
FACULTAD DE INGENIERÍA l.JNAI'A 
DIVISIÓN DE EDUCACIÓN Cc:>N:TI l.JA 

CA 354 
STAAD PRO PARA ANÁLISIS Y DISEÑO 

ESTRUCTURAL 

TEMA: 

.• INSTRUCTIVO PARA EL USO DEL PROGRAMA 

• 

COORDINADOR: ING. JOSÉ LUIS ESQUIVEL Á VILA 

DEL 22 AL 29 DE NOVIEMBRE DE 2004 

PALACIO DE MINERÍA 

·~ .. 
> ~ ~ • 

~~ ·:~~ -;~ ~>~.-~~~:~ 
::,ro\ DE 
.:¡,rro·, 

•_!"';·. ·'. 

·-:·... -':'~ 
-~·· 

Palaoo de Minería, Calle de Tacubo No S, Pnmer p1so. DelegaCión Cuauhtémoc. CP 06000, Centro Histórico, México D.F., 
APDO Postal M-2285 • Telso 55214021 al 24. 5623 2910 y 5623.2971 • Faxo 5510 0573 

1 

\ ' 

' . 

. . 
' 

.. 
. )'(' 



PRÓLOGO 

El programa ST AD/Pro recientemente es uno de los programas mas conocidos en el 
campo de la Ingeniería Estructural a nivel mundial, ha sido utilizado por un gran numero de 
ingenieros en nuestro país y en muchas partes del mundo, cuenta con respaldo y soporte 
u!cnico al que tiene derecho el usuario autorizado así como con los manuales respectivos 
para uso del programa y de los módulos que lo componen 

Por lo antenor el Departamento de Estructuras de la División de Ingeniería Civil, 
Topografica y Geodésica de la Facultad de Ingeniería de la UNAM. consideró conveniente 
iniciar una serie de cursos para enseñar a los alumnos de la carrera de Ingeniero Civil a 
utilizar v;:rios programas incluyendo el módulo STAAD del programa STAAD/Pro, para 
ello, el contar con un instructivo que permita introducir al usuario de una manera sencilla, al 
programa. facilitará el objetivo anterior. 

En este instructivo se pretende describir algunos de los principales elementos que 
intervienen en el uso del programa de computadora para Analisis y Diseño Estructural 
STAAD, cuya,principal utilización sera para los alumnos de la materia "Diseño Estructural'' 
de la carrera de Ingeniero Civil. de la Facultad de Ingeniena de la UNAM 

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

Se recomienda que si algunos de los elementos. no son descritos ampliamente se 
consulten los manuales respectivos o la ayuda en linea incluida dentro del programa y se 
observen los ejemplos que se desarrollan al final del instructivo. Se supone que el usuario 
esta familiarizado con la nomenclatura y terminología utilizada en el Análisis y Diseño 
Estructural y que cuenta con conocimientos basicos de eomputación en lo que respecta a 
maneJO de información (archivos) y ejecuc1ón de programas en ambiente Windows. 

El autor agradece al lng Miguel Ángel Rodríguez Vega, Jefe del Departamento de 
Estructuras. el apoyo para el desarrollo de este tipo de actividades y por las facilidades 
otorgadas para la realización de este trabajo. así como la revisión del presente instructivo. 
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ELPROG~MA 
STAAD/Pro 

1.1 Introducción al programa STAAD/Pro 

En los últimos años, el desarrollo de los equipos y sistemas de computo ha permitido 
una comunicación mucho más rápida, directa y sencilla entre el usuario y la computadora 
logrando la posibilidad de desarrollar programas que, utilizando las características de la; 
computadoras de hoy en día, nos permitan usarlas más eficientemente y entre otras cosa> 
facilitarnos la posibilidad de explorar varias alternativas de solución de problemas 
estructurales o bien considerar más variables en el modelo de las estructuras con el objeto de 
lograr un mejor entendimiento comportamiento de la estructura. 

Tomando en cuenta lo anterior. ST AAD!Pro es el resultado de un trabajo 
desarrollado en los Estados Unidos de Norteamérica cuyo principal objetivo fue desarrollar 
un programa para Análisis y Diseño de Estructuras. en donde el usuario tenga gran 
versatilidad en el manejo del mismo a través de una interacción directa en la mayor parte de 
la ejecución de los módulos que componen al programa que, junto con la relativa sencillez.y 
facilidad de uso son algunas de sus principales características. 

ST AAD!Pro consta básicamente de una serie de módulos (véase figura 1 ). de ellos. 
en este instructivo se describira sólo el módulo ST AAD, en éste. el usuario puede 
seleccionar diversas opciones para poder introducir y/o modificar datos. o bien almacenarlos 

. para su procesamiento posterior. analizar la estructura. ver resultados en la pantalla o 
imprimirlos. ver resultados de diseño etc. 

STAAD!Pro, la siguiente generación del programa STAAD-ID, es el principal 
software para Analisis y Diseño Estructural de Research Engineers. En STAAD/Pro, el 
enfoque principal está en la productividad. ST AAD!Pro dirige el proceso completo de la 
Ingeniería Estructural, desde el desarrollo del modelo hasta el analisis, diseño, bosquejo y 
detallado de componentes estructurales, ST AAD!Pro se diseñó para trabajar de manera 
similar a como se hace en un despacho de Proyecto Estructural. 

ST AAD/Pro es el ambiente de funcionamiento nativo con una ventana para la 
selección de los componentes que lo constituyen. permitiendo la construcción del modelo asi 
como la visualización y comprobación de resultados. ST AAD!Pro es el paquete principal 
con varios componentes optativos. que consisten en lo siguiente: 

F Monrov 1 J!l ()!l)) 
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ST AAD proporciona el análisis estructural y el diseño integrado de acero, concreto y 
madera 

STARDYNE proporctona características avanzadas de análisis Construido 
alrededor de una biblioteca de elemento finito, STARDYNE proporciona poderosas 
opciones de análisis Dinámico, Sísmico. No-lineal, por temperatura. pandeo ,. otras 
capacidades avanzadas de análisis. 

El ambiente FEMkit ofrece modelación de Elemento Finito orientada gráficamente. 
se complementa con tecnologías para generación de mallas 2D y 3D y herramientas 
poderosas para la comprobación del modelo. 

Visunl DRA W permite la generación de planos, elevaciones. secciones y dibujos de 
detalle. Totalmente integrado en el ambiente STAAD/Pro, Visual DRA \V proporciona la 
generación de dibujos, con capacidades de edición y plateo. 

Los módulos siguientes también están disponibles como componentes de 
STAAD/Pro 

ST AAD.etc es una colección de módulos de diseño de componentes estructurales. le 
permite al ingeniero completar el proyecto diseñando cimentaciones. muros de retención, 
mampostería. conexiones y otros componentes estructurales de utilidad. 

FabriCAD es una herramienta integrada que realiza el detallado de acero. cálculos 
de fabricación y montaje. así como la generación de dibujos. 

El componente ADLPIPE ofrece un sistema confiable para modelado y análisis. Este 
componente ofrece una soluc¡(m completa para diseño de plantas industriales. 

Poderoso y comprensivo. ST AAD/Pro está basado en un diseño orientado a objetos 
que utiliza la tecnología MFC (Microsoft Foundation Class). aprovechando la computación 
de 3 2 bits. Una base de datos relacionaL con enlaces OLE y DDE. permite intercambio de 
información entre multiples aplicaciones integradas con todo el software basado en 
Windows. 

1.2 Introducción al programa STAAD 

El Sistema STAAD/Pro es un programa escrito para computadoras personales IBM 
o compatibles mediante el cual puede realizarse el Análisis y Diseño de Estructuras bajo uno 
o más sistemas de carga formados por un conjunto de fuerzas estáticas y/o dinámicas 
aplicadas ·a·la estructura proporcionancjo, después del análisis, los desplazamientos de los 
nudos. elementos mecimicos. reacciones, formas modales y resultado del diseño. 
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STAAD fue desarrollado básicamente bajo la hipótesis de que la estructura está 
formada por barras prismáticas (aunque también maneja cieno tipo de barras de sección 
variable) de eje recto, considerando también la posibilidad de modelar estructuras utilizando 
elementos placa y sólido (elemento finito). 

,.::: FEMk.·t··· .. ,:,;- 1 .. 

STRUCT.etc 
\ ''•""''";,. 

~---"'-'-•"':~-~ --~~ .. -.--.-w -~ ~ 

.. '\~i~~~~;;?~·-··"·": ....... ;' .. 

1f~" VISUAL 
DRAW 

•-;,.: 

. Fabri-l/' .. .., 
*'··; 

Figura 1.1 ST AAD/Pro. programa principal y sistemas que lo integran 

i 

Una de las principales características del programa es la interacción que se puede 
establecer entre éste y el usuario. sin embargo. debido al número de opciones que el usuario 
puede activar. se requiere aprender su lenguaje específico para poder utilizarlo, ya que, el 
usuario puede seleccionar varias opciones y la ejecución de cada una de ellas genera otras 
mas ST AAD es un programa orientado a eventos (seleccionar un elemento con el rnouse. 
elegir una opción. activar/desactivar sucesos etc.) y no siempre solicita textualmente los 
elementos (datos) que se vayan requiriendo para la ejecución completa de ese modulo. 
adernas es necesario saber las convenciones de signos empleadas. los sistemas de referencia 
utilizados así corno algunas recomendaciones para su uso, éstas y algunas características más 
son descritas en los capítulos posteriores. 

En el·capitulo 2 se dan las recomendaciones necesarias para facilitar la preparación 
e introducción de datos, en el capitulo 3 se comentan los módulo·s que componen el 
programa, el capitulo 4 describe el módulo para crear o generar la estructura, en el capítulo 
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1.2 introducción ni rrogramn ST AAD 

El Sistema STAAD/Pro es un programa escrito para computadoras' p.ersonales ffiM 
o compatibles mediante el cual puede realizarse el Análisis y Diseño de Estructuras bajo uno 
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STAAD fi.!e desarrollado básicamente bajo la hipótesis de que la estructura esui 
formada por barras prismáticas (aunque también maneja cierto tipo de barras de sección 
variable) de eje recto. considerando también la posibilidad de modelar estructuras utilizando 
elementos placa y sólido (elemento finito). 

STRUCT.etc 
t .. · ._. . . 
1-,~w--~•Y-'> •~ 

. . '.,_., 
. ' . ·-·· .·.··,.,,,.,.,;:. -~ ·:.·;/-.·.-~ ,; .. 

Figura l.l ST AAD/Pro, programa principal y sistemas que lo integran. 

Una de las principales características del programa es la interacción que se puede 
establecer entre éste v el usuario, sin embargo. debido al número de opciones que el usuario 
puede activar. se requ1ere aprender su lenguaje especifico para poder utilizarlo, ya que, el 
usuario puede seleccionar varias opciones y la ejecución de cada una de ellas genera otras 
más. ST AAD es un programa orientado a eventos (seleccionar un elemento con el mouse. 
elegir una opción, activar/desactivar sucesos etc.) y no siempre solicita textualmente los 
elementos (datos) que se vayan requiriendo para la ejecución completa de ese módulo, 
además es necesario saber las convenciones de signos empleadas, los sistemas de referencia 
utilizados asi como algunas recomendaciones para su uso, éstas y algunas características más 
son descritas en los capítulos posteriores. 

En el· capitulo 2 se dan las recomendaciones necesarias para facilitar la preparación 
e introducción de datos. en el capitulo 3 se comentan los módulos que componen el 
programa. el capitulo 4 describe el módulo para crear o generar la estructura, en el capítulo 

7 



5 se presentan las opciones de análisis, en el capitulo 6 se muestran las opciones para \·er 
resultados del Análisis. el capitulo 7 contiene algunos ejemplos con la correspondiente 
interpretación de los resultados obtenidos por el programa STAAD. por ultimo. en el 
capitulo 8 se incluyen algunos comentarios y sugerencias finales 



2.1 EJecución del programa 

Una vez instalado, para lfllClar la ejecución del programa STAAD. se puede hacer 
clic en inicio Juego deslizar el puntero del ratón hasta programas, enseguida desplazarlo a la 
derecha. y hacia abajo hasta la carpeta ST AAD/Pro y por último a la derecha y hacia arriba 
(en la computadora donde se preparó 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 Ejecución del programa STAAD!Pro 
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Figura 2.2lnicio del programa STAAD. 

2.2 Tipo de estructura y datos generales 

><"·· 
--~· 

Para iniciar la introducción de datos generales y el tipo de estructura por analizar se 
utiliza la opción New del menu file (vease figura 2.2) mostrándose la ventana de la figura 

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

T russ 
Plan e 
Floor 
Space 

Para el caso de la estructura tipo Truss (armadura) esta puede ser plana o en 3 
dimensiones (30) en ambos casos en el análisis sólo se considerará el efecto axial 
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Figura 2.3 Datos generales al inicio del programa STAAD. 

En la estructura tipo Pl:me se consideran cortante y axial en el plano de la estructu. 
y flexión perpendicular a ese plano. 

El tipo Floor permite analizar estructuras con acciones perpendiculares a su plano 
(retículas) considerando flexión en el plano, torsión, y cortante 

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

La opción que corresponda a la estructura por analizar. y la introducción de un título 
(opcional) como identificación que se incluira dentro del archivo de datos, se realiza en la 
ventana de la figura 2.3. una vez introducidos los datos y seleccionado el tipo de estructura 
v 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 introducirim posteriormente (geomeuia, propiedades. cargas, etc.) 
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Figura 2.4 Datos de unidades al inicio del programa ST AAD 

Una vez seleccionadas las unidades se hace clic en S.iguiente 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 módulo principal de STAAD. 

. . . - ' 
·," ·, ._. _ ...... 

. . -.- : ·.· .. 
Det•uil üngth Ur~· M..Íe;· .· · De!a<A F01ce Ufll. Me!1ic Ton . 

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

Observese que en esta ventana (figura 2.6), en general, están contenidos algunos 
elementos típicos de v¡¡rios 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 típicos de varios programas, y otros 
propios ST AAD), 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 área con fondo blanco que se 
utilizará .para desplegar gráficamente la geometría y algunas caractérísticas de la estructura 
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(apoyos. cargas. etc.). el área restante (a la derecha de la anterior) la utiliza el programa 
ST AAD para mostrar, generalmente, infonnación de los elementos de la estructura en forma 
numérica (coordenadas de los nudos, incidencias de las barras. fuerzas, etc.). 

' [IJet:~:;i::.' : , • , 

:.fiJJlto/T~ 
FM~ 

Figura 2.6 Ventana completa del programa STAAD 

2.3 Definición de la geometria 

. . -..... "~:. 

_, 

-..-: 

1\ntes de inictar la ejecución del programa ST AAD es conveniente tener 
completamente bien defmida la geometría del modelo. La estructura por analizar se 
idealizara mediante una serie de elementos estructurales conectados entre si, los cuales, de 
acuerdo a sus características o con fines de análisis se podrán modelar como elementos barra 
(trabes, columnas, diagonales. etc), elementos finitos placa (losas, muros) o elementos 
ftnitos sólidos (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. 
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La definición o ubicación de los elementos (barra, placa. sólido) 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 definidJ 
SU pOSICIOn. 

N o es necesario numerar los nudos que forman parte de la estructura ya que d 
programa lo hace de manera autominica. Es conveniente localizar nudos en donde se tengJ 
cambio de propiedades geométricas o elásticas, recordando que el elemento barra requiere 
de dos nudos para posicionarlo, el elemento placa 3 ó 4 y el sólido desde 4 hasta 8 nudos 
(véase figura 2. 7). 

el En 'Te$ oomei'ISicnes 

Figura 2. 7 Tipos de elementos y nudos que los definen 

2.4 Definición de las propiedades geométricas de los elementos 

Los stgutentes son algunos de los tipos de elementos barra que pennite maneJar 
STAAD. 

a) Prismáticos (rectangular. circular. etc.). 
b) Elementos estandar de acero 
e) Elementos de acero definidos por el usuario. 
d) Sección 1 de peralte variable 
e) Asignarles una forma específica. 

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

AX = Área de la sección transversal. 
IX = Constante de torsión. 
!Y = Momento de inercia al rededor del eje y. 
IZ = Momento de inercia al rededor del eje z 
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A Y = Área de cortante en dirección y. 
A2 = Área de cortante en dirección z. 
YD = Dimensión de la sección en dirección y. 
ZD = Dimensión de la sección en dirección z. 

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

ZD ZD 
i 
' 

-
' ' 

-
~ 

\ 

YD i YO 
! 

1 YB 
' 

' 
\ 

-1 i -

ZB ZB 

Figura 2.8 Características de secciones T y trapecial 

Si al programa se le solicita el cálculo de esfuerzos o el diseño (revisión) en concreto 
o acero será 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 
amilisis. esto sólo es posible definiendo a las barras d~ tipo "General" e introduciendo los 
valores de sus propiedades. 

Para secciones específicas (rectangular. circular. etc.) las propiedades son obtenidas 
por el programa sólo con proporcionar las dimensiones características segun la forma de la 
sección transversal de la barra (p ej B y D para la sección rectangular. D para la circular, 
etc.) en este caso seran considerados los efectos de deformación por conante. 

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

TRL'SS 
PLANE 
FLOOR 
SPACE 

Propiedad geométrica requerida 

AX 
AX. IZó IY 
IX. IZó IY 
AX. IX. IY. IZ 

Tabla 2.1 Propiedades geométricas mínimas requeridas para el análisis. 

El programa ST AAD pennite asignar las propiedades geométricas de los elementcls 
barra de acuerdo a una tabla de perfiles de acero estándar ( P.ej tabla AISC) o tomarlas de 
una tabla defir.ida por el usuario. 

En el caso de secciones J c;e peralte variable los datos son los que se muestran en la 
figura 2. 9. 

BFF 

IFF ' -
. DW\\1 1 OWWI TWW ioww 

TFFI ' j 
-

BFFI 

DWW ~ DWWl 

Figur:1 2.9 Características de la sección I de perálte variable. 

Al programa se le pueden dar instrucciones para que. de manera automática. maneje 
a los elementos con secciones de formas específicas (sección T. o formada por uno o dos 
ángulos. etc.). 

Para el caso de los elementos placa será necesario proporcionar el espesor de la placa 
en cada esquina. para el sólido no es necesario proporcionar propiedades geométricas sólo 
constantes elásticas 
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2.5 Definición de las p•·opiedades elásticas de los materiales 

Parl realizar el análisis se requiere tener definidas las constantes del material del cual 
están o estarán hechos los elementos (barra, placa y sólido) como son E (l\lódulo elástico). y 
J.l (relación de Poisson) y, mediante la siguiente expresión se obtiene el modelo de rigidez a 
cortante 

G= E 
2(1+.u) 

Para incluir el peso propio es necesario proporcionar el peso volumétrico. si se 
consideran efectos de temperatura será necesario especificar el coeficiente lineal de 
dilatación 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 amilisis (P ej. peso propio. carga viva. 
sismo. viento, etc.) y, para cada condición de carga. contar con las características de las 
fuerzas (tipo. magnitud, dirección. sentido y punto de aplicación) que componen cada 
sistema de fuerzas (condición de carga). 

Por ejemplo. una condición de carga pueoe 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 condición de carga. el sismo. puede ser representado por una serie de fuerzas 
estáticas (sismo estático) o dinámicas aplicadas a determinados nudos Una condición mas 
puede ser la carga viva. idealizada como una fuerza por unidad de area actuando en una 
determinada zona de la estructura (P. ej. 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 
combmac10nes a incluir en el análisis y. para cada combinación, las condiciones de carga que 
se incluiran así como su participación 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 combinación será 1.5 de la carga muerta+ 
l. 5 de la carga viva máxima. por lo que el factor de carga o participación de las condiciones 
anteriores 1 y 2 es l. 5. siendo 1 y 2 las cJndiciones de carga respectivas ( 1 la carga muerta 
y 2 la viva). 
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2. 7 Elección del tipo de an:ílisis y los resultados 

STAAD permite realizar un análisis elástico lineal de 1" orden y tambien de :"" 
orden. en el segundo caso se consideran efectos P-~. o un análisis no lineal por geometría en 
cuanto a considerar la geometría deformada de la estructura. por lo anterior habra que 
decidir el tipo de análisis a efectuar por el programa. 

En cuanto a los resultados que el programa puede proporcionar. será necesario saber 
cuales se requerinin. por ejemplo· desplazamientos. elementos mecánicos. grilficas y 
resultados de diseño (revisión), y de que elementos se requieren. por ejemplo: algunos o 
todos los nudos, algunos o todos los elementos (barras. placas. etc.). Gráficas de la 
deformada, de algun marco o de toda la estructura. etc. Lo anterior se tendrá que especificar 
para una. algunas o todas las condiciones de carga y/o combinaciones. Si el usuario no 
selc~ciona o define los elementos (nudos, barras, etc.) y las condiciones y/o combinaciones. 
la impresión la realiza para todos los elementos y todos los sistemas de fuerza existentes 

2.8 Diseño de elementos 

ST AAD· permite diseñar o revisar elementos de acero, concreto y madera por lo que 
será necesario especificar un código aplicable a utilizar (ACl. AlSC. LRFD. ASSTHO .. etc.), 
así como proporcionar los valores de los parámetros a utilizar (fe, fy, etc.), e indicar los 
elementos que se diseñarán y el criterio a seguir para su diseño (viga. columna. etc.). 

18 



3.1 Introducción 

Para poder introducir y/o hacer cambios a los datos o características de la estructura 
el programa STAAD, además de contar con un editor en linea modo' texto. principalmente 
tiene un editor gráfico integrado desde donde también se puede invocar al editor modo 
te>.:to. Casi con cualquier? de los dos editores se puede: 

o Manejar (Definir, mover, copiar, borrar, etc.) elementos estructurales (nudos, barras. 
placas sólidos) 

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

• Asignar propiedades geométricas de los elementos barra de acuerdo a: una tabla de 
perfiles estándar (AISC por ejemplo). una tabla previamente definida por el usuario, 
secciones prismáticas (circular rectangular. Te. trapezoidal, 1 de peralte constante o 
con variación lineal etc.), o introducir sus características paniculares (propiedades 
geométricas, orientación de su sección transversal. etc.). 

o Especificar espesores de los elementos placa. 

• Asignar propiedades a uno o varios elementos o grupo de elementos (barra, placas). 
las propiedades pueden ser densidad. módulo eliistico. relación de Poisson, 
coeficiente de dilatación térmica. Asi como definir la posición de la sección dentro de 
la estructura (posición de ejes locales con respecto a los globales). Algunas de las 
propiedades se tienen predefinidas para cienos materiales (acero. concreto, etc.) o se 
pueden introducir valores paniculares. 

o Especificar que elementos desempeñarán sólo una función estructural específica por 
ejemplo cable, barra en compresión, en tensión, armadura (tensión o compresión), 
con articulación o liberación a algún elemento mecánico en un extremo, ignorarlos y 
otras opciones También se puede definir diafragmas rígidos. 

o Definir. cargas variables (móviles) pudiendo ser definidas por el usuario (tren de 
cargas concentradas), de acuerdo. a AASHTO(HS20, HS 15, H20, HIS) o bien 
tomadas de un archivo externo. 
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• Especificar fuerzas definidas en el tiempo (fuerza-tiempo o. aceleración-tiempo) 
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una 
función (seno o coseno) proporcionando caracteristicas dimimicas (amplitud y 
frecuencia), definiendo el lapso de tiempo de actuación de la fuerza así como 
también considerar el amortiguamiento. 

• Definir características 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 estáticas 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 variación lineal, presión hidrostática. Para los 
elementos placa: presión uniforme, lineaL hidrostática. 

• Asignar carga uniforme por unidad de área en un nivel específico y en cierta área. 

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

• Seleccionar el tipo de análisis como puede 
análisis no lineal P-.1, análisis de segundo 
iteracciones) y análisis dinámico 

• Y otras opciones más. 

ser· elástíco-líneal de primer or,den, 
orden (especificando el número de 

··' 

3.2 Descripcion general 

En la figura 3 1 se muestra la ventana deslizable correspondiente a la opción o menú 
Eile 
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Figura 3.1 Menu file de STAAD. 

Algunas de las opciones del menu file permiten 

New 

Open 

View 

Printer Setup 

Print lnput File 

Iniciar un problema nuevo 

Abrir un archivo existente con datos de alguna estructura. 

Ver el contenido del archivo de dat·. (Input File) o el archivo 
de resultados (Output File) 

Seleccionar una impresora o bien modificar sus 
propiedades. 

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 menú anterior. otras opciones que pueden ser de uso no mu\' 
frecuente. 

Ahora en la figura 3.2 se presentan las opciones del menú I;;dit 

Figur:1 3.2 Menú _Edit del módulo STAAD. 

Las opciones del menú _Edit permiten. 

Undo 

F MDNt>\ 1 3.'1010) 

Deshacer la acción anterior (última). 

Suprimir(borrar) los elementos seleccionados de la estructura 
(p.ej barras que aparecen en color en el area de dibujo) y Jos 
coloca en la memoria temporal. 
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Copy 

Paste 

Del 

Edit command lile 

F Monrny 1311010) 

Copia a la memoria temporal los elemento~ seleccio~ad6s de la 
estructura (para poder insenarlos posteriormente). esta opcion 
no borra a los elementos 

lnsenar los elementos almacenados en la memoria temporal. 

Borra los elementos seleccionados de la estructura. 

Ejecuta el editor modo texto mostrando el contenido del 
archivo de datos al que pueden realizarse le cambios ( adicion<u 
comandos o datos. suprimir o modificar pane de la 
información etc.). 

23 



4.1 Generación de la geometría 

Una vez iniciado STAAD/Pro aparece la ventana que se muestra en la figura 4.1. en 
donde se muestra la mayoría del contenido (iconos, menús} en gris, la mayoría de los cuales 
se activará una vez seleccionado el archivo de trabajo que está en el menú FILE, se elige 
New mostrándose 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 ST AAD/Pro 

SP ACE- Para estructuras tridimensionales considerando efectos de axial, torsión. 
flexión. 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 fle~ón. cortante y axial. 
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4.1 Generación de la geometría 

Una vez iniciado ST AAD/Pro aparece la ventana que se muestra en la figura 4.1. en 
donde se muestra la mayoría del contenido (iconos, menús) en gris, la mayoría de los cuales 
se activará una vez seleccionado el archivo de trabajo que está en el menú FILE. se elige 
New mostrándose 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 ST AAD/Pro 

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

PLANE- Para cuando la estructura se puede considerar contenida en un plano (X, Y), 
entonces se le consideran efectos de flexipn, conante y axial. 
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FLOR- Es útil para analizar estructuras de piso (en el plano XZ, por ejellJplo entrepisos 
v retículas de cimentación), considerimdose sólo torsión, flexión y cortante. 

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

New ~de Setup · Step t: Specity Type and Tille Ef 
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-_ .::·- :.:-:·:: .. 
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Figura 4.2 Defmición del tipo de estructura 

' ' 

En el renglón en blanco puede introducirse de manera opcional. un titulo generalmente 
alusivo al nombre alusivo al nombre de la estructura por analizar (se aceptan espacÍ'Üs 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 
introducirán los datos de la estructura por analizar. despues 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 mayoría de los menús y opciones disponibles y la estructura general del 
proJrama la cual se reproduce en la figura 4.5 
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New F"ole Setup - Slep 2: Specif1 Uníls El 

·r .lnch 
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Figura 4.3 Definición de unidades 

New F"de Setup - Finisb 13 

· · •. DelaUll Len¡¡th Ul'1it . Meter . 
·: - - . 
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.... -~ .. 
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Figura 4.4 Datos de inicie> definidos por el usuario 
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Figura 4.5 Pantalla principal del programa STT AD/Pro 

En esa f1gura. se reconocen tanto la barra de menús (file, edit. etc.) y debajo de ésta se 
muestran 2 renglones de iconos los cuales son accesos directos a u na buena parte de las 
opciones contenidas en la mayoría de los menús. 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 información o datos de la estructura por categorías. 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 concem1entes a esa carpeta de trabajo 

Para iniciar la construcción de una malla se puede hacer clic en el folder geometría. 
mostrimdose en el area en blanco una malla y a la derecha las características de esta, (véase 
figura 4.6). Comencemos con seleccionar el plano de trabajo xy. y ademas usaremos lineas 
de construcción espaciadas 2 m tanto en x como en y. esos datos se introducen en la ventana 
que tiene como titulo Snap node/ beam (vease figura 4 7). 
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Figura 4.6 Carpeta geornetria 
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Figura 4. 7 Especificación de las caracteristicas de la malla 
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Una vez aceptadas las características· de la malla·de dibujo. se pueden empezar-a.dibuiar 
las barras que componen al modelo, para ello se dirige el cursor a algun nudo de 
coordenadas específicas correspondiente a nuestro modelo para hacer die, con lo que se 
muestra un circulo con un punto rojo indicando que es el nudo origen de un elemento barra. 
moviendo el ratón hacia la posición de la malla que definira al otro extremo de la barra 
(nudo) y haciendo die en ese punto que será el nudo fmal de una barra con lo que esta se 
habrá definido, la creación de la geometría (adición de nuevas barras) se puede realizar de 
esa manera (véase figura 4.8). 

Para interrumpir el último punto referenciado antes de hacer die en un nuevo nudo se 
mantiene oprimida la tecla CtrL. con lo cual se podrim posicionar otras barras en otros 
nodos. 

Al cerrar la ventana Snap nodelbeam desaparece del area en blanco la malla auxiliar de 
dibujo ya que no se podriln seguir introduciendo elementos barra y además se muestra a la 
derecha las características 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 está trabajando en el modo de selección (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 línea de color indicando que ha sido seleccionado) se oprime la tecla 
supr o bien se selecciona la opción delete del menu edit, enseguida aparecerá una ventana de 
mensaje indicando el número de elementos a eliminar, puede el usuario decidir (aceptar o 
cancelar) la acción. · 

Para seleccionar varios elementos se puede proceder a seleccionar uno por uno 
manteniendo oprimida la techa Ctrl y/o marcar una ventana para ello se hace die en un 
extremo del mismo y se arrastra el puntero del ratón hasta un extremo. de tal manera que los 
elementos a seleccionar estén casi completamente conténidos dentro de la ventana definida 
oor el usuario¡. 

l'ara adicionar nuevos elementos barras se puede hacer die en el icono que tiene una 
malla y una barra inclinada. en la barra vertical de iconos o bien seleccionar del menú 
geometría la opción Snap/grid node. 
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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 Asignación de propiedades geométricas 

ST AAD/Pro puede trabajar de dos maneras· por comandos y de manera gráfica. de la 
primer manera primero es necesario seleccionar elementos (nudos. barras. etc.) y después 
eleg1r algun comando (asignar propiedades. apoyos. etc.). para la segunda será necesario, 
primero. defmir alguna caracteristica (sección, tipo de apoyo, etc.), luego asignarla a algún 
elemento (barra. nudo. etc.) 

Por ejemplo. consideremos que la viga continua ya definida será de concreto con una 
sección transversal de 30 x 45 cm. para asignar estas caracteristicas a las barras. primeo las 
seleccionamos. enseguida en el menu comando 1 Member Propeny 1 Prismatic (ver figura 
4 9) 
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Figura 4.9 Definición de propiedades geométricas 

Seleccionar la carpeta rectangle e introducir las dimensiones de la sección 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 tendrán esa caracteristica. · -· 
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Figura 4.10 Caracteristicas de la sección rectangular 
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4.4 Tipos de apoyo 

Ahora con el cursor de selección de nudos seleccionamos los nudos extremos (que 
tendnin apoyo empotrado) y del menú Commands 1 Support Specifications seleccionamos 
Fixed (ver figura 4.11) 

-; 
:.:i 
-i 
.: .. i. 

~t~.-.­·-1-............ 
. Hi-,.~{...rt~ 

-f\ot~fort_-

~· 

--~----- .¡ 
f'eoi.._:F'le. •. 

f·n.'2' ~·¡ 

'·,~._,,;<;U' 

Figura 4.11 Especificación de apoyos 

... 

- -~ ,....;. .. _... ... -... ..... 
--:~·~-~!-~ .! -----~~-~---.1 

,¡ .. -~ 

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

Repetimos el proceso. pero ahora con los nudos Intermedios asignándoles apoyos 
aniculados (pinned) 

4.5 Asignación de fuerzas, condiciones y combinaciones de carga. 

Para definir condiciones y combinaciones 
Loading 1 Primary Loads (Figura 4. 13) 

de carga se utiliza el menú Commands 1 
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Figura 4.13 Definición de condiciones de carga 

En la ventana mostrada (Figura 4. 14). se puede seleccionar una existente o crear una 
nueva. en este último caso se puede introducir. en el cuadro en blanco. el titulo que se le 
dará a esa condición (Figura 4 14). por ejemplo, peso propio. 

Set ActNe Primar¡o Load Case · E! 

···' .. 

r. !;!eale New Ptimary Load Case 

N<Jmbe¡ jl 

~--~------------------------~--Tile jPeso ptopiQ 

OK.~ Cancel . · .. 1 

Figura 4.14 Creando una nueva condición de carga 

Ahora para que el programa considere al peso propio como acc10n 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 incluirá en la 
condición de carga especificada 
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Figura 4.15 Consideración del peso propio en el análisis de la estructura 

Ahora definiremos una nueva condición de carga seleccionando nuevamente Commands 
1 Loading 1 Primary Load y en la ventana mostrada activar Create New Primary Load Case e 
introduciendo como titulo el mostrado en la figura 6.16 y después hacer clic en el cuadro 
OK introduzcamos una carga uniforme de- 1.5 Ton/m a· las tres primeras barras. para ello. 
después de seleccionarlas y luego de hacer die en el Member se introducen los valores que 
se muestran en la figura 4.17 
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Figura 4.16 Definición de una nueva condición de carga 
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Figura 4.17 Especificación de parámetros 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 especificará una carga concentrada al centro 
de los dos tramos de la derecha. Primero se seleccionan las dos barras, luego se hace clic en 
el cuaoro member y en la ventana que se muestra se hace clic en la carpeta Concentrated 
Force m traduciendo los datos que se muestran en la figura 4.18 y después de hacer clic en el 
cuadro -\ssign la viga uene las cargas mostradas en la figura 4. 19 
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Figura 4.18 Especificación de cargas concentradas 

Figura 4.19 Cargas en la viga 
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Ahora especifiquemos una combinación de carga como la suma de las dos anteriores 
multiplicada por 1.4, para ello, nuevamente del menú Commands seleccionar Loading '1/ de 
ahi Load Combination (Figura 4.20) 

~· 

En la ventana 
(Figura 4.21 ). 
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Figura 4.20 Definición de combinaciones de carga 

mostrada hacer clic en New e introducir el nombre de la combinación 
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Figura 4.21 Nombre para \a combmación de carga 

Al hacer die en el cuadro OK se muestra \a ventana de \a figura 4.22 en ella primero 
especifica el factor de carga (1 4 para este caso) y luego se selecciona, de\ cuadro a la 
izquierda. la condición que se quiere incluir y luego se hace die en el botón > para pasarla al 
cuadro de \a derecha con \o que se inc\uira en la combinación de carga. para este caso se 
rep1te la operación anterior con la condición de carga 2 quedando como se muestra en \a 
figura 4.22 
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Figura 4.22 Datos para la combinación de carga 

Se pueden especif1car más combinaciones de carga haciendo clic en New en la ventana 
de la figura 4.21 o bien como se indicó al inicio de esta sección 

Para terminar la especificación de las combinaciones de carga se hace clic en el cuadro 
OK de la figura 4.22. 

4.6 Opciones de análisis. selección de resultados 

Para especificar la realización de un análisis elástico lineal se selecciona del menu 
Comands 1 Analysis la opción Perform Analysis /Figura 4 23) enseguida en la ventana que se 
muestra. se selecciona ALL (Figura 4.24) y después se hace c\ic OK con lo que el comando 
de anáhsis se adic1onará al archivo de datos 
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Figura 4.23 Opción de Análisis Elástico Lineal 
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Figura 4.24 Parámetros de la opción Análisis 

Para incluir resultados en el archivode salida (*anl) se pueden seleccionar elementos 
(nudos. barras. etc.) y luego del Menú Commands seleccionar Post-Analysis Print y el tipo 
de resultados deseados (este comando se puede repetir varias veces). ver figura 4.25. 
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Figura 4.25 Selección de resultados 

Si no se seleccionan elementos (nudos, barras. etc.) se incluinin (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 véntana, por ejemplo. como la mostrada en la figura 4.26, 
para la impresión de reacciones. 

Print SllpPDI'I Reactions 13 

............... :.: .......................... : ........................ . 

. · .. ·J. •OK ~ ... 

Figura 4.26 Selección de reacciones 



AN.ÁLISIS DE L.\ 
ESTRUCTURA 

Antes de solicitar el análisis 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 opción 
S2 ·e a S ave as del menú file y en la ventana que aparece se especifica el nombre del archivo 
asi como su ubicación (Figura 5.1). 

SaveAs · · 013 

:!] ExampOl.sld 
:!J E xamp02. std 
:!] E xamp03. std 

·• '!] E><amp04.std 
:!] ExampOS.std 
:!] E xamp06. std 

• 

:!] Examp07.std 
::!] E•amp08.std 
[!] E xamp09 std 
:!] Examp10.std 

!J E•amp11.std 
~Examp12.std 

H.,.,;¡.e de or~: j Vlga5cla std 

~ Exampl3.sld 
!] E •amp 14 std 
:.!] E xamp 15. std 
:!J Examp16.std 
~ E•amp17.std 
:!] E xamp 18. std 

Gu&:dor ~ / ·~··· r::¡ 5:-::T-:-MD:-::-S~p-ac-'e-:F~ile-s-:-t·-,t~dl~----.""':::¡-,. · 
archi-de bllQ: . · . · .. ·.· · . . ..... ·. . 

:!] E•amp19.std 
:!] Examp20 std 
:!] E xamp21 std 
L!J hamp22 std 
:!] Examp23.std 
!J E •amp24. std 

. ct;!iuWm ·1 
· • Cancelar 1 

"{ 

Figura 5.1 Almacenamiento de datos en un archivo 

Ahora del menú 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 Análisis de la estructura 
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Select Analy:io Engíne E3 

_:.··. -~ 
~->. 

. ... . 1 . " .. 

Figura 5.3 Selección de la herramienta de análisis 

de análisis (ST AAD Analysis o Stardyne. ) y despues se hace clic en Run Analysis para. 
enseguida. iniciarse el análisis. 

ST AW/Pro procesa todas las instrucciones contenidas en el archivo de datos(* std) 
generando ·ér archivo (* anl o *-out. dependiendo de la herramienta _o motor de análisis 
seleccionado. Staad o Stardyne respectivamente). Para la herramienta de análisis Staad el 
resultado de la fase de análisis se muestra en la figura 5.4 
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STAAD Analpsis - Desigft E! 

Input File vigaScla std 

++ Process~ng Jo~nt Cocrd~nates. 
++ Process~ng He~ber lnfcraation 
+T Check1ng Structural Integr1ty. 
++ Perform1ng Band-W1dth Reduct1on 
+~ Check¡ng Load Data 1 
++ Check1ng Load Data 2 
++ Process1ng Sup~ort Cond1l10n 
+T Process1ng and sett1n9 up Load Vector. 
++ Process¡ng Element Stiffness MatrlK 
++ Process1ng Global Stiffness Hotr1x 
++ Process¡ng Tr1angular FactcrJ.2atlan 
++ Calculat1ng Jc1nt D1splaoements 
++ Calcula ting Met11ber Forces 
++ An~!ys1s Successfully Completed ++ 
++ Creat1ng D1splacement File {ts?~ 
++ Creat1ng React1on F1le (REA) 
++ Calculating Section Forces 
++ Sectlon Force F1le (BMD). 
++ · SectJ.on Forces 
++ 1on D1splace File (SCN) 
++ Forces 
•• 

Figura 5.4 Resultados de la fase de análisis 
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6.1 lntroducciór 

VER 
RESULTADOS 

Una vez re.1lizado el análisis se recomienda revisar el contenido del archivo de 
resultados (• anl o • .out) para ello se selecciona la opción ST AAD Output de Output File en 
el submenú View del menú File (Figura 6.1 ). 

_ ... )1 

. . .. . 

·~· 1-l~ 
-~~~~~~: 

.:.~~-~" ... L~~'!.': .. l :~.":"::::~.: 
... ~::::: •• ) .::.~":".~ .• J 

... :<!;~ ................ , •• ····---:·:-........ . 

. .:··, .. -r ... t-

:.~ ~J.':"P~-~-:~~ " ............. -

.... ~'.~ .. :.:· 

Figura 6.1 Ver el contenido del 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 opción exit del menú file del 
visor (Figura 6.2) regresamos al ambiente principal de ST AAD/Pro. 
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Figura 6.2 Visor de resultados 

6.2 Ver estructura deformada 

El modo postproceso (menu Mode. figura 6.3) permite. por ejemplo, ver de manera 
gráfica y numérica la mayoria de los resultados generados por la fase de análisis (aun 
algunos no contenidos en el archivo .anl). 
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El cambio al modo postproceso produce la ventana de la figura 6.4. en ella. por 
ejemplo. se pasan a la ventana de la derecha las condiciones de carga de las cuales se 
mostrarán los resultados. 

Results Setup E3 

. load~ ..... .. ................................................................. ; 

Avaüaj¡le Se!ected: · : 
~--------------1 Peso prop1o 

2 Cargas muertas 
31 4 {Peso p!OpiO • Carga mue1ta) 

............................................................ ·-·. _] : 
··o 

~--. 

•,:·- ·-. ~. 

Figura 6.4 Selección de condiciones para mostrar resultados 
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Al hacer clic en aceptar ST AAD/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 opción scale del menu Results (Figura 6.5). 
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Figura 6.5 Cambio de escala 

.J<hUI' .. ,,,, •• ¡ .J!U.l~Y 

·~· 
:"¡:t'fl.lJ ....... 4-.'T 

.)/)U((' ~(«J:}) ·.)<):.e({(' 

'"""' ::1:om l·>X«t. 
).,U'<<\.. ~·:u.» •1\Jn~ .. 

'''""""- ,.h>l'tl ,,,,.,.., ... 
'"""' .. ~~"1.1 ,)(J1'\'I' 

:>!<0'>:. -¡J'.-)<C<!I:I ~{(f'>:<~ 

:J«O>ll •1•'•»1•:(1 :"U>)'l< 
.II'I<J.V' ·'v»'..<J Jt\U,•.( 

Para ver los resultados de otra condición o combinación de carga. por ejemplo. ésta 
se puede seleccionar del cuadro en blanco de la segunda barra horizontal de iconos (Figura 
6 6) 
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Figura 6.6 Seleccionando otra condición de carga 

6.3 Ver diagramas de elementos mecánicos 

Para que ST AAD/Pro muestre los diagramas de elementos mecámcos. puede ser 
conveniente. primero quitar la deformada para ello se deselecciona la opción Section 
Displacement del menu Results (Figura 6.7) 
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Figura 6. 7 Ocultando la deformada 

Enseguida. en el mismo menú (Results) seleccionar Bending Moment -con lo que se 
mostrará el diagrama de momentos de la figura 6. 8 

•. \!<''1'" ·"liJO'C' 
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Figura 6.8 Diagrama de Momentos 

V na manera de cambiar a otro tipo de elemento mecánico es. por ·ejemplo. hacer clic 
en el icono símbolos y etiquetas (Figura 6.8) con lo que se muestra la ventana de la figur~ 
6 9. en ella hacer die en la carpeta Loads and Results 
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Figura 6.9 Selección de resultados a mostrar 
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EL PROGRAMA 
STAAD/Pro 

1.1 introducción al programa STAAD!Pro 

En íos últimos año.;, el desarrollo de los equipos y sistemas de computo ha permitido 
una comunicación mucho más rapida, directa y sencilla entre el usuario y ia computadora 
logrando la posibilidad de desarrollar programas que, utilizando las caracteristicas de las 
computadoras de hoy en dia, nos permitan usarlas más eficientemente y entre otras cosas 
facilitamos la posibilidad de explorar varias alternativas de solución de problemas 
estructurales o bien considerar más variables en el modelo de las estructuras con el objeto de 
lograr un mejor entendimiento comportamiento de la estructura. 

