select the members. the Assignment Method
automatically sets to Assign To Selected Beams
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60. After the members are selected. click on the Assign button located
in the Steel Design dialog box.

Figure 2. 84

A message box (shown below) asks us to re-conflirm that we do
indeed want to assign this command to the selected members in the
mode]. Let us click on OK.
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Figure 2. 85



The structure will now Jook as shown below.

Isometric View

Figure 2. 86
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Pian View
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Figure 2. 87

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

s the application of support displacement

This example demonstrate
frame

load (commonly known as sinking support) on a space

structure.

200"
200" 5
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1. Select the §TA4D. Pro icon from the STAAD.Pro 2001 program
group.

Figure 5. 1

The STAAD.Pro Graphical Environment will be invoked.



The units in which we wish to create this mode} 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
Metric at the time of installation, you may want to change it to
English. To do so, click on the File { Configure menu option (see
Figure 5.2) and choose the appropriate one (Engiish for our case).
Then, click on the Accept button,

Figure 5.3

| 53
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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 5.4},

Figure 5. 4

In the New File Serup dialog box, choose Space as the Structure

Type and specify an optional Title (EXAMPLE PROBLEM NO. 5).
Then click on the Next button as shown in Figure 5.5.

w File Setup - Step 1: Specily Type and Title

Figure 5.5



The next dialog box that comes up prompts us to select the length
and force units in which we wish to start working in. So, specify
the Length Units as Foor, the Force Units as KiloPound and click
on the Nexs button as shown in Figure 5.6. Please note that the
input units may be changed subsequently at any stage of buiiding of
the model.

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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Figure 5.7
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Once we press the Finish button, the STAAD.Pro main window
appears on the screen.
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Flgure 5_5



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 10 with a spacing of
Ift. (see Figure 5.9) This 20X10 grid too is only 3 starting grid
setting to enable us to start drawing the structure, it does not
restrict our model to those limits as we will see later.
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Figure 5.9

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



9.

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

4 I‘t :

; .mmnﬂ i

Figure 5. 11
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10.

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 in Figure 5.12.

Figure 5. 12

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

i Rgfgeh ©

Figure 5. 13



11. In the Diagrams dialog box that app
and Beam Numbers on and then click on OKX.
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Figure 5. 14

The nodes and beams are now labeled on the drawing as shown

below,

Figure 5. 13
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12. Looking at the diagram of our structure shown in the title page ol
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 a faciiity does
exist which can be executed in a single step. It is calied “Circular
Repeat” and is available under the Geomerry menu.

13. First, select Members 1 and 2 using the Beams Cursor Then.
go to the Geomerry [ Circular Repeat 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
Rotation as Y, Total Angle 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 0
respectively. Leave the Link Steps box unchecked and click on the
OK button. (see figure below)
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Figure 5. 17

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

Figure 5. 18
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15.

For specifying member property values, as a matter of convenience,
it is simpler if our length units are inches instead of feer. To
change the length units from feet to inch, either click on the /npur

Units icon E or select the Tools [ Set Current Unit menu option

as shown below.

|mul Tesa.' -
Erea:n,bvl Fite 7.

Figure 5, 19

e
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16. In either case. the following dialog box comes up. Set the Length

Units to Inch and click on the QK button,

l St Cuseent input Units
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17.  The next step is to define properties for the members. The
commands we wish to generate are:

MEMB PROP
1 TO 5 PRIS AX 10. 1Z 300. lY 300. IX 10.

To do this, select the General [ Property Page {rom 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
Properties dialog box as shown below.
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In the Prismatic Property dialog box that comes up. select the
General tab. Notice that the ficld called Marerial is presenty 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. Then, enter the
following values:

P arametert|or Value:
AX 10
1X 10
1Y 300
1Z 300

Finally, click on the Add button as shown below.

e
Figure 5. 22
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15,

Since the sejected cross section has to be assigned to all the
members in the structure, the simplest method to do that will be to
set the Assignment Method as Assign ro View. Click on the Assign
to View button 1n 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 to
assign this property to all the members in the model.

S IMD Pm for Wrnduws

Figure 5. 23

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

i Propeslies - Whole Structuie

Figure 5. 24
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After assigning the property, the structure will look as shown

below.

Figure 5.25
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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 | Matertal Constants | Elasticity
option from the top menu bar as shown below.
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Figure 5. 26
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1n the Material Constan! dizlog box that appears. enter 29000. in
the Enter Value box. Since the value has to be assigned to all the
members of the structure, setting the assignment method To View
allows us to achieve this easily. Then. click on OK. (see figure
below)

In a similar fashion, set the Poisson’s Ratio to the Material
Constant for Steel and assign to all members in the view.

[ 5-21
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23.

The commands we wish to genarate are:

145 FIXED

To do this. select the Gereral | Support Page from the left side of
the screen. In the Supports dialog box, click on the 4dd button.
(see figure below)

.a:;!;r;.". ‘_.‘J _::1 i

Figure 5. 28
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24. In the Create Support dialog box that opens, select the Frxed tab
and then click on the Create button as shown below. This creates 2

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

[Create Suppont

T

Tq T Suit ]

Figure 5.29

25 Teo 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 Enter list box.
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26. Then, make sure that the Support 2 {Fixed) parameter is selected in
the Supports dialog box.
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Figure 5, 30

27. Notice that the Assignment Method becomes automatically set to
Assign 10 Selected Nodes. Click on the Assign bution 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 1o assign this support Lo the selected nodes in the model. Let

us click on OK.

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

Figure 5. 33
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29. Load assignments are done from the General [ Load Page as shown
below.
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For load case 1, we wish to apply a % inch displacement

downwards in the global 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

dialog box that comes up.

In the Set Active Primary Load Case
le for Load Case | and click on

enter SINKING SUPPORT as the tit
OK. (see figure below)
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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/l type of loads.
Hence, click on the Nodal button.(see figure below)
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32,

In the Node Loads dialog box, select the Support Displacement
tab. Enter -0.30 as the Displacement value, set the Direction to Fy
and click on the Add bution.
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Figure 5. 37

This load 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).

Figure 538 ‘

| 5-29
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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 to {inish.
(see figure below)
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Figure 5. 39
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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 Analysis sub-page from the second row
of pages as shown below.
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Figure 5. 40
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34. Click on the Define Commands button in the Data Area on the right
hand side of the screen.

Figurce 5. 41

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

No Print option. Then. click on the Add button followed by the
Close button.

T (e -

Figure 5. 42
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The dialog box for spec

ifying the “PRINT ANALYSIS RESULTS”

command is nestled in the Post-Print sub-page of the Analysis

Page.
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Figure 5. 43
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37. Click on the Define Commands button in the Data Area on the right

hand side of the screen,
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Figure 5. 44
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38. In the Analvsis/Print Commands dialog box that appears, select the
Analvsis Results tab. Then, click on the Add button followed by the

Close button,
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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 so0
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| About STAAD/Pro II

STAAD/Pro. the next level of STAAD-IIL. is the leading Structural Analysis and
Design software from Research Engincers. [n STAAD/Pro. the focus 1s on
praductivity. STAAD/Pro addresses the entire process of Siructural Engincering.
From modei development to analysts to design (o dralting to detailing - and even
component design — STAAD/Pro 1s designed to work the way the Structural
Design Office works.

STAAD/Pro consists of a Core package and several optional Extension
components You may procurc one or more Extension components along with the
STAAD/Pro Core package. The Corc and the Exlension components ol
STAAD/Pro are described in the following paragraphs.

The STAAD/Pro Core package consisis of the following:

The STAAD/Pro Design Studio. is a powerful Window's native working
envirnamenlt for model building, visualization and result venification.

The STAAD engine provides gencral-purposc structural analysis and integrated
STEEL/CONCRETE/TIMBER design.

The STARDYNE cnginc provides advanced analvsis facilities Built around a
comprehensive fimte clement [ibrary, the STARDYNE cenginc provides
pawerful Dynamic. Seismic, Non-lincar. Thermal. Buckling and other advanced
analysis capabihiics.

The FEMKit cnvironment offers graphically oriented Finile Element modeling
and venification facilitics -complete with 2D/3D meshing technologies and
powerful model venfication lools.

The Visual DRAW CAD enginc allows gencration of Plans, Elcvations,
Seclions and detai] drawings. Fuily integrated in the STAAD/Pro environment,
Visual DRAW provides drawing generalion, cdiling and plotting capabilities.

The following modules are available as STAAD/Pro Extension components:
STRUCT.etc - & suite of structural component design modules. allows the

engineer to complete the project by designing Foundatior waining Walls,
Masonry, Conncctions and other unility structures.
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The FabriCAD dectmbhing cnginc 1s an integrated tool Lhat performs production
Stecl Derarting - from fabrication/crection calculations 10 detailing 10
gencration of shop drawings.

The ADLPIPE component offers rcliable Piping system modeling and analysis.
Fully integrated with the STAAD component, this companent olffers a compleie
plant cngincering selution.

Powerful and comprehensive, STAAD/Pro s based on an object-oriented design
that utilizes MFC (Microsoft Foundanon Class) technology. taking (uil advantage
ol 32 bi1 computing. A live relational databasc at the core. with OLE and DDE
links, allows smooth workflow inlcgration and scamless nterdisciptinary
mfermation exchange with ail Windows based soltware,

Wec welcome you to the warld of STAAD/Pro.

]
"i’;i

About STAAD/Pro Core Documentation

it

The STAAD/Pro Core documentation consisis of a set of manuals as described
bclow We strongly recommend that you go through the Getieng Started manual 1o
get an overview of STAAD/Pro.

-y,
-
¥
1
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Getting Started and Examples

This manual is divided 1nto three parts. Part-1 explains the contents of the
STAAD/Pro CD ROM. installanon process. the system requirements, copy
protection issues, and description on how Lo siart different components of
STAAD/Pro.

Part-I1 of this hook provides a sicp-by-step tutonial for the STAAD/Pro
environment as well as the STAAD Command File.

" Part-111 of this hook offers Applicarion Examples. The example sel covers a
wide range of Structural Analysis and Design lacilities offered by
STAAD/Pro. The cxamples represent various Structural problems
commonly encounicred by the Structural engincers.

Graphical Enviconment

This manual contains detarled descripuion of GUIL (Graphical User
Interlface) of STAAD/Pro. The topics covered include Modcl generanon,
Siructural Analvsis/Design, Result verification. Report gencration, and
Prinuing. In addition. a Quick Reference Guide section provides a step-by-
step descripuon for the frequently asked modeling and post-processing

tasks.

Note: Please naie that the STAAD Command File s explained in the
STAAD/Pro Technical Referenace manual.

Technical Reference !

This manual deals with the thecorv behind the STAAD and STARDYNE
analysis engines offered by STAAD/Pro. It also includes explanation of ail
commands which you may usc in the STAAD Command File.



International Design Codes
STAAD/Pro supports all major internauonal design codes. which are
explained in this manual. You shall reccive this manual if you have

. purchased onc of these international design codes.

STAAD/Pro Verification

STAAD/Pro is developed and maintained using an extensive verification
procedure. The STAAD/Pro Vertfication manual contains the problems
uscd in the verification procedure. This is distributed under the Quality
Assurance program only. Noie that the set of verification probicms is

representative of various Analysis/Design facilitics offered by STAAD/Pro.

These prablems have been derived from well-known references and
textbooks.

FEMkit Getting Started and Training

This manual comains the description of the FEMkit Finite clement
madcling environment along with a siep-by-siep Training section. The
sccond part af this book also contains the Appendices which arc referred Lo
from the FEMKkit Users manual

FEMkit Users Vianual

This manual contains the descniption of the FEMkit menu options and
commangls.

Yisual DRAW Users Manual

This manual deseribes different features and facihites of the Visual DRAW
CAD software.

Note: Please note that the above set of manuals comprise the STAAD/Pro Core
documeniartton only. In uddition. vou may receive the docvmentation for the
STAAD/Pro Extension components when vou purchase these components.
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General Description

Section 1

1.1 Introduction

1.2 Input Generation

See section §

STAAD/Pro offers two analysis engines - the STAAD
Analvsis/Design engine and the STARDYNE Advanced Analysis
engine. The STAAD analysis engine is described in this section
The STARDYNE analysis engine is discussed tn section 6,

Thts section of the manual contains a general description of the
analysis and design facilities availabic 1n STAAD. Specific
yalormations on Steel. Conercte. and Timber design are availabie
in Sccuons 2. 3, and 4 of this manual, respecuvely. Detailed
command formats and ather specific user information s presented
in Section 5

The objective of this section s 1o famiharize the user with the
basic principics involved in the implementation of the various
analysis/design facilines offered by the STAAD cnginc. As a
general rulc, the sequence in which the facilities arc discussed
{ollows the recommended sequence of their usage in the input file.

The user commumicates with STAAD through an input file. The
input file is a text file consisting of a senes of commands which
are executed sequentially. The commands contain either
instructions or dala pertaming to analfysis and”  lesign. The

11
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clements and conventions of the STAAD command language are
described 1n Sccuon 5 of this manual.

The STAAD input file can be created through a text editor or the
Modcling facility. [n gencral, any text editor may be utilized o

creale the input fite. The Modeling facility ¢reates the mput hije
through an inicractive menu-driven graphics orented procedure.

1.3 Types of Structures

A STRUCTURE <an be defined as an assemblage of clements.
STAAD is capablc o analyzing and desigming siructurcs
consisting of both frame and plae/shell elements. Almost any lype
of structure can be analyzed by STAAD. Most general is the
SPACE structure. which is a three dimensional framed struciure
with loads applicd 1n anv plane A PLANE structure is bound by a
see section glebal X-Y coordinate system with loads in the same planc. A
53 TRUSS structure consists of 1russ members which can have anly
aual member forces and no bending n the members. A FLOOR
structure 15 @ 1wo or three dimensional siructure having no
horizontal (global X or Z) applied loads or any load which may
cause any horizontal movement of the siructure, The Noor Iraming
in global X-Z plane) of a building 1s an 1deal example ol a
FLOOR structure. Columns can also he modeled with the floor 1o a
FLOOR structure as lung as the siruciure has no horizontal
loading. [{ there is any horizomal load. 1t must he analysed as a
SPACE siructure. Specificanon of the correct structure Lype
reduces the number of cquations to be solved during the analysis
This results in a faster and more cconomic solution for the uscr.
The degrees of freedom associated with frame clements of
different types of siructures s tllustraied i Figurc 1.1,

Fur inpus,
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Section |

Figure I ]

1.4 Unit Systems

The user 15 allowed Lo 1nput data and reguest output in almost all

commonly used cagincering unit systems including MKS, Si and

FPS In the input file. the user may change unils as many times as

see sechion requircd. Miv and maltch hciween lcngth and force units from

i diffcrent unit systems 15 also allowed. The input-unil for angles (or
rotalions} 1s degrees. However, in JOINT DISPLACEMENT
outpul. the rotations are provided 1n radians For all output. the
units are clearly specified by the program.

Fuor tnpat

1.5 Structure Geometry and Coordinate Systems

A structure is an assembly of individual components such as
beams. columns, slabs, plates cic.. In STAAD, [rame clements and
plate ciements may be used to model the struciural components.
Typically, modeling of the siructure gcomelry consists of two
sieps: '

A Idenuhcation and descripiion of joints or nodes,

B. Modecling of members or elements through specification of
conncclivity (incidences) between joints,
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For input,
ser seclions
St 517

[n general, the term MEMBER will be used o refer to frame
clements and the term ELEMENT will be used (o refer 1o
plate/sheli clements. Conncclivity for MEMBERSs may be provided
through the MEMBER INCIDENCE command while connectivity
for ELEMENTS may be provided through the ELEMENT
INCIDENCE command.

STAAD uses two types of coordinate sysiems to define the
structure geomelry and loading patlerns. The GLOBAL coordinate
system is an arbitrary coordinale system in space which 1s utihized
to specify the overatl geometry & loading paticrn of the structurc.
A LOCAL coordinate sysiem s associaled with cach member 1or
clement} and 1s utilized in MEMBER END FORCE outpul or local
load specilication.

1.5.1 Global Coordinate System

The following coardinaic systcms arc available for specificaiion of
the siruciure gecometry.

A. Convenuonal Cartesian Coordinale System, This coordinate
system (Fig. 2} ts a reclangular coordinate system (X, Y, Z2)
which follows the orthogonal right hand rulc. This coordinate
sysicm may be used 1o define the jont locations and loading
directions. The (ranslational degrees of frecdom are denoted
by u). ua. ug and the rotanional degrees of freedom are denoted
by uy. ug & ug.

B. Cylindrical Coordinate Sysiem: In this coordinate system,

(Fig. 1.3) the X and Y coordinates of the convennonal
cartesian system arc rcplaced by R (radiust and @ (anglc in
degrees). The Z coordinate is identical 1o the Z coordinale of
the cartesian sysiem and its pasitive direction 15 determined by
the right hand rule.

C. Reverse Cylindrical Coordinaic System: This is a cylindrical

type coordinate sysiem (Fig. 1.4) where the R- @ plane
corresponds 10 the X-Z planc of the cantesian sysiem. The right

pRR
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hand rule 1s lollowed Lo determine the posiiive direction of

the Y axis

Curresiam 1 Receangwiar] Coertingre Srtrem

Freure |2
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Cvlindncal Coordinate Svsiem
Figure |
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Reverse Oylndncal Coordimte Svstem

Figure | 4

1.5.2 Local Coordinate System

I
i

A local coordinate system s assocrated with cach member, Cach
4x15 of the local orthogonal coordinate sysiem 15 also based on the
nght hand rule. Fig. 1.5 shows a beam member with start Jomne
and end jaint j'. The positive dircction of the tocal x-ax1s 1y
determined by joiming i 1o '’ and projecting it 1n the same
direction. The nighi hand rule may be applicd to vbrain the posilive
directivns of the local y and £ axes. The local v and z-axes
coincide with the axes of the two principal moments of inertia.
Nolc thal the local coordinate sysiem s always rectanguiar,

A wide range of cross-sectional shapes may be specified for
analysis. These include rolled siccl shapes. uscr specilicd
prismatic shapes cte.. Fig. 1.6 shows local axis system(s) for these
shapes,

Loced ques for Sifferent cross-sections
Fiqure 1.6 .
NOTE: The local x-ans of the ubove secnons are gong into the paper
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1.5.3

For inpul,
see section
3.26

Relationship Between Global & Local
Coordinates

Since the tnp.ul for member loads can be provided in the local and
global coordinaite system and the output for member-cnd-forces 1s
printed in the local coordinate system. it 1s imponant to hknow the
relationship between the local and global coordinaie sysicms. This
relationship 1s delined by an angile measurcd 1n the foliowing
specificd way. This angle will be delined as the beta (B) angle

Beta Angle

When the local x-axis 1s parablel to the global Y-axis. as in the
case of a column 1n a structure, the beta angle s the angie through
which the local £-axis has been rotatcd about the focal x-axis from
a position of being paralicl and 1n the same pusitive direction of
the global Z-axis,

When the local x-axis 1s not parallel to the global Y-axis. the heta
angle s the angle through which the Jocal coerdirate system has
heen rotated aboul the local x-axis from a positon of having the
local z-axis parallel 10 the global X-Z plane and the local y-axis in
the same posttive direction as the global Y-axis FFigure 17 dewals
ihe positions lor beta cquals 0 degrees or 90 degrees. When
providing member loads in the local member axis, i1 1s helpiul to
refer to this figure Tor a gquick determination ot the local axis
sysiem.

Reference Point

An alicrnauive 10 providing the member onentation 1s to inpult the
coordinates of an arbitrary reference point located 1n the member

_ x-y plane but not on the axis of the member. From the location of
the reference point, the program automatically calculates the
orientation of the member x-y planc.

Section |
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Retatemship berween Giobal imd Lew al axes
Figure | 7

1.6 Finite Element Information

For tnput, ’ STAAD is cquipped with a state-of-the-art plate/shell and solid

ree tectiont fimte element. The features of cach is explained below.

1513
s 4052
524, and
5.42.3

1.6.1 Plate/Shell Element

The Platc/Shell finite clement 1s based on the hybrid element
formulation. The element can be 3-noded (tnar ") or 4-noded
{quadrilatcral). [{ all the foru nodes of a quad element do
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nol tie on one plane, 1L is advisable 10 model them as tniangular

clemenis. The thickness of the element may be different from one
node Lo another.

Element Load Specification

Following load specifications are availabte:

1) Joint toads at clement nodes in globai dircctions.

2} Concenirated loads at any user specificd point within the
element in global or local dircctions.

3} Umiform pressurc on clement surface in global or local

it

“Surface siructures” such as walls. slabs. plates and shells may be
modeled using linite ¢lements. For convenience in gencration of a
finer mesh of plate/shell ciements within a large arca, a MESH
GENERATION facility is avatlable. The lacility 1s described n
detail 1n Section 5.14

3
.
»
-
r
I

dircctions

4) Partial uniform pressure on user specificd poruion of element
surface in glabal or local directions

5) Lincarly varving pressurc on clement surface i local

The user may also use the clement for PLANE STRESS action
only. The ELEMENT PLANE STRESS command should be used

for thts purpose. dirccuions.
6) Temperature load duc 1o uniform increasc or decrease of
Geometry Modeling Considerations temperature.

7Y Temperature load due to difference in iemperature between top

The following geomeiry relatcd modeling rules should be and hottem surfaces of the clement,

remembered while using the plawc/shell clement

1Y The program automatically generates a filth nede "O” (cenier
node - sce Fig. 1.8) at the clement center.
1) Whilc assigning nodes 1o an clement in the input data, 11 s

essenual that the nodes be specified cither clockwise or TT\ 5 - - -
counter clockwise (Fig. | 9). For better efficiency, similar N / . . . ]
clements should he numbered sequentally N v “,|
3y Element aspeet ratio should not be excessive, They should be N ‘7% fami i
on the order of | |, and preferably less than 1 1. \ « L 4 L
4) Individual clements should nat be distorted. Angles between s . 4 ' x
two adjacent clement sedes should not be much larger than 90 \sTEQ AdztrEe
and never larger than 180. Figure 1§ Fipae 19

Guend Elemrapts Fad Licmeny
L B

Figwe 110 Figure | 11

—

b

fERRRRRRRRDOTN

|

11

*,
A
K|
"
.



General Descnpuon

12 l Section 1

Theoretical Basis Section |

The lollowtng quadratic stress distribution is assumed for plale

bending action:
Q, ML,
0, /
M,
M. 1
M,

I'!'hc STA-AD plate finite clement is hased on hybrid finite clemen
ormulations, A compicte quadratic stress distribution is assumcd

For piane st i
ress action, the assumed s i
ress distnbung :
fellows. ne

4 . -——
IZ.Y
Y
M
Yooy /1
" '-]i
Complcte quadratic assumed stress distribunion:
r . s { N
MO T« vy D0 0D0O0 < xy ¥ 0 @& 0 0 0 .
' :M.'!GOOI‘yoono0:):"yy200}a'
: IMav 200 00001 vy -xy 0 0 0 -xy oyt ’
: ' lo v ano0on001 « y 0 0 0 - 0 !
Completc quadratic assumed stress distribution- :\Q SN0 0001 001 0 -v u 0 x y 2 U':!
Lt s L y B S\
a, through a,: = constants of stress polynomals,

poaeannans

- The disungurshmag features of ths linite clement are:

a, ilox Yy 00 0
i

G", =0 0 9 1« v

tly iLO =Y 00 N -x

{) Displacement compatibility between the planc siress component
of onc clement and the plate hending component ol an adjacent
clement which is at an angle 10 the first (see Fig. below) is
achieved by the clements. This compalibility requirement 1s
usually ignored in most flat shell/plate elements.

[}IE{ |

a
0 ¥ 0 0 & Ixy i oa,
1

Sy -yt D gt

a, through a), = consianis of stress polynomials

]
K
/s

2) The out of planc rotational stiffness from the ~'-ne stress
portion of each ¢lement 1s useluily incorpo id not

sengann
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4)

5)

6)

T

3)

9)

ircated as a dummy as is usually done in most commonly
available commercial soltware.

Despite the incorporation of the rotational suffness menuoned
previously, the clements salisfy the patch test absolutely.

These clemenls are available as trangles and quadrilaterals,
with corner nodes only, with each node having six degrees of
frcedom. .

Thesc elements are the simplest forms of lat shell/plate
clemcnis possible with corner nodes only and six degrees of
frccdom per node. Yet solutions to sample problems converge
rapidly 10 accurate answers even with a large mesh size.

These elements may he connected 10 plane/space frame
members with full displacement companbility. No addiutonal
restraints/releasces arc required.

Out of planc shear strain energy is incorporated in the
formulation of the plate bending component. As a result, the
clements respondd 10 Poisson boundary conditions which are
considered to be more accurale than the customary Kirchoff
boundary conditions

The plate bending portion can handle thick and thin plates, thus
exicnding Lhe usclulness of the plaie elements into a mulupheity
of problems. In addinon, the thickness of 1he plaie is 1aken into
consideration in calculating the out of planc shear.

The plane siress triangle behaves almost on par with the well
known hincar stress triangle. The triangles of mosi similar Mat
shell clements incorperalc the constant stress tnangle which
has very slow raies of convergence. Thus the triangular shell
clement is very useful in problems with double curvature
where the quadrifaicral element may not be surtable.

10) Stress retrieval at nodes and a1 any point within the clement.

Element Lacal Coordinate System

The precisc oriemtation of local coordinales is determined as
lollows:

1) Designate the midpoints of the four or three element edges 17,

JK, KL, LI by M, N, O, P respectively.

Sccion I—I
The veclor pointing from P to N 1s delined 1o be the local x-
axis. (In a tnangle, this is always parallel 10 1).

The crass-product of veciors PN and MO (for a trangle, ON
and MK} defines the local z-axis, i.e.. z = PN x MO

The cross-product of vectors ¢ and x defines the local y- axis,
i€.y=2zxx.

The sign convention of outpul force and moment resuttants 15
iHustrated in Fig. 1.13.

MO
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Q
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i
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Figure 1 12

Output of Element Forces

ELEMENT FORCE outputs arc available at the following
locations:

A. Center node of the clement.
B. All corner nodcs of the element.
C. At any user specificd point within the clement.

Following are the wems included in the ELEMENT FORCE oulpul.

Qx. QY Shear stresses (Force/ unil len./unit thk.)

FX. FY., FXY Mcmbrane siresses {Forcefunit len. funit thk)

MX, MY, MXY Bending moments per unit width (Moment/unit
len.)

SMAX, SMIN  Principal stresses (Forcefunit area)

TMAX Maxim. shear stress (Force/unit area)
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ANGLE QOricntation of the principal plane (Degrees)
Noies:

1. Al element force oulput is in the local coordinate system.
The dircciion and sense of the ciement forces are
explained in Fig. 1.13.

2. Ta obiain element forces al a specified point within the
clement, the user must provide the coordinate system for
the clement. Note that the origin of the local coordinate
system coincides with the ceater node of the clement.

3. Pnincipai stresses (SMAX & SMIN)Y. the maximum shear
stress i TMAX) and the orentauon of the principal plane
{ANGLE) are also printcd lor the 1op and botlom surfaces
of the elements. The top and the boltom surlaces arc
determined on the bass ol the dircetion af the lacal z-axs.

Sign Convention of Element Forces

1 ‘ Fa

/

. .
s Hedlan . % ’
S he '
+ s

-~ ——
' |
. .

.

Figure | 13

Picase note the following few restrictions in using the linite
clement portion of STAAD:

1) Both frame members and linilc elements can be uscd together

in a STAAD analysis. The ELEMENT INCIDENCES command

must directly follow the MEMBER INCIDENCES 1nput.

2) The seifweight of the finite clements is converted 1o joimt
loads at the connected nodes and is not used as an clement
pressurc load.

‘roonnooeeOOunnt

Secuon 1
3) Elcment forees are printed at the centroid and not along any
cdge.
4) ln addition 1o the stresscs shown in Fig 1.13, the Von Mises
stresses at the lop and bottom surface of the element are also
printed.

Element Numbering

Dunng the gencration of clement stiffaess matrix. the program
verifies whether the element is same as the previous one or not. IT
it is same. repetitive calculations are not performed. The scquence
in which the clement stiffness matnix is generated is the same as
the sequence in which clements are tnput 1n element incidences.

Therclore. 1o save some compuling hme, stmilar clements should
he numbered sequenually Frg. 113 shows cxamples of efficient
and nun-c¢ffictent clement numbering.

Hawever the user has 1o dectde between adopuing a numbering
system which reduces the compulation time versus a numbering
system which increases the case of defining the structure
gcomairy.

3 f i

e !

5 . l Q
! :
M 1 - 1
ool flemery rumberng
' )
Figure t 14
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1.6.2 Solid Element

Solid elements cnable the soiution of structural problems involving
general three dimensional stresses, There is a class of problcms
such as stress distnbulion in concrele dams. soil and rock strata
where finite ¢lement analysis using solid clements provides a

powerlul tool.

Theoretical Basis

The solid clement used in STAAD s of eight noded 1soparamelne
type. These clements have Lhree translational degrees-of-frecdom

per node.
T _" . R
oo -- - i) Te
e
B a3
oo

By collapsing various nodes 1ogether. an cight noded sahid clement
can be degenerated to the following forms with four 1o seven

nodes.
1
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The stiffness matrix ol the solid clement is cvaluated by
numencal integration with cight Gauss-Legendre points. To
facilitalc the numerical integration, the geometry of the element is
expressed by interpolating luncuons using natural coordinate
system. (r,5.1) of the clement with 1ts origin at the center of
gravity. The interpolating funcuons are shown below,

" 1 1
s=Yhx,. y=%Yhw. 2=%has
w21

12| 12l

where .y and 2 are the courdinates of any pount in the element and
X. Yo 7, 1=1....8 arc the coordinates of nodes defined in the global
coordinaic svstem. The interpotation l'unctons. ht are defined 1n
the natural coordinate system. (r,5.1). Each of r.s and 1 varics
between -1 and +1. The Mundamental property of the unknown
interpolation funclions i is that their values in natural coardinaie
system s umity at node. i, and sero at all other nodes of the
clement. The element displacements are also interpreted the same
way as the geometry. Far completeness. the funciions are given
below.

u= Yhu. v= Yhw., w2 ¥hw
ezl E | -z

where u, v and w are displacements at any pont tn the element and
u,v,. w,. i=1.8 arc corresponding nodal displacements 1n the
coordinate system usced 10 describe the geometry
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Local Coordinate System

The local coordinate sysiem used in solid element is the same as
the global system as shown below :

z z
i
Y, ! !
i y -
j A
] 3 ——’ﬂ_.__ X
X : -
Vd /
Z; £
Figure | 15

Properties and Constants

Unlike members and shell (plate) clements. no propertics are
required for solid etements, However, the conslants such as
modulus of clasticity and Poisson™s rano are to he specificd.

Also. Density needs to he provided 1f sellweight is included 1t any
load casc.

Output of Element Stresses

Element stresses may be obtained at the center and at the joints of
the solid element, The 1ems thal are printed are :

Normal Stresscs SXX.SYY and 522

Shear Stresses .8XY.SYZ and SZX

Principal stresses 51. 52 and S3.

Von Mises siresses SE

Direction cosines  :6 direction casines are printed, following the
cxpression DC. corresponding o the first
two principal stress directions.

pooRRRROOREOR
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Section t | 21

1.7 Member Properties

The lollowing types of member property specificalions are
availabic in STAAD:

A} PRISMATIC property specifications

B) Standard Sieel shapes from built-in section library
C) User crealed sicel tables

DY TAPERED sections

E) Through ASSIGN command

See section
520

1.7.1 Prismatic Properties

The following prismatic properuies are required for analvsis.

AX = Cross secttonal arca

X = Torsional consiant
See section [Y = Moment of inerua about y-axis.
fInz IZ = Mament of inerua about z-axis.

In addition. the user may choose te specifv the followmng
propertics:

AY = Effcctive shear area for shear force parallel 1o focal y-axs.
AZ = Effective shear arca for shear force paraiiel 10 local z-axis
YD = Depth of section parallel 1o local y-axis.

" ZD = Depth of section parallel to local z-aus.

Ta specify T-beam ur Trapezoidal beam. the following additional
propertics must be provided.

YB
7B

Depth of Web of T-section iSci: ligure befow]
Width of web of T-sectzon or botlem width of Trapezordal
scclion.

Ta specify T-beam. the user must specify YD. ZD. YB & 7B.
Similarly for Trapesoidal secuons, YD, ZD an” ~ ™ must be
provided.
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If the shear arcas arc input, the program will aulomatically
consider shear deformattons n the analysis, and if they are lefl
oul', shear deformation will be ignored. [n a frame structure. the
ratio of shear deflection (o bending deflection 1s so small 1h.al n
most (fascs‘ it can be ignored. The depths in the two major ‘
dtrcFllons (YD and ZD) arc used in the program to calculate the
section moduli, These are needed only 10 calculate member
stresses or to perform concrete design. The user can omit the YD
& ZD valucs if stresses or design of thesec members are of no

intecrest, The default value is 254 mm (10 inches) for YD and ZD

All the prismanic properues are input in the local member
coordinates,

‘ [ AL -
YD
' YR W)
b ! !
]

£ o8

To define a concrete member. the user must not provide AX, hut
. .

l-nsu:ad. provide YD and ZD for a rectangular section and just YD
or 2 circular section. I no moment of wacrua or shear areas are

P . lhc P ('glal[l W]“ a ] Y
calcuiale lllCSC from YD
rovided T ulomalica ] al

Tab!c 1.1 is offercd to assisi the user in specifying the necessary
sectian values. It lists. by structural 1ype, the required section
properties for any analysis. For the PLANE or FLOOR lype
analyses. the choice of the required moment of inertia depends

;lgon the beta angle. If BETA equals zero, the required property is

Table 1.1 Required properties

Secuon 1 23
Structural Required
Type Properties
TRUSS structure AX
PLANE structure AX,{1ZorlY
FLOOR structure IX, 12 or LY
SPACE structure AX, IX, 1Y, IZ

1.7.2 Built-In Steel Section Library

This leature of the program allows the user to specily scclion
names of standard siecl shapes manufacturcd 1n dilferent
countrics. Information pertaining to the Amecrican steel shapes s

available 1n secuon 2.

See teclion
221 and
§20.1

Contact Research Enginners for informatian on steel shapes for

olher countrics.

Since the shear areas of the sections are built into the tables. shear
Jeformanion 15 always considered for these seciions.

1.7.3 User Provided Steel Table

The user can provide a customized stcel table with designated
See vections names and proper corresponding properties. The program can then
519 und find member properites from those tables. Member sclection may
also be performed with the program selecting members from the

provided tables only.

x4

Thesc tables can be provided as a part of a STAAD input or as
scparately created files from which Lhe program can rcad the
properties. The user who Jdoes not use standard rolled shapes or
who uses a limited aumber of specific shapes may creale
pcrmanent member property files. Analiysis and design can be
timited to the scctions in these fiics
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1.7.4 Tapered Sections

See secuion
3203

- Properties of (apered {-sections may be provided through

MEMBER PROPERTY specifications. Given key section
dimensions. the program is capabic of calculaung cross-scctional
properties which are subsequently used in analysis Specilication
of TAPERED sections 15 described Yn Scction 5 of this manual.

1.7.5 Assign Command

See section
§j.205

Through this command. the user may instruct the program to
automaticaily select a steel section from the table for analvsis and
subscquent design. The scction types that may he ASSIGNed
include BEAM. COLUMN. CHANNEL, ANGLE and DOUBLE
ANGLE. Whcn a BEAM or COLUMN is specified. the program
will assign an I-beam scction (WF for AISC) and subsequent
member selection or opumization will be performed with a similar
typec section,

1.8 Member/Element Release

See

section 5.22

STAAD allows releases for both members and ¢lements

- One or both ends of a member or clement can be released

Members/Elements arc assumed 1o be rigidly framed 1nto joints in
accordancc with the siructural 1ype specified. When this (ull
rigidity is not applicable. individual force components at cither
end of the member can be sct to zero with member release
staicments. By specifying release components, individual degrees
of freedom are removed from the analysts. Release componenis are
given in the local coordinate sysiem for cach member. Note that
PARTIAL moment release is also allowed.

SiB0DERORRRRRRRE

Section | | 2

1.9 Truss/Tension - Only Members

See tection

323

For analvses which involve members that carry axial loads only,
r.c. truss members, there are two methods for specifying this
condition. When all the members in the structure are truss
members, the 1ype of structure 15 declared as TRUSS whereas,
when only some of the members arc truss members (e.g. bracings
of a building), the MEMBER TRUSS command can be used where
those members will be idenulied separately. A considerable
amount of analysis and design time is saved by declanng an axial
member 2s a TRUSS mcmber. specification of such members as
frame memhbers with both ends pinned should be avoided wherever
possible

In STAAD. a member may be declared as a Tenston-only member.
The analysis will be performed accordingly. Reler to Section
5 23 3 for details on this facility

1.10 Cable Members

See '

secitan 5.23

Cable members may Se specified hy using the MEMBER CABLE
command While specifying cable members. the inttial tenston in
the cable must be provided. The following paragraph explains how
cable stffness 15 calculated.

The tncrcase 10 length of a loaded cable 1s a combination of two
elfects. The first component is Lhe elastic stretch, and s governed
by the familiar spring relationship

EA ‘
F = Kxwhere K jptc = —

The sccond component of the lengthening is due 10 a change in
gcometry (as a cable 1s pulled 1aut, sag is reduced}. This
rclationship can be described by
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Scetion I_] ;
F= Kabut here K, = ~7—

< :COMJD- ’ Jeﬁbrch,io'n .

(Caleparia) ¥here .

3y A cablc member offers no resistance to a compressive force

applicd at its cnds. When the end joints of the member are
subjccted 1o a compressive force, they “give in” thereby (Por me
causing the cable to sag. Under these circumstiances, the cable
member has zero stiffness and this sitwatton has 1o be _
accounted Tor in the stiffness matrix and the displacemems -
have to be recalculated. But 1n STAAD. merely declaring the
mcmber 10 be a cable member docs not guarantce that this

Ao - behavior w:ll be accounted for. [t is also important thal the

- - user declare the member to be a tension only member by using
the MEMBER TENSION command. This will ensure that the

weight per umit fength of cable
tensicn 1a cable

’
v

11t

4
13

Thercforc. the “stiffness™ of a cable depends on the initial instalted
iension (or sag). These two cffccts may be combined as follows

K = ———
comb K ng + 1 Ketagne

L, ) program will test the nature of the force in the member afler

K oomn = EA 'l.[h W LTEA 12T the analysis and 1f 11 1s compressive. the member 15 switched
oil and the sutfness matrix re-caleulaied.

Note: When T = 0. Kcomb = EA/L 5 i

1) Due to potential instabihity problems cxplained in item |
above. users should also avoid modeling a catenarv by
brecaking 1t down into a number of straight line segments. The
cable member in STAAD cannol he used to simulate the
behavior of a catenary. By catenary, we arc referming (o those
structural components which have a curved profile and develop
avial torces due thewr self weaght. This behavior s in reality a
aon-hincar behavior where the axiai foree 1§ caused becausc of
erther a change 1n the profile of the member or induced by
large disp]accmcnls.dc':gll% of which arc valid assumplions n
an elasuc analysis. A'lypteal cxample of a catenary is the main
L shaped cable used in suspension bridges.

! Il may be noticed that as the 1ension increascs (sag decreases} the
combined siiffness approaches thal of the pure clastic sttuation,

The following points need Lo be considered when using the cable
member 1n STAAD

1}" The cable member is anly a lruss member whase propertics
accuomodate the sag factor and inthal tension. The behavior nf
the cable member is identical to that of the truss member. It
can carry axial loads anly. As a result, the fundamental rules
involved 1n modeling truss members have to be followed when
modeling cable members. For example, when two cable
members meet at a common joint, if there 1sn’t a support or 3
3rd member connected to that joint, il is a point of poicntial
instability.

§) The increase of stiffness of the cable as the teasion in it

increases under applied loading is not accounted for during the

analysis. : ,

2) Due to the reasons spéaified i 1) above. applying a iransverse
load on a cable member is nol adwvisable. The load will be
converled 10 two concentrated loads at the 2 ends of the cable
and the true deflection pattern of the cable will never be i =

realizcd.

BRRRERRRRRR
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1.11 Member Offsets

Some members of a structure may not be concurrent with the
incident joints thereby creating ofTsets. This offset distance 15
specified in terms of global coordinate system (i.c. global X. Y
See seciion and Z distance from the incident jdint). Secondary forces induced.
5.5 due lo this offsct connection, arc taken into account tn analyzing
the structure and also to calculate the individual member forces.
The new offset centroid of the member can be at the siart or end
incidences and the new working point will also be the new slart or

MEMBER OFFSET

pnneag

end of the member. Therclore. any reference from the start or end 1 START 7
of that member will always be from the new offsct points 1 END -6
, 2 END -6 -9
Freure /.15

il

1.12 Material Constants

The material constants are: modulus of clasticuy (E): weight
density {DEN): Poisson’s ratio (POISS ) co-clficient of thermal
cipansion (ALPHA). and beta angic tBETAI or coordinaics for
Sre anv reference (REFY point.
teciton 3 26 .
E value for members must be provided or the analysis wiil not be
- performed. Weight density (DENY is used only when selfweight of
the structure 1s to be taken into account. Poisson’s ratio (POISS) is
used to calculate the shear modulus {commonly known as G) by

the fermula,

nnnnn

G = 0.5 x E/(] + POISS) ‘

IT Porssan's ratio 1s not provided G will be 1/2 E. Coeffictent of
thermal expansion (ALPHA) t3 ysed te calculate the expansion of
the members i temperature loads arc applied. The temperature unit
for temperaturc icad and ALPHA has 10 be the

il
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" BETA angle and REFercnce poiat arc discussed 1n Sec 1.5.3 and e

arc input as part of the member conslanis.

1.15 Loads

Loads in a struciure can he specified as joint icad. member load,
temperature load and fixed-end member toad. STAAD can also
el T generate the self-weight of the structure and use 1t as uniformly
distributed member loads in analysis. Any fraction of this sell-
weight can aiso be applicd in any desired dircction

1.13 Supports

i

STAAD allows specifications of supparts that are parallel as well
as inclincd 1o the global axcs. »

CEOEERAOD

Supports are specified as PINNED. FIXED. or FIXED with
different relcases. A pinned support has restraints against all

- translational movement and none agarnsi rotational movement, In
other words. a pinned support wiil have reactions for all forces but
will resist no moments, A fixed suppon has restraints against all
directions of mavement.

1.16.1 Joint Load

See

section 5.27
Jount loads. both forces and moments. may be applicd 1o any [ree

See seciion juint of a structure, These loads act in the giobal coordinate system

532 of the structure. Positive forces act in the posilive coordinate
directians, Any number of loads may be applicd on a single joint,
1n which case Lthe loads will be additive on that joint.

The restraints of a fixcd support can aiso be released in anv
desired direction as specificd in seetion 5. .
1.16.2 Member Load
Translational and rotational springs can also be specified. The
springs arc rcpresenied in terms of their spring constants. A
- translational spring constant 1s defined as the force 1o displace a
L “support joint anc tengih unit in the specified global Jirection.
Similarly. a rolatienal spring constant 1s defined as the force 1o

: rotate the support jeint one degree around the specificd glohal
direction.

Three 1yvpes of member lvads may be applied directly 1o a member
of a structure. Thesc toads are uniformly disiributed loads.
concentrated loads, and lincarly varving loads (including
trapezoidal). Uniform loads act on the full or parual length ol a
member Cuncentrated loads act at any intermediate. specificd
point. Lincacly varying loads act over the fuil lengih of a member
Trapczoidal lincarty varying loads act over the [ull or partial
length of 3 member. Trapezowdai loads are converied 1nto 2
umiform load and several concentrated loads.

See section

I P

-~ o

1.14 Master/Slave Joints

Any number of loads may be specified 10 act upon a member in
any independeat loading condition. Member loads can be specified
in the member coordinale sysiem ot the global coordinate system.
Umformly distributed member loads provided in the global
coardinate system may be specified 1o act along the ull or
projected member length. Refer 1o Fig. 1 3 10 find the relation of
the member to the global coordinate systems for specifving
member loads. Positive forces act in the positive courdinate
directions, local or global, as the casc may be.

The master/slave aption is provided to cnable the user to model
tigid links in the structural sysiem. Thas facility can be used 10
model special structural clements like a nigid floor diaphragm.
Scveral slave joints may be provided which will be assigned same

- displaccments as the master joint. The user is also allowed the
fexibility to choose the specific degrees of frecdom for which the
displacement constraints will be imposed on the slaved joints. If
all degrees of freedom (Fx, Fy, Fz, M, My and M2) are provided -
as constraints, the joints will be assumed to be rigidly connected.

e

«tlion 3.28
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1.16.3 Area Load

Many times 2 [Teer (bound by X-Z plane) 1s subjecied to a

_ umformly distributed load. It could requirc a lol of work 1o
catculate the member {oad for individual members in that floor.
However, with the AREA LOAD command. the user can spectly
the area loads (unit load per unit square arca) for members. The
program wtll calculate the tributary arca for these members and
provide Lhe proper member [oads. The following assumputions are
made whilc transferring the arca load to member load:

See section
5.32.4

a) The member load is assumed Lo be a lincarly varying load for
which the start and the end values may be of different
magnitude.

b} Tributary arca of a member with an area load is calculated
based on hall the spacing o the nearest approximaiely parallel
mcmbers on both sides. If the spacing is more than or equal to
the length of the member, the area load will be ignored.

Section |

¢) Arca load should not be specified on members declared as
MEMBER CABLE. MEMBER TRUSS or MEMBER
TENSION.

Figurc 1.17 shows a floor structure with arca load specification of

01,
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Figure 1 {7

Member | will have a lincar load of 0 3 at one cnd and 01 2 at the
olther end. Members 2 and 4 will have a umform load of 0 5 over
the (el length. Member 3 wtll have a linear load of 0.15 and 0.55
at respective ends. Mcember 5 will have a uniform load of 0 25.
The rest of the members, 6 through 13, will bave no contributory
arca load since the nearcst parallel members are more than each of
the member lengths apart. Howcver, the reactions from the
members to the girder wiil be considered.

1.16.4 Fixed End Member Load

Load effects on a member may also be specificd in terms of s
fized end loads. These loads are given in lerm ¢ member

Jee section coordinate system and the directions are oppos. s the actual load

Jiz

J
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on the member, Each end ol a member can have six forces: axial;
shear y: shear z: torsion: moment y, and moment £,

1.16.5 Prestress and Poststress Member Load

See seciion
5.32.5

Members in a struciure may be subjected (o prestress load lor
which the load distribution in the structure may be 1avesugalted.
The presiressing load 1n a member may be applied axially or
cceentnically. The cccentricities can be provided at the stant joint,
al the middle, and ai the end joint. These cccentricities are only in
the local y-axis. A positive eccentricily will be in the positive
local y-direction. Since eccentricities are only provided in the
locat y-axis, care should be 1aken when providing prismatic
propertics or in specifying the correct BETA angle when rolating
the member coordinates. if necessary. Two lvpes of prestress load
specificalion are available; PRESTRESS, where. duc 1o the load,
reactions are gencrated during the appheation of prestress load and
POSTSTRESS. assumed 1o be applicd after the presiress foad 1s in
place, which does not gencrate reactions.

I} The cable 1s assumed 10 have a gencralized parabolic profile.
The equaltion of the parabola is assumed to be

.
Yy=ax"+bx+c

where a= -L(ch ~ 4em + 2ec)

LZ
1
h=t(4cm-cc—3ﬁ)
c=cs
where ¢s = ccceniricity of cable at siart of member (1a local
y-axis)
em = eccentricily of cable at middle of member (1n
local y-axis)
ee = cccenlricity of cable at end of member {in local
y-axis)

L = Length ofmember

2) The angle of inclination of the cabie with respect to the local
x-axis (a straight line jointng the start and end jomis of the

i
)
%
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member) at the start and end poinis 1s small which gives rise
to the assumption that

sin@=08=dy/dx

Hence, if the axial force in the cable is P, the vertical
component of the [orce at the cnds is P(dy/dx) and the

horizontal componcnt of the cable force is.

Users arc advised to ensure that their cable profile meets this
requirement. An angle under § degrees is recommended.

The member 15 analyzed for the presiressing/postsiressing
effects using the cquivalent load method. This method is well
documented 1n most reputed books on Analysis and Design of
Presiressed concrete. The magnitude af the uniformiy
distributed load is calculated as

R
udl:i,c

where P = axial force 1n the cable
(es +cc)
e=——0—-cm

&

L = length of the member

The force 1n the cable 1s assumed to be same throughout the
member fengih. No reduction is made 1n the cable forces to
account for lriction or ather losses. .

The term MEMBER PRESTRESS as used in STAAD significs
the following condition. The structure 1s constructed first.
Then, the prestressing force 1s applicd on the relevant
members. As a resull, the members deform and depending on
their end condittons. forces are transmitied 1o other members
in lhe structurc. In other words, "PRE” referes to the ume of
placement of the member in the structure relative to the time
of stressing.
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6) The term MEMBER POSTSTRESS as used in STAAD
significs the following condition. The members on which such
load 1s applicd are first cast in the faciory. Following this, the
prestressing force 1s applied on them. Mcanwhile, the rest of
the structure is constructed at the construction site. Then, the
prestressed members are brought and placed tn position on the
partially built structure. Due to this sequence, the effects of
prestressing are “cxperienced” by only the prestressed
members and not transmitted e the rest of the siruciure. [n
other words, "POST" refers to the time of placement of the
member in the structure relative 1o the ume of siressing.

7) As may be evidem from ltem (6) above. 1t 1s not possible 1o
compule the displacements of the ends of the
POSTSTRESSED members lor the effects of
POSTSTRESSing, and hence arc assumed Lo be zerp. As a
result. displacements of intermediate sections (See SECTION
DISPLACEMENT command) are measured relanve (o the
straight line joining the start and cond jomnis of the members as
defined by their initial JOINT COORDINATES.

1.16.6 Temperature/Strain Load

See section
5.32.6

Temperature diflercnce through the Iength of & member as well as
diffcrences of both faces of members and clemenis may also be
specificd. The program caiculates the axial strain {elongation and
shrinkage) due to the temperature differcnce. From this i
calculates the induced forces in the member and the analysis 1s
done accordingly. The strain intervals of clongation and shrinkage
can be input directly.

1.16.7 Support Displacement Load

See section

§.32.4

Loads can be applied to Lthe siructure 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 al ways in degrees. Nole that
displacements can be specified only 1n directions in which the
support is resirained and net in directions in which it is released.

{r‘,&._: ~
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1.16.8 Loading on Elements
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On Plate/Shell clements, the types of loading that are permissible

are;

1) Pressure loading which consists of loads which act
perpendicular (o the surface of the element. The pressure l?ads
can be of uniform inlensity or trapezoidally varying tensity
over a small portion or over the enlire surface of the element.

21 loint loads which are forces or moments that arc applicd at the
Joints tn the direction of the global axes.

1) Temperature loads which may be conslant across the df:pth of
the clement (causing only in-plane eclongation ! shortening) or
may vary across the depth of the element causing bending on the
clement. The coefficient of thermal expansien for the matcrial of
the clement must be provided in arder 1o facilitale computation

of these effects.

4) The scll-weight of the clements can be applicd using the
SELFWEIGHT loading condition. The density of the clemenis
has to be provided i order to facilitale computation of the scifl-

weight.
On Solid elements. the oaly two Toading types available are

1) The self-weight of the solid clements can be applied using the
SELFWEIGHT loading condition. The density of the clements
has 10 be provided in order lo facilitate computation ¢f the self-

weight.

2} Joint loads which are forces or maments thas arc applied at the
joints in the direction of the global axcs.
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1.17 Load Generator

STAAD is cquipped with buiit-in algorithms to generate maving
loads and tateral scismic loads {per the Uniform Building Cude

and the [S 1893 code) on a struciyre. Use of the load generation
facility consists of two parts : *

1) Definition of the load system(s).

2) Generation of primary load cases using previnusly defined
load sysiem(s),

The following sections describe (he salient features of the moving
load generator. the seismic foad generator and the wind [oad
gcncrator availabie.