Tomando en cuenta lo anterior, ST AAD/Pro es el resultado de un trabajo 
desarrollado en los Estados Unidos de Nonearnérica cuyo principal objetivo fue desarrollar 
un programa para Análisis y Diseño de Estructuras, en donde el usuario tenga gran 
yersatilidad en el manejo del mismo a través de una interacción directa en la mayor pane de 
la ejecución de los módulos que componen al programa que, junto con la relativa sencillez y 
facilidad de uso son algunas de sus principales caracteristicas. 

STAAD(Pro consta básicamente de una serie de módulos (véase figura 1). de ellos, 
en este instructivo se describini sólo el módulo STAAD, en éste, el usuario puede 
seleccionar diversas opciones para poder introducir y/o modificar datos, o bien almacenarlos 
para su procesarruento posterior. analizar la estructura, ver resultados en la pantalla o 
imprimirlos, ver resultados de diseño etc. 

STAAP/Pro. la siguiente generación del programa STAAD-ID, es el principal 
software para Análisis y Diseño Estructural de Research Engineers. En ST AAD/Pro, el 
enfoque principal esta en la productividad. STAAD/Pro dirige el proceso completo de la 
lngenieria Estructural. desde el desarrollo del modelo hasta el análisis, diseño, bosquejo y 
detallado de componentes estructurales. ST AAD/Pro se diseñó para trabajar de manera 
similar a como se hace en un despacho de Proyecto Estructural. 

ST AAD/Pro es el ambiente de funcionamiento nativo con una ventana para la 
selección de los componentes que lo constituyen, permitiendo la construcción del modelo así 
como la visualización y comprobación de resultados. STAAD/Pro es el paquete principal 
con varios componentes optativos. que consisten en lo siguiente: 
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STAAD proporciona el anilisis estructural y el diseño integrado de acero, concreto y 
madera. 

ST ARDYNL proporCiona características avanzadas de análisis. Construido 
alrededor de una biblioteca de elemento finito, ST ARDYNE proporciona poderosas 
opciones de análisis Diruimico, Sísmico, No-lineal, por temperatura, pandeo y otras 
capacidades avanzadas de análisis. 

El ambiente FEMkit ofrece modelación de Elemento Finito orientada gráficamente, 
se complementa con tecnologías para generación de mallas 2D y 3D y herramientas 
poderosas para la comprobación del modelo. 

Visual DRA W pernúte la generación de planos. elevaciones, secciones y dibujos de 
detalle. Totalmente integrado en el ambiente STAAD!Pro .• Visual DRA W proporciona la 
generación de dibujos, con capacidades de edición y plateo. 

Los módulos siguientes también están disponibles como componentes de 
:t .• 

STAAD!Pro. 

ST AAD.etc es una colección de módulos de diseño de componentes estructurales. le 
pennite al ingeniero completar el proyecto diseñando cimentaciones, muros de retención, 
mampostería, conexiones y otros componentes estructurales de utilidad. 

'• 
:.~· 

FabriCAD es .una herramienta integrada que realiza el detallado de acero, cliculos 
de fabricación y montaje, así como la generación de dibujos. ~ 

El componente ADLPIPE ofrece un sistema confiable para modelado y análisis. Este 
componente ofréce una solución completa para diseño de plantas industriales. 

Poderoso y comprensivo. ST AAD!Pro está basado en un diseño orientado a objetos 
que utiliza la tecnología MFC (Microsoft Foundation Class), aprovechando la computación 
de 32 bits. Una base de datos relacional, con enlaces OLE y DDE, pennite intercambio de 
información entre múltiples aplicaciones integradas con todo el software basado en 
Windows. 

1.2-Introducción al programa STAAD 

El Sistema STAAD!Pro es un programa escrito para computadoras personales IBM 
o compatibles mediante el cual puede realizarse el Análisis y Diseño de Estructuras bajo uno 
o mas sistemas de carga formados por un conjunto de fuerzas estáticas y/o dinámicas 
aplicadas a 1a estructura proporcionando, después del análisis, los desplazanúentos de los 
nudos. elementos mecánicos, reacciones. formas modales y resultado del diseño. 

"1.1Df11'tr'. 21~0\ 
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ST AAD fue desarrollado básicamente bajo la hipótesis de que. la estructura estli 
fonnada por barras prismáticas l aunque también maneja cierto tipo de barras de sección 
variable) de eje recto, considerando también la posibilidad de modelar estructuraS utilizando 
elementos placa y sólido (elemento finito). 

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

Una de las principales caracterist1cas del programa es la interacción que se puede 
establecer entre éste y el usuario, sin embargo, debido al número de opciones que el usuario 
puede activar. se requiere aprender su lenguaje específico para p_oder utilizarlo, ya que, el 
usuano puede seleccionar varias opciones y la ejecución de cada una de ellas genera otrliS 

más. ST AAD es un programa orientado a eventos (seleccionar un elemento con el mouse, 
elegir una opción, activar/desactivar sucesos etc:) y no siempre solicita textualmente los 
elementos (datos) que se vayan requiriendo para la ejecución· completa de ese módulo, 
ademas es necesario saber las convenciones de signos empleadas, los sistemas de referencia 
utilizados así como algunas recomendaciones para su uso, éstas y algunas características más 
son descritas en los capítulos posteriores. 

En él ·capitulo 2 se dan las recomendaciones necesarias para facilitar la preparación 
e introducción de datos, en el capitulo 3 se comentan los módulos que componen el 
programa. el capitulo 4 describe el módulo para crear o generar la estructura, en el capítulo 
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-5 se presentan las opciones de análisis, en el capítulo 6 se muestran las opciones para ver 
resultados del Análisis y Diseño, en el capítulo 7 se describen los módulos complementarios, 
el capitulo 8 contiene algunos ejemplos con la correspondiente interpretación de los 
resultados obtenidos por el programa STAAD, por último, en el capírulo 9 se incluyen 
algunos comentarios y sugerencias finales. 
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RECOMENDACIONES 
PARA EL USO DEL 

PROGRAMA 

2.1 Ejecución del programa 

Una vez instalado, para iniciar la ejecución del programa STAAD, se puede hacer 
clic en inicio luego deslizar el puntero del ratón hasta programas, enseguida desplazarlo a la 
derecha y hacia abajo hasta la carpeta STAAD/Pro y por último a la derecha y hacia arriba 
(en la comp'.ltadora donde se preparó este instructivo), para, finalmente hacer clic en 
ST AAD (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 Ejecución del programa STAAD/Pro. 
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Figura 2.2 Inicio del programa STAAD. ' ., 
'• 
' ., ·' '" ··;: 

2.2 Tipo de estructura y datos generales 

Para iniCiar la introducción de datos generales y el tipo de estructura por analizar se 
utiliza la opción New del menu file (véase figura ::!.2) mostnmdose la ventana de la figura 
2.3 

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

Truss 
Plan e 
Floor 
S pace 

Para el caso de la estructura tipo Truss (armadura) esta puede ser plana o en 3 
dimensiones (30) en ambos casos en el amilisis solo se considerará el efecto axial. 
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Figura 2.3 Datos generales al inicio del programa STAAD. 

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

El tipo F1oor pennite analizar estructuras con acciones perpendiculares a su plano 
(rettculas) considerando flexión en el plano, torsión, y cortante. 

El caso general lo constituye el tipo Space en donde se consideran flexión 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 algún elemento mecánico y suprimir o ligar grados 
de libertad (por-ejemplo diafragma rígido) .. 

La opción que corresponda a la estructura por analizar, y la introducción de un título 
(opcional) como identificación que se incluirá 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 despues de. hace( die 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 introducirán posteriormente (geometria, propiedades, cargas, etc.) 
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Figura 2.4 Datos de unidades al inicio del programa STAAD. 

Una vez seleccionadas las unidades se hace clic en Siguiente para que se despliegue 
la ventana de la figura 2.5, finalmente, Finish conduce a la ventana de hi figura 2.6 que es la 
ventana o módulo principal de STAAD. 

,¡, 

Figura 2.5 Datos seleccionados por el usuario al inicio del programa ST AAD. 

Obsérvese que en esta ventana (figura 2.6), en general, están contenidos algunos 
elementos típicos de varios programas desarrollados para ambiente o plataforma Windows, 
es decir. una barra de titulo (extremo superior de la ventana), una de menús desplegables 
(File. Edit. View. etc.), barras de iconos (algunos típicos de varios programas, y otros 
propios ST AAD), 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 categorías (Job, Setup, Geometry, etc.), seguidas por un área con fondo blanco que se 
utilizará para desplegar grilficamente la geometria y algunas características de la estructura 

12 



(apoyos, cargas, etc.), el área r~stante (a la derecha de la anterior) la utiliza el programa 
STAAD para mostrar, generalmente, infonnación de los elementos de la estructura en fonna 
numérica (coordenadas de los nudos, incidencias de las barras, fuerus, etc.). 

Figura 2.6 Ventana completa del programa STAAD. 

2.3 Definición de la geometría 

Antes de iniciar la ejecución del programa ST AAD es conveniente tener 
completamente bien definida la geometria del modelo. La estructura por analizar se 
idealizará mediante una serie de elementos estructurales conectados entre sí, los cuales, de 
acuerdo a sus caracteristicas o con fines de análisis se podrán modelar como elementos barra 
(trabes, columnas, diagonales, etc.), elementos finitos placa (losas, muros) o elementos 
finitos sólidos (elementos tridimensionales), estos elementos estarán unidos en puntos 
comunes (nudos), algunos nudos estarán completamente o parcialmente restringidos 
(apoyos), en uno o varios grados de libertad. 
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La definición o ubicación de los elementos (barra, placa, sólido) se logra iocaÍizand¿ 
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) así como los nudos extremos (incidencias) de la barra queda definida 
su posición. 

No es necesario numerar los nudos que forman pane de la estructura ya que el 
programa lo hace de manera automática. Es conveniente localizar nudos en donde se tenga 
cambio de propiedades geométricas o elásticas, recordando que el elemento barra requiere 
de dos nudos para posicionarlo, el elemento placa 3 ó 4 y el sólido desde 4 hasta 8 nudos 
(véase figura 2. 7). 

--
'•lEn~~ clE:n.,..~ 

Figura 2. 7 Tipos de nudos. 

2.4 Definición de las propiedades geométricas de los elementos 

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

a) Prismáticos (rectangular, circular, etc.). 
b) Elementos estándar de acero. 
e) Elementos de acero definidos por el usuario. 
d) Sección 1 de peralte variáble. 
e) Asignarles una forma especifica. 

. . Para elementos barra prismáticos de forma arbitraria se requiere proporcionar las 
s1gu1entes propiedades referidas a ejes locales y centroidales de la barra. 

" MDrero\lll/9101 

AX = Área de la sección transversal. 
IX = Constante de torsión. 
IY = Momento de inercia. al rededor del eje y. 
IZ = Momento de inercia al rededor del eje z. 
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A Y = Área de cortante en direcéión Y. 
AZ = Área de cortante en dirección z. 
YD = Dimensión de la sección en dirección y. 
ZD = Dimensión de la sección en dirección z. 

Para barras de sección trapezoidal o T el significado de YB y ZB se muestra en la 

figura 2. 8. 

ZD ZD 
1· 

•. 
1 

1 \ /L 1 
1 

1 IYD 
lYB \_) 1 J -

¡, ,1 
/• ZB 

,¡ 
-- ZB 1 1 

Figura 2.8 Caracteristicas de secciones T y trapecial 

Si al programa se le solicita el cillculo de esfuerzos o el diseño (revisión) en concreto 
o acero sera necesario proporcionar los valores de YD y ZD en caso contrario se pueden 
ommr 

. 
Si no se proporcionan las áreas de cortante el programa no considera ese efecto en el 

analisis. esto sólo es posible definiendo a las barras de tipo "General" e introduciendo los 
valores de sus propiedades. 

Para secciones especificas (rectangular, circular. etc.) las propiedades son obtenidas 
por el programa sólo con proporcionar las dimensiones caracteristicas según la forma de la 
secc1ón transversal de la barra (p.ej B y D para la sección rectangular, D para la circular, 
etc.) en este caso seran considerados los efectos de deformación por cortante. 

Dependiendo del tipo de estructura, en la tabla 2.1 se muestran las propiedades 
geometricas mínimas que es necesario proporcionar para que el análisis se pueda realiur. 
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Tipo de estructura 

TRUSS 
PLANE 
FLOOR 
SPACE 

Propiedad geometrica requerida 

AX 
AX, lZ ó IY 
IX, lZ ó IY 
AX. IX, IY, IZ 

Tabla 2.1 Propiedades geomemcas mínimas requeridas para el análisis. 

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

En el caso de seccio~es I de peralte variable los datos son los que se muestran en la 
figura 2.9 

1 OV/V./' 

BFF 

IFF ! ~..-! ----, ! • 

-11-~ 
~1L 

T 
)DWWI 

TFFl ! L-------------~ 

BFFl 

DWW:::DWWI 

Figura 2.9 Caracteristicas de la sección I de perálte variable. 

iDWW 

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

Para el caso de los elementos placa será necesario proporcionar el espesor de la placa 
en cada esquina, para el sólido no es necesario proporcionar propiedades geometricas sólo 
constantes elásticas 

" ~C>n.m' :1 fQIO 1 
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2. 7 Elección del tipo de análisis y los resultados 

ST AAD pennite realizar un análisis elástico lineal de !'" orden y también de 2 .. 
orden, en el segundo caso se consideran efectos P-a, o un análisis no lineal por geometria en 
cuanto a considerar la geometria deformada de la estructura, por lo anterior habrá que 
decidir el tipo de análisis a efectuar por el programa. 

En cuanto a los resultados que el programa puede proporcionar, será necesario saber 
cuales se requerirán, por ejemplo: desplazamientos, elementos mecánicos, gráficas y 
resultados de diseño (revisión), y de que elementos se requieren; por ejemplo: algunos o 
todos los nudos, algunos o todos los elementos (barras, placas, etc.). Gráficas de la 
deformada, de algún marco o de toda la estructura, etc. Lo anterior se tendrá 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 impresión la realiza para todos los elementos y todos los sistemas de fuerza existentes. 

2.8 Diseño de elementos 

ST AAD pennite diseñar o revisar elementos de acero, concreto y madera por lo que 
será necesario especificar un código aplicable a utilizar (ACL AISC, LRFD, ASSTiiO, etc.), 
asi como proporcionar los valores de los parámetros a utilizar (fe, fy, etc.), e indicar los 
elementos que se diseñarán y el criterio a seguir para su diseño (viga, columna, etc.). 
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2.5 Definición de las propiedades elásticas de los materiales 

Para realizar el análisis se requiere tener definidas las constantes del material del cual 
están o estarán hechos los elementos (barra, placa y sólido) como son E (Modulo elástico). y 

11 (relación de Poisson) y;mediañte.la siguiente expresión se obtiérie el-modelo de rigidez a 
cortante. 

G= E 
2 (1 + ¡;.) 

Para incluir el peso propio es necesario proporcionar el peso volumétrico, si se 
consideran efectos de temperatura será necesario especificar el coeficiente lineal de 
dilatación 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 realizará el análisis (P. ej. peso propio, carga viva, 
sismo. viento, etc.) y, para cada condicion de carga, contar con las caracteristicas de las 
fuerzas (tipo. magnitud,. dirección, sentido y punto de aplicacion) que componen cada ;. 
sistema de fuerzas ( condicion de carga). 

Por ejemplo. una. condición 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 dinarnicas aplicadas a determinados nudos. Una condición más 
puede ser la carga viva, idealizada como una fuerza por unidad de area actuando en una 
determinada zona de la estructura (P. ej. 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 número de 
combinaciones a incluir en el análisis y, para cada combinacion, las condiciones de carga que 
se mcluiran asi como su panicipación 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 combinación sera 1.5 de la carga muerta+ 
1.5 de la carga viva maxima, por lo que el factor de carga o panicipación de las condiciones 
anteriores 1 y 2 es 1.5, siendo 1 y 2 las condiciones de carga respectivas (1 hÍ carga muerta 
y 2 la viva). 
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MÓDULOS DEL PROGRAMA 
DESCRIPCION GENERAL 

3.1 Introducción 

Para poder introducir y/o hacer cambios a los datos o características de la estructura 
el programa STAAD, además de contar con un editor en linea modo texto, principalmente 
tiene un editor grilfico 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 sólidos). 

• Especificar tipos de apoyo (fijo o con grados de libertad, resortes, apoyos inclinados, 
tipo "Foundation", etc.). 

• Asignar propiedades geométricas de los elementos barra de acuerdo a: una tabla de 
perfiles estándar (AISC por ejemplo), una tabla previamente definida por el usuario, 
secciones prismaticas (circular rectangular, Te, trapezoidal, 1 de peralte constante o 
con variación lineal etc.), o introducir sus características paniculares (propiedades 
geométricas, orientación de su sección transversal, etc.). 

• Especificar espesores de los elementos placa. 

• Asignar propiedades a uno o varios elementos o grupo de elementos (barra, placas), 
las propiedades pueden ser: densidad. módulo elil.stico, relación de Poisson, 
coefictente de dilatación térmica. Asi como definir la posición de la sección dentro de 
la estructura (postción 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 desempeñarán sólo una función estructural específica por 
ejemplo. cable. barra en compresión, en tensión, armadura (tensión o compresión), 
con articulación o liberación a algún elemento mecánico en un extremo, ignorarlos y 
otras opciones. También se puede definir diafragmas rígidos. 

F Monrov 111"910! 19 



• Definir cargas variables (móviles) pudiendo ser definidas por el usuario (tren de 
cargas concentradas), de acuerdo a AASHTO(HS20, HSIS, H20, IDS) o bien 
tomadas de un archivo externo. 

• Especificar fuerzas definidas en el tiempo (fuerza-tiempo o aceleración-tiempo) 
tomando los valores de un archivo existente o introduciéndolos de acuerdo a una 
función (seno o coseno) proporcionando características dinámicas (amplitud y 
frecuencia), definiendo el lapso de tiempo de actuación de la fuerza así como 
también considerar el amoniguamiento. 

;, Definir características 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 estáticas 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 variación lineal, presión hidrostática. Para los 
elementos placa: presión uniforme, lineal, hidrostática. ·' 

• Asignar carga uniforme por unidad de área en un nivel específico y en ciena área. 
,, 

• Incluir eíi las barras, presfuerzo, incrementos de temperatura y ajustes en la longitUd 

· .. 

inicial de los elementos. ' · : 

• Seleccionar el tipo de análisis como puede ser: elástico-lineal de primer orden, 
análisis f!O lineal P -tJ.. análisis de segundo orden (especificando el número de 
iteracciones) y análisis dinámico. 

• Y otras opciones más. 

3.2 Descripcion general 

file 
En la figura 3 .l se muestra la ventana deslizable correspondiente a la opción o menú 



Figura 3.1 Menufile de STAAD 

-
Algunas de las opciones del menu file penniten: 

l'iew 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 

Print Input File 

Seleccionar una impresora o bien modificar sus 
propiedades 

Imprimir el contenido de un archivo de datos. 
' 

Preview Print Input Ver el contiinido del archivo de datos antes de imprimir. 

Save, Save As Permiten guardar el archivo de datos. 

F Morwy 2119101 
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Exit Cerrar el programa 

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

Ahora en la figura 3.2 se presentan las opciones del menú I;dit 

Figura 3.2 Menú Edit del módulo STAAD. 

Las opciones del menu Edit permiten· 

Undo 

F M""""' ll !W(l¡ 

Deshacer la acción anterior (última). 

Suprimir(borrar) los elementos seleccionados de la estructura 
(p.ej. barras que aparecen en color en el área de dibujo) y los 
coloca en la memoria temporal. 

22 

.. 
1' 

1 ,;. 

' .. 

•¡ 

'-·~· 



Copy Copia a la memoria temporal los elementos seleccionados de Ji¡ 
estructura (para poder insertarlos posterionnente ), esta opción 
no borra a los elementos 

Paste Insertar Jos elementos almacenados eri la memoria temporal. 

Del Borra los elementos seleccionados de la estructura. 

Edit command file Ejecuta el editor modo texto mostrando el contenido del 
arclúvo de datos al que pueden realizársele cambios (adicionar 
comandos o datos, suprimir o modificar parte de la 
información etc.). · 
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STAAD SPACE EJEMPLO 
START JOB INFORMATION 
ENGINEER DATE 04-0ct-00 
END JOB INFORMATION 
INPUT WIDTH 7 9 
UNIT METER MTON 
JOINT COORDINATES 
1 O O O; 2 5 O O; 3 10 O 0; 4 15 O 0; 
MEMBER INCIDENCES 
l 1 2; 2 2 3; 3 3 4; 
M~~BER PROPERTY AMERICAN, 
l TO 3 PRIS YO 0,5 ZD 0.25 
UN!T METER KN 
CONSTANTS 
E 2,5e+007 MEMB 1 TO 3 
POISSON 0.17 MEMB 1 TO 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 LOAD 
l TO 3 UNI GY ·-2 
PERFORM ANALYSIS PRINT ALL 
PRINT ANALYSIS RESULTS 
!!N! SE 

C:\Mis documentos\STAADPRO\V3clapro.std 
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PAGE NO. 1 
•••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
• STAAD/Pro STAAD-III • 
• Revision 3.1 • . . 

• Proprietary Program of • 
• RESEARCH ENGINEERS, Inc. • 
• Date• SEP 23, 2001 • 
• 'l'.une= 23:24:35 • 
• • 
• USER ID: Unlmown U ser • 
•••••••••••••••••••••••••••••••••••••••••••••••••• 

l. STAAD SPACE EJEMPLO 
2. S7ART JOB INFORMATION 
-· ENG!NEER DATE 04-CCT-00 
~ . EHD JOB INFORMATION 
5. INPU7 WIDTH 79 
6. UNIT METER MTON 
7. JOINT COORDINATES 
8. l o o o; 2 5 o o; 3 10 o o; 4 15 o o 
9. MEMBER !NCIDENCES 

lO. 
ll. 

:3. 

lE. 

" 1 2; 2 2 3; 3 3 4 
M~~BER PROPERTY AMERICAN 
: TO 3 PR!S YD 0.5 ZD 0.25 
UN!T METER KN 
CONSTAN:' S 
E 2.5E+007 MEMB l TO 3 
PO!SSON 0.17 ME!'.B l TO 3 
DENS!TY 24 MEMB l TO 3 

16. A:PHh l.lE-005 MEMB l TO 3 
19 . UN!':' ME:TER MTON 
2 C:. SU?POR'!S 
2!. l 70 ~ P!NNED 
· · LOAS : VERT: Clú. 
23. MEMBER LOAD 
24. : :~ 3 UN: G~ -2 
2~. PERFO~ ANALYS!S ?R!N':' AL~ 

FP.OBLE~ S T A T : S ':' ! C S 

NUMBER Of JOIN:"S/MEMBER->ELEMENTS/SUPPORTS a 4/ 3/ 4 
OR:GIN~/FINAL BAND-WIDTH = 1/ l 
TOTAL PRIMARY LOAD CASES l, TOTAL DEGREES OF FREEDOM • 12 
SIZE OF ST!FFNESS MATRIX • 72 DOUBLE PREC. WORDS 
REQRD/AVAIL. DISK SPACE = 12.00/ 2047.7 MB, EXMEM • 1798.5 MB 

EJEMPLO -- PAGE NO. 

LOADING l VERT!Clú. 

MEMBER LOAD - UN!T MTON METE 

MEMBER UDL Ll L2 CON L LIN1 LIN2 

C :\Mis documentos\ST AADPRO\V3clapro.ANL 
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1 
2 
3 

-2.000 GY 
-2.000 GY 
-2.000 GY 

0.00 
0.00 
0.00 

5.00 
5.00 
5.00 

•••TOTAL APPLIED LOAD MTON 
SUMMATION FORCE-X G 

SUMMATION FORCE-Y • 
SUMMATION FORCE-Z = 

METE ) 
0.00 

-30.00 
0.00 

SUMMARY. (LOADING l ) 

•SUMMATION OF MOMENTS AROUND THE ORIGIN-
MX= 0.00 MY• 0.00 MZ• 

-~ Processing Element Stiffness Matrix. 
•- Processing Global Sciffness Matrix. 
•- Process~ng Triangular Factor~zat~on. 

-225.00 

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

•••WARNING - IM?ROPER LOAD WILL CAUSE INSTASILITY 
DIRECTION = MX PROBABLE CAUSE MODELING PROBLEM 
Calculat~ng Joint Oisplacements. 

AT JOINT 4 
-0.728E-ll 
23:24:35 
23:24:35 ~- Calculat~ng Memher Forces. 

•••TOTAL REACTION- 1 MTON METE ) SUMMARY 

L:)A~ING 

SU!-'- X= 0.00 SUM-Y= 30.00 SUM-Z= 0.00 

SU~~7:0N OF MOMENTS AROUND ORIGIN-

0.00 MY= 0.00 MZ• 225.00 

EX':ERNA:. ANO !NTERNAi JOINT LOAD SUMMARY-

EX7 FX/ EX7 FY/ EXT FZ/ EXT MX/ EXT MY/ EXT MZ/ 
IN': FX INT FY IN'! FZ INT MX INT MY INT MZ 

. 0.00 -5.00 0.00 0.00 0.00 -4.17 
0.00 l.OO 0.00 0.00 0.00 4.17 

- 0.00 -10.00 0.00 0.00 0.00 0.00 
c.oo -l. 00 0.00 0.00 0.00 0.00 

- 0.00 -10.00 0.00 0.00 o.oo 0.00 
0.00 -1.00 0.00 0.00 0.00 o.oo 

.; 0.00 -5.00 0.00 0.00 0.00 4.17 
c.oo l. 00 0.00 0.00 o.oo -4.17 

EJEMPLO PAGE NO. 

.................... END OF DATA FROM INTERNAL STORAGE •••••••••••• 

26. PRINT ANALYSIS RESULTS 

EJEMPLO -- PAGE NO. 

C:\Mis documentos\ST AADPRO\V3clapro.ANL 
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JOINT DISPLACEMENT (CM RADIAN S) STRUCTURE TYPE • SPACE 

JOINT LOAD X-TRJ\NS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN 

1 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0010 
2 1 0.0000 0.0000 0.0000 0.0000 o.oooo 0.0003 
3 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0003 
4 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 

EJl'..MPLO PAGE NO. 5 

SUPPORT REACTIONS -UNIT MTON METE STRUCTURE TYPE • S PACE 
-----------------

.;on:: LOAD FORCE-X FORCE-'j" FORCE-Z MOM-X MOM-Y MOM z 

1 1 0.00 4.00 0.00 0.00 0.00 0.00 
2 - 0.00 11.00 o.oo 0.00 0.00 0.00 
3 1 0.00 11.00 0.00 0.00 0.00 0.00 
4 l 0.00 4.00 0.00 0.00 0.00 o.oc 

EJEMPLO PAGE NO. 6 

MEM9ER END FORCE S STRUCTURE TYPE ~ S PACE 
-----------------
¡._¡.:. UN:TS ARE -- MTON METE 

~EMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-Z 

- l - 0.00 .:.oo 0.00 0.00 0.00 
2 0.00 6.00 o.oo 0.00 0.00 

2 2 0.00 5.00 0.00 0.00 0.00 
3 0.00 5.00 0.00 0.00 0.00 

3 3 0.00 6.00 o.oo 0.00 0.00 
4 0.00 4.00 0.00 0.00 0.00 

•••••••••••••• END OF LATES: ANALYSIS RESULT •••••••••••••• 

27. FINISH 

••••••••••••••• END OF STAAO-III ••••••••••••••• 

•••• DATE~ SEP 23,2001 TIMEs 23:24:35 •••• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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 • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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Job lnformation 

1 

Engin&er Checked Approvect 

Na me: 

Data: 18-May-01 

1 Structure Type 1 SPACE FRAME 

NumDer of Nodes 5 H1ghest Node 11 

Number of Elements 4 Highest Beam 13 

Number of Bas1c Load-Cases 1 

Number of Combmabon Load Cases O· 

lncluded in thts onntout ere deta· for 

1 All 1 The Whole Structure 

'' 
lncluded in this onntout are results for load cases: 

Type 

1 

uc Na me 

Pnmary 1 1 VERTICAL 

Nodes 

Node 1 X 

1 

y 

1 

z 
(m) (m) (m) 

5 1 4.000 1 7.000 1 0.000 
7 1 2.000 1 3.000 0.000 
9 l 2.000 1 0.000 0.000 
10 1 9.000 1 7.000 0.000 ,, 

1 9.000 i 0.000 0.000 

3 
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2 -~ ~.,Or*nDwn u. 
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Beams 
Baam NodeA NodeB langth Property ~ 

(m) degrees 

6 1 9 7 1 3.000 1 o 
10 7 5 4.472 1 o 
11 5 10 5.000 1 o 
13 1 10 1 11 7.000 1 o 

Section Prooerties 

Prop 1 
Section Araa 1,. 1.. J Material 

(m2) (m") (m") (m"} 

1 1 Rect O.BOX0.40 0.320 0.004 0.017 0.012 . 

Materials 
Mat 

1 

N ame E G V Denalty a 
(kN/mm2) (kN/mm2

) (kgim"J (1f'K) 

1 1 Steet 205.000 82.000 0.250 77.000 12E -12 
2 1 Concrete 25.000 10.684 0.170 24.000 12E -12 
3 1 Atummum 1 70.000 26.316 0.330 26.600 23E -12 

Suooorts 

Node 1 X y z rx rY rZ 
(kN/mm) (kN/mm) (kN/mm) (kN/rad) (kN/rad) (kNJrad) 

9 ' F1xed .F1xed F1xed . . . 1 

11 1 F1xed 1 F1xed F•xed - . . 

Raleases 
There IS no asta of this type. 

Basic Load Cases 
Na me 

1 VERTICAL 



~~ 
~.....,.,~~ 

. JoDT• 

. c... 

Combination Load Cases 
There is no data of this type. 

7 

6=3m 

y 

~9 

5 

10 = 4.47 m 

Whole Structure Loads 5kN: 1m 1 VERTICAL 

11 = 5 m 

_ ... -... ... 
3 -..., 

"' -1~1 C)oO 

... matt:e1.11d 1 ,_,._ 18-M8y-2001 Q2•11 

10 

: 13 = 7 ·' 

"' 11 
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11 = 5m 
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10 = 4.47 m 
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6=3m 

Whole Structure Loads 5kN:1m 1 VERTICAL 

_ ... -4 

-1~ "" ¡.:.n- 1-.y-2001 02:11 
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STAAD PLANE VIGA EJEMPLO 2 
START JOB INFDRMATION 
ENGINEER DATE 18-May-01 
END JOB INFORMATION 
INPUT WIDTH 7 9 
UN!T METER MTON 
JOINT CODRDINATES 
5 4 7 O; i 2 3 O; 9 2 O 0; 10 9 7 O; 11 9 O O; 
MEMBER INCIDENCES 
6 9 7; 10 7 5; 11 5 lO; 13 10 11; 
MEMBER PROPERTY AMERICAN 
6 10 11 13 PRIS YD 0.8 ZD 0.4 
SUPPORTS 
9 11 PINNED 
UN!:" METER KN 
CONSTANTS 
E 2.5e-007 MEMB 6 10 1: 13 
POISSON C.17 MEMB 6 10 11 13 
DENSITY 24 MEMB 6 lO 11 13 

-ALPHA l.le-005 MEMB 6 lO ll 13 
UNI:' METER MTON 
LOAD l VERTICAL 
ME!'!BER LOAD 
ll UtE GY -2 
PERfORM ANALYSIS PRINT ALL 
P?.~N: SUPPOR:' REA:'!'ION AI.L 
??.!t\: JO!t~':' D!SF.I.ACMEN':"S A¡.¡_ 

PRIN':' MEMBSF. FORCES A:.L 
:n::sr. 

' e :\Mis documentos\cursos\stadpro\ejemploslmarco l.std 
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PAGE NC. 1 

• • 
• STAAD/Pro STAAD-III • 

Rev1s1on 3. f ... - • 
. - •. r-

• Proprie<:ary Program of • 
• RESEARCH ENGINEERS, Inc. • 
• Da t. e• SEP 24, 2~01 • 

TJ.me= 0:35:15 • 
• 

USER ID: Unknown U ser • 
~-················································ 

l. STAAD PLANE VIGA EJEMPLO 2 
2. START JOB INFORMATION 
3. ENGINEER DATE 18-MAY-01 
4. END JOB INFORMA! ION 
5. INPUT WIDTH 79 
6. UNIT METER MTON 
7. JOINT COORDINATES 
8. 5 4 7 O; 7 2 3 O: 9 2 O O; lO 9 7 O; 11 9 O O 
9. MEMBER INCIDENCES 

lO. 6 9 7; lO. 7 5; ll 5 lO; 13 lO 11 
1:. MEMBER PROPERTY AMERICAN 
12. 6 10 11 I3 PRIS YO 0.8 ZD 0.4 
l3. SUPPORTS 
14. S' lé. PINNED 
l5. üN!: METER KN 
lE. :ONSTANTS" 
, , . ~ 2.5E+007 MEMB 6 10 11 13 
15. PC:SSON 0.17 MEMB 6 lO ll 13 
1>. DENSITY 24 MEMB 6 lO 11 13 
2C. ALPHA l.lE-005 MEMB 6 lO ll 13 
¿_. üN:7 METER MTON 
22. LOAD l VERTICAL 
23. MEMBER LOAD 
2~. ::.:UN! GY -2 
25. PERFORM ANALYSIS PRINT ALL 

P F. O B L E M S T A T ! S T I C S 

NUMBE?. OF JOINTS /MEMBER+ELEMENTS/SUPPORTS • 5/ 4/ 2 
ORIGINAL/FINAL BAND-WIDTC. E 3/ 1 
TOTAL PRIMARY LOAD CASES • l. TOTAL DEGREES OF FREEDOM • ll 
s:zE OF ST!FFNESS MATRIX ~ 66 DOUBLE PREC. WORDS 
REQRD/AVA:L. 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 LIN2 

e :\Mis docurnentos\cursos\stadpro\ejemplos\marco l.ANL 
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11 -2.000 GY 0.00 5.00 

•••TOTAL APPLIED LOAD ( MTON 
SUMMATION FORCE-X • 
SUMMATION FORCE-Y • 
SUMMATION FORCE-Z • 

METE ) 
0.00 

-10.00 
0.00 

SUMMARY (LOADING 1 ) 

SUMMATION OF MOMENTS AROUND THE ORIGI~-
MXa 0.00 MY• 0.00 MZ• 

+- Processing Element Stiffness Matrix. 
-- Processing Global Stiffness Matrix. 
•+ Process~ng Triangular Factor~za~ion. 
+- Calcula"~ng Joint Displacements. 
~- Calculat~ng Member Forces. 

•••TOTAL REACTION ( MTON METE ) SUMMARY 

LOADING 1 

su~-X= 0.00 SUM-Y• 10.00 SUM-Z• 

SUMMAT:ON OF MOMENTS AROUND ORIGIN-

0.00 MY• 0.00 MZ• 

EX7ER~~ ANO INTERNAL JOINT LOAD SUMMARY-

5 

9 

10 

EX: FX/ 
IN: FX 

0.00 
0.00 
0.00 
o. oc 
0.00 

-0.7' 
c.oo 
0.00 
0.00 
0.7, 

EXT FY/ 
INT FY 

-5.00 
5.00 
0.00 
0.00 
0.00 

-3.57 
-5.00 
5.00 
0.00 

-é.43 

EX: FZ/ 
INT FZ 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
c.oo 
o.oo 
0.00 

EXT MX/ 
INT MX 

0.00 
·o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
o.oo 
o.oo 

-65.00 

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

0.00 

65.00 

EXT MY 1 
INT MY 

EXT MZ/ 
INT MZ 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-4.17 
4.17 
0.00 
0.00 
0.00 
0.00 
4.17 

-4.17 
0.00 
0.00 

••••······~· END OF DATA FRO~ !NTERNAL STORAGE •••••••••••• 

VIGA EJEMP:.O 2 PAGE NO. 

26. PRINT SUPPORT REACTION AL~ 

VIGA EJEMPLO 2 · -- PAGE NO. 

SUPPOP.! REAC:"IONS -UN!T MTON METE STRUCTURE TYPE • PLANE 

JOINT LOAD 

9 1 
ll 

FORCE-X 

0.74 
-0.74 

FORCE-Y 

3.5~ 

6. 4 3 

FORCE-Z 

0.00 
0.00 

C :\Mis documentos\cursos\stadpro\ejemploslmarco l.ANL 

MOM-X 

0.00 
0.00 

MOM-Y 

0.00 
o.oo 

MOM Z 

0.00 
0.00 

3 

4 



•••••••••••••• ~NO OF LATEST ANALYSIS RESULT •••••••••••••• 

27. PRINT JOINT DISPLACMENTS ALL 

VIGA EJEMPLO 2 PAGE NO. 5 

JOIN~ DISPLACEMENT (CM AADIANS) STRUCTURE TYPE s PLANE 

------------------
JOIN~ LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN 

5 :!. 0.0973 -0.0395 0.0000 0.0000 0.0000 -0.0002 
~ 1 0.0252 -0.0013 0.0000 0.0000 0.0000 -0.0001 

9 l 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001 

1C . 0.0968 -0.0055 0.0000 0.0000 0.0000 0.0001 

1: 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0003 

... ..,.., ........... END OF LA TEST ANALYSIS RESULT •••••••••••••• 

28. PRIN~ MEMBER FORCE S ALL 

VIGA EJEMPLO 2 -- PAGE NO. 6 

MEMSEF. END FORCE S STRUCTURE TYPE S PI.J\NE 

-----------------
A:.L UN!'!'S AR:: -- MTON METE 

MEMBEF. LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-Z 

E 9 3.57 -0.74 0.00 0.00 0.00 o.oo 
i -3.57 0.74 0.00 0.00 0.00 -2.22 

lO -' ' 3.53 0.93 0.00 0.00 0.00 2.22 
5 -3.53 -o. 93 0.00 0.00 0.00 l. 95 

. < o. 74 3.57 0.00 0.00 0.00 -1.95 
lG -C.74 6. 43 0.00 0.00 0.00 -5.19 

. - 10 6. 43 o. 74 0.00 0.00 0.00 5.19 
E -6.43 -0.74 0.00 0.00 0.00 0.00 

................................. END OF LATES! AN~YSIS RESULT •••••••••••••• 

29. F~N!SH 

••••••••••••••• END OF STAAD-I!! ••••••••••••••• 
•••• DATE• SEP 24,2001 TIME• 0:35:15 •••• .......................................................... 

FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM • 
RESEARCH ENGINEERS, Inc at • 

Wes~ Coast: Ph- (714) 974-2500 Fax- (714) 921-2543 • 
· Eas1: Ceas~: Ph- (978) 688-3636 Fax- (978) 685-7230 • 

···················································-······ 

e :\Mis documentos\cursos\stadpro\ejemplos\man:o l.ANL 
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STAAD PLANE VIGA OCHO CLAROS 
START JOB INFORMATION 
ENGINEER DATE 31-May-01 
END JOB INFORMATION 
INPUT WIDTH 79 
UNI'r METER MTON 
JOINT COORDINATES 
1 o 3 o; 2 3 3 o; 3 6 3 o; 4 9 3 o; 5 12 3 o; 6 o 6 o; 7 3 6 o; 8 6 6 o; 
9 9 6 O; 10 12 6 O; 11 O 9 O; 12 3 9 O; 13 6 9 O; 14 9 9 O; 15 12 9 O; 
16 O 12 O: 17 3 12 O; 18 6 12 O; 19 9 12 O; 20 12 12 O; 21 O 15 0: 22 3 15 0: 
23 6 15 O; 24 9 15 O; 25 12 15 O; 26 O O O; 27 3 O O; 28 6 O O; 29 9 O O; 
30 12 O O; 
MEMBER INCIDENCES 
1 1 2; 2 2 3; 3 3 4 ; 4 4 5 ; 5 6 7 ; 6 7 8; 7 8 9; 8 9 1 o; 9 ll 12; 1 o 12 13; 
11 13 14; 12 14 15; 13 16 17; 14 17 18; 15 18 19; 16 19 20; 17 21 22; 18 22 23: 
19 23 24; 20 24 25; 21 26 1; 22 27 2; 23 28 3; 24 29 4: 25 30 5; 26 1 6; 
27 2 7; ?8 3 8; 29 4 9: 30 5 10; 31 6 ll; 32 7 12; 33 8 13; 34 9 14; 35 10 15; 
36 11 16; 37 12 17; 38 13 18; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 23; 
44 19 24; 45 20 25; 
MEMBER PROPERTY AMERICAN 
1 TO 45 PRIS YO 0.4 ZD 0.4 
SUPPORTS 
26 TO 30 :IXED 
UNIT METER KN 
CONSTANTS 
E 2.5eT00~ MEMB l TO 45 
POISSON 0.17 MEMB l TO 45 
DENS!TY 24 MEMB 1 TO 45 
ALPKk l.2e-Oll MEMB 1 TO 45 
tJN!T METEE MTON 
LOAD 1 PESO PROPIO 
MEMBER LOAD 
1 TO 20 UNI GY -2 
LOAD 2 Fue=za lateral 
JOit!':' LOAD 
: rx 2 
E rx 4 

-- rx 6 
lE rx 6 
21 rx 10 
LOAD COMB 3 Comb>nación (suma de ambas) 
1 :.o 2 1.0 
PERFO~ ANALYSIS PRINT ALL 
PEINT SUPPORT EEACT:ON ALL 
FINISH 

C:\Mis documentos\cursos\stadpro\ejemplos\marco4n.std 
6' 



PAGE NO. l 

• • 
• STAAD/Pro STAAD-III • 
• Rev.j.sion 3.1 • ···-- -- -· 
• Proprietary Program of • 
• RESEARCH ENGINEERS, Inc. • 
• Da tea SEP 24, 2Q01 • 
• TJ.Ine-= 1:29:31 • 
• • 

USER ID: Unknown User • 
•••••••••••••••••••••••••••••••••••••••••••••••••• 

:. STAAD PLANE VIGA OCHO CLAROS 
2. START JOB INFORMATION 
3. ENGINEER DATE 31-MAY-01 
4. END JOP INFORMATION 
5. INPUT WIDTH 79 
6. UNIT METER MTON 
7. JOINT COORDINATES 
8. : o 3 o; 2 3 3 o; 3 6 3 o; 4 9 3 o; 5 12 3 o; 6 o 6 o; 7 3 6 o; 8 6 6 o 
9. 9 9 6 O; 10 12 6 O; 11 O 9 O; 12 3 9 O: 13 6 9 O; 14 9 9 O; 15 12 .9 O 

10. 16 O 12 O; 17 3 12 O; 18 6 12 O; 19 9 12 O; 20 12 12 O; 21 O 15 O; 22 3 15 O 
11. 23 E 15 O; 24 9 15 O; 25 12 15 0: 26 O O O; 27 3 O 0; 28 6 O O; 29 9 O O 
12. 30 12 o o 
13. MEMBER INCIDENCES 
H. 1 l 2; 2 2 3; 3 3 4; 4 4 5; 5 6 7; 6 7 8; 7 8 9; 8 9 10; 9 11 12; 10 12 13 
15. "" l3 H; 12 H 15; 13 16 17; 14 17 18; 15 18 19; 16 19 20; 17 21 22: 18 22 3 
16. 1s 2:; 24:. 20 24 25: 21 26 1: 22 27 2: 23 28 3: 24 29 4: 25 30 5; 26 1 6 
"'· 27 2 7; 28 3 8; 29 4 9; 30 5 10; 31 6 ll; 32 7 12; 33 8 13; 34 9 •14; 35 10•15 
lE. 36 ll 16; 37 12 17; 38 13 18; 39 14 19; 40 15 20; 41 16 21; 42 lT 22; 4.3 18 3 
19. 44 19 24; 45 20 25 
20. MEMBER PROPERTY AMERICAN 
21. : TO 45 PRIS YD 0.4 ZD 0.4 
""~" SUPPOP.~S 

23. 26 TC 30 F!XED 
24. UN:: METER KN 
25. ::JNSTANTS 
26. E 2.5E~OO~ MEMB 1 TO 45 
27. POISSON 0.17 MEMB 1 TO 45 
28. DENS!TY 24 MEMB 1 TO 45 
29·. F.¡,PHA 1.2E-Oll MEMB l TO 45 
3C. UNI: METER MTON 
31. LOAD 1 PESO PROPIO 
3:. MEMBER LOAD 
33. l TO 20 UN! GY -2 
34. LOAD 2 FUERZA LATE~ 
35. 
36. 
Ji. 
36. 
39. 
40. 

JOIN: LOAD 
1 FX 2 
6 FX 4 
ll FX 6 
16 FX 8 
21 FX.lO 

41. LOAD COMB 3 COMBINACIÓN !SUMA DE AMBAS) 

VIGA OCHO CLAROS PAGE NO. 2 



42. l ~.0 2 1.0 
43. PERFORM ANALYSIS PRINT ~ 

P R O B L E M S T A T I S T I C S 

NUMBER OF JOINTS/MEMBER+ELEMENTS/~UPPORTS • 30/ 45/ 5 
ORIGINAL/FINAL BAND-WIDTH • 25/ 5_ 
TOTAL PRIMARY LOAD CASES 2, TOTAL DEGREES OF FREEDOM • 75 
SIZE OF STIFFNESS MATRIX • 1350 DOUBLE PREC. WOROS 
REQRD/AVAIL. DISK SPACE = 12.07/ 2047.7 MB, EXMEM • Ú79.0 MB 

VIGA OCHO CLAROS -- PAGE NO. 3 

LOADING 1 PESO PROPIO 

-----------
MEMBER LOAD - UNIT MTON METE 

MEMBER UOL L1 L2 CON L LIN1 LIN2 

l -2.000 GY 0.00 3.00 
2 -2.000 GY 0.00 3.00 
o -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 0.00 3. 00 
7 -2.000 GY 0.00 3.00 
8 -2.000 GY 0.00 3.00 
S -2.000 GY 0.00 3.00 

lO -2.000 GY 0.00 3.00 
-2.000 GY 0.00 3.00 

12 -2.000 GY 0.00 3.00 
:.3 -2.000 GY 0.00 3.00 
14 -2.000 GY 0.00 3.00 
::..: -2.000 GY 0.00 3.00 
lE -2.000 GY 0.00 3.00 
ll -2.000 GY 0.00 3.00 
lE -2.000 -v 

~- 0.00 3.00 
19 -2.000 GY 0.00 3.00 
20 -2.000 GY 0.00 3.00 

···~OTAL APPL!ED LOAD MTON METE 1 SUMMARY (LOADING 1 ) 
SUMMA~ION FORCE-X • 0.00 
SUMMAT!ON FORCE-Y • 
SUMMATION FORCE-Z = 

-120.00 
c.oo 

SUMMAT!ON OF MOMENTS AROUND THE ORIGIN-
MX• 0.00 MY= 0.00 MZ• 

LOADING 2 F'UERZA LATERAL 

JOINT LOAD - UNIT MTON METE 

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

-720.00 

MOM-Y MOM-Z 

6: 



1 2.00 0.00 0.00 0.00 

6 4.00 0.00 0.00 0.00 

11 6.00 0.00 0.00 0.00 
16 8.00 0.00 0.00 0.00 
21 10.00 . 0.00 ____ o. o o __ 0,00 

VIGA OCHO CLAROS 

•••TOTAL APPLIED LOAD 1 MTON METE ) SUMMARY ILOAOING 
SUMMATION FORCE-X • 30.00 
SUMMATION FORCE-Y • O. 00 
SUMMATION FORCE-Z = O. 00 

SUMMATION OF MOMENTS AROUND THE ORIGIN-
MX= O. 00 MY• O. 00 MZ• 

~- P=~cessing Elemen~ S~iffness Matrix. 
·• Process~ng Global Stiffness Matrix. 

Process~ng Tr~angular Fac~orization. 

Calculating Joint Displacemen~s. 
Calcula~~ng Member Forces. 

•••TOTAL REACT!ON 1 MTON METE ) SUMMARY 

LOADING 1 

SUr-!-X= 0.00 SUM-Y• 120. 00 ·SUM-Z• 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY• 0.00 MZ• 

EXTERNA: ANC !NTERNAL JOINT LOAD SUMMARY-

2 

6 

7 

8 

10 

EX":" FX/ EXT FY/ EXT FZ/ 
INT FX INT FY INT FZ 

0.00 
G.OO 
b.oo 
0.00 
c.oo 
o.oo 
G. 00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

.o. 00 
o.oo 
0.00 
0.00 
0.00 

-3.00 
3.00 

-6.00 
6.00 

-6.00 
6.00 

-6.00 
6.00 

-3.00 
3.00 

-3.00 
3.00 

-6.00 
6.00 

-6.00 
6.00 

-6.00 
6.00 

-3.00 
3.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

EXT MX/ 
INT MX 

o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 

-330.00 

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

0.00 

720.00 

EXT MYI 
INT MY 

EXT MZ/ 
INT MZ 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 

-1.50 
1.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.50 

-1.50 
-l. 50 
1.50 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
1.50 

-1.50 



- ~ 

l1 0.00 . -3.00 0.00 ~o. o o 0.00 -l. 50 

0.00 3.00 0.00 0.00 0.00 l. 50 

12 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 0.00 

VIGA OCHO CLAROS PAGE NO. 5 

l3 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 o.oo 0.00 0.00 

14 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 o.oo 0.00 0.00 
, o 0.00 -3.00 0.00 0.00 0.00 ~l. 50 
••' 

0.00 3.00 0.00 o.oo 0.00 -l. SO 

16 0.00 -3.00 0.00 o.oo 0.00 -1.50 

0.00 3.00 0.00 0.00 0.00 l. SO 

17 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 0.00 

16 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 o.oo 0.00 0.00 

19 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 0.00 

20 0.00 -3.00 0.00 o.oo 0.00 l. so 
0.00 3.00 o. oc 0.00 o.oo -l. 50 

2l 0.00 -3.00 o. 00 0.00 0.00 -l. 50 

0.00 3. 00 o. 00 0.00 0.00 l. 50 

22 0.00 -6.00 o. 00 0.00 0.00 0.00 

0.00 E. 00 o. 00 o.oo 0.00 0.00 

-- 0.00 -6.00 o. 00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 0.00 

24 0.00 -6.00 o. 00 0.00 0.00 0.00 
0.00 6.00 o. 00 0.00 0.00 0.00 

25 0.00 -3.00 o. 00 0.00 0.00 l. 50 
0.00 3.00 0.00 0.00 0.00 -l. so 

2E 0.00 c.oo o. 00 0.00 0.00 0.00 
-0.2"7 -15.62 o. 00 o.oo 0.00 0.27 

"' 0.00 0.00 o. 00 0.00 0.00 0.00 
-C.Ol -29.30 o. 00 0.00 0.00 0.02 

2E c.oo 0.00 0.00 0.00 0.00 0.00 
0.00 -30.17 0.00 0.00 0.00 0.00 

29 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 -29.30 0.00 0.00 0.00 -0.02 

30 0.00 0.00 o. 00 0.00 0.00 0.00 
C.27 -15.62 0.00 0.00 0.00 -0.27 

LOADING 2 

SUM-Xc -30.JO SUM-Y: 0.00 SUM-Z~ 0.00 

SUMM.'·.': ION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY• 0.00 MZa 330.00 

EXTERNAL ·AND INTERNAL JOINT LOAD SUMMARY-

JT EXT FX/ EX":" F"Y/ EXT FZ/ EXT MX/ EXT MY/ EXT MZ/ 
INT FX INT F"Y INT fZ INT MX INT MY INT MZ 

C.\'A.u doc:um~toSICUr!IOS\Jfadpro\C}eatPios\D'W'C04n.ANL 



1 2.00 0.00 0.00 0.00 o.oo 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 

·-
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3 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0 . .00-- o.oo .. o. 00 

~ 0.00 o.oo 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 o. 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 

6 4.00 0.00 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 o. 00 . 0.00 0.00 0.00 o. 00 

8 o.oo 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

9 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 ' ·-

10 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

E 6.00 0.00 0.00 0.00 0.00 o .00 

-6.00 0.00 0.00 o.oó 0.00 0.00 

l:Z 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 o. 00 

-- O. OO. 0.00 0.00 0.00 0.00 o. 00 
0.00 0.00 0.00 0.00 0.00 0.00 

14 0.00 0.00 0.00 0.00 0.00 o. 00 
0.00 .o. 00 0.00 0.00 0.00 o- 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 

1 --t 8.00 0.00 0.00 0.00 0.00 0.00 
-8.00 0.00 0.00 0.00 0.00 0.00 

"' 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

18 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 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 c.oo 0.00 0.00 0.00 0.00 
c.oo 0.00 0.00 0.00 0.00 0.00 

2: 10.00 0.00 0.00 0.00 0.00 0.00 
-lC.OO 0.00 0.00 0.00 0.00 0.00 

22 0.00 0.00 0.00 0.00 0.00 0.00 
c.oo 0.00 0.00 0.00 0.00 0.00 

23 0.00 0.00 0.00 0.00 0.00 0.00 
o. 00 o.oo 0.00 0.00 0.00 0.00 

2~ 0.00 o.oo 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 o.oo 0.00 o.oo 

25 0.00 0.00 0.00 0.00 0.00 0.00 
. o. 00 0.00 0.00 0.00 0.00 0.00 

26 0.00 0.00 o.oó 0.00 0.00 0.00 
5.13 23.71 0.00 0.00 0.00 -10.02 

27 0.00 o.oo 0.00 0.00 0.00 0.00 
6. 64 -l. 38 0.00 o.oo 0.00 -11.49 

C:\MJs docwnentoSI..:::wwos\Jtadpro'CJcmplol\marco4n.ANL 



28 0.00 0.00 
6.52 -0.04 

29 0.00 0.00 
6.62 1.29 

30 0.00 0.00 
5.09 -23.58 

VIGA.OCHO CLAROS 

LOAD COMBINA'CION NO·. 3 
COMBINACióN !SUMA DE AMBAS) 

LOADING- l. 2. 
FACTOR - 1.00 1.00 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
o.oo 0.00 0.00 
0.00 0.00 0.00 

•••••••••••• END OF DATA FROM INTERNAL STORAGE •••••••••••• 

44. PRINT SUPPORT REACTION ALL 

VIGA OCHO CLAROS 

SUPPORT REACTIONS -UNIT MTON METE STRUCTURE TYPE m PLAN E 

-----------------
JO!NT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y 

? - 0.27 15.62 0.00 0.00 0.00 -o -
2 -5.13 -23.71 0.00 0.00 0.00 
3 -~.86 -8.09 (LOO 0.00 o.oo 

¿, " 0.01 29.30 0.00 o.oo 0.00 
2 -6. 6.: l. 36 0.00 0.00 o.oo 
- -6.6.3 30.67 0.00 0.00 0.00 

2E 0.00 30.17 o. 00 0.00 0.00 
2 -6.52 0.04 o. 00 o.oo 0.00 

- -é. 52 30.2: o. 00 0.00 0.00 
2~ - -o.o: 29.30 0.00 0.00 o.oo 

" -6. 62 -:.29 0.00 0.00 0.00 
3 -6.63 28.01 0.00 0.00 o.oo 

30 -C.2'7 15.62 0.00 0.00 0.00 
2 -5.09 23.56 0.00 0.00 0.00 

- -5.36 39.19 0.00 o.oo o.oo 
.................... END OF LATEs: ANALYS:S RESULT •••••••••••••• 

45. !!NISH 

••••••••••••••• END OF STAAD-III ••••••••••••••• 
•••• DATEm SEP 24,2001 TIME• 1:29:31 •••• 

0.00 
-11.36 

0.00 
-11.45 

0.00 
-9.95 

PAGE NO. 

PAGE NO. 

MOM z 

-0.27 
10.02 

9.75 
-0.02 
11.49 
11.48 

0.00 
11.36 
11.36 

0.02 
11.45 
11.47 

0.27 
9.95 

10.22 

·····································•···••·••·•••••••·•• 
FOR QUESTIONS REGARDING THIS VERSION OF PROGRAM • 

RESEARCH ENGINEERS, Inc at • 
West Coast: Ph- (714) 974-2500 Fax- (714) 921-2543 • 
East Coast: Ph- 1978) 688-3636 Fax- (978) 685-7230 • .............•........•..... ~ ......................•...•. 

C:\Mis documenros'.Cunos\stad.pro-.eJempios\mai"CC4n.ANL 

7 

8 

6( 



....... _ ... .... 
1~ 1 

' -~~.,~~ ·-- .... 
., 

._2~ ""' 
.c.. ... ~10n.lld J._..._ 24Seo-2001 16:07 



...... _ ... -!~ 1 

~..._,ID 1.INcrDIJn U.. 
... 

,1 JCib TlDt .... 
"' -24-Seo-Cl c:o.. 

. "'-' Flo rnar3-20-10n . .., 1 ._...... 24-Sec>-2001 16:07 



.t ..... 

11 J 11 • 
~ 

J 

! 1 a 

1 1 
i! 

~ ~ 

B
 

C
i 

r r 

A
 ~ N

 

1 

¡l 
N

 

~ 
ll .5 r ~ 
¡ 

• l ! 

. . ------------m
 

-----m
 

---m 

--m 

. -
.t 1 r ,.; 

J 1 A
 

j 



~~ 
..... 
-~~tl:l~~ 

..... ,... ..., .. 

.e- ... ~10n.llld 

1331 kN 

422 kN 

1283 kN 

1105 kN 

887 kN 

439kN 

1269 kN 1 

1094 kN ' 
·--

814 kN 

444kN 
' 

y ' 
:?--X~ rt.l Jt¡¡ m • 

Wl>ole Structura Loads 262. 7641<N:1m 2 FUERZAS LATERALES PARA RIGIDECES 
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1~ 
~ ~., I.JMNIM! u-

; .JCCT'Ibl 

.e-

Section Prooerties 
Prop¡ Section 

1 / Rect 0.95X0.95 

2 1 Rect 0.95X0.35 

Matorials 
Mat 

1 

N ame 

1 Steel 

2 Concrete 

3 Aluminum 

Suooorts 

Node 1 (kN~m) 1 

1 l Fixed T 
2 1 Fixed l 
3 1 Fixed 1 

4 1 Fixed 1 

5 1 Fixed 1 

Releases 

y 

(kN/mm) 

Fíxed 

Fixed 

Frxed 

·Fixed 

Fixed 

There is no data of thrs type. 

Basic Load Cases 
Number 

1 PESO PROPIO 

Araa 
(m2) 

0.902 
0.332 

E 
(kNimm2

) 

205.000 

25.000 

70.000 

z 
(kN/mm) 

Fixed 

Fixed 

Fixed 

Fixed 

Fixed 

N ame 

"' (m") 

0.068 
0.003 

G 

(kNimm2) 

82.000 

10.684 

26.316 

r.lL 
(kN/rad) 

Frxed 

Fíxed 

Fíxed 

Fíxed 

Fixed 

2 FUERZAS LATERALES PARA RIGIOECE: 

Combination Load Cases 
There rs no data of this type. 

..... 
-... .. 
... ~1Dn.Oid 

... 
(m") 

0.068 
0.025 

V 

0250 

0.170 

0.330 

rY 
(kN/rad) 

Fixed 

Fixed 

Fixed 

Fixed 

Fixed 

J 
(m•) 

0.115 

0.010 

Denalty 
(kglm~) 

n.ooo 
24.000 

26.600 

rz 
(kNirad) 

Fíxed 

Fixed 

Fixed 

Fixed 

Fixed 

_ ... -5 

0.2• s., 01 """ 
1 ,_,._ 24-Sec>-2001 18:07 

Matarial 

. 

. 

a 
(1J'lK) 

12E -12 

12E-12 

23E -12 

--· 



...... -... -1~ 4 -~----to Ur*:rcW'I u.r 

..... - .... 
' .. e-~ """ 
"""' ... maf3.26. 10n.lll1 1 ,_,.,. 2~1 16:07 

Beams Cont ... 
Sea m NodeA NodeB Langth Property ~ 

(m) degnMIS 

36 1 24 25 8.000 2 o 
37 2, 26 3.500 1 o 
38 22 27 3.500 1 o 
39 23 28 3.500 1 o 
40 1 24 29 3.500 1 o 
41 25 30 3.500 1 o 
42 26 27 8.000 2 o 
43 27 28 8.000 2 o 
44 28 28 8.000 2 o 
45 28 30 8.000 2 o 
46 26 31 3.500 , o ., 
47 27 32 3.500 1 o 
48 1 28 33 3.500 1 o 
51 3, 32 8.000 2 -· o 
52 1 32 33 8.000 2 o 
55 3, 36 3.500 1 o 
56 1 32 1 37 3.500 1 o 
57 1 33 38 3.500 1 o 
60 1 36 37 8.000 2 o 
61 37 36 8.000 2 o 
64 1 36 4, 3.500 , o 
65 1 37 42 3.500 1 o 
66 1 38 1 43 3.500 1 o 
69 41 1 42 1 8.000 2 o 
70 42 43 8.000 2 o 
73 41 46 3.500 1 1 o 
74 42 47 3.500 1 o 
75 43 1 48 3.500 1 o 
78 1 46 47 8.000 2 o 
79 47 48 8.000 2 o 
82 46 51 3.500 1 o 
83 47 

.. 
52 3.500 1 o 

84 48 53 3.500 , o 
87 51 52 8.000 2 o 
BB 52 53 8.000 2 o 

Prn T~ 2oUDW20Cil 18'011 
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Beams -

Beam 1 NodeA NodeB L.ength Propt~rty 11 
(m) degrees 

1 1 6 5.000 1 o 
2 2 7 5.000 1 o 
3 3 8 5.000 1 o 
4 4 9 5.000 1 o 
5 5 10 5.000 1 o 
6 6 7 8.000 2 o 
7 7 8 8.000 2 o 
8 8 9 8.000 2 o 
9 9 10 8.000 2 o 
10 6 11 3.500 1 o .. 

•' 

11 7 12 3.500 1 o 
12 1 8 13 3.500 1 o 
13 9 14 3.500 1 o 
14 10 15 3.500 1 o 

., 
•' 

15 1 11 1 12 8.000 2 o 
16 1 12 13 8.000 2 o 
17 1 13 14 8.000 2 o 
18 14 15 8.000 2 o 
19 1 11 16 3.500 1 o 
20 1 12 17 3.500 1 o 
21 1 13 18 3.500 1 o 
22 14 19 3.500 1 o 
23 1 15 20 3.500 1 o 
24 1 16 17 8.000 2 o 
25 17 18 8.000 2 o 
26 1 18 19 8.000 2 o 
27 19 20 8.000 2 o 
28 1 16 21 3.500 1 o 
29 17 22 3.500 1 o 
30 1 18 23 3.500 1 o 
31 19 24 3.500 1 o 
32 20 25 3.500 1. o 
33 21 22 8.000 2 o 
34 22 23 8.000 2 o 
35 1 23 24 8.000 2 o 
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Nodes Cont ... 
Node X y z 

(m) (m) (m) 

13 16.000 8.500 0.000 
14 24.000 8.500 0.000 

15 32.000 8.500 0.000 

~- 0.000 12.000 0.000 

17 8.000 12.000 0.000 

18 16.000 12.000 0.000 

19 24.000 12.000 0.000 

20 32.000 12.000 0.000 
21 0.000 15.500 0.000 

22 8.000 15.500 0.000 
23 16.000 15.500 0.000 
24 1 24.000 1 15.500 0.000 
25 1 32.000 15.500 0.000 
26 0.000 19.000 0.000 
27 8.000 19.000 0.000 
28 1 16.000 19.000 0.000 
29 1 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 
33 1 16.000 22.500 0.000 
36 0.000 26.000 0.000 
37 8.000 26.000 0.000 
38 16.000 26.000 0.000 
41 1 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 6.000 33.000 0.000 
48 16.000 33.000 0.000 
51 0.000 36.500 0.000 
52 e.ooo· 36.500 0.000 
53 16.000 38.500 0.000 

~ T~ 2410SW'2001 18 011 
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Job lnfonnation 
Engineer Checkad Approved 

Na me: 

Data: 24-Sep.-01 

1 Structure Type 1 SPACE FRAME 

Number of Nades 45 Htghest Nade 53 
Number of Elemems 70 Highest Beam 88 

Number of Baste Load Cases 2 
Number of Combinatton Load Cases O 

lncluded in this printout ara data for: 

1 All 1 The Whole Structure 

lnc/uded in this orintout a m msu/ts for load cases: 
Type u e Na me 

Pnmary , PESO PROPIO 

Pnmary 1 2 FUERZAS LATERALES PARA RIGIDECE: 

Nodes 

Nade 1 X 

1 

y z 
(m) (m) (m) , 

1 0.000 1 0.000 0.000 
2 1 6.000 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 1 0.000 5.000 0.000 
7 8.000 5.000 0.000 
8 16.000 5.000 0.000 
9 24.000 5.000 0.000 

10 32.000 5.000 0.000 ,, 0.000 6.500 0.000 
12 8.000 6.500 0.000 

Prrrt T~ ~1 1008 
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------------------
JO IN'! LOAD X-TRANS Y-TRANS z-TP.ANs X-ROTAN Y-ROTAN Z-ROTAII 

1 1 0.0000 o.oooo o.oooo 0.0000 0.0000 0.0000 

2 o.oooo o.oooo 0.0000 0.0000 0.0000 0.0000 

2 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

2. o.oooo 0.0000 o.oooo o.oooo 0.0000 0.0000 
, : 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

2 o.oooo 0.0000 o.oooo 0.0000 0.0000 0.0000 
4 0.0000 0.0000 o.oooo 0.0000 o.oooo 0.0000 

2 0.0000 0.0000 0.0000 o .0000 0.0000 o.oooo 
5 1 o.oooo 0.0000 o.oooo 0.0000 0.0000 o.oooo 

2 0.0000 0.0000 o.oooo 0.0000 0.0000 o.oooo 
6 1 -0.0024 -0.0269 0.0000 0.0000 o.oooo o.oooo 

2 4.3083 0.2117 o.oooo o.oooo o.oooo -0.0113 

' -0.0011 -o. 0337 0.0000 o.oooo o.oooo o.oooo 
2 4.3180 0.0006 0.0000 o.oooo o.oooo -0.0100 

8 : -o. 0010 -0.0303 0.0000 o.oooo o.oooo o.oooo 
2 4.3054 -0.0891 o.oooo 0.0000 o.oooo -0.0099 

' 2 -o.ooo4 -0.0114 0.0000 o.oooo 0.0000 0.0000 
2 4.21.t6 -o. oo4o 0.0000 0.0000 0.0000 -o. oo98 

1C 0.0002 -0.0128 o.oooo o.oooo 0.0000 0.0000 
2 4. 2179 -0.1118 0.0000 0.0000 0.0000 -o. 0111 

-0.0035 -0.0436 0.0000 o.oooo 0.0000 0.0000 
2 8.1115 o. 3415 o.oooo o.oooo o.oooo -0.0116 

:.2 -0.0033 -0.0545 0.0000 o.oooo 0.0000 0.0000 
2 8.6402 0.0019 0.0000 o.oooo 0.0000 -0.0106 

13 -0.0030 -0.0488 o.oooo 0.0000 o.oooo o.oooo 
2 8.5935 -0.1528 o.oooo 0.0000 0.0000 -0.0105 

14 -0.0028 -o. 0268 o.oooo o.oooo 0.0000 0.0000 
2 8.5620 -o. oo87 o.oooo o.oooo o.oooo -0.0105 

• o -0.0027 -0.0191 o.oooo o.oooo 0.0000 0.0000 
2 8.5491 -0.1820 o.oooo o.oooo 0.0000 -o. Oll5 

lE -o. oo64 -0.0583 o.oooo o.oooo 0.0000 0.0000 
2 ::::.0045 O. 4 52 S o.oooo o.oooo 0.0000 -0.0109 

-0.0063 -o. 0129 0.0000 o.oooo 0.0000 0.0000. 
2 1:.9115 0.0039 o.oooo c.oooo 0.0000 -0.0100 

lE -0.0060 -0.0650 0.0000 0.0000 0.0000 0.0000 
2 12.8564 -0.2164 0.0000 0.0000 0.0000 -0.0100 

:9 -0.0059 -0:0331 0.0000 o.oooo 0.0000 0.0000 
2 ::..2.8268 -0.012"' 0.0000 0.0000 0.0000 -0.0100 

:'C -c.oC58 -C.0246 o.oooo 0.0000 0.0000 0.0000 
: . ::2.822.6 -o. 2213 0.0000 o.oooo 0.0000 -0.0109 

-0.0103 -c.on: o.oooo 0.0000 o.oooo o.oooo 
2 p .0099 G.5460 0.0000 c.oooo 0.0000 -0.0104 

:2 -C.Ol02 -0.0890 o.oooc 0.0000 o.oooo 0.0000 
2 16.8814 0.006: 0.0000 0.0000 0.0000 -o. 0094 

-·:. ~102 -C.078'7 c.oooo 0.0000 0.0000 0.0000 
• lé.181!3 -0.2809 0.0000 0.0000 0.0000 -0.0090 

2< 1 -0.0099 -0.038: o.oooo o.oooo 0.0000 0.0000 
~ 16.71i3 -0.016' 0.0000 0.0000 0.0000 -o. oo91 

KAR.::)S '!"ZPO EN X !PARA TORSIN, """'' PAGE NO. 9 

.;orr-:: C:SPLAct:Mt.NT ICM RAOIANSl S'TRU:"':'URE. ~Pt . PLA!It 

------------------
:ort:: ~OAC X-TRANS Y-TRANS Z-!'RANS X-ROTAN Y-ROTAN Z-R.01'.AN 

2: l -0.0097 -o. 0277 0.0000 0.0000 0.0000 0.0000 
2 16.i474 -0.2545 0.0000 o.oooo 0.0000 -0.0095 

26 1 -0.0131 -0.0820 o.oooc o.oooo 0.0000 o.oooo 
2 20.94i7 0.6232 0.0000 o.oooo 0.0000 -0.0101 

27 : -0.0134 -0.1026 o.oooo o.oooo 0.0000 O.DOOD 
2 20.1485 0.0091 o.oooo 0.0000 0.0000 -0.0099 

28 -0.0140 -0.0900 0.0000 o.oooo 0.0000 o.oooo 
2 20.4624 -0.3464 0.0000 c.oooo 0.0000 -0.0091 

29 " -0.0160 -0.0400 0.0000 0.0000 0.0000 0.0000 
2 20.0810 -0.0200 o.oooo o.oooo 0.0000 -0.0060 

30 : -o .ol15 -0.0289 0.0000 o.oooo 0.0000 0.0000 

C\Mu clocumcn100=nos~J-Ios\mor).:zd.10o.ANI. 



16 :n::. .60 0.00 0.00 0.00 o.oo 0.00 

-u:. 60 o.oo 0.00 o.oo o.oo 0.00 

17 o .o o o.oo 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

18 o .o o 0.00 0.00 o.oo 0.00 o.oo 
o .o o 0.00 0.00 0.00 0.00 0.00 

19 o .o o 0.00 0.00 0.00 0.00 0.00 

o.oo o.oo o.oo 0.00 0.00 0.00 

20 o. 00 o.oo o.oo 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 Ir.{) O 0.00 

2: 129.40 0.00 o.oo o.oo 0.00 0.00 

-:2S.40 O. DO 0.00 0.00 0.00 0.00 

22 o.oo o.oo o.oo o.oo 0.00 o.oo 
o. 00 c.oo 0.00 o.oo 0.00 o.oo 

23 0.00 0.00 0.00 0.00 0.00 0.00 

o .o o 0.00 0.00 o.oo 0.00 0.00 

2< o. DO 0.00 0.00 o.oo 0.00 0.00 

o.oo o.oo 0.00 0.00 o.oo o.oo 

HAR~OS TIPO EN X fPARA TORSIN, FHHI PAGE NO. 7 

25 0.00 o.oo 0.00 0.00 0.00 0.00 

0.00 o.oo 0.00 o.oo o.oo 0.00 

26 146.70 o.oo 0.00 ~.00 0.00 0.00 

-146.70 0.00 0.00 o.oo o.oo 0.00 

27 0.00 0.00 0.00 0.00 0.00 0.00 

o. 00 o.oo 0.00 0.00 0.00 o.oo 
2E c.oo o.oo 0.00 0.00 0.00 0.00 

c.oo 0.00 o.oo 0.00 0.00 0.00 

29 c.oo 0.00 0.00 0.00 0.00 0.00 

0.00 o.oo 0.00 0.00 0.00 0.00 

30 o .00 0.00 0.00 0.00 0.00 0.00 

e. e:- c.oo 0.00 0.00 0.00 0.00 

3: 9C.4: c.oo c.oo o.oo 0.00 0.00 

-9C. 4 :C 0.00 0.00 0.00 0.00 0.00 

32 C .CG 0.00 o.oo 0.00 o.oo 0.00 

c.oo 0.00 0.00 0.00 0.00 o.oo 
33 o.oc 0.00 o.oo c.oo 0.00 0.00 

C.OD 0.00 0.00 0.00 0.00 0.00 

Ji - _ .... 'u 0.00 0.00 0.00 0.00 0.00 
-:::. 7'J o.oc 0.00 o. 00 0.00 0.00 

:;-: :. ce c.oc 0.00 0.00 0.00 o.oo 
e '" c.oc 0.00 0.00 o.oo 0.00 

35 :-.:e c.cc 0.00 0.00 0.00 o.oo 
c. oc c.oc 0.00 0.00 0.00 0.00 

" :3c.e~ :::.oc 0.00 0.00 0.00 0.00 
-::;:.e: 0.00 o.oo o.oc 0.00 0.00 ,. =.o: c.oc 0.00 0.00 0.00 0.00 

• e• 0.00 0.00 c.oo 0.00 0.00 
42 G.OC e .o o 0.00 0.00 c.oo o.oo 

c.oc o.co 0.00 0.00 0.00 o.oo 
<E H:.o: c.oc 0.00 0.00 0.00 o.oo 

-14.:. 00 0.00 c.oo 0.00 0.00 0.00 
~-; • n• c.oc 0.00 c.oo 0.00 o.oo 

• e. 0.00 0.00 c.oo 0.00 0.00 ~.vv 

" e. oc c.oo c.oo 0.00 0.00 0.00 
er. o:· 0.00 0.00 c.oo 0.00 0.00 

:.: ::;:.. iG c.oo ,O. 00 0.00 o.oc 0.00 
-:3:.70 o.oo 0.00 0.00 0.00 o.oo .. c.oc c.oo 0.00 c.oo 0.00 0.00 ~-

e. o o 0.00 o .00 0.00 0.00 0.00 
53 O. OC· 0.00 0.00 0.00 0.00 0.00 

e .oc o.oo 0.00 0.00 0.00 0.00 

.............. ENO OF DATA Fl!OM INTERNA.l.- STORAGE ............ 
56. PRIN": JOIN':' OISPi.ACMENTS ALL 

MF\R.COS '!'!PO EN X . (PARA TORSIN, FHHI PAGE NO. 8 

JO IN:' OISPLACEMEN':' fe>! RADIANSI STR'JC":"URR: TYPE - PLAN E 
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36 

37 

36 

42 

46 

51 

52 

53 

o.oQ 
o. 00 
o. 00 
o.oo 
c.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
c.oo 
o.oo 
0.00 
0.0:! 
c.oo 
o.oo 
o.oo 
c.oo 
0.00 
o.oo 
0.00 
o.oo 
o .o o 
o.oc 
e. o o 

10.77 
-10.77 
10.77 

-13.96 
13.96 

-10.77 
10.77 

-lC.i7 
10.77 

-13.96 
13.96 

-10.77 
1:.71 

-lC.ii 
1C.77 

-l3. 97 
13.97 

-lQ.ii 
lC.7i 
-6.98 

6.98 
-lC.li 

10.17 
-6.96 

6.98 

!.0.\CING 2 

SUI-!-X• -1130.6~ SUM-Y• 

0.00 
0.00 
0.00 
o.oo 
o.oo 

.l).OC­
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
c.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o 00 
o.oo 
o.oo 
o.oo 
o.oo 

0.00 
0.00 
0.00 
o .oc 
o.oo 

. -- o:oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 SUM-Z• 

SUMMA':'ION OF ~OMEN':'S AROUND ORIGIN-

e. oc !'!':'• 0.00 MZ• 

MARCOS :'!PO EN X !PARA TORSn;, F"MM) 

EX':'=:RNA.:.. AN: INTERNA: JOIN':' LOAD SIJMMARY-

EX':' F"X.: 
r:~: n: 

24:.e: 
c.c: 

2.;;;. 6~ 
C.00 

24.;.0: 
c.oo 

:9:.5~ 

< ~. 2: 
-'l =. 2: 

::.o: 
c.o~ 

C. OG 
e. o o 
e. oc 
c.oo 
e. oc 
:r.oo 

83.0C 

c.oc 
845.80: 

c.oi* 
:.J.: 
c.oc 

-35é.4C 
e. oc 

-1s.oe 
. c.oo 

-470.69 
c.oc 
:.o: 
c.oo 
c.oc 
c.oo 
c.oc 
0.00 
a.oc 
0.00 
0.00 
o.oc 
o no 

E:X: rv 
IN7 FZ 

o .oc 
c.oo 
e. o o 
0.00 
e. o o 
o. 00 
e. o o 
c.oo 
0.00 
e .oo 
C. OC· 
O.OG 
0.00 
c.oo 
0.00 
0.00 
0.00 
c.oo 
0.00 
0.00 
0.00 
n M 

E:X':" HX/ 
INT MX 

0.00 
0.00 
c.oo 
c. o o 
o. oc 
0.00 
o. 00 
0.00 
0.00 
0.00 
c.oo 
0.00 
0.00 
0.00 
o.oo 
o. 00 
c. 00 
0.00 
0.00 
0.00 
0.00 
n M 

0.00 
0.00 
0.00 
0.00 
0.00 

·-o.oo 
o.oo 
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 
o.oo 
0.00 

0.00 

25627.40 

Er. MY/ 
INT MY 

0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
n M 

-4.26 
-4.26 

4.26 
0.00 
o.oo 
4.26 

-4.26 
-4.26 

4.26 
0.00 
0.00 
4.26 

-4.26 
-4.26 

4.26 
0.00 
o.oo 
4.26 

-4.26 
-4.26 

4.26 
0.00 
0.00 
4.26 

-4.26 

PAGE NO. 

E:X'!' HZ/ 
IN'I' HZ 

0.00 
-838.75 

0.00 
-913.66 

0.00 
-912.17 

0.00 
-905.87 

o.oo 
-821.13 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
n nn 

6 



1 

2 

3 

4 

5 

6 

B 

9 

10 

.. 

if 

:e 

EX~ FX/ 
INT FX 

o.oo 
-0.64 
0.00 

-0.10 
o.oo 
0.05 
o.oo 
0.11 
0.00 
0.59 
o.oc 
0.00 
0.00 
c.oo 
0.00 
c.oo 
o.oc 
o.oo 
o .00 
c.oo 
c.oo 
c.oc 
0.00 
c.oo 
o.oc 
o.oo 
0.00 
c. oc 
o .00 
e .oc 
C.:lC 
c.cc 
e. ce 
c.oo 
o.oc 
c.oc 
e .o: 
e. o e 
c.oc 
e. cc­
o.oc 
C;.:JC 
C.:JO 
o. oc 

-5.41 
-107.49 

-5.41 
-134.53 

-5.41 
-12:.18 

-5.41 
-69.44 

-5.41 
-5:.29 
-:2.40 

12.40 
-l=.59 

1:'.59 
-15.59 
!5.59 

-15.59 
15.59 

-12.40 
12.40 

-10.77 
10.77 

-13.96 
13.96 

-13.96 
13.97 

-13.96 
1~. 97 

-lC. ii 
lC. Ti 

10.77 
-l3.96 
:.3. 96 

-13.96 
13.96 

-13.96 
:3.96 

-1C.1'7 
lC.'71 

1 e . 1-: 
-:J. 9E 
:3.96 

r:x: F1./ 
IN'! F1. 

o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
c.oo 
c.oo 
c.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
c.oo 
0.00 
0.00 

MARCOS ::P: Et-: X !PARA TORSIN, FMHl 

23 

24 

25 

26 

¡; 

28 

29 

30 

31 

32 

33 

o. ce 
c.o::: 
c..oc 
c.oc 
c.oc 
:.oc 
c.oo 
:¡.oc 
c.oc­
c.oc 
e. ca 
o .oc 
e .oc 
0.00 
o .o o 
0.00 
o .o o 
O. DO 
o .o o 
o .oc 
c.oo 

-13.96 

". 97 
-:3.96 
:3.97 

-lC.71 
10.1i 

-1C. "'ii 
lC.7" 

-:3.96 
:.3. 97 

-13. 96 
13. 9'7 

-1C . .!i' 
10. 17 
-6.98 

6.98 
-10.71 

10.71 
-13.96 

13.91 
-10.77 

0.00 
c.oo 
o.oc 
e .o o 
0.00 
o .oc 
0.00 
0.00 
c.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o .o o 
0.00 
0.00 
0.00 
o.oo 

EXT HX/ 
INT HX 

0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oc 
o .00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o. 00 
o.oo 
o. 00 
o.oo 
0.00 
o .00 
0.00 
O. DO 
0.00 
o .00 
o. 00 
o .00 
e. o o 
0.00 
o. o o 
e .oc 
o. 00 

o. oc 
e. o o 
e .OC· 
o. 00 
e .o o 
o. 00 
o. 00 
o. o o 
o .00 
o. o o 
o .00 
o.oo 
o. o o 
o .00 
o. o o 
o .00 
o .00 
o .00 
o .o o 
o .00 
o .00 

o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
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o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

EXT MZ/ 
INT MZ 

o.oo 
1.32 
o.oo 
0.36 
o.oo 
0.04 
o.oo 

-0.12 
0.00 

-o. 97 
-4.26 

4.26 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
4.26 

-4.26 
-4.26 

4.26 
o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
4.26 

-4.26 
-4.26 

4.26 
0.00 
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o.oo 
0.00 
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PROBl.EH S T A T I S ! l C S 

NUMBER OF JOIN,S/MEMBER•ELEMENTS/SUPPOR.S • 45/ 10/ ! 
ORIGINAL/FINAL BANO-W!OTH • 51 5 •o• Al. PRIMAR Y LOAD CASES 2, 'I'O'rAI. DEGREES OF Fli!:EOOO! • 120 
S!ZE OF STIFFNESS MATRIX • 2160 OOUBLE PRE:. WORDS 
REQRD/AVAI:. DISK SPACE • 12.11/.2041.1 HB, EXHEM • ÍB11.8 HB 

MARCOS ~IPO EN X !PARA TORSIN, FHHl -- PAGE NO. 

LOAOING PESO PROPIO 

-1.000 

A::'!'U.A;. WEIGH':' o: TKE STRUC'TV'RE • 511.005 MTON 

•••':'OT~ APP~!ED LOAD MTON METE ) SUHHARY (LOADING l ) 
SUMMA~ION FORCE-X • 0.00 
SUMMA!ION FORCE-Y • -511.00 
SUMMA7ION FORCE-Z • a:ao 

SUMMA7ION O! MOHENTS AROUNO THE ORIGIN-
MX• C.OO MY• 0.00 HZ• 

LOAOING FUERZAS LA~RAI.ES PARA RIGIDECES 

JC!N': LOAD - UN!:' M'I'ON METE 

JCIN':' FORCE-X FORCE-Y FORCE-Z MOl!-X 

.:: : :!5. 70 0.00 0.00 0.00 
46 145.0C 0.00 0.00 0.00 
<: : 3c. e.: o.oo 0.00 o.oo 
36 : ::. 70 o.oo 0.00 o.oo 
2: 90.45 o.oo 0.00 o.oo-
26 1 4 6.10 0.00 o .o o 0.00 ·- :.:9.40 o.oc 0.00 0.00 
lé :::.. 60 o.oo 0.00 0.00 

83.0G o .00 c.oo 0.00 
6 45.25 0.00 0.00 0.00 

···':'~T~ AP?::t: :oAC MTON ME7E l SUMHARY (LQAOING 
SUMMA':':Ot.' FOR:E.:x • :lJC. 65 
S~~':'!ON FORCE-Y • 0.00 
SUMM.A':':m: tORCE-: • C.OO 

Su~:; ON Of MOMI:t.":'S AAOUND THE ORIGIN-
MX• 0.00 MY• 0.00 MZ• 

Proce~s~ng ~lem@n: Sti!!n@~S Mat:~x. 

Process~ng Glooal St!!!n@~5 Ha~r!X. 
Proces~!ng ':'r1anqula: Factcr!zatlOn. 
:a~culat1ng Jo~n: Dlsplacement~. 
Calcula~~n~ Memoer rarees. 

···ro-rA:. REA:-:':::Ol" 1 M'I'ON ME'!'E: ) SUMMARY 

!.OADING : 

-6155.64 

HOH-Y 

o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

2 

-25627.40 

16: 1:45 
16: 1:45 
16: 1:45 
16: 7:45 
16: 7:45 

HOI!-Z 

o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

3 

MARCOS ':::"lPO EN X (PARA TORSIN, fl<l<) PAGE NO. 4 

SUM-X• 0.00 SUM':'Y• 5l:.oo SUH-Z• o.oo 
SUMMA'!'ION or HOKENT5 AROUNO ORIGIN-

MX• 0.00 MY• o.oo HZ• 6155.64 
EX TERMAl AND INTERNAL JOilri' LOAD SUMMAA.Y-



PAGE NO. l 

l. 
2. 
3. 
4 o 

5. 
6. 
7, 

········•··••···•··••·••·•···•··•···•·•·••·••·•·•· 
• 

• STAAO/Pro STAAD-III 
Rev1s1on 3.1 .. 
Propr1etary Program of 

• RESEA!ÍCH ENGINEERS, lnc . 
Oat.e• SEP 24, 2001 
Tl.me• 16: 7:45 • 

• • 
USER ID: Unknown user 

··············•···•·······•··••··•··•···•••••·•·•· 
STAAD PLANE MARCOS TIPO EN X (PARA TORSIN, no!!) 

S'!'AR7 JOB INFORMATION 
ENGINEER DATE 24-SEP-01 
END JOB INFORMATION 
INPtJ':' WIDTH 12 
UNI': METER M'l"ON 
JO HIT COORDINA TES 
• o o O; ¡ 8 o 0: 3 16 o o; 4 24 O O; 5 32 o O: 6 o 5 O; 7 8 5 o e. 

S. 
10. 
¡¡, 

e 16 5 0: 9 24 5 O: 10 32 5 O; 11 o 8.5 0: 12 8 8.5 O: 13 16 8.5 
14 24 8.5 O: 15 32 e.5 O; 16 o 12 O: n e 12 O: lB 16 12 0: 19 24 
20 32 12 O; 21 o lS.S 0: 22 e 15.5 0: 23 16 15.5 O: 24 24 15.5 o 

i..2. 25 32 15.5 0: 26 o 19 0: 27 8 19 O; 28 16 19 0: 29 24 19 O; 30 32 
31 o 22.5 0: 32 e 22.5 o: 33 l6 22.5 0: 360260; 37 8 26 o 
38 l6 26 0: 41 o 29.5 O: 42 e 29.5 O; 43 16 29.5 O¡ 46 o 33 o 

13. 
14. 
15 o 

16. 
47 e 33 O: 48 16 33 O; 51 o 36.5 0: 52 e 36.5 O: 53 16 36.5 o 
MEMBER IN::DENCES 

¡-;. 1 1 6; 2 2 7; 3 3 8; 4 4 9; 5 
18 o 

19. 
20. 
21. 

lO E ll; ll 7 12: 12 e l3; ·13 

... 
23. 
24. 
25. 
26. 

29. 
29. 
3C. 
3:. 