1.17.1 Moving Load Generator

See sections
5 3.1 and
532,12

This fecatire enables the user 10 gcncrale moving loads un g
structure. Moving load system(s) consisting of concentrated foads
at fixed specified distances i both directions on a plane can he
defined by the user. A user specificd number ol primary load cases
will be subsequenily gencrated by the program and |akt;n 1Nl

" consideration in analysis. Ameriean Association ol Siate Highway

and Transportation Officials (AASHTO, 1983, loadings are

available within the program and can be specified using standard
AASHTO designations. :

1.17.2 UBC Seismic Load Generator

See sections
312 and
L3212

The STAAD scismuc load generator foliows the UBC procedurc of
cquivalent Jaieral load analysis. It is assumed that the lateral loads
will be exeried in X and Z directions and Y will he the direction of
the gravity loads. Thus, for a buiiding model. Y axis wiil be
perpendicular (o the flours and poial upward (ail Y joim
coordinates positive). The user is required 1o set up his model
accordingly Total fateral scismic force or base shear is

Secnom 39

automatuically calculated by STAAD using the appropriate UBC
cquation. Note both 1994 and 1985 specifications may be used.

For load gencration per the 1994 code. the user is required Lo
provide scismic zonc coefficient. importance factor. co-efficient
Rw and sitc soil coefficient. For UBC 1985 load gencrauaon,
scismic zone coclfictent imporiance lactor & horizontal lorce
factor k must be provided. Spectfication of sile character period Ts
is optional.

/

.
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[nstead of using approximate UBC formulas to e¢stimate the
building pcriod in a vertain direction, the program calculates the
period using Ralcigh quotient technique. This period 15 then
utilized to calculaie sessmic coefficient C,

After the base shear 1s calculated from the appropriale equation. 1
Is distributed among the varnious levels and roel per UBC
speciftcations. The distributed base shears are subsequently
applied as lateral leads on the siructure. These loads may then be
utilized as normal load cases for analysis and design.

1.17.3 Wind Load Generator

The STAAD Wind Load generator s capable of calculating wind
loads on the structurc from user specilied wind intensilies and
cxposure factors. Diffcrent wind intensities may be specified for
different height zones of the structure. Qpenings 1n the structure
may be modeled using cxposure laclors. An exposure laclor is
associated with each joint of the structure and is defined as the
(raction of the influcnce arca on which the wind load acts. Buili-in
algorithms automatically caiculaic the wind load on a SPACE
structure and distribute the loads as laisral joints loads '

See techiony
531 3and
sin

1.18 Analysis Facilities

Following analysis facilivies are avatlable in STAAD.

4
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1) Suffness Analysis

2) Sccond Order Analysis
P-Delta Analysis
Non-Linear Analysis

3) Dynamic Analysis

Saiient fealures of each Lype of analysis are discussed in the

M .
following sections. Detailed theorcetical treatments of these
features arc available in standard structural cagincering lextbooks.

1.18.1 Stiffness Analysis

See section
5.37

The stiffness anaiysis implemented in STAAD is based on the
malrix displacement method. In the matrix analysis of siruclures
by the displacement method. the structure is first idealized into an
assembly of discrete structural componenis (frame members or
finile elements). Each component has an assumed form of
displacement 1n a manner which sausfics the lorce equilibrium and
displacement compaiibility at the joints.

Structural systems such as slabs. plates, spread footings. ctc..
which transmit {oads 1n 2 dircctions have (o be discretized ino a
number of 3 or 4 noded fimte elements connccted to each ather at
their nodes. Loads may be applied in the form of distnibuied loads
on the element surfaces or as concentrated loads at the joints. The
ptane stress cffects as well as the plaie bending cffects are taken
into consideration 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 assumpuions:

1) The structure is idealized into an assembly of beam and plate
type elcments joined together at their vertices (nodes). The
assembiage is loaded and reacted by concentrated loads acting
at the nodes. These loads may be both forces and moments
which may act in any specified direction.

IRTERTRET12815
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2) A bcam member is a longitudinal structural member having a
constant, doubly symmeciric or ncar-doubly symmetric cross
scction along 1ts length, Beam members always carry axial
forces. They may also be subjected 1o shear and bending in
two arbitrary perpendicular planes. and they may also be
subjected Lo lorsion. From this point these beam members are
referred 1o as "“members” in the manual.

3) A plate element is a three or [our noded clement having
constant thickness. These plate clements arc referred Lo as
"elements” in the manual.

4) Iaternal and external loads acting an ecach node are in
cquilibrium. If torsional or bending propertics are defined for
any member. six degrees of freedom are considered at cach
node (i.c. three translational and three rotational) in the
generation of relevant matrices. {f the member 1s defined as
truss member {i.c carrving only axial forces) then only the
three degrees (translational) of freedom are considered at cach
node

5} Twa types of coordinate systems arc used 1n the generation of
the required matrtces and are referred 1o as local and global
syslems.

Local coordinate axcs are assigned o cach individual element and
arc oriented such that computing efTort lor element stiffness
matrices arc generalized and minimized. Global coordinate axes
arc a commton datum cstablished for all :dealized elements so that
clement {orces and displacements may be rclated to a common
frame of relerence.

Basic_Equation :

The complete stiffness matnx of the structure 15 obtained by
systematically summing the contributions of the various member
and element stilfncss. The external loads on the structure are
represented as discrete concentrated loads acting only at the nodal
points of the structure,
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" The stiffness matrix relates these loads to the displacements of the

nodes by the equation:
Aj = aj + SI X Dj

This formulation includes all the Joints of the siructure, whether
they are free Lo displace or are restrained by supports. Those
componcnts of joint dispiacements 1Bat are frec 1o move are called
degrees of freedom. The 10tal number of degrees of freedom
represenl the number of unknowns in the analysis.

- Method to Solve for Displacements

Therc are many methods (o solve the unknowns [rom a series of
simultancous equations. An approach which is paritcularly suited

. for structural analysis is called the method of decomposition, This

methed has been selected for use in STAAD, Since the stiffncss
matrices of all linearly elastic structures are always symmetric, an
especiaily elficient form of the decomposition called Modified
Cholesky's methad may be applied (o these problems. This method
Is very accurale and cost effective and well suited for the Gaussian
climination process in soiving the simultancous cquations.

Consideration of Bandwidth

The method of deccomposition is particularly efficient when

.applied o a symmctrically banded mainx. For this lype of mairix

fewer calculalions are required due to the fact thal clements
outside the band are all cqual to cero.

STAAD takes full advantage of this bandwidih during solution, as
it is important to have the least bandw:dih 1o obtain the most
elficient solution. For 1his purpose. STAAD offers features by
which the program can internally rearrange the joint numbers 1o
provide a better bandwidih.

‘ Structural Integrity

The integrity of the structure is a very important requirement that
must be satisfied by all models. Users must make sure thal the

SccaiunTl 4

madel developed represcnts one single siructure anly. not two or
more separale struclures.

An "integral” structurc or "one” structure may be defined as a system
in which proper "stiffncss connections” exist between the
members/elements. The enlire model functions as a single integrated
load resisuing system. Two or more independcent structures within one
modcl results in erroncous mathematical formulation and therefore.,
gencrales numerical problems. STAAD checks structural integrny
using a sophisticatcd algorithm and reports detection of multiple
siructures within the model.

Modeling and Numerical Instability Problems

Instability problems can occur duc to iwo primary reasons,
1) Modcling problem

Therc are a vanicty of modeling problems which can vive rise
1o instability conditions. They can be classified 1nio 1wo

groups.

a) Local instability - A local insiability is a condition where
the (ixity conditions at the end(s} of a member are such as
to cause an instability i the member about one or more -
degrees of frecdom. Examples of local instability are.

(i) Mcmber Release: Members released at both ends for
any of the following degrees of frecdom (FX. FY, FZ
and MX) will be subjceied 10 this probiem.

{11) A framed structure with columns and beams where the
columns arc delined as "TRUSS" members. Such a
column has no capacity to trans{er shears or momenis
from the superstructure Lo the supports.

b) Global Instability - These are caused when the supports of the
structure arc such that thcy cannot offer any resistance o
sliding or overturming of the structure in onc or more
directions. For example, a 2D structure (frame in the XY
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planc) which is defined as a SPACE FRAME with pinned

supports and subjected to a force in the Z dirccuion will topple

over about the X-axis. Another example 1s that ol a space
frame with ail the suppurts released for FX, FY or FZ.

2) Math preeision

A math precision crror is caused when numerical instabililies
occur 1n the mainx inverston process. One of the terms ol the
equilibrium equation 1akes the form 1/(1-A). where
A=kl/A(kl+k2): k1 and k2 being the stiffness coeflicients of two
adjacent members. When a very "stifl” member is adjacent 1o a
very “Nexible” member, vie., when kI>>k2. or kl+k2 =k, A=)
and hence, 1/(1-A) =1/0. Thus, huge variations in sirffnesses ol
adjacent members are not permitied,

Math precision errors arce also caused when the unts of length
and force arc not defined correctly for member lengths,
member propertics, conslanis cie,

Users also have to cnsure that the mode! defined represents one
single structure only, nol (wo of muore scparale structures, For
example, in an cffort to model an capansion juint. the user may
cnd up delining separate structures within the same input lile.
Muliipie structurcs defined 1n one input {ile can lead to grossiy
crroncous rcsults. )

1.18.2 Second Order Analysis\

See

section §5.37

1.18.2.1

ee
section 5.37

STAAD oficrs the capability to perform second order stability
analyscs. Two methods are available - a simphfied method called
P-Delta Analysis and an claborate mcthod called Noa Linecar
Analysis. Both methods arc explained below,

P-Delta Analysis

Structures subjected 10 lateral loads often experience secondary
forces due (o the movememt of the point of application of vertical
“ds. This sccondary cffect, commonly known as the P-Delta

proogonoegnouuee
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effcct. plays an important role in the analysis of the structure. [n
STAAD. a unique procedure has been adopted Lo incorparate the
P-Dcla effect into the analysis’ The procedure consists of Lhe
following steps:

1) First, the primary deflections are calculated based an the
provided exiernal loading.

7} Primary deflections are then combined wath the oniginally
applicd loading to creale the secondary loadings. The load
vector is then revised 10 include the secondary cffects.

Notc that the lateral loading must be present concurrently with
the vertical loading for proper consideration of the P-Delta
cffcet. The REPEAT LOAD facility (see Section § 32.11) has
heen ereated with this requirement 1n mind. This Tacihty
allows the user 1o combine previously defined primary load
cases Lo creale a new primary load case.

3) A ncw suffncss analysis is carried out based on the revised
joad vector to generate new deflections.

4} Element/Member forces and suppart reacuions arc calculated
based on the new defleetions,

[t may he noted that this procedure vields very accurate results
with al! small displacement probiems STAAD allows the user to
go through muitiple yterations of the P-Delta procedure 1f
necessary. The user 15 allowed (o speeify the number of Heralions
hased on the requirement.

The P-Declia analysis is recommended by the ACI code (1n lieu of
moment magnification methods) and the AISC LRFD code for
czlculanion of more reahisuc forces and moments

P-Delta cffccts are calculaied for [rame members only. They are
aot calculated for fimite clements or solid elements.
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1.18.2.2 Non Linear Analysis

See
section 5,37

STAAD also offers the capability to perform non-lincar analysis
bascd on geometric non-linearity, The non-linear analysis

algerithm incorporates both geometric stiffness corrections and
secondary loadings.

Nan linear analysis methodology 15 generally adopted for
structures subjcct Lo large displacements. As large displacements
geacrally result in significant movement of the point of application
of loads, consideration of secondary loadings becomes an
1mp9rtnm criteria. In addition, geometric stiffness correclions are
appiied Eo lake into consideration the modified geomelry. Since the
gf:omclnc stiffness corrections are based on gencrated
displacements, they are differen; for different load cases. This
makc? the non-linear analysis option ioad dependent. The STAAD
non-linear analysis algorithm consisis of the following sieps :

1) First, primary displacements are calcuiated for the apphied
loading.

- 4 . . .
2) Siiffness corrections are applicd on the memberfelement

stiffness matnices bascd on obscrved displaccments. New
global stiffness matrix is assembled based on revised
member/element stifiness matrices,

3) Load vectors are revised to include the secondary effects due
to primary displacements.

4) The new sct of equations are solved 10 generale new
displacements.

5) Elemenu/Member forces and support reactions are calculated
from these ncw displacements.

6) The STAAD non-linear analysis algorithm allows 1he user to
£0 through multiple itcravons of the above procedure. The
numpcr of iterations may be specified by the user based on the
requirement. [| may be noted, however, that multiple ilerations

“jhgpoorooooEnnGt

Sccton 1 | 47

may increcase the compuler resource requircments and
cxccution time substantially.

Note . The following points may be noted with respect 1o the non-
linear analysis facility -

1} Since the procedure is load dependent. the user is required to
usc the SET NL and CHANGE commands properly. The SET
NI command must be provided o specify the total number of
prtmary load cases. The CHANGE command should be used to
reset the stiffness matrices

As the gcometnc corrections are based on displacements, all
loads that arc capable of producing sigmihcant displacements
must be part of the load case(s) identified for non-ltncar

[ ]
—

analysis.

1.18.3 Dynamic Analysis

Ser tections
3.30,
53210534

Currently avamilabic dvnamic analysis facilhities include soluhon of
the free vibration problem (cigenproblem). response specirum
anatysis and forced vibration analysis.

Solution of the Eigenproblem

The cigenproblem s solved for siructure frequencies and mode
shapes considening 2 lumped mass matrix. with masses at all active
d.o.l. included. Two solutton methods arc availahle: the
dcterminant scarch mcthod. and the subspace itcration method,
wtth soiution sclection based on problem size.

Mass Modeling

The natural frequencies and maode shapes of a structure are the
primary paramcicrs that affect the response of a structure under
dynamic loading. The free vibration problem 15 solved to extract
these values. Since no cxicrnal lorcing function 1s invelved, the
natural frequencies and mode shapes are direct lunctions of the
stiffness and mass distnibution 1a the structure. Results of the
frequency and mode shapc calculations may vary significantly
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See seclion
5.32.10

—ee Seclions
5.31 4 and
32102

depending upon the mass modeling. This variation, in turn, affects
the responsc spectrim and {orced vibration analysis results, Thus,
extreme caution should be exerctsed in mass modeling in a
dyramic analysis problcm. Acuve masses should he modeled as
loads. All masses that arc capable of moving should be modcied as
loads applicd in all possible dircctions of movement. In response
spectrum anpalysis, as a bare mimimum. all masses (hat arc capable
of moving in the dircction of the sgectrum, must be provided as
loads acting in that direction.

Response Spectrum_Analysis

This capability aliows the user o analyze the structure for scismic
loading. For any supplicd responsc spectrum (cither acceleration
vs. period or displacement vs. period), joint displacements.
member foreces, and support reactions may be caleulaled. Modal
responscs may be combined using cither the square root of the sum
of squares (SRS5) or the complete quadratic combiration (CQC)
method to obtain the rcsultant responses. Resulls of the response

- spectrum analysis mayv be combined with the results of the stalic

analysis 1o perform subsequent design. Tu account tor reversihility
of seismic activity, load combinanons can be created to include
cither the positive or negative contribunon of scismic results

Response Time History Analysis

STAAD is equipped with a facility to perform a response history
analysis on a structure subjected to ume varying forcing function
loads at the joints and/or a graound motion at its basc. This analysis
is performed using the modal superposition method. Hence, ail the
acnve masses should be modcled as loads in order to facilitaie
determination of the mode shapes and frequencies. Please refer o
the section above on "mass modeling™ for additienal information
on this lopic. In the modc superposition analysis, it is assumed that
the structural response can be obtained from the "p” lowest modes.
The equilibrium equations are writlen as

(%) «[elix) + K)ixp = 4R} (n

11
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Ustng the transformation

n=Yiaa

] e (D)

Equation / reduces to "p” separalc uncoupled cquations of the
form

Q.+ 26,0,9,+ wig, =R, (1)

where & is the modal damping ratio and w the natural
frequency for the i'P mode.

These are solved by the Wilson- @ method which s an
unconditionally stable step by step scheme. The tme step for the
response is chosen as 0.1 T where T is the period of the highest
mode thal 15 to be included in the respanse. The g5 are substtialed
in equation ? to oblain the dispiacements {x} at each nme step

Time History Analysis for a Structure Subjected
to a Harmonic Loading

A Harmonzc loading 1s one in which can be described using the

following cquation
F(=Fysinfwi+g)
In the above cguation,

F(1) = Value of the force at any inslant of time "U”
Fo = Pcak value of the forcc

w = Frequency of the forcing lunction

¢ = Phasc Angle -

A plot of the above cqualion is shown in the ligure below,
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i i ws the member end aclions
Fehsintge e coordinate system. Figure 1.18 sho

with their directions.

Time (1)
1 Cycle

Definition of Input in STAAD for the Abgve
Forcing Function

As can be scen from s definition, a forcing function is 2
contiruous function. However, in STAAD, a set of discrele time-
force pairs is generated (rom the forcing funciion and an analysis
is preformed using these diserete time-forcing pairs. What that
mcans is ihat based on the number of cyeles that the user specifies
for the Joading, STAAD will Bencrate a table consisting of the
magnitude of the force at various pornts of time. The time values
are chosen from this ime ‘0” 1a n*ic 1n steps of "STEP” where n is
the number of cycles and ic is the duration of onc cycle. STEPisa
valuc that the user may provide or may choose the defzulr value
that is buw:lt inte the program. Users may refer 1o scetion 5 3] 4 of

Fregure 1 IR =

1.19.1 Secondary Analysis

Solution of the stilfness equations yicld displaccments and I'orccsh
at the joints or end points of the member. STAAD 15 cquipped w1l

. at
See secirons the lollowing secandary analysis capabilities to obtain results

this manual for a list of 1nput parameiers that need 1o be specified FH0 541 diatc pornts within a member.
. . i

for a Time History Analysis on a structure subjected (0 a Harmomie 542 und interme

loading. J43

1) Member {orces at intermediate scct.mns. _
2y Mcmber displacements at intermediaic scclions.
}) Mcmber stresses at specificd sections.

4) Force envelopes.

The relationship between variables that appear in the STAAD
input and the corresponding terms in Lhe cquation shown above 15
explained below. -
is ¢ ilities
Fo = AMPLITUDE The follawing sections describe the secondary analysis capab
w =FREQUENCY
¢ = PHASE

s detasl,

1.19.2 Member Forces at lnterme?iate Sections
e o e Ninder e g b A
igl;:z:‘ltrlcalse‘:lc.lll?hnc:c forces an‘d momcntsb::azfas]es:ul;c“:scd in

e ot "."°""lb:z-c:h;v':.“i‘r::;:z““:;“nc at the start and one at
:::‘:::if";aza::b:r. If no intermediate sections are requested, the

See sections
5.40 and
541

Mcmber end forces and momenis in the member result from loads
See applied 1o the structure. These forees are in the local member

5 uonm 5,47

Higooooooononnut
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program will cansider the start and end member forces for design.

However. of the sections provided, they are the oniy ones 10 he
considered design.

1.19.3 Member Displacements at Intermediate

See secitons

5.42 and
5.45.2

Sections

»
Like forces, displacements of intermediate sections of members
can be printed or plotied. This command may not be used lor (russ
or cable members.

1.19.4 Member Stresses at Specified Sections

See
seclions
5 40 and
541

Member sircsses can be printcd at specified tniermediate scciions
as well as at the start and end Jornis. These siresses inelude:

a} Axial stress. which is calculaied by dividing the axial lotce by
the cross sectianal area,
b) Bending-y siress, which is calculated by dividing the moment

i local-y directson by the section modulus 1n the same
dircction,

¢) Bending-z stress, which 15 the same as above cxcept in local-¢
direction,

d)} Shear siresses (in ¥ and z directions), and

¢) Combincd stress, which is the sum of axial. bending-y and
bending-2 siresses.

All the siresses are calculated as the absolule value.

1.19.5 Force Envelopes

See section

41

Force envelopes of the member farces FX (axial force), FY (Shear-
¥). and MZ (moment around local z-axis, 1.¢. strong axis} can be
printed for any number of intermediate sections. The force valucs
include maximum and minimum numbers represcnitng maximum
posilive and maximum negalive values. The following is Lhe sign
convention for the maximum and minimum valucs:

oopggoooonnnns
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FX A positive value 1s compression, and negative wension.

FY A positive valuc is shear m the positive y-direction. and
negative in the negative y-direction.

FZ Samc as above, cxcepl 1n local z-direction.

MZ A posilive moment wili mean a mement causing tenston at Lhe
top ol the member, Conversely, a negative moment will cause
tension al the botiom of the member. The top of 2 member s
delincd as the sidc towards positive local y-axis.

MY Same as above. except about local z axis.

1.20 Multiple Analyses

See section
5.18

Structural analysis/design may require multiple analyses in the
same run. STAAD aliows the user (o change input such as member
properuics, support conditions ¢tc. it an inpul ﬁlc.m facilnale
multiple analyses i1n the same run. Results from different analyscs

may be combined for design purposcs.

For structures with hracing, 11 may he nccessary 1o make certain
members inactive Tor a particular Inad case and subscquently .
activate them for another. STAAD provides an INACTIVE facility
for this type of analysis. The INACTIVE opuon 15 discussed in
detail 1n the following paragraph.

Inactive Members

With the INACTIVE command, members can be made :flacnvc.
These inactive members will not be cogsidered in lht.: stiffness
analysis or in any printout. The members madc' inaclive by the
INACTIVE command arc made active again with the C_HANGE
command. This can be useful in an analysis whcrc' lcnsllon-only
bracing is desired. so a set of members should be inactive for
certain load cases. This can be accomplished bv:

a) making the desired members 1nactive;
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b) providing the retevant load cases for which the mcmbers are
inactive;

¢) performing the analysis;

d} using the CHANGE command to make all the inacyve
members aclive;

¢) and making the other sct of members 1nactive and providing
the proper load cases for which the members are meant 1o be

inactive, performing the analysis and repeating the procedure
as necessary

1.21 Steel/Concrete/Timber Design

See seciions
L dand 4

Extensive design capahilities arc avaitable in S5TAAD for stcel.
cencreic and timber scctions. Detailed information on steel.

concrete and timber destgn is presented Sccthions 2, Jand 4
respectively.

1.22 Footing Design

ee

eciion §.52

A footing design facility capable of designing individual funtings
for user specificd supporils) is availabic. All active load Cases are
checked and design is performed for the support reactionisy which

-requires the maximum looting size Parameiers are available 1o

control the design. Output includes foating dimensians and
reinforcement details. Dowel bars and development lengths are
aiso calculated and included 1n the design output, Detailed
description and command specificationys) for fooling design 1s
available in section 5.52 of this manual.

-23 Printing Facilities

Al input data and outpul may be printed using PRINT commands
available in STAAD. The mnput is gormally cchoed back in the
oulput. This is important from a documentation point of view.
However. if required, the echo can be switched off.

1t
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Extensive listing facilitics arc provided 1n almost all PRINT

commands (o allow the user to sclect joints or members (clements)
for which values are requirced.

1.24 Plotting Facilities

See secitons
3.29. und
345

Two types of plotiing [acilitics are available in STA:\[:J. :ll'h:afl:sl
type allows the user to view structure geometry. deflecied s Siz .
bending moment/shear force diagrams_. stress co.n.lour?'tlc;luﬂcugwd
the Post Processing module. For certain capabnlnf:cs (i c_ _c“ e
shape, bending moment diagrams ¢ic.) a PLOT [ilc containing
relevant info must first be created through STAAD.

1n addition to the graphics capabulities of the Post Prnccsef:nglc N
module. a wide range of PRINTER PLl(?T ophons are av:;;:NTER
STAAD These capabilitics may be utilized to generale cm
PLOTS of siructure gecomctry. deflected shapes, hending mom

diagrams etc. as part of the output.

1.25 Miscellaneous Facilities

See
fection 5 17

See
section 5.15

STAAD offers the following miscellancous facilities for problem
¢

solution.

Perform Rotation

Alier the geometry has been specified, this command can be uic‘,d
10 rotate the structure shape through any desired angle abohul an
global axis. The rotated configuration can be used for further

analysis and design.

Substitute

Joint and member numbers may be redefined in STAA?;::‘T"%:‘:“
the use of the SUBSTITUTE command. Aﬁcr'a new 5.;:3“(:e um
are assigned. input and output valucs_ will be in accor ety
the new numbering scheme, This Tacihity allows the user p
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See section
344

See
section 5 36

See section
3532

numbering schemes that will result 1n simple input specification as
well as casy inlerpretation of daia.

Calculation of Center of Gravity

STAAD 15 capable of calculating the center of gravity ol the

structure. The PRINT CG command may be uulized for this
purpose. 1

Print Problem Statistics

The user may take advamiage of this {acility to review analysis
related characleristics (size of the stiffaess maltrix, disk storage
requirement ctc.) of the problem hefore actually running the job.
This option is especially useful for the estimanon of storage
requirements before running a targe problem which may requirc
large amounts of storage.

Input Memory

This opiton may be used for probiems runmng on the PC requining
a large amount of memory. [t should be remembered that the use of
this option may resuli in slow program cxecution

1.26 Post Processing Facilities

See sections
5.54 and
555

All output from the STAAD run may be utilized for further
processing cither by other modules or external programs. Files
cantaining relevanl information must be creatcd through STAAD
for this purpose. The following opuions are availabic.

Save/Restore

The save/restore featurcs cnable the user to save all the dala and
results associated with a problem and reactivate (restorc} the
problem and resume processing at a later time.

progROIIIOERRNNNT

American Steel Design

Section 2

2.1 Design Operations

STAAD contains a broad set of facililies for designing structural
members as individual componcenits of an analyzed siructure. The
member design facilines provide the user wrth the ability to carry
out a number of diffcrent design operations. These facilities may
he used selectivelv 1n accordance with the requirements of the
design problem, The aperations to perform a design are:

Specify the members and the [oad cascs to be considercd in the
design.

Specify whether to perform code checking or member
selection,

Specily design paramcter values, 1f differcnt from he defaull
vaiucs.

These operations may be repeatcd by the user any number of times
depending upon the design rcquircmcm's.

Stecel Design may be performed based on the following codes:
AISC-ASD, AISC-LRFD and AASHTO. A bric{ description of
each is presented in the following pages.

Currently STAAD supports stecl design of wi nge. 5. M, HP
shapes, angle, double angle. channel, double ¢ :). beams with
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cover plale, composite beams and code checking of prismane
properties.

2.2 Member Properties

For specification of member properties of standard American stee]
scctions, the sicel section library*avaiiabte 1n STAAD may be
used. The syntax for specilying the names of built-in sicej shapes
is described in the next section.

2.2.1 Built-in Steel Section Library

The following sections describe specificanion of sleel secuons
from the AISC (91h Edition. 1989) Steel Tables,

AISC Steel Table
-_'_———__.__

Almest all AISC sicel shapes are available for nput. Following are
the descriptions of all the types of sections available:

Wide Flanges (W shapes)

All wide Nange sections as listed 1n AISC/LRFD-89 are available
the way they are wrigten, c.g. WINXJ9. W21X50, orc.

20 TO 30 TA ST W1oX49
J3 36 TA ST W1sxas

C, MC, S. M. HP Shapes

The above shapes are availabie as listed in AISC (91h Edinuon)
without decimal poinis. For example, C8XI11.5 will be input as
C8X11 and S15x42.9 will be input as $15X42, omtiing the
decimal weights. (Exceplion: MC6X 151 for MC6X15.1 and
MC6X153 for MC6X15.3)

'
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10 TO 20 BY 2 TA ST C15X40
12 TA ST MC8X20

Double Channels

Back to back double channcls, with or withoul spacing between
them. arc available. The letter D in front of the section name will

specify a double channel.

2122 24 TA D MC9X25
55 TOG0TAD Cax1s

Angles
Angle specifications in STAAD are diffcrent [rom those in the
AlISC manual. The following cxample illustrates angle

specificabions.

L 40 356= L a4ax3-12x38
Angle syrnbl:ul—T

10 times length
of one leg in inch

Thicknass in 1/16th
inch

10 times length of
other ieq in inch

" Similarly, L505010 =L S x 5x 5/8 and L904016 =L 9 x 4 x |

Al present, there are two ways to define the local y and z-axes II'clr

: 0]
an angle section. To make the transition from the AISC .\'hnua
the program data easy, the standard secthion for an anglc is

specified:
.51 52 53 TA ST L40358

This specification has the local z-ax1s (iic.. the minor alxls)“an
corresponding to the Z-Z axis specified in the steel tables. Many

6i
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engineers arc {amiiiar with 2 conventian uscd by some other
programs in which the local y-axis 1s the minor axis. STAAD
provides for this convention by accepung the command:

54 55 56 TA RA L40358 {RA denctes reverse angle)

Double Angles

h
Short tcg back to back or long leg back to back double angles can

be specified by inputting the word SD or LD. respectively, in lront

of the angic size. In case of an cqual angle cither LD or SD will
serve the purpose.

1470 20 TA LD L35304 5P 0.5 Long leg back to back

L3-1/2x3x1/4 with 0.5
space

23 27 TA SD L904012 Short ag back to back

L9x4x3/4

Tees

Tces are not input by their actual namcs, as they are lisied 1n the
AlSC manual, bul instead by designating the beam shapes /W and
3) from which they are cut. For example,

1258 TAT WBX2M teacut from WBX24 whchis WT4X12

Pipes

Twao types of specifications can be used for pipe sections. In

general pipes may be input by their outer and inncr diameters. For -
cxample,

17O ¢ TA ST PIPE 0D 2.0 ID 1.875 ‘will mea‘.n a pipe ..
- withQ.0. of 2.0 :
.and {.D.laf 1.875 in¥

current i pylﬂun_i_l;:, 2

oy g eeesim s ed o

Section 2 i 6.

Pipe scctions listed in the AISC manual can be specified as

follows.

5 TO 1¢ TA ST pIPX20

PIP X 20 denotes extra strong pipe of 2
in._dia .

Pipe symho}——j T——w X Dia. in inches

specity only portion betore
decimal point

?Slr:ngltgn%%erd X = Extra-strong, D = Double gxtra-strong)
Tubes

Tubes from the AISC tables can be specified as follows.
s TO 10 TA ST TUB120808

TUB 120 B0 8

Symb 1.—j T——-Thicknass in 1/16th in.
Tube Symbo ‘

[ 10 {in.)
Height x 10 {(in.} Width x 10 {

Tubes. like pipes, can he input by their dimenstons (Height. Width
ubes. .

and Thickness) as follows.

s TA ST TUBE DT 8.0 WT 6.0 TH 0.:36 g awall -
ig a tube that has a naeight of 8, a, widn'! ot &, -

thickness of 0.5.

be perfo'rmed on lubes specified in the

sMember Selection cannot e pcrformed P eac

latter way. Only code checking can
scctions.

Welded Plate Girders

‘ ified as
Welded plate girders from the AISC manua! m&c spec
follows.
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B612010 -
Built-up section symbolI Thickness of flange in
) inches X 10/ (Only use
. portion before decimal
\ point)

—— Nominal flange Width

Nominal Depth in in".:hasJ
. {inches)

Example :
| TO10TA ST B612017
1516 TA ST B682210

2.3 Allowables per AISC Code

For steel design, STAAD compares Lthe actual siresses with the
allowable siresscs as defined by the American Insutute of Stcel
Construction (AISC) Code. The ainth edition of the AISC Cude. as
publ‘ishcd n 1989, is used as lhc?asus of this design (except for
iension stress). Because of the sife and complexity ol the AISC
codes, it would not be practical to descnbe every aspect of the
stcel design 1n this manual Instead. a brief descnipuun of some of
the major allowable stresses arc described herein.

2.3.1 Tension Stress
Allowable tensile stress on the net secton 1$ calculated as 0.60 Fy,

21,2 Shear Stress

Allowable shear siress on the gross scctian,

F, = 0.4F,

For shear on the web, the gross section is taken as the product of
the total depth and the web thickness. For shear on the flanges, the
gross section is taken as 2/3 times the 1otal flange areas.

HTRIIIrennIn
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2.3.3 Stress Due To Compression

Allowable compressive stress on the gross seclion of axally
loaded compression members is calculated based an the formula E-
1 1n the AISC Code, when the largest effective slenderness ratio
(KWr) 1s less than C.. If Klfr exceeds C,. allowable compressive
stress 1s decreascd as per formula 1E2.2 of the Code.

C, :"2:::5 °F,

2.3.4 Bending Stress

Allowable bending stress for tension and compression for a
symmetnical member loaded 1n the plane of s miner axis, as given
in Section 1.5.1.4 is.

Fy = 0.66F,
If mecung the requirements of this section of:

a) by /21715 less than or equal o a5y

hy b/t is less than or cqual to 1904

¢) dfts less than ar equal 1o 640(1-3 74(f, IFy))IJF_ when ([, IF,)
< 0.16. or than 2574 of (f, IF,) >0.16

d4) The laterally unsupported length shall not exceed 76.0bg /F,
{except for pipes or lubes). nor 20.000/(dF, /A()

¢) The diamcter-thickness ratio of pipes shall not exceed 3300/F,

If for these symmetrical members, by /21, exceeds 6547, but is less
than 95/, Fy=F(0.79-0.002(b¢ /2t) )

For other symmctncal members which do not meel the above, Fy is

calculated as the larger value computed as per AISC formulas F1-6
or F1.7 and F1.8 as applicable. but not morc than 0.60F,. An
ansuffened member subject to axial compression or compression
due 1o bending is considercd fully cffective when the width-
thickness ralio 1s nol greater than the following:



Amencan Siee) Design

Secuon 2

16.0/f7, far single angles or doubie angles with separators
95.0/fF", for double angles in contact. ‘
127 77, for stems of jees.

When the actual width-thickness rano cxceeds these values, ihe
allowabie siress is governed by BS of the AISC code. '

Tension and compression for the d

Tens subly symmeiric ([ & H
scctions with by {217 bess than 65/ and bent about their m)mor
:ix:s. Fy = 0.75Fy If by 1210 exceeds 65/, but 1s less than 9SI
Fy = Fy{|.075-0.0051br 21047) ’

::; lub:s. n‘u:cling the subparagraphs b and ¢ of 1his Scenon, bem
b ul the mlnor‘ax:s. Fp=0 66F!. fniling the subparagraphs b and
¢ bul a width-thickness raio less than 238/ 7. F, =0.6F

-6F,.

2.3.5 Combined Compression and Bending

Mcmbers sgbjcctcd to both axial compression and bending stresses
arc proportioned to sausfy AISC formula H1-1 ang HI1-2 whea
[/F, s greater than 0,15, otherwise Tormula Hi-3 1s used. Iy

;I}l;:uld be noted _lhal during code checking or member selection, of

/Fa exceeds unity, the prograrh does no compute the second and

lh_:r;:l part ol the formuta Hi-1, because this would result in 4

misleadingly hiberal rano. The value ol the coctficiear C__ 1s 1aken
m

as 0.85 for sidesway and 0.6 - 0.4
s -0 - 0.4 (M1/M2), but é
for o svtesar not less than 0 §
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2.3.6 Singly Symmetric Sections

For double angles and Tees which have only one axis of symmeiry,
the KL/r ratio about the locat Y-Y axis 1s determined using the
clauses specified on page 3-53 ol the AISC Manual.

2.3.7 Torsion per Publication T114

The AISC 89 code of specifications for sicel design currently does
not have any provisions specifically meant for design of sections
{for Torsion. However. AISC has published a separate dJocument
called “Torsional Analysis of Sieel Members™ which provides
guidelines on iransforming torsional moments into normal siresses
and shear siresses which can then be incerporated inio the
interachion cquations cxplained in Chapter H of the AISC 89 code.
The guidelines of the publication have now been incorporated into
the AISC-89 stect design modules of STAAD,

Tua consider stresses due 1o torsion in the code checking or member
selection procedure, specify the parameter TORSION wuh a value
ol 1 0 Sece Table 2.1 for more details.

Methodology

IT the uscr were to request design lor torsion, the Lorsional
properties required for calculating the warping normal siresses,
warping shear stresses and pure shear stresses are tirst determined.
These depend of the "boundary™ conditions that prevall at the ends
of the member. These boundary conditions are defined as “Free”.
“Pinned” or “Fixed”. They are explained below:

Free : “Frec” represents the boundary tondition such as that which
exists at the free end of a cantilever beam. It means ihat there is no

other member connected to the beam at that pont.

Pinned : “Pianed” represents the condition that corresponds o
either a pinned support defined at the joint through the Support
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.nand or a relcase of any of the moments al the Joint through a

Member Release specification. 23.8 Design of Web Tapered Sections
Fixed : “Fixcd” represents the condinon where a fixed suppornt
exists at the joint. In the absence of a support at that jount, it

represents a condition where a rigid frame connection exists

Appendix F of AISC-89 provides specifications for design of Web-
Tapered members. These specifications have been incorporated
i 1n1o STAAD 10 perform code checking on web tapered wide flange
commeted o ",mmber o 0 membor e bt shapes. Please nole that member scleciion cannot be performed on
connected Lo that joint. Alsa, no member releases should be
joi i web-tapered members.
prescni ai that joint on the given member.

After the boundary condinons arc deicrmined, the normal and
shear siresses are determined. The guidelines specified 1n the
publicanon T114 for concentrated torsienal moments acung 4t the
ends of the member arc used (0 determine these stresses.

1

2.4 Design Parameters

The program contains a large number of parameter names which
are nceded 10 perform designing and code checking. These
parameler names, with their default values, are listed 1n Tabie 2.1.
These parameters commumcate design decisions (rom Lhe engineer
1o the program.

The normal stresses arc added to the axial siresses causced by axiat
load. Thesc are then substiwated 1nto the interaction equations 1n
Chapter H of 1the AISC 89 code for determining the ratio. The
planc shear and warping shear siresses are added 1o the shear
siresses causcs by aciual shear forces apd compared agamnsit the
allowabie shear stresses on the cross scction,

The defaull parameter values have been sclected such that they are
frequently uscd numbcers for conventional design. Depending on
the particular design requircments of an analysis, some or all of

y i
! R . ie: T:j ¢ these parameter values may have to be changed Lo exactly model
' estrictions ; ‘ ihe physical structure. For example, by default the KZ (k val:lc 1]
' retion . i 0. while in the rea
. cal z-axi5) vaiue ol 3 member is set to 1.0,
This facility 1s currently available for Wide Flange shapes (W .M & 5471 local 2

structure 1t may be 1.5, [n that case, the KZ valuc in the prugr:fm
can be changed to 1.5, as shown in the input instructions (Seclion
6). Simtlarly. the TRACK value of a member is set |o‘{).0. which
mecans no allowable stresses of the member will be printed. If the
allowable stresses are 1o be printed, the TRACK value must be set

1o 1.0.

5} Channels: Tce shapes, Ptpes and Tubes. It 15 not available for
Single Anglcs, Double Angles, members with the PRISMATIC
Property specification, Composite secuons (Wide Flanges with
concrete slabs or plaies on top), or Double Channels. Also, the
siresses are calculated based on the rules for concentrated
torsional moments acung at the ends of the member.

Note thai parameter names PROFILE, DMAX and DMIN are only
used for member selection. '

Hooroaon
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tf thc PROFILE paramcier 1§ provided lor specified members.
DMAX or DMIN parameters wiil be ignored by the program in

selecting these members.

2.5 Code Checking

The purpose of cade checking is to check whether the provided

section properties of the members are adequatc. The adequacy s Member sclection can be performed with ali the types of steel

seclions listed in Section 3.2 of this manual. Note that [or beams

Sa‘c;'ecmm ch:cl(ed as per AISC-89 Code checking is done using the lorces
6.47 2 a : . . .
. and n momc-nls at specificd sectians nf the members. II no secuons with cover plates, the sizes of the cover plate are kept constant
ar .
xample | hﬂ SEFC'f'CU‘ the program uses the start and end lorces fur code while the becam section is neraled.
checking.

=
]
=
|
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Selection of members. whose properiics are originally input from a

w ; .
hen code checking 15 selected, the program calculates and prints uscr created 1able. will be himited Lo sections in the user table.

‘whc'ther the mcembers have passed the code or have falled. the
cnmlral condition of the AISC code {like any of the AISC.
specifications or compression, tension, shear. ¢1c.): the value of
the ratio of the critsical condition (oversiressed for a value more
than 1.0 or any other specified RATIO value): the governing load
case, and the location idistance from the stan of the mcmbcfl of
f‘orccs in the member where the cntical condition occurs

Member sclection can not be perfurmed on members whose section

propertics arc impul as prismatic.

26.1 Member Selection by Optimization

Sicel 1able praperties af an ealue structure can be opumized by
STAAD. This vpuimization methad invalves a state-of-the-art
1cchnigue which requires automatic multiple analyses. The user

can start with no properties for the members but provide the lype
of profilc-spec they have (c.g. BEAM, COLUMN, CHANNEL,

ANGLE cic. Refer to $ection 2.7 5) The sizes of the members arc
opumizcd by the suffness they are coninbuting and the amount of
loads they are receiving Bascd on this, a balanced size 15 selected
for each member. This method requires cxiensive compuler time
and hence should be used with caulion.

252 Deflection Check with Steel Design

Code checking can be done with any type of steel seciion histed 1n

Scenon 2.2 of this manual.
See Section

F4rd

2.6 Member Selection

STAAD is capable of performing design operauions oa specificd
members. Once an analysis has been performed. the program can
; select the most economical seclion, i.¢. the lightest section. which
fulﬁ_lls the code requirements for the specified member. Th.c
seclian selecied wtll be of the same type section as oniginally
| designated for the member being designed. A wide Mange will be
o sefecied to replace a wide [Tange, elc.. Several paramelers are
Se  Jeclion available to guide this selection. If the PROFILE parameter 1s
V473 provided, the search for the lightest section is restricted to that
: profile. Up to threce (3) profiles may be provided for any member
o with a section being selected from each ane. Member selection can
allso be constrained by the parameters DMA X and DMIN which
o limut the maximum and minimum depih of the members. Note that

This facility altows the user 10 consider deflection as 2 criteria in
1the CODE CHECK and MEMBER SEL!ECT[ON processes. The
deflection check may be controlled using three parameters which
are described in Table 2.1. Notec that deflection is used in addition
10 other sirength and stability related criteria. The local deflection
calculation 1s based on the latest analysis results.
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2.7 Truss Members

As mentioned carlier, a Lruss member 15 capable of carrying only
axial forces. So in design no nme ts wasied calculaung the
allowable bending or shear stresses, thus reducing design time

_considerably. Therefore, if there is any truss member 1n an

analysis (hike bracing or sirut, e1c.), it is wise to declare it as a
truss member rather than as a regular irame member with both
cnds pinned.

2.8 Unsymmetric Sections

For unsymmeinc sections (like angle, double angle and 1ce).
STAAD considers the smaller section modulus (or checking
agamnst bending. For some cases. this approach may produce
slighily conservative results,

Appendix C of the AISC code has been implemcenied for siress
reduction of unstiffencd compression clements. [n addinon, the
AISC specification for SINGLE ANGLE design has been fully
implemented including faieral torsional buckling effecis.

.J4ble 2.1 - AISC Parameters

I rameter Defauit Description
h_me Vaiue
KY 1.0 K value in local y-axis. Usually, thes s
. minor axs,
K . 1.0 K value in local z-axs. Usually, thes s
major axs,
L’ Member Length Length in local y-aas 1o caiculate
o sienderness rato.
(A Member Length Same as above except in z-axs (Mmajor).

SELERTEREERELS
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Table 2.1 - AISC Parameters Cont

Parameter Default Description

Name Value

EYLD 36 KSI Yield strength of steel in current units.

NSF 1.0 Net section factor lor tension members.

UNT Member Langth Unsupported length of the top flange for
calcuiating allowable bending compressive
stress. Wil be used only ff flexural
compression 1S on the top fange.

UNB Member Length Unsupported length of the bottom Hangs
for calculating allowable bending
cormpressive stress. Will be used only if
Hexural compression is on the bortom
Hange.

ca 1.0 Cb value as used in secton 1.5 of AISC,

0 ¢ = Cb value to be caiculated. Any other
value will mean the value 1o be used in
design.

S8Y 0.0 0 0 =Sidesway :n local y-axs.

1.0 =No sidesway

852 0.0 Same as above except in jocal z-axs.

CMY 0 85 for sidesway" Cm vajue in local y & z axes

oM and cakculated

for no sicesway

MAIN .o 0.0 =check for slendamess
1.0 = suppress slenderness check

STIFF Member length Spacing of stifeners lor plate girder design

PUNCH See sect. 2.10 Parameter lor punching shear

TRACK 0.0 0.0 = Suppress criical member stressas
1 0 =Pnnt ait cical member stresses
2.0 =Pnnt expanded outpui

{see Figure2. 1)

DMAX 45.n. Maximum allbwable depth.

DMIN 00m. Minimum allowable depth.

RATIO 1.0 Permissible rato of the actual to allowable

stresses.
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Table 2.1 - AISC Parameters Cont

::rameter Default Description
me Value
WELD i
; :g: cios:d sections Weid type, as explained in section 2.11_ A
open sections value of 1 will mean weiding 1s on ong side
only except tor wide-ftange or lee sections
wherethe web is always assumed to be '
weided on both sides. A value of 2 will
mean welding on both sides. For closed
secoons ke pipe or tube, the welding will
— be an one side oniy.
BEAM
0.0 0.0 =design only for end moments or thosa
at locatons specihied by the -
SECTION command.
1.0 =calcuiate moments at twelfth pomts
along the beam, and use the
— maxamum, Mz locapon lor design.
;E 1116 inch Mimimum welging thickness.
TR I
= 0.4 xFYLD Allowable weiding stress.
QFF Non
Qe “Deflection Length®
{Mandatory for deflecton deflection g/ Maxm. aflowable loca
. check)
pii]
gtranr; rh::;’:r chig I:O' denoting starting pant for
tion of “Deflecton L '
o ength’ (See
w2
End Joint of membar Jm_m No. denoting end point far calculation
— ol "Deflection Length” (See Nale 1}
TORSION
g0 0.0 = No lorsion check parformed.
1.0 = Perform torsion check based on
— rutes of AISC T114.
LAF] 1.0 0.0 = Design tapered |-section based on

rules of Chapter F and Appendix B
only Do not use tha rules of
Appendix F

10 = Design tapared I-sechons based on
rules of Appendix F of AISC-89.

-

in the case of no sidesway, which means the member 15 restraincd at both ends, the

m value is compuled based on Lhe formula in Section | 6.1 of the AISC code

joooogoogaonnnee
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NOTE:

1)

“Deftection Length™ is defined as the length that is used for
calculation of local deflections within 2 member. It may be
noted thal for most cases the "Detlection Length” will be equal
10 the length af the member. However, in some situations, the
“Deflcction Length® may be differcnt. For example, reler to
ihe ligure betow where a bcam has been modeled wsing four
joints and three members. Noic that the “DeNection Length”
for all three members will be ¢cqual to the lotal length of the
beam in Lthis case, The paramelcrs DJ1 and DJZ should be used
to model this sitwaton. Also the straight line joining DI and
DJ2 is used as the reference hne from which local dellections

are measured. Thus, for all three members here, DJ1 should be

=1~ and DJ2 should be "47.

EXAMPLE : PARAMETERS

DFF 300. ALL

DJ1 1 ALL
DJ2 4 ALL

0 = Maximum local deflecson lor mambers

12andl

1)

]

4)

(f D1 and DJ2 are not used. Deflection Length” will default
ta the member fength and local dellections wili be mcasurcd
{rom original member linc.

11 1s tmportant 10 noic thal unless a DFF value is specified,
STAAD will not perform a deflection check. This s in
accordance with the fact that there is no default value for DFF
(sce Tabie 2.1).

A critical difference exists between the parameter UNL and
the parameters LY & LZ. UNL represents the laterally
unsupported length of the compression Mange. [t is defined in
Chapier F, page 5-47 of the specifications in the AISC 1989
ASD manual as the distance beiwecn cross scctions braced
against twist or lateral displacement of the compression
flange. UNL is vsed Lo calculate the allowable compressive
stress (FCZ and FCY) for behavior as a beam. LY and LZ on
the other hand are the unbraced iengths for behavior as a
column and are used to calculate the KL/r ratios and the
allowable axial compressive stress FA.
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SSY and CMY are 2 paramelers which are based upon 2 values

defined in Page 5-55, Chapier H of the AISC 9th ed. manyal,
S5Y is a variable which allows the user 1o define whether or
not the member s subject 10 sidesway 1n the local Y dirccrion,
CMY is a variable used lor defining the expresiton called Cmy
in the AISC manuai. When SSY isset 100 (which 15 the

calculaic CMY from the equauion on page 5-55 However, ([

.9 Plate Girders

Plate girders may be designed according to Chapter G of the AISC
specificalions. The Bencralized ISECTION specification capability
available in the User Table facility may be used 10 specify the
plate girder sections. The AISC welded plaie girdey shapesipages
2-230 and 2-23] . AISC %1h Edition) are available in the Sieg]
Section library of the Program. Both CODE CHECKING &

9
==
=2
=3
i
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2.10 Punching Shear Check

; C ing lo

For tubular members, punching shear may be :jhec.kcd a;cu;:::lir
the American Petroleum {nsuiwute (APY) spcml'lcauohns. a;;ing

i i hich punc

dentify members for w

NCH may be used to i y . in8

PI:J ar check is required. This parameter shouid also F:c us::hl
o [y joint type and geometry. Refer to the foliowing table
spect
the value of parameter Lo Table 2.1.

. Value of
Type af Iont Req oy
d Geometry Parameser h
an
1.0
K {overlap} o
K (gap} "
L 1.0
CROSS (w/diaphragms) i

CROSS (w/o diaphragms)
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Naie:
1) A value represenling joint type & geomelry musl be
provided for parameter PUNCH

2) For detailed descripuion of jownt type & geomelry, refer 1o
API code {Section 2.5.5)

2.11 Tabulated Results of Steel Design

For code checking or member seleciion, the program produces the
results in a tabuiated fashion, The items 1n the output able are
cxplained as follows:

a) MEMBER refers 10 the member number for which the design
is performed.

b) TABLE refers to the AISC steel section name which has been
checked againsi the sicel code or has been sclected.

¢} RESULT prinis whether the member has PASSed or FAILed.
[ the RESULT s FAIL, there will be an asterisk (*) mark
{ront of the member number.

d} CRITICAL COND relers 1o the scetion of the AISC code
. which governed the design.

e} RATIO prints the ratio of the actual stresscs 10 allowable
stresses for the critical condinion. Normally a valuc of 1.0 or
less will mean the member has passed.

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

g) FX, MY and MZ provide the axial force. momenl in local y-
axis and moment in local 2-axis respectively. Although
STAAD docs coasider all the member forces and moments o
perform design, only FX MY and MZ are printed since they
are the ones which arce of interest, in mosl cascs.

My

h)

i)

Section2 | 79

LOCATION specifies the actual distance [rom the start of the
member 10 the scclion where design forces govern.

[f the parameler TRACK is set lo 1.0, the program wifl block
oul part of the 1able and will print the allowable bending
suresses in compression (FCY & FCZ) and 1ension (FTY &
FTZ), allowable axial sircss 1 COMPression {FA}, .:md
allowable shear stress (FV), all in kips per sq}xarc mch‘. [n
addition. member length, area, sechion moduli, governing KL/r

ratio and CB arc alse printed.

j} Inthe output for TRACK 2.0, the items Fey and Fez arc as

follows:
. 127°E
ey = ———
ETTE S
6 12’n°'E
CL == T
23lK.-L7./r7.)
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Figure 2.1

212 Weld Design
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5 75

STAAD is abie 10 select weld thickness for cornections and
tabulate the various stresscs. The weld design is limiled 10 the
members having propertics from wide lTange, tee, single angle,

. single channel, pipe and lube section lables only. The parameters

WELD, WMIN and WSTR (as cxplained tn Tablc 2.}) govern the
weld design.

areeeeeeetngnted
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Since the thickness of a weld is very small in comparison 1o its
length, the properties of the weld can be calculaicd as line
member. Therefore, the cross-scctional arca (AZ) of the weld will
actualty bhe the length of the weld. Similarly, the units for the
section moduli (SY and S2) will be length-squared and {or the
polar moments of inertia (YW} will be lengih-cubed. The foliowing
table shows the dilfcrent available weld lines, their type and their

cgordinale axes.

WELD

WADEFLANGE

CrANNEL PP

TusE

= |

ey

1 7\
:ﬁ\

+-
":{j'—-'

Actual stresses. calculated from the member forces, can he
specified by three namces. based on their directions

Horizontal Siress - as produced by the local z-shear force and

torsional moment.

4

Vertical Stress - as produced by the axial y-shear force and
torsional moment,

Direct Stress - as produced by the axial force and bending
moments in the local y and £ dircctions.

The Combined Siress is calculated by the square root of the
summation of the squarcs of the above three principal siressces.