1':' 13 
24 16 
3: 19 
38 --.. 
45 29 
56 32 
69 4: 
82 46 
STAR':' 

::01:..' 
3: 30 ......... ~ 

~u~ 

24 16 
3:. ENi: 

14; lB 
17: 25 
24: 32 
27: 39 
30: 46 
'37 .. 57 
4.2; 70 
s:; 83 
GROUF 
84 83 
29 28 
e e Be 
. ' lE 

l4 15; 19 ll 
17 lB; 26 lB 
20 25; 33 21 
23 28; 40 24 
26 31; 47 27 
33 38.- 60 36 
4.2' 43; 73 41 
47 52; 84 48 

DEF!NI'!'ION 
82 75 74 73 66 
23 22 21 20 19 
79 78 lO 69 61 
15 9 e 7 6 

33. MEMBER PROPER':'Y AMERICAN 
34. CO:.:: PRIS YD C. 95 ZD O. 95 
3~. '.'!GS PRIS YD C.9: ZD 0.35 
36. CONS7AN7S 
3~. E :.2136E•006 ~: 
JE. DENS:TY :.~ ~ 
39. SUPPORTS 
4C. : TO 5 r!XED 
4:. :.oA: ~ PESO PROPIO 

16; 
19; 
22; 
29; 
32: 
37: 
46: 
53.-

65 
l4 
60 

5 lO; 6 6 7; 7 
9 14; 14 lO 15; 
20 12 11; 21 13 
27 19 20; 28 l6 
34 22 23; 35 23 
4l 25 30; 42 26 
48 28 33.- 51 31 
61 37 38; 64 36 
74 42 47: 15 43 
87 51 52; se 52 

64 57 56 55 48 
13 12 ll lO 5 4 
52 51 45 " 43 

MARCOS 7IP0 EN X fPARA 70RSIN. FMMl 

42. SE:.FWEIGH7 y -1 
c. LOAD : FUERZAS LATERALES PAAA RIGIDECES 

"· JOlNT LOAD 
4 5 . .52 FY. 135.7 
46. 46 FY. 145 
4~. 4: FX 130.85 
48. 36 FX ::.::.2.7 
4 9. 31 FY. 90.45 
5C. 26 FY. 146.7 
5:. ;z: FX 129.4 
52. 16 FY. :..1::.·. 6. 

53. 11 FX 83 
54. 6 FX 45.25 
55. PERFORM ANAI..YSIS PRIN'! Al.l. 

7 8; e e 9; 9 9 lO 
15 ll 12; 16 12 13 
lB: 22 l4 19; 23 15 
21; 29 17 22; 30 lB 
24; 36 24 25: 37 21 
27; 43 27 28; 44 28 
32: 52 32 33; 55 31 
U; 65 37 42; 66 38 
48; 78 46 47; 79 (7 

53 

47 46 4l 40 39 38 37 
3 2 l 

42 36 35 34 33 27 26 

-- PAGE NO. 

o 
12 o 

19 o 

20 
23 
26 
29 
36 
43 
48 

32 -
25 -

2 
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STAAD PLANE MARCOS TIPO EN X !PARA TORSIÓN, FMH) 
START JOB INFORMATION 
ENGINEER DATE 24-Sep-01 
END JOB INFORMATION 
INPUT WIDTH 72 
lJN IT METER H'I'ON 
JOINT COORDINATES 
1 o o 0; 2 8 O O; 3 16 O O; 4 24 o 0; 5 32 o 0; 6 o 5 0; 7 8 5 O; 
e 16 5 O; 9 24 5 0; 10 32 5 0; 11 o 8.5 O; 12 8 8...5 O; 13 16 8.5 0; 
14 24 8.5 O; 15 32 8.5 O; 16 o 12 0; 17 8 12 O; le 16 12 O; 19 24 
20 32 12 0; 21 o 15. 5 0; 22 e 15.5 o, 23 16 15.5 0; 24 24 15.5 O; 
25 32 15.5 O; 260190; 27 e 19 o: 28 16 19 O; 29 24 19 O; 30 32 
31 o 22.5 o; 32 8 22.5 0; 33 16 22.5 0; 36 O 26 O; 37 e 26 o: 
38 16 26 O; 4l O 29.5 O; 42 8 29.5 O; 43 16 29.5 0; 46 o 33 O; 
47 B 33 0; 4e 16 33 O; 51 o 36.5 0; 52 e 36.5 O; 53 16 36.-5 0; 
MEMBER INCIDENCES 
1 l 6; 2 2 7; 3 3 e' 4 4 9; 5 5 lO; 6 6 7; 7 7 e: e e 9; 9 9 lO; 
10 6 11; 11 7 12; 12 e 13; 13 
17 13 14; lB l4 15; 19 ll 16; 
24 16 17; 25 17 18; 26 lB 19; 
31 19 24; 32 20 25; 33 21 22; 
3B z¡ 27; 39 23 28; 40 24 29; 
45 29 30; 46 26 31; 47 27 32; 
56 32 37; 57 33 38; 60 36 37; 
69 41 42; 70 42 43; 73 41 46; 
82 46 5' . 83 47 52; 84. 48 53; 
STAR7 GROUP DEFINI":"ION 

COLO 8~ 83 82 7 5 74 73 66 65 
3: 30 29 28 23 22 21 20 19 l4 

V!GS es 6" ¡e 78 70 69 61 60 
24 lB ,-

-' 16 15 9 e 7 6 
END 
MEMBER PROPERTY AMERICAN 
_COLU PRIS YD 0.95 ZD 0.95 
_VIGS PR!S YO 0.95 ZD 0.35. 
CONSTAN':' S 
E 2.2~36e~006 AL: 
DENS :-:y 2. 4 Al..:. 
SUPPOR'!'S 
l TC· S FIXE~ 
LOkD l PESC PROP!O 
SELOlE:GH'! Y - ¡ 

9 14; 14 
20 12 11: 
27 19 20; 
34 22 23; 
41 25 30; 
4e 2e 33; 
61 37 38; 
74 42 47; 
87 51 52; 

64 57 56 
13 12 ll 
52 51 45 

LOAC : FUERZAS LATERALES PARA RIGIDECES 
JOIN7 LOAC 
51 FX 13~.! 

46 FX 145 
4l FY. ::.3o.e: 
36 FX 1:2. 7 

3l FX 9G.45 
2E FX l4E. '7 

FX 129.~ 

16 FY. lll.6 
FX 83 

E FX 45.25 
PERFORM ANALYSIS PRINT ALL 
PRIN7 JOIN7 DISPLACHENTS ALL 
PRINT SUPPORT ru:ACTION 
LOAD LIS'! 2 

lO 15; 15 ll 12; 16 12 13; 
21 13 le; 22 14 19; 23 15 
ze l6 21; 29 l7 22; 30 1e 
35 23 24; 36 24 25; 37 21 
42 26 27; 43 27 2e; 44 2e 
51 31 32; 52 32 33; 55 31 
64 36 41; 65 37 42; 66 3e 
75 43 48; 7e 46 47; 79 47 
se 52 53; 

55 48 47 46 41 40 39 3e 37 
lO 5 4 3 2 1 
44 43 42 36 35 34 33 27 26 

12 0; 

19 O; 

20; 
23; 
26; 
29; 
36; 
43; 
48; 

32 -

25 -

PRINT JOINT DIS~CMENTS LIST 53 52 51 48 47 46 43 42 41 38 37 36 33 -
32 31 30 29 28 27 26 25 24 23 22 21 20 19 I8 17 16 15 14 13 12 11 10 a -
8 7 6 
FIN:SH 

8' 
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Example Problem No. 2 

A tloor structure (bound by global X-Z axis) made up of steel 
beams is subjected to area load (Le. loadlarea of tloor). Load 
generation based on one-way distribution is illustrated in this 
example. 

xS'-0"=20'-0" 

l 0 • • 5 

@ 10'-0'' 

1'-6 .. 

(9) 
16 9 

15'-0" 

7'-0" 

1 19 (:_5; 
'------zo·-o··------' 

20 

l-1 
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l. Select the STAAD.Pro icon from the STAAD.Pro 2001 program 

gro u p. 

figure 2: 1 

The STAAD. Pro Graph1cal Env~ronment will be invoked. 



/ 

·'! 

-

2. The umts in whtch we wtsh to create thts modelare the Englisfz 

units. (feet. kip. etc.) The default untt system setting ts whatever 
we chose dunng the installation of the program. lf yo u had chosen 
Mernc at the time of installation, you may want to change 11 to 
English. Todo so. click on the File/ Configure menu option (see 
Figure 2.2) and choose the approprtate one (Engltsh for our case). 
Then, die k on the Accept bu non. 

.. 

' 

.... 

Figure 2. 2 

. -·-~-l-

Figure 2. 3 

l·3 

f 
' .. .. . ' 
" ., 

.. ~ -- :t! 
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3. To create a new structure. click on the File/ New optton in the 
STAAD.Pro screen that opens (as shown in Figure 2.4). 

4. 

Figuro 2. 4 

ln the New File Setup dialog box., choose Floor as the Structure 
Type and specify an optional Tille (A FLOOR FRAME DESIGN 
WJTH AREA LOAD). Then click on the Next button as shown in 
Figure 2.5. 

Figure 2. 5 



' . 

5. The next dialog box that comes up prompts us to select the length 
and force un1ts in which we wish to start working in. So. specify 

the Length Units as Foot. the Force Umts as KiloPound and elle~ 
on the Next button as shown in Figure 2.6. Please note that the 
mput units may be ehanged subsequently at any stage of building of 

the model. 

Figure 1. 6 

6 ,
1
This d1alog box confarms the information of our previous 
selectJons. Press the F1nish button. (see Ftgure 2. 7) 

Figure 2. 7 

2-5 



2-6 

: l 

Once we press the Finrsh button. the ST AAD.Pro main wrndow 

appears on the screen. 

Figure 2. 8 



7. Sdect Geomerry / Beam Page from the left si de of the screen. In 
th~ Snap Node!Beam dialog box that appears in the Data Are a ( on 
the right side of the screen). choose X-Zas the Plan e and m the 
Consrruction Unes group, set X and Z to 20 with a spacmg of 1ft. 

(see figure below) Thts 20X20 grid too is only a starting grid 
setting to enable us to start drawing the structure. it does not 
restrh.::t our model to those limits as we will see later. 

SMP Hode/Beam EJ 

... ' 
-: . .:. ~:· 

Figure 2. 9 

2-7 
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8. With the help of the mouse. click at the origin (0. 0) to crea te the 
first node. In a similar fashion. click on the following points to 
create nades and automaucally join successive nades by beam 
members. 

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

The exact location of the mouse arrow can be monilored on the 
status bar located at the bottom of the window where the X. Y. and 
Z coorc!ina!es of the current cursor position are continuously 
updated 

. -. -- ... -· -:.-· 
.. · ... 

. . -' ---

Fi:,:ure !. 10 



9. After having created these four beams and five nades. let us clase 
the Snap Node!Beam dialog box. 

Figure 2. 11 

2-9 
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~1~-i~;~~~~~~~~~~~~~~~~t:::~:-·::;~l~:..::·:-.J.:; . 
-~' -}/ -Swttchiilg On'Node- And'Beam J.:abels - --- -
~~-;.:·:.;:. ';.t'""n:.wJ._:li~~ .. -i'--¿r.~: .... ,..-._:. :··:.;--~·.;. --·- __ .- <·~::.: 

10. In arder lo display the node and beam numbers, right click 

anywhere within the drawing area. In the pop-up menu that 
appears_ choose Lahe/s as shown below_ 

Figure 2- 12 

Alternatively_ one may access this option by selecting the V1ew 

menu from the top menu bar followed by Structure Dragrams. and 
the La beis tab of the dialog box that opens. 

·pen:;,:: 
V10111 5 etect!ld Ot~eu Or4l : - .· ----s-

+¡¡p.rltJ•R• 6 . 
-Úpen\IJ~ .. 

U~W\IIe\'•~-
\Ttewlrol~-,,·_· :'~ ---.. _-o....,._,-_,-_ 

-Sel tao; __ , 
-~---· .::- '·- ... 

Figure 2- 13 



ll. In the Diagrams dialog bo~ that appears. turn the Node Numhers 
and Beam Numbers on and then click on OK. 

Figure 2. 14 

The nades and beams are now labeled on the drawmg. 

Figure 2. 15 

2-11 
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12. As shown on the tille page of this example, beams 5 to 9 are 
located at the grid line Z = lOft. We could create them in a manner 
similar to what we did for creating beams 1 to 5 by clicking at the 
relevan! grid points. Altematively, we may use STAAD's 
Translarional Repear facility to do the same. 

Let us choose the latter method. First, se lect members Z. 3. and 4 

with the help of the Beam Cursor fiil The Beam Cursor can al so 
be selected by cboosing the Beam Cursor option from the Seil!c 1 

menu. To select multiple beams. hold down the 'Ctrl' key while 
clicking on the members. 

Figure 2. 16 

-'--



Next, go to the Geomerry f Translarional Repear menu option as 

shown below. 

Figure 2. 17 

2-13 
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13. In the 3D Repear dialog box that opens. spectfy the Glohal 

Direcrron as Z. No o(Sreps as 1 and the De!aulr Srep SpacJng as 
10/í. Leave the Link Sreps box unchecked. Then. click on OK. 

JO Repeat EJ 

Figure 2. 18 

After completing the translational repeat process. the structure 
should 1ook as follows: 

Figure 2. 19 

: ·' 



14. N ex t. Jet us spilt member 6 into two parts of length 3ft and :!ft 
respectively. FJTst. select the member by clicking on it and then 

click the right mouse button. ln the pop-up menu that appears. 
choose the Jnsert Node option as shown below . 

. _ _,; Figure 2. 20 

Alternatively. one may access th1s option by going to the Geomerry 

rnenu and choosing lnsert Node 

· .. 

Figure 2. 21 
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!5. In the Insert Nodes dialog box that opens. specify the Dzstance as 
3ft. click on the Add New Point button. and click on OK. 

lnsetl Hodes mio Oeam 6 EJ 

! 'II.II)IJ 

Figure 2. 22 
,• 

' \ 
'·-



' 1 

After the insenion is done. the structure will Jook as shown below. 

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

Before insert1on 

Figure 2. 2J 

After mseruon 

Figure 2. 24 

l-17 
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16. Repeat this procedure to split member 7 to create node 11 In the 
lnserr Nodes dialog box. specify the Disrance as 1.5/r. click on the 

Add New Poinr button. and click on OK. 

Figure 2. 25 
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17. To create the X direction beams at Z =25ft. justas we did before. 

we can use the Translational Repeat operation by using the X 
direction beams at Z = Ü 35 the baSÍS. Yet another method IS the 
Copy-Paste faci1ity from tbe Edit menu. To app1y this method. we 
first select members l. 2. 3. and 4. Click the right mouse button 
and choose Copy from the pop-up menu ( or click on the Edit menu 
and choose Copy). Once again, click the right mouse button and 
select Paste Beams (or choose Paste Beams from the Edil menu) as 
shown be low. 

Figure 2. 26 

18 Provide O. O. and 25 for X. Y and Z respective1y and click on the 
OK button. 

Figure 2. 27 
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19. As we click OP the OK bunon. lhe following message box appears. 
This is only a reminder that we need lo subsequently assign the 

required properues 10 these entilies as well. Let us click on 1he 0/\ 
bulton. 

S 1 AAU Plo fot Wmdi!MI EJ 

Figure 2. 28 

Members 1010 13 will appear on the modelas shown below. 

. .. 
13 

Figure 2. 29 



20. lf we loo k at the figure on the title page. we will observe that 
beam 11 is 6ft long and not Sft. So. the X co-ordinates of its end is 

at 1l. not 10. To make th1s change. let us change the co-ordinates 
ofNode 14. Todo that. select that node using the Nodes Cursor 

I5QJ The data relating to Node 14 will be highlighted in the Nodes 
table located in the Data Area. 

Figure 2. 30 

21. ln this table. change the val u e of the X co-ordinare from 1 Oto 1 1. 

o .cm 10 CXXI 
o tal ; 10 c:oi ·--· ... 

10 

Figure 2. 31 
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:!1. We also need to change the co-ordinates ofNode 15 from ( 15. ::!5) 
to ( 16.5. 25 ). However, instead of using the method described in 

the previous step. Jet us try a different approach. Let us flrst select 

Node 15 by clicking on it. Then. from the Geometr;v menu. select 
the Move option. specify the Xdirection distance as 1.5/t and click 
on OK. 

(.G~-

~!i]~i~ 
~-_.-~Add a~.·~.:- .:I~;-- ~-~-~-~ 

:< Add~~ ~::t~~~"'~i~~?.:·· 
·-;-A.tf Soid_.,~:-:-;t--f.~~-:--~-

~~i~:~:r9.f~~ 
Mnve ' 

:::-~~::~,.,A,.::':""":, -
!:<reo•: Se,e,;t,eJ.I M~er~ 

~tt~~~;-~~~~--;~~~~~ 
Mow0r9n :·_,-:>· ~~:.--~ 

Rw. Sln.Cb.l'e \I/ lUid 

fl'ove Nades Seleclron EJ 

~o-';~r.:J:-s __ ·::.-
:~:z¡o u. 

Figure 2. 32 
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23. We now ha ve to create the X direction beam at Z = 28ft. To do 
this. we shall adopt yet another method. Using the Copy-Paste 

facility of the Edir menu. Jet us create the joints at (O. O. 28) and 
(20, O. 28) using the joints at (0. O, 0) and (20. O. 0\ as the bastS. 

Tben, we shall add a beam between the two new joints. The Sleps 

are as follows: 

First. let us ensure that we have the Nodes Cursor selected. From 
the Selecr menu, verify that the check mark is agamst the Nodes 

Cursor opuon. 

~1:~1 
Figure 2. 33 

Then. select Node l which has the ca-ordinales (O. O. 0) by 
clicking on it. 1t should be htghlighted. To copy that Node. type 
Ctri+C or select Copy from the Edic menu. Topaste. type Ctri_,_V or 
select Paste Nodes from the Edit menu. 

tcEát 
~-~iJh~~~~-.:~~=~-,_1-· ~'~::~ .. --.: 
~~~f:.-=-~~:~4;:-~.:~-;=-:~:;oJ~·~' 

fi~:i,;€;~~_:::;:~3~'it; 
·.-- ---·" ;., - . ___ ,- ..... --''-': 

~~~~ 
;:~Edll~~-~~~~~ 
"-~'E"<lSCi1tt Fio:;':: ,,_- '·• --;·':':;;-_;--=: 

Figure 2- 34 
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When we select Pasre Nodes. thc following dialog box appcars. 
Specify the X and Y values as zero, and Zas 28{1. Then. click on 
the OK button. 

i_L_!_f1'~7 " ;::.~ 
--~ ~;:; j2ll •!t•e-c·.c;· . ;o IÍ~~Pij . 

Figure Z. 35 

N atice that a new nade (no. l7) appears on the screen. 

13 

12 
10 

., 
Figure 2. 36 
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24. In a similar fashion, copy node 5 (at 20. O. 0) and paste it lo ere ale 
the node at (20, O, 28). 

• 

12 

Figure 2. 37 

25. To add a beam between the-two newly created nades (17 and 18). 

select lhe Add Beam option from the Geometry menu. Then. chck 
on the two nades in succession and notice that the beam (no. 14) 

has been created. At this point, switch off the Add Beam option. 

' 

5 

Figure 2. 38 
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' 
26. To create the beam at Z =35ft. we shall use the Copy-Pasre 

technique of the Eda menu. and use Be a m no. 14 as the basis. 
Select beam no. 14. Copy and Pasre it at Z = 7ft. The value 7 is 
den ved 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 asstgn the 
properties to thts beam as well. Let us click on the OK button. 

S T AAO Pro 'tot W1nd01Ws EJ 

-.~fª~t~í~~:~+.d-hO.o~-~~~-~~~---¡ 
'_;''C ..... >:-~-- - --e 1 OK t;;J -

Figure 2. 39 

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

• 
) • 

Figure 2_. 4{l 
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27. The remainder ofthe members in the model can be created by 
adding beams between existing nodes since allthe nodes of the 
structure ha ve already been created. So. let us select the Add 

Beams icon f4J (lf yo u are unable to loca te the icon. chao se 

Geometry / Add Beam menu option.) The cursor will change as 

shown below. 

Yo u may choose to tum the Be a m Numbers off to case locating the 

nade numbers. Beam Numbers can be switched off from View / 
Srrucrure D1agrams / Labels tab and unchecking Beam Numhers. 

Figure 2. 41 
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28. l.ising the cursor, add new beams by clicking between the following 

pairs of no des. 

;:,:~ T,ó create;i~ : · ... :. Add !Jea~:¿-;;,:~ 
g::~'émber.;#~-:·;.; 'i:~··betweea·.tbea~i,:-. 
~~-=~-~-: .. :.~ .. *--~~~~~ :!:_ ;_- · ~~de¡:::.~~~~--:· 

16 17 and 19 

17 12 and 17 

18 1 and 12 

19 6 and 13 

20 2 and 6 

21 10and 14 

22 3 and 7 

23 11 and 15 

24 4 and 8 

25 18 and 20 

26 16 and 18 

27 9 and 16 

28 5 and 9 

29. After adding the beams~ switch off the Add Beam Jcon to stop 
addmg any more beams. 

\ 
"--. 
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Thc struclure will now look as shown below: 

Jsomctric View 

19 

Figure 2. 42 
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Plan View 

¡10 1 

2 13 14 15 6 

17 
8 

1 

1 

19 ¿ o 

Figure!. 43 



30. The next step is to define properties for the members. Todo this. 
select General / Property Page from the left si de of the screen. 
Then. click on the Database button in the Proper11es dialog box as 
shown below. 

... ,...., ...... WhoM ~huCI ... r.J 

.-,, ' ,: ·. 

' 
; 
' 

-· •• e 

' '.:'"..·' 

·-.~~~W'!' ~: .. 

:¡f ~~~,.· 

':--·: : 
.;;:; 

~ 
Figure 2. 44 

31. In the Select Country dialog box that appears. choose the countr)' 
name whose steel table you want to use. in our case. American. 
Then. click on OK. 

Sdecl Counltp k:~ 

Figure 2. 45 
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32. In the American Sreel Tahle dialog box. select the W Shape tab. 
Nouce that the foeld called Material is presently on the "checkeJ" 

mode. 1 f we keep it that way, the material properties of steel (E. 
P01sson. Density. Alpha. etc.) will be assigned a long with the 
cross·sectlon name. The material property values so assigned will 
be the program defaulls. We do not want default values. instead we 
will assign our own values la ter on. Consequently. let us unchcck 
the Material box. Choosc W 1 ~X26 as the beam stze. STas 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 Referente 
Manual. 

A.mencc.n Steel l.tJte · · · EJ 

~:tri:'~§¡~~~co...:J;;t~¡' ·Arda 
:':c¡¡¡s.._..,.Ms·-·1· ss•-- 1 

' . ~-- ·-.. .• r_,¡r . 
..• - •• :.'•::...·.·:~·:.e:-:-:. --

Figure 2. 46 
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33. Since the selected 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 to VJew. So. click on the 
Assign ro Vrew button in the Properries dialog box followed by the 
Assign button. 

: Prnperhec - Whofr., Structwe ~ 

Figure 2. 47 

A message box (shown below) asks us to re·confirm that we do 
indeed want to assign th1s property to all the membcrs in the 
model. Let us click on OK. 

Figure 2. 48 

,¡ 
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After assigning the property. let us once again sw1tch on the Beam 

Numbers (go to V1ew J Struc/Ure Dwgrams - Lahels- Beam 

Numhers). The structure will now loo~ as shown below. 

Figure 2. 49 

Let us Clase the Propemes dialog box as shown below. Also. click 

anywhere in the drawing area to unhtghlight the members. 

r PHI~l i ~ Scle•:t.;d 8c3,i 

t:" AISV'\,ToVew··. 

r Um ~su T o.Assq'l 

l r'---· _r_o_Edl_üot ___ ...;: '...;;·'~:\;:. · 
1' ., 

Figure 2. 50 
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34. To assign member releases, first, go to General/ Spec Page from 
the left side of the screen. Then, click on the Beam button in the 
Specifications table located in the Data Area. 

Figure 2. 51 

35 In the Beam Specs dialog box that opcns. select the Release tab 

which also happens to be the default. We want to apply the release 
at the start nade. and hence it is conven1ent that 'Start' 1s the 
default. Check MZ under the Release option and click on the Add 
button. 
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Be_, Specs EJ; 

Figure 2. 52 

36. Nov.: select the members listed below that are to be released. 

l. 5. 10. 14. 15. ·18. 17. 28. 26.20 lo 24 

One way 10 selecl lhese members is lo go 10 Se/ect 1 By Lisr 1 
Beams menu option. In the Select Beams d1alog box. type the beam 
numbers in the En ter list box. and click. on OK as shown below 

5~6•-.· .·~• ... · . El 

1 .:: J o~ 1 .~ 2 o 
3 . .. ,. . ·. C<rocel 1 

.. 
... 4 .;_ 

5 ¡5-.mT,.,. 6 
7 ¡r Select ftom irt by~ 8 
9 ¡r. Select uWQ typed ict 
10 ..:JI .. 

EÍte!ilt: ¡1.:.10. U.15.18.17.28.26.20to24 

Figure 2. 53 



Notice that as we select the members. the Assignment Merhod 
automattcally sets to Ass¡gn to Se/ected Beams. 

Figure 2. 54 

Then, click on the Ass1gn bulton in the Spec!fications dialog box. A 
message box (shown below) asks us to re-confirm that we do 
indeed want to ass1gn this attribute to the selected members in the 
model. Let us click on OK. 

SJAADPiolrnWUnlow~ · ··. '.'. :_· .. · •. ·.I!J 

•- ... Figure 2. 55 
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After the releases have been assigned at the start. let us clic~ 
anywhere in the drawing area to unhighlight all the members. The 

structure will loo k as follows: 

20 

19 

Figure 2. 56 

37. To apply the releases at the beam ends, repeat the above procedure 

by click10g on the Beam button in the Speci(icarrons dialog box. 

Then. click on the End button. check MZ under the Release opllon 
and che k on the Add button. 

Assign th1s auribute to the following members. 

4. 9. 13. 14, 15. 18. 16. 27. 25. 19,21 lO 24 



-~) 

After the releases have been assigned at the end. once agam 
unhighlight the members by clicking anywhere in the drawing area. 
The structure will now loo k as shown below: 

Figure 2. 57 
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;~ ~ ' ·-: · ,, .. ". Specifying Material Con stants 

-_-- - 1 •• . .-. . ...~. ·-· -

38. The Commands we wish to generate are: 

CONSTANTS 
E 4176E3 ALL 
POISSON STEEL ALL 

Todo this. go to Commancis j Matenal Con.stants J E/asriclfy 

option from the top menu bar as shown below . 

. :'tr.4.,.,. T able... · '" .. 

O~y .. 
EI!HIICII\1' • • • • ~- : 

Figure 2. 58 
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39. In the Materral Consrant dialog box that appears. enter 4/76ES in 
the Enter Value box. Since the value has to be assigned to all the 

members of the structure. setting the ass1gnment method Tu Vie\t' 

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

~~ .... iol Conot.ont • u."'"'"' 13 

Figure 2. 59 

40. In a similar fashion. set the Poisson 's Rallo to the M arenal 

Constant for Steel and assign to all members m the view. 

2~1 
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41. The commands we w1sh to generate are: 

1 5 12 16 19 20 FIXED 

Todo this. select the General/ Supporr Page from the left side of 
the screen. In the Supporrs dialog box, click on the A del button. 
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Figure 2. 60 



42. In the Crea te Support dialog box that opens. select the Fixed tab 
( which al so happens to be the default tab that comes up). and then 
click on the Crea te button. ThiS creates a FIXED type of support 

where all 6 degrees of free do m are restrained. 

[Teale Supporl EJ 

43 To asSign the support. first select the Support 2 specification 10 the 
Supports dialog box. 

; Sup¡:Íort& • Whalt: Stnu;twe • · El 

Figure 2. 62 
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Then. select the following nodes: 

l. 5. 11. 16. 19. 20 

To select these nodes. go to Se/ecr J By Lisr 1 Nades menu option. 

In the Selecr Nodes dtalog box. type the node numbers in the En ter 

lrsr box. 

Notice that as we select the nades. the Ass1gnment Method 

automatically sets to riss•gif ro Selecred Nvdcs. Then. clic~ on the 
Assrgn button in the S¡jec~(ications dialog box. 

~-(·: .:..:~-~~--~~'-'--'-'_-·----'---, 
-, , r. ,.._;-1 ó s*"'i tiOdO. 
~ ~7~j-;,-v..w. -· -----~ 

i :(-useC&ncr ToAacg¡: 
(" ....,q, T o Edl u.t 

. '-'-J--~--·---·-··J 
r;:,.,. ~"r._ ce.. ·f 

Figure 2. 63 

A message box. (shown below) asks us to re-confirm that we do 
indeed want to assign th1s support to the selected nades. Let us 
click on OK. 

STAADPtoi01Windowt • ' EJ 1 

~·-:-. 
y., ~ __ N_o _ _, 

Figure 2. 64 



After the supports are assigned. the structure will loo k as shown 
below: 

Figure 2. 65 
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7- _=_..:::-; ..... -..:;~-_-:'í t:'.-:;:-:.~.~~..;:·- ....-.. .-- _ .. ·;. '-.;. 
e,'=: - Sp;cifying Loads: 

- --- : .·.-- - .:...... ,. - ;·.·_- . 

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

·.:.-_::_;;.~:- --
- ... ' 

., .. 

Figure 2. 66 

45. For loaJ case l. we w1sh to generate the following load data: 

LOAOING 1 300 POUNOS PER SFT DL + LL 
1 to 28 ALOAO -0.30 

In the Ser ... !cU\'1:' Prnuur_,. Load Ca.H! dialog box that opcns. enter 

300 POUNDS PER SFT DL- LL as the t1tle for Load Case 1 and 
click on OK. 



Figure 2. 67 

46. In the Loads dialog box that appears. click on the Memher button. 

Figure 2. 68 
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47. In the Beam Loads dialog box that opens. select the Areu tab. Enter 

-0.30 as the Force and click on the Add button. 

Uedat Loalb El 

Figure 2. 69 

As we click on the Add button. the following message box appear;. 
In the case of loads such as joint and member loads. the magnitude 
and directton of the load at the appl1cable JOints and members is 
d1rectly known from the input. However. the Area load is <.~ 

different sort of load where a load 1ntens11y on the given are;.~ ha!!o 
to be con verted to JOint and member loads. The calculations 
required to perform this conversion are done only during the 

analys1s. Consequently. the loads generated from the Area load 

command can be viewed only after the analys1s 1s completed. 

STAAI}.PlÍ¡ lot \llo..t_. . . . El 

' ... 

Figure 2. 70 



48. Since this load is to be apphed on all the beams of the model. set 
the Assrgnment Method to Assign to View in the Loads dialog box. 

Then. click on the Assign button followed by Clase. 

Figure 2. 71 

A message box tshown below) asks us to re-confirm that we do 

tndecd want to assign this load to all the members in the model. Let 
us che k on O K. 

STAAO.Piofu1Wii'ac:tiMft --.. -,· . _ EJ 

Figure 2. 72 
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t~:?:~~-~,~~ .. ;ry?~·;:,·~~-~";'~::~::'~:-~ .. ~-::-~·/ :' ·_·_:-:; :·. ~ -· .. 
;:::::~':,.0:-§P.!!~!fying Tlle' Analysl_s Command 
_ ..• -.-,, ... "'" -· ---- ,... - , ... •'- .· ..,.-, •• ,<:- ' ' ' ---·.r_·_.:......,.,.;:.:.: .. _. .. _ '' "~' ,,_, . ...._r ~,., • :· ,. 

49. The next step is to ass1gn the commands to perform the analysis 
We wish to generate the command: 

PERFORM ANALYSIS PRINT LOAD DATA 

Todo this. go to Analysis/Pnnr Page from the left si de of the 
screen. Then. click on the Anaiyszs suh·page from the seconJ row 
ofpages as shown below. 
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Figure 2. 73 



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

Figure 2. 74 

S l. In the Analysis!Print Commands dialog box that appears. select the 

Perform Analysis tab. Click on the Load Data option followed by 

the Add button and the Clase button. 

Figure 2. 75 
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··-- - .,·- --
Speclfying Steel Design Parameters 

.. - _. 

52. The next step is to specify steel design parameters. To do this. 
click on the Design f Sreel Page from the left si de of the screen. 
Make sure that under the Current Code selections on the lop nght 
hand side, AISC is selected. Then. click on the Def;nc Parameters 
button in the Sree/ Design dialog box. 

~--
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l3 D :.r.:.P.7 JOE l~ltüH~v~!."rln•r 

)< u~•'l.n ••.1·0' q n 
- ).: U~l• r FE[ 1 F-IF' 

- ')(' JOl~l! :OOF.ült,¡,:.,TE~ 
X M'""'IER 1~1( 1 1)~~¡('f'; 

CJ f~! tA!:[R t:;.,ol=-1:;; 1 )' M 1[ f,:c;.: 1 

D r-4F"'BH ~E: fu.~.: 
CJ COW.T.!.tli: 
CJ ;1J~ú~T~ 
E:;J LOA[! 1 JO) POUNf'l~- ~EA :?~T [•1. 
X PEP.FO~M ~.-~!e,·~·-; l=hiiiT Lo).: •. 

- ')( Fllll~ H 

Figure 2. 76 



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 Des1gn Parameters dialog box that opens. select the Beam 

tab. ihen. define the Beam Parameter as J and click on the Add 

button. 

Figure 2. 77 
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54. In a similar fashion select the tabs Dmax. Dmin. Unr. and Un h. 

Then. enter the following values and cltcl on the Add button. 

Parameter· .. 
Nilin~- ~--:~ 
DMAX 2.0 

DMIN 1.0 
UNT 1.0 
UNB 1.0 

55. After all the values have been added. cltck on the Clase button in 

the Design Parameters dialog box. 

56. Sin ce each of these parameters has to be assigned to ALL the 
members in the view. do the following. Select each parameter. clicl 

on the Assrgn tu View button. followed by the Assrgn button rn the 

Deszgn Parameters dialog box . 

. .i- 8·\:1 PAAAMETEA 
-jif_ · ·· v CODE AISC 
~~ .'1BEAM1' 
-"' ; oi<AX:i 

' 0"'1N1 
· '! UNT1 
'! UNB 1 

< ,· 
~ !~··t¿·q¡¡¡,a•-Mcit.Jd'-·-..;_.:...:.---, 

- -~)~.:~~r~~elfc~edae.;mr~ 
e ::'r..:~r.v...;.·: -
- l~ r- Uiecmro..., 
··L.:·~~----=-----' 
.·> '""énVír-..f CJme 1 

~--------------~ 
Figure 2. 78 

As we click on the Assrgn button. a message box (shown below) 
asks us to re·conlirm that we do indeed want to assign th1s 

parameter to all the members in the model. Let us elle k on OK. 

STAAOP,ofo•WimJDWs , .:. · · 131 
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Figure 2. 79 
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Notice that befo re assigning the parameters. ea eh of them will be 

preceded by -f, whereas after assigning the parameters. they will' 

be preceded by ~ 
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Figure 2. 80 
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57. Click on the Commands button in the Steel Design dialog box. 

B~~iS~r 
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Figure 2. 81 

58. In the Des1gn Comt~~anú.s Jialog box 1hJI opens. clicJ... on the Selecr 

lab followed by the Add and the Clase bullons. 
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Figure 2. 82 



59. Next, make sure that the SELECT parameter is selected m the 
Sreel Des•gn dtalog box. 

~ CODE AISC 
..,..· BEAM 1 
... OMAX2 
•. / OMIN 1 

~~ .., UNT 1 
V UNB 1 

-tiD!DI 
~)( FIHISH 

Figure 2. 83 

Then, seleCI the following members. 

2. 6. 1, 14, 15. 16. 18. 19, 21. 23, 24. 27 

By now. yo u should be familiar with the process of selectmg 

members. In case you ha ve forgotten. you may: 

• · Choose the Beams Cursor from the Select menu. and then click 
on those mcmbcrs in the drawing while keepmg the 'Ctrl' key 
pressed. 

or 

• Choose By Lw j Beams from the Se leer menu. and type the 
member numbers in the Enrer /¡sr box. followed by OK. 

NotJce that as we select the members. the Ass1gnment Methud 

automaucally s~ts to Ass1gn To Selected Beams 
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60. After the members are selected. click on ttJ,e Assign button located 
in the Sree/ Design dialog box. 

22t~~:TOV~<- . 
:.;: :r,u ... cu.a·ToAQ91 · 

:;..¡. _.,-~·.- .• " ;~ ·-· 

Figure 2. 84 

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

STAAO.Ptolor W1ndoon , D 

_:/i\-':~:~=~·~~-~~~~;~?~~=~8~0!"·' 
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Figure 2. 85 
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The structure wiJI now loo k. as shown be low. 

lsometrlc View 

Figure 2. 86 
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Plan Yiew 
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Figure 2. 87 

Th1s concludes the ass1gnmg of a\1 the Jata to the structure. From 

the F1le menu. ~elect Sen·~.·. <~nd prov11.le a file na me. if yo u ha ven 't 
already done so. 
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Example Problem :No. 5 

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

3 

2 

z 
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!. Select the STAAD.Pro 1con from the ST AAD.Pro 2001 program 

gro u p. 

Figure 5. 1 

The STAAD.Pro Graph1cal Environment will be invoked. 



2. The units in whtch we wish to create this model are the English 
units. (feet, kip, etc.) The default unit system setting is whatever 
we chose durmg the installation of the program. If yo u had eh osen 
Me trie -at the u me of installation. you may -want _to change it to 
Eng/ish. Todo so, click-on the -File/ Configure menu option (see 
Figure 5.2) and choose the appropriate one (English for our case). 
Then. click on the Accept button. 

. " . 

,~_ .... 

Figure5.2 
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3. To create a new structure, click on the File j New optmn in the 
STAAD.Pro screen that opens (as shown in Figure 5.4). 

4. 

Figure 5. 4 

In the New File Setup dialog box, choose Space as the Srrucwre 
Type and specify an optional Tirle (EXAMPLE PROBLEM NO. 5). 

Then click on the Next button as shown in Figure ·5 .5. 

New File Selup - Slep 1: Specily T ype and Totle E'J 

Figure S. 5 

( 



5. The next dialog box that comes up prompts us to select the Jength 

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

the Lengrh Unirs as Faar, the Force Umrs as KilaPaund and click 
on the Nexr button as shown in Figure 5:6. Picase note that the 
input units may be changed subsequently at any stage of building of 

the model. 

·Figure5. 6 

6. This dialog box con!irms the information of our previous 
selections. Press the Finish button. (see Figure 5.7) 

New Fole Selup- Fomsh El 

FigureS. 7 
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Once we press the Finish button, the ST AAD.Pro mam window 
appears on the screen. 

Figure 5. 8 



7 Select Geometry / Beam Page from .the left si de of the screen. In 

the Snap Node!Beam dialog box that appears in the Data Are a l on 
the right.side of the screen). choose X-Y as the Plan e and in the 

Consrrucrwn Lines group. setXto·20 and Y lo JOwith a spacing of 
1ft. (see Figure 5.9) This 20XIO grid too ts only a startmg gnd 
settmg to enable us to start drawing the structure, it do es not 
restrict our model to those limfis as we will see later. 

Figure 5. 9 

8. With the help of the m o use. click at.the ongin (O. 0) to crea te the 
fírst node. In a similar fashion. click on the following points to 
create nodes and automatically jo in successive nodes by beam 

members. (see Figure 5.10) 

(0. JO). (20. 10). (20. 0) 

5-7 



5-8 

The exact location of the mouse arrow can be monitored on the 
status bar located at the ·bottom of the window where the X. Y. and 

Z coordina tes of the current cursor position are continuously 
updated. 
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9. After having created these three beams and four nodes. let use lose 
the.Snap Node!Beam dialog box. 

Figure 5. 11 
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1 O. In órder to display the nade and heam numhers. right click. 
anywhere within the drawing area. In the pop-up menu that 

appears. choose Labe/s as shown in Figure 5.12. 

-Figure 5. 12 

Allernatively. one may access this opuon by selecting the V1ew 

menu from the top menu bar followed by Structure Diagrams. and 

the Lahels tab ofthe dialog box that opens. (see-Figure 5.13) 

[_v.,. 
_r:.·zoorn :-::--·· -----'-'-

Figure 5. 13 

'1 
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11. In the Diagrams dialog box that appears, turn the Node Numbers 
and Beam Numbers on and then click on OK. 

Figure 5. 14 

The nades and beams.are now labeled on the drawing as shown 
below. 

Figure 5. 15 
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12. Looking at the diagram of our structure shown in the tille page of 
this example, it can be seen that members 4 .and 5 can be easily 
generated if we could first create a copy of members l and 2 and 
then rotate those copied units.about a vertical line passing through 
the point (20, O, O) by 90 degrees. Fortunately, such a facility <.loes 

exist which can be executed in a single step. lt ts called "Circular 
Repeat" and is available·under the Geomerry menu. 

13. First, select Members 1 and 2 using the Beams Cursor W. Then. 

go to the Geometry f Circular Repeat menu opt10n as shown below. 

Figure S. 16 

r 
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14. ln the 3D Circular dialog box that comes up, specify the Ax1s o( 

Rotalion as Y, Toral Angle as 90 degrees, No. of Steps as 1 and 
passing through Nade 3. lnstead of specifying as passing through 
Node 3. one may also specify the X and Z co-ordinares as ]0 and O 

respective! y. Lea ve the Link Steps box uncbecked and click on the 
OK button. (see figure below) 

Figure 5. 17 

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

• 

Figure 5. 18 
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!5. For specifying member property values, as a matter of convenience. 
it JS Slmpler if our length _units are inches instead offeer. To 
change the length units from fcct to inch,·either click on the Input 

Units icon t~l or select the Tools f Ser Current Unit m en u option 
as shown below. 

- Ust Formol. ---

~-~·r;te~U~T~_:. 
.:~üéat8·N~G~~;·. 

· Cre!ite A'JI F1ie ... 

' .. ~- ,, 

--.=;~~ ,::.;: .­

~~~·-~·~.:.. ... Or}tü'. -·· 
·-

Figure 5. 19 



16. ln either case. the following díalog box comes up. Set the Length 
Unm to Inch and click on the OK button. 

Figure 5. 20 

.. 

\ 
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17. The next step is to define properties for the members. The 
Cf?mmands we wish to generate are: 

•MEMB PROP 
1 TO 5 PRIS AX 10. IZ 300. IV 300. IX 10. 

--7. 

Todo this. select the General/ Property Page from the left side of 
the screen. The property type we wish to assign is called 
PRISMA TIC. and is available under the Define button in the 
Propertles dialog box as shown below. 

· P1opeehes - 'Whoie Shuct•e El 

.Ref · SC!Dn -

"l l~;if.-ojio~G;..;,;;.¡;;~;·_·.¡¡;',;::. ' 
· ""v~:/ I'Od,.....; ''1' ':¡,.;;;,;:~ l 
i ;--.. , T .......... ,/ u .. T-..+ 

-~·::;¡i!'"":'";;{,,;, :: + 
.r. U•Cu.a-ToAaaVt{"-~_..'::..:=5;::- :,._r., ;, 
'r_ AaofTaEdll..itt~ _;::~:----~.::~,;~j,-_ ¡; 

- ... .. -: ¡, 
.~:. :·~ 

Figure 5. 21 
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18. In the Prismatic Property dialog box that.comes up. select the 
General tab. N atice that the field called Material is presentl y on. 

the checked mode. Ifwe keep it that way, the material properues 
of steel (E. Poisson. Density, Alpha, etc.) will be assigned a long 
with the cross-section name. The maten al property values so 
assigned will be the program defaults. We do not want defaLllt 
values. instead we will assign our own values later on. 
Consequently, let us uncheck t~e Material box. Then, enter the 

following values: 

Finally, click on·the Add button as shown below. 

Figure S. 22 
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19. Since the selected cross secuon has to be assigned to all the 
members in the structure. the simplest method todo that wdl be to 
set the Assignment Method as Assign ro View. Click on the Assrgn 

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

·button. As we click on the Assign button. the following message 
box appea.rs asking us to re-confirm that ·We do indeed want to 
assign this property to all the.members in the model. 

S 1 AAD Pro tot Windows Ef 

Figure S. 23 

Let us click on lhe Y es button and Clase the Propertles dialog box. 
(see Figure 5.24) 

; P10peJ1te~ · Whole Slluctwe Ei . 

Figure 5. 24 

( 



After assignmg the property, the structure will loo k as shown 

below. 

:R1 

Figure 5. 25 
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20. · The Commands we wish to genera te are: 

CONSTANT 
E 29000. ALL 
POISSON STEEL ALL 

To i:lo this. go to Commands 1 Material Constanrs 1 E/asricirv 
option from the top menu·bar as shown below . 

. .:~~-·-Mede.:.w~~~¡:¡~f~SE~{~-:~-i~'1":-'-.:~- · 

~~=~f~~~~~~,~:~~~~~~~~!.~~~ 
~:t~erialr«i8..:1f4·¡:,~-;--.:. .-·~;_ 

... G~r::~~ -- ~.:~~·:·.::_,oen.;._;;~:·j.":_:~_ ~ :_. 
5L4JPOI't Speci~eotJons ::::..-·. 

.. ~~~f~ 
:-~~l.;~~'C:-_ :~.,;\: .··L:·:~_•::~ 

;-~~;,~- 5~~~:-~~l-~~~~~~~ 

o::'~~ p.¡:¡,._~: .. oe:·;~~ 
~~-- -Oe~~ ---~~~~-;-~'";•:/ ·~:: :~t_" 
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Figure 5. 26 
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21. In the Material Constan/ dialog box that appears. enter .:?9000. m 
the En ter 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 
belo)ll) 

22. 

Mate1hll Condant · Elas:tu:llp D 

Figure5. 27 

In a similar fashion. set the Poisson 's Ratio to the Material 

Constant for Steel and assign to all members in the view.-
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23. The commands we wish to .generate are: ¡ 

14 5-FIXED 

Todo this. select the General j Support Page from the left side of 
the screen. In the Supporrs.dialog box, click on the Add button. 
(see figure below) 

1 -

: Suppo1ls - Whole Slructwe Ei J 

Í:t. _s, __ N_o __ -'-'--·------X.~ 
~~-
.;-: 

.. ; 

~~~f~~w-:~~~~::?W!~~ 
r~Method-------, 

·~'r~As.i,gn To·SelectedNode~~~-.;:~1 ?•'· 

-~r-~~o~.T~v~.~- . ~~i3~~:~:~-~~:~ :~:~ 
·.r.·~tJceCUrJCXToAaign ··--~·.;.t.···''- .-t,, '' 

~:A~JoE~Lw • "~~K~JI~~-

Figure 5. 28 
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24. In the Creare Support dialog box thal opens. select the Fixed tab 
and then click on the Creare button-as shown below. This creates a 
FIXED type of supporl where all 6 degrees of freedom are 
restrained. 

Figure 5. 29 

25. To assign the support. first select nodÚ l. 4 and 5. To select these 
nades. go to Select 1 By List 1 Nodes menu opuon. In the Select 
Nodes dialog box, type tbe node numbers in the Enter /ist box. 
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26. Then. make sure lhál the Supporl 2 (Fixed) parameler is selecteJ 1n 

the Supporrs dialog box. 

: SupPorts: • Whole Strudwe El 

Figure 5. 30 

27. Nolice lhallhe Assignment Merhod becomes aulomalically sello 

Assign ro Se/ecred Nodes. Click on lhe Assígn button in lhe 
Supports dialog box. (see figure below) 

Figure 5. 31 



28. As we click on the Assign button. the following message box 
appears (shown below) asking us to re-confinn that we do indeed 
want to assign this support to the selected nades in the model. Let 
us cltck on OK. 

STAAO Pro for \rl~nd0111s 13! 

Figure5. 32 

After the supports are asstgned. the structure~will loo k as follows: 

Figure 5. 33 
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29. Load ass•gnments are done from the General/ Load Page as shown 
below. 

~ -¡¡¡ §: m. ' :;, 
~- en 
Gl.· 

1 .: el) .... . -
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-- ::-, - ":-:te-

:¡;; ··:s 
~ -~ c.. -.!!! -

Figure 5. 34 
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For load case 1, we wish to apply a y, 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 

In the Set Act1ve Primary Load Case dialog box that comes up. 
en ter SINKING SUPPORT as the title for Load Case 1 and click on 
OK. (see figure below) 

Figure 5. 35 
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30. The Loads dialog box will now appear in the Data Area on the right 

hand side ofthe screen. Support Displacement loads are assigned 

through the dialog boxes available under the Noda/ type of loads. 

Hence. click on the Nodal button.(see figure below) 

. Lo-.ds Whale Srrur=rure El 

Figure 5. 36 
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31. In the Node Loads dialog box, select the Support Displacen~en t 
tab. En ter -0.50 as the Displacemenr value. set the Drrection to Fy 
and click on the Add button. 

Figure 5. 37 

32. This load is to be applied on nade 4 ofthe model. We shall use a 
method ofassignment called Use Cursor to Assign. Todo so. first 
select the load from the Loads dialog box (it will become 
highlighted). 

· loilds · Whole Slluchae EJ 
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Make sure that the Nades Cursor 1§0] 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 finish. 
(see figure below) 

Figure 5. 39 

e 
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33. The next step ís·to assign the commands to perform the analys1s 
and report the analysis results. w e wish to genera te the following 
commands: 

PERFORM ANAL YSIS 
PRINT ANAL YSIS RESUL TS 

Todo this. first go to Analysis/Print Page from the left si de of the 
screen. Then, click on the Ana/ysis sub-page from the second row 
of pages as shown below. 

Figure 5. 40 
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34. Click on the Define Commands button in the Data Area on the nght 
hand si de of the screen. 

Figure 5.41 

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

No Pnnr opuon. Then. click on the Add button followed by the 
Clase button. 

Figure 5. 42 



36 The dialog box for specifying the "PRINT AN'\-L YSIS RESlJL TS" 

command is nestled in the Post-Pnnt sub-page of the A nalysts 
Page. 

·Figure 5. 43 
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37. Click on the Define Commands button m the Data Area on the right 

hand stde of the screen. 

C<·p H~....;;..JG~ 
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-._,- A=gl'll1tl"f Methodl-------, 
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·Figure 5. 44 

38 In the Anaf.J-•szs/Pnnt Cummands dialog box that appears. select the 

Analysts Results tab. Then. cltck on the Add button followed by the 

Clase button . 
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This con eludes the asstgning of all the data to the structure. From 
the File menu, select Save. and proviUe a file name, if you haVen't 

airead y done so 

\_ 
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ENERGIA EOLICA. ENERGIA MAREOMOTRIZ Y ENERGIA DE LAS OLAS 523 

Citemos para terminar tres proyectos gigantescos que podrían algún día realizarse 
en la U.R.S.S.: 

-Central de 5.000 MW en el golfo de Mczensk, con una amplitud media de marea 
de 5,80 m, área embalsada de R60 km 2 y longitud del dique de 50 km. 

-Central de 10.000 MW en el golfo de Tugursk. con una amplitud media de marea 
de 5.80 m, ürea embalsada de 1.140 km 2 y longitud de dique de 17.4 km. 

--Central de 3.500 MW en el golfo de Penzhinsk. con una amplitud media dc''marca 
de ú,8 m. úea embalsada de 6.720 km' y longitud de dique de -' 1,(, km. 

Las reservas mundiales de energía marcomotriz superan a las de todos los ríos del mun­
do y superan los 10" MW, pero su explotación es excesivamente costosa. 

23.3. LA EN ER G=.cl:c...A'-=DE_LA_S_ O_L_A_S 

Es otra fuente de energía del mar aprovechable. Existen en la actualidad multitud 
de ideas. prototipos y patentes pero ninguna aplicación práctica importante. En la 
actualidad se estiman los costes por kW instalad<;> de este tipo de energía ocho veces 
mayores que en la energía témlica convencional o nuclear. Un esquema reciente que 
según el inventor reduciría notablemente los costes. consiste en unidades que constan de 
un globo semillotante alargado con una quilla de hormigón en su interior. Al pasar las 
olas comprimen y expansionan alternativamente el aire en los compartimentos internos. 
originando unos mm imientos peristálticos, que bombean aire a través de dlvulas y con­
ductos instalados en la quilla. El aire finalmente acciona la turbina de aire acoplada al ge­
nerador 15 ). Otro proyecto prometedor consiste en una.mstalación combinada de desali­
nización del agua del mar por el principio de la ósmosis invertida y de extracción de energía 
de las olas. cuya economía se presenta muy atractiva. 

PROBLEMAS 

23-1. l:'n n/r' /'lohlc·/1/ll \¡' dc'\{111'1 wrtin la\ fli.Tdu/m. Una turhma de m1e 111'111' un dui1111'fi'O ti(' 3 111 

y t'.\ acnonwla ¡wr Wl l'll'lllo de 50 km¡ h. La J¡·ns¡Jad dd tlllt' c.\ 1.2 kr,,m·1
. 

Cale ular la ¡mtr·ncw mtÍ.\111UI dd mrc. 

23-2. Lll mi.ww rurhi11n dr•l pmh!l'ma fl111crwr arrm·c.wda ahora /'Or un r c.mdal dC' air<' de la mi.\111(1 
d('11.1idad de /60 m3 ¡s. Las ¡n·r·sion('S medias ame.\ r dcspw'.\ de la Jurhina .wn 2. 5 y 2 mhar. l't'.\f}{"< lf­

vameme. 

Calcular: 

a) )a velocidaJ Jcl ,·iento: 
b) la fuerza axial que se ejerce sobre la turbina: 
e) la potencJU del aire. 

(5) Cf. Ups and downs of wave c11ergy. en H ll'ater Pmt'<'l. 31, 1 { 1979 )H, 54-55. Véa~e tambil:n 
Symposiwn über Meerescncrg~enutzung (Simposio sobre la utilización de la energía del mar). en 
«BWK, 31, 2 (1979)», celebrado en septiembre de 1979. 



24. Turbomáquinas hidráulicas: 
Transmisiones ~hidr.odinámicas 

24.1. INTRODUCCION 

Para transmitir potencia a corta o larga distancia existen entre otras, además 
de la solución eléctrica, dos soluciones: la mecánica y la hidráulica. Las dos 
soluciones han sido empleadas en los barcos. 

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

-la transmisión eléctrica consistiría en hacer que la turbina accionara un 
generador, cuya potencia por cable se transmitiría al motor que movería 
la hélice. Este tipo de transmisión es frecuente en las locomotoras diese!. 

-la transmisión mecánica en este caso consiste en utilizar engranajes helicoi­
dales reductores .. Esta solución es la más empleada en los barcos por su l 

mayor sencillez y rendimiento (en otras aplicaciones las transmisiones 
mecánicas pueden incluir palancas, cadenas, correas, levas, etc.). 

-la transmisión hidráulica es la que vamos a estudiar en este capítulo. 

La transmisión hidráulica consta de: 

-bomba que comunica la potencia del eje de entrada al fluido; 
-conducto más o menos largo y complicado por donde circula el fluido 

transportador de potencia (en las transmisiones hidrodinámicas estudia­
das en este capítulo este conducto prácticamente no existe); 

-motor hidráulico .accionado por el fluido, que comunica potencia al eje 
de salida. 

Las transmisiones hidráulicas se dividen en 

- Transmisiones lzidrostáticas: la bomba y el motor son de desplazamiento 
positivo. Estas ·transmisiones se estudian en el Cap. 28 de este libro. 

-Transmisiones hidrodinámicas: la bomba y el motor (turbina) son turbo­
máquinas, y el conjunto de la transmisión es una turbomáquina com­
puesta. Estas transmisiones se estudian en el presente capítulo. Existen 
dos tipos distintos de transmisiones hidrodinámicas: acoplamientos hi­
drodinámicos (Sec. 24.2) y convertidores de pár hidrodinámicos (Sec. 24.3 ). 

Las transmisiones hidrodinámicas fueron ideadas por el alemán Fottinger. 

524 
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About STAAD/Pro 

ST.\AO/Pro. thc nc11 leve\ of ST,\,\D-111. i'i thc lcading Structural Analysts and 
Oeo;.•gn sollware from Rcscarch Engmccr'i. In ST,\AD/Pro. thc focus 1s on 
prnducuv¡ty. ST,\,\0/Pro addresscs thc entac proccss uf Structural Engtncering. 
From mndcl devclopmcnl 10 analy'itS to dcstgn tu drafung to dctailmg- and even 
t.:nmpnncnt lic'i1gn- STA,\0/Pro IS designcd lo work the way the Structural 
Ocs•gn Ol fice wurks. 

ST,\,\0/Pro conststs 11f a Corc padagc and severa( opllonal Extcnsion 
t.:nmponents. Yqu ma:-- rrncure one nr more E'tcn'iinn compnncnts along wllh the 
ST.\.\0/Pro Corc package. Thc Cure and thc Eucmilon componcnts of 
ST t\AD/Prn are dc'icnhcd in the followmg paragraphs. 

Thc ST.\.\0/Pro Core package consl'its of lhe fnllowmg· 

Thc ST.\.\0/Pro Oni~n Studio. 1s a pnwerful Window'o¡ nattvc working 
cnvuonmcn1 for mudcl hutldmg. v1suallt.atwn .1nd rcsult vcnficauon. 

Thc ST \.\0 cng•nc prov1dcs gcncra\-purpn'ic .. tructural anaJy,.•s and inlegralcJ 
STEEL:CONCRETEITIMBER dc<~gn 

Thc ST \ ROY~E cn¡:pnc pro video; .1dvanccd anJIY'i•s facdtl¡cs. Bu lit around a 
comprchcns¡vc fimlc clcmcnt lthrary. thc STt\RDY:"iE cnginc provtde'i 
powcrlul Dynam1c. Scismu:. Non-linear. ThcrmaL Buckling and olhcr advanccd 
Jnaly'iis capab1hltcs. 

Thc FE~ kit cnvironmcnt uffcrs graphtcally nr1cntcd Fmttc Elcment modcling 
and vcnfication facilillCS -complete with 20/30 meshmg ICctinologJcs and 
powcrful model vcrtricallon lools. 

The Visual ORAW Ct\D cngtnc allow!l gcncrallon of Plans. Elcvattons. 
Scctions and detall dr;¡wtng!i. Fully intcgralcd tn thc STAAOfPro cnvironmcnl, 
Vi!lua.l DRAW providu drawtng gcncrahon. cdiung and plouang capab1litics. 

Thc following modulc!i a.rc available as STAADfPro EztEnsion componcnu: 

STRUCT.dc- a 'uilc of structural componenl dcsign modules. allow!l the 
cngincer to complcle thc projcct by dc!lgning Foundallon· 11ning Walh. 
Masonry, Connections and othcr utility structures. 



Thc fabriCAD dctalltng cngtnc ¡.., an tntcgratcd toolthat pcrlorm~ prnductLOn 
Stccl DctaLimg - from labTicatwn/crcction cakulatLOns tu dctatlmg tu 
gcncratton of shop drawtngs. 

Thc .\DLPIPE componcnt olfcn rcliahlc Ptping syHcm modchng aml analy'\tS 
Fully tntcgratcd wtth thc ST,\,\0 componcnt. thts compnncnt ntfcr'\ J complete 
plant cngincenng '\Oiutton. 

Powerful and comprchcnsivc. ST.\,\0/Pro LS ba~cd on an nhJCCI·Of!Cnlcd dc<itgn 
that uttlites MFC (Micro<inft FounJatwn Classl tcchnnlogy. taktng lull .tdvantagc 
uf J:! bit cnmputing ,\ hvc rclat10nal databa~c JI thc corc. wtth OLE Jnd DDE 
lmks. allows 'imooth worknow tnlcgrauon and '\camlcss mtcrdt'>cipiLnary 
rnlormauon cu:hangc w11h .11l W1ndnw\ hascd ~ollwarc 

Wc welcomc you to thc wnrld nf ST,\.\D/Pro 
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About STAAD/Pro Cure Documentation 

Thc STA,\0/Pro Corc dncumcntation consto;t<; of a sct of manuals as descnbcd 
hclnw Wc ,Hnngly rcc.:ommcnd that you go through thc Gt>IIJng Startt>d manual to 

gel .10 OVCTVICW or ST r\,\0/Pro 

Getting Starltd and Eumplu 

Thts manual is dtvidcd tnto thrcc parts. Part-1 cxplains thc conLcnts of the 

ST ,\¡\0/Pro CD ROM. tnstallatwn pro~.:css. thc ~ystcm rcqu~rcmcnts. copy 
prmcc.:tton tssucs. and dcscnpllon un how lo start Jtffcrcnt componcnts of 

ST:\¡\0/Pro 

Pan.tl nf lht~ hnok pro vides a stcp-by--.tcp lutona! for thc ST,\r\0/Pro 

cnvirnnmcnt as wcll as thc STA,\ O Command File 

Part-111 uf th1s honk offcrs Apphcarion E.HHnpfn. Thc cumple sct covcrs a 

wuJc rangc of Structural Anal yo;¡<; and Ocsign facllittcs offcrcd by 

ST.\,\0/Pro Thc cumple'> rcprco;cnt varinus Structural problcms 

commonly cncountcrcd by thc Structura.l cnginccr-;. 

Graphical En"ironmcnt 
Th1-. manual cnntatn\ dcta!lcd dco;cr~ptum of GCitGraphínl L'scr 

lntcrl.:u.:ct of STr\,\0/Pro. Thc top•c.:~ covcrcd íncludc ~odcl gcncration. 

Struc.:tural Analyo;is/Dcs•gn. Rc~ult vcrtfic.:ation. Rcpnrt gcncrat10n. a.nd 

Prmting. In add1tion. a Qu1ck Rcfcrcncc Gutdc scct1on provtdcs a ~tcp-by­

stcp dcscription for the frequcntly askcd modchng and post-proccssing 

tasks. 

.Vore Pl~au no/~ that th~ STAAD Command Fil~ u "platnt"d '" th~ 

S L\AD/Pro Tcchn•cal Rcfcrcncc manual. 

Ttchniul Rdercnce 
Th•s manual dcals with thc thcory bchind the ST AAO and ST ARDYNE 

analysis cnginu offercd by STAAD/Pro. lt aho tncludcs cxplanation ol all 

commands which you may use in the STAAD Command f'ile. 



lntemational Duign Codrs 
STAAOIPro 'iuppnrts all maJOT lntcrnaunnal 1lc'iign codc'i. wh1ch :uc 

Clplau)cd in th1s manual. You shall rccc¡ve th1s manual 1f you ha ve 

purchascd onc of thcsc lntcrnatwnal dc .. ign ende\ 

STAAD/Pro Vrrilinlinn 

STA,\0/Pro !S dcvclopcd Jnd mamtainctius•ng JO Cl:lcns•vc vcrllicatiun 

proccdurc. Thc ST/\AO/Prn Vcr¡(¡c:mon manuJI cont<~1ns thc pruhlcms 

uscd 1n thc vcuficatiun proadurc This is dislribulrd undu lhr Qualily 

,\uuranct program only . .\lote that thc 'iCI nf veflfica!wn prnhlcm'i l'i 

rcprcscntalivc of various AnJiy'iis/Dcs¡¡~n f:u.;l(,ucs nffcrcd h~ STAADIPrn 

Thc'ic prohlcms ha ve hccn Jcr¡vcd from wcll·knn"'n rcfcrcm:c'i Jnd 

tcxtbooks. 

FE"Ikil GrllinJ: Slartrd and Training 

Thn rilanual conta1ns !he dcs..:rip1ion uf !he f-E~·.·1kll Fin1tc clcm..:nt 

modcltng cnvirnnmcnt Jlong w¡th :1 'iiCp·hy·'itcp Tr:1tn10g 'iCCIIun. Thc 

sccond part of th1s book Jl!>o coniJtns thc App~ndhts wh!Ch J.rc rcfcrrcd tu 

from the FEMk11 Users manual 

FE~Ikil U5tn :\'~anual 
Thts manual cunta10s the dc"'cnption of thc fE~ kit mcnu nplitJn'i Jnd 

comman!)s. 

Visual ORA W t.: un "lanual 
Th1s m:1nual dc.,crihes diffcrcnt fcatures and faciht1cs nf thc Vi!lual ORA W 

CAD software. 

Nort: Pltau rrort rhar lht abo,•t u1 of rnanuals compríst lht ST,t~\DIPro Cort 

documtnrarirm only. In ~Jddlfion . . \Ou rnay rutn•t rh~ Joe~~m~n1arwn fár 1h~ 
STAAD/Pro E.trtn.siorr compantnrs when .\'OU purchau lhtu compmu"ts 
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General Description 

Section 1 

1.1 lntroduction 

STA,\DIPro nffcro; two analys1s cngmcs- thc STAAD 

Analys¡s/Oco;•gn cngmc and thc STARDYSE Advanccd Analyc;to; 

cng1nc. rhc STAAD .walyc;¡s cnginc is dcscr1hcd in thl'i o;cclion 

Thc STARDYNE analy'íiS cngmc ts discusscd in scction 6. 

This ~cct\lln of thc manual contains a general dcscnptinn of thc 
analy'iiS ant.l dc'iign fac1liucs ava1lablc m STAAD Spcclfíc 
1nformations on Stccl. Concrete. and Timbcr dcstgn are 3vailable 

10 Sccuuns 2. 3, amJ -1 of this manual. respcctlvcly. Dcta1lcd 

cnmmand furmats Jnd othcr spcr.:tfic uscr mformallon is prcscntcd 

m Scctllln 5 

Thc ubjcctivc uf th¡.., ... ccuun •s w famtliarti.C thc uscr wuh thc 

basu: pnnr.:1plcs ln"nlvcd 10 thc •mplcmcntallon of the vanouo; 

analys&o;/dcs&gn fae&hucs orfcrcd by thc STAAD cngmc. As a 

general rule. thc o;cqucncc 1n whu;h the racllihcs are discussed 

follows thc rccommcndcd o;equcnce of thcir usage 1n the input file 

1.2 Input Generation 

Su U'clloll 5 

Thc llscr communu.:atc'i wllh STA,\ O through an input file Thc 

input file is a tc:r.t file consiSling of a o;cncs of c.ommands which 

are uccuted scqucntially. Thc commands contam Cllher 

mstruct&ons or data pcrtamang tn analysis andln~ des1gn Thc 
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lic:ncr.allkKnfmon 