Following are Lthe equanons:

EO]CQ;

R

X = Torsional moment
= Bending in local y-axis
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MZ = Bending in local £-axis
£X = Axial force

VY = Shear in local y-axis
VZ = Shear in local z-axis

Properties of Weld
*
AX = Arca of the weld as the line member
SY = Section modulus around local y-axts
87 = Scction modulus arcund local z-axis
IW = Potar moment ol inertia
CH = Disitance of the extreme {iber for horizontal (Jocal 2)
farces
CV = Dustance of the ¢xtreme fiber for vertical (local y) forces

Siress Equations:

v b
Horizontal suress, Fh= —Z+M
AX W
VY CVxM
Vertical stress, Fv = __..._.l_i
AX W

FX MZ© My’
Chrect siress, Fd=— + Y

AX  8Z SY

* Note that the moments MY and MZ are taken as the absolute values,
which may resull 10 some conservalive resulis for asymmetncal scchons
hke angle, ice and channcl

Combined force F,,, = Frf - Ff - Fd:

M

. F.
Weld thickness = —<umb
F

A1)

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

PR ETSA115 125185
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The thickness t s rounded up to the acarest 1/16th of an inch and
all Lthe suresses are recalculated. The abulated outpui prinis the
laiter stresses. If the parameter TRACK is set 1o 1.0, the output
will include the weld properties. Note that the program does not
calculate the minimum weld thickness as nceded by some codes,
bui checks only against the minimum thickness as provided by the
user (or 1/16th inch 1f not provided).

When the TRUSS qualifier 1s used wuh SELECT WELD
command, the program will design the welds requiced tor truss
angle and double angle members that are attached to gusser plaies.
The program reports the number of welds (1wo lor single angles,
four for doublic angles), and the length required for cach weld. The
thickness of the weld is taken as 174 1ach (6 mm) {or members up
10 1/4 inch (6 mm) thick, and 1716 inch (1.5 mm) less than the
angle thickness for members greater than 174 inch (6 mm} thick.
Minimum weld length is 1aken as four times weld thickness.

= - —

Frgure 2.3 - Weld denign for SELECT WELD TRL'SS

2.13 Steel Design per AASHTO Specifications

2.13.1 General Comments

This section presents some gencral statéments regarding the
implememations of American Association of State Highway and
Transportation Officials (AASHTO) specifications for siructural
steel design in STAAD. The design philosophy and procedural
logistics for member selection and code checking is based upon the
principles of allowable siress design. Two major farlure modes are
recognized: failure by overstressing and falure by stability
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considerations. The following scctions describe the salient features
of the allowable stresses being caleulated and 1he stability critenia
being used. Members are proportioncd 10 resist the design loads
without cxceeding the allowable stresses and the most cconomical
scction is selecied on the basis of 1he least weight critena. The
code checking part of the program also checks the slenderness
requirements, the mintmum mefal thickness reguirements and the

_width-thsckness requirement. 11 1s generaily assumed that the user

will take care of the detaling requirements like provision ol
suifeners and check the local effects hike flange buckling, web .
crippling etc.

2.13.2 Allowable Stresses per AASHTO Code

As mentioned before, the member design and code checking in
STAAD 1s bascd upon the altowable siress design method. It is a
method for proportioming structural members using design loads
and lorces, allowable sircsses, and design limitations for the
appropriatc malerial under service coaditions. [t 13 beyond the
scope of this manual 10 describe every aspect of structural steel
design per AASHTO specifications becausc of practical reasons.
This section will discuss the salient features of the allowable
siresses specified by the AASHTO code. Table 10.32.1A ol the
AASHTO codc specifics the allowable stresses.

Axial Stress

AHlowablc tcnsion siress, as calculated in AASHTO 15 basced on the
nct section. This tends 1o produce a slightly conservative resuit.
Allowable tension stress on the net sechion is given by,

F, =0.55F,

Allowable compressive siress an the gross section of axiaily
loaded compression members is calculaied based on the following
formula:

F, (1-tKI'e)°F, . .
Fem— o when(Kl/ < C,;
F.S. In'E

Sccuon:—l 8s

F rE

) & ——— when (KI r1>C,
FS.(Kl ry ¢

with €, = (2r°E:F)Y* and ES.=2.12

It can be mentioned here that AASHTO does not have a provision
for increase in allawable stresses for a secondary member and
when 1/r cxceeds a certain vaiue.

Bending Stress

Allowablie siress in bending compression for rolled shape girders
and built-up seclions whose compression Ilanges are supported

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

Fy =0.55F,

Far similar members with unsupparted ur partially supporied
Manyge Iengths, the allowable bending compressive siress is given
hy
b
.. tl ry F,
Fy, =U..‘.‘F.\|I——-—,I— when (hl 1)<,
in”

withir“)=b" 12

The AASHTO codce does not have a specification for maximum
allowable tensile siress in members subject to bending. The
corresponding AISC specification is 0.66Fy for compact hot rolled
or built-up sections symmetrical about, and loaded in, the plane of
their minor axes and meeting other reguirements of Section
1.5.1.4.1 of the AISC specificalions. A common practice among

.bridge designers is to use 0.55F as the aliowable bending tensile

stress for members mecling other requirements of Section 1.5.1.4.1
of the AISC specifications. This practice is stighily conservalive
and is being used here in the STAAD implementation of the
AASHTQ sieel code.
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Shear Stress

A
llowablc shear siress on the gross section s given by

Bending- A xial Stress Interaction

M
cc)ml:u:rs subjecied 10 both axig) and bending sicesses are
: . ;
ZOdzoillTncd according 10 section 10,36 ol the AASHTO ,tce)
. members subyect to bend; on
ing and :
fequired 1o sausfy (he following l'urr:ula' el compression ae

'&1- Com iy N Comn Th
FJ ”"rd 'Fc\ JFh‘ ll“‘fl Fm iF <L0

at intermediate points, and

r - .
~__i__+’h\_'_'h\

' 47: F.‘ Fb\ Fb\

al support poins.
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2.13.3 Stability Requirements per AASHTO Code

According tlo AASHTO code, for compresston members, the
slenderness ratio, KL/r, shall be timiied 10 120 for main members
and 1o 140 for secondary members, The AASHTO code defines
secondary members as those whose primary purpose is 1o brace the
siructure against lateral or longunudinal lorce, or to reduce Lthe
unbraced length'of other members, main or secondary. For tension
members, KL/r 15 200 for main members and 240 for sccondary

mecmbers.
2.13.4 Minimum Metal Thickness Requirement

The AASHTO code has 2 minimum thickness requiremeni for all
structural steel. According 10 this requirement, all structural sieel
except for webs of certain rolled shapes. closed ribs 1s onhotropec
decks, fillers and rarlings, shail not be less than 0.3125 inches.
The web thickness of rolled beams or channels shall be not less
than 0 23 inches. Thesc requirements have been incorporated n

the AASHTO implementation of STAAD,

2.14 Steel Design per AISC/LRFD Specification

2.14.1 General Comments

The design phaulosophy embodied 10 the Load and Resistance
Facior Design (LRFD) Specaficauion is built around the concept of
limit siate design, the current state-of-the-art in structural
engincering. Structures are designed and proportioned laking into
" consideranen the himit states at which they would become unfit for
their intended usc Two major categoriey of limit-state are
recognized--ultimate and serviceabiity. The primary
considerations in ulumate limit siate design are strengih and
siability, while that in serviceabstity ts dellection. Appropnate
load and resistance faclors are used so that a uniform rebability is
achicved for all siecl structures under various loading conditions
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ang a1 the same time the chances of limits being surpasscd are
acceprably remole.

In the STAAD implémemation of LRFD, members are
proportioned to resist the design loads without exceeding the limit
states of sirength, stability and serviceabilily. Accordingly, the
mosi economic seclion 1s selecied on the basis of the least weight
criteria as augmenied by 1he designer in specification of allowable
member depths, desired section Lype, or other such parameters.
The code checking portion of the program checks that code

requirements for cach selected section are met and ident fics the
governing crileria,

The following scctions describe the salienl feawres of the LRFD
specificauions as implemented 1n STAAD sicel design. A detailed
description of the design process along with its underlying
concepts and assumptions 1s available 1n the LRFD manual,
However, since the design philosophy is drasucally different from
the convenuonal Allowable Siress Design (ASD), a bried
descripuon of the fundamental concepts is presented here to
imitiale the user into the design process.

2.14.2 LRFD Fundamentals

The primary objective of the LRFD Specification s 1o provide a
wmform rcliability for all sicel struciures under various loading
conditions. This uniformily can not be oblained with the ailowable
stress design (ASD) lormal.

The ASD method can be represented by the incguality

IQ,<R,/FS.

The lelt side is Lhe required strength, which is the summation of
the load effects, Qi (forces and moments). The right side, the
design sirengih, is the nominal surength or resistance, R, divided
by a facior of safety. When divided by the appropriate sectien
property (area or scction modulus), the two sides of the inequality
become the actual siress and allowablc siress respectively. ASD,

i

JIELEELE
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then, 1s characterized by the use of unfaclorcd."working" lo.ads in
conjunction with a single factor of safcty applicd to l-hc re.s{slam:c.
Beceause of the greater variality and, hence, unpredictability of
the live load and other loads in comparison with the dead load, a
uniform reliability is not possible.

LRFD, as its name implics, uses scparate factors for cach load and
resistance. Because the different factors reflect the degree of
uncertainty of different loads and combinations uf-lonld~s ar}d of the
accuracy of predicted sirength, 2 mure uniform I'cllilbllll-y is
possibic. The LRFD mcthod may be summarizcd by the inequalily

}',Q; < Rng

On the left side of the inequality, the required s‘lrc_nglh 15 lht?
summation of the various load effects, Q. muliiplicd by their

I de,
respective load factors, y,. The design strength, on the nght ?l
is Lthe nomsnal strengih or resistance, R, muitiplied by a resistance

faclor. ©.

In the STAAD implementation of [LRFD, 1t is assumed that the
user will use appropriate load ractors and crcfnc the load
combinations necessary for analysis. The design purngn of the )
program will take o consideration the load effects (lorces an .
moments) oblained (rom analysis. 1n calculation of resistances 0
various clemenis (beams, columns ele.), rcsPSlancc (numn-'mlll
strengih) and applicable resistance factor will be aviomauically

considered.
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2.14.3 Analysis Requirements

The 1ypes of construction recognized by AISC specification have
nol changed, cxcept thal both "simplc framing™ {formerly Type 2)
and "semi-nigid framing” (formerly Type 3) have beco combined
into the same caiegory. Type PR tpargially resirained). “Rigid
Framing" (formerly Type 1) is now Type FR (fully restrammed).
Type FR construction 1s permitied unconditionally. Type PR
construction may necessitale some inclastic, but self-limiting,
deformaltion of a struciural steel element. Thus, when specilying
* Type PR construction, the designer should 1ake into consideratlion

the effects of partial resiraint on the stability of the siructure.
laicral deflections and second order hending moments. As stated in
Sect. Cl of the LRFD specafication. an analysis of second order
effects is required. Thus, when using LRFD code for steel design,
the user musi use the P-Delia analysis feature of STAAD.

2.14.4 Section Classification

The LRFD specification allows inelastic deformanon of sccliun
clements. Thus local buckhing becomes an important criterion.
Siecl sections arc classificd as compact, noncompact or slender
clement sections depending upon their local buckting
characienistics. This classification 1s a function of the geomeinc
properuies of the scction. The design procedures arc differem
depending on the section class. STAAD is capable of determining

the section classification for the standard shapes and uscr spectiied
shapes and design accordingly.

2.74.5 Axial Tension

The criteria governing the capacity of lension members is based on
iwo limit states. The limit state of yiclding in the gross section is
intended to prevent excessive elonganon of the member. The
second limil state involves fracture at the section with the
minimum effective net arca. The net section area may be specified
by he user through the use of the parameter NSF (sce Tabie 2.2).
STAAD calculates the tension capacily of a given member based

jigt

tooooe
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on these Lwo limit states and proceeds with member selection or
cade check accordingly-

214.6 Axial Compression

The column strength cquations have been revised in LRFDhu?':akc
(Lo account ielasie deformation and ofhcr recent rcscarch :aw
column behavior. Two cqualions governing column 5tr::ngl.. "
avatlable, vne for inclastic buckling and the t‘nhcr [or Llasdllcl
Euler buckling. Both cquations include the cll'ccl? of‘rcn u[::1 o
stresses and imitial aut-of-siraightness. Comprcssugn )erl:ﬁ _
particular member 15 calculated by STAAD accord‘lng 10 : o
procedure outlined in Chapter E ol the LRI"D spcuﬁg:;:;}. :
slender elements, the proccdlfrc described in Appendix 82,

uscd.

c

Slllgly symmetr iL ill'ld uﬂSymmC"lL LDmpchSlUn chmb!:ls ar
th Il [ cT al-iorsiwonal an

cs c i | c hmt states © n ur I d
d 1gn d on ‘hc basts «
IUlslunal bul.k]'lﬂg. [hc I’IOLCdurC Uf .u\ppcmll‘ E3 15 Illlplcllicnlcd
ar on v 1 Ic h Tl mil slales.
f the dclcrm]ﬂﬂ‘ n ol des gn st ngl tfo hese l' i

Effective length for calculation of compression rcs:stat;‘l:c rlll-n: be
provided through the usc of the parameters KY, KZ an kor ,n,‘o
LZ. If nut provided. the cnure member length will be 1aken

consideranon.

In addition o the cumprcssior; I‘CB:ISI.:HC: ::':T,:::u:::l:;:;u:m .
required 1o sausfly slendernc :

:::T::::f“:hc l:lalur(‘. of use of the member {main lc;,a:i r;sl::s:::'logn

component, bracing member, €< ). In buth the mc;n "

and codc checking process, STAAD immcdiately doe o

slenderncss check on approprialt members bcl‘ortr: cm::::: mimbcr_

other proccdures {or dewcrmuming the adgquacy ot a g
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are calculated 35 per the y
pre ¢ : ¢ procedure of Chapier F. 5
nding coefficient Cyisto account for the inﬂucI:: E;—"lf‘:::)c of

uniaxia! bending ang axial force.
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2.14.9 Design for Shear

The procedure of Sect. F2 of the LRED Specification 1s used in
STAAD 1o design for shear forces in members. Shear strength as
calculated in LRFD is governed by the lollowing limut siztes: Eq.
F2-1a by yielding of the web: Eq. F2-2a by nelastic buckling of
the web: Eq. F2-3a by clasuc buckling of the web. Shear in wide
fNanges and channel sections is resisted by Lhe arca of 1he web,
which 1s 1aken as the overall depth times the web thickness.

2.14.10 Design Parameters

See Table
2.2 and
Section
6.47 1

Design per LRFD specificauons is requesied by using the CODE
parameter {sec Scction 6.47). Other applicable parameicers are
summarized in Table 2.2. These parameters commumcale design
decisions from the engineer 1o the program and thus allow Lthe

engineer to control the design process Lo suil an applicauon’s

specific nceds,

The derautt parameter values have been selected such that they arc
frequentty used numbers for conventional design. Depending on
the parucular design requircments. some or all of these parameter
values may be changed 1o exactly mudel the physical structure.

Note that parameters PROFILE. DMAX and DMIN may only be

uscd for member seicction.

2.14.11 Code Checking and Member Selection

Both code checking and member selection ophons are available in
STAAD LRFD implemcmation. For general tnformauon on these
opuons, refer to Sections 2.5 and 2.6. For information on
specification of these commands, refer 1o Section 5.47.1
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2.14.12 Tabulated Results of Steel Design

Results of code checking and member selecuion are presented in a
tabular formar. A detailed discussion of the format is provided in

“Scction 2.1t Following exceptions may be noted: CRITICAL
COND refers to the section of the LRFD specificanons which

governed the design.

If the TRACK is set 1o |.0, member design strengths will be

printed out.

Tabie 2.2 - LAFD Parameters

Parameter Detauit Descnption

Name Value

- KY 1.0 K vaiua for bending about Y-
axis. Usually this 18 minor
axis.

KZ 1.0 K value for bending about Z2-
axus. Usually this 1s major
axs.

LY Member Length Length to caiculate
slendemess raho for bending
about Y-axs.

LZ Member Length Length 1o calculate
slendemess ratio for bending
about Z-axs.

EYLD 36.0 kst Yieid strength of sieel,

NSF 1.0 Net section factor for tension

. members.

FRERE S

i

&

Hit

A
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Table 2.2 - LRFD Parameters Cont.

Parameter Deiault Descrption
Name Valua
UNL Member Length Unsupparted length (Ly ol

the top flange for calculating
flexural strength. Wil ba used
ondy If flexural comprassion 13
on the top flange.

Unsupported length (L, ) of

Member Leng the bg:gm flange far
calkculating flexural strength.
Will be used anty ff flexural
compression 1s on the bottom
ftange.

Co-efticient Cp, per Chapter F
It C,y 15 set 0 0.0, 1t will be
calcutated by the program.
Any ather vaiue will ba directly
used in gesign.

C
=
[e0]

0.0 = Suppress all design
strengths.

1 0 =Pnnt all design
strengths.

2.0 =Pnnt expanded design
output

45.0 0 Maxymum allowable depth.

)
=
>
X

gQn. Miumum allowable depth.

o
z
F

|

1.0 Permissible rabo ofA actual
- load effect and design
strength.

0 =design only tar end

00 ‘ morr?ents and those at
|ocations spectfied by
SECTION command.

¢1.0 =calculate moment at

twelve pomnts along the
beam, and use
maximum Mz lor desgn.

b1l
b
(@]

£
S

Nate: For deflectinn check, parameters DFF. DIl and DJ2 {rom
Table 2.1 may be used. All requircments remain the same.
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3.1 Design Operations

STAAD has the capabilitics for performing concrele design. It will
calculate the remforcement nceded lor the specified concrete
scetion. All the concreie design calculations arc based on the

current ACI 318,

3.2 Section Types for Concrete Design

The following types of cross scctions can be definced for concrete

goaoonaannne

design.
' For Beams Prismatic (Rectangutar & Square),
Trapezoidal and T-shapes
i For Columns Prismatic (Rectangular. Square and Circular)
For Slabs Finite clemcnt with a specified thickness.
: Walls/Plalcs )
X !
D J0
A1} -
N L
: o [ " w»
. .
i D 4 array
y- FRISUATK CIRCI L AR /o

TR APt SOIDAL
TEE
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3.3 Member Dimensions
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Concrele members which will be designed by the program must
have certain section propernes input under the MEMBER
PROPERTY command. The following cxample shows the reyutred
input;

UNIT INCH

MEMBER PROPERTY
13TO 79 PRISM YD 18. ZD 12. I1Z 2916 IY 1296
1113 PA YD 12. '

14 TO 18 PRIS YD 24. ZD 48. YB 18. 28 12. |
17 TO 19 PR YD 24. ZD 18. ZB 12.

In the above input, the first set of members arc reclangular (18 inch
depth and 12 inch width) and the second set of members. with unly
depth and ne width provided, will be assumed 10 be circular with
12 inch diameter. Note thal no arca (AX) 1s provided for these
members. For concrete design, this property must not be provided,
If shear areas and moments of inertids are not provided, the
program calculates these values fram YD and ZD Notree that in
the above cxample the 1Z and 1Y values provided are actually 30%
of the values calculated using YD and ZD. Thiy 1s a conventional
practice which 1akes into consideration revised secyon paramelers
due 10 cracking of secuon.

Note that the third and the fourth set of members 1n the abave
cxample represent a T-shape and a TRAPEZOIDAL shape
respectively. Depending on the properties (YD, ZD, YB. ZB. ctc.)
provided, ihe program w:ll determine whether the seclion 1s
reciangular, trapezoidal or T-shaped and the BEAM design wili be
done accordingly.

TenpnnnooOONNAY

3.4 Design Parameters

Ser Section
3.5

The program contains a number of parameters which are necded to
perform design by the ACI code. Default parameter values have
been selecicd such that they are frequently used numbers for
conventional design requirements, These values may be changed 10
suit the particular design being performed. Table 3.1 is a complete
list of the available parameters and their default values.

Section 5.51.2 of this manual describes the commands required to
provide these paramceters in the input file. For example. the values
ol' SFACE and EFACE (parameiers that arc used in shear design),
the distances of the lace of supports from the cnd nodes of a beam,
arc assigned values of zero by default but may be changed
depending on the actual situation. Simlarly, beams and columns
are designed lor momenis direcily obtatned from the analyses
without any magnification. The factor MMAG may be used for
magmification of column moments For beams. the user may
gencrate load cascs which contain loads magmified by the
appropriaic load factors.

3.5 Slenderness Effects and Analysis

Consideration

Slenderness effects are extremely important in designing
compression members. The ACL-318 code specifics lwo oplions by
which the slenderness effect can be accommaodated (Secuon (310
& 10.11 ACI-318). Onc option is to perform an ¢xact analysis
which will 1ake into account the mtluence of axial loads and
variable moment of incriia on member stiffness and fixed-cad
moments, the effect of deflections on moments and forces, and the
effect of the durauen of loads. Another option 15 1o approximaicly
mai;nlfy design moments,

STAAD has been writien to allow the use of both Lhe oplions. To
perform the first type of analysis, usc the command PDELTA
ANALYSIS instcad of PERFORM ANALYSIS. This analysis
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hod will accommodate the requirements as specified in Section

10 of the ACI-318 Code, cxcept for the cffects of the duranion
of the loads. It ts felt thal this ¢tfect may be safely ignored because
experis belicve that the effects of the duration of loads are
negligibic 1n 2 normal structural configuration. If 1t 1s desired,
STAAD can also accommodale any arbitrary momenl magnification
‘factor (second option} as an input, m order to provide some salery
-duc 10 the effecis of the duration of loads.

Table 3.1

Parameter Defauit Description

Name Vaiue

EXYMAIN * 60,000 psi Yield Stress for main
reinforcing steel.

FYSEC * 60,000 psi Yield Stress jor secondary
steel,

FC * 4,000 psi Compressive Strength of
Concrete.

CLT *1.5inch Clear cover for top

: . reinforcement.

cLB * 1.5inch Clear cover for tottom
reinforcement.

cLs *15inch Clear cover for side
reinlorcement.

MINMAIN ™ Number 4 bar Mimmum main remnforcement
bar size. (Number 4 - 18)

MINSEC Number 4 bar Minimum secondary
rennforcement bar size.

MAXMAIN = Number 18 bar Maxmum mam reinforcement
bar size

SFACE 0.0 Face ol supparnt locaton at

start of beam. It spectfied, tha
shear force at stant 1
computed at a distance of
SFACE+d from the start joint of
the maember.

&g
e
i
=
==
==
=
N
=1
|
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REINF

‘0.0

0.0

Face of support iocation at end
of beam. (Note: 8oth SFACE &

EFACE are inpul as positive
numbers) If speciied, the
shear torce at end 1S computed
at a distance af EFACE«d from
the end joint of the member .

Tied Column. A value of 1.0
will mean spiral.
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Table 3.1 Cont.

Parameter Detauit Description
Name Value

MMAG 1.0 A factor by which the column
(for columns anly} design moments will be
. ' magnified.

WIDTH 20 Width of concrete member.
Thus value defaults to ZD as
provided under MEMBER

PROPERTIES.

Depth of cancrete member.
This value delaults to YD as
provided under MEMBER
PROPERTIES.

NSECTION 12 Number of equally-spaced
sections lo be considered in
finding cntical moments for

beam design.

TRACK 0.0 BEAM DESIGN:

With TRACK set 1 0.0, Cadcal
Moment wall not be pardad out
wath beam desgn report

A value of 1.0 wdl mean a prmt
ot

A value of 2.0 wal prrd out
requered steel ansas for al
memediate secsons spechied
by NSECTION.

COLUMN DESIGN:
TRACK 0.0 ponts out deteuoc
desgn results.

TRACK 1 0 panits out column
emchon analyss resulls n
addibon to TRACK 0.0 output
TRACK20prds cut a
schemate merachon dagram
and renmedkate mierachon
values in addhon io akk of above.

* These values must be provided in the curtent unit system being used.

** When using metric units for ACI design, provide vaiues for these
parameters in actual ‘'mm’ units instead of the bar number. The
following metnc bar sizes are available: 6 mm, 8 mm, 10 mm, 12
mm, 6 mm, 20 mm, 25 mm, 32 mm, 40 mm, 50 mm and 60 mm.

TS {1 5183115
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Altheugh ignoring load duraiion effecls is somewhat of an
approximauon, it must be realized that the approximale evaluauon
of slenderness effects is also an approximate method. In this
method, moment-magnification 1s based on empirical formula and

assumplions on sidesway.

Considening all this information, it is our belicf, that a PDELTA
ANALYSIS, as performed by STAAD, 1s mosl appropnate for the
design of concrete members. However, the uscr must note, o take
advantage of this anaiysis, all combinations of loadings must be
provided as primary load cases and not as load combinations. This
ts due to the fact that load combinations are just algebraic
combinations of forces and moments, whereas a primary load casc
15 revised during the pdelta analysis based on the deflections, Also
note Lhat the proper factored loads (such as 1.4 for DL cic.) should
be provided by the user. STAAD does not factor the loads
automanically.

3.6 Beam Design

Beams arc designed for flexure, shear and wrsion. For all these
forces. all active beam loadings are prescanned to lacate the
possibic critical seclions. The tutal number of sections considered
15 12 (iwelve) unless this number 1s redefined with an NSECTION
parameter. Al of these cqually spaced scctions arc scanned 1o
Jetermine moment and shear envelopes.

Design for Flexure

Reinforcement for positive and negative momenls are calculated on
the basis of the section propertics provided by (he user. If the
section dimensions are inadequale 1o carry the applied load, that is
if the required reinforcement is grcalcr'lhan the maximum
allowable for the cross section. the program reports (hat beam fails
10 maximum reinforcement. Effective depth is chosen as Totai
depth - (Clear cover + diameter of stirrup « half the dia. of main
reinforcement), and a Lrial value 1s obtained by adopting proper bar
sizes for the strrups and main reinforcements. The relevant clauses
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' aons 10.2 10 10.6 of ACI 318 are uulized to obiain the actual
amount of steel required s well as 1the maximum ailowable and
minimum required steel. These values arc reported as ROW,
ROWMX and ROWMN in the output and can be prinied using the
parameter TRACK 1.0 (see Table 3.1). In addition, the maximum,
miimum and actual bar spacing are also prinied.

It is important to note that beams arc 8csigned for flexural moment
MZ only. The moment MY 15 not considered 1n the (Texural design,

Design for Shear

Shear reinforcement 1s calculated (o resist both shear forces and
lorsional moments. Shear forces are calculated at a distance
(d+SFACE) and (d+EFACE) away irom the ¢nd nodes of the beam,
SFACE and EFACE have default values of zero unless provided
undcr parameters (see Table 3.1), Noig thaw the valuc of the
eflective depth "d” used for this purpose s the update value and
accounts for the actual ¢.g of the main reinforcement calculated
under flexural design. Clauses §1.1 through 11.6 of ACI 318 are
uscd 1o calculate the reynfurcement for shear forces and torsional
moments. Based on the total stirrup reinforcement required, the
size of bars, the spacing, the number of bars and the distance uver
which they arc provided are calculated. Stirrups arc always
assumed to be 2-lcgged.

Design for Anchorage

In the output for Nexural design. the anchorage details are also
provided. AL any particuiar level, the START and END coordinales
of the layout of the main reinforcement is described along with the
information whether anchorage in the form of a hook or
conlinuation. is required or not at these START and END paints.
Moie that the coordinates of thesc START and END points arc
obtained after taking into account the anchorage requirements.
Anchorage length is calculated on the basis of the Clauses
described in Chapier 12 of ACI 318,

RIEEE 11181241
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Description of Output for Beam Design

Table 3.2 shows a sample output of an aciuai reinforcement paitern
developed by the program. The following annolations apply 10 the
Table 3.2:

1) LEVEL Senal number of bar level which may contain
one ur more bar group

H HEIGHT Height of bar level from the bottom of beam.

3) BAR INFO Rcinforcement bar informanon speailying
numbecr of bars and bar size,

1) FROM Distance from the start of the beam to the siart
of the rcinforccment bar.
1 TO Distance {rom the start of the beam to the end of

the reinforcement bar.

6) ANCHOR  States whether anchorage.

(STA/END) cither a hook or continuation, 1s needed at start
(STA) or at the end.

7} ROW Actually required Nexural reinforcement
{As/bd) where b = widlh of cross section (ZD
for recianguelar and square scchion) and ¢ =
ciTective depth of cruss secuen (YD - distance
from extreme tension Mber to the ¢.g. of man
reinforcement).

)  ROWMN  Minimum required flesural reinforcement
{Amin/bd)

9) ROWMX Maximum allowable {Texural reintforcement
tAmax/bd)

10) SPACING Duistance between centers of adjaceat bars of
main reinforcement

I}y Va Factored shcar force at secnon.

12) Ve Nominal shear strength provided by concrele.

13) Vs Nominal shear strenglh provided by shear
reinforcement.

14) Tu Faclored torsional moment at secuion

15) Te Nominal torsional moment strength provided by
concrete. '

16) Ts Nominal torsional moment sirength provided by

torsion reinforcement.

o i 1 7 v e
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Tabie 3.2
(Actual Output from Design)

AR NN NN EIEESAEETEIE I IICARAENAIEINIISMARANSFTISEZIIZIEICRUES
3ZAM NO 4 DESIGCY RESUL™S - FLEARE

WN - 20.00FT. FY - 50000, FC - 4000, SIZE - I3 00 X 21 30 DwuES

LEVEL AEIGHT AMA INFO HOH.* 0 ANCICR

. N, T, N, FT N, S5TA  ND

i 3 - 3-5/8 I-MM 9 2 - 4-3/8 20 - 3-0/0 N YES
CRITICAL P05 MOMENT= 189,27 <Z2-FT AT (2.0 7T, LOAD

i

I

| REQD STEEL+ 2 48 INZ, ROW=0.0050. I0WM(=0.0214 i0WMN=J.0033
] MAX/MIN/ACTUAL BAR SPACING:= 7.:0r 2.26/ 4.94 O |
t 3ASIC/AEQD DEVELOAMENT LENGTH - 17 9%, 11.42 I

2 1o- 61,8 4-80M 1D 3 - )-0/0 18 -.0-0,0 YES O

N SHITICAL NED MOMENT: 169 86 <I2-FT AT 0.20 T, LLAD

! RE)D STEELx  5.47 NI, ROW=0.0133, WwmP:0 0214 0wWMNc0 202)

I MAX MOI/ACTUAL BAR SPACING= 7 33/ 2.4824 3.20 CH
FNSIC.EQD  DEVELOMMENT LENGTH : 39 20/153.91

1 To- 6-1/8 3-8 M R K ) 0 - 3-2,0 h ] £S5

1 CRITICAL NEGC MOMENT: 105.87 XTP-FT AT 20.00 T, LCAD L
{ AEQD STEEL~ 1,31 D1N2, WW0.0C4T  I0WMX:=0.J213 0WMN=0 J03!
i WAX, UN/ACTUAL BAR SPACINGa  7.5)0 1.7% 5.13 TaCi
i BASIC, ABQD. JEVELOMMENT SNCTH + “8.10/ 27.7% 2K

FTAN NGO 4 223 13w

[

U LT3 SHEAR

AT START SUPPORT - Wuz 83 90 412 J/cv  35.10 <Ip vs: 53 ol 4P

PROVIDE MM, 4 WAS AT 7.0 N, C/C FOR 08 DN

AT SND  SUPRORT - Wu= 37 51 XIp Jos 35.10 Alp vJa= 12 26 LIP

. PROVIDE NUM. 4 3ARS AT %.) IN, C/C "OR  84. IN.
4.4 15 % 2}

i S VRIS e SIS S L e i
R S e e il s S el 12T Tl

_'ﬁ_

fRRgoonuooouuld
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3.7 Column Design

Columns design in STAAD per the ACI code is performed for axial
force and uniaxial as weli as biaxial moments. All aclive loadings
are checked to compute reinforcement, The loading which produces
the largest amount of reinforcement is called the critical load.
Celumn design is done for square, rectangular and circular
sections. For rectangular and circular sections, reinforcement is
always assumed 1o be equally disiributed on all faces. This means
that the to1al number of bars for these sections will always be a
multipie of four (4). Il the MMAG parameter 1s specified, the
column moments are multiplied by the MMAG value 1o arrive at
the ultimate moments on the column. Since the ACI code no longer
requires any mimmum cccentricily conditions 1o be satisfied, such
checks are not made.

Method used: Bresler Load Contour Method

Known Values: Pu. Muy, Muz, B, D. Clear cover, Fc. Fy
Ulumate Strain lor concrete : 0.003

Steps involved :

1) Assume some re:nforcement. Minimum retnforcement (1%)is a
good amount (o start with.

2} Find an approximate arrangement of bars for the assumed
reinforcement.

3) Calculate PNMAX = 0.85 Po, where Po is the maximum axial
load capacity of the section. Ensure that the actual nominal
load on the column does not excced PNMAX. If PNMAX is
less than Pw/PHI, (PHI is the strengih reduction {actor)
increase the reinforcement and repeat sieps 2 and 3. If the
reinforcement excecds 8%, the column cannot be designed with
1s current dimensions.

4) For the assumed reinforcement, bar arrangement and axial load,
find the uniaxial moment capacities of the column for the Y
and the Z axcs, independently. These values are referred o 2s
MYCAP and MZCAP respectively.
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3} Solve the Iateraclion equation

o o

LLL} [ﬂL] <10
[MyCﬂP M cap
where a =1.24
If the calumn 1s subjected to a uniaxial moment, a is chosen as
1.0

6) Ifthe Interaction cquation is satisficd, find an arrangement

" wilth available bar yizes, find the uniaxial capaciues and solve
the interaction cquation again. If the equauon 15 satislied now,
the reinforeement details are writien 10 the output file.

77 H 1he interacnon cquation 1s not sausficd, the assumed
reinforcement is increased (ensuring that it 1s under 8%) and
steps 2 10 6 are repealed.

Column Interaction

The column interaciion valucs may be obtained by using the design
paramecter TRACK 1.0 or TRACK 2.0 for the column member. If a
value of 2.0 s used for the TRACK parameter, 12 different Pr-Mn
pairs, cach representing a different point on the Pn-Mn curve are
prinied. Each of these points represents one of 1he several Pn-Mn
combinauions that this column is capable of carrying abuout the
given axis. [or the actual reinforcement that the column has been
designed for, In the case of circular columns., the values are for any
of the radial axes. The values printed for the TRACK 1.0 output
are:’ -

PO = Maximum purcly axial load carrying capacity of the
column (£cro moment).

Pomax = Maximum allowable axial load on the column (Section
10.3.5 of ACI 318).

P-bal = Axial load capacity al balanced sirain condition.

M-bal = Uniaxial momeni capacity at balanced strain condition.

c-bal = M-bal / P-bal = Eccentricity at balanced strain
coadition.

MO = Moment capacity at zero axial load.

P-iens = Maximum permmssible iensile load on the column.

SR EIEE a1 8E482

”
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Des. Pn = Pu/PHI where PHI is the Strength Reduction Factor
and Pu is the axial load for the critical load case.

Des. Mn = Mu*MMAG/PHI where PHI 1s the Strength Reduction
Factor and Mu is the bending moment for the
appropriate axis for the crincal load case. For circular
columns,

M..=,/Mi,+M.L

c/h = (Mn/Pnyh where h is the length of the column.

Column Design Output

The loltowing table 1\Hustrales different levels of 1he column design
oulput

Table 3.3

The fallow:ng outpul 1s gencralcd withoul any TRACK
specificanon.

“9211%33aTIERETIISTIsasTESS4ISIICoTITITTISIIZIICCGSITTININITITRTALS

Sa L 4N ¥ 3. 2 2313 *T 230 .3
Y - 50000 FC - 4000 3§I. 3C4E 3IIE - .0 JO ¢ .2 3D INCHES, TIED
AREA JF 3TEZL tEQUITD L1 ] N
IAR IINFIGURAT IZINF 2 LOAD AYCATIIN kel
3 - WUM3ER 93 5.336 p STA 2 100

{PRCYISE ZQUAL NU™IER OF 3ARS AT ZACH FACI)
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A typical example of clement design output is shown in Table 3.4.
The reinforcement required 1o resist Mx momeni is denoted as
longnudinal reinforcement and the reinforcement required 1o resist
My moment 1s denoted as transverse reinforcement (Figure 3.1),

TRACK 1.0 gencrates the following additional oulput.

COLUMN INTERACTION: WOMENT ABOUT I -AMTS [KIZ-FT)

k) M nax ?-pal M-oal 2-oa., litngchi I o

872 b : 5 <ea ‘ool The parameters FYMAIN, FC, and CLEAR listed in Table 3.1 are
u0 P-tans Jes n Zes.¥n as A in Table 3 |
137 46 -432 5o 123 -2 9 88 s so] relevant w0 slab design. Other parameters mentioned

are not applicable 1o slab design.

Is
M PN Bmax *-pa, ¥-ocal -0al (inchh '
g7 .2 117,10 89 & ~zB.30 w.n
w0 2-cens Jaa.Pn Jes. Mn ars .
137.46  -432.00 323.:2 ‘28.08 0.013 /{.
A7 g N
TRACK 2.0 generates the following outpul in addition 10 all of the M,
above.
TRANY
\
n = Eae] n 1 M
B 2.0.34 lous 60 156 37 LI0 m) VING
0 . 202 41 164 67 149.31 .69.59
|- 194.29  169.97 14).6§ .68 6%
an.zaxi__+ L85 39 170.45 137 80 &7 44
. 179093 10148 132.2% 6620 Table 3.4 D
) . 163 81 LT 14 LIT 39 ig9 4l ctual Qutput from Design)
NOWINAL - . #a - ’n w o oY {Actua P &
AXIAL - 2.0.44 66 60 136 57 170 s) -
COMPRESS:ON} . 202 41 168 67 14%9.9) .49 o¥ = EWEN TORCES PORCT. LENGT™Y (NITS= {12 FEET
L TP b I%4025 16937 ta349 tpBer T ELDET TS . T
. 85 3% 1i0 45 137 40 ‘a7 14 FORCE IR STRESS + FORCT,WIDTH/TRICK. “WOMENT @ 7OACT- LENCTH, WIITH
. L7891 17148 11223 T66.20 o LoD x g 2 n e
TMC MR, 183 21 (YT 7§ 127 13 ieh it = ™ -
*  BENDING ' o 4 g : ggg 990
ctang. e 2 . -
P-1ans. NOMENT 94:3; 209 MAX: 3.6 ANGLE= 3.0
MIN: -0 36 MAX: 1.6 ANGLEr 0.0
o 03 00 0 D4 .00
28 9,38 1.36 .
SMIN= 0.14 TMAXa 215 AMLEH= 28,7
SHINs 1 81 THAK:z .99 ANGLE® 15.5
. .
t.3 Slab/Wall Design 100
ELEMONT  LONG. REINF WM-X JLOAD  TRANS REINF oy
(5Q. IN/FT) (K-FE/PT) 185G 2 FT) |
i 13 “op 0.130 0.4 5 1 gagg :
Slab and walls are designed per ACI specifications. To design a T 0.000 0.0, 0

stab or wall, 1t must be modeled using Gimte elements.

Element design will be performed only for the moments MX and

) MY atthe center of the clement. Design will not be performed for
FX. FY, FXY, QX, QY or MXY. Also. design is not performed at
any other point on the surface of the element.

AR 11185183
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Timber Design

Section 4

4.1 Timber Design

STAAD Timber design madule offers desiga of Glulam timber
sections as per AITC Codes (Timber Consiruction Manual. 3rd.
Edition. 1985). It aiso conforms to the National Design
Spceificanon for Wood Constructon and Supplement (NDS) and
butlding codes fike Uniform Building Code {UBC). Basic/National
Building Code and Standard Building Code. Some of the main
[catures of the program are:

This feature 1s for Glulam Timber only.
Code check and design of members as per TCM - ATC.
Design valuces for Structural Glued Laminated Timber tables
are 1n-built into the program. The program accepts Table no.,
Combination and Species specifications as inputs (¢.g, 1: 16F-
V3-5P/SP) and rcads design values from in-built tables.
4. Incorporates ali the following Allowable siress madifiers:

i) Duration of Load Facior

i) Size Facior

iii) Form Factor

iv) Laieral stabilily of Beams and Coltmns

v) Moisture Content Faclor

v1) Temperature and Curvalure factors.

The allowable siresses for bending, tension, compression, shear

and Moduli of clasticities are modified accordingly .
5. Delermines slenderness for beams and columns (Short,
intermediate and long) and checks for min. eccentricity, lateral

fad |
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stability, buckling, bending and compression, bending and
tension and horizonial shear against both axes.

6. The outpul results show sections provided or chasen, actual
and altowable stresses, governtng condition and ratios of
interaclion [ormulae and the relevant AITC clause nos. e for
cach 1ndividual member.

4.2 Design Operations

Explanation of Terms and Symbals Used in This Section
Symbols Description

r, Actual compression or tension siress (in PSI). For
tension, the axial load is divided by net sectional area
{i.c. NSF x X-arca).

FA Allowable design value {or compression or (ension (in
PSI) medified with applicable modifiers ur calculated
based on slenderness in case of compression.

Mozr oy Actual bending stresses about local Z and Y axis (1n
Psh.

FBZ, FBY Allowabic design vaiues lor bending stresses about
local Z and Y axis ¢1n PS1) modified by the apphcable

modifiers.
1Z, 1Y Maodifier [or P-DELTA ellect about the Z and Y axis
respectively as explained 1 formula 5-18 of TCM.
M I',, Acwual horizontal shear stresses,

FVZ.FYY Allowable horizonmal shear stresscs.
VZ,. VY Shear in lucal Z and local Y direction.

" ZD. YD Depth of scction in local Z and Y axis.

EZ.EY Minimum cccentricity along Z and Y axis.

CFZ,CFY CFZ and CFY are valucs of the size factors in the Z-
axis and Y-axis respectively.

CLZ,CLY CLZ and CLY recpresent the faciors of lateral stability
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.

pEl-

pooid
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Combined Bending and Axial Stresses

Bending and Axial Tension:

The following interaction formulae are checked :

1 EA+ fy /(FBZ x CFZ) + l'byl(FBY x CFY) =< RATIO
ility chee Ne¢t compressive siress.
a) Lateral swability check with
< {JFA + [ J(FBZ x CLZ) + fb’l(FBY 1 CLY) =< RATIO
a

Bendin d Axial Compression;

) [JFA + (o (FBZ-SZ <) + T J(FBY-IY 3 f,} =< RATIO

Apphicability of the size factor:
when CF < 1 00, _ ~

Y if fa > FBZ x (1-CFZ). FBZ is not modified with CFZ. if [a
> FBY & (1-CFY) FBY is not modified with CFY.

[ fa < FBZ « (1-CFZ) FBZ s taken as FBZ x CFZ + {a bwt
shall not exceed FBZxCLZ

Wra< FBY x (1-CFY)FBY 15 taken as FBY < CEY + [a
but shall not exceed FBY x CLY

by When CF >= 1.00. the cffect of CF and CL arc cumulative
FBZ is taken as FBZ x CFZ x CLZ FBY 1s taken as FBY «

CFY x CLY

Min, Ecceniricity:
The program checks against min. eccentnicity in following cascs:
" b
a) The member is a FRAME member and not a iruss member
and under compression. ‘ .
by The value of actual ania) compressive stress does
cxceed 30% of the aliowable compressive siress. .
¢) The actual moments about bath axes are less than moment:
that would be caused duc 10 min. eccentricity. In this
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approach, the moment due 10 man. ecceniricity is taken ag Section 4 l 1

the compressive load times an eccentricity of | in. or 0.] ¢

depth whichever 15 larger, CHECK CODE1TO 14

SELECT MEMB 15 TO 31

In casc of min. eccentricily,

bz a5 ( )l +
. a
l |s) lakc“ |. X 61"' 5 X -IZ ‘Ez‘ ZD) lby 15 lakc“ as | X (6 |5

the follawing conditions are checkad ;

IIIIA-O-I'bI(FBZ-JZlf)—( Rf\llonl“d‘ IA"I IB!' 'x
£ a II bﬂ( j

Shear Stresses:

Horizomal stresses are calculated a
values:

Input Commands and Parameters Explained

Specify PARAMETER and then CODE TIMBER 10 start TIMBER
DESIGN belore specilying the input parameters. The user must
provide the imber grade (GLULAM GRADE) for cach member he
inicnds 1o design. The parameters can be specified for all or
specified list of members. [ a parameter is not speaified, the
dcfaull value 1s assigned 10 il Sce lollowing INPUT
‘PARAMETERS LIST TABLE for descripuion and defauht values of

the parameclers.

nd checked agains allowable

lL=3xVvY /2 =
¢ =3 x VY /(2 x Arca x NSF) =< FVZI,, = 3x VZ /(2 ¢ Arcax Glulam Grade & Allowable Stresses from Table

NSF) =< Fvy
The allowable stresses for GLULAM members are read in from

Table-1 and Table-2 of AITC for design valucs for Siructural
Glued Laminated Timber. The structural members are w be

specified 1n the {ollowing manner:

+.3 Input Specification

A typical set of inpui ¢
put commands for STAAD TIMBER DESIGN 15 Table - 1| Members :

histed below:
Table Combunation Species
H -
| PARAMETER Jo
- PARAMETER
CODE TIMBER - . I

| GLULAM 1:16F-v3-DF/DE MEMB 1TO 14
; GLULAM 1:22F.E5-SP/SP MEMB 15 TO31 |
GLULAM 2:3-DF MEMB 32 TO 41 i
LAMIN 1.375 LY 168.0 MEMB 5 9 15 TQ 31 | i
LZ176.0MEMB 1704 6 7 8 10To 14 ’

GLULAM 1 : 16F-V3-DF/DF

LUZ322.6 ALL - - : i

LUY3226ALL .- . . .. . .

: WETLOALL -3 © e e o
’ COT 133 - i RN R

NSFags c Mot 4 l

|

|

: BEAN 1.0 ALL" ™~ i

. - . . ! H
PRI, we s T 1A
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Table - 2 Members -

Table Combination Species

No. No.
[

T
J_\

GLULAM?2 -3 . DOF

44 Code Checking

"{;lhc CH‘ECII( COI?E command cnables the yser 10 check the
| ;ch;:;:‘ru[l the size { YD X ZD } provided in the MEMBER
ES for the most ¢ritjea) fo hents. Th
: rees and momenis. The
prfJgram Priats wheiher the member hys PASSed or FAlLed. the
critcal condulions and the value of the ratio o

: ‘5 Orientation of Lamination

ll;lammalions are always assumed 19 Jje along the focal Z-plane of
. P!;:orrln:::mhc::r. The user may please note that in MEMBER
ERTIES section, YD always rcpresents the depib of the

scclion across the graj '
grain, grain and ZD represenis the widih along the

[FO—.
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4.6 Member Selection

The SELECT MEMBER command starls with the min. permissibic
depth {or min. depth provided thru DMIN parameter) and checks
the cade. If the member [ails with this depth. the thickness s
increased by onc lamination thickness and the codal requirements
arc checked again. The process is continued ull the section passcs
all the codal requirements. This ensures the least weight section lor
the member. {f the depth of the section reaches max. allowable or
available depth and the member sull fails, the user can have the

following options for redesign:

11 Change the widih of increase the max. allowable depth
(DMAX)

1) Chanpge the imber grade

i) Change the design paramelers.

Table 4.1 - Timber Design Parameters

Parametsr Default Description

Name Value

(¥ 4 tength of i Effective length of the column

the Memberil) n z-axs.
LY -DO- Same as above in y-axs.
LYz 1.92°L Unsupported effectve langth
for beam n 2.

LUY 192l Unsupported etfectiva length

’ forbeam m y,
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Table 4.1 - Timber Design Parameters Ceont.

Parameter Default Description

Name Value

WET 0o 0.0 - dry condmion
+ 1.0 - wel condition

wet usa factors are in-butt

NSF 1.0 Net section factor for tension

. members. (both shear and
lension siresses are based
on sectionel area x nsf )

coT 1.0 Duration of load factor

GSE 10 Form factor

CTM™ 1.0 Temp. factor

R 10 Curvature lactor

RATIO . 1.0 Permissible rano of actual to

aliowahle stresses.

LAMINATION 1.50 1nch Thickness af laminabon in

nch (1.50 or 1.375)

BEAM 0.0 0.0 =design for end forces or
at locations specified by
section command.

1.0 =calculate moments at
tenth along the beam
and use the max. for
design,

Note: .

in case the column buckling is restrained 1n Y andfor Z
direction provide LY and/or LZ as zero(s). Simlarly, lateral
beam buckling in Y and/or Z direction could be restrained by
providing LUY and/or LUZ as zeros.

Size Factor, lateral siability and moisture conient factors and
few others arc cither calculated or read from lables within the
program.
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SAMPLE OUTPUT RESULTS

STAAD CCDE THECKING - (AITC)

arssbvAtTesTReTTRTANGS ML

ALL INITS ARE - KIP FEET (LNLESS QTUERWISE NOTED)

EMBER "ABLE ST/ CATTICAL COND/ RATIO/
X oY 2
ersascEfalzESoEEssSIIISESEIEISAESRSLCEAELTISIEIED
2 M 8 p0ONIS.000 FAIL ™-CL. 5-18 1.205 1
I4cC Q20 15.38 .30¢00
MEMB- 2 GLALAM GRADE..6F -V -0F /Wi LAN.31.300 UNITS: 20AND- DM

. w2=240,20 Ly=140.30 LJz=240 00 i¥=240.00 JZ :0.170 J¥ =1,000 T2T=1 000 '

=% 20 #ET:0 9 CTH21.00 CTM:1.00 oer:0.98 CFY=1.00 CL2=1,300 ZLy=l OO |
ACTUAL STRESSES. ‘an 18.67. fbz=1815.C6, Toy= .20, fvz= 49 1
AL, STRESSES: TA=z )66 §7.79Z-1579 49,.73y- 950 20, FVZ=140.2

12 3.9C0X.5.000 FAIL
L0.64 €

MEM3- 3 SLATAM GRADE: L6F-V. -OF/ LAM. =DL3

Z..86.30 .¥+280 30 AZ-180 0 iv:=180.00 Uz +0.274 J¥ 10,397 DT=. 300
SFiT 10 AE™0Q 0 OCRe! 90 TTN=..30 TFZ-C 3@ FY=1.30 CLZa: 200 TLexl 200
ACTUAL STRESSES: fa= 88 68 ‘bz=1"37 19, foys O IO, fwez= 16 51 Ivy= 230 .
At §57 22, 7BZ=L600 30 TBY: 950, 30, TVZ=140 0, FV¥:130,00

STAAD MEMBER 3ITLECTION - IAITC)

sEmmustbEsEaRTiASGRBCARI RS

ALL INTTS ARE - {IP FEET (UNLESS TMERWISE NOTEDH

MEMIER TAQLZ IESULT/ R:TICAL (OnD/ RATION LTAD NG/

X oy b ICATION

:===:l‘ls===tl?ilt=llll!t::::lt'!-l!:3:===IISIIIIIIS::l!ﬂ'il=i=8====ﬂl-l
2 mq 4 QUOCXI8.000 2ASS ™™.CL. §5-18 0.880 2
2.34 C 0.00 45 18 3 Joo9

. MEMB- 2 GLULAM GRADE:16F-V1-0F /Wi LAM. =1,500 R¥ITS: POUND-INCH |

~z=240_30 L¥:140.20 1225240 00 LU¥=240.00 .2 30,273 JY 21,300 TU=1.000
* rmped 50 WET=0.0 CCR=!.00 O™™=1.00 CFZe0 96 CFY=..00 C2.2=1.200 _rsl.000 |
ACTUAL STRESSES: fa® 15.56, fbz=1260. 46, {by= 0.00, fvzs 4.4, fvy= 0.00
ALLOW. FTRESSES: TAz 366.67.FBZ=1545.08,73Y= ?SD.JU.MﬂtD.JO.?VYleO.Dﬂ +

3 M 8.J00x.8.000 PASS
1

0.64
{ooeseeamneneinssasnneosioiesioe oo |
MEMB- 1 GLULAM GRADE:16F-V1-OF /e LAM.=1.500 UNTTS: POLND-DNCH |
30 LY-140 00 LAZ=180.00 y=180 90 3% =0.000 JY =0.997 oT=l 000
!
‘

1_30 wET=0.0 OCR=1.00 CTM=1.00 CFZ=0,96 CFY=1 00 C1Za1.000 cLys1.000
ACTUAL 3TRESSES: fa® 73 30, fbzz1220 48, foys  0.30.2vis 30.3%. 5vy= 0.00
|Aliiwi. STRESSES: Faz §51.22.FB2=1600 00, Fy= 950.70. FVZ=140.00 TVYs110.00 |

..E
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Output Results and Parameters Explained

.For CODE.CHECKING and/or MEMBER SELECTION ihe vutput

results arc pranted as shown in the previous section. The items are
cxplained as (ollows:

Y

a) MEMBER rcfers (o the member number for which the design is

performed.

b) TABLE refers 1o the size of the PRISMATIC section (B X D or

ZD X YD),
¢) RESULT prints whether the member has PAS—Scd or FAILed |

d) CRITICAL COND refers to the CLAUSE or FORMULA NO.

from the TIMBER CONSTRUCTION MANUAL (3rd. Edulion,
AITC-1985) which governed the design. See following table:

Criticsl Governing Criteria
Condition

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

CLAUSE 5-13 Axial Compression and Bending

CLAUSE 5-42 Axial Tension and Bending

CLAUSE 5-24 Horizontal Shear

CLAUSE 5-40 Lateral stabiiny for ne compressive stress
tn case of Tension and Bending.