clcmcnl\ and convcntton~ ni thc STAAD commantl lan~uJ.gc Jrc 

de~cnhctl 1n ScctuJn S ni 1h1s manual 

!he ST,\,\0 1nput lile cJ.n he ¡,;realcd through 3 ICll cdi10r or thc 

~odchng facllity In general. any ICll ed1tor may he utiltJcd to 

crealc the mput lile. rhc ~odchng facdlly ¡;rc.ucs thc 1nput lile 

through an lntcractlvc mcnu-dnvc~ graphics lHICntcd prnt:t:dure 

1.3 Types of Structures 

For 1npu1. 

~~~ ucuon 

j .! 

t\ STRCCTURE ¡,;an he dcfincd J.s .. m asscmblagc of clcmt:nb 

STt\AD io; capahlc •Jf .JnalyLing ;~nd dcslgnlnl! ilructure'i 

o.:onsisttng nf hoth Ira me Jnd platc/~hcll clcmcnt'i Almo'it Jny typc 

of structurc can he ;~naly1cd hy STr\AD ~0\1 general 15 thc 

SPACE \lructurc. whtch l'i J threc dimcnstonal framcd 'trm.:turc 

wtth loads apphcd '" .Jny planc. ,\ PL,\~E ~tructurc ,., hnund hy J 

global X-Y coordinatc sy'>tcm wtth loads tn thc "amc'planc. ,\ 

TRUSS structurc cnns•sts of truso;. mcmbc::rs whu:h can ha ve nnly 

H13l mcmbcr force\ Jnd nn hcndmg in thc mcmhcn. :\ FLOOR 

structurc ts a two or threc dtmenswnal struc!Urc ha ... tng no 

honzonl:l.l Cglohal X ur Zl apphcd loads or any load whtd may 

cause any hnn1.ontal movcmcnt nf thc structure. Thc Oonr lram1ng 

lin global X-Z planeJ of a hu1ldtng •s 3M ide31 cumple ni J 

¡:LOOR structurc. Cnlumns can ahn he mndclcd wuh thc tlnnr m .1 

FLOOR s1ructurc as long as thc o;tructurc has nn hnnLOnlal 

loading lf thcrc is any honwntalload. 11 must he analy1cd 3S 3 

S PACE ~lructurc. Spccification of thc correct struclurc typc 

reduces 1hc numbcr of equations to he ,al ved during thc .lRJiy'>tS. 

This resulls 1n a fastcr and more cconomJc solution for thc uscr 

The de@rccs of freedom assocaated with framc clcmcnts of 

diHcrcnt typcs of structurC'i is illuo;lfatcd m Ftgurc 1.1. 

1 
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1.4 Unit Systems 

lf'l" lf'l """ 

.¡ .1 

The u~cr t'i allowcd to input data and rcqucs1 output '" almoc;t all 

¡,;ommonly uo;cd cnginccnng unit sy~tcms mcluding ~KS. SI and 

FPS In 1hc mpul file. thc uc;cr may changc un1ts JS many ti mee; as 

rcqu~rcd. ~" and match hctwccn lcngth and force URJIS from 

diffcrcnt unll o;y~tem'> 1'> al so allnwcd. Thc 1nput-un11 for anglcs (or 

rotation'i).., dcgrec'i. Huwcvcr. 10 JOI~T DISPLACE~E!'JT 

oulput. thc rntatinn'i .1rc prov1dcd m radians._ Fnr all output. thc 

untls .1rc ..:lcarly 'pec.:lllcd by thc prngram. 

1.5 Structure Geometry and Coordinate Systems 

A ~tructurc ts an aso;cmhly of indiv1dual componcnts such as 

hcam~. columnllií. slahllií, platcs cte. In STAAD. framc elcmcnts and 

platc clcmcnts may be u sed to modcl thc suuctural componcnts . 
Typ1cally. modeling nf thc structure gcomctry consisls of two 

stcps: 

1\. fdcnllficatJon and tlcscnpunn of jntnts nr nades. 

B. Modcling of mcmhcrs or elemcnts throug.h specificauon of 

connccllvity lincJdcnccs) be1wccn JOÍnts. 
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For "'P"'· 

j//¡oj/7 

In general. the tcrm .\1EMBER wdl he uscd tu relcr tn lramc 

clcments and the tcrm ELEMENT will he uscd 10 rdcr lo 

plate/'ihcll clcmcnts. Connccllv!ly for ~EMBERs may he prnv1dcd 

Jhrough thc MEMRER INCJDENCE cnmmand wtHic connectivll)l 

·for ELEMENT'i may be prov1ded 1hrough the EI.E~E~r 

INCIDENCE cnmmand. 

ST,\AD uses two types o( coordina:& e ... ystcms ltJ Jdinc thc 

structurc gcomctry and loading pallcrn' fhc GLOOAL ..:tlnnJJnatc 

systcm 1s an .uhnrar~· coordinatc ~ystcm m ~pat:e whu:h •s u1il11cd 

to spcctfy thc ovcrall geometry &. loadmg paucrn 11f thc llructurc. 

A LOCAL coordinate "ystcm n aHoc¡atcd wuh cact-t mcmhcr •m 
ele meno and 1S u11h1cd 10 MEMBER END FORCE output nr IOt.:al 

load spec•licauon 

1.5.1 Global Coordinate System 

The followtng coordanaiC systcms are avatlablc for \pcctf•caunn nf 

che structure gcomctry 

A. Convcnttonal C.trtc'iian Coord•natc Sy,tcm. Th1'i ~onrdmatc 

system 1Fig. 1 2) 1\ a rectangular coord1natc \Y\ICm IX. Y. Z) 

which follows the tHihogonal right hand rule. Th1s ~onrdinate 

sy"cm may be uscd to dcrinc the JOmllocationo¡ and lnaJ¡ng 

direcunns. Thc translational dcgrccs of frccdum are Jcnn1cd 

hy u 1• u~. u1 and thc rotation.al dcgrccs of frecdnm ue dcnntcd 

by u,.. u1 & u6. 

B. Cylindrical Coordmatc Sy'itcm In tht5 coord1na1e ~ystcm. 

(fig. 1 ))thc X and Y coordinatcs o( thc convcnt10nal 

cartc11an !lystcm are rcplaccd by R ludiusl and 0 tanglc in 

dc&rccs). Thc Z coordinaiC is idcnllcalto thc Z coordinatc of 

thc cartcs1an 'Y"Cm and its po511ivc tJircction •s dctcrmmcd by 

the right hand rule. 

C. Revene Cylindrical Coordinatc Systcm: Thl5 j.¡ J cylindrical 

typc coordina1c systcm {fig. 1.4) whcre thc R- 0 plane 

eorresponds lo thc X-Z planc of thc canesian syslem. The right 

"' 
•• 1 

1 

ll1 1. 
¡~ 

• • 

hand rule 15 followed tn determine thc postttvc d1rect10n of 

thC Y J~IS. 

\. ''• 

, 
/ 
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(ici'IIC"ral lk$cnpuon 

1.5.2 Local Coordinate System 

A loc:~l r.:onrt..linalc sy'ilcm is asso~1atct..l wuh c;H:h mcmhcr E.u:h 

.u.as of thc local onhogonal coonJmatc 'oystcm •s .tlso h.Hcd nn thc 
r1gh1 hant..l rule. Fig. 1.5 ~hows J hcam mcmbcr w1th \IJ.rl JOtnt •. 

and cnd Jmnt 'j' Thc lltl'HIIVC d•rcr.:t111n tlf thc lw.:al t Jll\ '" 

dctcrm1ncd by JOinang ·¡·lo 'j' ami prnp:cting 11 1n thc \ame 
dirccuon. Thc right h.and rule m ay he .tpplicd tn ,,ht;un thc pn-.it•vc 
duccllons 1lf !he loe JI y :~nd l axc'>. Thc local '! and ¡.,u; e, 
r.:mncJdc w11h thc a~c' uf1hc two rrannpal mnmcnt\ of cncr!IJ. 

:'olotc that thc local coord1natc sy\tcm •s alway'i rectangular 

A w•dc unge of cro'iS·\ccuonal shapcs mJy he c;pccificd fur 
analysis. Thcsc 1ncludc rollcd Slccl shapcs. u~cr ~pccJficd 

prismallc shapc5 ele .. Fig. 1 6 shows local UJS sysleml)l for lhesc 
shapcs. 
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1.5.3 Relationship Between Global & Local 
Coordinates 

For '"P"'· 
lt' J'CilOrt 

.Smce thc mput lor mcmhcr loado; can he prnvu.lctl 1n thc lm:al an..J 

global coordinatc syo;tcm and thc otHput fnr mcmhcr cnJ.forcc' 1s 

prtntcd m thc loc;Jol conrdinatc o;y\tcm. 11 ¡o¡ 1mpnrtant tu \.nl)w thc 

rclat10nsh1p bctwccn thc local anJ global cnurt..linatc ,y<;tcm\ fh¡o; 

rclanono¡h•p ,o; Jclincd by an anglc mcasurcd 1n thc lollowcng 

,pcc•f•cd way Thl'i Jnglc wlll be dcllnl"d JS thc beta t PI Jnglc 

Beta ,\ ngle 

Whcn thc local 1. uts ts parallcltn thc global Y-J,I'i. J:'i to thc 

¡;ase of J cnlumn '"a o;tructurc. thc hcta Jnglc 1s thc Jnglc through 

wh1ch thc lucall·HIS has hccn rnutcd Jbnut thc Inca! t·Jll'i from 
3 pu!oJiion o( hc1ng puallcl aod 10 thc !lame pthiii\C ,Jtrct:\1110 nf 

ihc global Z-ou1s. 

Whcn thc local 1-uts 1s not parallcl to thc glnhal Y -JIIS. thc hcta 

angle ts thc aogle 1hrnugh wh1ch thc loc11 cnun.llo.l\c ,~o;lcm hao; 

hccn rotatcd abuuc thc loc:~l t-a•" (rnm a po .. Hwo ,,¡ ha\1ng 1hc 

locall.·aliS parallclto the global X-7.. planc aod thc lnt:JI 'f Hl\ 10 

che nme pno;tttvc directiun as che gltth .. d Y -HI\ l·:gurc 1 7 Jct;ul, 

thc posttmns lor beta cquals O dcgrccs or !JO Jcgrcc~. Whcn 

provtding mcmber loado; tn thc Jo¡;al mcmbcr Hl'lo. 11 ~~ hclplul tu 

rcfcr to th1s ftgurc for a qutt.:k Jctcrmtnauon ol thc ltH.:al Hl'lo 

systcm. 

Reference Point 

An alternallvc to prov1dtng thc mcmhcr nucntanon 1s to mput thc 

¡;oordinaccs of an arburary rcfcrent.:e point lnc:ucd tn thc mcmhcr 

1-y planc but not on thc ;uis of thc mcmbcr. From thc lncatJOO of 

thc rcfcrcnce poi ni. the program automallcally c:~kulatcs thc 

oncntation of thc mcmbcr ,_y planc 
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1.6 Finite Element lnformation 

f,r "'P'o. 

"' ll"rflllrtJ 

~ 11 5 11. 

5 /-l j :1. 

5 ~-l. and 

5 n 1 

STAAD ¡<; cqutppcd w1th a o;utc-of·thc-an plate/o¡hell Jnd snlid 

fin u e clcmcnt. Thc fcaturcs uf cach !S cxplatncd bclow 

1.6.1 Plate/Shell Element 

Thc Platc/Shcll fintee clcmcntiS bascd on thc hyhrid clcmcnl 

(ormul:Uton Thc clcmcnt can be 3-nodcd (tuanJ!.ularJ or .l-nodcd 

(quat..lril 1tcral). lf allthc foru nades of a quadrt 1 clcmcnt do 
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not he on onc plane. 11 is advtsable lo rnodcl thcm as trt.tngul...tr 

clcmcnu Thc thidncss of thc ele me ni may he dlffcrcnt from onc 

nodc lo Jnnthcr. 

"Surfacc structurcs" such as walls. 'ii:Jh<;. piJIC'i anJ shclh m.ty he 

modclcd usmg fin11c clcmcnts Fnr cnnvcmcncc 1n gcncratwn ,,¡ ..1 

finer mesh uf platc/shc\1 clcmcnts wtthm a largc .~rca. J. \1ESH 

GENER,\ TI ON fa~:duy IS avatlahlc~ Thc fa~:dity '" JcscnhcJ 1n 
dctail 1n Scctinn 5.1 J 

Thc uscr may alsu use thc dcmcnt lor PL,\~E STRESS JCtlnn 
only. Thc ELEMENT PL\:"'E STRESS ..:ummand 'hoult.t he u\cd 
for thiS purposc. 

Geometry :\lodeling Considerations 

Thc followtng gcomctry rclated muJchng rules 'ihould ~e 

remcmbercd whtlc usmg lhc platel"'hcll clcment 

1) Thc program automattcally generales J. l"ihh node ~0 .. h.:cntcr 

nodc <;ce Fig. Ul) at thc clcmcnt ..:cntcr 

21 Whilc assigning nnde<; toan dement'" the input lbta. 11 " 

csscntial that the nndes be spe~:ifi..:d ctthcr dm.:kwi,c qr 

countcr clod.wt<.c IFtg 1 9) Fnr he11er ciTk~ency. <.tmtiJr 

clcmcnts ,houhJ he numhered .. cqucntiJIIy 

)) Elcmcnt aspcL:t ratio .. hould nnt he c~ccsstvc rhcy ~hnulJ he 

on thc ordcr of 1·1. ant.! prcfcrahly \co;s than J 1 

..&) Individual clcmcnts should not he distortcd. :\nglc'§ hctwcen 

two adJaccm clcmcnt -;¡des \huulll nut be mu .. :h Jargcr lh.tn QO 

and ncvcr largcr than 180. 

• :J 
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Element Load Specifocation 

.1'· 
-; 
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Following load spccificauons are availablc· 

1) Jotnt loads al clcmcnt nodcs in global dirccllons. 

2) Conccntrated lnads at any uscr '§pccificd point withm the 

elcmcnt in global or local d•rcctiuns. 

]) Untform prcssurc nn clcmcnt surfaec 10 global or local 

dHeCtHJR'i 
J¡ P:l.rtlal untform prcso:;urc on uscr '§pccilicd portton 11f clemcnt 

'iurfacc in global or local dircct10ns 

51 L1ncarly varying prc-.surc ''" clcmcnt \urfacc m local 

d¡rcc11ons. 

fi) TcmpcrJturc load Juc lo untform incrcJsc or deerca!l>c of 

tcmpcralurc. 

7) Tcmperaturc load duc to d•frcrcncc 10 !empcraturc bctwcen top 

Jnd hottnm o;urfa~.:co; of thc clement 

{1 /~ D D l J 

~ ¡· .my "''1!7191 \ 
\ D D ,........,._ ...... ·C......-· ' J -foil'" 1 1 foi,wt" 1 9 
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Theoretical Oasis 

The ST,\;\D platc finllc clcmcnt i\ ha\cd nn hyhnd Jinttc clcrncm 

formula! ton\ A complete quadratir.: stress dtstrthution IS JS\umr.:d 

_For planc strcH ar.:ttnn, thc assumc(.] \trcss dt'itnhutton ·~ J\ 
Jollows. 

o 

"~o 
a 

Complete quadratic assumcd strco;s dtstnhuuon 

rr i J. 
a, 11 ' y o 1) o o :ly ~. <) 1) 
a, =lo '. o o ) 

~ o ~ o 1) 1ly : '. r,, t o -y o o 1) -· -2ly -y· o ') -· .. 
a, through a.! = constants of o;tress pnlynomials. 

11 J 

• 
( \.1' \ r' ' 

.• 1 
•'-f 1 lo o 

1 "'·· 

' 
~:o 1) 

• 1 
: Q, 'o 
: Q. .1) 1) 

CO«tton 1 1 IJ 

Thc followtng quadnuic stress distnbuuon is assumed lor platc 

hending act10n: 

Complete quadrattc assumcd stress thstribution: 

y o o 1) () () 1) •' 'Y y· 1) o o o o 1 '1 

1) o () o o o 1) •' y' o 1) 

1 

., 
' y 'Y 

•' . ' . ' 1) o o o ' y -ty o o o o -•Y y •. 

1) o o o 1) o 1 ' y o o o _, o ~y i 1 

o o o 1) o o o o • 2• o ' 1 
-~ y l an 

a 1 through a 1 ~ = constants of 'litres\ polynomtals. 

Thc diSitnguJ~~ihlng fcaturcs of thtlli finllc clcmcnt are: 

ll D1splaccmcnt compattbillly bctwccn thc planc o;trcss componen! 

of onc clcmcnt and thc platc hcnding componcnt of .1n adjaccnt 

clement wh1ch is at :tn :tnglc to thc first (scc Ftg. below) is 

achicvcd by the clcmcnts. Th1s compatibility rcqutrcment is 

usually ignorcd tn most nat shcll/plate elcmcnts. 

. 1 

--~ / 
/ 

2) The out of planc rotal tonal sttffness from the plane -;trcss 

portian of cach elcmcnl is usefully mcorporo 
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<icner.~~l Dcscript10n 

trcatcd a e; a dummy as is usually done 10 muc;t cnmmon\y 

availah\c commcrcial 'iOhwarc. 

,l) Oc..,pitc thc incorporatton uf thc rotal!nnal 'ittffnec;s mcniHJncd 
prevtouc;ly. thc elcments c;attc;fy the patch test ahsolutely 

4) Thcsc clemcnts are avatlablc as tnangles and 4uadnlatera\c;, 
with corner nodcs un\ y, wllh cach nnde havtng ,.¡,. dcgrces of 

frcedom. 
' 5) Thcsc clcments are thc simplcst forms of Oa1 ~hell/plate 

clcmcnts poHtblc wnh corner nodcs only .md ~,,.. dcgrces of 

frccdnm pcr nade. Yct solutwns to 'iamplc problcms converge 

raptdly tu accuratc answen e ven with a largc mesh si1c. 
6) Thcsc clcmcnts m ay he connccted to planC/'ipacc framc 

memben w11h full dtsplaccmcnt compattbtlity No addtuonal 

rcsnaints/rclcascs are requHed. 

7) Out of planc shcar strain energy is incorporatcd tn the 

formulation of thc pl:uc bendtng componen t. As a result, the 

clcmcniS rcspond to Poisson houndary condtttnns which are 

considcrcd lo be more accuratc than thc customary Ktrchoff 

boundary condlltons 

8) Thc platc bcndtng portton can handlc thtck .1nd thtn plate'i. thus 

Cl.tcnding the uscfulncss of the plate clcmcnts·intu a multtpltclly 

of prohlems In additton. thc thu:kness of the plate tS takcn tnto 

eonsideratton in calculating the out or planc c;hear. 

9) The planc stress trianglc be ha ves almost on par with thc wcll 

known linear stress 1r1anglc. Thc tnanglcs of most !!tmtlar nat 

shcll clcments tncorporate thc constan\ stress lrlanglc whtch 

has vcry slow ratcs of convcrgcncc. Thus the tnangular shell 

c\cmcnt is vcry usdul 10 problcms wuh duuble curvaturc 

whcrc thc quadrilatcral clement may not be c;uitable. 

10) Stress rctricval at nodcs and at any p01nt withtn thc clcmcnt. 

Element Local Coordinate System 

The prectse oncntatiOn or local coordinatcs ts determincd as 

follows: 

1) Designatc the mtdpotnts of the four or thrce clcment edges IJ. 
JK, KL. Ll by M. N, O. P respcctively. 

.,: 

,. 11 

:a 1 

1 

Sccuon 1 

2.) Thc vector pntnt1ng from P tn N is dcfincd to be thc local.,. 
a-.1s. lln a triangle, this is always parallclto IJ). 

)) Thc cross-product or vectors PN and MO (for a trianglc. ON 
and MK) defines the local L-a;tis. i.c .. l:::: PN, ~0. 

.t) Thc cross-product uf vectors L and :t defines the local y- ax 1s. 
i.~.y:;l;tl. 

Thc sign convcntion of out pul fnrce and momcnt rcsultants is 
•llustratcd in Fig. 1.1) 

Fr(urt' 1 1:! 

Output or Element Forces 

ELEME~T FORCE outputs are avadablc at thc followtng 
locallons: 

A Centcr nodc uf thc clemcnt. 

B. All corncr nades or thc elcmcnt. 

C. ''' any uscr spec1ficd po1nt within the elemcnt. 

\ l)'lj 

Followtng are thc ttems includcd in th~ ELEMENT FORCE oulput 

QX. QY Shcar stresscs (Force/ unit lcn./unitthk) 
FX, FY. FXY Membranc sHesses (Force/unit len /untt thk) 

MX. MY, MXY Bcnding moments pcr unit wi~th (Momcnt/unit 
len.) 

SMAX. S MIN Principal strcHcs (Forcclunit arca) 

TMAX Maxim. shear stress (Force/uní t. arca) 
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Gr:~ ()ocnpuon 

ANGLE Ortcntawm of the pnnc1pal plane !De greco;) 

!'lotu; 
l. t\11 clcmcnt force output 1s 1n thc local conrd•natc 'Y'itcm 

Thc dircctwn ami scnse uf thc clcmcnt forccs are 

cxpl:unccJ irt Fig. 1 13. 
2. To obt:lin clcmcnt fnrccs a~ a specificd po1n1 w1th1n thc 

c\cmcnl. thc uscr must providc thc ..:ourd¡natc ':O"•tcm lor 

thc clcmcnt ~otc that thc ougin of thc local cuordinatc 

systcm coincides w¡th thc ccntcr nodc of thc dcmcnt 
3. Pnncipal o¡ucsscs (SMAX &. SMINL thc maJ.tmum -;hc:H 

'itrcss !TMAX) ¡nd thc llricntauon 1)f thc pnnc1pal planc 

tANGLE) are also pnntcd for thc top and bouom o;urfaccs 

ol thc clcmcnts. fhc top Jnd thc bouom <;urfa~..cs J.rc 

dclcrm•ncJ o m !he has1s ol thc J¡rcctlnn nf thc lm:al 1-J.J.Io; 

Sign Convention or Element Forces 

' 
. /' ' . 

/. 

" 

frcwn 111 

Picase note the followmg few rcstrictions m us•ng thc finite 

element portion of STA A O: 

1) 801h frame mcmbcrs and finitc elcmcnts can be uscd togcthcr 

in a STAAD analysis. The ELEMENT INCIDE:"o<<CES cummand 
must dircctly follow thc MEMBER INCIOENCES 1npu1. 

2) Thc sclrweight of thc (initc clcmcnts is con verted lo joint 

loads at thc conncctcd nodcs and is not uscd asan clcmcnt 

prcssurc load. 

J 

&1 ~ 

lt :1 

& 
,, 

lt :n 

• 11 

-
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3) Ele me ni forccs are pnntcd at thc ccnu01d and not a long any 

cdgc. 

·ll In addillon to thc strcsscs shown in Fig 1 13. thc Von Mises 
'ilrC'IiSCS JI thc top and holtom 'iudacc of thc elcmcnt are al so 

printcd 

Elemenl :'llumbering 

Ourmg thc gcncrauon of clcmcnt stiffncs~;, matnx. thc program 
vcrifics whcthcr thc elcmcntts -;;ame as thc prcviOu'i onc or not 1r 
it is c;ame. rcpctitivc calculat\Ons are not pcrrormcd Thc sequencc 

in whi¡;h thc clcmcnt stiHnco;s matrix is gcnerated is thc same as 

thc 'icqucncc in whu;h clcmcnts are mput in clcmcnt incidcnces. 

Thcrcforc. tu <;ave <;nmc compu11ng lime. stmtlar clcmcniS should 

he numhcred <;cqucnlla\ly Ftg.-1 1.1 shows cxamplcs ofcrficicnt 

Jntl non-cf[tclcnt dcmcnt numbcnng. 

Howcvcr thc u ser has to t.lcctdc hctwccn . .nJoptang a numbcring 

'>Y'ilcm whtch rcducc'i thc cnmputatton ttmc vcr'>uS .1 numhcnng 

-.,y.,tc_m whu:h tncrcJ'iC'i thc ca-.,c nf dcfintng thc <;tructurc 

gcomctry. 

1 ·IJ, KD' 1 'nnrnt , mrr -· 

VIZJ212J· 
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1.6.2 Solid Element 

SnlnJ clcments cnahlc !he 'iOiullon nf ~nuclural prnhh:m'i mvo\vtng 

general thrcc dtmcno;wnal strc'i~C~. fhcrc is .1 das\ ni prnhlcms 

such as ~ncH dtslflhullon m concrete dams. stHI and roe k r,trata 

wherc finllc clcmcnt analys•s usm~ o;o\uJ clcmcnt'i prnvutc'i a 

puwcrfultonl 

Theoretical Rasis 

The o;olid clcmcnt u'icd 10 STA,\ O !S of c1ght nudcd tsuparamctnc 

lypc. Thc'iC clcmcnls havc lhrcc Jran.-.laltonal Jcgrccs-nf-trccdom 

pcr noJc. 

' ' 
'· ., .: .. , .. 

., 

By co\lapo;1ng v;mouo; nndcs ¡ogcthcr. an c1ght nmlcd .¡uhd dcmcnl 

can he dcgcncr:ucd 10 thc follo,.,ng forms w1th ltlur lo "e ven 

nudc~. 

'· ., 

•• 
., ... 
!:~-----·,·· 
1 . 

·' 
1 i 
1 S,l 

·' 
·~-----·~ 

•• 
.,.----~ .. 

1.2 .. 1.• 
' 

·' 
.. ---Jo 

111=11 
~; "1 

Kfi "1 

K> a 

*' é 

& il 

ar:J 

··~ •• 
a .. 

·:~;o.;; .tt, 

Sccuon 1 

Thc 'iltffnco;s matru. nf thc 'iolltl clcmcnl is cvaluatc:d hy 

numc:ru.:al mtc:grallon wllh cight Gauss-Lc:gc:ndrC potnts. To 

factlttatc thc numcrtcal tntcgrat10n. thc gcomctry of thc clemcntts 

cx.prcso¡cd hy mtcrpolattng fum:twns uo¡mg natural conrdtnate 

o¡yo¡tcm. lr.s.tl of thc elcmcnt wllh 1ts nrigm althe cc:ntcr of 

gravlly Thc mtcrpolaung func11nns :trc o¡huwn bclow. 

• 
• =:[h .•.. 

• 
t=I,h.t~ 

whcrc '·Y and l Jrc thc cnordin:Ucs of Jnv potnt 1n thc: clcmcnt and 

t,, y,. 1,, i= l. 8 .uc thc ¡;onrdlnJ.tC\ ni nm.Jco¡ Jcfincd 10 thc global 

¡;onrdmJtc o;y.,tcm fhc •ntcrpniJt1nn lum:twno;. ht Jrc dcfincJ tn 

thc n;llural 'oorJ1natc o¡yo;tcm. rr.s.tl. E.1ch of r.s Jnd t vaneo¡ 

hctwccn -1 and •l. fhe fundamental propcrty of thc unknown 

•ntcrpoiJ.unn func110no¡ ht t\ that thctr vJ.Iuco; 111 natural 'onrdmatc 

\y\ICm .,. unlly J.l nm.Je. 1. Jnd tcrn JI Jll oHhcr nodc\ ni thc 

clcmcnt Thc clcmcnt tJ¡o¡piJccmcnts J.rc al .. n intcrprctcd thc ~ame 

way as thc gcomctry For cnmplctcncso;. thc funcuons Jrc gtvcn 

hclow· 

' ' ' u= :[h.u .. v = L. h,v .. w ~h.w. .. 
whcrc u. v and w are Jto;placcmcnto; JI Jny pmnt tn thc clcmcnt Jnr.l 

u .. v,. w,. i=l.8 are 'nrrco;pundmg nndal d1\placcmcnts tn thc 

~.:oordtnatc systcm uscd 10 dco;cnhc thc gcomctry. 
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r.oencr;U lkscnpllOn 

Local Coordinate System 

Tht: loCJI coordinatc ~yHcm uscc.J 10 'iolld clcmcnt ts thc 'ame as 

the global sy'itcm as ~hown below 

¡ 
L_,, 

z 

1 ;o· 
· rt-:LL-- . 
¡_¿r~'· 
,~/, 

Properties and Constants 

Unlikc mcmhcn and ,hcll (platel ~lcmcnts. nn prnpcrttcs .1rc 

requircd for sol id clcmcnts Howcvcr. thc cono;tants <ouch J~ 

modulus nf clasllc•ty and Potso;on·'i rauo .m: to he spc~.:tlu:d 

:\!so. Dcno¡lly nccds to he proYtLlcd tf 'iCifwcq~ht ts mdudctl 10 Jo y 

load ~.:ase 

Output or Element Stresses 

Elcment <~trcsscs may he obtaincd at thc eco ter and at thc JOints nf 

thc sol id clcmcnt Thc ttcms that are pnntcd Jrc · 

:'~formal Strcssu SXX. SYY •nd SZZ 
Shcar Strcsscs : SXY, SYZ and SZX 
Principal strcsses . S l. 52 ;~nd 53. 
Von Mtscs strcsscs :SE 
D1rcction cosincs . 6 t.hrccuon cosmcs are pnntcd. follow~ng lhe 

cxpression OC. corresponding 10 thc first · 

two princrpal stress dircc11ons. 

• 11 

• ti 

• 
• 
• _j 

<'A == 

-
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1. 7 Member Properties 

5~1' H'CIW" 

5 ~o 

Thc followmg types uf member property specificat10ns are 

a~ailablc '" STAAD: 

,\) PRISMA TIC propcrly <ipcciricatJOns 

B) Standard Stccl -.hapc'i frnm hudl in scct1on lihrary 

C) Uo;cr crcatcd o;tccl tablcs 

0) T,\PERED o;ectrons 

El Thrnugh ASSIGN l:ommand 

1.7.1 Prismatic Properties 

Thc folluwmg prismatu.: propcrt1c-. ..1rc rcqu•rcd for analyo;as: 

AX = Cron scCiwnal .:arca 

IX 
IY 
IZ = 

TtJT'i!Onal¡,;uno;tant 

:\lumcnt uf mcrlra abuut y ..ui'i. 
\1nmcnt uf 1ncr11a abnut 1. a-.;u 

In addit10n. thc uscr may l:hono;c tu 'ipeclf~ thc follnwrng 

propcrtlC<i. 

1\ Y= Effcct1ve <;hcar arca fur <ihcar force parallcl to local y ati'i 

,,z = 
YO= 
ZD = 

Effcctr~e c;hcar arca fnr 'ihcar force parallcl to loca! J.-axis. 

Dcpth of sccliun parallcl tu local y-aXIS 

Depth of 'icction parallcl to localt.-a:us. 

To spccify T-beam ur Trapcr.oiJal hcam. th_c followtng aJdittonal 

prnpcrtiCJ muSl be providcd . 

YB = Deplh of Wcb of T-secunn !ScC figure bclowl 

ZB = Width of web of T-seclion or bollom width of Trapc!.Uidal 

'iCCIIOO. 

To spcc1fy T-bcam. thc user must o;pec1fy YD. ZD. YB & ZB 

Similady for Tr:tpC!Oidal scclions. YO. ZD Jnd -... must be 

providcd. 
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lf thc shcar arcas are input. thc program will automatically 

con~1dr:r shcar ddorma11ons tn thc analysiS. antJ tf thcy are lcft 

out .. shur dcformauon wlll he ignorcd In a framc snucturc. thc 

ratio of shcar dcncclton tn hcndmg dcnccttnn 1s o;o small that. tn 

most cases. 11 can he •gnorcd. The dcpths in thc twn maJnr 
ducctions (YO and ZD) J.rc uscd tn th,c program to cah::ulatc thc 

o;cctaon modull. Thcsc are nccdcd only to calculatc mcmbcr 

\trcsscs or tu pcrform concrete dcsign Thc u ser can omtl thc YD 

& ZD valucs if ">lrcsscs or design of thcsc mcmbcrs are of no 

intcrcsl. Thc dcfault valuc ts 254 mm ( 10 mchcH for YO and ZD 
Allthc pnsmattc propcrncs are mput in the lnCJI mcmbcr 

coordtnatcs. 

'" 

....... 
/U 

·u 

u¡ .. 
Tu define J concrete mcmhcr. thc u ser must out prnvtdc :\.'<. hut 

instcad, provu.lc YO and ZD for J rectangular scc11on .md JU\1 YO 
for a circular \Cction. lf no moment uf tncnia or \hcar arcas . .He 

provided, thc prngram wtll automattcally calculatc thcsc from YO 

and ZD. 

Table 1.1 is offcrcd to assist thc uscr tn spccifytng the nccessary 

scctlon va.lues h lists. hY. structuraltypc. thc rcq01rcd scctton 
propcrtics fo:-- any analysts. For thc PLAN E or FLOOR typc 

anal y ses. thc chotee of thc rcquircd momcnt of incrtia dcpends 

upon the beta anglc. lf BETA cquals r.cro. the rcquircd property is 

IZ. 

Table 1.1 Requind propertin 

111 1 

Sectmn 1 2J 

.-------S-,-,-u-c~t-u-ra-1~----------¡Ra;e~q~u"ir~e~d;---~ 
Tvoe Propertles · 

TRUSS structure AX 
PLAN E structure AX, IZ 01 IY 
FLOOR structure IX, IZ 01 IY 
S PACE structure AX, IX, IY • IZ 

1_7.2 Built-ln Steel Section Library 

Srt' lt'CIIOrl 

~ ~ 1 a"J 
-~ :o 1 

Thl~ fcaturc of thc program allows tht: user to spc.cify c;cction 

na mes of c;undard stcel o¡hapcs manufaclUrcd tn d•ffcrc~t . 
¡;nuntncs lnformatton pcrtatnmg to thc Amcncan stcel shapcs ts 

av;u\ablc 10 c;ecuon l. 

Contact Rco;carch Engtnncr't fur tnformatton on stccl o;hapec; for 

other countrics. 

• • or lhc c;cctionc; are bmll 1nto thc tablcs. shcar 
S1ncc tuc c;ucar arcas 
dcformauon i'i alwayo; ¡;nn!-.tdcrcd for thcsc scc\lons . 

1.7.3 User Provided Steel Table 

Sf't lt'CIIOnJ 

5 J~ attd 

~ :o .J 

Thc uscr can prnvtdc a cuo;tomlt.ed 'itccl tablc wtth dcstgnatcd 

no~mcs and propcr concspnnding propcrucs. Thc program_can thcn 
• bl Mcmbcr sclcctton m ay find mcmhcr properttcs from tuosc ta cs. , 

al so he pcrformed wtth thc program selcct\Og mcmbcrs from the 

prov 1dcd tablcs only. 

. r a STAAD mput or as 
Thesc tablcs can be provldcd as a part o 
scparatcly crcatcd files from which thc program can rca.d the 

'
·es Thc uscr who docs not use standard rollcd c;hapcs or 

proper 1 • . 

who uses a limíted oumbcr of spccific shapcs may c.reatc 
pcrmancnt mcmbcr propcrty files. Analysis and dcstgn can be 

limllcd to thc o;cctwns '" thc">c files 
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1.7.4 Tapered Sections 

~Jf'r lrtfum 

' 20 J 

Propertics of tJpercd l-~cct10ns mJy be provtdcd through 

MEMBER PROPERTY spectficJtlnns. G1vcn kcy ~cctwn 

dimcnstons. thc program is CJpahlc nf cJicuiJtlng r.:ro~s-~ccttnnal 

propcrucs whu.:h are suhscqucntly uscd m analy~t'i Spccllu:atwn 

of TAPERED scctiuns 1s c.Jescnhcd ln Scction 5 of thts manual 

1.7.5 Assign Command 

Through this command. the user may instruct the progrJm 10 

automatically ~elect J \lccl scchon from thc tablc fnr Jnal~·,ts ami 

subscquent dcsign. The ~cction typc~ that may he .\SSIG:"'cd 

~ncludc BEAM. COlt.:MN. CHA:-INEL. ANCLE and DOI;BLE 

Ai"GLE. Whcn a BE,\~ or COLL:~N ts spccificd. thc prngram 

wtll asstgn an 1-beam \Ccuon (Wf for AISC) and suhc.cqucnt 

mcmber sclcct!on or opllmttauon wtll be pcrrormcd wnh ..1 'ilmdar 

typc sccunn. 

1.8 Member/Eiement Release 

Su 

uctio11 5.12 

STA AO allowo¡ rclcasc' for hoth mcmhcn and dcmcnt'i 

Onc or both cnds of a mcmbcr or clcmcnt can he rclc3scd 

Members/Eicmcnts are assumcd to be rtgtdly framcd tnlo JO IRIS in 

accordancc with thc structural typc o;pcctficd. Whcn thts full 

ngidity ts nnt 3pplicablc. mdivtdual force components at ¡;:¡thcr 

end of thc: mcmber can be sct lo lcro with mc:mber rclcasc 

"alcments. By 1pccify1ng rcleasc: components. ind1vidual dcgrccs 

of rreedom are removed from the analysis. Relea$c componcnts are 

given in the local coordinate systc:m for cach mcmbcr. Note that 

PARTIAL momenl relc:ase i!l al so allowc:d. 

.. il 

•• 1 .,~ 
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1.9 Truss/Tension - Only Members 

S.-,. {r!"ttoll 

5 2J 

Fnr analy'icS wh1ch tnvolvc memhcr'i that carry axialloads only, 

, e tru~\ mcmhcrs. thcrc are two mcthods for spccifying thts 

conditton Whcn all thc membcr'i in thc 'itructure are truo;s 

mcmbcrs. thc type ~~r Hructurc t'i Jcclared as TRUS:; whcreas. 

when only o;omc of thc mcmbcn are truss mcmhers (e g. bracings 

of a butldtng). the ~EMBER TRUSS command can be uscd wherc 

thosc memben wtll he idcntilied ~cparately A constdcrablc 

amount of analy~i~ and dc~ign t1mc •S 'iavcd hy dcclanng an axial 

mcmhcr as a TRUSS mcmber. spccificatton of such mcmbers as 

frame mcmher'i w!lh hoth cnds ptnncd 'ihould be avoidcd wherevcr 

possiblc 

In STA...\ O, a memher may be dcclarcd as a Tcnston-nnly mcmbcr 

Thc analy'itS wdl he pcrformed accordingly Rcrer lo Scction 

5.~3 J ror detatls on thts rae !lit y 

1.1 O Cable Members 

So 

Jrctwll 5 21 

CJhle mcmhcr~ may ~e ~pccified hy usmg thc \-IE~BER CABLE 
c;ommand. While o;pec1fymg cable members. thc tnttial ten'itOn 10 

the cable mu:u he provtdcd. The rollowing paragraph e'plains how 

cable mffnc'i'i IS calculated. 

Thc incrcase in lcngth of a loadcLI cable is a comhmatinn ttf two 

c:ffects. Thc finl componcnt ts thc clast!C strctch. and •s govcrncd 

by thc famtliar ospring relationship: 

E.\ 
F = ..:. '( whc~ K~:tat 11.: = -

l 

Thc second componen! or the lengthcning is duc 10 a changc tn 

gcometry fas a cable IS pulled taut. sag is reduccd) Thts 

rclationsh•p c:Jn he descnbed hy 
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F = K' but he re K.,,,;! = -,-
1 

w •t 
J ;::e:,.,lo., Jek,rmo.c•o.,. 

(CQ.Jelk:lftc.) whcrc w wc1ght pcr unn 
T = tcnswn 1n cable 

lcngth of .:Jhlc 

Thcrcforc. thc 'surrncss~ uf a cable" dcpcnds nn thc 1RH1al 1nstallcd 

tcnsion (or .. ag) Thcsc IWil eHects may be Cllmb1ncd as fnllnw<;; 

KwwJJ = K 
11 KJ<J( .. ¡¡ t141nc 

[ ' ' ·¡-' K~''"'"'= L\ 'l. 1-\,·t:E.\ t:::l~' 

:"'ote. Whcn T = O. Kcumb = EA/L 

11 may he noticcd th31 35 the tcnsi~m increucs hag dccreascq thc 

comb~ncd 'ii!Cfncss Jpproachcs th.11 uf thc purc douu.: -.1\uJ.t1nn. 

Thc fo11ow•ng po1nts nccd to be .:ons¡dcrcd whcn usmg lhc ~ablc 

mcmbcr 1n STAr\0 

1) Thc c.Jblc mcmbcr is only a truss membcr whose propcrtiC'i 

accnrnod¡uc thc ~ag factor .;~nd iniualtcn~wn. Thc bchavtnr 11f 

thc c.;~hlc membcr ts tdcmicalto that of the truss mcmhcr. 11 

can carry nialloads oRiy. As a resull. thc fundamcn1al rules 

involvcd IR modeling truss mcmbcn ha ve lo be fol\nwcd whcn 

modchng cable membcrs. For uample. whcn two e ah le 

mcmbcrs mcct ata common joint, tf thcrc 1sn't a support ora 

3rd membcr connccted to that JOinl, it is a point of po1cnllal 

inst:ability. 

2) Duc to thc rcasons spccilied in 1) abovc. applymg a trans .... erse 

load on a cable mcmbcr is not 3d 'Vi sable. Thc load will he 

con verted to 1wo conccntratcd loads 11 thc 2 ends of thc cable 

and the truc deOcction pallcrn of thc cable will ncvcr be 

reali1.cd. 

( ' 

• 

l·f: i 

14 

( 
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Jl "r.:ahle mcmhcr nffer'i no rcsislilnr.:e toa comprc'lsÍ'VC force 

applicJ at ll'i cnds Whcn thc cnd Jnints of thc mcmhcr are 

~uh¡c~.:tcd toa comprc<;;stvc force. thcy "gt .... c in" thcreby lPcr ,.,r, 

.:aus1ng thc r.:ablc to sag L'ndcr thcsc drcums1anccs. thc ~.:ah le 

mcmbcr has 1cro 'iltffncss and 1h1s sttuatton has to he 

a~.:r.:ountcd for in thc 'illffncs'i rnatri" and thc displaccmerus _____ · 

ha .... c to be recalculatcd. But 1n STAr\0. mcrcl{ Jcdari~g thc 

mcmbcr lo he a cable mcmbcr diJes not guarantce 1hat this 

hch:t'VIOf Wlll_ b~4c~.:nuntcd for. h 1s al so 1mponan1 thnt the 

u-;o:r didarc 1hc mcmhcr lo he a 1cns1on nnly mcmhcr by using 

thc ~E~BER TENSION r.:ommand. Tt'us will cnsurc that thc 

prng:r:~m willtc'\t thc naturc of thc force 10 thc mcmher aftcr 

thc .1naly'il'i ..1nd 1f Íl '" r.:omprc'islve. the mcmhcr l'i 'iwitchcd 
nffJntlthc ~lllfncsc; malrt'\ rc-calculatctl. 

-11 Duc tn potcnual lnstab1l11y prohlcms c'pla1ncd IR 11cm 

Jhii'VC. U'iCr'i o;hould aho av1Hd modcling 3 catcnary by 

hre:~k~ng 11 dnwn into a numbcr of "1ra11!ht linc -.cl!mcnts The 
..:ahlc mcmhcr IR ST,\AD ..:annot he uscd to 'ilmul~tc thc. 

hcha'Vmr of a r.::~tcnary By ..::~tcnary. we are rcfcrnng lo thoc;c 

structural compuncnts wh1ch ha'Vc a curvcd prolilc and dc .... clop 

n1al fnrccs duc thcir "clf wc1ght Th¡o; hchavlor 1s tn rcality a 

nnn-lincar bcha'Vior whcrc thc 31-¡a\ force ts cau~ctl hccausc ol 

ctthcr .1 changc in thc pro rile nf thc mcmbcr or 10duced by 

largc di'ipla~..·cmcnls.pcuhcr of wh1ch Jrc valid asc;umptions in ,,,,..."'«o/ 
:1n clast1c analyc¡¡s_ /\ 1yp1ca cumple nf a catcnary is the malll 
C ~hapcJ Cab\c U'ied IR suspcOSIUR bndgcs. 

5) Thc 10creasc nf o;tlffnc'is of thc cable as thc tcnston in 1( 

1ncreascs undcr apphcd loading ts not accountcd for during thc 
analysts. 
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1.11 Member Offsets 

St"t' U'CIICIII 

L:'.S 

·Sorne mcmhcn of a ">lruclure m ay nol he concurren! wilh 1hc 

inciden! JOinls lhcrchy crca11ng off\cls. Tht'i nffsc1 J•~1am:c ,,. 

spec1ficd m 1crms of glohal coon.llnacc sys1cm j 1 e global X. Y 

Jnd Z di\IJncc from 1hc •netdcnl JiHnt). Secundar y lnrcco; •nduccc.J. 

duc lo 1h1s offscl cnnnccllon. Jrc IJkcn •nlu Jccounl 10 Jnaly11ng 

thc: slruCiurc and also hl calculalc thc ¡nJi"'uJual rncmbcr lorcc'i. 

Thc ncw nffscl ccnlro•d of 1hc mcmhcr on he al 1hc ~lar! or cnJ 

mcldcncc'i and thc ncw work•ng p01n1 wdl Jl~o he thc ncw ,lart nr 

cnd of thc mcmhcr. Thcrdorc. any rcfcrcncc lrom thc 'iiJrt 11r cnJ 

of lhal mcmhcr will .1lways be frnm thc ncw nlht:l potnl~ 

11 = • ~ • 1 

1 = 
1 

-= • 1 

• ] 

• 1 

• a 

• D 

:1 :1 
:11 f l 

;w:ra 

,. g ~ 

• ' 

r 

MEMBEJl OFFSET 
START 7 
END -6 

2 END -6 -9 

,,, .. rw- 1 /1 

1 .12 Material Constants 

- ;. 

Sccuon 1 

Thc m.:ucnal cnn'iiJnt'i are modulu"i of clastJcJty (E}: .,.,cq~hl 

tJcnsll'!' lOE~): PniS'ion'-. raltn 1 POISSl. cn·ctfic¡cnl nf thcrmal 

C\pan'iwn f ,\LPH,\ 1. anJ he! a lnglc 1 BET.\ 1 11r cnord1natc"> for 

an~ rdcrcncc IREF\ poinl. 

E valuc for mcmhcr\ mu\1 he providcd or lhc analy'iJS will no1 he 

pcrformcd. Wcighl Jcnsily (OENl 1s uscd only whcn sclfwc•ghl of 

1hc slructurc 1s to be takcn into accounl. Ponson's ratio IPOISS} '"' 

u sed to calculatc the 'ihcar modulus (commonly known as G) by 

lhc rormula. 

G =O. S' E/( 1 + POISS) 

H PoiHon·, f3110 IS nol providcd G will be In E. Cocfficicnl ur 

thcrmal e•pansron (ALPHA} i! used lo calculalc lhe elp.ansion of 

1hc mcmben ir lcmpcralurc loads are applied. Thc: lcmper:uure un1t 

ror tcmpera.1urc load and ALPHA has lo be thc e: 

\ 
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BETA. angle J.nd REFcrence poim Jre c.hscus\cd tn Scc 1 5 J J.nd 

are input as part of thc mcmbcr constants. 

1.13 Supp(>rts 

Su 

Jt'ctwrr 5.:! 7 

STAAD allows spccaficat10ns of supports that Jrc parallel JS well 

as tnclincd to the global axes. 

Supports are specified as PINNED. FIXED. or FTXED wtth 

dirfcrcnt rclca'\cs. A p1nncd support has rcstraints aso~msl o1ll 
translational movcment and nonc agaansl r01a1ion.J.I movcmcnl. In 

othcr words . .t pinncd o¡upport wtll ha ve reactions fur all fOfccs but 

will rcs1st nn mumcnts. A li~cd o¡uppnrt has rcstr:unts ag:~tn't .tll 

dircctions of movemcnt. 

Thc rcstnints of a fi~cd o¡upporl can al so be rcleascd in any 

dcsm:d dtrectinn as 'ipcctficd tn 'iCction 5. 

Translattonal and rotattnnal "Prin!S can al·m he spcctficd. Thc 

'iprtngs are rcprco;cnted tn tcrms of thc1r o;pnng cono;t:ants. A 

translattonal spring constan! ts dc:fincd as the force to di<;place .1 

o;upporl joint une lcngth unll tn the spcctficd global Jircctmn 

Similarly. a rntational 'pnng constant ts Jcfincd JS thc torce tn 

rut31e thc 'iuppnrt jmnt t)OC dcgrce .trnund thc ~pcc1ftcd gluhal 

dircctton. 

~ .14 Master/Siave Joints 

.. 
~~CifOII J.:!S 

Thc master/si ave option is provtdcd to cnable the uscr to modcl 

rigid links in the structur31 system. Thts facthty can be u sed to 

model special o;tructuul clements ltke a ng1d nuor dtaphragm. 

Severa! slave joints may be provided which will be 35s1gncd samc 

displaeements as the master jomt. Thc uscr is also allowcd thc 
ne~ibility tu choose the o;pec¡fic dcgrccs of free do m for which thc 

displaccmcnt constra1n1s will be imposcd on thc llilaved joints. Jf _ 
all dcgrccs of frccdom (F~. Fy. F~ ~h., M y and Mi.) are prov1ded 

as conostraints, thc joints wtll be assumcd to be rtgtdly connec1cd . 

( 

{1:::1 

;J::J 

~a=:~ 

:n 
1 ' :·1- ' 
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1.15 Loads 

1.16.1 

5. J:! , 

Load 5 in a <;lructurc can be o;pccificd JS joinl load, member load, 

tcmper:uure load and rixcd-cnd mcmbcr load. STAAD can Jlso 

gcneratc thc o;clf- wc1ght nf tbe o¡lructure and uo;c 11 as unliormly 

d 1stnbutcd member loads in Jnalysts. Any fractton of thts self­

wetght can also he JpplicLI in any desired dHccuon. 

Joint Load 

Jmnt to;ad,.. hoth force" o1nd momcniS. may be applicd to any free 

jotnl oC 3 o;tructure. Thcsc loads act in the global coordt~ate sy'itCm 

nf !he suucture. Pos11ivc forces ac1 in 1hc postttve coordtnatc 

Jirccllons. Any numbcr of loads m ay be appllcd on a Single joint. 

1n whteh case the loads wi\1 he Jddit1vc un 1hat JOIRl. 

1.16.2 Member Load 

5t'l" ft'C/Wrt 

_;_J:. ~ 

Three 1 ~pe'i nf mcmbcr luads may be applied J¡rectly toa mcmhcr 

nf 3 o;tructurc Thcse loado¡ are umformly disLrtbuted loads. 

cuncenuatcd loads. and linearly varytng loads (induding 

trapetotdal). t.:n 1form loado; act on thc full or paruallength nf a 

mcmbcr Cnnccntratcd luads o~ct JI 3ny Jntermcdialc. ~pcc1ficd 
pnlnt. Lmcarly varymg load'i .te! ovcr thc fulllcnglh tli a mcmbcr 

Trapclo 1dal ltncarly varying loads act ovcr the full or par!Jal 

length of J memher. Trapcwid:JI loads are con verted mto 3 

untform load and severa! concentratcd loads. 

Any numhcr uf loads may be o;pccified to act opon a mcmber 1n 

any andepcndcnt loading condJiion. ~embcr loads ca~ b~ spcct ficd 

1
n the mcmbcr coordinatc system or the global coordtnatc ~yo;tcm 

Unifonnly d 1 ~tr1butcd mcmhcr load~ provided in the global 

coordinate system may be !peciried to afl along the full or 

projected membcr length. Rcfer to Fig. 1 3 to find thc rclatton uf 

the member to the global conrdinate o;y'Uems for o;pcc1fy1ng 

membcr loads. Postltve forccs act 10 the po\ttJvc courdtnate 

d1rections. local or global. 35 thc case may be 
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1. 16.3 Area Load 

Srr ucrron 

5.1:!., 

Many lime-. a lluor (bound hy X-Z plancl is suhjcc.:tcd toa 

unirormly diswbutcd load It could rcqutrc a lot of wurk tu 

calculatc: thc mcmbc:r load for mdivtdual mc:mbcrs in that lloor 

Howcvc:r. wtth &he AREA LOAD command. thc uscr c.:an spcc.:tfy 

thc arca loads (unit load pcr unll squarc arcal for mcmbc:rs Thc 

program will c.::~lculatc thc tnbutary arca for thcsc mcmbcrs and 

providc: thc propcr membc:r loads. Thc follow¡ng assumpuons are: 

made whtlc tr:1nsfc:rnng thc arca lo:~d lo mcmbcr load: 

a) The memhc:r load is assumc:d to he a linear! y varymg load for 

which the start and thc c:nd valucs may be or d•frcrcnt 

magnitudc. 

b) Tribulary arca ora mcmbcr wuh an arca load •s calculatcd 

based on half the spacmg to thc ncarcsllpproAtmalcly parallel 

membcrs on both si des. H thc spacmg IS more than or equalto 

thc lcngth of thc mcmbcr, thc arca load will be 1gnorcd. 

-=-! 

1.16.4 

Srr rrct1o11 

J 12.7 

-

Scctiun 1 

el t\rca load should nul be spcctficd on mcmbcrs dcclarcd as 

~EMBER CABLE. MEMRER TRUSS or MEMBER 
TEN S ION . 

Figure 1.17 shows a lloor slructurc with arca load specificallon of 

0.1 . 

_, 

'" " r~~----~----~--~r 

''" 

Mcmbcr 1 wdl ha ve a linear load of 0.3 JI onc cnJ andO! JI thc 

othcr cnd. Mcmbc:rc;! and .t wdl ha ve a untform load of O 5o ver 

thc fulllcngth. Mcmbcr 3 will havc a linear loador O .t5 andO 55 
at rcc;pcc1ivc cnds Mcmber 5 will ha ve :1 umform load of 0.25. 
Thc re: si of the mcmbcrs. 6 through 13, wtll havc no cnntnhulory 

arca load since the nearcst parallc:l mcmbcn are more than cach of 

the membcr lcngths apart. Howcver. thc; reacuons from the 

memben to thc girdcr wdl be considerc'd. 

Fixed End Member Load 

Load effccts on a mcmhcr may also he ,pecdied '"tcnm of ,,, 
fucd cnd Joads Thcsc loads are givcn in tcrm• '= member 

coordinare syslem and thc directions are oppo~ thc actual loatl 
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un thc mcmhcr. Each cntl of a mcmhcr can ha ve ~u !orces· axial: 

shc:ar y. ~hear 1 .. tor'illln; momeo! y, and mumcnt l 

1.16.5 Prestress and Poststress Member Load 

S~r IrCIIOII 

Mcmbers in a structurc may he suh¡cctcd to pre'itrcss load lor 

which the load dislrtbulion in the structurc may he invcstigatcd. 

Thc prcstrcssing load tn a mcmbc~ may he Jpplu::d .utally 1H 

ccccntncally. The ccccntncttlcs can be pruvu.Jcú .11 thc ,¡art ¡nint. 

al the mtúdle. and at thc: cnd joinl Thcsc ccccntri¡,;itics are nnly 1n 

thc local y-axu. A posnive eccc:nlnctly wtll he tn thc pos!IIVe 

local y-dircclion S1ncc cccenlnCIIIes are nnly prov1ded 1n !he 

local y-a.I.ÍS. ¡,;are shuuld he takcn whcn provttJtng pri\mJIIC 

propcn1es or tn 'ipcc¡fymg the corree! BET.\ Jnglc whcn rntaung 

lhe mcmbcr coordmates. tf nccc\sary. Two typc'i nf prc~trcH load 

spc:c¡fic:uion are avadahlc; PRESTRESS, whcre. duelo thc load. 

reactions are gcncr:ucd dunng thc application of prcsncss load and 

POSTSTRESS. assumcd to be applicd aher thc prcstrcss load 1s tn 

place. whtch Jocs not gcncratc rca¡,;uons. 

1) The cable is assumcd lo ha ve a gcncrali,cd parabnltc profilc. 
Thc cqua11on of thc par abola !S assumcd to be 

y=ax~+bx+c 

wherc 
1 

a= ---:;-(:!es- ~cm+ ~ce) 
L· 
1 

h =-(~cm- ce-Jes) 
L 

e;:; es 

whcrc es = cccentrtcity of ~.::ablc at start of mcmhcr ( 10 lo¡,; al 
y-axts) 

cm = ccccn1nci1y of cable at middlc of mc:mbcr 1 in 
local y-uis) 

ce = ccccnlncHy of cable at cnd of membcr (in local 
y-3.1.15) 

L Lcnglh ormember 

2) The anglc of inclination of lhc cable with rcspecl 10 thc local 
1-uis (a sHatghl hnc joming the starl and cnd JOIOIS of thc 

( 

1 

.t::1l 

., 

Secuon 1 

mc:mhcr) at thc start and cnd pmnls ts 'imall whtch gtvcs rt'iC 
lo thc assumption that 

sin 9 = 9 = dy 1 dx 

Hcnce. ¡f the axtal force m thc cable ts P, lhc vcrt!C:tl 
componen! of lhe force: al thc ends is PCdy 1 d:~~) and thc: 

honwntal compnncnt of the cable force 1s. 

t:"cro; are adviscd to cnsurc that thcir cahlc pro file mcets lhis 
reqLurcmcnt. An angle under S degrces is rccommcndcd. 

3) Thc mcmbcr is analyz.ed for thc presnessmg/poststrcssmg 
effccts using 1hc equavalent load mcthod. Thts mcthod is wcll 
ducumcnted tn most rcpuled books on ,\naly.,is Jnd Dcsign of 
Prc~trcsscd concrete. Thc magnitudc uf thc untformly 
dio;tflhlliCd load Í'i cakulatcd as 

RPc 
udi=­

L' 

whcrc P =a.~. tal force in thc ..:ahlc 

(cs+cc) 
c=----cm 

2 
L = lcngth of thc mcmhcr 

~) Thc force m thc cable ts as'iumed lo be samc throughout thc 
mc:mhc:r lcnglh. :"fo reductinn 15 made in thc cable forccs lo 
account for friction or o1her lossc• 

5) Thc tcrm MEMBER PRESTRESS as uscd in ST.\AD stgmfic~ 
the following condalton. The structurc is consLructed firsl. 
Thcn. thc prestrc5sing force i5 apphed on tbe relevan! 
mcmbcrs. As a rcsull. the membc:rS deform and dc:pendmg on 
their end conditions. forces are transm•tted lo other mcmhcrs 
in the structure In othcr words. -PRE" rdcrcs lo thc u me or 
placemcnt of the member in tbe structurc rc:hnivc to the time: 

of strcssing. 
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6) The term MEMBER POSTSTRESS as used m STAAD 
s•gn•f•es th~ follow~ng cond111nn Thc memhers on whu:h such 
load ., applled are fnsl casi tn lhe faclory Followmg this, the 
prestressmg force '" apphcd on thcm. Mcanwhile, thc rcs1 of 
lhc struc1urc •s conslruclcd al thc construction s1te Thcn, thc 
prcstrcssctl mcmbcr, are hrought and placcd m pnsitwn on thc 
panially hu lit slructurc Due 10 th1s scqucncc. !he cffccts of 
pre'ilrcssing are "cxpenenccd" by only thc prcslrcssed 
memhcrs and not lransmlltcd m thc rcsl uf 1hc )truc1urc In 
othcr words. "POST~ refcrs lo 1hc ttmc uf pl.u:ement of the 
mcmbcr in thc structurc relaltve to thc u me uf strcss 10 g 

7) As may be ev1dcnt from ltem 16) abovc. 11 is not pm~s•hlc 10 
compu1e lhe dtsplaccmtnU uf thc cnds of thc 

POSTSTRESSED mcmbers for the cffccts uf 

POSTSTRESS~ng, and hcnce are assumed lo he 1ero. As a 

rcsult. displaccmcnts of inlcrmediatc sec110ns 1 S ce SECTION 

DISPLr\CEMENT command) are measured relativc to thc 

uraight llne JOinmg the stan and end JOmts uf thc mcmhcrs as 
dcfincd by lhcir 1n11ial JOINT COORDI~ATES. 

1.16.6 Temperature/Strain Load 

St't' Jt't'IIO" 

5.316 

1.16.7 

s~~ St'C'IIOn 

'.11.8 

Tcmpcr:nurc diffcrcncc through thc lcnglh of .1 mcmbcr a) wcll as 

differcnccs of both faces uf mcmbcrs and clcmcms m ay alsn be 

spcclfied. Thc program calculales the axial strain ldongation and 

shnnkagc) duc lo thc tcmpcralurc diffcrcncc. From th1s 11 

calculalcs thc induccd forccs in thc mcmbcr antl thc Jnalvo;i~ 15 
done accordingly Thc stram intervals of clongat1on and ~hnnkagc 
can be input dircctly. 

Support Displacement Load 

Loads can be applicd lo the structurc in terms of thc displacement 

of lhe supporu. Displacemcnt can be tran.slational or rolational. 

Translational displaccments are provided in 1he specificd lcngth 

while thc rotational dtsplacements are always in degrees. N ole 1hat 

dtsplaccmcnts can be spcctried only m dircctions in whicb thc 

suppou is rcslrained and not in dircctions in which il is releascd. 

., 

• :J 
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1.16.8 Loading on Elements 

On Platr/Shell clcmcnts, the typcs of loadmg that are pcrmissiblc 

are: 

1) Prcnure loading whtch consists of loads which act 

pcrpcndtcular to 1he surfacc uf thc c\emcnt. Thc prcs~ure loads 

can be of uniform •nlcnsity or trapezoidal! y varymg intcno;ity 

over a small porttnn or o ver thc cntirc surfacc of thc elcmcnt. 

2) Joint londs whtch are force,. or momcnts thal are apphcd atthc 

JOÍnts '" thc dncctton of thc global axcs . 

) ) Tcmpcraturc loads whtch m ay be constan! across thc dcpth of 

thc clcmcnt (causang only m·planc clongatum 1 'ihortentng) or 
may vary across thc dcplh nf 1hc cierne m causang bcnding on thc 

clcmcnt. Thc cocfficicnt of thcrmal c'pan,.aon for the matcual of 

thc clcmcnt must be providcd in ordcr to facilitatc computatinn 

of thcsc cffcc1s. 

4) Thc ~elf-wcight of thc clcmcnts can he applicd using !he 
SELFWEIGHT load•ng condit1on. Thc dcnsily of thc clcmcnts 

has to be provtdcd in arder to facilitatc computatton of the o;clf· 

we1ght 

On Solid clements. the only lwo loatling typco; avatlablc are 

1) The sclf.wc•ghl nf thc sol id clemcnts can he applicd usmg thc 

SELFWEJGHT loading condiuon. Thc density of thc clcmcnts 

has to be provided in arder to facllilatc computalion of the sclf· 

wctght. 

2) Jomtloads which are forccs or mom~nts thal are applicd al thc 

joints in thc dueclion of lhe global :ucs.' 
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1.17 Load Generator 

STA AO IS cquippcd w1th hudl 10 .. dgonlhms In gcncr:nc rnovtng 

luads ant..l la1cral ~c1smu: lnads fpcr !he Uruform OuJitJmg Cudc 

and lhe IS 1 M93 codc 1 on a 'ilfUcturc U'ic of thc load gcncrauon 

fac1!11y consi..¡u of two pans · 

1) Dcfinitinn of thc load ..¡y..,tcm('i). 

Zl G r cncratJon o pnmary load cHes usmg prcv¡nu'ily dcfincd 
load '>YHCm(s). 

The rollowing 'iCCIIOOS describe thc salicnt fcJIUfC\ of thc ffi()YJOg 

load gcncra10r. lhc scJsmic !tlad gcncra10r am..l 1hc w 1nd ln.1d 

gcncraiUr availablc 

1.17 .1 Moving Load Generator 

Stt UCIJDtiJ 

5 JI 1 and 

j Jl 12 

1.17.2 

Su uc1ion1 

.11.2 and 

.)2.12 

This fc;llurc cnablcs thc uscr to gcncratc mo\1ng Juads on J 

structurc. Moving load ..¡y\tcmh) ..:unslstmg of ~un~cnn::ucd lnads 

at fi•cd spccllicd dislancc'i 10 b01h dJrectJons nn .1 planc .::.m he 

dclincd by thc uscr. A uscr spccJricd numbcr uf pnmarv lnad .::asc'i 

will be suhscqucntly gcncratcd by thc program Jnd t.Jk~n 10111 

considcratu>n in .Jnal)-'>15. Amcnc.Jn .hsocJ.3tiun ni Scate Highway 

and Transpurt.Jtion OfricJals CA~\SHTO. 198JJ1oadings .uc 

available wnhin the prngram and ..:an he spcc1ficd us 1ng llandard 

AASHTO designations. 

UBC Seismic Load Generator 

Thc STAAD se1smic load gencrator follows lhc UBC proccdure of 

equtvalent lateral load analy~is. 11 JS assumcd that thc lalcral loads 

wtll be excncd in X and Z dircctions and Y wtll he thc dircclion of 

che gravily loads. Thus. for a liutlding modcl. Y axis w111 be 

pcrpc~dicuJar lO the nonrs J.ntJ potnt upward (J.JI y JO!nl 

coordt~atcs posilive). Thc uscr as rcquircd to sct up his modcl 

accord10gly. Total lateral seism1c force or base shear is 

• 1 

• :1 

1.17.3 
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autnmatu:ally calculatcd by STAAD ustng thc appropriatc UBC 

cquation. Note hnlh IIJ94 and IIJ85 ~pccificat10ns may be used. 

Fnr load gcncrauon per 1he 1994 codc. the u ser ic; requncd to 

provJdc setsmic zone cocffictcnl. importancc faéltlr. co-cffictcnt 

Rw and 'iitc soil coclfic1cnt. For UBC 1985 load gcncrauon. 

sci~m1c 1one cocfficJcnt ¡mportancc fac1or & hnn1ontal for~.:c 
facwr k muc;t be pruvtdcd. SpccJftcauon of 'i!IC ch.uacter pcriod Ts 

1s opuonal 

lnstcad of us~ng apprmom.tte UBC formulas toe si! mate thc 

buildmg pcuod 10 a cena in dirccuun. the program calculalcs thc 

pcriod using Ralcigh quollcnl tcchntquc. Th1s penad ts then 

tmli1ed to calculatc ..¡ctsmic cncrficJcnt C. 

Aflcr thc hase 'ihe:u is calculatcd from thc appropnale cquaunn. 11 

1s distnbutcd among thc var10us le veis and roof per L:BC 

o;pcc•ficatJon'i. The d1stnbuted base shcars are o;ubscqucntly 

apphcd as lateral loads nn thc structurc. Thco;c loads may thcn be 

uulitcd JS normal load casc'i for Jnalyo;¡s antl dcsign. 

Wind Load Generator 

fhc ST,\AD Wind Load gcncrator ,.., capablc of calculaung wmd 

Jnads on the structure frnm u ser o;pec1ficd wmd intcns!IICS and 

cxposurc factors. Oiffcrcnt wind Jntcn~llies may be ~pcclficd for 

d1rh:rcn1 hetght tones of thc structurc. Opcning~ in thc ..¡tructurc 

may be modelcd u~ing cxpo'lurc facton. An expmure ractor is 

assoc1atcd w1th cach JOtnl of the structure and is defincd as the 

fractton of the innucncc arca on which thc wind load act~. Built 1n 

algorühms automal!cally calculacc thc wind load on a S PACE 

'ltructure and distributc the loads as latciral JOÍnts load<; 

1.18 Analysis Facilities 

Following analysis faciliucs are ava!lablc in STAAD 
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1) S11ffnco;s Analyo;•s 

2) Sccond Ordcr Analyo;•s 

P-Dclla Analyo;io; 

Non-Linear Analys•s 

·3) Dynamu: Analy'iis 

Salient fcaturcs of each type of an.alys1s are d1scusscd 1n thc 
' following 1cc11ons. Dctailcd lheorctical!rcalments of 1hcsc 

fcaaurcs are ava•lablc in slandard slructural cnginccnng 1cxtbooks. 

1.18.1 Stiffness Analysis 

Thc sliffncss analys•s lmplcmcn!cd m STr\.\0 is hascd on 1hc 

malrix displaccmcnt meahod In the malnx analys1s of structurcs 

Su u•ctw11 by !he di§placcmcnl mcthod. thc o;tructurc 1<; firs1 1dcalitcd mto an 

j_J7 assemhly of di serete 'itructural ..:omponents 1 framc mcmbcrs or 

fin11c elcmcnts). Each componen! has an JHumcd form llf 

displaccmcnt in a manncr which satisrics thc force cqu1hbrium and 

displaccmcnt compaubility at thc JOmts. 

Structural systems such as slabs. pl;ucs. sprcad footings. etc .. 

which transmll loads 1n 2 dirccuons ha veto be discrettlcd mto a 

numbcr of 3 or 4 noded finitc elcments conncc1ed lo each othcr at 

1heir nades. Loads may be applicll in thc form of distrtbutcd loads 

on thc clcmcnt sur faces oras com:entratcd loads JI the joints. The 

plane strcu cffccts as wcll as the platc bcndmg cffcc1s are 1akcn 

into cons•dcrallon in 1hc analys1s. 

Assumptions or the Analvsis 

For a complete analysis of 1he struciUre. thc neceuary matrices are 

gcnerated un ahe basis of the following assumptluns: 

1) Tbc structurc is tdcalized into an asscmbly or beam and pi ate 

type clcments joined togethcr al thcir vcrtices (nades). The 

assemblage is loadcd and reactcd by conccntralcd loads acting 

al 1he nades. Tbe.se load.s may be both forces and momcnts 

which may act in any specificd dircction. 

1 
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2) A hcam member is a longitudinal struclural mcmhcr having a 

conc;1an1. doubly c;ymmctric or ncar-doubly symmclnc crosc; 

o;ection alnng ll'i lcngth. Bcam mcmbcrc; always carry axial 

forces. Thcy may al so he suhjcctcd lo shear and bcndiRg in 

two arbitrary perpendicular planes. :tnd they may al so he 

o;ub1cctcd to wrc;ion. From this p01nt thcse bcam membcrs are 

rcfcrrcd lo as 'mcmbcrs"' m 1hc manual. 

3) A plale element is a thrce or four nodcd clcmen1 havmg 

constanlthtckness Thesc plate clemcnts are rcferrcd Lo as 

~elements"' tn thc manual. 

..t) Interna! and externa! loads aclmg on ea eh nade are in 

equl11hnum. lf torsional or bcnding propcrtics are defincd for 

any mcmbcr. <iÍx dcgrccs of frccdom are considcrcd al each 

nodc (i.c thrcc trílnc;lational and threc rotational l tn thc 

gcncration of relcvant matrices. lf thc mcmbcr 1s dcfincd a e; 

ITU'iS mcmbcr fi e carrytng only axial forccs\ thcn only thc 

1hrce dcg.rccs flranslational) of frccdom J.rc consrdered at each 

nade. 

5) Twn lypcs uf (:nnrd1nate o;ys1cms are u sed 1n the gcnerallnn of 

thc rcqulfed matr1c" and are rcfcrrcd 10 as local .md global 

systcms. 

Local ..:oordinale .ue!i are assigncd to each mdiv1dual clcmen1 and 

are oricntcd such that compulmg clforl for clement 'illffncss 

matnccs are gcneral11.ed and m•n1mizcd. Global coordinaiC axes 

are a common datum cs1ablishcd for all idcalilcd elcmcnu 'iO lhat 

clemenl forces and displaccmcniS may be rclatcd toa i:ommon 

rrame of rcfcrcnce. 

Basic Equation 

Thc complete sliffness malrix of !he struciUre io; obtaincd by 

syo;lcmaucally .¡umming the contubut1ons of thc vanous mcmhcr 

and elcment ,ufrncss. The e1ternalloads on thc struc1ure are 

represcntcd u di serete concentratcd loads acting only at the nodal 

points of thc structurc . 
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Gcnenllks..:nptlon 

Thc stiffncc;o; matrix rcla1c~ thcc;c loads tn 1hc d!~placcments of the 

nodes by thc cqualion: 

A¡ = a1 + S1 l 0 1 

ThiS rormulalwn •nclul.!cs allthc Jt>lnt'i of !he '>lru..:ture. whc!hcr 

they are free to displace or are res1r:uncd hy c;uppons. Those 
componcnts of joint displaccments ¡h':lt are free lo move are called 

dcgrccs of frecdom. The tn!al numhcr of degrccs uf freedom 

rcprcscnllhc number ni unknowns m thc analys1s 

\hthod to Solve for Displacements 

Therc are many mclhods 10 ">olvc 1hc unknowns from a ~cnco; or 

s•mullancous cqua11ons An approach wh1ch is parttcularly 'iUllcd 

for slruelural analysis ts callcd thc mclhod or decompostiiOn. This 

mc1hod has hecn sclcelcd for use 10 STAAD Sincc the scirfncss 

m.Jtrlces of ..111 hncarly elasiiC structurcs are alway'> -symmcn1c, an 

cspcc1ally cffie1cnt form of !he dceomposuion callcd Modificd 

Cholcsky's mcthod may be applicd 10 !hcse probh::ms. Th1s mc1hod 

1s vcry accura1e and C0\1 drcc11vc and wcll sullcd for ¡he Gauss1an 

diminalion proccss in 'iolvmg thc s1muhaneous cquauons. 

Consideratinn or Bandwidth 

The mcthod of dccompos1110n is parucul:uly cffic 1cnt when 

apphed lo a symmclne:~lly bandcd matrix. For th1s typc of matux 

fewcr calculauons are rcquircd duc 10 thc het 1ha1 clcmcnts 

outside the band are all cqual lo lero. 

STAAD takcs rull advan1age or th1s bandw¡dth dunng solullnn, as 

11 is importantto ha ve !he lc.:~st bandw1dth 10 obtain the most 

crricienl ~olut10n. For th1s purpose. STA AO orfers fca1ures by 

wh1ch thc program can tnlcrnally rearrange 1he joint numhers lo 

provide a bencr bandwidth. 

Strudural lntegrity 

Thc integrity of thc structure is a very important requirement that 

mu$1 be satidled hy all mndcls. Users must makc surc that thc 

--------, 
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model devcloped rcprescnls onc s1ngle 'itructurc 'only. not two or 

more !leparale s1ructurcs. 

An "integral" 'ilructurc or "une" c;tructtJre may he dcfincd as a o;y'itcm 

m wh1ch prnpcr "st•rfncss conncctwns" ex 1st belwecn thc 

mcmbers/clcmcnu. The ennrc model funclwns as a single integratcd 

luad re\l'>llng 'iY'>Iem. Two ur more tndcpcnJcnl Hructurc'i wtthin on• 

model results •n crrnncous mathcmatJeal rormulatton Jnd thcrdnrc. 

gcncratc'S numcf!C31 problcms. STt\AD cheds structuralmtcgflty 

us1ng a sophli~itticatcd algur~thm and rcpons detcctlon of mult•plc 

\tru.;lure'i with1n thc moJel. 

:1-lodtling and :'1/umerical lnslabilily Prohlems 

1) \intlellng problem 

Thcre :~re .1 vartcty nf mnd.;ltng prnhlcmo; which C3n ~¡ve no;c 

to •n'ilahllity condiuons. fhcy can be dass1ficd mio two 

group'i. 

al Local instabd1ty - A local instabdlly t'> a ¡;undtllon whcrc 

1hc lixity cnnduions al 1hc cni.Jisl uf a mcmbcr J.TC 'iuch a.-. 

to cause an ln'>lah1lity '"!he mcmbcr abou1 onc ur more 

t.lcgrccs ol frccdom. Eumplcs of lm:al 10stab1hly are· 

(1) Mcmber Rcleasc: ~embers released at both ends ror 

:~ny of 1hc rollowing degree! or frccdom rFX. FY. FZ 

and MX) will be suhJcr.:ted to th•s problem. 

(ii) A rramcd structure w1th columns and hcams whcre thc 
columns arr: dcfined as- "TRCSS~ memben. Such a 

column has no capaclly to transfer shears or momeo!• 

from thc 'lupenlructurc 10 the supports. 

b) Global lnS1ab1lity . Thcsc are caused whcn the ~uppon'l of 1 

slructure are such that thcy cannot offcr any res1stancc lo 

~liding or ovcrturning ur the slructure Ln onc or more 

directions. For example. a 20 strueture (frame in the XY 
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r.encr.t~l)escnption 

planc) wtuch t'l dertncd as a S PACE FRAME wuh pmncd 

o;uppons antl ~uhJcctcd toa force tn thc Z dircctton will tnpplc 

nvcr about thc X-axts. Anothcr C\3mplc ts that nf a ~pace 

framc wtth allthc 'iuppnrts rclcascd lor FX. FY or FZ. 

21 Math prccision 

' A math prcciston error is causcd whcn numcncal instahtlities 

occur in the matru invcrston process Onc uf the tcrms of thc 

cquiltbnum cquatton takcs thc form llf 1-A). whcre 

A=kll(k 1 "'-k2l: k 1 and kl bcmg thc \llffnc\5 coclfit:tcnts nf two 

adjaccnt mcmbcn. Whcn a vcry ""stifr mcmhcr ts adjat:cnt lo a 

ver y "flc x tblc' me mhcr. vtl , whcn k 1 >>k.!. ur k 1 .. k.! :: k 1, A= 1 

and hcncc. 1111-At =110 Thu ... hugc vartauons 1n o;uffncHc'i uf 
adjaccnt mcmbcrs are not pcrmtllcd. 

Math prcctston ..:rror'i are alsu t:3used .,.,hcn thc untb ni lcngth 

:md force are not Jefined eorrectly for mcmhcr lcngths. 

mcmhcr propcrttcs. eonstants cte. 

Usen alsn ha ve lo cnsurc that thc modcl dcfincd represento; onc 

smglc \lructurc only. not two or more scparatc -.tructurcs For 

cumple. tn an effort 10 modcl an c:xpansum JUtnl. the u ser may 

end up dcfinmg scparate strueturc<ii withtn thc ~.lmc tnput tllc 

Multtple ~tructurcs dcfined tn une tnput file .::an lcad tn gro-.~ly 

crroneous rcsults. 

1.18.2 Second Order Analysis 

Su 
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STAAD offers thc eapability to pcrform sceond order sl3btlity 

analyscs Two mc1hods J.rc avaílahlc ·a s1mpltficd mcthod callcd 

P-Dclla r\nalysis andan claboratc mcthod callcd Non Lmcar 

Analysis. 8oth methods are elplaincd bclow. 

1.18.2.1 P-Delta Analysis 

< ,. 

Structures ~uhjectcd 10 lateral loads oflen c.lpcncncc sccondary 

fnrccs dueto the movcmcnt of thc point of application o( vertical 

is. ThiS sccondary cffcct, commonly known as thc P-Delta 

' • 
&1 
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dfcct. play<; an impnrtant role tn thc analys1s of thc structurc In 

ST t\AO. a uniquc proccdurc has hccn adoptct.l 10 tncorporatc thc 

P-r>clta cffcct 1nto thc analys1s. Thc proccdurc consists ol thc 

fnllowtng ~tcps: 

ll f-tr'>t, thc primary dctlcctionc; are t:alculatcd h:iscd on thc 

provtdcd externa! lnad1ng. 

~~ Prtmary dcOccttono; are thcn t:nmhtncd wtth thc nngtnally 

applicd loadtng 10 crcate thc sccondary loadingo; Thc load 

vector is thcn rcv,-.cd to includc thc sccondary cffcct'i. 

:'linte that thc la1cral lnadtng must he pre-.cnt concurrcntly with 

thc vcruc:~l loading for prnpcr consider:uion nf thc P-Dclta 
cffcc1 Thc RE PEA r LOAD racdlly lscc Scc11nn 5 3:!.11) has 

hccn crcatcd wrth th1" rcquHcmcnt in m1nd Thts fat:dtty 

allnws 1hc uscr to o.;nmtunc prcv~nusly Jcfíncd pnmary load 

casc<ii 10 e reate a ncw primary load case 

Jl A new '>ltffneS\ an.llysts ~~ carrtcd out hascd nn thc rcviscd 

load vector 10 gcncratc ncw Jcllect!nns. 

.. 1) Elcmcnt/~cmhcr forccc; and ~UJ'lfUHI rcat:tlnnc; are .::a\Lulalcd 

hascd ''" thc ncw Jctlccttun,.. 

11 mav he nutcd that 1h1s proccdure ytclds vcry accurate results 

with ~11 small displaccmcnt prnblcms STr\,\0 alluws thc uscr to 

go through multtplc •tcrat!uns of thc P-Oclta procedure ,r 
ncccssary Thc uscr '" allowcd to ~pcctfy thc numbcr of ttcrations 

hascd nn thc rcquircmcnt. 

Thc P-Oclta analys1s ts rccommcndcd by thc ACI ende (tn ltcu of 

momcnl magnirication methods) and thc AISC LRFO codc for 

ealculatton of more rcahsttc force<; and momcnts 

P-Dclta dfccts are calculalcd for frame memhcrs 'only They are 

not calculaled for rintte elemenls or sol id clcmcnu. 
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1.18.2.2 Non Linear Analysis 

STAAD also offcrs thc capahdity lo perform non-linear analysis 

. based on geometric non-llneanly The non-linear analysi'l 
, algomhm mcorpnr:ues both geomelnc ~1iffnc~s corrcctions and 

secondary loadmgs. 

Non linear :~nalysi'l methodology i& general! y Jdopted for 
~truciUrcs subJCCI lo large d!splaccmcnt5 As largc d!~placcmcniS 

generally rcsuh m ~lgnihc3nl movcmcnt of !he po!nl of appllcauon 

of loads. cons!derallon of 5econdary loadings bccome5 an 

Importan! crileria In Jddition. gcnmclr1c ~•iffnc~~ cnrrccl•ons are 
:~pplled lo l3kc !O lo consideralion thc modlficd gcomelry. S mee !he 

gcomc:tnc s11ffncss corrccllons are bascd un gencratcd 

displaccmcnts. 1hcy are diffcrcnt for diffcrcnt load cases. This 

makes thc non-llnur analysis opuun load dependen!. Thc STAAD 

non-linear analysiS algoruhm consuts of 1he folloWlng s1cps 

11 First, pnmary displaccmcnts are calculalcd for thc applied 

loading 

2) S11ffncss corrccuuns are applicd on 1he mcmher/elcmcnt 

stiffncss matrices hascd on obscrvcd displaccments. ~cw 

global s1iffness malri~ IS assemhlcd bascd un rcvtscd 

mcmhcr/element ~11ffncss matncc.,._ 

3) Load vcclors are rcvised 10 includc 1he secondary cffccls duc 

lo primary displacements. 

4) The new sct of cqualions are solvctJ lo gen~rat~ ncw 

displacemcnts. 

5) ElementJMcmber forccs and support rcaclions are calculalcd 
from thesc new displacements. 

6) The STAAD non·hnear analysiS algonthm allow5 thc user lo 

go through multiple ltcrat¡ons of the abo ve proccdurc. Thc 
number of itcrations may be 5pecilied by the uscr bascd on the 

requirement. h may be nolc:d, howcver, thal multiple itcrations 

., 
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exccUIIOR time 'iUbstantialty 

Sccuun 1 -1 

~ulc : Thc followtng pOIRIS m ay he noted wlth respccl to thc non­

linear analyc;is fac1ilty -

1} Sine e thc procedurc is load Jcpcndent. the uscr !S requircd lo 
use thc SET :"--L .1nd CHA~GE commands propcrly The SET 
i'IL command muo;! he pronJcd 10 spcc1fy lhc tola! numbcr of 

pnmary load cases Thc CHANGE command should be uscd lo 

re~ct 1he 'iliffnes'i matrices 

As thc: gcomctnc currcci!ORS are ba"icd on dispiaccmcnts. all 
loads lhat are c3 pahlc of producmg sq~n1ficant d1splaccmcnls 

must be part of thc load case(<;) idcn11ficd for non-linear 

analy'iiS. 

1.18.3 Dynamic Analysis 

5 J¡} 
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Currenllv availahlc dynamic analyc;is facTI!IIC'i ,ncludc o;oluuon of 

the free -vihrauon prohlcm lc•g.enprohlcml. rc~ponsc ~pcctrum 

J.nalyo;¡s and forccd vthrJIIIlR .1nalyo;is. 

Solution or the Eigenproblem 

Thc c•gcnproblem 1s <;olvcd for ~tructure frcqucncies Jnd modc 
~;hapes con~idcring J. Jumped ma"s matru. w1th massc~ JI all acttvc 

J o.f. includcd. T.,., o c;olution mcthnds are availahlc· thc 
J..:tcrminant 'icarch mcthod. and thc suhsp:~cc iterat1on method, 

with solullon sclcctmn bascd on prohlcm 'illC. 

:1-lass Vlodeline 

The natural frcquc:ncies ant.l modc shap~s of a structure are the 
primary paramctcrs ¡hal affcct 1hc rc<>pÓnse o~ a 'slructure under 

dynam
1
c loading. Thc free v1hr:uion problcm IS sol ved to e~JraCI 

thc'>c valucs. Stnce no cxJcrnal tnrcmg funcuon '' in~olvcd. thc 
natural frcqucnc 1es 3 nd molle ~hapcs are dlfcct functions of 1hc 

suffness and mass d1strihuuon 10 the structurc. Results of 1hc 

frcquency and mode shapc ca.lculattuns may vary signtficantly 
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tJepending opon 1hc mass modcllng. This vanalwn. 1n lurn. alfccls 

thc rc'iponsc 'ipccnum and forccd vdua11nn analy'its resoli~ Thu..¡, 

extreme cautwn should he cxerc1sed in mass modeling '" .J 

dynamtc analysis prohlcm. Acta ve masscs 'ihould he moc.Jclcd as 

~oads. All ma'ises thal are capablc of movtng should be modclcd as 

loads appl1cd in all pns<;iblc d•rcclions of movcmenl. In rco;pnn~c 

'ipectrum analysis. ao¡ a barc mtnamum. all mas'lco; that ;uc capablc 

of moving 1n thc dirccuon of thc ~scctrum. must be provu.Jcd .Js 

loads actmg in that d•rccllon 

Response Spectrum Analysis 

This capabtlity allnws thc uscr to .¡nalytc thc structurc for sctsmtc 

loading. For any suppllcd response 'ipcctrum (c!lhcr accclcr:uion 

vo¡. pcrioc.J or displaccmcnt vs. pcnod). JOtnl J¡<.placcmcnl'> 

mcmber forccs, and support rcacttnns may be calculatcd \1nc.Jal 
rc<.ponscs may be combtncd usmg c11hcr tflc squarc root ol thc 'Iom 

oT squares (SRSSl or thc complete quadrauc combtnallnn tCQC) 

method 10 ohtatn the rcsultanl response!. Results of the rcsp,mse 

spcctrum an:Jiysts mav he combined Wtlh thc rcsults of the o;tai!L' 

analysn to perform 'iUho¡cqucnt de'iagn. To account (or ren:n•h•llty 

of scumtc activuy. load combmations can be crcatcd tn indudc 

Cllhcr the positive or ncgauve conmbutton of se1smic rco;ults 

Response Time History Analysis 

STAAD u cqutppcd wuh a factluy to pcrform a rcspono;c htstnry 

_analysis on a structurc o;ubjCctcd to u me varytng forc1ng functton 

loads al thc J01nl5 andlor a ground motion at its hase. Thts analy'lis 

is performcd using the modal supcrposttJon mcthod Hcnce. allthc 

active masscs should be modeled as loads m arder to factlitatc 

dctcrmination of thc mude shapes and frcqucncies. Picase rcfcr to 

thc ~ection abo ve on "mus modeling" for add•llonal informatton 

on lhn tapie. In thc modc superposllion analysts, 11 is assumcd that 

the nructural response can be obt¡ined from thc ~PR lowcst mudes. 

Thc cquilibrium equatíons are wrillcn as 

fmf{'il •(cf{i) + (kJix) • IP,) ( 1) 

• 1 

ID 11 

• 1 

·:~ 1 

Scctoon 1 -l'' 

Using thc transformal!on 

t:!) 

Equa110n 1 reduces to ''p"' separalc uncouplcd cquatlons of thc 

form 

whcrc ~ 1s thc modal damping rat1o and w thc n:uural 

frcquency for thc t1h modc. 

Thc'ie are sol ved by thc W1lson- 8 mcthod whtch ts an 

uncondHionally 'itable stcp by o;tcp schemc. Thc u me <.lcp for thc 
response ts ~.:hmcn as 0.1 T whcre T IS lhe pcrwd ,,r thc htghest 

modc that 1s 10 he tndudec.J tn thc rco;ponsc Thc q,s are o;ubstitutcd 

1n cquatiun 2 lo 1.1biJ1n 1hc dasplaccments 1 t 1 at cach u me stcp 

Time Historv Analysis ror a Structure Subjected 
to a Harmonic Loadin!!, 

,\ H.armontc loading lo; onc in ..-.hH:h can he descnbcd ustng thc 

fnllnwmg cquatwn 

In thc ahuvc cquation. 

F(l) = V aloe of thc force al any instant of time~,· 

Fl) = Peak val oc nf thc force 

w = Frequcncy of the forcmg funcuon 

~ = Phasc Angle 

A plot of thc above equauon ts o;hown m thc figure bclow 
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F!l) 

Definilion or Input in STAAD ror the .\hove 
Forcine: Function 

Tlmelll 

As can be sccn from liS dcftnillon. a forcing fun~.:1ion is a 

conlinuous function. Howcvcr. in ST,\.\0 . .1 ~ct of th~crctc lime· 

force pairs IS gcncr:ucd from thc forc1ng function and ::~n analys1s 

•s preformcd using thco;c discrclc ltme·forctng pairo;. What th.lt 

mcans JS that hascd on thc numbcr of cyclcs 1ha1 1hc u~cr ~pccifics 

for thc loading, STA AO will gcner:Hc a uble constst1ng nf the 

m'agnlludc of thc force al vanous pornls of time. Thc trme v.Jiuc'i 

::~re cho'!lcn from thio; 11me 'O' lo n•tc 1n 'ilcp'il of ·sTEP· whcrc n is 

the numbcr of cyclc'!l J.nd te 1! thc duration of onc cyclc STEP is a 

va)uc thal 1hc uscr may prov1dc or may choosc !he dcfaull value 

thal is bull1 rn1o the prognm. Uscrs may rcfcr to o;.cciJOn S .li.J nf 

this manual for a lis! of inpul paramctcrs 1ha1 nccd 10 he spcctfied 

for a Time His1ory Analys1s on a o;1ruc1urc 'iUbJCCicd lo J. HJ.rmnni<.: 

loading. 

Thc rclallonship bctwccn variables thal appcar 1n the STA.\ O 

· 1npu1 and 1hc corrcsponding 1crms 1n 1hc equ.;uwn 'lohown abo veIS 

c .. plamcd bclow. 

F0 : AMPLITt;DE 

"' : FREQUENCY 

• : PHASE 

1.19 Member End Fórces 

'lO" 5.4/ 

Mcmber end jor-ccs and momcn1s in lhc mcmber rcsull from loads 

apphed lo 1he slruc¡urc. Thc'!lc forccs are 10 1he local member 

'l 

ll 1 

•• 11 

IIJ2 ;~ 

coordinatc systcm F1gure 

with 1he1r dirccttons 

l'· ., 

Section 1 SI 

.lS c¡hows the mcmber cnd actions 

" 

' 

1.19.1 Secondary Analysis 

5t'' lt'CII!HIJ 

).HJ.)J/. 

5 .12 ''"d 
5 .1] 

1.19.2 

s~~ uctlo"J 

5 40 tmd 

5.41 

SulutJon nf thc c¡tJffncss cqualmns yicld displaccm~ntr;; Jnd r:ce'il h 

1 thc JOIOI'i or cnd pmnls of !he mcmhcr STAAD 15 cqulppc wtt 

~he fol\owing c¡ccondary analysts capabil!tJcc¡ to obtaln rcsulls al 

tnlc:rmcdiatc points wilhin a mcmhcr. 

1) ,..cmhc:r (orces JI intcrmcdliiiC c;cct.lons 

!) ~cmbcr displaccmcnts al inlcrmc~I31C \CCIIons. 

J) Mcmbcr o¡trcsscs at spec1ficd scctlons 

.l) Force cnvclopcs. 

Thc following scclinns dcscnbc ¡he sccondary analy.'>l'i capahilitic'il 

in dc!a1l. 

Member Forces at lnterme~iate Sections 

Wilh thc SECTION command. the user may choos~ any 

d 1 'ccll
.on of a mcmber whcre forccs and momcnts nccd 

mtcrmc ta e b d . 
to be calculatcd. Thcsc rarees and mome.nu mayal so e use '" 

b The maximum number of 'ect10ns 
d · gn or the me m crs. 
s e:~Jficd m ay .nol c.tcced fivc, including onc atlhc '!llar! and one at 

,:e cnd ora mcmbcr. lf no intermcdiate sccltons are rcqueslcd. !he 
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program wlll ~.:onsidcr !he 'lart and cnd memhcr lorcco; fnr dc., 1gn 

Howcvcr. of !he ~cc11ons prov•dcd, thcy are thc only nnc\ 111 he 
conJ1dcrcd dcsign 

1.19.3 Member Displacements at lntermediate 
Sections 

5~t' H'CII011J '\ 

j 42 and Like forccs, displaccmcnts of •nlcrmcdiatc ~cclion:i of mcmhcr-. 

.5.JJ:! nn be pnntcd or ploltct.L Tt11s cnmmand may no1 he usct.J tnr nu~s 
or cable mcmbcrs. 

1.19.4 Member Stresses at Specified Sections 

Su 
ucti01u 
5. 40 cJnd 
5 JI 

Mcmhcr strcsscs c:~n be prmtcd al <ipcc•fied •nlcrmcdlatc '">Ccl1ons 

as wcll .u .11 •he sta.rt and cnd JOinls. Thcsc itrcHcs 1nduJc 

¡) 

b) 

<) 

dl 

e) 

Au:al stress. wh1ch is cah::ula1cd by divu.hng the aJ:I.tllorcc by 
!he cross sccllonal arca, 

Bcnding-y ~arcss. whu.:h is cakulatcd by J¡vu..lm1 1hc inomcnt 

an local-y dntcllon by thc sccuon modulus '" 1hc \ame 
dirccuon, 

Bcndmg-1. urcu. which is thc samc as abo11c cucpt tn lnt.:.JI·l 
darcct•on. 

Shcar strcsses lin y and l dirct.:ttuns). an..J 

Combincd stress, whtt.:h ts the su m uf iU.t.tl. bcndtng-y .1nd 
bcnding-z SlrCSSeS. 

Allthe strcsses are calculatcd as thc absolutc 11aluc. 

1.19.5 Force Envelopes 

4] 

Force cnvclopes oC thc mcmbu Corees FX (all.tl Coree). FY (Shcar­

y), and MZ (momcnt around localL-a:~~ts. i.c. strong uisl can be 

printcd for any numbcr o( intcrmcdiate sections. Thc force values 

includc muamum and mtnimum numbers rcprcscnttng maumum 

posutvc and muimum ncgative valucs. The following is tbe sign 

convcntion Cor thc muimum and mtntmum valucs: 

E Cl 

•. ~1 

•. ;1 < 

-

Scctmn 1 

FX A pnc;1t 1vc valuc ts comprcsc;ton. and ncgattvc Lcnston 

FY A poc;itivc valuc is shcar m thc posltlve y-dm:ctton. and 

ncgattvc 1n thc ncgattvc y-dircction. 

FZ Samc J.S :atni'IC. c:.;t.:cpt in local t-dircctwn. 

~l ,\ pn'itii'IC momcnt will mean a momcnt causing tcnsion at thc 

top of the mcmbcr Converse! y . .1 ncgauvc momcDI w¡ll cause 

teDSIUD at thc bono m of thc mcmber. Thc top of J mcmbcr ts 

dclincd u thc stdc tow:nds posit1ve local y·UI\ 

~y S.amc .u abowc. c:.;ccpt ahout lo~.: al l HIS. 

1.20 Multiple Analyses 

5 1 ·' 

Structural analysts/dcstgD may rcqu1rc multtplc aDalyscs 10 thc 

'iamc run. ST.\,\0 Jlluw\ the uscr to changc mpul <;uch ao; mcmbcr 

properties. \upport (;OndiiiODS ctt.:. tn an IDput file to fa(;tliutc 

muluplc JDalyscs tD thc ~ame run. Results from ..J¡ffcrcDt analysc\ 

may be comhmed ror dc5ign purpo5C\. 

For ~uucture5 wtth hrac1Dg. 11 may he ncccs-.ary to makc ccrta1n 

membcr\ in:tctivc for J particular load case .JDd suhsequcntly 

activate them for aDnthcr. ST,\,\0 prov1des an 1~:\CTIVE faciltty 

for thu typc of analysts The IN ACTIVE oplloD is ..Jiscuucd ID 

detatl in the following paragr:tph. 

Jnactive Members 

With thc IN ACTIVE command. mcmbcrs can he madc •nac11vc 

Thcse iDactive memhcn will not be COfsidercd in thc stiffDess 

analysu or in any printout. The membcn made •nacttve by the 

INACTIVE commaDd are made active again with the CH,\NGE 

commaDd. Thu can be useCul in an aDalysis whcrc lcnsion-oDiy 

bracing is dcsircd. SO ¡ SCI or mcmben shouJd be inactlwC for 

certain load cuu. This can be accomplishcd by. 

a) making thc dcsucd mcmhen inacu..,c; 
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h) prov•ding thc relevan! load cases lor whlch the membcrs are 

inactivc; 

e) pcrform•ng thc analysis; 

t.l) usmg the CHANGE cnmmand to m.lkc allthc mactP'e 

memhcrs active: 

e) and m.lkmg thc nthcr <;el of mcmhcr'i •naCIIVC Jnd prnv•dmg 

the propcr load casco; for whu.:h thc mcmbcro; are mcant to he 

lnactlve. pcrformmg thc analyo;¡~s and rcpcanng thc proccdurc 

3s ncccssary 

1.21 SteeUConcreteiTimber Design 

s,., Jf'Cifmu 

!. J and -1 

Ettensive Je,.•gn c::~pahilit•cs ue av:.ul.¡hlc •• cT \\0 1 - 1 , ' ' ur ,Jcc 
concrete Jnd tlmhcr sccunns OctJIIcd mfurmat•nn tlO stccl . 

t;oncrete 3nd llmhcr dc.,•gn is prescntcd 10 ScCIJOns :!. J 30~ .J 

rcspeCIIVe)y 

1.22 Footing Design 

ltCIIOn 5.52 

A footing dcs_ig_ n faclluy capablc of dco;igning f tndt,·•dual fuo1 1ngs 

.or user spcc•f•ed su~porlls) is avallahlc. All .lt:llvc load '"'es Jrc 

~.;heded .1nd des1gn 1s e f d r p r ormc nr thc suppon rcactwnht -..h,ch 

rcqu•rcs thc max•mum fout•ng silc Paramctcrs .~re Jvallahlc to 

t:ontrol thc des¡gn. Output •ncludcs fonting dimcn\iuno; .lnd 

rcmforcemcnt dctaal_s. Dnwcl bars and dcvclnpmcnt lcngths are 

also cal~ulatcd and mcludcd in thc dcsign out pul. Dcta•lcd 

dcscnpuon and command spccificationtsl for fnotmg dcs•gn IS 

avoulable in scclion 55~ of this manual. 

.23 Printing Facilities 

AIJ input ~ala and out pul m ay be prmled using PRINT commands 

avallablc m STA A D. The inpul is normal! y echocd back tn the 

output. Th~s is i~porrant from a documentation pomt of view 

However. tf rcquared, the echo can be 'lwitched off 

( 

• J 

.~· 

Scctmn 1 s:; 

E~tcnsivc ltsling facilittcs are provtdcd in almost all PRINT 
commands 10 allow thc uscr tu c;c\cct JOints or mcmbcrs (clemcnls) 

for which values are rcquircd. 

1.24 Plotting Facilities 

5 ~9. and 

5 -J5 

Two typcs of plotling facilities are availablc tn STA.-\ D. Thc rirst 

type allows the uscr 10 vtcw structure gcometry. dcncctcd shapc . 

bcnding momcnt/shcar force diagrams. sHcss t:onlours ele. usmg 
thc Post Prot:cSslng module. Fur ccrtatn capabthuco; 1\tkc deflcctcd 

shape. bcndmg momcnt diagrams cte.) a PLOT file containing thc 

rclcvant mfo must first he ..:rcatcd through STA,\0. 

In additton to thc graph1cs t:apahtliucs of thc Post Proccssmg 

module. a wtdc r3ngc of PRINTER PLOT opttons are Jvail3blc in 

ST1\,\0 Thcsc capablllllC'i may be utili1.cd to gcncratc PRINTER 

PLOTS of structurc gcomctr)'. dcncctcd shapcs. hcndmg momcnt 

dtagrams etc as part of thc out pul. 

1.25 Miscellaneous Facilities 

tf'("/11"' 5.17 

Su 
uctlo" 5.15 

ST,\,\0 offcrs the fol\owmg m¡sccllancous fat:dittc'i ll}f prohlcm 

o;olution. 

Perform Rotation 
A (ter the gcnmetry has bccn spccificd. this command .:an be uscd 

to rotatc thc \lrUcturc ,.hapc thrnugh any desircd :1nglc 'ahoul any 

global ax1s Thc rotatcd configuratíon can be used for furthcr 

analysis and dcsign. 

Substitule 
Joanl 1nd member numbers may be redcfincd in STAAD through 
thc use or thc SUBSTITUTE command. Aher a ncw o;ct of numbcr~ 
are assigned. inpul and out pul values w1ll be ¡n accordance w11h 

thc ncw numbcring se heme. Thio; raclllly allow'i thc u~cr to "pcclfy 
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Gc~r.d lkscnption 

numbcnng ~chcmcs thar wlll rc\u/1 m ~1mple 1npu1 ~pcc¡ficat!on as 
well as easy lnlcrprclal!on of data. 

Calculation or Center or Gravity 

STA,\0 !S capablc of calt;ulallng !he ccn1cr nf grH·ily ol lhc 

slructurc Thc PRINT CG command may be ulilil'cd for 1h1~ 
purpo\C. 

Prinl Problem Slalislics 

Thc u ser may Jalee advanlagc or thío; racJiíly to rcvicw analyo;is 

rcla1cd characlcrisiJCS {sJJ.c or thc 'itlffncss matrit, 1..hsk '>lnragc 

reqUJrcmcnl cte.) uf thc problcm bcfnre ac1ually runnmg thc joh 

Thts op11on u espcc1ally usdul ror lhc C'>IJmalion uf s10ragc 

rcqu~rcmcnu bdorc runn1ng a largc prohlcm whu:h may rc4u1rc 
large amuuniS or storagc. 

Input :\lemory 

Th1s opuon may be uscd for prnblcms runnmg ,,n thc PC rcqumng 

a largc amounl or mcmury. lt should he rcmcmhcrcd 1ha1 th¡; U'>C ,,r 
thu op110n may rcsult m slow prngram cxccu11on. 

1.26 Post Processing Facilities 

s,, UC'IIO"J 

j_J4 a"d 

J.JJ 

All output rrom thc STr\AD run may he uJtli1cd fur runhcr 

proccss1ng cithcr by ochcr modules or cxlcrnal programs. File o; 