€} RATIO prints the ratio of the actual skresses lo allowable

stresses for the critical condition. This ratio is usually the
cumulauve ratio of stresses in the interactivn formula. [n case
of shear governing 1he design, 1t means the ratio of the actual
shear siress 10 allowable shear siress, [T tkis value exceeds the
allowable ratio (defauit 1.0) the member is FAILed,

) LOADING provides the load case number that governed,
§) FX. MY and MZ provide the design axial force, moment in

local Y axes and moment in local Z axes respectively. FX value

is foitowed by a letter C or T to denote COMPRESSION or
" TENSION.

111

171
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h) LOCATION specifies the actual distance from the start of the
member to the scclion where design forces govern in case
BEAM command or SECTION command is specified.

OUTPUT parameters thal appear within the box are explained as
follows:

4) MEMB refers 10 the same member number for which the design
15 performed.

b) GLULAM GRADE rcfers to the grade ol the tmber.

¢} LAM refers 1o laminanon thickness provided in the 1nput or
assumed by the program. Sce INPUT PARAMETERS sccuion.

dy LZ.LY.LUZ and LUY are the effcctive lengths as provided or
calculated. Sce INPUT PARAMETERS sccuon.

¢} }Z and JY arc the modificrs for the P-DELTA effect about Z-
axis and Y-axs respectivelv. These are calculated by the
program.

N CDT. CSF. WET. CCR, CTM urc the allowable siress
modificrs cxplained 1n the INPUT PARAMETERS sccuion.

2) CFZ and CFY are values of the size factors in the Z-axis and
Y-axis respectively. CLZ and CLY represcnt the factors of
lateral stability for beams about Z-axis and Y-axis respectively.
These values are printed 1o help the user see the iniermediate
design values and re-check the design calculations.

h) £y Ty foye f, and oy arc ihe actual axial stress, bending
stresses aboul Z and Y axes and horizontal shear siresses aboul
Z and Y axcs respectively. I the bending momenis about both
axes are lcss then the eccentnic momenis based on min.
cccenincity then bending stresses are calculated based on the
min. eccentricity . Refer DESIGN OPERATIONS section for
details.

1) FA, FBZ, FBY. FVZ and FVY are the final allowable axial,
bending (Z and Y axes) and horizdniai shear (Z and Y axes)
stresses. Refer DESIGN OPERATIONS section for details.
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STAAD Commands anci
input Instructions

Section H

1ille

This section of the manual describes 1n detail various commands
and related instrucuions for STAAD. The user unlizes a command
language lormat 1o communicate instructions 10 the program. Each
of these commands either supplics some data to the program of
instructs 1t to perform some calculations using the data alrcady
spectficd. The command language format and convenuons are
described 1n Section 5.1. This 15 fuilowed by a description of the
available commands.

e

Tennnnne

Although STAAD input can be created through the Modcling mode.
[ is very imporiant 1o understand the command language. With the
knowledge of this language, 1L 1s casy 1o understand the problem
and add or comment daia as necessary. The general sequence 1n
which the commands shuuld appear n an input {ilc ~hould ideally
follow the same scquence 1n whach they are presensed in this
section. However. the cammands can be provided 1n any order with

the following exceptions.

1) All design related data can be provided oniy after the analysis
command.

ii) All load cases and load combnations must be provided
together, except in a casc where the CHANGE and RESTORE
commands arc used. Additicnal load cascs can be provided in

the lauer part of input.

Al} input data providcd is stored by the program. Daia can be
added, delcted or modified within an existing data file.
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Input Instructions

5.1 Command Language Conventions

This section describes (he tommand language used in STAAD

First, the v
. anous eiements of the |
anguage are discuysse
the commang formai s described 1n detai] {and then

b}
=

Sty

o
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=
s
e
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=]
|
[ |
| e |
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5.1.1 Elements of The Commands

a)

Integer Numbers: Inicger numbers are whole numbers wrilien
without a decimal point. These numbers are designated as i,
I3, eic., and should not contain any decimal point. Signs (+ or -
) are permutted in front of these numbers. [f the sign 1s omitted,
1l is assumed to be positive {+).

b) Floating Point Numbers: These are real numbers which may

contain a decimal portion. These numbers are designated as f,
fs... etc.. Values may have a decimal point and/or exponent.

When speci{ymg numbers with magmiude less than 17100, it s
advisable to use the E formal 1o avoid precision relaled errors.

Example

505532 0.73 -8.9 732
SE3 -3.4E-6
otc.

When the sign is omuued, it is assumed 10 be positive (+). Also
note thal the decimal point may be omitied, 1f the decimal
portion of the number is zcro.

c] Alphanumeric: These are characters which are used to

construct the names for data, ttles or commands. Alphabetic
characters may be input in upper or tower case letters. No
quotation marks are needed to enclose them.

Example

MEMBER PROPERTIES
"1 TO 8 TABLEST W

- o alatat

d) Repetitive Data: Repetitive numerical data may be provided
by using the following format:
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n*f

where n = number of times data has 10 be repeated
f = numeric dala, nteger and Moating paint

5.1.2 Command Formats

Example a) Free-Format Input: All input 1o STAAD is in {rec-formal

style. Input data itcms should be separatcd by blank spaces or
commas from the other input daia items. Quotation marks are
ncver needed (o scparate any alphabetic words such as data,
commands or tites.

11§

JOINT COORDINATES
130

grgaonsone

b) Commenting Input; For documentation of a STAAD data file,
the facility 1o provide comments is available. Comments can be
included by providing an asterisk {*) mark as the first non-
biank character 1n any line. The line with the comment is

This joint coordinate specilicaiion is same as:

100 0

*achoed” in the ouiput file but not processed by the program.
Example
JOINT LOAD o T
, * THE FOLLOWING IS AN EQUIPMENT LOAD
237 FYI50 .
stc.

¢) Meaning of Underlining in the Manual: Exact command
formats arc desceibed in the tatter part of this secuca. Many
words ia the commands and data may be abbreviated. The full
word intended ts given in the command descripuon with the
portion actuatly required (Lhe abbreviation) underlined.

For example, if the word MEMBER is used in a command, only
the portion MEMB need be input. [L1s clearer for others
reading the output if the entire word is uscd, but an
experienced user may desire to use the abbreviations.

K3

d) Meaning of Braces and Parenthesis: In some command
formats, braces enclosc a number of choices, which are
arranged vertically. One and only oac of the choices can be
selected. However, several of the listed choices may be
sclected if an asterisk (*) mark is located outside the braces.
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Example

{u
¥Z
Xz

In the above exampie, the user must make a choice of XY or
YZ or XZ. '

Example

Bcrc the user can choose vne or all of the lisung (FX, FY and FZ)
f" :llny order. Parcniheses, ( 3, cnclosing a puruon of a command
indicate that the enclosed portion 15 optional, The presence or
abscnce of this portion alfects the mcaning of the command. 4s 1s
cxplawaed in the descripuon of the parucular command.

Example

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

In the first line, the word MEMBER may be omitied with no
change of the meaning of the command. In the second line,

PRINT LoAD BATA

command may alsa be omiticd, in which case the load data will not
be printed.

e) .!\flulliple Data Separstor: Multiple data can be provided on a
single line, if they are separated by a semicolon (;) character

JrogoooonnannnEg
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One restriction is that consecutive commands can not be
separaicd by a semicoion. They must appear on scparate lines.

Example

MEMBER INCIDENCES
112,223,334

etc. )

Possible Error: .

PRINT FORCES; PRINT STRESSES

In the abave case, only the PRINT FORCES command 15
processed and the PRINT STRESSES command is ignored.

) Listing Data: In some STAAD command descripuions, the

word “list” is used to idenlify a list of joins,
members/elements or loading cascs. The format of a list can be
defined as lollows:

. {i,, T - }
list = i, TO i. (BY i,)
Xor YorZ

TO means all imegers from the first (i}) o the second (i)
inclusive. BY means that the numbers are incremenied by an
amount cqual 10 the third data iem (iy). [f BY 14 is omitted, the
increment witl be sci 10 one. Sometimes the list may be 100
loag 10 (it on onc ling. in which case the list may be continued
10 the next line by praviding a hyphen preceded by a blank.
Also note that only a list may be continued and not any other
type ol dala.
)
Instcad of a numencal list, the specification X ( or Y or Z) may
* be used. This specilication will include all MEMBERs paratlel
to the glabal direction specificd. Notc that this is not
applicable 10 JOINTs or ELEMENTS.

Example
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_47T013BY219T022- Notes ‘
28 31 TO 33 FX 10.4 , 1) Only onc range direction {(XRANGE, YRANGE eic.) is allowed
This list of {tems is the same aa: ) per list. ’

247911131920 21 222831 3233 FX 10.0
Poasible Error:
3STO91115-
FX 10.0 i

2} The values delining the range (f1, 12) must be in the current
unit system.

Example

In this case, the cominuation mark for list items is used when
list items are not continued. This will result in an error
message or possibly uapredictable resulis. )

MEMBER TRUSS
XRANGE 20. 70.
CONSTANTS

E STEEL YRANGE 10. 55.
1.3 Listing of Members by Specification of

Global Ranges

In the above cxample, a XRANGE 15 specified with values ol 20.
and 70. This range will include all members lywng entircly within a

' bal X-axis and limited by X=20 and X=70.
This command allows the user (o specily lists of membersiciements range parallci o the gioba

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

General format:

XRANGE
YRANGE ty 1,
ZAANGE

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

glabal X, Y, Z directions
respectively)

f1. 2 = values (in current unit system) that defines the specified
range.

HrrrnInnnnnN NG
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Notes

1} The user should be careful about choosing the type of the
structure. The choice is dependent on Lthe various degrees of
freedom that need to be considered in the analysis. The
following figure illustrales the degrees of freedoms considercd
in the varicus type specifications. Delailed discussions are
availabie in Section 1.3,

STAAD Commands

AlBLCTLRE TVPES

O
L«

_—_ < 3{_’/3/

TRL NS 1Y -——— ——— e -—

FLAXIR .—ﬁ _— —t-{-.

2} The apuonal utle provided by the user is printed on top of
every page af the output. The user can use this facily o
customize his oulpul.

.2 Problem Initiation And Title

Purpose

This command initiates the STAAD run, allows the user to specily
the type of the siructure and an optional title,

Generai format:

PLANE
SPACE
STAAD {any title a,)
THUSS
OR

Description

Any STAAD inpul has to start with the word STAAD. Following
\ype specifications are available:

PLANE = Planc frame structure

SPACE = Space [rame struclure

‘tion 1.3 TRUSS = Plane or space truss siruciure
FLOOR = Floor structure

Sen

a; = Any litle for the problem. This title will appear on the top of
every 0utp]1l page. To include additional information in the page
licader, use a comment line containing the pertinent information as
the secord line of input.

fepoeeoEauiid
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5.3 Uni‘pecification
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angles is always degrees. However, the output unit for joim ‘
rotations {in joint displacement) 1s radians. For all output, the units
are clearly specified by the program.

Purpose

. Example
This command allows the user to specify or change length and

(orce uniis for input and outpui.
> UNIT KIP FT
UNIT INCH

UNIT CM MTON

General format:

*  |length-unit
UNIT

torce-unit Notes

This command may he used as [requently as necded 10 specify dala
or generate oulput in the desired length and/or force unus. Note
that mix and maitch between diflercent unit systems (Imperial,
Meurie. 81 ete.) are allowed.

INCHES
FEET or ET
Cc

length-unit = METER
MMS
DME
KM

- ' rm
POUND
KG
force-unit= {MTON f
NEWTON
, . MN§
ons

Noie:
DME denotes Decimeters. MNS denotes mega Newlons
(1000 Newtons) and DNS denotes DecaNewtons (10

newions). MTON denotes Metric Ton (1000 kilograms). All
ather units are self cxplanatory,

=
=
=2
=
=3
=
=
=
&3
L=
=
=
B=3

Description

The UNIT command can be speaified any number of times during
an analysis. All data is assumed 1o be in the most recenl umt
specification preceding that data. Also note that the input-unit lor
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5.4 Input/Qutput Width Specification

Purbose

These commands may be
: y be used 1o specily the width(s) of the li
the input and/or ouput liie{s). b (s ot the fines of

" Generai format:

INPUT

D -
QUTPUT IOTH iy

—

For INPUT WIDTH,

i, = Number of characters per linc in the input file to be processed.

For QUTPUT WIDTH.
1, =72 or 118 depending on narrow or wide outpul,

Deacription

Th.: uscr may specifly the required 1nput/output width, as required
using this command. For INPUT widih, any number up to 79 ma ‘
be provided. The derault input width is 72. IT the input width 15‘.lf
m9rc than 72, the output must be printed on wider paper, on a
printcr capable of handling up to 118 characters. I shuu;d be
remembered thal a narrower 1nput width results in faster hne
scanming and therefore increases the speed of cxecution. The
program can creale output using 1wo different outpul wi;ilhs -72
{default) and ! 18. The 72-characier widih may be used for displ
on most CRTs and for prinuing on 8-1/2" wide paper. The ] IS-p Y
character widih may be used for printing og | 1" wide paper.

Notes

This 13 2 .cusmmiz.zalion facility thal may be uscd to improve the
presentation quality of the run documents.

| —

=
=
=
=
=

1

=
=
=3
=i
=3
==a
-
L=
=

soed
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55 Set Command Specification

See Secifons
518and 3 3

Purpose
This command allows the user Lo scl various general specifications

for the analysis/design run.

General format:

NL iy
CONNECTIVITY  ip
DISPLAGEMENT iy

SET cHO ON
H
ELE | cer
up
where.

1y = Maximum number of pnmary load cases (NL)

b = Maximum number ol members {or clements) connecled t0 2

jotnt.

13 = Maxmum allowable displacament for any joint a the
structure. .

Description

The SET NL command is used 1a @ mulliple analysis run il the user
wants to add more pnmary load cascs after onc analysis has becn
performed. specifically, for (hosc examples, which use the
CHANGE or RESTORE command, il the uscr wanis Lo add more
primary load cases. the NL valuc should be sct 1o the maximum
aumber wih the SET NL command. The program wiil then be able
10 set aside additional core space for information lo be added later.
Note that this command should be prpwided before any joing,
member or load specificalions. The value {or 1, should not be
greater Lhan the maximum aumber of primary load cases.

The SET CONNECTIVITY command may alsa be used 10 specily

the maximum number af members (or elements) that may be

connccted to a joint. The default value 13 5¢l 10 16 in the program.
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[T it 15 necessary (o connect more than 16 members (or ¢clements) Lo

a joint, the SET COnnectivity option may be used. This command
should be posiuoned betore the JOINT COORDINATE
specifications.

The lollowing featurcs of STAAD cannot be uscd with the SET 2
UP command:

1) Wind Load Generation
2) Floor Load Generation

The SET DISPLACEMENT command 15 used to specity the 3) Autematic Generauion of Spring Supports lor Mat Foundations

limating value of displacemem for use in coavergence checks of
J1sp|nccmcms wherever applicable such as a NON-LINEAR
ANALYSIS. This command should be placed beforc the JOINT
COORDINATE specification.

The SET ECHG ON command will activale and the SET ECHO
OFF command will deactivate the cchoing of inpul lile commands
in the output file. In the abscnce ol the SET ECHO command. input
file commands will be echoed back 1o the output file.

By defaull, the Y-axis 15 the vertical axis. However, the SET Z UP
command may be used to model situations where Z-axis represents
the vertical axis (direction of gravily load) of the siructure. Thas
suiuation may anse 1if the inpul geomeiry s created through some
CAD sofiware. Note that this command will affect the delauils
BETA angle specification. However. BETA can be sct to a cerlain
value for all mcmbers parallel w a particular global axis by using
the MEMBER X (or Y or Z) type of listing. For additional
nformation, scc the CONSTANTS spcaification (Scction 3.26).

Notes

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

1) JOINT COORDINATE
2) Input for the PERFORM ROTATION Command
3) BETA ANGLE

)
-

1t
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~ 6 Separator Command \

o

¢CHON

\.

Purpose

This commaad may be used 10 specify the desired separator
character that can be used 10 scparate muluple lines of data on 3
single line of inpur.

-~

General format:

SEPARATOR a,
Description

The semicolon (:) is the default characier which funclions as the
separator for multiple line dawa or onc line, However, (his
scparator character can be changed by the SEPARATOR command
lo any character a;, other than the comma or aslerisk,

Notes

Comma (,) or asterisk (*) may not be used as 3 seperator character

==
—
.
=
| —
=
=
L —
==
E—=a
o |
|
“
n—a
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5.7 Page New Command

Purpose
This command may be used Lo instruct the program 1o starl 3 new
page of outpul.

General format:
PAGE NE

Description

With thts command, a new page of output can be staried. This
command provides the flexibulity, the user nceds, 10 design the

oulpul lormal.

Notes

The presentation quality of the outpul document may be improved
by using :his command properly.
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5.8 Pag

.ength/Eject Command

Purpoge

These commands may be used 1o specify the page length of the

output and the desired page eject characier,

'
Py

General format: i
LENGTH i
E.ECT 51

PAGE

The page length in STAAD outpul 15 based on 4 defaull value of 60

lincs . However, the user may changce he page length 10 any
number i (number of lines per page) desired.

Description

Standard page eject characrer (CNTRL L for PCs and | far
Mi/Mfrm) 15 cmbedded 1n the STAAD program. The PAGE
EJECT command with the input of the character a; will alier the
default page ¢ject character in the program. A blank character will
suppress page cjection.

HIHEEEE1ES

ne

g2
i

Section §

5.9 Ignore Specifications

Purpose

This command allows the user 10 provide member fists in a
convenicnt way withoul iniggering crror messages pertaining to
non-¢xislent member numbers. i

General foarmat:

IGNORE LIST

Description

IGNORE LIST may be uscd if the user wants the program 1o ignore
any noncxisicnl member that may be included 1n a2 member list
specificanon. For example, for the sake of simphcity. a list of
members may be specificd as MEMB 3 TO 40 where members 10
and 11 do not exisl. An error message can be avoided o thas
situation by providing the IGNORE LIST command anywhere in
the beginning of input, A warming message. however. will appear
fur cach nonexistenl member.

14
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10 No Design Specification

Purpose

This command allows the user 10 declarc that no design opcrations
will be performed during the run, The memory rescrved for design
will be released 1o accomodare Iargc?nnnlysis jobs.

General format;

INPUT NODESIGN
Description

STAAP always assumes thal a1 some point in the input, the user
mag'y wish to perform design for steel or concrele members. These
design processes require more compuler memory. If memaory
availability 15 a problem. the above command may be used to
ehiminate cxira memory requircments.

SLEETTS

foond

Tat
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5.11 Joint Coordinates Specification

Purpose

These commands allow the user lo specily and generate the
coordinates of the JOINTSs of the siructure. The JOINT
COORDINATES command iniuates the specificanon of he
coordinaics. The REPEAT and REPEAT ALL commands allow
casy generation of coordinales using repelitive patlerns.

General format:

JOINT. COORDINATES (CYLINDRICAL (REVERSE)) (NOCHECK) band-spec

iy, Xy, ¥ Zq0 iz- Xy, ¥20 T3, i; )
REPEAT n, xiy, yiy, Ziy, (Xiy, Yig, 2i,,..., xip, yig, 2i,)
REPEAT ALL n, xiy, yiy, ziy, (Xig, yiy, Zig,..., Xip, ¥i,, 2iy)

band-spec = (NOREDUCE BAND)

NOCHECK= Do nol perform check for multiple structures or
arphan jotnts.

Description

The command JOINT COORDINATES specifies a Cartesian Coordinate
System (see Figure 2.2). Jownts are defined using the global X, Y and Z
coordinates. The command JOINT COORDINATES CYLINDRICAL
specifics a Cylindrical Coordinate Sysiem (sce Figurc 2.3). Joints are
delined using the r, 8 and z coordinaics. JOINT COORDINATES
CYLINDRICAL REVERSE specifics a Reverse Cylindrical Coordinate
sysiem (sce Figure 2.4). Joinis are defined using ther, y and ©
coordinates. NOREDUCE BAND causcs the program to execule without
performing a bandwidth reducuon. H

See Secnion
131

Example

JOINT COORDINATES NOREDUCE BAND
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«EPEAT command causes the previous line of inpui to be
repeated ‘n’ number of limes with specified coordinate increments,
The REPEAT ALL command functions similar to the REPEAT
command except that it repeats all previously specified inpu back
lo the mosi recent REPEAT ALL command, or all joint data \f no
previous REPEAT ALL command has been given. (When using the

_REPEAT and REPEAT ALL commands, joint numbering must be
consccutive and should begin with Iv)

i = The joint number for which the coordinales are
provided. Any integer number (five digit max.) is
permiticd.

Enypamd 2 = X, Y& Z(R,0& Z (or cylindricat er R, Y & 6 for
cylindrical reverse} ¢oordinates of the Jjomt,

For PLANE analyses <) 15 an opuonai daia siem when defining
input for individuay joints. £) 15 always required for joint
generation. The following are used only (f joinis are 10 be
generated,

ir= The secand joint aumber 1o which the jom
coordinaics are gencrated.

Xp. ¥rand 23 =X, Y& Z(R, 0 & Z (or cylindrical or R. Y & 6 for
cylindrical reverse) coordinates of the jonn 1,

Iy = Joint number increment by which the generatcd
joints will be incremented. Defaults to | 1f left out.
n= Number of limes repeat s 1o be carried out. Note

that “n” cannot exceed 98 in any one single
REPEAT command.

Xig, yigk eiy = X, Y& Z(R. 86 & 2 (R, Y & 8)) coordinate
increments for k h rcpeat.

The X, Yand Z(R, 0 & Z (R, Y & 8]) coordinates will be equally
spaced between i) and iy,

al
=z
=
=
=
-
=g
===
2

he
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Example 1

JOINT COORDINATES

1 10.5 2.0 85

2 0.0 0.0 0.0

3 525 0.0 85 6 50.25 0.0 85

In this example, X Y Z coordinaies of joints | 10 6 are .prow‘dcd.
Note that the joints between 3 & 6 will be gc‘ncratcd with j_mms .
cqually spaced from 3 10 6. Hence, joint 4 will have c:mrdlnalcs o
20.25 0.0 8.5 and joim 5 will have coordinaies of 35.25 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

Here. the 220 juint coordinzics of a ten story 3 X 4-bay siructure .
are gencrated The REPEAT command repeats the first 1{1pul1h||?c
times, 1ncrementiing ¢ach Z coordinate by 15. Thus, the hirst I hines
are sufficient o create a "floor” of (wenty joinls.

1000 ;:;21500;33.0.0;44.00
50015 ;615015 ;730. 0. 15 ;845 0. 15

1-;0.0.50.;1.815.11_99,;; 19:!1(150.,2045.0.@.
The REPEAT ALL command repcals all previous dala fi.c. the 20

jownt "fMoor”) ten times, incrementing the Y coordinate by 10 cach
tme. This creates the 200 remaiming joints of the structure:
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Example 3

21 0.0 100 0.0 ; 22 150 10,0 00 ; ..
40 45.0 10.0 60.0 ; 41 0.0 200 00 ; ... ;
200 45.0 80.0 60.0 ; 201 0.0 100.0 0.0 ; ... ;
219 30.0 100.0 60.0 ; 220 45.0 100.0 60.0

»

| I

The following cxamples 1llusirate various uses of the REPEAT
command.

REPEAT 10 5. 10. 5.

The above REPEAT command will repeat the tast input line 10
times using the same sect of increments (.e. x = 5.,y =10, z2=5.)

REPEAT 3 2. 10. 5. 3. 15. 3. 5. 20. 3.

The above REPEAT command will repeat the last inpul linc three
times. Each repeat operation will use a different increment sel,

REPEAT 10 0. 12.0.15"00. 10. 0. 9°0

The above REPEAT command will repeat the last input line 10
Limes; six times using X, y and 2 increments of 0., 12, and 0., and
four imes using increments of 0., 10. and 0. Each x. y and « vaiuc
of 0 represents no change from the previous increment. To create
the 2nd through 6Lh repeais, five sets of 0., 0. and 0. (15%0) are
supplied. The seventh repeat is done with increments of 0., 10. and
0. The Bth through 10th rcpeats are done with the same increments
as 7, and is represented as 9*0.

Htttronnnnnnaey
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Notes

The PRINT JOINT COORDINATE command may be used to verifly
the joini coordinates provided or gencrated by REPEAT and
REPEAT ALL commands.

Also. use the Post Processing facility to verify geometry
graphically.
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5.12 Memuer Incidences Specification

See Seciian
5.2

Purpose

- This se1 ol cammands 1s used 10 speciiy MEMBERSs by defiming
connectivily between JOINTs. REPEAT and REPEAT ALL
tommands arc avariable wo facilitaie generation of repetinve
palterns.

The member/element incidences must be defined such that the
modet developed represenis one single structure only, not two or

more scparatc structures. STAAD 1 capable of detecting multiple
structures aulomabically.

General format:

MEMBER INGIDENCES
ih i2: i3| ( ida i5| iﬂ )
REPEAT n,m, |,
REPEAT ALL n,m, |,

Description

The REPEAT command vauses the previous line of iput 10 he
repeated ‘n’ number of nmes with specified member and joint
ingrements, The REPEAT ALL command functions simalar to the
REPEAT command except that il repeats all previously specificd
input back 10 the most rccent REPEAT ALL command or 1o the
beginning of the spectfication if no previous REPEAT ALL
command has been 1ssucd. (When using REPEAT and REPEAT
ALL commands, member aumbering must be consceutive).

iy = Member number for which incidences are provided. Any
integer number imaximum six digns) is permitied.

iy = Slart joint number.

iy = End joint number,

———

FEYTEEITEE
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The following daia are used lor member generation onty:

1y = Seccond member number to which members will be
generated.

ts = Member number increment for generalion,

g = Jownt number incremem which will be added to the incident
Joints. (ig and ig wall defauli to 1t lefl out.)

n = Number ol limes repeat 1s o be carried out.

m, = Mecmber number increment

), = Joml number increment

Examgpie

MEMBER INCIDENCES
112

2575

7111313 21

In this cxample, member | goes from joind | te 2. Member 215
connected between joints 5 and 7. Member numbers jrom 3w 5
wtll be gencrated with a member number increment of 1 and 4 jownt
aumber increment 1 (by defauli). That is. member 3 zoes from 6 10
8. member 4 from 7 10 9, member 5 from 3 o 10. Similarly. 1n the
next linc, member 9 will be [rom 1410 16. 11 from 17 to 19 and 13
from 2010 22.

Additional example

MEMBER INCIDENCES
112120

211 223
:REPEAT 4 3 4

36 21 25 39

REPEAT 3 4 4
REPEAT ALL 9 51 20
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This example creates the 510 members ol a ten story 3 X 4-bay
siructure (this 15 a conlinuation of the example siarted in Secuon

5 12). The ftirst input line creales the wwenty columns of the first
floor:

1121;,2222;332 19 19 39 ; 20 20 40

Vo ;..

The two commands (21 2| 22 23 and REPEAT 4 3 $) create 15
members which are the second Noor “floar” beams running, for
example, 1n the cast-west dirccuion:

21 21 22; 22 22 23; 23 23 24
24 25 26; 25 26 27; 26 27 20

33 37 38; 34 38 39; 35 39 40

The next two commands (36 21 25 39 and REPEAT 3 4 4) function

simtlar 1o the previous (wo commands, but here create the 1o
seccond Noor “{loor” beams running in the north-south direciion.

36 21 25; 37 22 26; 38 23 27; 39 24 28
40°25 29; 41 26 30; 42 27 31; 43 28 32

ann

48 33 37; 48 34 38; 50 35 39; 51 36 40

The preceding commands have created a single 1Toor unit of both

beams and columns, a 1otai of 51 members, The REPEAT ALL now
repeals this unit nine umes, generaung 459 new members and limishing
the len story siruciure. The member number is incremenied by 51 (the

number of members in a repeating unit) and the joint number 13
incremented by 20, (the number of joints on one loor}.

ey

Secuon $ | 15
Notes

The PRINT MEMBER INFO command may be used 1o verify the
member incidences provided or generated by REPEAT and
REPEAT ALL commands.

Also. use the Post Processing facility 1o ven[y geomerry
graphically.
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.13 Eler. ¢ Incidence Specification

S Secuon
1.6

Purpose

This set of commands 1s used to specify ELEMENTS by defining
the coanectivity between JOINTs. REPEAT and REPEAT ALL
commands are available 10 l'acililalc'wgcncrm:ion of repetitive
patierns. :

The element incidences must be defined such that the mode!
developed represents one single siructure only, not (wo or more
separale structures. STAAD is capabie of detecling muliiple
siructures gutomatically.

hell Element Inciden

General fermat

ELEMENT INCIDENCES (SHELL)
hy s I3 da, (is), (IQ g, b, ig)

REPEAT n, e, j;
REPEAT ALL n, e, j;

Description

ELEMENT INCIDENCES SHELL mus! be provided immediately
aflter MEMBER INCIDENCES (if any) are specified. The REPEAT
command causes the previous line of input to be repeated o’
number of (tmes wilh specified element and joial incremeats. The
REPEAT ALL command lunctions similar to the REPEAT
command, except that it repeats all previously specified input back
to the most recent REPEAT ALL command; or 1o the beginning of

the specification if no previous REPEAT ALL command bad been
issued.
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= Element number (any number up 1o six digits). ff
MEMBER INCIDENCE is provided, this number must
not coincide with any MEMBER number.

iy ...i5 = Clockwise or counterclockwise joint numbers which

represent the element connectivity. Note that ig is not

nceded for triangular (3 noded) elcments.

The following daia is nceded +f elemenls are 1o be gencrated:

iy = Last element number 1o which elements are generated.

17 = Element number increment by which elements are generated.
Defaulis to 111 omiued.

13 = Jowni number increment which will be added to incident joints.

Defaults 1o | il vmiued.

The following dala is needed if REPEAT or REPEAT ALL
cuommands arc used to gencrate clements:

n = Number of limes repeat is 1o be camied oul.
¢, = Element number increment.
J, = Joint number increment,

‘Example

LEMENT INCIDENCE

110 TO 8
TO 14

“ = 0 - T

Notes

The PRINT ELEMENT INFO command may be used to verify the
elemeat incidences provided or generated by REPEAT and
REPEAT ALL commands.

Also, usc the Post Processing facility 10 verily geometry
graphically.
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Solid Element Incidences

General format

The clement incidences for solid elements are to be idennilicd using
the expression SOLID to disunguisn them from PLATE/SHELL
clements. s

m

LEMENT INCIDENCES SOLID

ih ilr ill il’ iSr i.l i71 ill i!! (To i'lﬂl i‘lh Il?)

REPEAT n, &, ];

REPEAT ALL n,e, |,

Description

ELEMENT INCIDENCES SOLID must be provided immediatety
after MEMBER INCIDENCES (if any) are specified as well as
abter the ELEMENT INCIDENCES SUHELL (f any).

i = Element number

iv .. 19 = Joint aumbers of the solid element

Wy = Last element number 1o he gencraled

Iy = Element nember increment

T = Join! number increment

n =. Number of mes REPEAT 1s o be carried out
e, = Element number inerement

I = Joint number increment

Specify the four nodes of any of ihe faces of the solid element 1n 2
counter-clockwise direcuion as viewed from the outside of the
clement and then go 1o the opposite lace and specity the four nodes
of thai lace 1n the same direction used while specifying the nodes
of the firsi face.

prpgnnpnnge

M

Example

ELEMENT INCIDENCE SOLID
11562212526 22703
4 21 25 26 22 41 45 46 42 TO 6

Secuon § l 1
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314 E. :nt Mesh Generation. Secuon 5 | 1¢
. ’ General Format;
o, | DEFINE MESH CYL
Pufpose [m AI X ¥ Z; ( RCYL (xo.yo,zo))
. . i N
5“ This set of cum~mnnds ts uscd to genermte (inite clement meshes. A; X ¥
d The procedurc involves the defimtron of super-elements which are o (QUADRILATERAL)
: subscquently divided into smaller clements. m GENERATE ELEMENT
! THRIANGULAR
“ - . '
? Description rm MESH A A ..... ny {ny)
b This is the second method for the generation of clement incidences. l MESH Ap A, ... B3 (ny)
[ the user needs o divide 4 big clement into a number of small ¢ | e
# clements, he may use thiy facility which gencrates the joint -m h
N numbers and joiat coerdinalcs. Lthe clement numbers and the : NN
% - ! = - -
element incidences automancally. Use of this ieaiure consists of : Moy = Alphabets A - Z or alphabets a - 7. That 1s mas 52.
iwo parts: m 1,.¥;.4, = Coordinaics for bound;}ry point A
i IFCYL or RCYL s defined. ahave coordinates will be
. . . Definition of 1he super-clement boundary points: A super- f in cylindrical u'r reverse cylindneal c~uordinmcs sys:f:m.'
clement may be defined by cither 4+ boundary paints or 8 m Optional coordinates «,,. y,, and 7, will be the cartesian
T buundary points ( sce Frgure on next pa c) Ab d ' courdinates for the anigen of the cyhndneal coordinates.
’ ) . v Do ary
pag undary point Defaults to 0. 0. 0 il not provided.

15 denuied by a uniyue afphabel 1A-Z 1n UPPEr CA5¢ OT a-/ 1N
Iuwcr‘casc) and its corresponding coordinates. Hence, any 4 or
8 of the 52 characters may be used to define the super-elemens
boundary. If 4 points are used 1o define the super-clement. cach
0 stde of the super-clement will be assumed 1o have a straight
. cdge connecting the 2 points detimng that wide. {1 8 points are
ﬁ“ used. cach side will be a smooth curve conneenng the 3 poinis
delimng that side,

MALAL L =A rectangular supcr-clcmcnl_dcﬁncd by four or cight
boundary points,

Number of clements along the side A, A, ol the super-
clement. 1Should not cxeeed 200,

N4 = Number ol ciements dlong the sule A, A ol the super-
clement (Should noi exceed 20).

1

H ay 15 omitted. that is. anly ny is provided, then n, will indicate

2. Generation of sub-clements: define the super-clement using
boundary points (4 or § as explaincd above) snd specify the
otal number of sub-clemenis required.

1500

ki

&

the total number of clements within the super-element. [n ihis case,
ny must be the squarc of an integer.

Notes

All coordinates are in current unst system. While using this facility
.the user has to keep the following peints in mind:

1) All super-clements must be 4-noded or 8-noded. Generated
clemenis {or 4-noded super-clements will retain the siraight-
line edges of 1he super-clements, while Joints of eclements
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generated from 3-noded super-clements will lic on a curved
irajeciory.

[}

. ! {
N Y ll' | 7
/\/\L_',/ I

Mesh penerated for o
4-nuded super clemens

Mesh generased fur u
¥ minded super clement

b . H
2) 2 super-clements which have a comman buundary must have

the same number of clements along their common houndary.

3} Sequence of super-clements - MESH commands define the
super-clements. The sequence of this MESH command should
be such that once one is defined. the neat super-eclements
should be the ones connceted 10 this, Therefore. far
cenvemence, the first super-element shouid be the one which is
connccied by the largest aumber of super-clements. [n the
example shown here for the 1ank. the bottam supcr-clement 1s
specified firse.

4} This command must be used after the MEMBER INCIDENCE
& ELEMENT INCIDENCE secuon and before the MEMBER
PROPERTIES & ELEMENT PROPERTIES sccrion. The
elemenis thal are created internally are numbercd sequennally
with an increment of one starting from the last member/element
number plus one. Similarly the sddinional joinis created
internally are numbered sequentially with an increment of one
starting {rom the last Joint aumber plus one. [1 is advisable that
users keep the joim numbers and member/element numbers in a
sequence with an increment of onc starting from one.

5)

L]

Ia

]

Secuen §
If there arc members cmbracing a super-clement which is
being meshed. 1he users will have (o take care of the required
additions/modifications in the MEMBER INCIDENCE section
themsclves since a few more new joints might appear on the
existing common boundary as a result of meshing the super-
clement. Sce the following ligure: ’

(—

Noic I 2 member ¢xists hetween ponats A and B, the user must breakup

this member into 4 parts Members will not Ye meshed automancally

The sub-clements will have the same dircction (Clockwise or
Anl-clockwise) as the super-clements. For a super-clement
hounded by four poimis A, B, Cand D, (f ABCD. BCDA ctc.
are 1n clockwise dirccuon, CBAD or DCBA ¢l are 10 anti-
clock wise direction. [ the particular super-element 1s denoted
as ABCD, all the sub-clements in 1t will have a clockwise
ciement incidence in this exampic.

Elemeni incidences of the gencrated sub-clements may be
abtained by providing the command PRINT ELEMENT
INFORMATION' alter the 'MESH..." command 1n the input file

If the STAAD input file contains commands (or JOINT
COORDINATES, MEMBER INCIDENCES, ELEMENT
INCIDENCES and MESH GENERATION, they should be
specified in 1he following order:

STAAD SPACE

UNIT KIP FEET

JIOINT COORDINATES

MEMBER INCIDENCES
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" ELEMENT INCIDENCES
DEFINE MESH

GENERATE ELEMENT

Exampie

The following scction of input 1llustrates the usc of MESH
GENERATION facility, the user may compare this with the
geomeiry inputs [or Example Prab. No. 10 in the STAAD example
manual:

STAAD SPACE TANK STRUCTURE WITH
* MESH GENERATION

UMNIT FEET KIPS

DEFINE MESH
A00D0;Bo200;C20200
D2000;E00-20;F020-20
G 2020-20; H20.0.-20
GENERATE ELEMENT

MESH AEHD 16

MESH EABF 16

MESH ADCB 16

MESH HEFG 16

MESH DHGC 16

Section 5—| 14

Typical generated Quad and Triangular clemens:

==

g

Nspreat veneraied Nupical ¢energred
Quugt clements Trangular elements

g g g
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" 5,15 Redefinition of Joint and Member
B Numbers

oo

»s - Purpose
i This command may be usced to redeljne JOINT und MEMBER
numbers. Original JOINT and MEMBER aumbers are substiwuted
" by new numbers.
General Format:
.- JOINT XRANGE ‘
YRANGE t,, f START |
Sy8sT MEMBER ZRANGE
Y COLUMN
where, [} and Iy are two range values of x, y, or 2 and | is the new
starung number.
-! .

" Description

Joint and member numbers can be redefined in STAAD through the
usc of the SUBSTITUTE command. Aller a acw sct of numbers are
assigned, input and outpul values will be 1n accordance with the
ncw numbering scheme. The user can design numbering schemes
that will result 1n simple input specificauon as well as casy
mierpretation of resuits. For example, all joints in first floor of a
building may be renumbered as 101, 102 ..., all second floor jounis
may be renumbered as 201, 202 ..., cte.

Exampie

UNITET  -or . 2.
SUBST JOINT YR 9.89 10.0 START 101
SUBST COLUMN START 901

BT S ) -

SRR R Y]

Secuon 5 _I ]

Joints with Y coordinates ranging (rom 9.99 10 10 ft will have a
new nymber starting from 101. Columns will be renumbered
staring with the new number 901.

Note

Meaningful respecification of JOINT and MEMBER rumbers may
significantly improve case of interpretation of resulis.
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-.16 Listing of Members by Specification of
GROUPS

Section § ! 169

where, .
group-name = an alpha-numeric name specified by the user to
identify the group. The group-name musi siart with

Th. [‘ M M . B + .
is command allows the uscr to specily a group of members/joints the "_* (underscore) character and is limited to cight

and save the information using a ‘group-name’. The ‘group-name’

- ) R characters.

may be s'ub.scqucnlly used in Lhe inpuy lile mflcnd of 2 member-list/ = the list of membersfjaints belonging to the group.
memberfjoint st 10 specify other aunbutes. This extremely useful Join-hst

ieature allows avoiding of mulliple specificativns of the same

mcmber/joint list. Following 1s the general format required for the Notes

GROUP command.

1) The GROUP defimition must start with the START GROUP
DEFINITION command and end with the END command.

1) More than one GROUP name may be specified within the same

General format:

START GAQUP DEFINITION definitzon specification,
3) The words JOINT, MEMBER, ELEMENT and SOLID may be
(GEOMETRY) provided 1f Lthe user wishes to idenufy the group name and hisis with

_(group-name} joint-list those specific nems. However, il the group name and list is mercly a
means of grouping together more than one ype of structural
componcnt under a single heading, the word GEOMETRY may be
provided. In the absence of any of those five words {GEOMETRY,
JOINT, MEMBER. ELEMENT or SQLID), the list 15 assumed to be

that for GEOMETRY.

QR

JOINT
_(group-name) joint-list

MEMBER
_(group-name) member-list

ELEMENT
_lgroup-name) element-list

END GROUP DEFINITION

HOTIOIIII i
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Example

START GROUP DEFINITION
_TRUSS 1 T0O 20 25 35
_BEAM 40 70 50

MEMBER PROPERTIES
-TRUSS TA LD L40304
-BEAM TA ST W12X26

Example

START GROUP DEFINITION

JOINT

TAGA1TO 10

-TAGB.40 TO 50

GEQMETRY

_TAGC 101 TQ 135

MEMBER PROPERTIES
_TAGB TA LD L40304
_TAGC TA ST W12x26

n

S

TI0RR000000

il
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5.17 Rotation of Structure Geometry

Purpose

This command may be used o rotalc an existing structure gecometry
aboult the global axcs.

General format:
. ! d1
PERFORM ROTATION Y d,

where, dy, 44, d4 are the rotations (in degrees) aboul the X, Y and
Z global axes respectively. Afier the Joint Coordinales and Member
Incidences are specified, this command can be uscd o rolate the
structure geometry by any desired angle about any global axis. The
rotaied configuralion is used for analysis and design. While
specilying this command, note thai the sense of the rowalion should
conform 10 the nght hand rule.

Description

This command can be used Lo rotale the gecomertric shape through
any dessred angle about any global axis. The rotated configuranion
can be used for analysis and design.

Example

PERFORM ROTATION X 20 Z -15

I

Note .
+

This command should be provided immediately following member
incidences if there are only members and afier element incidences

if there are members and elementis.
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5.18 I

ve/Delete Specification

- Purpose

This se1 of commands may be used to temporanly INACTIVATE or
permancntly DELETE specificd JOINTS or MEMBERs.

General format: '
INACTIVE  MEMBERS member-list
MEMBERS member-list
DELETE {JQQNTS joint-ligt }
Description

These commands can be used 10 specify that certain joinis or
members be deactivaled or completely deleted from a structure,
The INACTIVE command makes the members lcmporanly nactive:
the user must re-activale them durinyg the fater part of ithe tnput for
further processing. The DELETE command will completely deleie
the members from the structure: the BSCT cannol re-activale them,
These commands masi be provided immediately afier all
member/element incidences are provided.

Notes

a} The DELETE MEMBER command will automatically delete all
joints associated with deleied mcmbers, provided the joinis are
not connected by any other active members or clements.

b) This command will aiso delete all the joints which were not
connccted 1o the siructure in the first place. For example, such
joints may have been generated for case of input of joint
coordinates and were inlended to be deleted. Hence, il a
DELETE MEMBER command is used, a DELETE JOINT
command should nol be used.

¢} The DELETE MEMBER command is applicable for deletion of
members as well as elements. If 1he list of members (o be
deleted extends beyond one line, should be continued on 1o

4

Jroaogooonannnne
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the next linc by providing a blank space (ollowed by a hyphen
(-) a1 the end of the current line.

Example

INACTIVE MEMBERS 57TO 10
DELETE MEMBERS 23703443

¢} The INACTIVE MEMBER command cannel b|:_ uscd in
siluatiens where inaclivaling a member cesulls in jotnts
becoming unconnected in space. '

¢y The INACTIVE MEMBER command should not be used if the
MEMBER TENSION command is used.

N The INACTIValed members may be restored Io:‘funhcr

processes (such as an analysis or design for a2 3 se1 of load

cases) by using the CHANGE command. See Section 5.37 and

Example 4 for more informauen.

The DELETE MEMBER command should he used 1o delete ‘

clements too. Specify the command as DELETE MEMBER

where j 15 the clement number of the element you wish to
deicte. In the example shown above, 29 10 34 and 43 are
ciement numbers.

h) Loads that have heen defined on members declared as
INACTIVE members will not he considercd in the analysis.
This applies (o SELFWEIGHT, MEMBER LOADS,
PRESTRESS and POSTSTRESS LOADS. TEMPERATURE

LOAD:s, clc.

i
—
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5.19 User Steel Table Specification

Purposa

STAAD allows the uscr 1o create and use cusiomized Sieel Section
Table (s) for Property specification, Code checking and Member
Sclection. This set of commaads may be uscd Lo creale the table(s)
and provide necessary daga,

Generat format:

START USER TABLE
TABLE i, (t,)
section-type
section-name
property-spec

END

where,

= table number (1 to 20). During 1he analysis
process, ithe dala in cach user provided 1ablc 15
stored in a corresponding file with an exiension
-UD?. For cxample, the data of the 5th tabie 15
stored in .U0S. The first part of the input file name
1s the same as that uf the STAAD input file. These
liles arc localed in the same working dircctory as
the input file. Hence, they may latcr be used 4
external user provided lables for ather input fijes.

n external file name conaning the seclion name and
corresponding propertics.

scchion-lype =  a steel section name including: WIDE FLANGE.
CHANNEL, ANGLE, DOUBLE ANGLE, TEE,
PIPE, TUBE, GENERAL, ISECTION &
PRISMATIC.

scction-name = Any uscr designated sccuon name, within 12

: characters, First threc characiers of Pipes and

Tubes must be PIP and TUB respectively. Only
alphanumeric characters and digits are allowed for
defining section names. (Blank spaces, asierisks. -

saiaanonns
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question marks, colon, semi-colon etc. are not
permalicd.)

properiy-spec = Propertics {or the scction. The requirements are
dilfcrent for each section type as follows, Note that
shear arcas AY and AZ must be provided 10 ensure
proper shear stress or shear strength calculations
during design.
The defanlt length units for properues are inch {for
American verston) and ¢m {for other versions),
However. the user may specify the desired lengih
unit by using the UNIT command as the first
command in the table (sce exampic following this
description).

Description

Following section 1ypes are avanlable under this option.

Wide Flange

Iy AX = Cross section arca

2y D = Dcpth of the secuon

3y TW = Thickness of web

4) WF = Width of the tlange

5) TF = Thickness ol flange '

6) [Z = Moment of mneriia about local 2-axis (usually strong axis)

7) 1Y = Moment ol inertia aboul lucal y-axis

8) IX = Torsional constant

9) AY = Shcar arca in lacal y-axis. [f zero, shear deformation s
ignored in the analysis,

10Y AZ = Same as above except in local z-axis.
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Channel

)
) AX,2) D.3) TW. 4) WE. 5) TF. 6) IZ, 7) 1Y, 8) IX, 9) C7

10) AY, 11) AZ
z Y
i t-

-

[—

Angle ’
1) D, 2) WF, J)TF, ) R, 5} AY, 6) AZ

R =radius of .
BYrauon aboul pringi o
AISC manual Principal axis, shown as r(Z-Z) 1 the

Double_Angle

1) D, 2} WF, 3) TF. ¢ .
10) AZ JSP.S)IZ, 6) 1Y, 1) IX. 8) CY. 9) Ay,

WF

t
f

TERARNNS

1

et

———

—

1
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Tee
1} AX, 2) D. 3) WF, 4) TF, 5) TW, 6) [Z, TV 1Y, 8) IX, 9) CY,
10) AY, 11) AZ

P <
-
—

Pipe

1) OD = Quier diameter
2) ID = Inner diameter
3 AY, ) AL

Tube
1) AX,2)D.3) WE 4 TF. SYIZ, &) 1Y. Y IX. 8) AY. 9 AL

General

The following cross-sectional propertics should be used for this
scclion-lype. Notc thal this facility allows the user to specifly a
baill-up or uncanventional Steel Scction.

1y AX = Cross scclion arca.
2) D = Depth of the section.
3) TD = Thickncss associated with section clement parallel Lo

depth (usually web). To be uscd to check
depth/thickness ratio.

4) B = Widih of the section.
5) © TB = Thickness associated with seclion element parallcl 1o
flange. Ta be uscd Lo check widih/thickness ratio,



STAAD Con ds and Ioput insir

“ecuon §

6) 1Z = Momenl of inertia about local z-axis,

T IY = Moment of inertia about local Y-dXis,

8) IX = Torsionai Constant,

9y  SZ = Seccuion moduius about local Z-4X15.

10y 8Y = Secction modulys aboit local ¥-axis.

11} AY = Shear area for shear parallel 1o local y-axs,

12) AZ = Shear arca for shear parallel to local z-axis.

13) PZ = Plasuc modulus about Yocat Z-axis.

H) PY = Plasuc mudulus about local y-axis,

13) HSS = Warping vonsiani for iateral laesianal buckling

calculatiuns.

I16) DEE = Depth of web. For rofled seclions, distance beiween
filicts should be provided,

Note:
Propertics PZ, PY, HSS and DEE must be provided for code
checking/member selecnion per plaste and bimit staie based
codes (AISC LRFD. British. French, German and
Scandinavian codes). For codes based on allowabic siress
design (AISC-ASD. AASHTO. Iadian codes), rzero values
may be provided for these properties.

[section

This section type may be used 1o specily a gencralized

{-sh

aged sechon. The cross-sectional propertucs required are histed

below, Note that this facility can be uulized 1o specify tapered [-
shapcs.

1)

DWW = Depth of section al start node.

2) TWW = Thickness of web.

3) DWW!1 = Depth of scction at end node.

4) BFF = Width of 1op Nange.

5) TFF = Thickness of top flangc.

6) BFFt = Widih of bottom Nange.

7) TFFl = Thickness of bottom flange.

8) AYF = Shear area for shear parallel 10 Y-axis.
9) AZF = Shear area for shear parallcl to Z-axis.
10) XIF = Torsional constant.

reonnrnnnnny
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) BFF -
"
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™% hww

FFEL I

[Tl
e}

3 et

NOTE:

1)

2y

DWW should ncver be less than DWW, The user should
provide the member incidences accordingly.
The user is allowed the following options for the values AYF.

AZF and XIF.

a) If positive values are provided. they are used dircclly by
the program.

b) If zero s provided, the program calculates the properties
using the following formula.

AYF =D x TWW (where D =Depth at scction under
consideration)

AZF  =0.66 ({BFF x TFF) + (BFFIl x TFFl))

XIF = 1/3 ((BEF x TFF?) + (DEE x TWW?) + (BFF1 x

TFFi3))
(where DEE = Depth of web of seclion)

¢) If negative valucs are providedi they arc applied as factars
on the corresponding value(s) calculated lby Eh: program
using the above formula. The factor applied is always the
absolule of the value provided, i.c. if the user pr_owdes the
value of XIF as -1.3, then the program will multiply the
value of XIF, calculated by the above formula, hy a lactor
of 1 3.
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Prismatic

START USER TABLE
TABLE 1 TFILE1
TABLE 2 TFILE2
END

The property-spec for the PRISMATIC scction-type 1s as follows -

1) AX = Cross-section area

2) IZ = Moment of inertia about the local z-axis

3) 1Y = Moment of ineriia about the local y axis

4) IX = Torsional constant .

5} AY = Shcar area for shear parallel 10 local y-axis.

6) AZ = Shear area for shear parallel 1o local c-axis.

1) YD = Depth of the scction in the dircction of the local y-axis.
8) ZD = Depth of the section in the directon of the local z-axis.

Where TFILE] and TFILE? are names of files which must be
crealed prior to running STAAD. and where the file TFILE) will
contain the following:

UNIT INCHES

Example WIDE FLANGE
.. . b W14X30
START USER TABLE ) 8.85 13.84 .27 6.73 .385 291. 196 .38 0 0
TABLE 1 . ) : W21X50
UNIT INCHES 1. - 14.7 20.83 .38 6.53 535 984 24.9 1.14 792 @
WIDE FLANGE . w1i4x108
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. 196 .38 O q
:Z;X::n .33 6.53 .535 084 24.9 1.14 782 0 and the file TFILE2 will contain:
wi4X108
32. '14.32 .525 14.605 .86 1240 447 7.12 752 0 UNIT INCHES
TABLE 2 ANGLES
UNIT INCHES L25255
ANGLES ‘' T 25 25 .3125 489 0 O
L25255 140404
.52,503125.48900 4. 4. 25 795 00 -
L40404 . o e T )
4. 4.".25 795" 0 L] . Notes “
. ENQ [E A R Y R RIS - \ M .

+
The User-Provided Sieel Tableis) may be crealed and maintained
as separate file(s). The same files may be used (or all models using
sections from these tables. These files should reside in the same
directory where the input file is locaied.

* Note thal these section-names must be provided in ascending
. order by weight, since the membcer-selection process uses these
tables and the iteration starts from the top. The above example
can also be ioput as follows:

Frol
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2.20 Member Property Specification
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Each specification 1s described in detail in the following sections.
Examples arc availablc 1n Sccuon 5.20.6.

Purpose

This sct of commands may be used for specification of section
properlies for [rame members. .
»

General format:

AUSTRALIAN
CANADIAN
EUROPEAN
FRENCH
MEMBER PROPERTIES {INDIAN >
AMERICAN
BRITISH
GERMAN

| JAPANESE

F

TABLE type-spec table-name |
(additional-spec)
member-list {PRISMATIC property-spec
TAPERED argument-list
UPTABLE i, section-name
ASSIGN profile-spec

AMERICAN, BRITISH, EUROPEAN {ctc.) option will instruct the
program lo pick up propertics from the appropnate steck table The
default depends on the country of disiribution.

Description

This command imliates the specificalion of MEMBER
PROPERTY. Following arc the vanous oplions available:

a) Specification from built-in stcel 1ables. (Section 5.19.1)

b} Specification of prismatic propernes. (Section 5.19.2) ;
c) Specification of \apered members. (Secuon 5.19.3) )

d) Specification from user provided table. (Scction 5.19.4)

€) Specification by ASSIGNing a profile. {Secuon 5.19.5)

HEaaaanaaaaoaind
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5.20.1 Specifying Properties from Steel Table ‘

jpeoEERoRRERARREg

Purpose L

v

: additional-spec =
The fellowing commands arc used for specifying scction propertics

from built-in sicel 1ables).

EEEEEERR
-

t
fo

|3

s

General format:

SP f,= This set describes the spacing {r,) beiwcen angles or

type-spec . table-name additional-gpec. i
channels if double angles or double channels arc used. [

r§l ] defaults to 0.0 if not given. .

Ra WP L= Width ([.) of the cover plate 1f a cover platc is used with [
: 0 ) shaped scctions.

L0 See Secrion TH ry= Thickness (fy) of plates of tubes.

S0 s WTI,= Width (f,) of tubes, where TUBE is the table-name.

lype-spec = 15[ DT fy= Depth (fy) of wubes.

% 0D f,= Qutside diameter (fy) of pipes, where PIPE 15 the 1able-

BG ! name.

l_T_EJ . 1D fy= [nside diameter tf5) of pipes.

CT fy= Concrete thickness (fy) for composite sections.

o= trength (fy) of the concrele fur composite
ST specifies single section from the standard built-in tables. FC lg= Compressive strength tly) ¢ conc comp

RA  specifies single angle with reverse Y-Z axes twee Section |
1.5.0).
! D  specifics double channel.
LD specifics long leg, back to back, double anglec.
SD specifics short 1eg, back to back, double angle.
T  specifics 1ce section cut from | shaped beams.
CM specifics composite scctson, available with | shaped beams.
TC specifics beams with top cover plale.
' BC specifies beams with bottom cover plate.
TB spccifics beams with top and bottom cover plates.

seclIuns.

Example

Sce Section 5.20.6

table-name = Tablc scction name like WEX18, C135X33 ctc.
The documentalion on sieel design per individual couniry codes
conlains information regarding their sicel section specification
also. For dciails on specifying sections from the Amernican stecl
tables, see Section 2.2.1 of this manual.

s
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-Notes

All values f,.¢ must be supplied in current units.

Some important points 1o note in the case of the composite scction
are:

1) The width of the concreie slab 1s assumed 10 be the width of
the top Mange of the sicel section + 16 umes the thickness of
the slab.

1) In order 10 calculale the section praperties of the cross-section,
the modular ravio is calculated assuming that:

Es= Modulus of clasticity of steel = 29000 Ksi.
Ec= Modulus of clasucity of concrete = 1802.5vFC Ksi
where FC (in Ksi) is defined carlier.

1t

1nernennnee

See Seciion
1.7.1

Purpose

Secuon §

5.20.2 Prismatic Property Specification

The following commands are used to specify sechion properties for
prismatic cross-seclions.

General format:

For the PRISMATIC specification, propertics arc provided direcily
as follows:

property-spec = 4

YB
ZB

"

i

. (ax 1,1
X b
¥ fh . :
ZINETE,
aY g . [
s i [
YO f: = ! \:
2D 1y ; .
m '9 L TRT 1LY TEFESidan v TR
Z8 1)

Cross sectional area of the member. If omitted, the
arca is calculaled from the YD and ZD dimensions.
Torsional constant.

Moment of inertia abour focal v-axis.

Momcnt of incruia about local z-axis (usually major).
Effecuve shear arca in local y-axis.,

Effcctive shcar area in local z-axis.

Dcpth of the member in local y dircction.

{Diameicr of section for circular members)

Depth of the member in local z direction. If ZD is not
provtded and YD 1s provided, the secuon will be
assumed to be circular.

Depih of siem for T-secuion.

Width of siem for T-secuon or bottom widih for
TRAPEZOIDAL section.



STAAD Commands and Inpui Instrucions

f

T Ywxbon 5

5.20.3 Tapered Member Specification

Section
104

e W

——

Purpose

The following commands are used 10 specify section properues lor
tapered [-shapes.

General format:
argumeni-list = 1, f:.fj iy f5(f, y)

where,

I} = Depth of secuion at siart node. -
{3 = Thickness of web

fy = Depth of section a1 ¢end node.

£, = Width of top Nange.

fs = Thickness of 10p Nange.

- g = Width of bottom fange. Delaults to f, if el out.

{7 = Thickaess of bouom flange. Defaulis (o fg lelt oue

Example

MEMBER PROPERTY
1 TO 5 TAPERED 13.98 0.285 13.98 6.745 0.455 6.745 0.455

Notes

I. All dimensions ([}, f,, .....f) should be in current umits.

2. I, (Depih of section ai start rode) should aiways be greater
than f; (Depth of section at end node). The user should provide
the member incidences accordingly.
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5.20.4 Property Specification from User Provided
Table

Purpose

The following commands arc uscd to specify section propertics
from a previously crealed USER-PROVIDED STEEL TABLE.

General format:
member-list UPTABLE |, section-aame
UPTABLE stands for user-provided tablc
Iy = 1able number as specified previously (1 o 4)
scclion-name = section name as specified n the 1able.
{Refler to Section §.19)
See Section

Iy Example

Sce Section 5.20.6
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5.20.5 Assign Profile Specification
5.20.6 Examples of Member Property
iy Specification
The ASSIGN command may be used (o tastruct the program Lo
assign a suitable sieel section (o a frame member based on the
profile-spec shown below,

This scction illusirates the various opttons available for MEMBER
PROPERTY specificanon

Example

General format:
BEAM UNIT INCHES
COLUMN MEMBER PROPERTIES

See Secnion profile-spec = 1 TO § TABLE ST waxa1
'3 CHANNEL 9 10 TABLE LD L40304 SP 0.25

ANGLE (DOUBLE) 12 TO 15 PRISMATIC AX 10.0 IZ 1520.0

Example 17 18 TA ST PIPE OD 25 ID 1.75

20 TO 25 TA ST TUBE DT 12. WT 8. TH 05
27 29 32 TO 40 -

42 PR AX 5. 1Z 400. 1Y 33. IX 0.2 YD 9. ZD 3.
43 TQ 47 UPT 1 W10X49

50 51 UPT 2 L40404

52 TO 55 ASSIGN COLUMN

56 TA TC W12X26 WP 4.0 TH 0.3

57 TACM W14X34 CT 5.0 FC 3.0

Sece Section § 20.6

Notes

Scections are always chosen from the relevant buili-in steel 1abic.
To find out the delails ol the sections that are chosen, the command
PRINT MEMBER PROPERTIES should be provided afler
specificauon of all member propernes.

This exampic shows cach type of member property input. Mcmbers
| 1o 5 are wide flanges sclected from the AISC tables: 9 and 10 are
double angles selected from the AISC lables; 12 1o 15 arc prismatic
members with no shear deformation: 17 and 18 are pipe scclions;
20 to 25 arc tube secuons; 27, 29, 32 to 40, and 42 are prismatic
members with shear deformation: 43 to 47 arc wide flanges
selected from the user input table numbgr 1: 50 and 51 are single
angies [rom the user input lable number 2; 52 through 55 are
designated as COLUMN members using the ASSIGN specification.
The program will assign a suitable I-section from the steel 1able for
cach member,

Member 56 is a wideltange W12X26 with a 4.0 in. wide cover plate
of thickness 0.3 inches at the 10p. Member 57 is a composile

JRQOQQEEROODOid
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- with a concrete slab thickness of 5.0 inches af 1he lop of a secion | 193
wide flange W14X34. The compressive strength 'of the concrete 1n

the slab is 3.0 ksi.

5.21 Element Property Specification

Purpose
This sct of commands may be used o specify properties of plate

limite elements.

Unlike members and plate/sheil elements. no properlies are
regutred for solid elements. However, constants such s modulus of
¢lasticity and Poisson’s ratio are o be specificd.

General Format:
ELEMENT PROPERTY
element-list THICKNESS 1, (f., f;, 1)

L = Thickness of the element.
f....f, = Thicknesses at ather nodes of the element, if
difterent from f,

Description
Yer Elements of umiform thickness may be modcled using this
Section 1.6 command. Notc that the value of the thickness must be provided in

<current unis.

Example

UNIT INCH
ELEMENT PROPERTY -
1 TO 8 14 16 TH 0.25

drooronoononnnng
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.22 Member/Element Releases

Secuon § | 19

5.22.1 Member Release Specification

STAAD allows specification ol releases of degrees of freedom for
frame members and plate ¢clements. Section 5.22.1 describes
MEMBER release options and Sccuon 5.22.2 describes ELEMENT
relcase oplions.

Purpose

This sct of commands may be used to fully release specific degrees
of freedom at the ends of [rame members. They may also be used (o
describe a mode of altachment where the member end 15 connected
to the jouns for specific degrees of freedom through the means of
springs.

General format:

MEMBER RELEASES

* [EX

START} EY

member-list FZ

h END MX
MY

Mz

where FX through MZ and KFX through KMZ represent force-n
through moment-2 degrees of frcedom in the member local axes and
(1 thraugh [6 are spring consiants [or these degrees of (reedom [F
FX through MZ 15 used. it signifies 4 full release for that d.o.l. and
if KFX through KMZ is uscd, il significs a spring attachment

Example

FEEEEEEEEI ]

| MEMBER RELEASE |
13709 11 12 START KFX 1000.0 MY MZ
11011 13 TO'18 END MZ KMX 200.0

In the above example, for members 1,310 9. 11 and 12, the
momeats about the local Y and Z axcs are released at their start
joints (as specified in MEMBER INCIDENCES). Further, these
members are atlached to thewr START joint along their local x axis
through a spring whose suffness 1s 1000.0 units of force/length.
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3 <mbers 1, 10, 11 and 13 10 18, the moment about 1he local 2
axis is released at their end joint. Also, the members are attached
to thetr END joinl about their local x axis through a moment-spring
whose stiffness 15 200.0 units of force-length/Degree. Note that
members | and 11 are relcased at both siart and end joinis, though
not necessarily in the same degrees of freedom.

3

Partial Moment Release

Momenis af the end of a member may be released paruaily. This
{acility may be used 10 model parual fixity of conrections. The
following formar may be used to provide a parual moment relcase.
Note tha this factlity 1s provided under the MEMBER RELEASE
oplien and is in addivon 1o the existing RELEASE capabilities.

General Format:

MEMBER RELEASE

N

A START]
membaer-list j MP f,

m
o

-

where [} = relcase factor

The moment relaled stiffness co-efficient will be mulnplicd by a
facior of (1-f,} al the specificd end.

Example

MEMBER RELEASE
15'7Q'25 START MP 0.25

The above RELEASE command wili apply a factor of 0.75 on the

moment relaicd suffness co-efficients at START of members 15 o
25.

LR

o
<

Secuonﬂ 197
Notes

It is important to note that the factor I, indicates a reduction in the
suffeness corresponding 1o the rotational degrees of frecdom MX,
MY and MZ. In other words, the user should not expect the
mament vn the member ta reduce by a factor of [ . It may be
necessary for the user to perform a lew trials in order to arrive at
the night valuc of [, which results in the desired reduction in
moment.

Also, note that START and END is based on the MEMBER
INCIDENCE speciflication.

At any end of the member, for any particuiar DOF, full,
partial and spring release cannot be applied
simultaneously. Only one out of the three is permitted.
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£.22.2 Element Release Specification

See
“eetton 1.8

Purpose

This set of commands may be uscd 1o releasc specilied degrees of
- *
freedoms at the cnd of plate finite clements.

General Format:

ELEMENT RELEASE

41
element-list {42
43

EEER=

where the keywords 11, 12, 13 and )4 signify juinis in the order of
the specification of the clement incidence. For examples. 1l the
mcidences of the clement were defined as 3542 76 63 J1
represents 35, 12 represenls 42, 13 represents 76. and 14 represeats
63. Please note that ciement releases at mulupie joints cannot be
specified in a single Line. Those must be speciiied separatelv as
shown below.

FX through MZ represents forces/moments (o be released per local
axis sysiem.

Example

Correct Usage Incorrect Usage
ELEMENT RELEASE ELEMENT RELEASE
10 TO 50 J1 MX MY ) 10 TO S0J1 .J2 MX MY
10 TO 50 J2 MX MY 10TO 50 J3 4 MY
10TOS50JAMY - ' ‘ -
10TO 50 44 MY ! .

H-

-

FEEEEEEE

11

&

Notes
All releascs are in the logal axis system.

Sccion 5 | 1
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5.23 Member Truss/Cable/Tension/Compression . s
Specification [m 5.23.1 Member Truss Specification
STAAD allows frame members 1o be designated as TRUSS !m p
members, CABLE members and TENSION/COMPRESSION-only ' urpose
members. Sections 5.23.1 through 5.23.3 descnibe Lhese (m This command may be used o model a specified set of members as
speetfications. ! TRUSS members.

Description

This specsficaiion may be used to specify TRUSS type members in
( ; 2 PLANE. SPACE or FLOOR siructure. The TRUSS members are
m capable of carrying only axial forces. Typically. bracing members
in a PLANE or SPACE frame will be of this nature

General format:

member-list

{ﬂ MEMBER TRUSS
o

Note thal this command is superfluous when & TRUSS 1ype
structurc has already been specificd.

{ y See Sections
lm { $und 1.jo  Example

MEMB TRUSS
1 TO 8 10 12 14 15

' The TRUSS member has only one degree of freedom-the axial
deformaltion. 11 15 not cquivalent to a [rame member with moment
releascs at both ends. '
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5.23.2 Member Cable Specification

See Seclions
3710

‘Purpose

This command may be used to model a specificd set of members as
CABLE members.

1

Description

The CABLE members, in addition 10 clastic axial deformauoan, are
also capabic of accommodating the effect of nitial lension.
Theorencal discussions of CABLE members arc presented in
Secuion | of this manual.

General format:
MEMBER CABLE

member-list TENSION f,

where = Iaital Tension in cable member
{in current uans)

Example

" MEMB CABLE
20 TO 25 TENSION 15.5

Notes

The TENSION specified in the CABLE mecmber is applied on the
slructure as an caternai toad as weil as ts used o madify the
stiffness of the member. See Section 1.10 for detals,

See Section
19

=
=3
=2
=]
= |
L=
=3
L=
E=a

Section 5 |

5.23.3 Member Tension/Compression Specification

Purpose

This command may be used 1o designate certain members as
Tension-only or Compression-onty members.

General Format:

MEMBER TENSION

member - list

.MEMBER COMPRESSION
member - list

Description

Tension-only members are truss members thar are capable of
carrying tensile forces only. Thus, they are automatically
wmactivaied for load cases that are capable of causing compression
on them.

Compression-only members arc truss members that are capabie of
carrying compressive forces only. Thus, they are automatically
inactivated for foad cases that are capable ol causing tension on
them.

The procedure for analysis of Tension-only or Compression-only
members requires iterations for cvery load case and thercfore may
be quite involved. The user may also consider using the INACTIVE
speciflication if the sotulion lime becomes unacceptably hagh.

It is very important to recognize that Lthe input dala must be
provided in such a way that only one primary load case 1s provided
for each PERFORM ANALYSIS command. Also, the SET NL and
CHANGE commands must be uscd 1o convey to STAAD that
multiple analyses and multiple siructural conditions are involved.
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MEMBER TENSION command. Similar rules arc applicable

for the MEMBER COMPRESSION command. The dots

MEMBER TENSION 1ndicate other input data items.

25TO 3035 36

Example s '

MEMBER COMPRESSION
4357 98 102 145

Example

MEMBER TENSION
121719 TO 37 65
MEMBER COMPRESSION
51348 TO 53 87

Notes

[} Loads that have been defined on members declared 3y
MEMBER TENSION or MEMBER COMPRESSION will be

aclive cven when the member becomes INACTIVE during the
pracess of analysis. This applies to SELFWEIGHT. MEMBER

LOADS, PRESTRESS & POSTSTRESS LOADS,
TEMPERATURE LOAD., cic.

2) A member declared as a TENSION only member or a

COMPRESSION only member will carry axial forces only. It
will not carry momenis or shear forces. In other words, 1t 15 a

truss member.
3) The MEMBER TENSION and MEMBER COMPRESSION

commands should not be specified if the INACTIVE MEMBER

command is specified.,
4) The following is the gencral sequence of commands in the
input file if the MEMBER TENSION ar MEMBER

COMPRESSION command is used. This example is for the

=0
=3
==
=
m=0
L
B3

STAAD ...
SETNL ...
UNITS ...
JOINT COORDINATES
;EMBEH INCIDENCES
ELEIIENT INCIDENCES
.(.:-ONSTANTS .
;.EHBEH PRQPERTY
E].EMENT PAOPERTY
;I.IPPORTS
;EHBER TENSION
EbAD 1
;-EHFOHH ANALYSIS

CHANGE
MEMBER TENSION

LOAD 2

PERFORM ANALYSIS

CHANGE
MEMBER TENSION

LOAD 3
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PERFORM ANALYSIS
CHANGE

"MEMBER TENSION

LOAD 4

PERFORM ANALYSIS . :
CHANGE

MEMBER TENSION

. .
-

LOADS . -

e

LOAD COMBINATION &

LOAD COMBINATION 7

PERFORM ANALYSIS

'CHANGE " © ‘

LOAD LIST ALL
PRINT ... _

PRINT ... .
PARAMETER
CHECK CQDE ...
SELECT MEMBEH ...
FINISH

" @) See Section 5.5 for ¢xplanalion of the SET NL command.

The number thai follows this command s the 101l number
of primary load cases in the file.

nin
@
=
nas
nin
=
ﬁq:u
'11:'
-
|-~

b)

c)

4

c)
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The principie used in the analysis is the following.

e The program reads the list of members declared as
MEMBER TENSION.

+ The analysis 1s performed [or the entire struclure and
the member forces are compuled.

* For thc members declared as MEMBER TENSION. the
program checks the axial force o determine whether 1t
is tensile or compressive. If 1t is compressive, the
member 1s “switched off” from the siructure.

e  The analysis 1s performed agasn without the swilched
off members.

In the example shown, anly one LOAD case is specificd
per ANALYSIS. This is because. a member which s
under tension lor one load case may be 1n compression lor
anuvther load case. The sulflness mainix (or an analysis can
account for the structural condition of only onre of these
two load cases.

Note that the MEMBER TENSION command and its
accompanying list of members ts provided aflter cach
{except the last) CHANGE command. Thas 1s because.
cach CHANGE command signtfics that the previous
MEMBER TENSION command 1s delunct thereby
nccessuanng the speaification of the MEMBER TENSION

command again.

The MEMBER TENSION command should not be used 1f
the following load cases are present . Response Spectrum
load case, Time History Load case, UBC Load case,
Moving Load case.



STAAD Comumands and Input Instructions

f «uon 5

5.24 Element Plane Stress and Ignore Inplane
Rotation Specification '

Secnion 1.6

Purpose

N
These commands allow the user 10 model the following conditions
on plate ¢lemenis

a) PLANE STRESS condition
b) IGNORing the in-planc rotation

General Foermat:

P E ESS
ELEMENT I_'_-,AN ST/ }

IGNORE ( INPLANE ROTATION)
element-list

Description

The PLANE STRESS spccification allows the user 1o model
selected elements for PLANE STRESS acuon oaly.

Similarly, the IGNORE INPLANE ROTATION command causes
the program 1o ignore “in-planc rotation” actiens. The STAAD
platc element formulation includes this important action
automatically.

However, it may be noted that some ¢icment formulations 1gnore
this action by default. This user may utilize this option 10 compare
STAAD results with solutions from these programs.

L
x=a
=3
=
-
=3
n=q
- —
R=g
=3
=3
e

T pur

Example

ELEMENT PLANE STRESS
1 70 10 15 20 25 35
ELEMENT IGNORE

30 50 TO 55

Setuoa 5

209
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5.25 Member Offset Specification
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Example

MEMBER OFFSET
1 START 7.0

1 END -6.0 0.0

2 END -8.0 -9.0

Purpase

This command may be uscd to model the offsel conditions cxisting
al the ends ol frame members.,
:‘

General format:
Notes

MEMBER QFEFSETS 1} 1f a MEMBER LOAD (sec MEMBER LOAD spectfication) is

T applicd on a member for which MEMBER OFFSETS have been
member-fiat fnfafy specificd, the location of the load is measured not from the
— coordinates of the starting joint, [nsicad. 1as measured from
Delcriation the offset Iocaliun‘ul' the starung juim.. ' -
7} START and END is based on the uscr's specification of

I fy. fy. and {4 correspond 1o VMEMBER INCIDENCE for the particular member.
; I the distance. measured in

the giobal coordinaie
) a ] sysiem, from the jount

]
f" (START or END as
T! «  specificd) to the controud
‘.
!

e of the siaruing or ending
_/ [ point uf the members
B , listed. MEMBER OFFSET

command can be used lor

_any member whose starting or ending poini 1s sot concurrent with
the given tncident josnt. This command cnabies 1he user 10 account
for the secondary farces which are tnduced duc 10 the cccentricily
of the member. Member oilscis can be specified in any direcuon,
including the dircction which may concide with the local x-axis of
the member.

S Section

wp in the diagram refers 10 the location of the centroid of the
siarung or ending posat of the member.
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5.26 Constant Specification

See Section
‘53

Purposge

This command may be used 10 specily the malerial properucs
‘(Modulus of Elasticuy, Poisson's 1alio, Densuy and Cu-efficient of
linear expansion) of the members and clemenis. In addition, ths
commaand may also be used to specify the member oriemanon
(BETA angle or REFERENCE point).

General format:

CONSTANTS

E
PQISSON {maen memblelem-list}
L

DENSITY
8ETA (ALL)
ALPHA
BEF 1y, 1y, 1, MEMBER memb/elam-list
E specifies Young's Modulus. This value must be

provided as the first item in the Constanis list.
POISSON spectfics Poisson's Ratio. This value is used for

caiculating the Shear

Modulus(G=0.5xE/(] +POISSON)).

DENSITY specifics weight density,
ALPHA Co-cfficient of thermal expansion.

BETA specifies member rotation angle in degrees
(see Scclion 2).

Note : Single angle sections are oriented according
to their principal axes by default. If it 1s necessary
to orient them such that their legs are parallel to
the giobal axes, the BETA specification must be

b

i
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used. STAAD offers the lollowing additional
specifications for this purpose :

BETA ANGLE
BETA RANGLE

Bath of the above options will resule in an
orientation with the legs parallel to the global axis.
The “ANGLE' option rolales the section through the
angle “"thela™ {where “theta” = angle between Lhe
principal axis system and the giobal axis system).
The 'RANGLE’ option rotates the section through
an angle cqual to (180 - "theta™). Both aptions will
work the same way for cqual angles. For uncqual
angles, the right opuon must be used based on the

required orientauon.

Value of the corresponding constants. For E,
POISSON and DENSITY. material names can be
provided instead of [|. Appropriate values will be
automaucally assigned. Current list of material
names tncludes STEEL, CONCRETE &
ALUMINUM.

b B, 0 Global X, Y, and Z coordinalcs for the refercnce
i point, from which thc BETA angle can be
calculated by the program.
Example
CONSTANTS

~E 29000.0 ALL - :
BETA 45.0 MEMB § 7 TO 1
DENSITY STEEL MEMB 14 TO 29

BETA 90 MEMB X

.-

Note that the last command in the above example will sct BETA as
90° for all members parailel to the X-axis.



STAAD Commands and Inpur Instrucnons

seeuon §

Notes

1) The value for E musi always be given first in the Constanis Jist.

2) - All numerical values must be provided in the current units.

3} Iiis not necessary nor possible to specify the units of
temperature or ALPHA. The user must ensure that the value
provided for ALPHA is consistent in terms of units with the
value provided for temperature (sec Sccuon 5.32.6).

4} -If the POISSON RATIO 15 not spéeified, the program will use a
default value of 0.0,

R I8 E1RE1E]
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5.27 Support Specifications

STAAD support specifications may be either paralte] or inclined 10
the global axes. Specification of supparts parallel 10 the global
axcs 18 described 1n Section 5.27.1 Specification of inclined
supports is described in Section 5.27.2.
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1.27.1 Global Support Specification

iee Section
T

Purpose

This sct of commands may be used (o specify the SUPPORT
conditions for supports parallel 10 the, global axes.

* General format;

SUPPORTS

.y }
joint-list
FIXED (BUT release-spec[spring-spec.])

tEX
EY
£Z
releage-spec = MX
MY
M
* [KEX fy
KEY f,
KFZ fa
spring-spec = KMX fy
KMY fs
KMZ fg

Description

PINNED support is a support which has translational, but no
rotauonal resirainis. In other words, the support has no momem
carrying capacily. A FIXED support has both translational and
rotational restraints. A FIXED support can be released in the global
dircctions as described in release-spec (FX for force-X through MZ
for moment-Z). Also, a fixed support can have spring constants as
descnibed in spring-spec (iranslational spring in global X-axis as
KFX through rotational spring in global Z-axis as KMZ).
Corresponding spring constants are [ through fs- Note Lhat the
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rotational spring constants are always per degree of rotation. No
more than five releases may be provided. If both release
specifications and spring specifications are 10 be supplicd for the
same support joint, relcase specifications must come first.

Example

SUPPORTS

1 TO 4 7 PINNED

5 & FIXED BUT FX MZ

8 9 FIXED BUT MZ KFX 50.0 KFY 75.
18 21 FIXED o

27 FIXED BUT KFY 125.0

In this example, joints 1 to 4 and joint 7 arc pinned. No moments
are carried by those supports. Joints § and 6 are fixed for all DOF
cxcept in force-X and moment-Z. Jounts 8 and 9 are fixed for all
DOF cxcept moment-Z and have springs in the global X and Y
directions with corresponding spring constants of 50 and 75 units
respectively. Joints {8 and 21 are fixed for all translatjional and
ralational degrees of freedom. Al joiat 27, all the DOF are fixed
except the FY DOF where it has a spring with 25 anits spring
consiani.

Notes

1) Users arc urged (o refer to Section 5.38 for information on
specificabon of SUPPORTS along with the CHANGE
command specifications,

2) Spring constants must be provided 1n the current units.
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5.27.2 Inclined Support Specification

Purpose

These commands may be used 10 specily supports tha are inclined
with respect Lo the global axes. 5 i
i

General Format;

SYPPORT

L PINNED
ioint-list INCLINED {, 1, 1, {‘u }

EIXED (BUT reiease- spec [spring-spec.])

where f,, [, {y are coordinales of the “reference point” necessary
lor the “Inclined Support Axts System” (sce below).

e

Section .13 Note the relcasc-spec and spring-spec are the same as o the

previous section (5.27.5). However., plcase note thar FX through
MZ and KFX through KMZ refer o forces/mements and ipring
constants in the “Inclined Support Axis Sysiem’ (sce below).

| ~
|

Pt r
, A
PR A
Relorsx oam (F, 1,00 X

Ananclined support should not be defined at a Joint lo which a
linue element is connected.

jpoagqaaoaounaay
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Inclined Support Axis Svstem

The INCLINED SUPPORT specification is based on the "Inclined
Support axis system”. The local x-axis of this sysiem is defined by
assuming the inclined support joint as the origin and joining it with
a "reference point” with co-ordinates of (4, 15 and [ (see ligure)
mecasured from the inclined support joint 1n the global coordinale

sysiem,

The Y and Z axes of the inclined support axis system have the same
orrentation as the local Y and Z axes of an imaginary member
whose BETA ANGLE s zcro and whose incidences are defined
from the inchined support joint to the reference point. Users may
refer to sechion [.5.3 of this manual for mare 1nformanon on these

cone¢epls.

Exampie

SUPPORT
4 INCLINED 1.0 -1.0 0.0 FIXED BUT FY MX MY MZ
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may have modeled the entire siab as finite clements and wish (o
generate spring supports at the nodes of the ¢lements. Note that the
word ELASTIC is aptional.

5.27.3 Automatic Spring Support Generator for
Foundations

STAAD has a facility for automalc generauon of spring supports
to modcl footings and foundanon mats This command is specified
under the SUPPORT command. N

The DIRECTION aption : The keyword DIRECTION is lollowed
by one of the alphabets X, Y or Z which indicate the direction of
resistance of the spring supporis.

General Format: The SUBGRADE aption : The keyword SUBGRADE 1s lollowed

by the value of the subgrade reaction. Please note the value should

PORT be provided in the current unit sysiem signified by the most recent
FOO i he SUPPORT command.
. FOOTING f1 (12) X UNIT statement prior to the c
joint-list DIRECTION 1Y ! SUBGRADE 13
ELASTIC MAT & Example
where SUPPORTS
1TO 126 ELASTIC MAT DIREC Y SUBG 200.
[I.f2 = Length and widih of the foatng. If 1215 not given, the
fovting is assumed 1o be a square with sides f1 .
3 = Soil sub-grade modulus in force/area/length units The above command instructs STAAD 1o intcrnally gcncr:uc
X.Y.Z = Global direction in which soil springs are 1o be I supports for all nodes | through 126 wuth elasuc springs. STAAD

first calculatcs the influence area perpendicuiar to the global Y
axis of each node and then multiplies the ¢orresponding influence
arca by the soil subgrade modulus of 200 9 10 calculate the spring
consiant (o be applied Lo the node.

generated

The FOOTING aption : If you want to specily the influence arca
of a joinl yourseil and have STAAD simply muluply the arca you
specified by the sub-grade mudulus, use the FOOTING oplion.
Siwations where this may be appropriate are such as when a spread
footing is located bencath a jaint where you want to specify a
spring support. Please notc that it is absolutely imperative that you
provide f1 (and f2 if s a non-square footing) if you choose the
FOOQTING option.

NN EFEEREREE S

I

The ELASTIC MAT option : If you want to have STAAD

calculaie the influence arca for the joim (instead of you specifying '
an area yourscl) and use that area along with the sub-grade
modulus Lo determine the spring stiffness value, use the MAT
option. Situations where this may be appropriate are such as when a i
slab is on soil and carries the weight of 1he structure above. You

4
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<7.4 Muiti-linear Spring Support Specification Spring Constant —
A 65 Kip/in
When soif is modclcq as spring supports, the varying resistance 1t
offer; to external loads can be modeled using this facility, such as
when its behavior in tension differs from its behavior in i
compression. N 30 Kipfin
General format:
' ispi
MULTILINEAR SPRINGS | Displacemen
jaint-list SPRINGS d, 8, d, 85 ...... d, 8, P : 05in
-0. i
Where (di s1) pairs represen; displacement and spring constant pairs.
Example |
40 Kip/in
UNIT KIP INCH f
SUPPORT .
1 PINNED ; 2 4 FIXED BUT KFY 40.0 '

MULTILINEAR SPRINGS

2 4 SPRINGS -0.5 40.0 0.0 50.0 0.5 65.0 The mulni-lincar spring command wiil trigger a multiple analysis

and convergence check cycle. The cycle will continue till the
support displacements compuicd 1n the previous analysis cycle are
close enough with the support displacements computed in the

current analysis cycle.

Load.-Dispiacement charactenstics of soil can be represcnted by a
multi-linear curve. Slope of thts curve will represent the spring
charactenstic of the soil ar different displacement valucs. A typical
spring characteristic of soil may be represenicd as the siep curve as
show in below. In the above example the muiL-linear spring
command specifies soil spring at joints 2 and 4,
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Example

SLAVE FX MZ MASTER 9 JOINT 1 TO 15 -
17 19 20
SLAVE FX FY MASTER 37 JOINT YR 19.9 20.1

Purpose

This set of commands may be used 10 model nigid links through the
specificauon of MASTER and SLAVE jounts.

The SLAVE RIGID specificalion may be used to mode! a rigid
diaphragm direcily. All degrees of frecdom will be 1aken into
consideration for slaving and the rigid body rotation will be

General format:

e aulomatically considered.
EX
& Example
SLAVE EZ  MASTER | JOINT joint-spec
MX -
MY

SLAVE RIGID MASTER 22 JOINTS 10 TO 45
SLAVE RIGID MASTER 70 JOIN YR 25.5 27.5

4
[joim-uat
Notes

Proper stilfness conncction is necessary between the master and the
slaved joints for this 1ype of modeling.

YRANGE
| (ZHANGE

. joint-spec = 1 | XBANGE
. f1,f2

Description

The masicr/slave option provided 1n STAAD allows the user 1o

" model r1gtd hinks 1n the system. The suppont specificaiions must be
provided before this command is uscd. Notice that insicad of
providing a joint list for the slaved jonts, a range of coordinale

gronrnonNNg

: values (in global sysiem) may be used. All Joim coordinates within
a specilied range are assumed to be slaved joims. No finne
See Secuon . .. .
;o clements may be cannccied to the slaved Joints. The joint tist or

coardinaie range specified for slaved joinus may include the master
joint. Fx, Py ctc. are the dircctions in which they arc slaved to the
master. If all directions arc provided. the joints arc rigidly
connected. The following examples illustraie the use of this option.
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-3 Draw Specifications

Purpose

This sct of commands may be used (o gencraie printer plots ot
structure geometry and results as pan of 1the output.

Cescription

Besides tnteractive graphics, STAAD has [catures 10 provide
commands to plot siructural geomelry, analysis resulls ¢1c. as part
ol the STAAD uutpui (itc.

Note that these output ltles L ANL files) should be printed only
through the Print Quipur option of the mawn menu of STAAD.
Plous can also be displayed by the View Ouiput opuen of the main
mcnu of STAAD.

Plots are of high-resolution and most of the 8/9/24 pin dot matnix
and faser printers arc supporicd.

The DRAW command 15 used (o create the plots in the output. The
fuoilowing 1s the Tormat of the DRAW command,

SEEEEEERENE

1001

DRAW

*|X xa
rotate-spec Y ya[ section-spec=

farce-spec

[ISOMETRIC
AQTATE rotate-spec
SECTION section-spec

ZooM

SHIFT xy

JOINT

MEMBER

SUPPORT

PACPERTY

SHAPE

{HIDOEN - LINE - REMOVED
SHRINK f,

LOAD n

DFDRAW In

MODRAW sn

SCORAW In

MSDRAW In foerce-spec
BMDRAW In force-spec
ENVELOP force-spec
SCALE

VALUE

|STRESS CONTOUR In

1]
[EIRIZIRI=
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f (LIST list-spec}

J

} f1 T2

RINIZ

Zoom lactor by which structuee is to be reduced or

¢nlarged. A value less than | 015 for reduction and

greater than 1.0 is 1o ealarge.

multiphied. Normally all scales

Shrink lactor by which member/ciements be shrinked.
Value vartes [rom 0.1 10 0.9, ;
Scale factor by which defccted shapes 10 be

are automatically

computed. However, the uscr may change this by this

command.

x and y sinft values based on siructure coordinales.
= Load number te be considered
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= Mode-shapes number 10 be dispiayed.

xa,ya.za = X. Y and Z angles by which the struciure is to be
rotated.

M.Fa = Maxtmum and minimum values defining the range in
the direction perpendicular 1o the specified section
planc.

Notes v

1) Follewing commands may be used anywhere in the mpul,

ISOMETRIC = Draw isomelric view.

ROTATE = Rotate as specified in rotate-spec.

SECTION = Draw secuon as specified in section-spec.
Z00M = Draw with a oom factor of value .

SHIFT = Shift the structure (o the specified x, y valucs.
JOINT = Display joint numbers.

MEMBER = Display member numbers.
SUPPORT = Display support icons.
PROPERTY = Pisplay property names.

SHAPE = Display ihe shape of the member property with

l proper BETA angle oricniauon.
HIDE = Remove hidden lines when clements are present.
SHRINK = Shrink all member/clements by the facior of [-.
LOAD = Display load icons. Obviously, this command can

be used only alier the loadings are provided.

2) Following commands are related Lo resulls and should be used
only aitcr the PERFORM ANALYSIS command.

DFDRAW = Draw deflecied shape.

MODRAW = Draw mode shape.

SCDRAW = Draw sectioa displacement.

MSDRAW = Display forcc/moment diagram on lhe entire siructure
for specified In (load number).

BMDRAW = Display force/moment diagram for dependent
members as listed in LIST. No more than 2 member
lists are allowed. Use mukltiple DRAW commands to
display force/moment diagrams for independent
members.

JreoppooonnnnnEg
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ENVELOP = Same as MSDRAW except worst of all active load
cases.
SCALE = Scale factor by which deflecied shapes to be
multiplicd. N
VALUE = Display values of Force/Momenis, displacements.

STRESS-CONTOUR  =Draw siress-contour for finite elements.
Only 1he contour for the Absolute maximum principal
stress can be ploued.

Example

DARAW ISOMETRIC MEMBER SUPPORT PROPERTY
DRAW SHAPE SUPPORT

DRAW SECTION XY 14.9 15.1

DRAW ROTATE X -20 ¥ 30 Z 20 HIDE

DRAW ISOMET MSDRAW 2 MZ VALUE
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.30 Cu;-Off Frequency or Mode Shapes

Soo Section
1181

Purpose

These commands are used in comuncuon with dynamic analysis,
They may be used 1o specify the highest frequency or the number
of mode shapes that necd (o be considercd. |

General Format:

FREQUENCY t,
LUT (OFF)
E SHAPE j,
Where,
f) = Highest frequency teycle/sec) to be considered fur dynamic
analysis,

1) = Number of mode shapes to be considered for dynamuc analysis,
Il the cut off frequency command 15 not provided the cun off
frequency will defauh (o 108 cps. If the cul off mode shape
command 15 not provided, the first three modes will he
calculated. These commands snould be provided prior 1o the
loading specifications.

i
==
=
o=
nr
R
| Y=
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5.31 Definition of Load Systems

Ser
Seviton 117

Purpose

This section descnbes the specificalions necessary lor delining
various load systems for awlomaiic generaton of Maoving loads,
UBC Scismic Ioads and Wind loads. In addition, this sectien also
describes the specification of Time History load for Time History
analysis.

Description

STAAD has built-in algonithms (o gencrate moving loads. laieral
scismic loads (per the Uniform Building Codc), and wind loads on
4 siructure. Use of the luad gencration facility consists of two
parts:

1) Delimmon of the load systemis)
1) Generauoa ol primary load cases using previously defined
load systemis)

Delintmon of the load system(s) must be provided befare any
primary load case is specificd. This section descnibes the
specification of load sysiem(s). Information on how to generate
primary load cases using the defined load sysiem(s) is avatlable in
Secnion 5 32,12,
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1.31.1 Definition of Moving Load System

Yee Section
PEE RN

Purpose
Thus sct of commands may be used 10 define the muving load
system. . *

General format:

REFINE MQVING LOAD(EILE file-name)

LOAD f,f,,.1, DISTANCE dyd,,..d,, (WIDTH w)
IYPE|

load-name (f)

Note that the MOVING LOAD sysicm may be defined in two
passible ways - dircctly within the input file or using an external
file.

The FILE option shouid be used only in the second casc when the
data is 1o be rcad from an external file. The filename should be

limited 10 16 characiers.

Moving Loads can be gencrated for rame members only. They
will not be generated for finite elements.

Define Moving Load within_input file

Use the first TYPE specification.

IYPE | LOAD t,t,...f, DISTANCE dy.dy.din.q
(WIDTH w)

Where,
] = moving load systcm Lype number. (integer)
f, = value of conc. i' load

d, = dislance between the (i+1)'M load and the i'P load io the
direction of movemcni

TIIIIInI

i
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w = spacing between loads perpendicular 10 the direction of
movement. If left out, one dimensional loading is assumed.

Define Moving Load using an external file
Use the second TYPE specification.

YPE j load-name (1)
Where,
load-name Is the name of Lthe moving load sysiem
and f= Optional muluplying factar to scale up or down the

value of the loads. (dcfault = 1.0)

Following 1s a typical file conaiming the data.

¢cs2w0 e _name of load system (load-name)
50. 80. 90. 100, ----- loads
7.7.9. e distance between loads
65 0 - width
Su U W 100

I | |
111
d 7.0 . T — 4y o

Note that several load systems may be repeated within the same
fite.

All loads and distances are in current unit system.
The STAAD moving load generalor assumes:

1) All loads are acting in the ncgative global vertical (Y or Z)
direction. The user is advised 1o set up the structure model
accordingly.

2) Resultant direction of movement is determined [rom the XY
and Z increments of movements as provided by the user.
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Reference Load

The first specificd concentrated load n the moving load sysiem is
designated as the reference load. While generating subsequent
primary load cases, the inutial position of the load system and the
direction of movement are defined with respect to the reference
load location. Also note that, when salecling the reference luad
location, the value of the width musi be positive in the apphicable
global X or Z direction. The following ligures illustrale the concept
of reference load.

relerence paint

» X T » X

@ r
0

W

5 L s
reference point Y f— -
W
, Y
| Muvemeni puraliel 1o globul X axs Movemens paratlel 10 global £ axy
Specilving standard AASHTO loadings
J ' General format:
S clion ﬁgo
iy TYPE HSIS! - (f)  (vs)
' H20
H15

where,

i = moving load sysiem type no. (inleger).
f = optional muiltiplying lacior (default = 1.0)

HEETTEIOOTENIILS
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vs = variable spacing as defined by AASHTO, for HS senes
trucks (default = t4 ft.)

Exampie

UNIT KIP FEET

DEFINE MOVING LOAD

TYPE 1 LOAD 10.0 20.0 15.0 DISTANCE 5.0 7.5 WIDTH 6.0
TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5

TYPE 3 HS20 0.80 22.0

Notes

All loads and distances must be provided in the current unit system.
Example

When data 1s provided through an externat {file called MOVLOAD

Oata in input file

UNIT KiP FEET

DEFINE MOVING LOAD FILE MOVLOAD
TYPE 1 AXLTYP1

TYPE 2 AXLTYP2 1.25

Data In external fils MOVLOAD

AXLTYP1 o
102015

5.07.5 o

L N N
AXLTYP2. - -
2020 C

10 LIS L IR RRE R ot K R RTINS
7,.571 e g Ll TR S ASARD e
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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 define the paramelers for

generatton of UBC-1ype cquivatem s{atic lateral loads for seismic
apalysis. A

Description

The STAAD seismic load generator assumes that the lateral loads
will be exerted in X and Z dircelions and Y will be the dircction of
the gravity loads. Thus. for 4 building model. Y axis wilt be
perpendicular to the flours and point upward (all Y coordinates
posinve). The user is advised to set up the mode! accordingly,

Total laeral seismic foree ar base shear 1s automatically calculated
by STAAD using the appropriate UBC cqualionts).

V= Zic W {per UBC 1994) {1)
Aw ’

V= ZIKCSW {per UBC 1985) (2)

§Iu:c:

1} All symbols and notations are per UBC

1) Base shear V may be calculated by STAAD using cither the
1994 procedure (equation 1) or the 1985 procedure {cquation
2). The user should use the appropriaie “ubc-spec” (see
General Format below) to instruct the program accordingly.

STAAD/ISDS utilizes the following procedure 10 generaie the
lateral seismic loads.

1. User provides seismic zone co-¢fficient and desired “ubc-spec”
(1985 of 1994) through the DEFINE UBC LOAD command.
2. Program calculates the structure periad T.

geooooooonlge

U
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Program calculates C rom appropriale UBC equation(s)

unlizing T. _ A ‘
Program calculates V from appropriate equation(s). W is
obtained from SELFWEIGHT, JOINT WEIGHT(s}) and

MEMBER WEIGHT(S) provided by the user through the

DEFINE UBC LOAD command. . _
The total lateral seismic toad (base shear) is then distnbuted by

the program among different levels of the structure per uBsC

pracedures.

Generai format:

EFINE UBC (ACCIDENTAL) LOAD

ubc-spec

N

ONE f,

—_——

SELFWEIGHT

—

JOINT WEIGHT

joint-list WEIGHT w
MEMBER WEIGHT

NI vy ¥ ¥V,
mem-list

CON V4 VS
1 12
AWX 1, .
- [awz . . {:_(_ :: }
. = S ubc-spec =
lf‘:?rcuaa':'c‘?:1994 (€T 1) | for UBC 1985 {1s tg)
PX  ho)
PZ )
where.
£, = scismic zone coefficient (0.2.?.3 elc.)
= importance factor ‘ o
‘% = numerical co-cfficient R, for lateral load in X-d?rcclfon
I'3 = numerical co-efficient R, for laierai load in Z-dircctions
f: = site co-efficient for soil characteristics
f, = horizomal force lactor
f; = mporiance [actor
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= sie characieristic period (Reterred 10 as Ts in the UBC

i

’ code). Default value is 0.5.

fg = opuional CT value to caiculate alternative penod per
method A of UBC.

f1o = Period of struciure {in seconds) in the X- direction.

{y, = Period of structure {in seconds) in the Z- direction.

w = joint weight associated wilh\!isl

UN] = specifies a umiormly disinbuted load with a value of v,

slaring al a distance of v, (from the start of the member)
and cnding at 4 distance ol vy ({rom the swart of the
member). If v4 and vy are omuted. the load is assumed to
cover the enure length of the member

CON = specifics a concentrated force with a valuc of vy apphed at

a distance of v (from the stant of the member). I v;as
omitted, the lvad is assumed o act at the center ol the
. member.

Notes

1)

If the apuan ACCIDENTAL is used, the accidental torsion will
be calculated per UBC specificanions. The value of the

. accadenal torsion is based on the “ceater of mass® lor cach

3)

4

level. The “center of mass™ 1s calculated rom the
SELFWEIGHT, JOINT WEIGHTs and MEMBER WEIGHT+
specified by the user,

In “ubc-spec” for 1985 code, specification of TS is gpuional. If
TS is specificd, resonance ¢o-efficient S 1s delcrmined from the
building period T and user provided TS using UBC equations.
If TS is not specificd, the default valuc of 0.5 15 assumed.

By providing cither PX or PZ or both, you may overnide the
period calculated by STAAD and the user defined value will
then be used for the base shear calculation. [ you do not define
PX or PZ, the penod wili be calculated by the program.

Some of the items 1n the output for the UBC analysis are
explained below.

B
=
| ==
=3
B3
A
=R
=s
=32
==
==
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CALC / USED PERIOD

The CALC PERIOD is the period calculated using the
Raylcigh method (Mcthod B as per UBC code). For UBC
wn the x-direction, the USED PERIOD is PX. For the UBC
in the z-direction, the USED PERIOD is PZ. I PX and PZ
arc not provided, then the used penod is the same as the
calculated peniod for that direction. The used period is the
one substituted into the critical equation of the UBC code
1o calculaie the value of C.

C, C-ALT

According 10 the UBC code, C in Eq. 34-2 has to be
calculated as per a period calculated by method Banda
period calculaied by Method A, The lormer is represented
in the output as C. The latter is multiplied by 0.8 (30%)
and the resubling value 1s represented as C-ALT.

5) In the analysis for UBC loads. all the supporis of the structure
have to be at the same level and have (o be al the lowest
clevation level of the structure.

Example

See Section § 32,12 under Generaton of LBC Scismic Load.

5.31.3 Colombian Seismic Load

Purpose

The purpose of this command is 1o define and generale slatie
cquivalent seismic loads as per Colombian spcsf:ﬁcauons using a
static equivalent approach similar to those outlined by UBC.
Depending on this defininon, cquivalent lateral loads will be
generated in X or Z direction(s).
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The STAAD seismic load gencralor assumes thal the {aieral loads
will be exerted 1n X and 2 directons. Y will be the direction of
gravity loads. Thus, for g butlding modet, the Y axis will be
perpendicular o the Nogrs and poinL upward ( all Y coordinates
pasitive). The user is advised to sel up the model accordingly

Methodology : +

Scismic zone coefficient and paramctcr values are supplied by the
user through the DEFINE COLOMIBAN LOAD command.

Program calculates the natural penod of bulding T utlizing clause
1628.2.2 of UBC 1994
Design spectral coefficient { Sa)is calculated utilizing T as,

Sa = Aal(1.0+50T) when, 0 < T <03 sec
= 15Aa0 when, 03<Tg 0.48 S 1n sec
= I..'!r\aSlITwhcn.0483<TSJ.-ISm

seC
= Aal/2when, 24S5<rt
where,

Aa = Scismic Risk factor (user input)

5 = Suil Site CocefTicient fyser 1npui)

Cocfiicient of Imporiance (user input }

Buse Shear, Vs 13 calculaied as

Vs = W*Sa
Where, .
w = Tatal weight on the struciure

Total lateral seismic load, Vs is distnibated by the program among
diffcrent levels as,

Fx = Cvx * Vs
Where,
Cvx = (Wx'h:K)If.ni=l(Wx'th)

a
=

Secunuﬂ 41
Where,
Wx = Weight at the particular level
hx = Height of that particular level
K = 1.0 when, T <0.5sec

075 +05*T when, 0.5<T <25 sec
2.0 when, 2.5<T

Hon

General Format

DEFINE COLOMBIAN LOAD
ZONE [T ubc-spec
SELFWEIGHT
JOINT WEIGHT
Jomr-list WEIGHT w
MEMBER WEIGHT

Mem-list (UNI ....)

ubc-spec=(1 12, S 03)

Where. [1, 2 and [3 are Scasmuc Risk factor. Sovl Site Coeflicient
and Cocefficient of Imporiance.

General format 1o provide Colombisn Scismic load 1n any Toad

case’

LOAD
COLMBIAN LOAD {X/IYIZ) N

where i and [ are the load case number and facior to muluply
horizonsal seismic load respectavely.

Exampies

DEFINE COLOMBIAN LOAD
ZONEO0.38 | 1.0 .S 1.5
"JOINT WEIGHT .

51 56 93 100 WEIGHT 1440
.101.108 143 150 WEIGHT 1000 -
151 156 193 200 WEIGHT 720
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LOAD 1 { SEISMIC LOAD IN X T<T
DIRECTION ) R, = 1.0 . when <T,
COLOMBIAN LOAD X = 1-02(T/T - 1) when T <T<2T,
- | 16T /T when 2T <T

Purpose

The purpose of this command is 1o define and generate stane
equivalent seismic loads as per Japanese specificauons using a
slatic equivalent approach similar 1o those outlined by UBC,
Dcpending on thts detimition, cquivalent fateral toads wiil be
generated in X or Z direction(s).

Description

The STAAD scismic load gencralor assumes that the lateral loads
will be cxerted in X and Z directions and Y will be the dircctton of
gravity loads Thus, for a building model, Y axis will be
perpendicular lo the Noors and point upward { all Y coordinates
posative). The user 1s advised 10 set up the modei accordingly.

Methodology :

Scismic zonc coefficient and paramcicr values arc supphicd hy the
uscr through the DEFINE All LOAD command.

Program calculales the nawral period of building T vulizing the
following cquation

T = h(0.02 + 0.0] a)
where,

h = height of building
a =

ratio of stecl part

Design spectral coefficient { Rt ) is calculaited utilizing T and Tc
as follows

gegEaoiifl

i

a1 is calculated from the weight provided by the user in Define All
Load command.

Seismic coefficient of Noor Ci is calculated using appropriate
equaiions

Ci = Z Rt Al Co
Where,
z sonc laclor

o

Ca \ normal coefficient of shear force
Al b+ (1 /¥au-@i) 2T/ (1 -3T)

The total lateral seissmic load s disiributed by the program among
diffcrent levels.

General Format

DEFINE AL} LOAD

ZONE 1 ubc-spec

SELFWEIGHT

JOINT WEIGHT

Jomnt-list WEIGHT w

MEMBER WEIGHT
Mem-list (UNI ....)

[

ubc-spec = (I 12, CO D3, TC [4)

Where, (1, [2, [3and [4 arc Zone factor. Rauo of Steel P_n.rl. Nermal
cocflicient of shear force and Value neaded for calculauon‘of R1.

General format to provide Japanese Seismic load 1n any load casc:

LOAD i
AL LOAD {X/Y7Z} (D
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Where, i and f are load case number and factor to multiply
horizontal seismic load respectively.

Example

DEFINE AL] LOAD

ZONEOB I 0.0 CO0.2 TC Q.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)
AlJ LOAD X

IR EEEEREEES

5
g
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5.31.5 Definition of Wind lLoad

Purpose

This sct of commands may be used 1o define the parameters [or
automalic gencrauiwn of wind loads on Lhe structure.

General Format:

where,

] =

P1-P2.Py--
hyhyhs..

C‘.02.EJ..

joint-list
[ and [,

DEFINE WIND LOAD
TYPE j
INTENSITY p, pg P3 - Pp HEIGHT hy hy hy ... h,

e, JOINT joint-list
EXPOSURE

e, YRANGE f, ¢,
EXPOSURE e, -do-
EXPOSURE e, -do-

wind luad sysiem type number (inicger)

.p, wind intensitics (pressures) in force/area, Up o 3

differcat intensities can be defined in the wnput file.

.h, corresponding heights in global vertical dircction up

1o which the abovc inlensilies occur.

.e, exposurc factors. A value of 1.0 mcans that the wind

force 1s applied on the full influence arca associated
with the jornt(s).

loinl list associated with gxposure factor

global vertical coordinate values to specify vertical
range for exposure faclor.

If the command EXPOSURE is not specified, the exposure factor is
chosen as 1.0.
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Description

All loads and heights are in current unit system. In the list of
wntensities, the first value of intensuy acts from the ground level up
10 the Nirst height. The sccond ntensily (p,) acts in the Global
vertical direction between the first iwo heights (h| and h,y) and so
on. The program assumes that the ground level has the lowest
global vertical coordinate, b

Eaposure facior (¢) is the fraction of the influcnce area associated
with the joint(s) on which the load acts. Toial load on a particuiar
jount is calculated as follows.

Jaint load = (Exposure Factor) X (Influence Area) X (Wind Iniensuy)
The exposure factor may be specified by a joint-list or by giving a
vertical range within which all joinis will have the same exposure.
If exposure facior is not specified. ut defaults 10 | 010 which case
the entire influence area assoctated with the joinus) will be
considered.

For PLANE FRAMES, influence arca for cach juint 15 calculaicd
considenng unit width (1 1nch) perpendicular to the plane of the
siructure. Note that the user can accommodate the actual width hy
incorporating 11 1n the Exposure Factor as foilows.

Exposure Factor (User Specificd) = (Fracuon of influence area) X
(influence width for joint)

Notes

All intensitics, heights and ranges must be provided in the current
unit sysiem.
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5.31.6 Definition of Time 'History Load

Purpase
This set of commands may be used to define parameters for Time
History loading on the stfucture.

General format:

DEFINE TIME HISTORY (21 x)

_A_g_C._ELEHATION
TYPE i (SAVE)
FORCE
See Secnions READ t,
1183 and t, pq t2 P2 - t, Pn
532102 function-spec

ARRIVAL TIME
a, 8, 8y coeeee a,

(QAMPING d)

where |
(e
FUNCTION E
function-spec =

‘FREQUENCY
‘AMPLUITUDE 1, }f, (PHASE 1,) CYCLES 1, (STEP 1)
p

< solution time step used in the step-by-step
integration of the uacoupled cquations, The
default value of DT is determined as (ollows-
a) I the highest mode to be included in the
response has a frequency larger than 60 cps.
DT = 0.0016scc.
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Save

h Pylz P2

a; a1 a3y ... 3,

b) If the highest mode (NI th mode) has a
frequency less than 60 cps, DT= 1/10th the
period of the Nith mode,

= lype number of time varying load (integer). Up to
6 types may be provided. ACCELERATION
indicales that the time varying load type is a
ground motion. FORCE indicaies that it is 4
forcing function,

The save option results in Lhe creation of a file
(inpul file name with a “Tim™ ¢xiension)
containing the history of the displacements of
every node of the structure al ¢very lime step.
Syntax. TYPE | FORCE SAVE

= valucs of time(sec.} and correspanding force

(curreni force unil) or acceleration {current length

uniUscc?) depending on whether the time varying

load 15 a forcing {unction or a ground mouon. If

the data is specified through the input file. up 10

299 pairs can be provided for cach type in the

ascending value of ume. Morc than one line may

be used if necessary. However, if the data 1s

provided through an cxiernal file. an unlimied

number of time-lorce pairs may bhe specified.
= Values of the vanous possible arrtval imes

{seconds) of the vanous dynamic load types.

Amival time is the ume at which a load 1ype

begins 1o acl at a joint (forcing lunction} or ai the

basc of the structure (ground motion). The same
ioad type may have different armival ames for
different joints and hence all those valaes must be
specified here. The arrival times and the time-
force pairs forthe load types arc uscd to create
the load vector necded for each time step of the
analysis. Refer 1o Section 5.32.10.2 for
information on input specification for application
of the forcing function and/or ground motion
ioads. Up 10 99 arrival time valucs may be
specified.,

Secuon 5

= Modal damping ratto. Default vaiue is 0.05. Only
one modal damping rano can be used for the
entire structute.

249
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Note that the "function-spec” opuon may be used 10 specily
harmonic loads. Both "sine” and "cosine” harmonic funcuions may
be specified. The program will automatically calculate 1he
harmonic load Lime history based on the lollowing specifications -

i; - Amplitude of molion 1n current unils.

fy - "If FREQUENCY, then cyclic frequency (cycles / sec.)
If RPM, then revolulions per minuie.

fy - Phasc Angle in degrees, defauil = 0

fy - No. of cycles of loading.

5 - time siep of loading, default = une tenth of the period
corresponding o the (requency of the harmonic loading.

Exampie

. UNITFT

DEFINE TIME HISTORY

TYPE 1 FORCE

0.0 1.0 1.0 12 2.0 1.8 3.0 2.2

4.0 28 50 2.8

TYPE 2 ACCELERATION

00 2505 27 10 3.2 1.5 3.8

20 4.2 25 45 1.0 45 35 28 ,
ARRIVAL TIME

0.0 1.0 18 22 35 4.4

DAMPING 0.075

Notes

The 'READ fn' command 15 10 be provided oniy if the history of the
time varying load 1s to be read from an external file. In is the file
name. The data i the external file must be provided as one ime-
force pair per line as shown 1n the (vilowing example.

Secuon 5 | 251

Data in Input file

UNIT KIP FEET

DEFINE TIME HISTORY
TYPE 1 FOACE

READ THFILE
ARRIVAL TIME

0.0

DAMPING 0.075%

Data in the External file "THFILE"

0.01.0
1.012
201.8
3.022
4026
5028

Example for Harmonic Loading Generator

UNIT KIP

DEFINE TIME HISTORY

TYPE 1 FORCE

‘Following lines for Harmonlic Loading Generator
FUNCTION SINE

AMPLITUDE 6.2631 FREQUENCY 60 CYCLES 100 STEP 0
ARRIVAL TIME

0.0

DAMPING 0.075
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Ta define more than one sinusaidal load, the input specification is

as follows :
DEFINE TIME HISTORY .- ! A e "
TYPE 1 FORCE Tt T it -
FUNCTION SINE a0 e e
AMPLITUDE t. 925 RPM 10794.1 GYCLES 10040
TYPE 2 FORCE ~ ~ At Y

FUNCTION SINE -
AMPLITUDE 1. 511 RPM §784.0 CYCLES 1000
TYPE 3 FORCE -

+
'

FUNCTION SINE, . P

AMPLITUDE 1.488 RPM 1785.0 CYCLES 1000 -

ARAIVAL TIME i

0.0 0.0013897 0.0084034 ERSO LE

DAMPING 0.04 LT e
Nota

The responsc (displacements, forces etc.) will contain the
contribution of only tbosc modes whosc frequency is less ihan ar
equal (0 60 cps. Contntbution of mades with frequency greater than
60 cps is not considered.
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5.32 Loading Specifications

Purpose

This scciion describes the various loading options available in
STAAD. The lollowing command may be used to iniiiate a new
load case.

General format:

LQADING i, (any load titte)

i, = any unigue integer number {upto five digits) 1o identily the
load case. This number aced not be sequential with the
previous load number.

The LOADING command initiates a new load case. Under this
heading., all different loads related to this loading number can be
inpul. These diffcrent kinds of loads arc described betow.
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-.32.1 Joint Load Specification

‘€ Jeclion
!

Purpose -

This set of cammands ma .
y be used 10 specify )
structure. pecily JOINT loads on the

s i
General format: 1
JOINT LOoAD
- ﬂ f1
- - H ':
loint-jist |74 1y
MX 1,
MY
fg
FX, FY and FZ specify a force in the corresponding global
direction.
MX, MY and MZ specif’ i
Y a moment in th :
i ¢ corresponding global

[}, fy ... fg arc 1the values of the loads,

Example

JOINT LOAD

3TO 79 11 FY -17.2 MZ 180.0
5 8.FX 151

12 MX 180.0 FZ 6.3
Notes

Jo:rf& numbers may be repeated where loads are meani 10 be
additive in the joint.

Sﬂ:uoni_i 15

5.32.2 Member Load Specification

Purpose

Thus set of commands may be used 1o specify MEMBER loads on
frame members.

General format:
MEMBER LQAD

UNI or QMOM dir&ction'lm f1. '2. '3. f‘
member-list CON or CMOM direction-spec fs. e, 1
L

LIN local-spec 17,15, 15
TRAP direction-spec fio b tioha
% |
Yy
Z
GX X
direction-spec = (GY ; local-spec = 1Y
GZ Z
PX
PY
PZ |

-

UNI or UMOM specifics a umiformly distnibuted load or momeni
with a vaiue of ), at a distance of [, from the
start of the member to the start of the load, and a
distance of 5 from the start of the member to the
end of Lhe lead. The load is assumed 10 cover the
full member length if f; and {5 are omitted.

CON or CMOM specifics a concentrated force or moment with a
value of [4 applicd at 4 distance of fe from the
start of the member. [ will default to half the
member length 1f omitied.

Perpendicular distance from the member shear
center (o the plane of loading. The value s
positive in the general direction of the parallel (or

- ¢losc to parallel) local axis.

{4

I
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TRAP

specifies a hinearly decreasing or increasing, or a
tnaagutar load. If the load is linearly increasing
or decreasing then [y is the vaiue at the start of
the member and fy is the value at the end. If the
load 15 1riangular, then fy and fy are input as zero
and fy 1s the value of the load 10 the middle of the
member.

specifics a lrapesoidal linearly varying load which
may aci over the full or parual length of a member
and 1n a Jacal, global or projected direction. The
starting load value is given by I and the ending
load value by f;,. The loading location is given by
f)2. the loading starting pownt, and f\3. the
stopping point. Both are measurcd from the start
of the member, If 4 and f,3 arc not given, the
load is assumed 10 cover the full member length,

X. Y, & Z1n the direction-spec and local-spec specify the direction
of the load in the local (member) 1, y and z-axes,

GX, GY, & GZ in the direction-spec specify the direction of the
load in the global X, Y. and Z-axes.

PX, PY and PZ may be uscd 1if the load 15 1o 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. '

Notes

Specilication of global axes is not permissibie for the linear load

(LIN option).

If the member being loaded has offset distances (see MEMBER
OFFSET specification), the lacation of the load is mcasured not
[rom the coordinates of the starting node but from the offset

distance.

Trapezoidal loads are converied into uniform loads plus several
concentrated loads.

Exampie

MEMBER LOAD
819 CON GY -2.35 5.827

68 TO 72 UNI GX -0.088 3.17 10.0
186 TRAP GY -0.24 —0.35 0.0 7.86
3212 LIN X ~5.431 -3.335

41016 UNI PZ -0.075

Scetion §
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3.32.3 Element Load Specification

Purpoge

This command may be used to speci i
pecify various types of ELEM
LOADS on the plate elements. ’ =

General format:

ELEMENT LOAD
( GX
PRESSURE QQ% t (X ¥y %3 ¥3)
element-list ; f
X
" 1HAP
: { {)'. '2 '3

Deué_n:iptign

The PRESSURE opuion should be used whea a UNIFORM pressur
needs I.O be spectfied. The uniform PRESSURE may be |;r0[:|dud u(:i
the entire clement or an user specified portion of the clement
(defined by x;. y; and x,. y, - scc description helow). If xy, v, and
X2, y3 are not provided, the pressurc is applied on the cmirl:: B
¢lement. If only x|, y, 15 provided, thc load is assumed as 2
concqlnlratcd load applied at the specified poim.

Note that the PRESSURE may be provided either in GLOBAL
(GX, GY, GZ) directions or in local Z dircction fnormal o the
f:lcmcnl). If the GLOBAL direction is omitied, the applied loadin
is assumed (o be in the local Z direction. - I ’

GX,GY.GZ Global direction specification for pressure denotes

global X, Y, or Z dircction respectively.

=3
i — |
o
=
=3
=
e
=3
s
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lacal ¥
Local X
Uniformly Loaded
\rea
Sez Secron fy Elemenl pressurc (lorce/square of length} or
16 concentratcd load (force). Note that I, is assumed

a¢ a concentrated load if %3 and y- are omilied.
Co-ordinale points in local co-ordinate system

1y & Xp¥2 : ;
(cenler node 15 OTIRIRI defining
Lo SV TS Y ecal ¥ the reclangular area on which
\—, ———"l the pressurc is applied.
I
‘.\ ; l| \ &3 % the TRAP option should be
used when a linearly varying

(I

— .
e— pressure nccds to be specified.
1, Vaning The varianon must be provided
Press (Trap N )
gver the entirc clement.
XorY Dircelion of vanation of ¢clement pressurc.

The TRAP X/Y option indicates that the variation
of the Trapczoud is in the jocal X or in the local Y
direction. The load always acts in the local Z axis.

f4 Pressurc intensity at start.
3 Pressure intensily at end
Note:

L]
1. "Siart” and "end” defined above is based on posilive directions
of the local X or Y anis. .
2. Whilethe Xor Y indicaies Lhe direction of variauion of the
rapezadal Joad, the load 1self actsan the local Z direction.
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LOAD 4

ELEMENT LOAD

1770 10 PR 25

11 12 PR 2.5 1.5 2.5 55 4.5
15 TO 25 TRAP X 1.5 4.5 \
34 PR 5.0 25 2.5 .
35 TO 45 PR -25

ThaoEonEonOODNIOg
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5.32.4 Area Load/Floor Load Specification

See Section
1.16.4

Purpose

These commands may be used 1o specify AREA LOADs or FLOOR
LOADs on a structure. The AREA LOAD may be used [or
madcling onec-way disiribulion and the FLOOR LOAD may be used
for modeling iwo-way disiribution.

General format for AREA LOAD:
AREA LOAD
member-list ALQAD f,

fy = The value of the arca load (umi weight aver square lengih
umit). This load always acts along the posityve local y-axis.
For the members of a FLOOR analysis. this direction will
coincide with global vertical axis 1 most cases.
(For detailed description. refer 10 Section 1)

Example

AREA LOAD .
24708 ALOAD -.250
12 16 ALOAD -.500

Note

Area load should not be specified on members declared as
MEMBER CABLE, MEMBER TRUSS gr MEMBER TENSION,
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General Format for FLOOR LOAD:

FLOOR LOAD

YBANGE f, f, FLOAD f, (XRANGE!,f,
ZRANGE {1 ty)

Where N

fy {  Global vertical coordinale values 1o specify verucal range.
The Noor load will be calculated for all members lying in
the global horizonial plane within the specified globai
vertical range.

fy The value of ihe floor load (unit weight vver square length
umt). This load aiways acts parallel 10 the giobal vertical
axis. A positive value sigmifics that the load is acting in
the posiuve global Y direction, A negative valuc indicales
a load in the acgauve global Y direction.

i - f; Global X or Z coordinate values to define the corner poinis

' of the arca on which the specificd floor load (fq) acts. If

not specified, the floor load will be calculated for 4l

members in all loars wihan the specified global verucal
range. -

Notes

1) The siructure has (o bec modeled in such a way that the global
vertical axis remains perpendicular to the floor planets).

2) For the FLOOR LOAD specificalion, a two-way disinbuuon of
the load is considered. For the AREA LOAD specification, a
one-way action is considered.

3) FLOOR LOAD froem a slab is distributed on the adjotning

. members as trapezoidal and triangular loads depending on the
length of the sides-as shown in the diagram. [nicraily. these
loads are converted 10 multiple poini loads.

Members | and 2 get (ull (rapezoidal

., and triangular loads respectively.
,/” Members 3 and 4 get partial wrapezowdal
-------- . : loads and 5 and 6 gel pantial triangular
o load.

FEEEREREEE:
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4) The load per unil area may not vary for a particular panel and it
15 assumed to be continuous and without holes.

5) The FLOOR LOAD Tlacility s not available if the SETZ UP
command is used (See Section 5.5.)

The load distribunion pattern depends upon the shape of lhc'pancl.
Il the pancl is Reclangular, the distriburion will be Trapezoidal and
triangular as explained in the following diagram.

,
-
’
”
”
’
~
-
-
~
~
.
’
’
’
Fl
r
’
I
’
Y
.
~
~
Y
Y
N
L3 0
e

For a pancl which is not rectangular, the distribution 1s described
in foilowing diagram.

First, the CG of the polygon is calculaied. Then, cach corner is
connected 1o the CG (o form mangles as shown. For cach triangle,
a vertical line is drawn from the CG 10/the opposite side. If lhg
paint of intersection of the vertical line and the side falls outside
the inangle, the arca of that inangle will be cal:{ulalcd and an
equivalent uniform distribuled load w:ll_be applied on that side.
Otherwise a triangular load will be applied on the side.
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If the entire floor has a load of 0.25 (force/unit area),
then the input will be as fallows:

LOAD 2
FLOOR LOAD
YR 12.0 12.0 FLOAD -0.25

R Trangular

If in the above example, panel A has a load of 0.25 and
panela B and C have a load of 0.5, then tha input will
be as follows:

Note the usage of XRANGE, YRANGE and ZRANGE

o . specitications.
Lot Tnangular ..
LOAD 2
. = FLOOR LOAD
4 YR 11.9 12.1 FLOAD -0.25 XR 0.0 11.0 ZR 0.0 16.0

YR 11.9 12.1 FLOAD -0.5 XR 11.0 21.0 ZR 0.0 16.0

Example LOAD 3

The program internally identifies the paneis (shown as
A, B and C in the figure). The floar loads are
distributed as trapezoidal and triangular loads as
shown by dotted lines in the figure. The negative sign
tar the load signifies that it is applied in the downward
global Y direction.

The Input for FLOOR LOAD is explained lhruugh an
exampie.

Let us consider the following floor plan aty = 12",
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5.32.5 Prestress Load Specification

Yee Seclhion

[

b

Purpose

This command may be used 1o specify PRESTRESS loads on

members of the structure. » |
1

General Format:

PRESTRESS

MEMBER (LOAD)
POSTSTRESS

B &)
member-list FQRCE f, EM 14
EE 1,

fy = Prestressing force. This value is pasitive in the direction of

the local x-axis.

specifies eccentricity of the presiress force al the start of

the member at a distance f, from the centroid.

EM = specifics cccentricity of the presiress force at the mid-point
of the member at a distance {3 [rom the centroid,

EE = specifics cccentricity of the prestress force at the end of
the member a1 a distance {; [rom the centrond.

ES

Description

The first option, (MEMBER PRESTRESS LOAD), considers the
clicct of the prestressing force during its application. Thus,
transverse shear generated at the ends of the member(s) subjcct to
the prestressing force is transferred 1o the adjacent members.

The second option, (MEMBER POSTSTRESS LOAD), considers
the cffect of the existing prestress load after the presiressing
operation. Thus, transversc shear at the ends of the member(s)
subject to the prestressing force is not wransferred to the adjacent
members.

FOEEIEEE I

i s — aae - - e et
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Example

MEMBER PRESTRESS

2TO 7 11 FORCE 50.0

MEMBER POSTSTRESS

8 FORCE 30.0ES 3.0 EM -68.0 EE 3.0

In the first example, a prestressing force of 50 kips is applicd
through the centroid (i.c. no eccentricity) of members 2 w0 7 and
11. In the second example, a posisiressing force of 30 kips 1s
applicd with an cccentricity of 3 inches at the start, -6.0 inches a
the middle, and 3.0 at the cnd of member 8.

Onc of the limitations 1n using this command s that under any onc
load case, on any given member. a presiress or poststress load may
be applicd only once. If the given member carnes mutuple stressed
cables or has a PRESTRESS and POSTSTRESS load condition,
such a sitsarion will have 1o be specified through muinple load
cascs for that member, Scec example below.

Incarrect input

LOAD 1

MEMBER PRESTRESS

67 FORCE 10CES 2EM -3 EE 2
6 FORCE 150 ES 3 EM -6 EE 3
PERFORM ANALYS!S

Carrect Input

LOAD 1 i
MEMBER PRESTRESS | ;
‘"6 7 FORCE100ES2EM-3EE2
LOAD 2

MEMBER PRESTRESS .

6 FORCE 1S0ES 3 EM -6 EE 3
LOAD COMB 3

110210
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.AFORM ANALYSIS

Examples for Modeling Techniques

The fellowing examples describe the partial snput daia lor the
members and cable profiles shown belgw,

Example 1 *

I—- Tt

JOINT COORD
100;2100
MEMB INCI
112

UNIT INCH

LOAD 1

MEMBER POSTSTRESS

1 FORCE 100 £3 3 EM -3 EE 3
PERFORM ANALYSIS

Section § | 24
Example 2
Tk
N h I‘F
N
S
I_. 73 -‘-‘-—-1
JOINT COORD
100;2200
MEMB INCI
112
UNIT INCH
LOAD 1

PRESTRESS LOAD
1 FORCE 100 ES -3 EM -3 EE -3
PERFORM ANALYSIS

T

..
o
4
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Example 3

T~ g

JOINT COORD
100;250;31500;4200
MEMB INCI
112;223;334

UNIT INCH

LOAD T

PRESTRESS LOAD

1 FORCE 100 ES 3 EM 0 EE -3
2 FORCE 100 ES -3 EM -3 EE -3
3 FORCE 100 ES -3 EM O EE3
PERFORM ANALYSIS

Exampie 4

1

JOINT COORD
100;2100;32000
MEMB [INCI
112;223

UNIT INCH

LOAD 1

PRESTRESS LOAD

t FORCE 100 ES 3JEM 0 EE -3
2 FORCE 100 ES -3EMOEE 3
PERFORM ANALYSIS
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JOINT COORD
100;2100;32000
MEMB INC)
112;2213

UNIT INCH

LOAD ¥

PRESTRESS LOAD

1 FORCE {100 ES 3EM-JEEJ
2FORCE 100 ES JEM -3EE3
PERFORM ANALYSIS

Secuoni—] Py

5.32.6 Temperature Load Specification for
Members and Elements

Purpose
This command may be used to spccify TEMPERATURE loads or
sirain loads on members and clements.

General format:

JEMPERATURE LOAD

—_—

TEMP f, f,
memb/elem-list
STRAIN t4

f; = The change in iemperature which will cause axial clongaton in
the members or uniform volume ¢xpansion in elements. The
lemperature unit is the same as 1he unit chosen flor the
cocificient of thermal expansion ALPHA under the

CONSTANT command.

{1 = The icmperature differennal from the top 1o the bottom of the
yee Secrom member or clement (Tiop anrsce Tootom werace). 16 12 15 omatied,
1 16.6 no bending will be considercd,

fy = [niual axial elongaton {+)/ shrinkage (-) in member duc to

misfit. ctc. in length unu.

Example

TEMP LOAD
17091517 TEMP 70.0
18 TO 23 TEMP 90.0 66.0
8 TO 13 STRAIN 0.45E-4

NRERRENINEILITL
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Note

It is not necessary nor possibie to specify the unus for temperature
or for ALPHA. The user must ensure thal the value provided tor

ALPHA 15 consistent in terms of units with the value provided for
the temperature load. (see Scclion 5.26)

5

Section 5 | 27

5.32.7 Fixed-End Load Specification

Purpose

This command may be used to specify FIXED-END loads on
mcmbers al the structure.

General format:
FIXED ( END) LOAD

member-list f,, f5, ... ty5
Ser Section
tieq f, .. [, = Force.x.shear-y, shear-z, lorsion. moment-y. moment-2
(all in local coardinates) at the start ol the member.
iy ... [, = Same as above cxeept al the end of the member
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5.32.8 Support Displacenient Load Specification

See Secuion
is7

Purpose

This command may be uscd 10 specify SUPPORT
DISPLACEMENT load on supports of the structure.

General format:

SUPPORT DISPLACEMENT { LOAD)

support jaint-list

RIZERRE

With this command, the support displacement is modeled a5 4 load,
Note Lhat displacement cannat be specificd in a dircction sn which
the support is relcased.

FX. FY, FZ specily translanional displacements in global X. Y. and
Z directions respectively. MX, MY, MZ specify rotauonal
displacements in global X, Y, and Z directions.

Iy = Value of the correspunding displaccment. For wranslational
displacements, the unit 15 in the currently specified leagth
" unit, while for rotational displaccments the unit is aiways in
degrees.

¢

Example

UNIT INCHES
SUPPORT DISPL
5TO 1113 FY -0.25
1921 TO 25 MX 15.0

In this example, the joints of the [irst support list will be dispiaced
by 0.25 inch in the ncgative global Y direction. The joints of the
sccond suppen list will be rotated by 15 degrees abaut the global
X-axis.

Notes

Support displacements can be applied 10 upto 4 load cascs only.

The support dispiacement load should not be applicd un a struciure
which vontains Ninte ¢lements.

Section 5 | 27
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5.32.9 Selfweight Load Specification 5.32.10 Dynamic Loading Specification

Purpose
Purpose

The command specilication nceded to periorm response \'pct')ll'um
analysis and time-history analysis 15 cxplamed in the following

This command may be used Lo caiculale and apply the
SELFWEIGHT of the structure for agalysis. !

General tormat: scclions.

X
SELFWEIGHT 1Y f,

This command 1s uscd i the self-weight of the struciure 1s o be
considerced. The self-weight of every active member s calculated
and applicd as a uniformly distributed member load.

X, Y, & Z represent the global dircction in which the sellweight
acts.

fy = The factor to be used w0 muluply the selfweight

This command may also he used wilhoul any dircction and factor
specification. Thus, if specified as "SELFWEIGHT", loads will he
applied in the ncgative global Y direction with a facior oi unity
Notes

Densuy must be provided for calculation of the seifl weight.

The seliweight of tnite clements is converted o joint loads 4t the
connecled nodes and is aot used as an ciemeni pressure load.
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2.32.10.1 Response Spectrum Specification

Secu'ons—l 28
Description

Note that if SPECTRUM SRSS is used, modal combinations are
done according 1o SRSS (square root of sﬁmmalion of squares)
method. Otherwise, the CQC (complete quadratic combination)
methed is used.

Purpose

This command may be used to specity and 2pply the RESPONSE
SPECTRUM loading fur dynamic analysis.

»
This command should appear as part of a loading specification. If it
15 the first occurrence, it should be accompanied by the load dala 1o
be used for frequency and mode shape calculations. Addiuonal
occurrences need no additional information. Maximum response

" General Format:

)
SPECTRUM Y (SCALE f,) (DAMP 1)
cQc 0i$

z { See Sections spectrum load cascs allowed in one run is 4.
3 1.18.3, 5 J0.
PV, le Vyi Py Vi Py Vg Prs Vi and 5.14 Resalts of frequency and mode shape calculations may vary

Where, f,...[5 arc the lactors for anput spectrum 10 be apphicd in
X.Y & Z dircciions. Any onc or ail dircctions can he inpul.
Dircctions noi provided will default 1o zero.

Where, f, = Scale factor by which the response spectrum 1s
modificd. Deraults 1o 1.0 11 not specified.

Where, I = Damping Factor. Default value 1s 0.05 (5% Jamping).
Thes value 1s necessary for the CQC Mcethod only.

Where, ACC or DIS siands for Acceleranon or Displacement.

Where, Pi, VI1; P2, V2; ... Pn, ¥n = Values of periods (scc) and
corresponding acceleration {current lengih univsecl) or
displacement (current length unit) as the case may be.
More 1han onc line may be used tf necessary. Use of
hyphens (-) at the end of the line 1s nol permiticd 10
continue data 1o the next hing. Spectrum pairs should be
provided 1n ascending value of pertod, with a maximum of
9Y spectrum pairs.

TrIEIIRIEIAfIILS

i

»

significanily depending upon the mass modeling. All actuive masses
should be modeled as loads. All masses that are capable of moving
should be modcled as loads, applicd in all possible directions of
movement. In responsc spectrum analysis, alt masses thai arc
capable of moving in the direction of the specirum must be
provided as leads acung in that directuion. An illusiration of mass
modcling 1s availablc, with explanatory commenis, in Example
Problem No.11.

Example

LOAD 2 SPECTRUM IN X-DIRECTION
SELFWEIGHT X 1.0
SELFWEIGHT ¥ 1.0
SELFWEIGHT Z 1.0

JOINT LOAD

10FX 175

10FY 17.5 .
10FZ 175 | !

SPECTRUM SRSS X 1.0 ACC SCALE 32.2
0.200.2;0.400.25;0.600.25; 0.80 0.43; 1.0 0.47
1.205;1.4065;168067;1.8055;20043
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Multiple Response Spectra

If there 1s more than unc responsc spectrum defined in the inpul
lile, the load data should accompany the first sct of spectrum data
only. [n the subscquen: load cases. only the spectra should be
defined. Sce example below.

N

LOAD 1 SPECTRUM IN X-DIRECTION
SELFWEIGHT X 1.0

SELFWEIGHT Y 1.0 !
SELFWEIGHT Z 1.0

JOINT LOAD

10 FX17.5

10 FY 17.5

10FZ17.5

SPECTRUM SRSS X 1.0 ACC SCALE 32.2
0.200.2 ; 0.400.25 ;0.600.35; 0.80 0.43 ; 1.0 0.47
1.20.5;1.4085; 1.60.67;1.80.55; 200.43
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 ; 2.0 0.42
LOAD 3 SPECTRUM IN Z-DIRECTION

SPECTRUM SRSS Z 1.0 ACC SCALE 32.2
0.20,0.2:0.400.25; 0.60 0.35 ; 0.80 0.4 ; 1.00 0.47
1.200.5; 1.4 0.65; 1.6 0.67 ; 1.8 0.55 ; 2.0 0.43

Sccuon S | 283

5.32.10.2 Application of Time Varying Load for

See Sections
! I8 4, and
jil 4

Response History Analysis

Purpose

This sel of commands may be used to mode] Time History loading
an the structure lor Response Time History analysis. Nate thal both
nodal ime histories and ground mation ime hastorics may be

provided.

General format:

TIME LOAD

jaint list

RIEERRR

X
GRQUND MQTION {;} L

Where 1, = type number of time varysng load (sec Section 5.31 4}

I. = arrival ome number {sce Sectiun 5 31 4y ninieger).
a - . . -
This is the sequential number of the arrival time in the Tist

i umber
explaincd in section 5.31.4. Thus the arnival nme a

of ay1s 3and of a, is n.

Nate that cither TIME LOAD or GROUND MOTION or both may
be speciiicd under one load case. More than one load case for ume

history analysis is not permutied.
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LOAD 1 5.32.11 Repeat Load Specification

SELFWEIGHT X 1.0
SELFWEIGHT ¥ 1.0
SELFWEIGHT Z 1.0

MEMBER LOADS N
5 CON GX 7.5 10.0 :

5 CON GY 7.5 10.0

§ CON GZ 7.5 10.0

Purpose

This command is used to create a primary load case using
combinations of previously delined primary load cases.

General format:

TIME LOAD
23FX12 BREPEAT LQAD
STFX18

GROUND MOTION X 2 1 Bye By g fy e iy g
. where,

In the above example. the permancnt masses in the structure are = primary load case¢ numbers
provided in the form of “scifweight” and “member loads” for
obtaining the mode shapes and frequencies. The rest of the data is
the input for applicauon of the time varying loads on the siructure
Forcing funcuon type 1 is applied al jonts 2 and 3 slarting at
arnval time number 3. (Arrival time number 3 15 1.8 scconds in
cxample shown in section 5.31.4). Similarly, forcing function 1ype
I is applicd a1 joints 5 and 7 siarting at arrival tume number 6 (4.4
seconds). A ground motion (type 2} acis on the structure in the x-
direclion starting at arnival time number | (0.0 scconds),

LTI P
fy. (5 ... [, = corresponding factors

Description

This command may be used to creale a primary load case using
combinations of previousiy delined primary load caseis). The
REPEAT load differs from the load COMBINATION command
(Section § 15) 1n 1wo ways;

1) A REPEAT LOAD is 1reated as a new pnimary load. Therefore,
a P-Delta analysis will refleel correct secondary effects.
(LOAD COMBINATIONS,. on the other hand, algebraically
combine the effects of previously delincd primary leadings
cvaluated independently).

1) o addition to previously defincd primary loads. the uscr can
also add new loading conditions.

J) The REPEAT LOAD option is availabie with load cases with
JOINT LOADS and MEMBER LOADS containing UNI,
UMOM and CON specifications only. [t is not available for
MEMBER LOADS wih LIN and TRAP specificauons. It can
also be uscd on load cases with ELEMENT PRESSURE loads

I EEEEEETIRREE
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5) The maximum number of load cases that can be combined

{without the TRAP specsfication). SUPPORT

' DISPLACEMENTS LOQAD., TEMPERATURE LOAD oun

" members or clements, RESPONSE SPECTRUM LOAD and
TIME HOSTORY LOAD shouid not be uscd in REPEAT
LOAD. It 13 also not available {or loads generated using the
program’s load generaton facilities such as UBC LOAD
Gencration, WIND LOAD Generation, MOVING LOAD

* Generation, cic. )

Exampie

LOAD 1 DL +LL
SELFWEIGHT Y -1.4
MEMBER LOAD ,
1TO7 UNIFORM ¥ -3.5
LOAD 2DL + LL + WL
REPEAT LOAD

1 1.10

- using
a REPEAT LOAD command 15 |4,

pragonas

Socums“ 2

5.32.12 Generation of Loads

See
Sections
! 17 and
3.t

Purpose

This command 1s uscd to generaie Moving l:uads. UBC Scismic
toads and Wind Loads using previously specificd load definitions.

Primary load cases may be generaled using previously defined load
systiems. The Tollowing secuions describe generation of moving
loads, UBC scismic loads and Wind Loads.

Generation of Moving Loads

Pre-defined moving load sysiem types may be used Lo generate Lhe
desired number of primary Joad cases, cach represenung a
particular posiuon of the moving load system on the structure. Ths
procedure will simulaic the movement of a vehicle in a specilicd
direction on a specified plane on the struclure.

Geaneral format:

LOAD GENERATION n (ADD LOAD 1)

< {xINe 1, YRANGE
YPE jxyy;2) JYINC  f0 | r

ZINC LEY ZRANGE
where,
n = total no. of primary load cases to be gencraled,

i = load casc no. for the previously defined load case to be
added to the generated loads.

j = type no. of previously defined load sysiem.

Xy, ¥1. 2, = X, y and z coordinates (global) of the imiial position of
the reference load.

fj. T3 fy = x, y or 2 (global) increments of position of load sysiem
to be used for gencration of subsequent load cascs.

r = {Optional) defines section of the siructurc along global
verucal direction to carry moving load. This r value is



STAAD Commands and nput Instructions

l Secuon §

added to the reference vertical coordinate (yq or £y)in
the posiuve global vertical direction. The moving load
will be cxternally disiributed among all members
within the vertical range thus generated, r always
should be a positive number. In other words, the
program always looks for members lying i1n the range
Y, and Y,+ABS(r) or Z, and Z)+ABS(r).

See Sectons
1172 and
SH2

The ADD LOAD specfication may be used 1o add a previously
defined load case o all the load cases generated by the LOAD
GENERATION command. In the exampie below, Lhe
SELFWEIGHT specified in load case | is added 10 all the
generated load cases.

Sequential load case numbers will he assigred 1o the serics of
generated primary load cases. Numbering will begin at one plus the
immediaic previous load case number. Allow for these when
specifying load cascs afier load case generation.,

Notes

Primary load cases can he generated from Moving Load systems l'or
frame members only. This feature does not wark on finite
clements.

Example

LOAD 1 DL ONLY

SELFWEIGHT

LOAD GENERATION 20 ADD LOAD 1
TYPE 10. 5..10. X! 10.

TYPE 2 0. 10,10, 21 15.

LOAD 22 LIVE.LOAD ON 'PAVEIIENT

MEMB. LOAD ..

10 TO 20 30 TO 40 UNI GY -5.0
.LOAD; COMBINATION 31 .. ..
10,078 22 075 - hoo . -

PERFORM ANALYSIS ...

. Section 5 | 289

Generation of UBC Seismic Load

Built-in algorithms will automatically distribute the base shear
among approptiate levels and the rool per UBC specifications. The
following general format shouid be used 10 generate UBC toad in a
parucular direction.

General Format:

LOAD i
X
UBC LOAD Y {n
F4
where | = load case number
I = facior to be used 10 mulliply the UBC Load
(default = 1.0)
Example

DEFINE UBC LOAD
ZONE0.2K 1.0 | 1571805
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
525 30 FY -17.5

LOAD 2 UBC IN 2- nmecnon
UBC LOAD Z

LOAD 3 DEAD LOAD _
SELFWEIGHT . . :-1:‘
LOAD COMBINATION
107520753 1.0

«.'.'
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In the above example, notice that the first two load cases are UBC
load cases. They are specitied before any other load cases.

Notes

1) The UBC load cascs should be provided as the lirst set of
load cases, Non-UBC primary load case specified before 3
UBC load case 1s not acceptable. Addinonal loads such as
MEMBER LOADS and JOINT LOADS may be specilied
along with the UBC load under the same load casc.

Incorsect usage

LOAD 1
SELFWEIGHT ¥ -1
LOAD 2 .
JOINT LOAD

IFX 45

LOAD 3

UBC LOAD X 1.2
JOINT LOAD

IFY 4.5

LOAD &

UBC LOAD 2 1.2
MEMBER LOAD

3 UNI GY -4.5
PERFORM ANALYSIS

Correct usage

toap 1
UBCLOADX 1.2
JOINT LOAD i "
IFYas i
LOABZ . ‘i el
UBCLOADZ1.2 .
MEMBER LOAD "*

FpaaooooooonnIny

Secuon § I 291

3 UNIGY -4.5

LOAD 3
SELFWEIGHT Y -1
LOAD 4

JOINT LOAD

IFX 45

PERFORM ANALYSIS

2) All load cases involving UBC Load generation musi be
provided belore the ANALY SIS specification. In other
words, multiple analyses in which the UBC load gencration
15 performed 1n the separate analyses is not permuticd.

Incorrect usage

LOAD 1

UBC LOAD X 1.2
SELFWEIGHT Y -1
JOINT LOAD

I FY -4.5

PDELTA ANALYSIS
LOAD 2

UBC LOAD Z 1.2
SELFWEIGHT Y -1
JOINT LOAD

3FY -4.5

PDELTA ANALYSIS

Caorrect usage

LOAD 1

uUBC LOAD X 1.2
SELFWEIGHT Y -1 N
JOINT LOAD

3FY-AS
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LOAD 2

UBC LOAD Z 1.2
SELFWEIGHT Y -1
JOINT LOAD
AFY-45

PDELTA ANALYSIS

»

3 REPEAT LOAD specificauon cannot be used for load cases
involving UBC load generanon. For example,

Incorrect usage

LOAD 1

UBCLOAD X 1.0
LOAD 2
SELFWEIGHT ¥ 1
LOAD 3

REPEAT LOAD
114212

PDELTA ANALYSIS

1) If UBC load generation is perfurmed for the X and the 7
dircctions, the command for the X direction must precede the
command for the Z direction.

Incorrect usage

LOAD 1
UBC LOAD Z 1.2
SELFWEIGHT Y- 1
LoOAD2 -~ .-
UBCLOAD X 1.2
SELFWEIGHT Y -1
PDELTA ANALYSIS
RWHLE - aoariy LT

B IIII00000Y

See
Sections
1.17.1 and
5303

Secuion § l 293

Correct usage

LOAD

UBC LOAD X 1.2
SELFWEIGHT Y -1
LOAD 2

UBC LOAD Z 1.2
SELFWEIGHT Y -1
POELTA ANALYSIS

Generation of Wind Load

The bwilt-in wind toad generation facility can be uscd to calculate
the wind leads based on the parameters defined in Section 5.31.3.
The following general format should be used 1o perform the wind

load gencration.

Geaneral Format:

-
(o

AD i

IND

i I
-
>
o
p————,
<[>
| SR
=
l*—i
0
m

Where
1 Load case number
X or Z Direction of wind in global axis system.

j Type number of previousiy defined sysiems

f The factor 10 be used 10 muluply the wind load. Negative
signs maybe used o indicate opposite direction of wind
(default=1.0)
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Example

DEFINE WIND LOAD
TYPE 1

INTENSITY 0.1 0.12 HEIGHT 100 200

EXP 0.6 JOI 1 TO 25 gy 7 29
TYPE 2

INT 0.1 0.12 HEIGHT 100 gbo
EXP 0.3 YR 0 500

LOAD 3

SELF Y -1.0

LOAD 2

WIND LOAD Z 1.2 TYPE 2

LOAD 3

WIND LOAD X TYPE 1

TO 37 BY 4 22 23

EREEEEEEEEEEEEEE

Secuon S

5.33 Natural Frequency Specification

See Sectinn
tIg3

Purpose

This command mav be used to calculawe the natural [requency of
the structure for vibraton corresponding 1o 1he general direction ol
deflection generated by the load case which precedes 1his
command. Thus. this command tvpcally tollows a load case.

General format:

CALCULATE NATURAL (FREQUENCY)

Description

This command ts specified after all uther load speaifications ol any
primary load casc for which the nawrai frequency 1s calculated.
I'his natural Irequency caleulation o based un the Rayleigh
seravon method. IF 2 (ull-scale eigenselution is required. the

T MODAL CALCULATION command 1sec nexl sectiont may he

used. Notc that an eigensolution ts automaiscally performed if 2
RESPONSE SPECTRUM s specilicd 1n anv load case.

Example

LOADING 1 DEAD AND LIVE LOAD

AREA LOAD

1 T0O 23 ALOAD -200.0

CALCULATE NATURAL FREQ

LOADING 2 WIND LOAD
In this exampie. the natural freguency for load case 1 will be
calcuiated. The vutput will produce the value of the natural
requency 1n cycles per second {cps), the maximum deflection
along with the global direction and the joint number where i

OCuUrs.

295
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5.34 Modal Calcuiation Command

This command is based on Rayleigh method of iteration. The
frequency calculaled estimates frequency for the mode shape that
corresponds 1o the static deflected shape gencraied by the loads in

the load case.
Purpose

This command may he used 10 vbtain a full scale cigensolution to
calculute refevant frequencies and mode shapes.

General Formalt:

MODAL {CALCULATION REQUESTED)

This command 1s typcally used in a load case alter all loads are
spectficd. The loads will be trealed as masses for eigensolutions.
Stauc displacements and forces will be calculated for the load casc.

This command must only be used for one load case. and can-not be
used 10 conjunclion with a response spectrum analysis fsee

SEERRREN

See Seciions Verification Problem No. 2 for sample implementation}. i
5 31 and
1183 Notes

The cigensolution iitiated by ths command will treat the loads
specificd 1n the load case as massces. The user s advised 10 specify

the loads keeping this in mind.
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5.35 Load Combination Specification

Section § | 299

Description

Purpose

This command may be uscd (o combine the resuits of the analysis.

The combination may be algebraic, SRSS and a combinanon of
both.

General format:
LOAD CQOMBINATION (SRSS) ia,
i1- f1- i2~ '2 "tru)
1 = Load combination number { any inicger smaller than

100000 thal 15 not Lthe same as any previously defined
pnimary load casc number.)

a = Any title for the load combination.
1j. 13 ... represents the load case numbers which are to be
combined.

f. I ...represents corresponding factors o be applied 1o loadings.
fgpss = Optional facior to be applied as a muluplying facior on the
combined result of the SRSS lead combinauon (see

examples below),

Notes

1) In the LOAD COMBINATION SRSS opuon. if the minus
sign precedes any load casc no., then that load case wiil be
combined algebraically with the SRSS combination of the
rest.

2) The total number of combinalion load cases cannol exceed
150,

Results from analyses may be combined both algebrmically and
using the SRSS (Square Rool of Summation of Squares) mcthod. .
The combination scheme may be mixed if required. Far cxample, in
the same load combination case, results from load cases m.ay be
combined in the SRSS manner and then combined algebraically
with other load cases. Refer Lo the following cxamples for

Mustravion -
Example

Several combination examples are provided 10 tlustrate the
posstble combinanion schemes -

Simple Algebraic and SRSS Combinations

LOAD COMBINATION 7 DL+LL+WL

107520753133
LOAD COMBINATION SRSS 8 DL+SEISMIC

-11.0204304

The first item above (LOAD COM BINATION 7) sliustratcs a
simple aigebraic combination. The second item (LOAQ .
COMBINATION #) i1lusiraics a pure SRSS load cOfnhmauon wn‘h
a2 default SRSS factor of 1. The lollowing combination scheme will

be used -

v= 1.0V T s LI+ 04 x L22+ 0.4 £ L3?

where v = the combined value and L1 - L3 = values (rom load cases
1,2 and 3.

Note that since a SRSS [actor is not provided, the deflault value of
1.0 is being used.
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Algebraic & SRSS Combination in the Same { oad Combination
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If the secondary cifccts of combined load cases is to be

e obtained through a PDELTA ANALYSIS, the LOAD
Example 1 COMBINATION command 1s inappropriate for the purpose, _
See the REPEAT LOAD command (section 5.32.11) for details.
0 NBINA S 3) Inaload combination specification, a value of 0 {zero) as a
LOAD COMBINATION SRSS 9

-10.7521.33242075 - . 4 .-

The combination formula will be as follows -

v=0.75x LI + 0.75—/1.3 xL22 #2492 xL32

where v = combined value
L2 & L3 = values from load cases 2 & 3.

In the above specification, noie that a minus sign precedes load
case 1. Thus, Load 1 is combined algebraically with the resull
obtained from combining load cases 2 and 3 in the SRSS manner.

load factor is not permitted. Ia cther words, a specification

such as

LOAD COMB 7
11352003 1240065 1.7

is not permiited. What happens 1s that due (0 1he way the ‘
program processcs the data, as soon as it cncounters a 0.0, it
siops rcading the data at the 0.0 and does not read any further.
Thus, in the above loading case, the results will consist only of
forces due 1o load | muluplied by a factor of 1.35. The
contnbution from 1.2 * load 3 and 1.7 * load § will not be

Note that the SRSS factor of 0.75 is applied on the SRSS there because the program simply did not read thosc dala.

combination of 2 and 3. | | |
| 6) All combination load cases must be provided immediatcly after

the last primary load case. . .
7} The maximum number of load cases that can be combined using

a LOAD COMBINATION command is 30.

Example 2

e

LOAD COMBINATION SRSS 10
10.75-20.5723 1.2 4 1.7 0.63

Here, both load cases | and 2 are combined algebrarcaily with the
SRSS combination of load cases 3 and 4. Note the SRSS factor of
0.75. The combination formula will be as follows.

v=075xLI +0.572xL2+06% 12xL32+ 1.7 x L42

Notes

1) This option combincs the results of the analysis in the specified
manner. It does not analyze the structure for the combined
loading.
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.36 Calculation of Problem Statistics
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Purpose

This command may be used for obiainn
Space requircd, band-widih info erc.

N
General format:

EBINT PROBLEM STATISTICS

Description

Thi . .
18 command provides an estimate of the hard disk space required

B rum statistics like sloTage

5.37 Analysis Specification

Purpose

STAAD analysis options include haear static analysis, P-Delta (or
second order analysis), Nonlincar analysis, and several types of
Dynamic analysis.

This command is used to specify the analysis request. [a addition,
this command may be used to request various analysis related data
like load info, slatics check info, mode shapes cte.

‘s‘e:r.iecnon :.‘:c:-:::‘ ﬁl: before actually runping i1, I is Parucuiarty General format:
i s e o, s comm Loso para
the PERFORM ANALYSIS co:;n:“s specifications and in place of PERFORM } STATICS CHECK
and. NONLINEAR (n) ¢+ ANALYSIS (PRINT {STATICS LOAD )
, MODE SHAPES

See Section
118

BOTH
A
POELTA (n} ANALYSIS (CONVERGE (m)) (PRINT LOAD DATA)

Where n = no. of iterasons desired (deflault value of n = ).

This command directs the program 1o perform the analvsis which
includes:

a) Checking whether all information is provided for the analysis:

b} Forming the joint stiffness matrix;

¢) Checking the stability of the structure:

d) Solving simultaneous equations, and

¢) Computing the member forces and displacements.

D) If P-Delta analysis is specificd, forces and displacements are
recalculaled, taking inlo consideration the P-Declta effect.

g) Non-lincar analysis will take the geometric non-linéarity as
well as Lhe P-Delia elfects into account (see Section |.18.2.2).
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h) [fa RESPONSE SPECTRUM 1s specified within a load case ar
the MODAL CALCULATION command 1s used, dynamic
analysis is performed.

1) In each of the "n” iterations of the PDELTA analysis, the load
vector will be modilicd to include the secondary effcct
gencraled by the displacements caused by the previous
analysis. +

There are two options Lo carry oul P-Delta analysis.

1} When the CONVERGE command is not speciflied: The member
end forces are evalualed by iterating “n” temes. The default
value ol "n”" is | (onc).

2) When the CONVERGE command 15 included: The member end
forces are evaluaied by performing a convergence check on the
joint displacements In cach sicp, the displacements arc
compared with those of the previous iterauon i1n order 10 check
whether convergence is aitained. In case “m" 1s specified, the
analysis will stop after that iteratiun even if convergence has
not been achieved. [T convergence 15 achieved 1o less than “m™
iterations, the analysis is terminated.

Example

Followings arc some ¢xample on use of the command {or P-Delia
analysis.

PDELTA ANALYSIS

PDELTA 5 ANALYSIS

PDELTA ANALYSIS CONVERGE
PDELTA ANALYSIS CONVERGE $
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Without one of thesc analysis commands, no analysis wijl be
performed. These ANALYSIS commands can be repeated if
multipic analyses arc needed at different phases.

Noic that 2 PDELTA ANALYSIS will correctly reflect the
sccondary effects of a combination of load cases only if they are
defined using the REPEAT LOAD specification (Section 5.32.11).
Sccondary cifects will not be evaluated carrectly for LOAD
COMBINATIONS.

if the PRINT LOAD DATA command is specificd, the program
will print an interpretation of all the load data.

PRINT STATICS CHECK will provide a summauon of the applied
loads and support reactions as well as a summation of moments of
the loads and reacuions taken around the ongin.

PRINT STATICS LOAD prints cverything that PRINT STATICS
CHECK docs, plus 1l prints a summation of ail internal and
external forces at each joint (gencrates voluminous output).

PRINT MODE SHAPES prints mode shape values at the joints for
all calculated mode shapes.

PRINT BOTH is cquivalent to PRINT LOAD DATA plus PRINT
STATICS CHECK.

PRINT ALL is equivalent lo PRINT LOAD DATA pius PRINT |
STATICS LOAD. .
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STAAD allows muluple analyses in the same run. Multipie
analyses may be used lor the following purposes:

1) Saccessive analysis and design cycles in the same run result in
opumized design. STAAD's hive reladional database
automaucally updates changes in member cross-sectionul sizes,
Thus the entire process 1s aulomaled.

Refer to Example 1 1n the Gewung Siarted & Examples manual
for detatled illusiration.

2) Muluple analyses may be used for load-dependent siruciures.
For example, struciurcs with bracing members are anaiysed in
several sieps. The bracing members are assumed to take
Tension load only. Thus, they nced to be activated and
inactivated based on the dircction of lateral loading.

The entire process can be modcled in one STAAD run using
multiple PERFORM ANALYSIS commands, The STAAD run
database automatically keeps track of results for different runs
and is capable of generating a design based on load
combinations provided.

Refer to Example 4 tn the Gelting Siarted & Exampies manual
for detaled 1ltusiratiun.

3) The user may also use Multiple Analyscs to mode! change in
other characieristics like SUPPORTS, RELEASES. SECTION
PROPERTIES etc.

4) Multipie Analyses may require use of additional commands like
the SET NL command and the CHANGE command.

5) PDELTA cffects are computed for frame members only. They
are not calculated for finite elements or solid clements.

Section 5 l Jo7

Change Specification

Purpose

This command is used to resel the stiffness matnx. Typicaily, this

command s uscd when muluple analyses are required in the same

run.

General format:
CHANGE
This command indicates that input. which will change the stiffness

matrix. will follow. This command _should only be used when an
analysis has alrcady been performed. The CHANGE command docs

the following:

a) sets the stiffness matrix (o sero. ' ‘
b) makes mcmbers active if they had been made inactive by a
previous INACTIVE command. and -

allows the respecification of the supports with another
SUPPORT command which causes the otd supports to be
ignured. The SUPPORT specification must be such that the
number of "releases” before the CHANGE must be greater than
or cglua] to the number of “relcases” alter the CHANGE. Acllso.
the supporls must be specificd 1n the same order before an

after the CHANGE command,

c)

Example

Before CHANGE

APINNED ... .
2 FIXED BUT FX MY M2
{4 FXED BUT FX MX MY MZ

Afier CHANGE
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1 PINNED 5.39

2 FIXED
3 FIXED BUT FX MZ

The CHANGE command is not necessary when only member
properties are revised to perform a new analysis. This 1s typically
the case in which the user has asked for a member sclection and
then uses the PERFORM ANALYSIS command Lo reanalyze the
structure bascd on the new member propertics,

Notes

1) 1 new load cases are specified after the CHANGE command
such as 1n a structure where the INACTIVE MEMBER
command s used, the uscr needs Lo define the total number of
primary load cases using the SET NL option {(sec Secuon 3.5
and Example 4).

2) Muluple Analyses using the CHANGE command should not be
performed if the input file contains load cases mvolving UBC
Analysis. Responsc Spectrum Analysis, Time History Analysis,
Wind Load Generation or Moving Luad Generaunon.

Su:uon;l 300
Load List Specification

Purpose

This command allows specification of a set of active load cases.
All load cases made aclive by this command remain acuive until a
ncw load list is specificd.

General format:

load-list
LOAD LIST

Description

This command is used (o activaie the load cases listed in this
command and, in a scase, decacuvate all other load cases not listed |
in this command. in other words, the luads lisied arc used for
printing culpul and in design for performing the specificd
catculations. Note that, when PERFORM ANALYSIS command is
used, the program internaily uses all load cases, regardless of
LOAD LIST command, cxcept after a CHANGE or RESTORE
command. In these 1wo cases, the LOAD LIST command allows the
program to perform analysis only an those foads in the list. [ the
LOAD LIST command 1s never uscd, the program will assume all
load cascs to be aclive.

Example

LOAD LIST ALL ’
PRINT MEMBER FORCES .
Loapustis - !
"PRINT SUPPORT REACTIONS

CHECK CODE ALL , .

T RN Y
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In this example, member forces will be printed for all load cases, Section 5 i n

whereas loading 1 and 3 will be used for printing support reactions
and code-checking of all members.

5.40 Section Specification

Notes

Pu 8€
The LOAD LIST command may be used for mulupie analyses v

siluations when an anralysis needs (o be performed with a selecred
sel of foad cases anly. Plcase note thart all load cases are

automalically aclive before a CHANGE or RESTORE command is
used,

This command 1s used to specily sections along the length of {rame
member (or which forces and moments are required.

General format:

MEMBER memb-list

SECTION f,,f, ... 15
(ALL)

Description

This command specifies the sections, in terms of (ractional member
tengths, at which the forces and moments are considered for further
processing.

See Sections
1.19.2,und
I.19 4

[y, [y ... [5 = Section (in terms of the fraction of the member length)
provided for the members. Maximum number of sections is §, °
including onc at the start and one at the end. In other words, no
mare than threc intermediate sechons arc permissible per
SECTION command.

Exampie

SECTION 0.0 0.5 1.0 MEMB 1 2
'SECTION 0.25 0.75 MEMB 3 TO 7
SECTION 0.6'MEMB 8. /. 7

[P

.-

In this example, first the members 1 ang 2 are set to section values
0f 0.0, 0.5, and 1.0, i.c. at the start, mid point and ¢nd. The
members 3 to 7 are specified by the next SECTION command
where sections 0.25 and 0.75 are set.

In the next SECTION command, member 8 has its section specified
at 0.6, The remaindcr of the members will have no sections
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provided for them. If no section value 1s given or any member, it s (13

defaults 10 0.0 and 1.0 (i.c. start and erd). For example, the siart
and cad forces of the members will be used for design, if no section
is specafied. As mentioned carlier, no more than three intermediate
sections are allowed per SECTION ¢command. However, if more
than three intermediate scctions are involved, they can be examined
by repeating the SECTION command, afier completing the required
calculations. The following exampic will clanfy.

5.41 Print Specifications

Purpose

This command is used 1o direct the program to print various
modcling information and analysis resuits. STAAD offers a number
ol versatile print commands that can be used to customize the

Example oulput.

I General format {or data related print commands:
SECTION 0.2 0.4 0.5 ALL

PRINT SECTION FORCES
SECTION 0.6 0.75 0.9 ALL
PRINT SECTION FORCES

-4

[JOINT COQRDINATES
MEMBER INFORMATION

ELEMENT INFORMATION SOLID (ALL)
MEMBER PROPERTIES

PRINT {MATERIAL PRQPERTIES } LIST list of items
In this example, first forces at 3 inicrmediate sections (namely 0.2, g—:‘IBPORT INFORMATION ::e"!‘ml nts,
0 4 and 0.5) are printed and then forces at an additional 3 secuons ALl

(namely 0.6, 0.75 and 0.9) are prinicd. This gives the user the
section forces at more than three intermediale scctions. General format to print location of cg:

Notes

1Y The SECTION command just specifies the sections. Use the PRINT ¢G

PRINT SECTION FORCES command alier this command to
print out the forces and momenis at ihe specificd scctions.

2) This is a secandary analysis command. Note that the anaiysis
must be performed before this command may be used.

General format to print analysis resulls:

(JOINT) DISPLACEMENTS

(MEMBER) FORCES

PHINT  (ANALYSIS RESULTS [ List-

(MEMBER) SECTION FORCES spec

(MEMBER) STRESSES

ELEMENT (JQINT) STRESSES (AT 1, 1;)

ELEMENT (JOINT) STRESSES SOLID

\MODE SHAPES - )

(ALL) .

List-spec = {LIST list of items-joints,

membenoralemm
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General format to print support reactions:

PRINT

—

1]
°

UPPORT REACTIONS

|

General format to print entire steel table:

A

n)

PRINT ENTIRE (TABLE)

Description

Noie that the list of items are not applicable for PRINT
ANALYSIS RESULTS, PRINT SUPPORT REACTIONS, and
PRINT MODE SHAPES command.

The PRINT JOINT COORDINATES command prings all
interpreted coordinales of joints,

The PRINT MEMBER INFORMATION command prints all
member information, including member length, member incidences
beta angles. whether or not a member 1s a truss member and the ‘
member reicase comditions ar start and end of the member
{1=released, 0 = net released).

The PRINT ELEMENT INFORMATION command prings all
ncident joints, clement thicknesses, and Poissan rauos for
Platc/Shell cicments. The PRINT ELEMENT INFORMATION
SOLID command prints similar informanion for Solid clemens.

The PRINT MEMBER PROPERTIES command prints all member
proprenies including cross sectional area, momenis of mertia, and
section modult in both axes. Units for 1he properties are always
INFIH or CM (depending on FPS or METRIC) regardless of the
unil specified in UNIT command.

The following designation is used for member property names:

AX - Cross section area

Secuon § ] ais
AY - Arca used 10 compute shear deformanion in local Y-axis
AZ - Area used lo compute shear deformation 1n local Z-axis
IZ - Momecnt of Inertia about the Jocal Z-axis
IY - Moment of Inertia about the local Y-axis
IX - Torsional constant
SY - Smailest secion modulus about the local Y-axis
SZ - Smallest section modulus about the local Z-axis

The PRINT MATERIAL PROPERTIES command prints all
malenal properties for the members, including E (modulus of
clasticity), G (shear modulus), weight density and cocfficient of
thermal cxpansion (alpha) lor framc members. This command is
available for members only.

The PRINT SUPPORT INFORMATION command prints all
support information regarding their fixity, releases and spring
constant values, if any. The LIST option 15 not available for this

command.

The PRINT ALL command is equivalent 1o last five print
commands combined. This command priats joint ¢oordinates,
member information, member propertics. material propertics and

support information, in that order.

The PRINT CG command prints out the coordinates of the cenier

of gravity of the structure. Only the selfweight ol the structure 1s

used (o calculate the C.G. User defined joint loads, member loads
cic. are not considered in the calculation of C.G.

The PRINT (JOINT) DISPLACEMENTS command prints joint
displacements in a tabulated form. The displacements for all six
directions will be printed for all specified load cases. The length
unit for the displacements is always INCH or CM (dcpending on
FPS or METRIC unit) regardless of the unit specified in UNIT
command.

The PRINT (MEMBER) FORCES command prints member forces
(i.e. Axial force (AXIAL), Shear force in local Y and Z axes
(SHEAR-Y and SHEAR-Z), Torsional Moment (TORSION),
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Moments about local Y and Z axes (MOM-Y and MOM-Z))in a
labulated form for the listed members, for all specified load cases.

PRINT ANALYSIS RESULTS command is equivalent 1o the last
three commands combined. With this command, the joint

displacements, support reactions and member forces, in that order
arc prinied.

v

)

The PRINT (MEMBER) SECTION FORCES command prints
member forces at the intermediate sections specified with a
previously input SECTION command. The prinung is done 1n a
tabulated form, by member, for all specified load cases.

The PRINT (MEMBER) $STRESSES command tabulates member
stresses at the start joint, end joint and ai] specified intermediale
sections. These stresses include axial (i.e. axial force aver 1he
arca), bending-y (i.c. moment-y over scction modulus in local y-
azis), bending-z (i.e. momeni-z over section modulus in tocal 2-
axis), shear siresses io both lacal y and ¢ directions (FY/AY and
FZ/AZ) and combined (absolute combinanion of axjal, bending-y
and bending-z) stresses.

For PRISMATIC sections, if AY and/or AZ is not provided, the
full cross-sectional area (AX) will be considered in shear siress
calculations,

For TAPERED secuions, ihe values of AY and AZ arc those for the
location where the stress 1s printed. Hence if the stress is printed
ai the location 0.0, the AY at AZ are based on the dimensions of
the member ai the start node.

AY = Total depth * Thickness of web.
AZ = 23 area of both flanges put together.

The PRINT ELEMENT STRESSES command must be used to print
siresses (FX, FY, FXY, QX, QY), moments per unit widih (MX,
MY, MXY) and principal siresses (SMAX, SMIN, TMAX) for
plate/shell clements. Typically, Lhe suresses and moments per unit
width at the ceniroid will be prinied. The Von Mises siresses
(YONT, VONB) as weil as the angle (ANGLE) defining the
oriealation of the principal planes are also prinied.
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The variables that appear in the outpul are the following. Sece
Figure 1.13 in Section | of this Reference Manual lor more
informatioa regarding these vanables.

Qx = Shear stress on the local X face in the Z direction

QY = Shear stress on the local Y face in the Z direction

MX = Moment per umit width about the locai X face

MY = Momenl per unit widih about the local Y face

MXY = Torsional Moment per unit wadth in the local X-Y plane
FX = Axial stress in the tocal X direction

FY = Axial stress in the local Y direction

FXY = Shear stress in the local XY plane

VONT = Von Miscs siress on the top surface of the element
VONB = Von Mises siress on the botiom surface of the element
SMAX = Maximum in-piane Principal siress

SMIN = Minimum in-plane Principal stress

TMAX = Maximum in-plane Shear stress o
ANGLE = Angle which determines direction of maximum principal
stress with respect to local X axis

{f the JOINT option is used, forces and moments at the nodal
points arc also printed ouws in addition (o the centroid of the
clement.

The AT oplion may be used to print clement forces at any s?eciﬁcd
point within the element. The AT option must be a.cco.mpamc'd by
[, and f,. Note thal [ and [, arc local X and Y coordinates (in
current units) of the point where the stresses and momenis are
required. For detailed description of the local coordinate system of
the clemenis, refer to Section 1.6 of this manual.

The PRINT ELEMENT (JOINT) STRESS SOLID command
enables printing of siresses at the center of the SOLH_) clements.
The variables that appear in the ouiput are the following.

Normal Stresses : §XX, SYY and SZZ
Shear Stresses : SXY, SYZ and SZX
Principal Stresses : 51, 82 and S3.

Von Mises Siresses : SE
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Direction cosines : 6 direction cosines arc printed lollowing
the expression DC, corresponding Lo the
first two principal stress dircctions.

The JOINT option will print out the siresses at the nodes of the
solid elements.

The PRINT MODE SHAPES command prinis joint displaccments
for all calculaied modes.

The PRINT SUPPORT REACTIONS command prints support
reaclions in a tabulated form, by suppon, for all specified load
cases. The LIST opuion 1s not available for this command.

The PRINT ENTIRE TABLE command may be used to obtain a
print-oul of the conients of the sieel 1able from which member
properties are being read. This command must be provided
lollowing the specificauion of all member propertics.

Exampie

PERFOAM ANALYSIS

PRINT ELEMENT JOINT FORCES

PRINT ELEMENT FORCES AT 0.5 0.5 LIST 1 TO 10
PRINT SUPPOART REACTIONS .

PRINT JOINT DISPLACEMENTS LIST 1 TO 50
PRINT MEMBER FORCES LIST 101 TO 124

Notes

1) The oulput generated by Lhese commands are based on the
curremt unit system. The user may wish to venfy the current
unit systcm and change it if necessary.

2) Results may be prinied for all jornis/members/clements or
based on a specified list.

:
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5.42 Print Section Displacement

Purpose

Thts command is used (o calcuiate and print displacements at
sections (intermediate points) of frame members. This provides Lthe
user with deflection dala between the joints.

General format:

NOPRINT
PRINT SECTION (MAX) DISPL (NSECT i) (SAVE a) ALL
LIST memb-list
Description
’ 1 This command prints displacemenis

at intermediate pornts between two
joinis of a member. These
RN EETARE PP ' displacements arc 1n globai
it [ coordinate direclions (see figure). If
: thec MAX command is used. the

1 hplaced /! program priats only the maximem
st . X
! 4 local displacements among all load
b ———
& N cascs.

1 = number of sections to be taken. Defaults to 12 if NSECT is not
used and also if SAVE is used.

a = File name where displacement values can be stored and used
by STAADPL graphics program. If NOPRINT command 1s
uscd in conjunction with SAVE command, the program writes
the data (o file only and docs not print them in output, The PC
version does nol need a filename and if one is provided, it will
be (gnored.
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Example
PRINT SECTION DISPL SAVE
PRINT SECTION MAX DISP
\ .
See Section :
1193 SECTION DISPLACEMENTS are mcasured in GLLOBAL

COORDINATES. The values are measured Irom the onginal
(vndellected) position 1o the deflecied position. Sce figure above,

The maximum local displacement is also pnnted. First, the location
1s determaned and then the value is measured from this locauon to
the ling jotning start and end jounts of the deflecicd member,

Notes

) The scclion disptacement values are available in Global
Coordinates. The undefMecied position is used as the daium for
. calcalating the deflections.
2} This s a secondary analysis command. An analysis must be
performed before this command may be used,
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5.43 Print Force Envelope Specification

See Section
1195

Purpose

This command is used 10 calculate and print force/moment
cnvelopes for frame members. This command is not available for
finite elements.

General format:

FORCE
PRINT ENVELOPE (NSECTION) list-sp.
MAXFORCE
LIST
list-spec =
{ALL)
Descriptian : I

Where 1 is the number of cqually spaced sections (o be considered
in printing maximum and minimum [orce cnvelopes. If the
NSECTION  command is omitted, i will default 1o 12,
MAXFORCE command produces maximum/minimum force values
enly of all seclions, whereas the FORCE command prnts
maximum/mimmum lorce values al every 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 scction 5.40) does not define the number of sections
for force envelopes. For the sign convention of force values, refer
to Section 2,19,
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Example : o 51323
5.44 Post Analysis Printer Plot Specifications

PRINT FORCE ENV . -
PRINT MAXF ENV NS 15

FRINT FORCE ENV NS 4 LIST3TO 15 Printer plots of the analysis results may be generated after the

analysis has been performed. Refer to Section 5.29 for the various
commands Lthal can be provided in the inpul file afier the

Notes
PERFORM ANALYSIS command.

iR R

A

This is‘ a sccondary analysis command and should be used aller
analysis specification.

=1
=3
=
Lo
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5.45 Post Analysis Graphics Display
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5.45.1 Display Deflected Shapes

This part describes input style to create plat files which can be

accessed by STAADPL for graphics display on screen or pen

plotters.
Purpose

This command creates a file with data contaiming the joint
displacements. This file must be creaied in the STAAD
analysis/dcsign run so that the deflected shape may he viewed in
the Post Processing graphics display in a later scssion.

General format:
PLOT DISPLACEMENT FILE

Description

This command creates the data required 1o display the deflected
shape for any load casc at any associated scale factor. The
deflected shapes are displayed by drawing the displaced positions
of joinis and connccting them with straight ines.

fagonong

Nates

1) Itis net necessary to have this command in the STAAD
analysis run 1f the deflecied shape 1s viewed in the same
session. STAAD's live “concurrent database” stores the
displacement dala {from the laiest analysis run which is
automatically utilized by the Post Processing module.

2) This s a post-analysis facility. Thus this command must be
used afler the analysis specification.
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3.45.2 Display Section Displacements m 5.45.3 Display Bending Moment/Shear Force

Purpose

This command creates a file with data contaiming the section
displacements. This file must be created in the STAAD
analysis/fdesign run so that the section displacements may be
viewed in the Post Processing graphics display in a laler session.

General Farmat:

PLOT SECTION FiLE

Description

Using the Scction Displacement command, the uscr can display the
section dispiacement lor any load casc with any associated scale
factor,

Notes

1}y It is not necessary o have this command in the STAAD
analysis run if the section displacement 1s viewed in the same
session. STAAD's live "concurrent database” stores the
disptacement data from the Jatest analysis run which 1s
automatcally uulized by the Post Processing module.

2) This is a post-analysis facility. Thus this command must be
used alter the analysis specilication.

m- Diagrams
1

Purpose

This command creales a file with data comaining the bending
momeni and shear force values. This file must be crealed 1n the
STAAD analysis run so that the bending moment and shear force
diagrams may be viewed 1n the Post Processing graphics display in
a later session.

General Format:

PLOT BENCING FILE

Deucriptiqn

Using this command, the user can creale necessary data to display
the moment and shear force diagrams for cither one/two members
or all members at a nme.

Naotes

1) It 1s not necessary to have this command in the STAAD
analysts run if the diagrams arc vicwed in the same session.
STAAD's live “concurrent database™ stores the necessary data
from the latest analysis run which is automatically utilized by
the Post Processing module.

2) This 1s a post-analysis facility. Thus this command must be
used after the analysis specification.
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3.45.4 Display Mode Shapes 5.45.5 Display Stress Contours

Purpose

This command creates 4 file with data comaining the mode shapes.
Thus file must be creared in the STAAD analysis/design run o that
the mode shapes may be viewed in the Post Processing graphies
display 10 4 later session,

General Format:

PLOT MQODE FILE

Description

Using this command the user can create the data regquired 1o display
the mode shape for any number 1 modes with 4 curresponding
s¢ale Nactor.

Notea

Iy [tis nm necessary to have this command 1n the STAAD
analysis run il the mode shapes are viewed in the same session.
STAAD S hive "concurremt database” stores Lhe displacement
data from the lajes: analysis run which 15 Jutematically unlized
by the Posl Processing module

This 1s a posi-analysis faciliy. Thus this command must be
used afler the anaiysis specification.

Purpose

This command creaies a file with dala containing the siress vajues.
This file must be created in the STAAD analysisidesign run so that
the stress contours may be viewed in the Post Processing graphics

display in a later session.

General Format:

PLOT STRESS FILE

Description

Using this command the user can display the stress contours (or any

load case with a corresponding scale faclor

Notes

1) Ity not necessary 1o have this command 1n the STAAD
analvsis runaf the stress contours are vicwed in the same
sC‘i\l-un. STAADS live "concurrent datahase” stores the “Tc.ss
data from the i.ncsi analysis run which s automatcally utilized

by the Post Processing module

2V This is a post-analysis faciliny. Thus this command must be
uscd after the analysis specilication.
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Purpose

This command provides an estinate for reguired secion properics
for a framyg member based gn certain analysis results and user
requirements, K

General Format:

* |WIDTH h

DEFLECTION f, MEMBER member-list
SIZE LENGTH fy

BSTRESS fe ALY,

SSTRESS fs

where,
Iy = Maxm. allowable width
1'1 = Maxm. allowable (Length/Maxm. local dellection) ranno
I3 = Length for calculaung the above rauo.
Default = actual member length.
[y = Mazm. allowable bending stress.
fs = Maxm. aliowable shear stress.

Note that the values must be provided 1n the curtenl umit sysiem.

Description

This command may be used 10 calculate required sccnon properiies tor

a member based on analysis results and user specified cruertas. The
user specified crierias may include Member wadih, Allowabie
tLengih/Maxm. Deflection) Ratio. Maxm. allowable bending stress
and Maximum allowable shear stress. Any number of these criterias
may he used stmultancously. The outpul includes required Section

Modulus (aboul major axis), required Shear Arca (for shear parallel to
minor axis), Maxm. moment capacity (aboul major axis)t. Maxm. shear

capacity (for shear parallel 1o munor axis) and Maxm. (Lengih/local
maam. deflection) ratio

s EREREE

iy
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Example

§IZE WID 12 DEFL 300 LEN 240 BSTR 36 ALL
§I1ZE DEFL 450 BSTR 42 MEMB 18 TO 25

Nole: o
{1 may he notwed that sizing will be based on only Lthe critena

specified by the user the relevani SIZE command.

In the first examplc above, s1zing will be based on user specified
member wrdth of 12, Lengih/Deflection ratio of 300 {where
Length= 240) and max. allowable bending siress of 36.

In the second example. s1£ing wili be based on Length/Deflection
ratio of 450 (where Length= actual member length) and max.

silowable heading ~iress of 42

Notes

This 1s 4 post-analyss facaility and must be used after the analysis

specificatiins,
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.47 Steel Design Specifications

This section describes all the specifications necessary lor structural
steel design.

Section 5.47 1 discusses specification of all the parameters tha
may be used 10 conirol the design. Sections 5 47.2 and 5.47.3
describes the CODE CHECKING and MEMBER SELECTION
oplions respectively. Member Seiccuion by optimization 15
discussed in 5.47.4. STAAD also provides facilities for Weld
Design which are described 1n 5.47.5.

#y

Purpose

5.47.1 Parameter Specifications

Su:uom 333

This sct of commands may be used 10 specify the parameters
required for steel design,

General format:

PARAMETER

0O
o]
m

parameter-name f,

L.

(AASHTO
AlSC
AUSTRALIAN

. | BAITISH

CANADIAN
FRENCH
GERMAN
INDIA
JAPAN
LAFD

(NORWAY

PROFILE a,, (ay, 3,) AL

Description

.‘

4

MEMBER memb-list

Parameter-name refers to the "PARAMETER NAME" {s) listed n

the parameter 1able contained in the Steel Design section.

For a list uf parameters for AISC Allowabie Siress Design, see
Table 3.1 of this manual. For a list of parameters for AISC LRFD
Design, sec Table 3.2. For steel design per ather codes, refer (o the
relevant documentaton,

{} = Value of the parameter,
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yee Section
.1 and

T e X

The user can control the design through specification of proper
parameter,

The PROFILE parameser ts available lor the AISC ASD code only,
The user can specify up 1o hree profiles (2|, a5 and a,). Prolile. as
described 1n Table 3 1. s the fitst three letters of an AISC steel
lable name. ¢.g W8X. WI2, C10, L20 ctc. The PROFILE
parameter-name 15 used unly for member sclection where membirs
are selecied frum cach of those profile names. The PROFILE for 4
T-secuon is 2 Weshape. Also. the shape specificd under PROFILE
has to be the same as that specificd initially under MEMBER
PROPERTIES Note that the PROFILE command can only be used
for the AMERICAN sieel 1able. CODE parameter lcts you choose
the type of steel code 1o be checked for design. The default steel
code depends on the country of distribution.

Exampie

PARAMETERS

CODE AiISC

KY 1S MEMB3I7TO 11

NSF 0.75 ALL

PROFILE W12 W14 MEMB 12 23
RATIO 0.9 ALL

Nates

Lv o Adbun sensinve values should be in the current unit syslem.

21 For defaubt values of the parameters, refer to the approprialc
parameter (abic.

3y PROFILE commaad is available with the Amcrican AISC ASD

code anly  I1 s not available with the LRFD or AASHTO
codes,

=
E=x
=
=

=

e i

‘|
]
i
|
]
(H
1
[l
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5.47.2 Code Checking Specification

See Seclion
13

Purpose

This command may be used to perform the CODE CHECKING
uperation, .

General format:

MEMBER memb-{ist
CHECK CCDE

AL

Description

This command checks the specitied members against the

specification af the desired code. Reter to Section 2 of this manual

for detailed nformauon.

Notes

The dutput of this command may be conwroiled using the TRACK

parameter Three levels of details arc available. Reler (o the
apprapriate Sieel Design section for mure information on the
TRACK parameicr.
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5-47.3 Member Selection Specification 5.47.4 Member Selection by Optimization

Purpose

This command may be used to perform the MEMBER SELECTION
operation.

General format:

: MEMBER memb-list
SELECT
AL

Oescription

This command instructs STAAD 10 select spectlicd members based
on the parameter value restrictions and specilied code. The
sclection ts done using the resalts from the most recent analysiy
4nd iterating on sections unnl a least weight size s obtained. Reter
to Secuon 2 for more detals.

Notes

i) The vuput of this command may be controtled using the
TRACK parametcr. Three levels of detads are available,
Refer (o the apprapriale Sicel Design section for more
information on the TRACK parameier.

2 Member selection can be done oaly after an analysis has
been performed. Consequently, the command 10 periotrm
the analysis has 0 be specified befare the SELECT
MEMBER command can be specified,

Purpose

This command performs member seleciion using an optimized
techaique based on muluple anaiysis/design ilcrations.

General format:
SELECT QPTIMIZED

Description

The program selects all members based on a state-of-the-art
optimization technmique. This method requires multiple analyscs as
well as iteration of sizes unuih an overall structure least weighl is
ubtained. This command should be used with caution since 1t will
require longer processing time.

Notes

Iy The output of this command may be conirolled using the
TRACK parameler. Three levels of details are available. Refer
te the appropriaic Stcel Design section for more information on
the TRACK parameter.

2) This command may require muluple iterations involving
analysis/design cycles and therefore may bc lime consuming,
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3.47.5 Weld Selection Specification

Purpose

This command performs selection of weld sizes for specificd
members.

General format:

MEMBER memb-jist

SELECT WELD (TRUSS)

A

Description

By ll.'us command. the program sclects the weld sizcs of the
specified members at siart and cnd. The selecuons are wbulared
with all the necessary information. If the TRUSS command is used
the program wili destgn welds for angle and double angic mcmhcr-i‘

allached to gusset plaies with the weld 4long the length of
members,

Notes

The weld size calculanon may also he controlled parametrically

For mlun_mlmn un available parameters, refer 1o the Appropriate
Stecl Desiga seciion,

Secuon § ] 139

5.48 Group Specification

Purpose

This command may be used to group members logether for analysis
and steel design.

General format:

(EIXED GROUP)
GROUP prop-spec MEMB memb-list (SAME AS i,}

AX = Cross-gsection area
prop-spec = 15Y = Section modulus in local y-axis
74 = Section moduius in local z-axis

Description

This command ¢nables the program (o group specified members
together for analysis bascd on their largesi property specification,
if member numher i, 15 provided in SAME AS command. Lhe
program will group the members bascd on the properucs of i), This
command 15 usuaily used after the member selection, where the
members can be grouped for further processing. [ the FIXED
GROUP opuon s used. the specified grouping will be retaned in
memory by the program and wiil be used in subsequent member
select vperations and the results of the "GROUPing™ will not be
seen unless 2 "SELECT MEMBILEER" uperation s performed.

Example 1

GROUP SZ MEMB 137 TOQ 1215
GROUP MEMB 17 T0 23 27 SAIA.E AS 30

In this cxample, the members 1,3, 7 to 12, and 15 are assigned the
same propertics based on which of these members has the largest
section modulus, Members 17 10 23 and 27 are assigned the same
properues as member 30, regardless of whether member 30 has a
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smaller or targer cross-secuonal area. AX is the detault property
upon which grouping is based.

Exampie 2

FIXED GROUP
GROUP MEMB 1 TO 5
SELECT OPTIMIZED

In the above cxample. the usage of the FIXED GROUP command 1s
tlustrated. The SELECT OPTIMIZED command iavolves the 3
slage process of

1y MEMBER SELECTION
1} GROUPing of members | TO 5
3 ANALYSIS

a muli:plc number of imes until a convergencs 1n member
properties 1s antained between adjacent cycles The FIXED GROUP
command iy required for exccution of step 2 tn the cycle.

Notes

This command 15 typically used aiter the member selection for
further anaiysis and design. This facility may be very effectively
utilized to develop a practically orienied Jdesign where several -
members need Lo be of the same size.

Secuon § ] 341

5.49 Steel Take Off Specification

Purpose
This command may be used to obtain a summary of all sicel
seclions heing used along with their lengihs and weighis.

General format:

STEEL (MEMBER) TAKE ( QFF)

Description

Fhis command provides a complete lisung . ateel
table sections used in the structure. The tabuiated histing will
mclude total length of cach section name and us total »cight. This
can be helpful in esumaung steel quantines.

The MEMBER opuion list cach member feng .. ... et WV
number. profilc-ivpe. length and weight.
Notes

This facility may he very effecnvely ut, “» shtatn 2 gquick
estimate ol the structural steel yuanuty.

HERRETTIEIINIIIG
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.50 Timber Design Specifications
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5.50.1 Timber Design Parameter Specifications

This section describes the specificanons required for timber
design. Detailed description of the umber design procedures s

available 1n Section 4. Purpose

This set of commands may be uscd [or specificauion of parameiers

Section 4.50.1 describes specification of parameters for umber Y ber d
or imber Jesign.

design. Sections 4.50.2 and 4.50.3 discusses the code checking and

member selection facilitics respectively
. General Format:

PARAMETER

CODE TIMBER
MEMBER member-iist
ALL

parameter-name f, {

Description

f, = the vatue of the parameter.
Note that the parameter-name refers to the paramelcrs described in
Section 4.

Notes

11 All valucs must be provided in the current unut system.

2) For default values of parameters, refer 1o Section +.
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5.50.2 Code Checking Specification

Purpose

This command performs code theching operation on specified
members based on the American [nstitule of Timber Caonstrucuan
(AITC) codes.

General Format:

MEMBER member-list
ALL

CHECK QQE

Description

This command checks the speeified members agansi the
requircments of the American Insute of Timber Construction
CAITCY cades. The results of the code checking are summarized n
4 labular formart. Examples and detaled explanations of the tabular
format are available in Secuion 5.

Notes

The vutput of this command may be controlled by the TRACK
parameter Two levels of details are available. Refer to Seclion 3
for deaailed informauon wa the TRACK parameter,

Section § I M5

5.50.3 Member Selection Specification

Purpose

This command periorms member sclection operation on spccnt!cd
members based on the American Institute of Timber Consiruction
(AITO) codes.

General Format:

MEMBER member-list

ELECT
SEL ALL

Description

This command may be used to perform member selection according
to the ALTC codes. The selection 1s based on 1hc results of th‘c i
latest analysis and iteratzons ar¢ performed uatil the Ica?l wc1g.hl
member suusfving all the appiicable code requirements 13 abtained.
Paramctcrs may be used to conirol the design Jl'ld the resuils arc'
available in 2 tabular format. Detailed cxplanations of the sclection
process and the output are available in Secuon 3.

Notes

The output of this command may be controlled by the TRACK
parameier. Twao levels ol detatls are available. Refer to Sechion 3
for detailed information on the TRACK parameter.
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. 1 Concrete Design Specifications
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5.51.1 Design Initiation

This section describes the specifications for concrele design. The
concreie design procedure impliemented tn STAAD consists of the

lfollowing sieps: Purpose

This command is used to imitiare the concrete design.
1) Imutaung the design.

2) Specifying parameters.

3} Specilying design requirements.
4) Requesung quantity take-off,

5) Terminaung the design.

General format:

START CONCRETE DESIGN

Description
Secuion §.51.1 deseribes the design rmination command Section

5.31.2 discusses the spectlication ol parameters. Design
requirement specifications are described $,51.3. The CONCRETE
TAKE OFF command is described mn 5 51 4. Finally. the design
terminaon command is described in 5 51.5

This command iniuates the concrete design specification. With
this, the design paramelers arc automatically set to the default
values (as shown on Table 4.1). Without this command. none of the
toilowing concrele design commands will be recognized.

Notes

This command must be present belore any concrele design
command 15 used

rryrrr ki krkkELE:
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5.51.2 Concrete Design-Parameter Specification ]
5.51.3 Concrete Design Command

Purpose

This se1 of commands may be used 10 specily parameters 1o control

the concreic design. '

Generai format:

’

CODE {FRENCH ¢

parameter-name f,

MEMBER memb/elem list}
(ALL)

Description

Paramcter-name refers Lo the ¢oncrete parameters described 1n
Table 4.1.

Y
I} = 1s the valuc of the parameter. Note that this value is always
tnputin current units. The UNIT command 1s also accepted
duniag any phase ol concrele design

Notes

1) All parameier values are provided 1a the current unst system.

1) For defauit values of parameters, refer to Section 3.

Purpose

This command may be used 10 specily the 1ype of design required.
Mcmbers may be designed as BEAM, COLUMN or ELEMENT.

Generai format:

BEAM
DESIGN COLUMN memb-list
ELEMENT

Description

Members to be demgned must be specificd as BEAM. COLUMN or
ELEMENT. Nutc that members. once designed as beam. cannot be
redewigned as a column again, or vice versa.

Notes

Only plate clements may be designed as ELEMENT.
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-.51.4 Concrete Take Off Command 551.5 Concrete Design Terminator

Purposa

Purpase
This command may be used Lo obtain an ¢stumate of the (owl

volume ol the concerete, reinflorcement bars used and their
respective weights.

This command must he gsed 10 1crminate the concrete design.

General format:
General Format:

END CONCRETE DESIGN

CONCRETE TAKE QOFF Description

h normal
Description

[ h
This command terminates the concrete design, after whic

5 C
. AAD cummands resume.
This commuand can be 1asued to print the ial voiume of concrete ST A

4nd the bar aumbers and their respective weight for the members

ample
Jdesigned, Examp

SAMPLE OLTPUT: START CONCRETE DESIGN

CODE AC)
¢ sxserensnserss CONCRETE TAKE OFF #tesvesssnanse FYMAIN 40.0 ALL
(FOR BEAMS AND COLUMNS DESIGNED ABOVE) FC 3.0 ALL
DESIGN BEAM 1 TO 47
TOTAL YOLUME OF CONCRETE = 87.50CUL.FT DESIGN COLUMN 912 TO 16
BAR SIZE WEIGHT DESIGN ELEMENT 20 TO 30
NUMBER (in Ibs) END

4 805.03
] 91.60 Notes | L be
8 1137.60 W ithout this command. further 5TAAD commands wiil no
9 653.84
t 818.67 recugnized.

**s TOTAL = 3506.74

Notes

This command may be used very cifecuively for quick quanuity
eshimalcs. -
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3.52 Foc. , Design Specitications

Purpose

This set of commands may be used to specify footing design
requirements. Sechons 5 52, through 5 32.4 describe (he process

of design imtianon. parameler specification, design command and
design tcrmination.

Description

This facality may be used 10 design isolated foolings for user
specified »upport joints. Once the *upport is specilied, the program
dutomacically wdenufies the support reachion(s} associatcd with the
Jornd. All active load cases are checked and design 15 performed lor
the support reaction(s) thas requires the maximum loaung size,
Parameters are availabic 1o comrol the design. Dowel bass and

development lengths are alsg calculated and included in the design
output, '

Design Considerations

The STAAD isolated {ooting design 1s based on the foilowing
considerations. :

1) The design reaction foad may include concentrated load and
biaxial moments.

The verucal reacuon toad 1s increased by 10% 10 account for
the sclfweight of the fooling,

3) Footing slab size 1s rectangular. The ratio between the length

. and the width of the slab may be controlled by the user through
a parameler,

4 Opuional pedestal design is avadable,

5} Footings cannol be designed a1 supports where the reacuion
tauses an uplifi on the fooungs.

Bll000ig
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Design Procedure

The loilowing sequential design procedure is followed:

i) Feouing size 1s calculated on the basis of the load dircetly
availabic from Lhe analysis resulls (support reactions) and user
specified Allowable Soil Pressure. No faclor is used on the

supporl reactions.

1) The foonng size obtained from 1} and the FACTORED LOAD

15 utlized to calculate soil reactions.

FACTORED LOAD = ACTUAL REACTION X Parameter FFAC

Note that the user may provide a desired value for parameter

FFAC.

31+ Fooung depth und remforcement detasls are based on soil

reactions calculated per 2) above,

1) Dowel bar requtrements and development lengths are
calculared and reported in the ouatpul.

Following parameters are avaiiable for fooung design.

Design Parameters

Parameter Default Description
Name Value
0 psi Yield strength for

- po.000p reinforcement steel.
FC 3,000 psi Compressive Strength of
- . Concrete.

3.0n. Clear cover for slab
CLEAR ' reinforcement.

9 bar Man resnforcement bar size
BENE Numoer lor slab design.
1.0 Load factor for concrete

Frac design.
BC 3000 pst Soi beanng capacrty.

RATIO 1.0

- Aatio between slab sides.
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Design Parameters Cont.

Description

1 0 =oniy numencai ourput 1s
proviged

2 0 =numencal output and
skelch prowided

The min depth of the tooung
base slab Program changes
this vaiue .f required for
design.

Size ot the footing base slab -
S1 and S2 correspond (o
column sides YD and 2D
respectively Eiher 31 or §2
or both can be speciied. If one
1S prowgedq, the other will be
calculateg based on AATIO 1t
both are proviged. RATIO will
be ignoreq

The depth of the footing base
iram the support point of the
column

Parameter Default

Name Value

TRACK 1.0

- DEPTH Calculated by

the program

§1,82 Calculated by
the program

EMBEDME 00

NT

PEDESTAL 0.0

Q 0 =no pedestal design

1 0 = pedestal design with
program catculating
pedeslal dimensions.

X1 X2 - pedestal cesign with

user proviged pegestal

dimensions. X1 ang X2 are

pedestal amensions

correspanaing fo slab sides S1

and 52 respectively

TR I

-—

14

Secnon 5 1 Ass

5.52.1 Design Initiation

Purpose

This command mus! be used (o intlialc the fooling design.

General Format:
START FQOTING DESIGN

Description

Thss command initiates the footing design specificanons. Without
this command, no further fooung design command will be

recogmzed.

Notes

No footing design specification will be pracessed without this

vommand.
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5.52.2 Footing Design Parameter Specification 5.52.3 Footing Design Command

Purpase
Purpose
This commanrd is uscd 10 speciy purameters that may be used o

control the footing destgn. This command musi be used to execute the looting design,

General Format: General Format;

(AMERICAN ) DESIGN FOOTING joint-list
BRITISH

CANADIAN
. CODE {ERENCH |
GERMAN
INDIA

JAPAN
NORWAY

JOINT joint-list

(ALL)

Description

This command may be used 10 specify the joints for which the
foonng designs are required.

Notes

The outpul of this command may be controlled by the TRACK
parameter tsec Section 5.5, If TRACK 1s set to the default value
of 1.0, only numenical vutput will be provided. [ TRACK 15 sel to
2.0, graphical vutput will be provided in addition.

. parameter-name I,

Description

Parameter-name refers to the parameters described in Scenon 3 32

Iy s the value of the purameter Note that this value should be in
the current unns, The UNIT command 15 atso accepled during
any phase of fouung design. i

‘
i

TR

1) All parameter values musi be provided in the current unut
syslem.

2) For defaull values of parameters. refer 10 the parameter table in
Section 5.52.
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START FOOTING DESIGN 5.52.4 Footing Design Terminator

CODE AMERICAN
UNIT KiIP INCH
FY 45.0 JOINT 2
FY 60.0 JOINT 5 :
FC 3 ALL D
RATIO 0.8 ALL
. TRACK 2.0 ALL
PEDESTAL 1.0 ALL
UNIT KIP FEET
CLEAR 0.25
BC 5.20 JOINT 2
BC 5.00 JOINT 5
DESIGN FOOTING 1 2 3 §
END FOOTING DESIGN

Purpose

This command must be used to terminate the footing design.
General Format:
END FOOTING DESIGN

Description

This command ierminates the fooling design.

Notes

I the {ooting design ts not termenated. no further STAAD
command will he recognized.
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.53 Misc&{neous Special Commands

Following are two special commands that may be used 1o control
the precision charactenstics of the siiffness matnx elements and
memory requirements for a particular problem.

Ser.umﬂ 361

5.53.1 Precision Command

Purpose

This command may be used 1o control the precision checking
charactenstics ol the structural suflness marix,

Description

The global suffaess matrix of a correctly modeled structure is
always 4 symmetric matnx with positive ¢lemenis on the main
diagonal. Negauve or very small positive clements are usually a
result ul incorrect modeling resulting in an ibf-conditioned stiffness
mainx. In STAAD, all stiffness coeflicicnts numencaily less than
) 01 arc identified as pussible sources of 1nstabslity and 2 warning
message 1s issued cautioning the user. [n certain special siuations.
these sttToess coelficients may represent accurate numbers. To
chiminate the warming message :n thesce circumstances, the
PRECISION ¢command may be used 1o reset the value against which
the coctficients are checked. This command should be positioned
acar the beginming of the input lile.

General format:

PRECISION {1,

where. [} = number against which stilfness
coclficients are checked.
(default = 0.01)

HITHIH

Notes

This command should be specificd before the JOINT
COORDINATES specificalions.
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Purpose

This command may be used to control the memory requirement in
the case of a CORE OVERFLOW problem.

Description

This command may be uscd 1n a CORE OVERFLOW suwanon to
decrease memory demand by the problem. A defzult value of 16000
is preset in the program A number lower than this may decrcase
mcmory requirements. Problems requiring mare memory possibly
can be solved using this command. Use of this command will result
in slower execution. Thus. caution should be exercised in using this
command. Incrcasing ihe number may resull in laster exccution f
resources arc availablc This command should be placed near the
beginning of input.

Genaral Format:
INPUT MEMORY {1,

where 1, = number representing memory avalahle
{defauli= 16000 for PC version)

Notes

1) This command should be specified before the JOINT
COORDINATES specificanons.

1} The value of {; may be specified as ¢ero. The command INPUT
MEMORY 0 will result 1n minimum possible core memory demand
by the problem. Howcver, the user is cautioned in s use as this
will reduce Lthe speed of exceulion. Thus, one should consider
using this command only when a CORE OVERFLOW message has
appearcd and all other means of reducing the core memory demand
have been exhausied.

Sﬂ:unoslm

5.54 Save Specification

Purpose
This command may be used 1o save run data and analyucal results
for {urther processing in a later run.

General format:
SAVE (ay.8,)

Description

a; = Name of the file in which the analytical results and daia will
he saved. Any name up lo iwelve characters, starting with an
aiphabeue character. 1s accepted.

1. = Name of a second lile 1 which the load data will be saved.

i Any name, diffcrent from the first up (o twelve characters,
starting with an siphabetic character, 1s accepted.

Notes

{l the file names are not provided, data will be saved in tiles called

TEM! and TEM2 respecuively.
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3.55 Reswre Specification

Section 5 { 365

5.56 End Run Specification

Purpose Purpase
This command may be used 10 restore the run data saved by the

This command musl be used 1o terminate the STAAD run,
SAVE command.

Al

General format:
General format;

FINISH
BESTORE (a,, ay)

o Description
Description This command should be provided as the last input command. This

4y and a, are the same Jilenames 4y specified n the SAVE rerminates 4 STAAD run.

specificaton. This command is used 1o resiore 4 previous STAAD
run which was saved with the SAVE command. If the names 4y and
3; are leit oul, the program will assume the namcs TEMI and
TEM2 respectively. Su a run saved with no filename can he
restared 1n the same manner by providing no filcnames with the
RESTORE command.

Example

STAAD SPACE TITLE
RESTORE FILE1 FILE2

Notes

1) This command will aiso recegnize the default file names
TEM] and TEM2.

[ ]
=3
=3
=3
=3
ama
e
o |
=
=
[ -

1

Ay ] Operaitons involving linite elements cannot be perfurmed
with 1he restored file.
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STARDYNE Advanced Analysis

Section B

6.1

Introduction

STAAD/Pro offers two analysis cagines - STAAD and
STARDYNE. The STAAD analvsis engine has been described in
section | of this manual. The STARDYNE analysis engine is
discussed 1n this section.

STARDYNE was the first commercially available finite element
Jnalysis sofiware far dynamic analysis and has been o use
throughout the world for over 30 years. STARDYNE offers the
structural analyst a reliable and casy 10 use method o solve any
problem 1n ~tatic and dynamic analysis.

This section of the manual contains a general description of the
analysis capabiliues available in STARDYNE. Delailed command
lormais and other specific user information 1s the same as in
STAAD enginc (sec Section 5). In addinon, several analysis-
related oplions may be specified just before the Analysis is
performed. For caplanation of thesc opuions, please refer to
Section 3 of the STAAD Graphical Environment manual.

The objective of this section 1s to Tamiliarize the user with the
basic principles involved in the implementation of the various
analysis capabilities.
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6.2 Input Generation — STARDYNE

Input is generated through the STAAD/Pro medel gencrafion
lacilivies. Please reler o the STAAD Graphical Environment
manual for detasied descniphion,

6.3 Types of Structures - STARDYNE

3.4 Unit

A STRUCTURE can bhe defined as an assemblage of clements.
STARDYNE 15 capable of analyzing siructures consisiing of beam
clements. plate/shell clements, subd clements. and/or matnix

clements. Almost any type of structure can oe analyzed by
STARDYNE,

Systems — STARDYNE

The STARDYNE unalysis may be conducted 1n any consistent
unsform unit system. STARDYNE iniermediaie vulput files
nspecied. will be tn a consisient unil sysicm chosen in any
consistent uniform unit system. STAAD/Pro provides a seamicss
translation to and from the anaiysis modules o that the user aced
nol be concerned with the upit sysiem used 1a hy the translator,

~d Structure Geometry and Coordi;nate
Systems-STARDYNE

A structure is an assembiy of individual physical compaonents such
as beams, calumms. slabs, plaies ete.. {a STARDYNE, the linite
clement model will consist of those physical componeats being
subdivided into one or more finile clements per component.

Typically. modeling of the structure geometry consists of two
sleps:
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A. ldentificauon and descniption of nodes.
B. Modeling vi clemems through specilication of
connectivaty (incidences} between nodes.

Nole that subdividing 1ndividual physical components, such as an
I-beam. 1nte several beam {imte clements may improve the
dynamic response 4nd sumetimes improve static response as well,
Sa the user should not think that there must be a one foe
correspundence between physical componeats and the finite
clements,

STARDYNE uses two (ypes of coordinate systems to defline the
structure geometry and loading patterns. The GLOBAL coordinale
sysiem 1» an arbitrary coordinaie sysiem in space which 1s utilized
1o specily the averal]l gcometry & loading pattern of the siruclure
A LOCAL coordinale svstem 15 associated with cach element and
15 utilized 1n clement autpul or local load specification.

6.5.1 Global Coordinate System

I'he Convenuonal Cartesian Coordinaie Sysiem 1s used for
specification of the strycture seametry. This coordinale system is
a rectangular coordinate system (X, Y, Z) which lollows the
orthogonal right hand rule  This courdinate system may be used 10
deline the node locatians and loading direcusons. The translational
degrees of [reedom arc denoted by uy, us, uy and the rolational
degrees of freedom are denoted by uy, us & vy .

6.5.2 Local Element Coordinate System

A local vooerdinate system s associated with cach element. The
local © axis 1s from the [irst node 1o (e second node for cach
clement type. A third node defines the planc containing the
orthogonal locai v axis and its positive direction. The local 2 axis
1s brihogonal to x and y and posilive by the right hand rule.
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The bera angle method ol specifying the beam clement local
sysiem s delined in the Beam Glement wwopic.

¢ 5 Finite Element Information - STARDYNE

STARDYNE includes beam, plate/shell, spring, and matnix linite
clements. The features of cach is explained betow.

6.6.1 Plate/Shell Element

The Plate/Shell linite ctement is based on the hybrid element
formulation. The element can be 3-noded (iriangular) or 4-noded
13-4 node, 1suparametne, hybnd, axisymmeine. composiie)
{quadnlateral). [T ail the four nodes of a quadnlateral clement do
a0l lic on une plane, 1115 advisable 10 model them as inangular
clements. “Surface struciures” such as walls, »labs, plates and
shells may be modeled wsing finite clements. The user may also
use the clement for PLANE STRESS action only

Plate Geometry Modeling Considerations
The lollowing geomeiry relaicd modeling rules should be kepl in
mind while using the plaie/shel) element:

1) While assigmng nodes 10 an clement in the input data, 1t is
cssential that the nodes be specified either clockwise or
counter clackwise .

2) Element aspect rauo should not he cxcessive. They should
be on the order of 11, and preferably less than 4:1.

3) Individual elements should not be distoricd. Angles
between two adpacent element sides should not be much
larger than 90 degrees and never larger than 180,

Plate Element Load Specification
Following luad specificauons are available:

1) Lincarly varying pressure on element surface in local
directions.,

Scenon 6_] ¥
2) Temperailure load due 10 uniform increasc or decrease of

temperatuse.
3) Temperature load duc 10 difference in 1cmperature between
top and botlom surfaces of the clement.
41 Also, Density needs 1o be provided if sclfweight 1s
included 1n any load case.

Triangle Plate Theoretical Basis
Two types of triangular plates are availabie:

ty A lincar curvaturc compauble tnangle which simulates
thin plate behavior (without consideration of transverse
shear effects) for non-sandwich siructures;

2) the "Marun” clement which simalates thin or thick plate
behavior 1n a4 sandwich or homogencous (soiid) siructure.
Sandwich Core thnckness and G flor the transverse shear
are addinonal 1nput options. The "Marun® ptaic muslt be
used when transverse shear clfecis and/or transverse shear
stresses are desired in a3 nede element A denser nodal
mesh s desirable with this clement,

Lincar, ¢lasiic, and homogencous or sandwich.

Small Jeformatuons

Constanat strain tlincar vanation of displacement) lor in-plane
(both TYPES) and "Marun” piate bending clement.

Narmal stress (0,) is neglected. {Thin shell theory.)

No coupling of 1n-plunc and bending action.

The displacement of a wriangular plate element is defined by
three translations and iwo rotations at cach corner of the plate.
5 equations (dol) per node.

Orthotropic propertics with axis angle from principal
directions 10 local axes. ‘

Quadrilateral Plate Theoretical Basis
Several 1ypes of quadrilateral plates arc available

1Y QUADB. QUADS A standard 3-4 node isoparametric
inplane element with “bubble” funcuons.
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2) QU.KDA. A standard 3-4 node 1soparametric wilh
“bubble™ lunctions or hybrid axisymmetric element. The
crtire mode! must consist of QUADA elements 1 used and
the model defined in the X-Y plane with X being radial
{positive only) and Y being longitudinal, 2 DOF per rode.

3) QUADB. A bending piate based on 4 lincar curvatare
compalible iriangles around a centrowdal node with 11 dof’
per tnanglc in bending which simulates than plate behavior
(without consideration ol transverse shear eifecls)

4) QUADS. A hybrid meihod Mindhin thick plate for bendiny
with transverse shear energy included.

5) QUADH. A hybrid method thin plate for in-ptane and
bendiny.

6) QUADC and QUADCM. A hybrid meihod thick plaie for

in-planc and bending of composite orthotropic mulu-ply

tlemenis, QUADCM tormulation suppresses the internal
kincmatic modes of deformations i the clement. The

Tsai-Wu failure theory criterion can be calcalated. Upta

100 layers (plys) may be defined.

¢ Lincar, ¢lasuc, orthotropic

* Small deformalions.

» Normal siress 19,) 1s neglected.

¢ Nocoupiing ol in-plane and bending action.

* The displacement of a quadnilaieral plate element 1s defined by
three translauens and two rotations ut cach corner of the plate.
5 cquanions tdol) per node,

* Orthowropic properuies wilh axis angle from principal
directions to local axes.

Plate Element Local Coordinate System
From node JA 1o node JB 15 the local x-axis with ongin at JA.
The IC node lies 1n the x-y planc and is on the positive y side of

the x axis. The local z-axis is fuund by the right hand rule from x
and y.
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Plane Strain Analysis

If the user wishes 1o use STARDYNE in an in-plane only,
isotropic. planc strain analysis, the material properties (_E. POIS12,
ALPHA1) specified for the in-plane triangles and quadrilaterals
must be modified as lollows:

E,
E =r—7
(1-7R,)
PR,
T

:\LPHA1 = r\LPHAa (1 + PRa)

Where: ) _
Ey Actual Modulus of Elasticily

PR, = Actual Poisson’s Ratio
ALPHA, = Actual Coefficient of Thermal Expansion.

and
E,. PR,, and ALPHA, are the values 1o be entered wn the matenal

praperty table Tor the planc sirain analysis.

Qutput of Plate Element Forces
Element oulputs are avalable at the following locations:

A. Ceniter of the elecment
B. All curner nodes ol the clement.

Foliowing arc the items included in the ELEMENT FORCE oulpul.

QX. QY Shear stresses (Force/ umit len./unit 1h.k.)

FX.FY.FXY Membrane stresses (Foreefunit len.funit thk) .

MX, MY, MXY Bending moments per unit width (Moment/unit
’ len.)

SMAX, SMIN Principal siresses (Force/unit area)

TMAX Maxim. shear stress (Forcefunit area)

VONMISES stress {Forcefunil area) =

SQRT{ 0.5 * [(S1 - S2)**2 +(S2 - §3)%*2 +(83 - S1)**2 ] }
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2 . H
S1, 82, 83 are principal stresses. Section 6 | 375

ANGLE Orientanion of the principal plane {Degrees)

Noles:

I Alt element force outpul is in the local coordinate system,

1. Principal stresses (SMAX & SMIN). the maximum shear sircss
(TMAX) and the orientation of the principal plane (ANGLE)
a1¢ also printed for the top and bottom surfaces of the
ciements  The top and the botom surfaces are determined un
the basis of the direction of the local £-Axis.

J.- Solid Element

Sohd ¢lements cnable the solutton of structural probiems involving
general theee dimensional siresses. There 15 &4 class ot problems
such 3 stress distribution in concrete dams. soul and rock strata
where finue element analysiy using solid clements provides a
powcrtul 1onl,

Solid Element Theoretical Basis

Thc volid element used in STARDYNE 18 an eight node
IsGpArametne type or opuonally hyhnd type. The isoparamerric
lype ts the same as in STAAD wuth the addiiion of 3 “hubbic
functions™ wo improve shear hehavior. These elemenis have three
translanonal degrees-of-frecdom per node. By collapsing various
nodes together, an esght node solid clement can be degenerated 10
an clement with Tour 10 seven nodes.

Solid element Lacal Coordinate System

The local coordinaie system used in solid clement 15 the same as
the global sysiem. hawever siresses may be presented as if JA-JB-
JC nodes defined a local system (sce plate local coordinale
system),

Solid element Properties and Constants
Full 3-D orthotropic properucs may be used. Also, Density needs
to be provided if sellweight 1s included in any load case.

Output of Solid Element Stresses

SRR SRR ERERRE

Glement stresses may be obtained at the center and at the nodes of
the solid element. The ilems that are prninted are :

SXX,SYY and S22

Shear Stresses. SXY.SYZ and SZX

Princtpal siresses: S1, 52 and 33

Von Mises siresscs: SE

6 direclion vosines are printed, following
the ¢xpression DC, correspoading to the
first two principal siress directions.

Nurmal Stresses:

Dircction cosincs:

Hybrid Element Formulation, Plate or Solid
(STARDYNE)

In the classical displacement formuiation, simplc polynomals are
used (0 inerpulate nodal vanables internal 1o the clement. For
crample, 3 unil nodai displacement o the x direction, induces
displacements (£1.8) in the « direction 1nswde of the etement.
From these interpolaied displacements the sirans can be found,
Then, using the material consiants. the clement nodal stiffness
cuelTicients and stress matrices can be computed.

In the hybrid formulanon two sels of interpolation funclions are
used. The first 1o mierpolate displacemenis along the element

boundary and the second 10 interpotate siress Nclds inside of the

clement. Conseguently, shere 15 a rather complex relanonship
hetween the nodal displacemenis and siresses inside of the
clement. STARDYNE otfers a choice hbetween the classicai
displacement and the hybrid clememts. The QUADH header
sclects the hybnd quads and CUBEH sciects the hybrid cubes.

Hybrid elements, in general, yield slighuy betier'accuracy if they
arc only slightly distorted rom reciangular or parailelogram
shapes. If there are arcas in the model whére severely distorted
¢lements must be used. sclect the QUADB and CUBEG types.

The classicat displacement clements converge to the correct
answers “from below” This means that as the finue element mesh
gets denser the model gets more (exible and approaches 1o the
corrcel answers {assuming that loads and boundary conditions are
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unchungcd)‘. The hybrid elements, on the other hand, can converpe

cither from above or below  All of the linite elements in
STARDYNE arc convergent.

.3 Matrix (General Spring) Element

Matrix clemenis are direct additions 1o the Global Stiffness mairix
or Mass mairix. The user specifics the node incidences and the
mainx values.

Matrix element Local Coordinate System

The local coordinate sysiem used 1n the matrix element 1s the same
as the global system, however siresses may be presented as il JA-
1B-IC nodes denined a local sysiem.

Matrix element Properties and Constants
None needed.

Output of Salid Element Stresses
Element forces may be obtained at the nodes of the mainix
clement.

.4 Beam Element

The beam element is assumed Lo be strarght 2 node clement of
constant doubly symmetric cross-section. The beam 1s capahic of
resisting axial Vorce, bending moments about the two principal
axcs (coincident with the beam local axes), and iwisting moment
about the centroidal axis. The stiffness properties for a uniform
beam clemenit arc denived from the differential equanons for beam
displacements in the enginecring beam theory. Lateral deflection
is the sum of displacement due to bendiag strain and the
displacement duc to shearing strain {computed using cifeccuve
shear area and G).

The beam element is really the sum of 4 uncoupled elements,
axial, 1orsion, shear & bending in x-y, and shear & bending in x-2.
Any combination can be creaicd via member releases, or seuing
cross-section properties 1o zero, or TRUSS, clc. options.
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Section G—I n

Assumptions

¢ Lincar. clasue, homogencous,

*  Small strains and dispiacements.

* Plane scetions remain plane.

* Nocouphing of axial. tarque and bending.

*  Shcar deformation are included.

*  Gceomelric and elastic propertics constam alung length.

Beam Local Coardinate System Definition - The beam clement
tocal system are specified the following 1wo methods:

STAAD Beam clement Beta Angle

The relationship between the local and global coordinate sysiem is
defined by an angic measured in the following specified way. This
angle will be defined as the beta (B) sagle. When the lacal x-axis
1s parallel 1o the global Y-axis, as in the case of 2 columan in a
structure. the beta angle 1s the angle through which the local z-axis
has been rolated about the local x-axis from a positien of being
parallel and 1n the same posiuve dircction of the global Z-axis.
When the local <-axis is not parallel 1o the global Y-axis. the bela
angie is the angle through which the local coordinale sysicm has
been rotated about the local v-axis from a4 position of having the

“local £-avis paralicl to the giobal X-Z plane and the tocal y-axis in

the same positive direction as the global Y- axis.

Beam element Reference Point

An alternative o providing the beam element orientation is to
put the coordinates of an arbitrary relerence point located in the
clement x-y plane but not on the axis of the ¢clement. From the
location of the reference poin. the program automaucally
calculates the anientation ol the element x-y planc.
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4.1 Beam Element Prismatic Properties 6.6.4.5 Tension - Only Elements

Same as STAAD Analysis enginc.
STARDYNE docs not have a ension only element.

i.4.2 Tapered Beam Elements 6.6.4.6 Cable Elements

Properties of tapered beam clements may be specified. Given key
scchion dimensians, the program is capable of calculating crosa-
sectional propertics which are subsequently used in analysis. m
Tapered beam clemenis may not have beam clement loads applicd

other than seifweight lumped a1 cnds.

STARDYNE does not have a cabic clement.

6.6.4.7 Beam Element Offsets

m Some beam elements may not be concurrent with the ncident

; i . ' des hereby creanng offscts. This offset distance is specified in
.3 no y

Plpe and Elbow Beam Elements terms of global cuordinate system ti.e. wlobal X. Y and Z distance

fintiy irom the incident node). Sccondary forces inducced. due to this

Properiies of prpe. pipe tee. and ¢lbow heam elements may be .
. X \ atfset gonncction, are 1aken 1nlo account in analyzing the struciure
specified. Given key section dimensions, the program s capable

- ‘ and also Lo calcuiale the individual clement forces. The new offset
of calculaning crossiscctiongl properiies which are subsequently

o centroid of the beam clement can be ai the start or end incidences
used 1 anatysis. Pipe tee and ¢lbow beam elements may aoi have .
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
:hat clement will always be from the new offsel points.

heam clement loads applicd mber than selfweight lumped at the
ends and enclosed hiquid werght lumped at the ¢ads. The elbow
may vpuonally sllow the calcuiation of hending Neabihty '
increase due to thin wall avalizanen (winle considering the L
oot
vpposing effect of internal pressure) to he computed. \
i

6.7 Rigid System of Nodes — STARDYNE

~+.4 Beam Element End Releases ST ARDYNE provides for ngid systems similar 1o STAAD's

master/slave aption with all degrees of freedom (Fx, Fy. Fz, Mx.
My and Mz) provided as constrmmts. The nodes of a rigid system

momenis. Beam clements are assumed (o be ngidly framed into m .
N ¢ 45 gudly will be assumed 10 be ngidly conaccled. Rigid sysiems are

STARDYNE allows releases (or beam clement end tforces and

nodes in accordance wilh the structural type specified. When this
fuli rigidity 1s noi applicable. individual (orce components at
cither end of the element can be set w0 zero with element release
slatements. By specifying release compoenents, tndividual element
degrees of frecdom are cemoved from the analysis. Relecase
compenenis are given 1n the local coordinate system {or cach
clement.

delined using beams wath the ngid beam property specified.

The Rigid Beam can be used 1o model those elements of a
structure which are very suff in relation to ghe Lotal structure. One
or more rigid beams form a Rigid Sysiem.

The highest numbered node in cach nigid system (independent
node} will remain a pan of the elastic siructural model. The
remaimng nodes in each rigid system (dependent nodes) will not
he represented i the stiffness matrix for the elastic model.
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Howeve., .o any stanc loads arc applicd o these dependent nodes.
they will be correctly transterred wo Lhe elastic model.

In the nodal equilibrium check. forces and momenis will appear
thosc nodes contatned 1n 3 ngid system. A free-hody analysis of
the ngid system will indicate tha these lorees and moments will
be in stane eqguihbrium with the exicrnal loads acting on the rigid
sysiem. :

Material Constants - STARDYNE

The matenal constants are: maduli of elasucity (EL. E2, E3):
wcight densiiy. Possson’s rato (POIS12); coefficients of thermal
expansion (ALPHAL1.2.3). G112, G23, G311, composile damping
coctficient. and composiic clement faslurg critcrion constants.

Weight densaty 1s used i1n statie analysis when selfweight of the
sirucLure 1s 1o be taken into account and 1n dynames to calculaie
the nodal masscs.. Poisson » ratwo (POIS ) 2) may be used 1o
calculate the shear modutus (G12), 1t G12 15 lett blank, by the
formula,

GI12=035 ¢EN1 » POISI2)

Cocfihicicnis of thermal expansion (ALPHAL2Y) arc uscd to
caleulate the ¢xpansion of ihe elements 1 wemperatire loads are
applicd. The wemperature unit tor temperature load and ALPHAS
have to be the same. ‘

The material constant directions are assumed to be principal
dirccuons. For beams the matenial axes arc the beam local axes.
Four solid elements the material axes are the global azes. For plaic
elqincnls. the material axes ire the same as the local plate axes
unless an axis angle 18 specilied for a plate.

Scciion 6
6.9 Supports - STARDYNE

STARDYNE allows specifications of supports that are parallel as
well as inclined to the global axes. Each of the possible six nodal
support directions may be resirained or released. Boundary node
supputt dol lucanons must be specified in order to impose known
Jisplacements at those locanons in a static analysis. The aciual
displacement 1s specificd 1n cach load case input.

6.10 Loads (STARDYNE)

Loads in a structure can be specificd as node load or temperature,
and clement foad or temperature. STARDYNE can also gencrate
the self-weight of the structure and usc it as uniformly distnbuted
clement loads 1n analysis. Any multiple of this self-weight can
alsa he appited 11 any desired direction,

6.10.1 Node Load

Nade loads. forces & moments or lemperature, may be applied 10
"any tree nude of 4 structure  These loads act n the global
coordinate system of the siructure. Positive forces act in the

pastive coordinate directions. Any number of loads may be
apphied vn a singie node. in which case the loads will be additive
un that node,

It docs not mauter winch type or iypes ol clements are connected to
the node except that 1f the eclements cannot carry loads in that
direction, the load in the unsupported direction will be ignored.
Loads at suppurts will not coninbute 10 defermalions or element
resulls,
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coellicient of thermal expanston. alpha, for the maiterial

u.2 Element Loads

Beam Element Load

of the clement must be provided lor computation of these
¢ffects. Orthotropic properiies permitted. Temperatures
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Three 1ypes ol loads may he applied dircctly 1o beam celements in 4
sttucture . Thesce loads arc unifurmly disiributed loads,
concenirated loads, and hinearly varying loads (including
trapezosdal). Uniform loads act on the full or parual length of a
beam clement. Concentrated loads act at any intermediale,
specified poini. Linearly varying loads act over the full length of
a beam clement, Trapesmidal linearly varying ioads act over the
full ur parual length of a beam ¢lement. Up 1o 10 load
deseripuans may be specified (o act upon 4 beam clement in any '
independent loading condinon. Beam element loads can be
specified in the cdlement coardinate sysicm or the global coordinare
system. Uniformly disiribuied clement loads provided in the
glebai coordinaie sysiem mav he specified to act along the full ur
projecied element length. Posiive forces act in the positive
coordinaic directions. local or global. 3s the case may he.

Temperatures may be speciticd on 4 points of cross-section and arc
assumed constant afong the length. The differeace beiween the
specilied lemperature and the ambient iempcrature witl cause
nistal axaal strain and/or bending sirain 1n proportion 10 the
thermal ezpansion coelficient, alpha, for the matenial and the
clement gecomelry.

Plate Element Load ;
On Plate/Shell clements, the types of loading that are permissible
arc:

1) Pressurc loading which consists of 1oads which act
perpendicular to the surface of the element. The pressure
loads can be of uniform intensity or trapezoidally varying
iniensity over the eatire surface of the element.

1) Temperaturc loads which may be constam across the depth
of the clement (causing only in-planc clongation /
shortentng) or may vary across the depth of the elcment
causing hending and clongation on the element, The

=2

may vary from nodc to node.

3) The scif-weight of the clements can be applied using the
SELFWEIGHT loading condition, The densuty of the
clements has to be provided for computation of the scl-
weight.

Solid Element Load

On Solid elements, the loading types available are pressure
varialion normal to each face, temperatures at the nodes, and the
sell-weight using the SELFWEIGHT loading condinon. The alpha
and/or density of the cdements has to be provided for computation
o these loads. Three-dimensional orthotrapic propertics
permilted.

6.10.3 Node Temperature Load

Temperatures may be specified at nodes or on clement surfaces.
Node temperatures are transferred Lo ¢lement lemperatures before
processing. The difference between the specificd temperature and
ihe ambient temperature will canse 1mtial axial sirain and/or
nending strain (ur bi-axial or tri-axial strain for Id and 3d
clements) in proporuon to the thermal expansion cocifictents,
alphas, for the malerial and the element geometry. Orthotropic
matcrial properties may be used. The program calculates the
strains (elonganon and shninkage) due to the lemperature
ditferences. From this it calculales the induced lorces in the
clement and the analysis is done accordingly. Nodal temperatures
will not induce beading 1nitial sirain in beams or plates.
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N4 Support Displacement Specification

Displacc-mcnls can be specificd a1 boundary support nodes in
specified direcnons. Displacement can be transiauonal or
rotanional. The rotational displacements are in radians. Nole that
dispiacements can he specilied only in dircctions in which the
boundary support node dircctions arc Jdelined.

STARDYNE Analysis Capabilities

Currendly available analysis capabilities include

1+ Siauc lAnalysts
Suffaess Modcling
Applicd Load Modchng
Static Equation Solution

14

)y Sccond Order Static Analysis:
P-Dela Analysis
Siress Suilened statie and cigensolution
Buckling

3y Dynamie Response Analysis (Modal):
Mass Modeling
Nawral Irequencies and modes analysis
Response Spectrum analysis
Linear Time History analysis

Kev features of cach type of unalysis are discussed in the
following sections. Detailed theoretical ireatmenis of these
fealures are available in standard structural coginecring textbooks.
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Section 6—| 3as
6.11.1 STARDYNE Static Analysis

STIFFNESS MODELING - The gencral solution procedure
consists ol formulating a nodai stiffness matnix from he finite*
clements tbeams. plates. and solids) and performing one or more
ol the following operations® siatic analysis, eigenvalue/eigenvector
extraction, and dynamic response analysis. The static analysis and
modal extracuon phascs are based on the "Suffness Method™ also
known as the "Displacement Method”. The assumplioas and
lormulatiens are consistent with "Smali Displacement Theory™.

Each finite clement contributes st1lTness 10 the nodes to which it is
conaccled. Each element type has an assumed form of
Jisplacement in a manner which sauslics the lorce equilibrium and
displacement compaubility at the nodes. The ncdal suffness
matrices ol the individual finite clemenis are (irst computed and
then transturmed (rom the local element coordinate system to the
sziobal coerdinate sysiem. Finaily. the individual sttffnesses
associated with each nodal point are systemancally summed 10
ublain the toal (giobai) sutfness matrix | K . This square
symmelnc mairx has up (0o 6 equattons per node.

\ssumptiens of the Stiffness Method
For a complete analysis ol the structure. the necessary matrices are
seneraled on the basis of the following assumptions:

Iy The structure is idealized 1n1o an assembly of beam, plate,
solid, spring, and matrix type cicments joined together at their
veruces (nodes). The assemblage is loaded and reacted by
concentrated loads aciing at the nodes. These loads may be
hoth forces and moments which may act in any specified
direction. '

2) A beam clement s a fonguudinal siractural element having a
constant, doubly symmetric or a linearly wapered cross section
along s lcngth. Beam clements may carry axial forces, shear
and bending in two arbitrary perpendicular planes, and are also
subjected (o lorsion.
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3 A plate element is a three or tour node Nat ¢lement having
constant thickness and vrithotropie propcriics; or composite
laycred properiies: or may be axisymmetnic,

4) A solid element is a four 10 eight node three dimensional
clement having umlorm orthotropic propertics.

5) A general maina element may be a spring or gencrated
clemenl matrices or assembled stifTaess / mass matrices from
4n cxiernal source, ’

6) Beams have | 10 6 degrees of frecdom (DOF) at each node:
plates have 5 DOF: and sohds have 3 DOF. Because of this
musmatch in DOF, 1he connection between solid clements and
plates or beams neceds special modeling.

7} The solved internal clement forces and the applied exiernal
loads acung on cach nude arc in equilibrium excepl at
supports.

3} Two types of coordinaic systiems are used 1n the genceraton of
the required malrices and are referred 10 as local and global
sysiems. Local coordinate axcs are assigned to cach individual
clement and are orented such that computing cifort (or
clement stilfness matrices are generabized and mimimized. The
nodal coerdinate inpul data are by Jefiniton in the Global
coordinate axis sysiem  The assembied forees and suiffness
and the sulved displacements are 1n this Global coordinate
system,

APPLIED LOAD MODELING - Loads may be applicd 10 Lthe
form uf disinbuted loads un the clement surfaces or s
concemirated loads at the aodes. cicment thermal gradients,
pressures, incrta (self-weight) loads and imposed nodal
displacements. Using standard fintie clement methods the
loadings are asscmbled 1nto a nodal force vector.

STATIC EQUATION SOLUTION - Duning a stauc analysis, this
mairix cquaton is solved:

[Kle{8}=(P}

Where
| K| = the suffness matrix

=
-
==

il
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the resulting nodal displacement vectors
the applied nodal force veciors

it

£8)
{ P}
Staue cquanion solution uses one of 1wo methods:

i) Precoaditioned conjugate gradient salver (TurboSolver). This
solver 1s much faster than method 2 and uses much less disk.
The TurboSolver iy used whenever possible [no inclined
supports (ASYSG). spring suppuornis. or ngud sysiems
(master/slave) allowed]: vitherwise a

2) Modified Gauss, LDL'. varable bandwidth solver is used.
This solver 1s always used in the eigensolutions.

Consideration of [K] Matrix Bandwidth

Mecthod 2 (LDLT) s more efficient when the equations are
reardered 1o have the non-sero { K] matnix lerms form a
narrow band aboul the diagonal. STARDYNE
automatically compuies a ncarly opumum node order. For
this type ol mains fewer calculativns are required due 10
the fact that terms autside the hand are all equal 10 zero.
STARDYNE 1akes {uil advantage of the variable
handwidth during the solution,

Independent “Disjoint™ Structures | Structural
Integrityi - Lnitke STAAD two ur morc independent
structures may be selved. Check the "message file” for
disyuint structure messages o see if independent structures
were detected. Solving muluple structures in one analysis
15 not recommended and is usually the result of a modeling
cITor.

Numerical [astability Problems - Singularities:
Insiability problems can occur duc 10 iwo primary rcasons.

11 Modeling problem - There are a variety of
modeling problems which can give rise w0
instability conditions. They can be classified into
tWOo groups.
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4) Local instablity - A local instability s a
condition where the fixily conditions at an
¢lement node are such as 10 cause an
wstability in the element aboul one or more
degrees of Ircedom. Examples of possible
lucal insiabilny are:

bl

{i} Beam Release: Beam clements released at
both ends for any of the following degrees
of frcedom (FX. FY, FZ and MX) may be
subjected to this problem.

(11) TRLUSS or axial vnly beams have no
<apacily to iranster shears or moments
from the supersiructure to the supports.
Denpending upon the toad carrying capacity
ol the resulting structure there may be a

. local 1nstability

{iiSTARDYNE plates do not have the 6™ dof
tretanion abaut the normal o the surface
dircction) at cach node.

NOTE 1.
Zera Stiffness at 3 node in one or more directions
15 OK. Luads at thase directions will be ignored

NOTE 2

For the LDLT soiver. Nude Point Singularities are
corrected 1bul not for the TurboSolver). This
singularily vccurs when there is a zero stiffness
dircction other than a global direction.

by Global instabiiity - These are caused when the
supports of the structure arc such that they
cannot uifer any resistance 1o moiton, sliding
or overturning of the siructure in one or more
directions. An ¢xample is that of a structure
with all the supports relcased for FX, FY or
FZ.

Scction 6] s

2) Math preciston - A math precision crror is caused
, when numencal tnstabihiies occur in the matrix
decomposition process. When a very “suff”
clement 1s adjacent 1o a very “flexible” element, a
math precision crror may oceur. Replace suff
clements with a ngid system or artificially sofien
the clement.

The loads and stresses in the clements are compuied using Lhe
computed nodal displacement veclor.

6.11.2 STARDYNE Second Order Static Analysis

Stress Based Stiffness Madeling {Star

3TARDYNE can compule addittonal bending suffness for beams
and plates given the axial or inplanc siresses. These malrices are
Laown as geometric suffness matnices {Kg|. When a suress
suiffencd related analysis 1s chosen (slanc. ergensolauon,
huckhing. or P-Delia) iben a slandard static analysis is performed
lirst to compulte the plale & beam stresses. From those stresses
and the element geometry. the addinonzl heading stiffress is

. computed. Then the analysis is perfurmed with the addinonal

sudfness included.

Buckling analyses require LANCZOS (DYNAMIC cniry) not HQR
on the second run. Stress “suffencd” natural frequencies may use
cither eigenvalue method,

Al quad piate elements (QUADB, QUADH, QUADS, QUADC)
including composites can he accommodaied. alihough the
geometric stitfness matny will be the same for all 1ypes. All
inangular plate types may also be accommodated including 3-node
membranc quad plates.

Bending only plates andfor beams, ot solid elements, of matrix
clements produce no stress stiffening and thercfore do not
contrtbute to buckling. Posiively suessed clements become stiffer
and neganvely stressed elements become more flexible.
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The tullowing STARDYNE lcatures should not be used, or should
be considered carefully when used in stress “stiffencd” or buckling
analyses: ASYSG: AXIS ANGLE; Solid Elemcnis can be used but
no siress sitffening will result from them and they will nol emer
intw any buckhing caleulations: offsct beams. elbows. pipet, and
pinned beams are treated 1y standard strasght beams connecied
with 6 DOF/node at cach end of the beam.

P-Delta {P-A) or Nonlinear {Star)

WHAT: This :s an teralive, geometncally non-linear stalic anatysis,
it 15 often usea as pan of an analysis of a burlding fo account for the
moments induced after faleral displacement of the onginal apphed
forces.

WHY: Pnamanly used as part of an analysis of a buikaing to account for the
moments induced after lateral displacement of the onginal apphed forces.
WHY STARDYNE. Two options’ (1) updates node coordinates with each
iteration; {2) sotve incrementally

HOW: Seiect only one stalc lcading case then select P-Delta analysis
specifying whicnt option, and number of iterations

|
Note that the “ull load case must be solved simulianeously tor this
tvpe o) analssis, e, the tateral Toadiog must be presemt
concurremly with the verucal loading for proper cunsideranon of
ithe P-Delta eficet Other analyses that this procedure may be used
fur are:

4) problems with larger displacements while the clements are
underguing small siraan,
by porthions or all o’ the structure are acar buckling or are into
‘ simple post-buckling like snap through

You lirst specify the number of iteranions or load steps (default is
4); There is no check for convergence. Nexi, choose between the
foilowing opuiuns: 2a. ORIGINAL - Apply the (uil load on cach
ieraton and add the detormation 1o the vniginal avde coordinates
10 use as the node coordinates (or the next neratwon. 2b

jeoleguoagatl
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CURRENT - Solve incremenially. Apply the loads in increments
tapplied loads divided by (# of incrcments+1)). Solve #-of-
increment times wih coordinates and deformations accumulated.

The detaulis of 4 nerations and ortginal coordinates (2a), should
be adequate for P-a effects in buildings. For other, more complex
analyses. then mure iwerations and opuoa 2b may be nccessary.

Large deformauons could invalidate beam local coordinale
detimuions and warp plate clememts. The local beam coordinates
N the rntermediale increments are not moving with the beam but
4re bascd on cither moving nodes which probably are not moving
with the heam or on an angle ol the beam (o the lixed global axes.
Delormed and displaced plates ofien hecome warped or distorted
which degrades the accuracy of the clement.

The ‘current’ courdinaies option (which 1s an incremental load
with updaied coordinates alier cach ieranion) should have good
linal displacements. The displacements. ciement loads and
stresses, and nodal equilibrium check resulis output are the
summation ol the results from cach of the incremenial erauons.
The clement and nodal equilthrium results are approximate o
inaceurate depending on (he amount of displaccment and rotavion,
Better results for the clements would be ubtained by applying the
hinal dispiacements as a siatic load case on the model with the
ariginal courdinates,

Stress Stitfened Static and Eigensolution {Star)

WHAT: This s a load case specific analysis. Compression
stresses in beam and plate elements are used (o determine a giobal
adaitional stiffness matnx ([Kgj) fo add to the global stiffness matrix
in exther a static or ergensoiution.
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WHY: Prmanly used when the lension or compression in beam or
plate elements will coninbute significantly lo those elements
bending stiffness and that the increase/decrease n stiffness is
tmportant o the sclution.

HOW: Selsct only one siatic loading case then select Siress
Stiffened Static or Eigensoiution. Other inpuls are the same as
normal analyses.

The static global matrix equation becomes:
|K+Kglo{B)=[P}
The eigensolution global matrix equation becomes:
W imilql-IK+Kgliqi=o

Stress “siiffened” natural frequencics may use cither caigenvalue
method.

Buckling {Star)

WHAT: Euler buckling caiculation based on a single stakc load
distnbution. Compression stresses in beam and plate elements are
used fo determme a global stabuiity matnx ([Kgl} to use n place of a
mass matnix in an eigensolution. The w2 resufis are the buckling
factors. : .

WHY: Pnmanly used for stability analysis of parts of structures or
mechanical parts.

HOW: Select only one static loading case then setect buckling

analysis.

The process of calculating the system buckling factor and buckied
shape involves [irst solving the siatic load case for displaccments
and bcam axial stresses and platc inplanc siresses. From thesc
stresses, addiional beam and plaic bending suifness can he

PHRREIIIRIIDIA]
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computed. [Kp]. The solution af the foliowing cigeaproblem will
resull in the ampunt that the applied load case would have to be
factored (BF) (o he at the cntical Euder buckling load. The
buckled shape is normalized 1o 2 maximum displacement of onc.
To el the actual displacements and stresses al the critical
buckling load, repeat the stauc analysis with the original loads
muluiplicd by BF.

BF(Kgl(q)-1Kllql=0

Where

'Kg| = lhe geometric stiffness matnx (barded symmetric)
Bl = Buckling Factor

{ 4§ =the normaiized buckied shape

Fur buckling analysis. the Lanczos eigenvalues are critical
suckling factors. The critical buckling loads are (all of the loads
:hat you have apphed} iimes (the irst buckling faclor). A positive
huckiing factor that 1s less than onc indicates the applicd load is
sreater than the buckling load. A ncganive buckhing factor
indicates that the apphied load case 15 10 the vpposite direction of
the loading that would cause buckhng

Note that il Todds dre considered Lo be laclored. I sell weight
1ad cumpression are applied, then the bugkling factor would be for
noth the compression and the scll weight.

Buckling analyses requirc LANCZOS, not HQR.

6.11.3 STARDYNE Dynamic Response Analysis

Currcnily availabie dynamic analysis capabilities include solution
of the free vibranion prablem (eigenprobiem) and several forced
vibration excilauan analysis lypes: respanse specirum analysis,
lincar time history analysis. and sicady state harmonic analysis: all
utilizing modal superpostiion mcthods. The dynamic response
resulis are presented as structural deformations (displacements,
veloeites, or accelerattons) and as internal clement loads and
slressces.
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Mass Modeling (Star)

The natural frequencies and mode shapes ol a structure are the
primary parameters that atfect the response of a struciure under
dynami loading. The free vibration problem is solved 1o exiract
these values. Since no cxiernal forcing (unction is involved. the
ratural {frequencies and mode shapes are direet functions of the
stffngss and mass distnihution i the structure, Results of the
frequency and mode shape calculations may vary sigmificantly
depending upon the mass modeling. This vanauon. i turn, atfects
the dynamic analysis results. Thus, ¢xireme cavtion should be
cxercised in mass modeling 1n 2 dynamic analysis problem. Active
masses should be modeled as louds. Al masses 1hac are capable of
moving should be modeted 4s loads applicd 1n all possibic
dircchions of movement. In respanse spectrum dnaiysis, as a bare
mimmum. all masses that are capable of moving i the directiun of
the spectrum. must be provided as loads acting in :hal direcuon,

It 1y sirongly recommended that unit se¢ll weight he applied in the
X. Y. and Z dirccnons in alt STARDYNE Eigenproblem/dynamic
analyscs even for 2-D frames or structures loaded 1a ane or two
global directions. This wall gencrate aodal masses hased on
density and clement volumes. As 1in STAAD the Jddinonal massey
at a'peint ¢an be specified as forces.

GLYANSUPPORT DOF )

If the HQRII-Guyan ctgensoiunon method 1s chosen, then you
should select ~ome mass dot (Guyan dof) 1o be retained in the
eigensolution. The other mass dof will be statically redistributed
(transformed) lo add te the selected mass dof resulling in a full
mass matnx {non-diagonal). This mcthod 1s directly analogous Lo
the static condensation of suffness at interior nodes Lo sffness at
boundary nodes used in substructures or in some finite clements.
No stiffness is lost or changed bul the kinctic energy of the mass
s modified. However if N rcasonably distibuted Guyan dof are
chosen, then N/ 2 of the lowest cigenvalues wiil be accurate.
This procedure is only uscd by enginecrs who know how 10 use¢
Guyan dof 10 climinate unwanted localizcd modecs.
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Damping Modeling {(Star)

In the modal dynamic response methud, damping 1s entered as a
damping ratio (as a fracnon of criucal damping; 5% damping is
entered as .05) for each cigenvalue/mode uscd in the response..
\n alternative 10 the user specifywng a value for cach mode is the
compostic modal damping method of assigning damping for cach
mode. This method ts based on the concept of different matenals
having different damping ratios and that a particular mode’s
damping raiso should be a weighted average of the siran energies
* damping of the malerials uscd.

Solution of the Eigenproblem [Star)

The cigenproblem is soived for structure frequencies and mode
shapes considering a mass matrix lumped at the nodes (See Mass
Mudeling above). Masses at all active d.o.f. may be considered.

Any siructural model which consisis of a sulfness mainx and N
mass degrees of freedom contains N aormal modes of vibranon.
[Zach normal mode occurs al a specific frequency of vibranion
wnown as a natural frequency for eigenvalue). Al these
ireguencies. the nodal displacements, known as the mode shape {(or
sigenvectord, oscillale from positive (o negauve about 0.0 The
advantage of modal methods are that only a small number of the
low frequency modes are necessary to oblawn good dynamic
respoase resulls.

The process of calculatung the system cigenvalucs and
ctgenvectors is known as Maodal Exiraction and 15 performed by
solving the cqualion:
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- wifmilgl -l Kllgl=e rl computed modes may be compared to the total weight
‘ structure (that has not been lumped al supporis). The ¢ .nce is

Where - the amount of mass missing from a dynamic, base ¢xcilation,

{ m| = ihe mass matnx (assumed o be diagonal, 1.¢.. no mass F; modal responsc analysis. [f too much is missing, then rcrun the

coupling) eigensolution asking for a greater number of modes or rcad about
w = the natural frequencics (eigenvalues) how to employ the Missing Mass Correction method.

{gl the normalized mode shapes {cigenvectors)
Lanczos Method and Free-Free Structures - An unrcstrained,
frec-free mode) has zero eigenvalues that may be solved in
LANCZ0OS. However you must know that zero cigenvalues are
expecled and seiect the Frce-Free option. Intcrnally the program
will compute a shift frequency, @?, which will be used Lo creale a
matrix, [K,], to be added to the stiffness matrix, [K], prior Lo the
eigensolution (K] = w? [M]). The eigenvectors of the shiflted
eigenproblem are cxactly the same and the frequencics arc shifted
by w?* from that of the actual eigenproblem, So we simply add o?
to each computed frequency and we have compleied an otherwise
unsolvable singular cigenproblem. If, however, a singularity 15
still detected during decomposition, it is an indication that there is
a portion of the structure without mass that is [rcc Lo move |
statically refative 10 the rest of the structure. Such a structure
could not be solved statically either. For example, a free-lree
beam which has Area, 12 and I3 properties, bul has masscs in only
the transverse directions does not have mass in the axial dircction
and conscquently will be singular in that direction. The remedy
would be to set Area=0.0 or restrain the axial dircction, since
PARTICIPATION FACTORS - A parucipation factor (Qi) is without mass, no axial modes can cxist.

computed for cach eigenvector for cach of the three global (Xi)
iranslational dircetions. N is the number of nodes.

Frequency (HZ) = w/2n

Two \iulut'icm methods are availabic: the Lanczos ("Lan Chos™)
method (recommendcd) and the HQRII-Guyan method

Please notc that various nomenclature 1s used to refer to the
normal modes ol vibraton. (Eigenvalue, Natural Frequencey,
Modal Frequency and Eigenvector, Generalized Coordinate, Mode
Shape. Madal Veclor, Normal Modes, Normahzed Mode Shape.

GENERALIZED WEIGHT AND GENERALIZED MASS
Each vigenvector {g} has an associated generaliced mass defined
by )

Generalized Mass (GM) ={q 1" [M1{q}

Generalized Weight (GW) = GM * g

R I R B )
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MODAL WEIGHTS - The summaltion of modal weights for all
mades in a given direction is equal to the Base Shear which would
resull [rom a one g basc acccleration. The modal weight for cach
modc = (GW)(Q2). The sum of the modal weights for the
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6.11.3.1 STARDYNE Response Spectrum Analysis

{Dynre4)

WHAT: Approximate modal analysis which computes the “Modal
Responses” due te a given directional, base excita tion, response
spectrum. Each mode’s response 1o a given excitation direction are
then combined, using one of the many methods available, to form
the total response for that input direction. I there 1s more than one
direction of input, the lotal responses of each direction are then
combined by the SRSS method.

WHY: Pnmanily used for seismic structural angineering of
buildings.

WHY STARDYNE: supports “missing mass"”: multiple base
excitation; distributed force excitation; the SASS, CQC, Gupta,
Double Sum, NRL, Ten Percent, closely spaced group, etc.
melhods. In addilion, a more realistic method is available: weighted
average of CQC (or Gupta) at low frequencies (~3Hz) and aigebraic
sum at higher frequencies (-20 Hz}.

HOW: First perform the Mass Modeling step caretully, noting that a
revised node/element model with additional mid-span nodes with
masses may give better dynamic and element resulls. Next, decide
i Missing Mass modes are to ba computed. Then selsct the
number of eigenmodes and/or frequency range required. Naxt,
perform the eigensolution and ensure that the desired frequencies

.| were computed. Now you are ready for the Response Spectrum
Analysis Step.

Response Specirum Analysis allows the user Lo analysc the
response of multi-degrec-of-frecdom lincar clastic structure
modcls subjecied 1o an arbitranily oricnted lfoundation shock
responsce spectrum inpul. You may cnter Response Spectra versus
Frequency tables or select some ratio of the averaged responsc
spectra shapes compuicd [rem the 1940 El Centro, 1934 El Ceniro,
1949 Olympia, and 1952 Tuft carthquakes for any of the dirccuions
of monon,

I R O O R B
HEHEHUU&HHHHU:‘JH:{!

Scenon 6 l 399
For any supplicd response specirum (acceleration or velocily or
displacement vs. frequency) the following may be calculalcd: node
displaccment, velocity, and acceleration; clement forces and
siresses, and support reactions. Results of the response specirum
analysis may be combined with the resulis of the static analysis 10
perform subscquent design, To account for reversibility of
seismic activity, load combinations can be creaied Lo include
either the positive or negative contribution of seismic results,

The Responsc Spectrum Analysis appendix contains: a complete
malhematical description of the 20 modal combination methods; a
description of the User furnished force or multi-basc excilation
analysis procedures; and the spectra for the NRC SSE Salc
Shutdown Earthquake.

6.11.3.2 STARDYNE Linear Time History Response

Analysis {Dynre1)

WHAT: Modal dynamic analysis which computes the "Modal
Responses” versus time due to forces and/or ground motions that
may vary with tma. Each uncoupled mode’s time history responses
are summed to form the lotel structure response versus lime.

WHY: Used for any time varying force-motion analysts including
seismic, forced vibration, elc.

WHY STARDYNE: supports "missing mass”; mulliple base
excitation, solution method may be more accurate for high
frequency input forces like earthquakes, whole siructure response
at specific imes using nodal forces (F = Ma.) rather than
displacement, select timas for whole structure response based on
times that specific stresses or displacements reach peak values.
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HUW: First perform the Mass Modeling step carefully, noting that
a rovised node/elernent mode! with additional mid-span nodes with
masses may give betler dynamic and elament resulls. Next, dectde
if Missing Mass modaes are lo be computed. Then select the
number of eigenmodes and/or frequency range required. Next,
perform the gigansolution and ensure that the desired frequencies
were compuled. Now you are ready for the Linear Time History
Analysis Step. .

STARDYNE has the capability (o perform a linear modal response
history analysis on a siruclure subjecicd lo time varying forcing
funcuoen loads at the nodes; ground motion at its base; initial
displacements and velocities; and multiple basc acceleraions.
Output consists of nodal displacements, velocilics, accelerations,
ciement loads and stresses {Please sce Lthe Non-Lincar Modal
Time History Response Analysis if you nced to modc! simple
sonhincaritics with your analysis. There is also a “dirccl
integranan” method time history method if you have 2 specialized
problem requiring that method].

The Lincar Time History analysis is performed using the modal
superposition method. Henee, all the aclive masscs should be
inciuded 1n the determination of the mode shapes and frequencics.
Plcase refer to the section above on "mass modeling" for
additional information on this topic.

In the mode superpasition method, it is assumed that the structural
response can be oblained from "p" modes {usually the lowest
(requency modes), The equilibrium cquations are wrillen as:

)+ leix+ kb= e} )

Ix}= f_:l{qah )

Eguation (1) reduces 1o "p" scparate uncoupled equations of

the form:

HHEHR

&i+1§lﬂﬁi+mlq. = Ri(t)

where E is the modal damping ratio and @ the natural [requency
for the i th mode.

These uncoupled modal equations of motion are solved by the
LaPlace transform method from one solution-lime-point to the next
solution-lime-point {this is not a numerical integralion mecthod like
the Wilson - @ mcihod). Thereisa solution-lime-point at cach
time thai any load curve changes slope as well as at the requestied
oulput times. With the assumption that the load curves arc lincar
between solution-time-points this method is cxact and stable.
Unlike in STAAD, this method does not require an intcgration
time sicp for solulion accuracy but does nced the user 10 specify a
sulficient number of output times to allow lincar X-Y plots to
reasonably show the peaks and shape of the response curves.
There is no advaniage in having thousands of output time points
however.

Oulput consists of "relative” and "absolute™ nodal displacements,
velocitics, accelerations, element loads and stresses. For selecied
element stress locations and/or selected node-direction
displaccments or accelerations, that respense value may be
displaycd as a function of time, “Relative” response is (for the
case of base ground mation) the nodal response relative to the base
motion (basically the elastic part of the responsc).

The user may also select times (and/or have the program select
pcak limes) at which the response of the complete structure is
compuicd. The results and displays that are then made possible
are similar to those in a static solution. The user may select to use
cither nodal forces (F = Ma) (recommended method) or
displaccments at the selected times for the calculation of element
forces and siresses and the support reactions.

Less frequently used features including: enforced nodal motions,
individual modal results, large mass and rclative motion methods
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. lor mulu-base excitainion; are described in the Lincar Time Hislory ]

appendix

7.11.3.3 STARDYNE Steady State Harmonic

Frequency Response Analysis (Dynre2)

WHAT: Modal analysis which computes the “Modal Responses”
due to a given directional, base excitation or distributed lorces with
thetr magnitude varying over the selected frequency range, Each
forcing direction can be out of phase with the other directions by a
phase lag angle. Each mode’s response is computed and then
summed to form the tolal response for each frequency.

WHY: Used to understand the response of a struclure to a broad
range of frequencies. Could be used as a basis to tune a structure
o minimize response or to moddy the frequency of the forces to
avoid resonance.

WHY STARDYNE: supports “missing mass”; mulliple base
exciiaton, more accurate and straightforward than a sine wave
input o a i'rme history analysis.

HOW. First perform the Mass Modeling step carefully, noting that a
revised node/element model with additional mid-span nodes with
masses may give befter dynamic and element results. Next, decide
if Missing Mass modes are o be computed. Then selact the
number of eiganmodes and/or frequency range required. Next,
perform the eigensolution and ensure that the desired frequencies
were computed. Now you are ready for the Steady State Harmonic
Frequency Response Analysis.

Sicady stale harmonic frequency responsc Lo steady stale
“sinusoidal dynamic loadings using the modal superposition
method. This is a “sine sweep' approach where Lhe responsc 18
calculated for the given loadings applied at a sequence of
frequencies. Natorally, for lightly damped structures, the
responscs will peak at the natural {modal) frequencics ol the
structure.
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Input forcing functions may be in the form of diswributed forces,
base cxcitations (displacements, velocities or accelerations) and
unit sinusoidal excitations (displacemenis, velocities, acceleralions
or forces) at specified nodes. Output consists of "relative” and
“absolute” nodal responses and elemenit loads 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 compuled as well. The
results and displays that are then made possible are similar to
those in a stalic solution.

The use of Frequency spacing crileria and output frequency input
10 improve the guality of the results versus frequency graphs and
the probabilily of identifying the peak response frequencices is
described in the Harmonic response appendix.

6.11.3.4 STARDYNE Missing Mass Method

Correction Modes - In siructural dynamic analysis by modal
superposition il is sometimes necessary 1o have a method 0
account for the static ¢ffects of those higher frequency modes
which were not calculated in the eigenvalue analysis and therefore
will be omitted from the response solution. These omitted mgher
frequency modes should have natural frequencies well above the
range of dynamic input so they would act in a static manner.

The missing mode approach exactly accounts for the static effect
of all missing modes and will exactly calculate the corrccl results
in all modal dynamic response programs as long as the missing
mass modes are truly well above the forcing frequency range.

The missing mass method described here is forcing function
specific. That is, there is one additional missing mass mode for
cach different (does not have the same spatial distribution pattern
of force; proportional forcing lunctions are not different) forcing
function of interest. The method is guite 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 Stalic
disf:lacemem is orthogonalized 1o the computed modes to




STARDYNE lor STAAD/Pro

(B

Scceuon 6

mine the missing mass mode (thai part of the static

saccment that cannot be represented by the compuled modes)
for this lorcing funclion.

Then, run the dynamic analysis by sclecting all rcal computed
modes and desired damping as usual whilc also sclccting which
missing mass modes arc associaled with cach lorcing funenon.
Note that the missing mass modes arc nol normalized Lo onc as
would be the casce for an cigenmode shape.

Additional dctails of the Missing Mass mcthod are in the Missing
"Mass appendinx.

MISSING MASS APPENDIX

“DYNAMIC" and “STATIC” Missing Mass Methods - The
“dynamic” method uscs a pscudo dynamic mode approach. The
missing mass mode is given an eigenvalue. Then the generalized
weight and parlicipation faclors are cempuled from the missing
mass mode shape. Depending on the cigenvalue/ forcing function/
specira/ damping given, the dynamic response 1s computed for this
mode as if it were an eigenmode. Thesc modes may be

~dynamically amplificd as wcll as statically amplified. In some

cascs the “dynamic” method improves the dynamic portion of the
responsc but should not be a substitute for including cnough
cigenmodes {0 describe the dynamic acceleration and vclocily
response to the inpul forcing [unctions. The “dynamic” method 15
not documented in the literature s¢ it is not known whether the
method always has the effect of improving the dynamic response.

The primary function of missing mass modes should be to describe
the additional delailed static deformation and stresses of the
omiued cigenmodes (i.¢. modes that would have no dynamic
response Lo the forcing functions), The missing mass modes
usually provide a localized bul sometimes significant improvement
in displaccments, clement forces and stresses; usually ncar the
SUppoOrLs.,
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In the classic “static” missing mass method the exira s
residual vectors may only be amplified siatically. In th. .od
only displacements, element forces and stresses arc changed. This
method is well documented in the literature and does (in the time
history solutions) exactly supply the missing static “mass” effect
that the lower cigenmodes selected do not supply.

Time History Response (Dynrel)- The missing mass modes ¢an
be referenced by any of the firs1 300 forcing funclions. A missing
mass mode number may be referred 10 by more than one forcing
function. However each forcing function may oniy refer Lo one
missing mass mode. The “dynamic” missing mass method 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
method will generally improve the Response spectrum solution.
However (unlike time history solutions) it will not give the same
deformations and element results as a modal solution using all of
the possible eigenmodes. The Missing mass method should not be
used with User Furnished Force or Multi-base Input.

If you are running only 1 global shock direction with onc missing
mass mode and while using the “dynamic” missing mass method;
then there is no need to 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 1o themselves is ignored.

For the “static” method or for muhtiple shock directions it is
necessary to sclect each missing mass mode separately and 10
indicate which directions the missing mass mode is not to be used
(e.g. for X direction shock mede: IMX=0 , IMY=1, IMZ=1).
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Allcrnullvcls( 2 new oplion allaws yoy 19 sel IMX=2 and lcave
IMY=IMZ= blank.

For multiple shock dircctions. the RSS=< 14 10 20 combination
methods should work

properly with the multiple missing muss
modes,

For R§S=| 10 5. only one direction is used by taking the idicated
vector sum of the base shocks before the modaj combinations,
mMissing mass, please run

For R88=6 (0 |3, multiple independent shock dircctions should be
possible. However R§§=2 1o 13 arc untested and therelore not
recommended for use with missing mass modes.

6.12 References (STARDYNE)

The hasic theory of the Finile Element M

cthod is presented in
many tcxibooks, The foltowing publicly

available documens

- describe many of the technical aspects of the STARDYNE finiie

elements,

* Beam element

Przcmicniccki. 1. 8. Theory of Matrix Structura) Anglysis.
McGruw-Hill, New York, USA, 1968,

* Triangular Plate

Clough, R. W. apd Tocher, J. L. Finite Element Stiffness
Matrices for the A bysi A

of Plate Bending. Conference on

1965 (thin plaie)

Martin, H. C. iffn atrix for a Triapgular § ndwic

Element jn Bending. JPL No. 32.] 158, Jet Propulsion Laboratory,

Pasadena, California, October, 1967 (thick plate and sandwich
option)
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Quadrilateral (QUADB) oA . o
Clough, R W. and Felippa is of Platc Bending. AD 703-685,
Finite Element for the Analysis of Plate Bending

Proceedings of the 2nd Conference on Matrix Methods 1n
Struciural Mechanics, 1968 (thin plate)

* Solid Hexahedron

Irons, B. and Ahmad, S. Technigues of Finite Elements. Ellis

Horwood, Sussex, UK, 1980,

Wilson, E. L., Taylor, R. L., Doherty, W. P., and Ghaboussi, T.

Incompatible Displacement Models. Numerical and Computer
0 a

Mcthods 1n Structural Mechanics, pp 43-57, ed. 8. Fenves. c:.tball.,b
Academic Press, 1973, (8-node cube can be made more Nexible by

the incompalible modes-- ‘bubble functions’).

Taylor, R. L., Beresford, P.J., Wilson, EL. A Nan-Conforming

E for Sir alysis. International Journal of Numerical
Jement for Stress Analysis.

Mcthods in Enginecring, 10, 1976 {makes an clement with
incompatible modes (o pass the palch 1est).

i Hybrid Quadrilateral Plate .
;’ H'?Ir‘bl?:l{ Cﬂu:he[?gn;gogyels Numerical and Computer Methods in
ian, T.H.H. X (
S:ruclural Mechanics, pp58-78, ed. S. Fenves, ct al., Academic

Press, 1973.

Irons, B. and Ahmad, 5. Techniques of Finite Elcments. Ellis

Horwood, Sussex, UK, 1980 (Chapter 15).

Loikkanen, M. Hybrid Membran olids a d_Pl &3 System
Devclopment Corporation, Santa Monica, California.

Pipin _
:\SMllEPBosilcr and Pressure Vessel Code, Section 111., 1971,
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Cook, R.D., cral. Conc and Applications of Finitg Element
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Bathe, K.-J. Finug Elemem Proccdures in Engincering Analysis.
Prentice-Hall, 1982

Hughes, T. J. R. The Finite Element Mclhud.' Prentice-Hall, 1987,

Zienkiewics, 0.C The Fipite Element Mcihod. McGraw-Hill,
1977, Thied Edition.
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