containing relevan! inrormation must be crcaled rhrough STA,\ O 

ror this purposc. The rollowmg optwns are ava!lablc. 

Save!Restore 

The savclrcstorc fcatures cnable 1hc user lo save all1he data and 

results assoc1atcd wuh a problem and reacliYalc (res¡orc) 1hc 

problem and resume processing al a later time. 

~ 

r"' 

•• il 

• )1 

• , • t:l 

• :.&:. 

American Steel Design 

Section , 

2.1 Design Operations 

STAAD conta1ns a hroad sct uf rac!l!l!es for desigmng struclural 

mcmhcrs as tndivtdual ..:umponcnts of an an.1lyLcd strucaure Thc 

mcmhcr dcsign facdiltcs prov1dc thc u ser w1th !he abJilty to carry 

oul a numhcr nf dilfcrcnl Jc~1gn opc:rations. Thcsc faciiii!C'i m ay 

he u sed o¡cJccllvcly 1n Jccordancc wtth thc rcqUJrcmcnts of !he 

design prnblem. Thc opcra(lons to pcrform a dcsign are· 

Spec 1ry thc mcmbcrs 3nd the load casc'i to he cons1dercd •n thc 

dcsign. 

Spcetfy whcrhcr Jo pcrform ende chet.:kmg or mcmbcr 

sclcCJion 

Spccify destgn parame1cr valucs, if difrercnt rrom 1he default 

values. 

These opcralions may be rcpearcd by !he uscr any numbcr or rime~ 

dcpcnding upon thc dc~tgn rcquírcmen';'· 

Srecl Dcsign may he pcrformed bascd on !he following códcs: 

AISC.ASD. ,\JSC.LRFD and AASHTO. A bncr dcscriptton or 

cach is presenred in !he following pages . 

Currcnlly STAAD supports !tecl dcsign of wif"' 

shapes. angle. double angle. channcl. double e 

•ge. S. M. HP 
1. beams wilh 
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cover plate. eompo"te be<~ms and ende cher.:ktng of prism<~ttc 
propcrues. 

2.2 Member Properties 

For spccific<~tion of memher prnpertie" nf 'landard r\mcneJ.n 'ilccl 
seciJOn<i. !he Slecl '>CCI!nn library'avallablc tn STA,\0 may he 

used Thc syntax fur spccifying thc na mes of h111h-tn ~Ice/ 'ihapco¡ 
is dcscribcd tn !he nc:tl scction 

2.2.1 Built • in Steel Section Library 

Thc following "cettons dcscnbc 'Pcctfic¡¡¡um of \ICe/ ~cc11nns 
from thc AISC (9th Ediuon. 19JtQ¡ Stccl TJ.h/cs 

· AISC Sleel Table 

Almost all AJSC stccl shapcs are av;ulablc for mpul Followtng are 

thc dcscripttons of all the 1ypcs of ~ccllons availablc· 

Wide Flanges !W shapesl 

All widc nangc scctHJns as ltstcd tn AISC/LRFD-89 are .IYatlahlc 

lhc way thcy are wrillcn. c.g WIOX.t9, W2/X50. etc. 

20 TO 30 TA ST W10X411 
33 36 TA ST W18X86 

C. MC. S. M. HP Shapes 

Thc above shapcs are availab/c as listcd in AISC {9th Ed11wn 1 

wilhout dcc1mal potnls. For uamplc, C8X 11.5 wi/1 be tnpul as 

· C8XIl and SI5X-.12.9 wtll be input as SI5X.tl. omultng thc 

decimal we1ghts. (Eiception: MC6X 151 for MC6X 1 S.l and 
MC6XISJ for MC6X15.J.) 

r 

., 
1, 

1o TO 20 BY 2 TA ST C15X40 
1 2 TA ST MC8X20 

Double Channels 

Sccuon 2 t, 

L k d Llc channcls W!lh or W!thout spacing hctwccn Rack 10 nac ouu • ·11 
1 Llc Thc lcllcr O in front ol thc sccuon namc wt them. are avat au - . 

~peciry 3 doublc channcl. 

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

Angles . 

. . ST \ \0 are diffcrent from thoo;c tn the Anglc ~pectftcatiOn'> tn ' 1 

AISC manual. Thc fnllowing cumple tllustratcs anglc 

"i pe e 1 fic atums 

L 4 

Angle symbol_j" 

10 times lenglh 
of one leg in inch 

6 = L 4 a 3-112 a 311 

LThickness in 1/161h 
mch 

~---10 times lenglh al 
other leg in inch 

Similarly. L505010 = L 5 '5' 5/8 ond L904016 = L 9 '4' 

Al rescnl, there are two ways to define thc local y and l·a:tc'i for 

p 1 . To makc the transition from the· A ISC Manual lo an an1 e sectlon. 
1 dala easy thc :uandard sccuon for an ang e ts thc program · ; 

spccificd: 

. 51 52 53 TA ST L403511 

1 ( .e the minor ;u:u) . ~ · has thc loca t-u.1s l. ·· Thts spCCIIICallon bl !11 
d . 1 the Z-Z aiis specificd m thc stc:clta u., any conespon tng o 
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~ng~nc~rs ar~ familiar Wllh J convcn!ll)n U'icd hy 1iomc olhcr 

program~ 10 whteh !he lucJI y-.ui<; ts thc mtnor ax1~ STAAD 
providc1i for 1h1~ convcnlion by acccpllng !he cnmmand· 

54 55 56 TA RA L4035& 
(AA denotes reversa angla) 

Double A ngles 

Short leg hack lo had tJr long lcg hat:k In bat:k dnuhlc Jngle~ can 

he spectficd hy Jnpulltng !he word SO orLO. rcspeCIIvcly, 10 fronl 

of !he Jnglc Sltc. In case of an cqual anglc cnhcr LOor SO wlll 
serve lhc purposc. 

14 TO 20 TA LD l35304 SP 0.5 Long lag beck lo back 

l3·1/2x3xJI4 with 0.5 
space 

23 27 TASO LI04012 
Short lag beck lo back 
l9x4x3/4 

Tccs are no1 input by lhcir 3ctual namcs. as lhey are lt<;lcd '" 1hc 

AISC manual, bu1 inslcad by dcs1gnaung thc be;~ m ,hapcs 1 W Jnd 
S) from wh1ch thcy are e u¡_ For cumple, 

12 SITA T W8X24 lee aJt from W8X24 wlliCh is WT4ll12 

Two typcs of 1ipccificalions can be used for pipe 'iec11ons. lo 

general pipes may be input hy 1hc1r outcr and inncr d1amc1ers For 
cumple, 

1 TO 1 TA ST PIPE OD 2.0 ID 1.875 .. 1 
will me~n a pipe -··: 
with 0.~ ol 2.0 · ,,~¡¡ ~- . ·!1 . ~-' .... f-:·,. _. l -. , . and l. D. ol 1.875 In~ 

'curront i pu~ u ni la: t!! 

~ 

:t::' 
il- 1 
;1 1 

:·· 1 

:1: 1 
. 1: .. 

::-= /1 

11 !1 

1~ il 
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Pipe SCCIIOOS ISIC . 1' d in !he AISC manual can be speciried as 

follows. 

5 TO 10 TA ST PIPX20 

PIP X 20 denotes exlra strong pipe ol 2 
in.dia 

' •. 1 JL"'"·'"'"'"" Pipe aymbo specily onty portian befare 
decimal poml 

Strength spe E 1 trong 0 = Doubla extra-strong) (S • Standard. X = x ra-s ' 

h AI SC tableo;. C:IR he o;.pccificd as follows Tubcs from 1 e 

UBE DT 1 O WT 6.0 TH 0.5 
~s ! ~ub~Tth:l has a hei~hl ol 8, a. width of. 6, anda wall 
fhickness of 0.5. 

formcd on luhcs spccsficd in !he 
Mcmber Sclcction cannho 1 bke' pcr an be •pcrformcd on these 
lattcr way Only code e ce tng e 
sections. 

Welded Plate Girden 

h A.ISC manual m:tv be spectricd ;¡o; Wcldcd platc girder~ from 1 e , 

follows. 
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B 61 

B.UIII-up seclion symboiJ 

Nominal Oepth in inches 

Eumplc. 

201 1 

Th1ckness o; llange in 
inches X 101 (Only use 
part10n befare dec1mal 

\ po1nl) 

Nominal llange Width 
(inches) 

1 TOJO fASTB61~017 
15 lbTA ST B6e:!:!IO 

2.3 Allowables per AISC Code 

For stecl dcsign, STA AO comparc5 thc Jctual strc!.scs with thc 
J.!lowablc strcsscs as dcfincd by 1hc Amcnc;,.n lnsututc 0 ( Stcc\ 
Construction (AISC) Codc. Thc ninth cdition of thc AJSC Clldc JS 
publ_uhcd in 1989, is uscd as thc l}as1s o( th1s dcs 1gn ¡c,~cpt lor. 
tcns10n stress). Bccausc of thc s1/c and ..:omple•ity of thc AISC 
codcs, ll_would nol be praclicalto de sen be c"cry 01spcct of 1hc 
stccl det~sn '" lhiS m01nual. Tnstcad. 3 brid dcscnption nf 'iomc ni 
thc maJar allowablc strc!I,C!Io are dcscnhcd hcrc 1n. 

2.3.1 Tension Stress 

Allowablc tcnsilc stress on thc nct scction 15 calculatcd as O 60 Fy. 

2 1.2 Shear Stress 

. ,, 

AJlowablc shcar stress on thc gross scction, 

For shcar oa thc wcb, thc gross scction is takca as the product or 
thc tolal d~pl~ and thc wcb thickness. Fur shcar on thc Oanges, thc 
gross sccuon IS takco as 2/3 times thc total Oangc arcas . 

: ... 

atl 

., il 

2.3.3 

Scction 2 \65 
Stress Due To Compression 

t\Jiowablc comprCSSI'-'C strCSS On thC grOSS SCCtiOn of axiaiJy 
loadcd comprcssion members is ~alculatcd based on the formula E­

l in the AISC Codc, when the largest cffcctlvc slendcrncss ratio 
1 Kl/r) is !css than C,. lf Kl/r cxcccds Ce. allowablc comprcssavc 

·;trcss •~ Jccrcascd as pcr formula 1 E2-2 of the Codc. 

2.3.4 Bending Stress 

,\Jiowablc bcnding stress for tcnswn J.nd comprcssion for a 
.¡ymmcn•cal tncmbcr luadcd 10 thc planc uf tts minur :xis, as givcn 

m Sccuun 1 5.1 ~ i~: 

1f mcctmg thc rcquircmcnts of tht~ 'iCCtlon of: 

al hr l~t( tslcss than or cqual to h5J¡t 

hl hrflt IS lcss than or cqualto lllO/¡t 
el Jlt •s \css than or cqualto 6.atl( 1-3 7~(f 1 IF~))/Jf whcn (fa /F 1 ) 

<0 \6,orthan !57/.[l ¡f(f1 /Fyl >0 16 
d) Thc latcrally unsuppurtcd lcngth shall Ollt c•cccd 76.0hr1F~ 

(c•ccpt for p1pcs ur tu hes). nnr 20.000/(df~ lAr) 
e) Thc ~..hamctcr·thtckncss ratiO of p•pcs shall not c•cccd 3JOOJF7 

lf for thesc symmemcal mcmbcrs. hr /2tr ucccds 651.[1, bul is less 

1han 95/f", F0 =F,(0.79-0 002(br /2t 1) F> 

For other symmctrical mcmbers wh~eh ~o not mcct thc abo ve, Fb is 

calculatcd as ah e largcr value computcd as pcr AISC formulas f 1-6 
or Fl-7and Fl-8 as applicablc. hut not more than 0.60FY An 

unsttrfcncd membcr subJCCI to axial comprcssion or compreuion 
duc to bcnd10g is constdcrcd fully cfrectivc whcn the wldth­

th•ckncss raiio IS not grcatcr than thc follow10g: 
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76.0/fl. for single angles or Jouhle anglcs w1th separaturs 
95 OtF. for doublc anglcs 10 c.:ontac.:t. . 
127/.[1, for stem~ uf te es. 

When thc ac.:tual width-thu;k.ness rJtlu cxcccJs thcsc valucs. thc 

allowable Slrcss IS govcrncd by 85 nf thc AISC colic 

Tenston and comprcs~I(Jn lor thc d¡¡uhly symmctru.: (1 & 10 
sccttons wlth br /2tr lc~s than 65/.jl .. md bcnt abnut the 1r minor 

~XI S, Fb = 0.75FY lf b1 12tr cxcecds 65/.[1, hut 1s lcss than IJ5tF. 
1·, o F,il 075.1) IJOSib¡/,, 1¡¡>¡ 

for tubes. ~cct1ng thc ~uhparagraph~ b .1nd..: ot thu Scc.:uun. hcnt 
about thc mtnur ax1s F - ll ... #o.F ¡· ¡· h 

· b- "u ~· JI 1ng 1 e )uhparagraph~ h .1nd 
..: but a w•dth-th•ckncH rano lcss th.1n ~J'tJ/.jl. fb=ll.6F~ 

Combined Compression and Bending 

Mcmbeu subjcctcd to hoth ax1al comprcsston .1nd hcnd 1ng '>lrC'tsc~ 
~re proportioncd to sat¡sfy A ISC formula H J. 1 and H 1 . ~ whcn 
l./FJ1s greatcr than O 15. lllhcrw•sc formula HJ.J 1s uscd 11 

\hould be notcd that during cot.lp ..:hcclung or mcmbcr selecunn 
1
f 

fa1F1 ClCecds unuy, thc prograrh ducs nul ¡;omputc thc sccund l.nd 

thud part of thc formula H 1·1, beca use thls would rcsult m ..1 

m•slcadingly liberal rallo. Thc valuc Ul thc c.:ocffit:tCOI cm l'l IJkcn 

as 0.85 for stdcsway ant.l 0.6. 0.4 ~~ J/~2), but nut Jcss than o~ 
for no sidcsway. . 

•• 
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2.3.6 Singly Symmetric Sections 

For doublc anglcs and Tces whic.:h ha ve only onc ax1s or symm_etry, 

thc Kllr ratio about thc local Y· Y axis is dctcrmmed using thc 

clauscs .. pc.:Jfied on pagc 3-53 ul thc AISC Manual. 

2.3.7 Torsion per Publication T114 

Thc AISC 119 codc nf 'pcc•fications for s1ccl dcs1gn ..:urrcntly does 

nut ha ve any prov•sion!o o;;pccJfically mcant fur dcstgn uf sc..:IJOR'l 

lor Toro;;ion Howcvcr. AISC has publtshed a scparatc Jot:umcnt 

o.llcd ""Tnrsional Analys•s ol Stccl ~cmbcrs" whach prov1des 

gu¡Jclmco;; un tr:tnünrnnng hlnu>nal momcnts 1nto normal Slrcsscs 

.1nd ~hc:ar !otrcsscs wh1ch can thcn be mcorpnr:ucd 1nto thc 

mtcr.:u.:unn cquations cxplamcd 10 Chaptcr H of thc .\ISC K9 ende. 

Thc guidclincs of thc publicJtion ha ve now bccn incorpuratcd mto 

thc ,\JSC·89 stccl dcs1gn modules of STAAD. 

Tu ..:nns1dcr strcsscs tluc to tors10n tn thc codc chcckmg or mcmbcr 

.. clccllnn proccdurc. spccify thc paramctcr TORSION wuh a valuc 

,,( 1 O. Scc Tablc 2.1 fur more Jc&:uls 

:\lethodology 

lf the uscr wcre to rcquest design for tors10n. thc tors1onal 

properucs rcqutrcd for calculattng the warpmg nonnal strcsscs, 

warpmg shcar uresses and pure shcar strcsscs are firsl detcrmincd. 

These dcpcnd of the "boundary" condittons that prevall at lhc cnds 

o( 1he mcmber. Thcsc boundary condltlons are dcfincd as "Free". 

"Pinned" or "Fixcd" Thcy are explaancd beluw: 

free : "Free" rcprcsents thc boundary i:-ondition such .u thal which 

cxists at thc free end of a cantilcver bcam. 11 mcans that thcre is no 

othcr mcmbcr cunnc~.:tcd to thc he .1m at that putnl. 

Plnord: "Pinned'' represen u the condition that corrcsponds to 

cithcr a pmncd support dcfined atthc jomt through thc Support 
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.tmand ora relea se uf any of thc momcnts .ll thc JOtnt through a 
Mcmbcr Rt:lcase spccif•cat¡on. 

Fiud: ·'fillcd" reprcscnts the contluu,n whcrc a fucd suppnn 

c~ists at thc joinl. In thc absence of a support at that jomt. 1¡ 

rcprc:sents a conditiun whc:rc a ngtd trame connccuon Cll.l~ts 

bctween thc gtvcn mcmbc:r and at tcast onc nthc:r mcmbcr 

connc:ctc:d 10 that jo1n1. Al so, no mcmbc:r relcascs ~hould be 
prc:sent atthat jom1 on thc gt~en mcmbc:r. 

Aft~r thc boundary conditiuns are dctcrm 1ncd. thc normal .md 
shcar sncucs are dcterm•ncc.l. Thc gu•dchnc:s )pcc 1ficd m thc 

publicat10n Tll4 for cunccntratc:d tors~anal moments acting Jlthc 
cnds of thc member •re u~cd to determine thcse nrcncs. 

Thc normal 'tresses .uc .added to thc axial strc:sscs causcd by Hial 
load. Tbesc are then substllutc:d tnto thc intcract 10n ~qua 1111 n~ 1

n 

Chaptcr H of the AISC !i'J ..:odc for dctcrmtnmg thc ra1 1o. rhc 
planc shc:ar anll warp1ng ~hcar SlrCHcs .are .addcd to thc shc:u 

Urcsscs e:. uses lly actual shcar forccs .and ¡;o m pared ¡g31 n\t thc 
allowablc: )hca.r slreucs an the crou se..:tton. 

Restriclions 

Th1s fa¡;lfuy ts currc:ntly av.a¡Jablc lnr W1tJc Flangc \hapcs 1 W .. \1 &. 

S). Channcls. Tce shapc\, Ptpcs and Tu bes flts not availabh: lnr 

Single Anglcs. Doublc: Anglcs. mcmbers wuh the PRISMA fiC 

propcrly specific:uion. Composite sccuans (W1de Flangcs wuh 

concrete slabs or platcs on top), or Double Channcls. Al so. thc 

suesses are calculaled bascd on thc rules for conccntratctJ 

tonional momcn1s aeung atthc ends of the member. 

-

1 11 
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2.3.8 Design of Web Tapered Sections 

Appendix F of AISC·89 provides specificouions for dc~1gn of Wcb­

Tapcrcd membcrs. Thcse spectfieations ha ve bccn mcorporated 

tnlo STA AO to pcrform code chcck.1ng on wcb tapcrcd w1dc nange 

.. hapcs Picase note that mcmbcr selcctJon ~annot be pcrformcd on 

wcb·tapcrcd mcmbers. 

2.4 Design Parameters 

)u r<Jbl, 

: 1 unJ 

~ .. , """ 
.' r: 1 

Thc prosram con1a1ns a largc numbcr of paramctcr namcs whieh 
are nccdcd to pcrform dcsisning ami codc ~hcclung. Thcsc 

paramcacr nlmcs. wuh Jhc¡r dciJuh valucs . .are ltsted IR Tablc 2.1 

Thesc para meten communiCate tJestgn dccis&ons from the cngmc:cr 

10 thc pro"rJm . 

fhc JcfJuil par:tmc:tcr values ho111c: hccn \clt:ctetl such 1hat thcy are 

trequcntly used numhcrs for convcntlonal dcs•gn. Dcpending on 

1hc: parucular dcs•gn rcqu&rcmcnts of .tn analys1s. so me or all of 

thesc parametcr values may ha veto be ch:angcd to cuctly modcl 

thc pll~SL..::~I \lfucturc. For cumple. by dcl.1ultthc KZ lk value tn 

lu¡;al /·.1\ISI nlue ol a mcmhcr 1s sc1 to 1 O. whtle IR thc real 

.. tructurc 11 ma.y be 1.5. In thal case. the KZ valuc tn the program 

¡;an be ~:hangcd 10 1.5. as shown in thc input tnstructions tSccuon 

6). Sim1larly. thc TRACK ~aluc of a mcmber is sct to 0.0. which 

mcans no allowable slrcsses of the membcr will be pnntcd. lf the 

allowable stresscs are to be prinlcd. lhc TRACK valuc musl be set 

ID 1.0. 

Note thal paramctcr namcs PROFILE. DMAX and O MIN are only 

used for mc:mber sclecuon. 
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2.5 Code Checking 

_., .. ,. ~i .. nw, 

6-Jl]a,J 

E HJtnpl~·l 

The purpuse of codc ~.:hccking ts lo L'hed whcthcr !he prov~tkd 
secllon proper11es of the memhers are :u.Jequ.:uc. The adc

4
u:u.:y 1 ~ 

!.:heded as pcr AISC-l"'9 Code chedung 1s Jone using thc fnrcc~ 
and momerus at spccificd sect•ons ttf thc mcmhcr

1 
¡¡· n 

· u 'Cl:ILons 
are Jpec¡f¡cd. !he prngram uses thc Hart and ..:nrJ for..:es lur ..:odc 
chc:dmg 

When eode chccking is \Ciectcd. the program ..:ah:ulate~ anJ prants 
wh~thcr thc mcmbers ha ve passcd lhc codc or ha ve faded. thc 
Cfllt~al conduaon of lhe AISC code Cllke :any of thc r\ISC 

spectfic;IIIORS Uf ~.:nmprcsswn, ICRSIOR, ~hear. Ch.:.); lhC Y.l)uc of 

thc rauo of lhc crittcal ..:ondiliun (ovcrslressed for a value more 

Iban 1.0 or any othcr Jpccified RATIO valuc): the govcrn~ng load 
case. :a~d !he locatwn tJ¡stance from the start of the membcr) uf 
forccs •n the member whcre !he cntacal conditum occurs 

Codc checlung can be done with any typc of necl sccllon ~~~lcJ m 
Sccuon 2 2 of this manuJI 

2.6 Member Selection 

l< irctlcm 

17.1 

-
!: 

•, l
. 

STAAD is capable of pcrfurming dcs¡gn oper:uwns on spe..:¡ficJ 
mcmbcn. Once an anal y su has bcen performcd. thc program ..:an 
sclcc11he mos1 economtcal scc11on. i.e. the lighlcst sccuon. wh¡ch 
fulfi_lls lhe codc rcquircmcnls for lhe spccificd member. Thc 
secuon sclccrcd wdl be of lhc samc lype scclion as ongiRally 

dcs•gna1cd for the mcmber bc1ng dcsigned. A widc naagc wlll be 
scl~clcd to replace a Wldc nangc, etc . Sc\lcral paramctcrs are 
avaalablc lo guldc thu sclection 1( lhe PROFILE . · para.mclcr 15 
prov•dcd. lhe scarch for lhe lighlcsl sccllon is restnclcd lO thal 

pro file. Up to thrcc (3) profilcs may be provtded fur any mcmbcr 

wuh a sccuon bcmg selectcd from cach onc. Membcr sclccrion can 
~Jso be conslrained by 1he paramctcrs DMAX and DMIN wh•ch 

hmu thc muimum and minimum dcpth of !he membcrs. Note tha1 

• 11 
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tf 1he PROFILE paramc1cr IS prov1dcd fnr spccit:ied mcmbers, 
DMAX or DMlN parametcrs wall be ignored hy lhc program in 
'\clccung thcse mcmbcr~. 

~lcmbcr sclcc110n can be performed with all thc typ.cs of slcel 
-;ccuon~ lisacd 1n Scction 2.2 of 1his manual. Note 1ha1 for beams 
w11h cuvcr plates. the SllCS of thc e o ver pl.ue are kcpt constan! 
whdc thc bcam scction 1S Hcratctl. 

Sdcct1on uf membcrs. whose propenics are orig10ally input from a 
uscr ..:reated tablc. will he limucd to scc110ns 1n the user table. 

\1cmbcr sclcc11on can not be pcrformed on mcmbcrs whosc scclion 

propcr!ICS are Input as prtsmauc. 

2.6.1 Member Selection by Optimization 

s ...... S.-ctlo" 

5 4 7 J 

Stcel tablc properucs o( an enurc structurc can be opumued by 
ST.\AD. fh1s opttmllallon mcthod involvcs a \la\c-of-thc-art 
tcchntquc whu;h requ1rcs autom;uic muluplc anal y ses. Thc user 

...:J.n ~tarL with no prupcmcs for !he mcmbcrs bul prov1de thc type 
oi prolilc·1pcc rhcy ha•c (c.g. BEAM. COLUMN. CHA~NEL, 
\:"l'GLE etc. Rcfcr to Sc~:llon ~.7 5). Thc Slle~ uf lhe members are 
upumucd by the \llffnc..s thcy are contnbuting and thc amount of 
tuads thcy are rc~:civing Bascd un this. a balanccd SJLC as sclee1cd 
lar each mcmber. Thts mcthod rcqutrcs cuensivc computcr time 
J.nJ hence shuuld be uscd wuh cautaon. 

2.6.2 Deflection Check With Steel Design 

Thu racility allows the uscr lo consider deflcclion as a critcria m 

rhc CODE CHECK and ~EMBER SELECTION processes. Thc 

Jeflccuon check may be controlled usi~g thrcc paramcters whtch 

are descnbed ín Tablc 2 l. Note that deOcction is U\Cd in addi11on 

tu uthcr nrength and stab1l11y rc:lated erllena. The local dcOection 
calculation IS based on the latcSI anal y su rcsults. 
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2. 7 Truss Members 

As mentiunc:d carlicr . ..1 nuss membcr 1S capablc ol carry1ng unly 

aJllal forces. So 1n dC\ign no u me 1S wasted calcubung thc 

allowable bending or ~hcar sucsses,_ thus rcduc1ng Jc~1gn u me 

· cons¡derably Thcrdorc, if thcre is any truss mcmbcr m .Jn 

analys1s thkc bracmg ur '>HUI, etc J, tiiS w1sc 10 declare 11 ü ..1 

truss mcmhcr rathcr than JS J rcguiJr trame mcmhcr wnh hnth 

cnds pmned. 

?.8 Unsymmetric Sections 

For unsymmetnc sccuuns (likc anglc. doublc anglc and te e 1. 

STAAD cunsiders thc .. mallcr sccuon modulus for ..:heckmg 

agamst bcndmg For sorne cases. 1h1s approach may produce 

shghtly conscrvauve rcsults. 

Appcndi1 C of the AISC code has bccn implcmcntcd for Hrcss 

rcduction of unstiffened cnmpression dcmenu. In .1ddiunn. thc 

AISC spccificauon for SINGLE A~GLE ..Jcs1gn has h..::cn !ull:-o 

implementcd tncluding latcraltonwnal buckhng ctfc~.:t~ 

. .Jble 2.1 • AJSC Parameters 

1 remeter Default Descripticn 
~.-me Value 
KV 1 o K value '" local y·BJUS. UsuaUy, ttus IS 

mtnor ilXIS. 

~ 1.0 K vaJue in local Z·uia. UsuaUy, dlls LS 
majotaJOS. 

!.:' Member Lenglh Lenglh 10 local y-BliiO lO calculall! 
sJendemess rabo. 

~ Member Longth Same as aboYa exceplm Z·&XIS (majar). 

-

1 
1 • ... 1 

llf3l 
Table 2.1 

Para meter 

-r- N ame 

FYLD 

NSF 

UNT 

UNB ., 
1 

JI 

•1 11 CB 

SSY 

~ 

CMY 

CMZ 

MAl N .: 1 
~FF 

PUNCH 

TAACK 

t DMAX 

QM!N 

RATIO 
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• AJSC Parameters Ccnt 

Default Descripticn 
Value 

36 KSI Y1ek:l strength ot steel1n current unrts. 

1 o Net section factor lor tens1on members. 

Member Length Unsupported length of the top flange for 
caJcutaung allowante bend•ng compr&SSive 
stress. Will be used only •f ftexural 
compress•on IS on the top ftange. 

Member length Unsupported ler~gth of the bonom flange 
tor caiculabng allowable bendnlg 
compress•ve stress. Wlll be usad only lf 
llexural compress~on 1S on lhe bonom 
ftange 

1 o Cb value as used 1n sectJon 1 S of AJSC. 
O O ~ Cb value 10 lle caiculated. Arty Olher 
V8Jue Wlil mean the value to be used in 
des¡gn. 

00 o o ~ S1desway 1n local y-8Ais-
1 0 =No Stdesway 

00 Sama as above except •n loc:U z-axas. 

O 85 tor Sldesway" Cm value in local v & z axes 
ar"d cak:ulaled 
lar no s•desway 

00 0.0 =check lor !Uendemess 
1 O ~ suppress stendemess Check 

Member length Spaong of strffer~ers tor plata g1rder (Jes¡gn 

See sect. 2.10 Pammeter lar punchmg shear 

0.0 0.0 = Suppress crrtJcal member stresses 
1.0 = Pnnt all crrtx:aJ member stresses 
2.0 = Pnnt expanded outpu1 

(see F.gul1!2. 1) 

45 in. Maxlmum atiOwable deprh. 

0.0 '"· Mlmmum aflowa.ble depth. 

1 o Perm1SS1bCe rato ot the actuaJ to allowable 
strosses. 
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Table 2.1 - AISC Parameters Con! 

Parameter 
N ame 

\'tf!,D 

BEAM 

WMIN 

WSTR 

Qff 

M 

~ 

!.QBSION 

. APEA 

Oefault 
Val u e 

1 for closed sec11ons 
2 lar open sec110ns 

00 

1/16 1nd'l 

04xFYLD 

None 
(Mandatory lar Geflectlon 

check) 

Start Jo•nt 
of member 

EncJ Jomt ol memoor 

00 

1.0 

Description 

Wetd type, as expla•ned in sect10n 2. 11. A 
va.lue of 1 wlll mean weldmg 15 on ene s•de 
onty exceptlor Wlde·tlange or lee secttons 
where1he web 1S atways assumed 10 be ' 
welded on both sldes. A value ol 2 w 111 
mean weld.ng on both s1deS For closed 
secnons hke ptpe or tuba, lhe weldtng wdl 
be on one SK1e onty. 

O O = des•gn onry tor end momenlS or !hose 
at locabons spec1hed by the 
SECTION command 

1 O ::: calculate moments at twetfth pomts 
atong the beam. and use rhe 
ma.1umum. Mz rocatlln lar des•gn. 

M•n•mum weld•ng th1ckness. 

AUowable wreld1ng S1ress. 

"Oeftecuon Length" 1 Maxm ailowable local 
deHecnon 

Jotnt No denobng start1ng po¡nf tor 
cak:ulabon of "Detlecbon Length' ISee 
Note 1) 

Jotnt No. denonng end poent lar calculatJon 
of ·oellect1on Length· {See Note 1 1 

O O = No loi'SIOn check performed. 
1 O = Perfonn tofSIOn check based 00 

rules ot AISC Tt 14 . 

O. O = Design lapered l·secllon basad on 
rules al Chapter F and Appendrx B 
only Do not use tl'le rutes of 
Appendlx F. 

1.0: Oes•gn tapated 1-secbOns based on 

• In the case of no !ldesway, whicll mc:lns th rule.s o1 Appendtx F ol AISC·89. 
m nlue is computed based on the form 1 . Se m~mbcl r •s rcstrllncd al both ends. the 

0 a m ecuon .6.1 of the AISC code. 

• J 
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NOTE: 
1) ROcOcction Lcngth" 1s definc:d 3S 1hc lcngth 1h.1t 1s u sed for 

c;~lcu\atlon of local dcOections wnhm a mcmbcr. ll may be 
notcd that for most cases thc "Detlecuon Lcngth~ wlll be equal 
to the length uf thc member. Howevcr, in sorne situauons. the 

"OcOc:ctaon Lcngth~ may be drffercnt. For cumple, rcfer to 
thc figure bc:low whcrc a bcam has bccn modcled usmg four 
jotnts and thrcc: mcmbcrs Note that thc: "Oc:Occuon Lcngth~ 
for all thrcc: mcmbcrs will be cqualto thc totlilcngth of thc 

bc:am 10 thls ~..:ase. Thc paramctcrs DJ 1 and DJ2 should be used 
to modclth1s situauon. Also thc stra1ghtlinc JOining OJI and 
DJ ~ IS u sed as thc rcfcrcncc hnc from which local JcOecuons 

:.1rc mcasurcd. fhus, for all thrcc mcmbcrs hcrc. DJ 1 should be 

~1·• and Dl~ should be "4". 

. rrn. 1 . 

O ~ M;u1mum local denectK>n lor members 
12andJ 

EXAMPLE: PARAMETERS 
OFF 300. ALL 

DJI 1 ALL 

DJ2 ~ ALL 

:!) lf DJ 1 .:~nd 012 are not u sed. ·'Oellccdon Length'' will dcfault 
10 thc: mc:mbcr Jcngth .:~nd local JcOcctions wdl be mc:asurcd 

from ougmal mcmbc:r hnc. 
)) lt 1s •mportantto note that unlcss a Off value lS ~pcc1ficd. 

STAAD will nut perform a d.cOectton check.. Th1s 1S m 
J.ccordancc wtth thc fa~.:t that thcre IS no dcfault value for OFF 

lscc: Tablc 2.1 ). 
.t) A cnucal diffcrence e~ists betwcc:n thc paramcter'UNL and 

thc pa.rametcrs l Y &. LZ. UNL represents thc latcrally 

unsupported lcngth of thc comprcss1on nangc. lt is defined in 

Chaptcr F. pagc 5-47 of thc spcc¡ficallons in thc AISC 1989 
ASO manual as thc dislancc betltecn ~ross sect10ns braccd 

against twisl or lateral displaccmeat o( the compress1on 
thngc:. UNL is usc:d lo cale u late thc allowablc camprcssive 

nrcss tFCZ and FCY) for bchavior u a beam. LY and LZ on 

the othcr hand are thc unbraccd leogths for bchav1or a.s a 
~olumn and are used to c.:~Jculate thc KUr ratios and the 

allowable ax1al compressive stress FA. 
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SSY and CMY are 2 paramc1ers whu.:h J.rc bascd upnn 2 valucs 

defincd in pagc 5-55. Chap1cr H ol ¡he AISC 9¡h cd. manual. 

SSY ts a variable whtch allows lhc u ser 10 Jefme wht:lhcr or 

no1 !he mcmber ts .. ubJCCt lo stdcsway tn the /u¡;aJ Y Jtrcc¡ion. 

CMY is a vanabk u~cd lor dcfin1ng !he c~prc~ilon cJIIcd Cm 

in 1hc AISC manuJI. Whcn SSY 1S sc1 toO (whtch is thc 

dcfauh valuc). 11 mcans 1ha1 !he mcmbcr t!!. subJCCt to ,.,¡Jcsway 

1n !he local Y lltrcclion. Whcn 'SS Y tS sct tu 1 O, 11 mcans th'-11 

1hc mcmbcr t5 nol .. uhjecl lo ,.,dcsway tn thc locoal Y dtrccuon. 

Thc only dfcct 1ha1 SSY ha!!. tS 1hat 11 ¡;ausc!-t !he program to 

. calcula¡c thc appropnatc valuc ofCMY lf SSY t5 'eltn n and 
· C:WY ts nol provii.Jcd. STAAD wtll caku!J.tc C~Y :un M5. lf 

SSY is se1 10 1 .¡nd C~Y IS nol provitlctl. STAAD wtll 
calcula¡c CMY from thc cquauon on pagc 5-55. Howcvcr. tf 

thc uscr provtdcs CMY, 1he program wtll use thal v.:~luc .tnd 

not ..:alculatc CMY .u JJI, rcgardless of whal lhc uscr define-. 

SSY lo be. 

~.9 Plate Girders 

\.. 
·,1 

Pl:uc gtrdcrs may be dcsigncd according lo Chap1cr G of !he ,\JSC 
'pc~ifica1ions. The gencraliLed JSECTION ~pectficalinn ¡;apabdity 

available in 1he U ser Tahlc factluy may be u sed 10 spcctfy thc 

platc girdcr seclions. Thc r\JSC weldcd plale girdcr shapeslpages 

2-230 and 2-231- AISC 91h EtliiJOR) are avatlablc 10 1hc S!ccl 

Sccuon librar y of lhc program. Boch CODE CHECKISG &. 

MEMBER SELECTJON may be pcrformcd whcn scc1ions are 

spccificd from a Slandard AISC place girder sccuon tablc or 

through 1hc gencralued ISECTION facilily. Paramclcr STIFF (scc 

Table 2.1) may be u sed 10 spccify s11ffcncr spac1ng so lhal 1hc 

right allowable shear s1rcss may be calculatc:d. Thc program 

automatically calculatcs ahc nange sucsses according lo 1hc 

rcquircmcats of scclion G2. 

-

l :1 
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Punching Shear Check 

h 
shear may be e heded according ID 

F b lar mcmbcrs pune ¡ng . p 
·or IU u ' (API) spcctficauons. aramctcr 

Pctroleum tnsu1ute . 
¡he Amcncan ·r bcrs for which punchtng 
PUNCH may be uscd to idcnll y me~er should al so be uscd to 

k quircd Thts paramc 
'ihcar chcc IS re . Rcfcr to \he following tablc for 
spcc\fy Jlltnl typc and gcomctry, 
!he valuc of paramcter to Table _.l. 

Typc of Juint 

and Gcomctr'í 

K ( ovcrlapl 
K ¡gapl 

T&Y 

CROSS (wldiaphragms) 

CROSS e w/o dtaphragms 1 

Rcq. VJ.Iuc of 
Parameter PU~CH 

1 o 
1 o 
J o 
•. o 
; o 
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2.11 

Note: 
1) A value rcprcscnt10g JOIRI typc & gcomctry must he 

provldcd for parametcr PUNCI-J 

l) For dcta1ied Jc~cnpuon ul JIHnl typc & gcumctry, rcfcr to 

API cude IScction 2 5.5) 

Tabulated Results of Steel Design 

For code cheding or mcmber ~elccllon, the progr.1m produces thc 

rcs~IU an J tabulated lash10n. Thc 11cms 1n thc uutput tJhlc JTC 

explamed 1$ fullow~· 

a) MEMBER refcn tu the membcr number for wh1ch thc Jcs1gn 

is perl'ormcd. 

b) TABLE rcfcn to thc AISC ~tccl ... ccuun namc wh1ch ha~ bccn 

checkcd ag.1ms1 thc -.tccl ..:odc m has been )clc..:tcd 

..:) RESL.:LT pnnts .,..hcthcr the mcmhcr has P \SScd ur F:\ll...:d 

lfthe RESULTas FAIL,thcrc wdl be .1n .astcu-.k t•t mJrk 1n 
hont of thc mcmbcr numbcr 

d) CRITICAL CONO rcfcrs to thc 'iCl:IIOn of thc ,\JSC ..:udc 

whtch govcrncd thc dcs1gn. 

e) RATIO pnnu thc r;uio of the .1ctual streucs to allowJhlc 

tlresses for thc cnucal condiuon Normally .a valuc uf 1 O ur 
lcss w¡JI mean thc mcmber has passcd. 

f) LOADING provtdes thc load case numbcr whicll go-..crncd thc 

dcsign. 

g) FX, MY and MZ provide thc uial force. momcnl in local y­

UIS and moment tn local z-uis rcspcclivcly. Allhough 

STAAD docs considcr alllhe mcmber forccs and momcnts lO 

pcrform dcstgn, only FX MY and MZ are prinlcd stncc thcy 

uc lhc oncs whicb uc of intcrcst, in mosl cases 

• 
• 1 

• 

• •• 
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h) LOCATION spec•r.cs lhc actual tlastancc from thc starl of thc 
mcmbcr lO thc scctiOn whcrc tlcsign forccs govcrn. 

i) 

J) 

TR \CK is sct 10 ¡ 0 thc program will block lf thc paramctcr 1 • • • 

out pan of thc tahlc and w•ll pnnt thc allowahlc btndmg 

strcsscs in comprcs~lon (FCY & FCZ) amltcns•on lFTY & 
FTZ). aiJuwablc Jxial stress'" comprcss•on (FA l. J.nd 

Jllowablc ~hcar ... trc~s iFV). .lllln kips pcr squarc me~- In 
adduiun. mcmbcr lcngth. arca. sccuon muduh, govcrnang Kllr 

rauo .snd CB are al so pnnted . 

r TR \CK "0 thc 1tcms Fcy and Fez ai'c JS 
In thc output or ' -· • 

follows: 

Fey = . 
~J{K,L,/r,) 
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' 12 Weld Design 

5 Stcrion 
57.5 

STAAD is ablc 10 sclcct wcld lhickncss for conncclions and 

tabulatc thc various s1rcsscs. The wcld des1gn u limited 10 thc 

mc:mbers h3Ving propc:nics from widc llangc, ICC, single J.nglc, 

single channcl, pipe and tube section tablcs only. Thc paramcten 

WELD, WMIN and WSTR (as Cliplained m Tablc 2.1) govcrn 1hc 
wcld dcsign 

-

""'""" 2 1 81 
Sincc thc thtcknc:ss of a wc:ld is very small in comparison 10 its 
length, 1he propc:rtles of the wcld can be calculatcd as linc 

mc:mbcr. Thereforc, the cross-'ic:Ctional arca (AZ) of 1hc wcld wtll 

actually be thc lc:ngth of thc weld. Simalarly, thc unus for the 

scct10n moduli (SY antJ SZ) will be lcogth-squarcd ant.l for 1hc 

polar momcnts of incrtia (JW) will be lcnglh-cubcd. The following 

1ablc shows 1he diffcrcnt avaalablc wcld Jincs, thc1r typc and lhctr 

coordmatc axcs. 

"'" ..... """' 
_,_, 

~· "'_, ""' ""' . 
i-· f-. &· &· 0-· ' 1:.. 

' =¡f_ jÉ. t-· ~· - -

,\.:lual Hrc-.o¡c-. . .:akulatcd rrum thc mcmhcr forcco¡ . ..:.1n he 

'ipcctfied b~ thrcc namcs. bascd tJn thcir Jirc.:11ons. 

Honwntal Strc'is -as proJucctJ by thc local t.-'ihcar force and 

torswo.1l momcnt. 

VcntcJI SlrcH- JS producctJ hy 1hc a~ tal y-"hcar force .1ni.J 

torstunal momenl. 

D~rcct Stress- as produced by lhc u tal force and bent..ling 

moments in the local y and L dtrccuons. 

The Combtncd S1rcss i~ calculatcd by the squarc ro01 of thc· 

summallon of thc squarcs of thc abo ve thrcc princtpal strcsscs. 

Followtng are thc cquation~: 

MX = Torsional momenl 
MY= Bcnding in local y-ui! 
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MZ = Bcnding 1n local t-uis 
EX = Ar.tal force 

Y..Y = Shcar in local y-ar.1s 

Y.:l_ = Shcar m lm::al t .U.IJ 

Proper11e5 of We!d 

6.X. =Arca of the wcld as the hnc mcmbcr 

s_y = Scc.::uon modulus .1round lm:al y-a.-:1-; 

S..Z = Scction modulus around lonl t·a.J.I'j 

~ = Polar moment ol ~ncr11a 

A menean S1ecl llcsJ¡D 

CH.= Dtstance of thc cr.trcmc tibcr for hunL.ontal (luc.::.1l 11 

forccs 

CY = Distancc of thc c.-:tremc tlbcr for vertiCal <local y 1 fnrccs 

Strcu Equations: 

VZ CHxMX 
Honzontal stress. Fh = -- • .::.._.:.__-'-

AX JIN 

VY CVxMX 
Vertical stress. fv = --• .::__ __ _ 

-\X JW 

F\ Mz' \IY 
Dtrect \lrcss, FJ =--•--•--

\X SZ SY 

No1c 1h~l the momcnu 'AY 1nd \4Z are 1alr.cn 111hc 1b\olu1c uluu. 

wtuch may rcsult ID ,omc .:onu:rvauvc:: •csulu for uymmCUICII •ccuuns 
likc ancle, tce ud ch1nncl 

Combmed force Fú,.,b = Jr~ - F\~ 

Wcld thickncss = F,1,.,tl 

F" 

wbcrc F.= Allowablc wcld stress, dcfauh valuc is OA FYLD 

(Tablc 2.1 ). 

••• ,_,-
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Thc th1ckncss ltS roundct.l up 10 thc ncarcst l/16th oi an mch and 
all thc strcsscs are rccalculatcd. Thc tabula1cd output pnnts the 

\alter ~trcsscs lf the parame1cr TRACK 1s sct to 1.0. thc outpul 

w11lmdudc thc weld propcrltcs. ~otc that 1hc program Jocs nut 

c.::alculatc thc mtmmum wcld th1ck.ncss as nccdcd by sorne codes, 

hut chcd.s only ag:unst thc m1mmum thtckncss as prov1ded by the 

u~cr tor 1/ltnh mch 1f nnt provtdcd). 

Whcn the TRUSS qualifier is uscd w11h SELECT WELD 
~.:ommand. thc program wdl dcsq;n thc wclds rcqutrcd for truss 

Jnglc anJ dtJublc angle mcmbers that are atlachcd to gussct pi ates. 

The program reports thc numbcr ol wclds ttwo for stnglc angles, 

lour for Jouhlc anglcs), and thc lcngth rcqu1rcd for c:ach weld. Thc 

thidncss uf thc wciJ is tak.cn JS 114 inch (fl mm) for mcmbcrs up 

tu 1/-l 10ch (6 mm)thid, and 1/16 inch ( 1 5 mm) lcss than thc 

Jnglc thickncss for mcmbcrs grcatcr than 1/-l 1nch (6 mm) th1ck.. 

\11n1mum wcld lcngth is takcn Js four times wcld thtc.::kncss. 

/ V 
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2.13 Steel Design per AASHTO Specifications 

2.13.1 General Comments 

This sccuon prescnu sume general !ilaU~ments regarding thc 

1mplementations orA menean Association of S tate H1ghway and 

Trlnsportallon Officials (AASHTO) spcc1fications for structural 

steel des1gn in STAAD. The dcs1gn philosophy and procedural 

logntu:s for member selcction and code checking is based upon the 

prmctplcs uf allowablc stress des1gn. Two maJar failure mudes are 

rccognued: failure by overstrcssing and fatlurc by stab1lity 



~onsuJcr:uions. The following scct1on~ deseo he thc .. ahcm lcaturcs 

ol the allowable '>lrCSSC5 hcing cah:ul.ucd and thc H.tbllity crilcna 

bcmg used. Mcmbcrs are proportwncd 10 restst thc dc~ign lo .. u.Js 

w1thout cu:cedtng the alluwablc .. trc!>scs and thc most ..:conumu.:al 

')CCHon is ~clcctcd on thc hasts of thc lcJSI wctght critcna Thc 

ende checking part of thc program also chcd.'i thc ~lcndcrnc'i!> 

rcqutrcments, 1he mintmum mctalthicknc~s rcquncmcnts .1Rd thc 

wtdth·lhu:kncss rcqutrcmcnt. lt ts gcncrally J.S')Umcd that thc u~cr 

w¡ll takc c:uc of thc dctail!ng rcqUircm..:nts ltk..: provtswn •JI 

o¡ll[fencn and check thc lucal eHccts ltkc llangc budling, wch 

crippling etc. 

2.13.2 Allowable Stresses per AASHTO Code 

~-

A., mcntiuncd bcfurc. thc mcmbcr dc')tgn and ~ndc chcd..tng 10 

STAAD is bascd upon thc .tllowablc )lfC\5 Jcstgn mcthud. lt 1s a 

mcthod for proport¡on¡ng ~Huctural mcmbcrs u~ing Jcsq~n ln.1ds 
and rarees, .lllowablc ~ucsscs, and dcsign limuauuns ror thc 

appropnatc maten al undcr scrv1cc condtttons 11 t') bcyond thc 

.,cope of thts manual tu Jescr¡bc cvcry aspcct of ~uuctural .. tccl 

dcsign pcr AASHTO spccifications bccausc of pnctical rcJ.sun~. 

This sccuon wlll Jiscuss thc salu:nt fcaturcs of thc allowahlc 

strcsscs spcctficd by thc AASHTO codc Tablc 11) 32.1.-\ tJI thc 

AASIITO codc o¡,pcctfics thc allowablc ~lrCHci. 

Axial Stress 

Allowa.blc tcn~ton sncs~. as calcul:ucd in AASHTO •~ ba~cd on thc 

nct sccuon. Thts tcnds to produce J .,lightly ¡;on~crv:uivc rcsult. 

Allowablc tcn~ton nrcss on thc nct sccuon is gtvcn by, 

f 1 = 0.55F~ 

Allowablc comprcsstvc stress on thc gross scction of :uially 

loadcd comprcssioa mcmbcrs is calculatcd based oa thc followmg 

formula: 

~Ah<n(KI/r)<C~ 

r ~ 
1 

~ r-;=-
r1 ¡ '* f. 
fll ~ 
jli 41 

r• ¡ !1!1 

ll:! a 
lli !1 

ll· fl 
' 

lRI • 

n·E 
F, = ---=--,­

F S t Kl r¡ 

hC 1.'·-E F ¡,·, \\11 ~ = n \ ) • :lnd F. S.= ~-1 ~ 
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wht:n 1 Kl TI> C~ 

1t can be mcntioncd hcre 1hat AASHTO does not ha ve a provision 

for incrcasc in allowable strc'i'iCS for a scl:ondary mcmbcr and 
whcn 1/r cxcccds a l:CrtaJn valuc. 

Bending Stress 

AIJowablc stress 10 bcnd1ng comprcsston l"or rollcd shapc girdcrs 
and bu1lt-up scct10ns whosc comprcss~an llanges are supponcd 

l.1tcrally through 1ts full lcngth by cmbedmcnt in concrete is g1ven 
by . 

ror "itmdar mcmbcrs w11h unsupponcd or partially supportcd 

Oangc lcngths, thc al\owahJC bcnt.hng compTCSSJVe SlfCSS iS givcn 
hy 

Thc AASHTO codc docs not ha ve a ~pcc1ficat10n for maximum 

allowable tcnsile 5trcss in mcmbcn subJCCI to bcnding. The 

correspond1ng AISC spccificatlon is 0.66Fy for compact hot rolled 

or built-up 5Cctions 5ymmetrical about, and loadcd in. thc planc of 

thcir minor ucs and meeting other rc~uircmcnls of Scction 

1.5.1.4.1 of the AISC 5pccifications. A common practicc among 

bndgc designen is to use O.SSF as thc allowablc bcnding tcnsilc 

sHcu for mcmbcrs meeting oahcr rcquircmcnts or Seca ion 1.5.1.4.1 
of lhc AISC spccificalions. This practicc is slightly conscrvativc 

and IS bclng used hcrc in lhc STAAD implcmentalion or lhe 
At\SUTO stccl codc. . 



" J ~'"''"! 

·,j 

Shear Stress 

Allowab/c shear \lrcss un lhe groS'i . 
see11on IS &l\len by 

For shcar un !he w b h e · 1 e Jross )CC!Ion · J 
lhe IOI.i/ Jeplh and thc w b h k IS Cllncd as thc prodw,;¡ uf 

e t •~.: ncJS fhe \ \SHTO 
spce1fy any allowabl· 1 · · ' ~.:oJc Joc-. no¡ 

t.: \ ress lor \hcar un Jl· Th 
assumcs lhc samc .dluwabl 1 h anges. e prngram 
shcar on !he wc:b and h e or \ car Slrcs~ ¡O JJFy) fur hnlh 

· \Caronlhcll F 
OinJes lhc gro . angcs. or shcar un lhc 

· ss sccuon 1s lakc .,13 .arca. n as - 11mcs lhc lolal ll.1ngc 

Bending·Axial Stress lnteraction 

~cmbers ~ubjccled lo holh ólllal and 
proponaoncd accord hendtng \lrcsses are 

1ng lO SCCIIOO 10 J6 f h 
codc. AJI mcmbcrs sub¡cc¡ 1 b o 1 e AASHTO ~lec/ 

o endmg and Ulotl . 
rcquarcd lO ~alisfy lhc ( ll ~,;OmprcHJUn are 

0 owmg lormula: 

<ID 

at intcrmcd1a1c pUints, and 

</f) 

al suppon pomts. 

Thc AASHTO Slccl ~.:odc Jocs no¡ 
combiacd Uial lcnsion and b . provuJc a~ y \pcc¡fic:uion for 

proccdurc of chccking bcndinc~d•~& mlcr~cllon. Thc AJSC 
the AASHTO tmplc g u tal lcnsJon IOtcracuon is uscd in 

. mcn1a11on of STA AO AJI 
comblncd ax•al tcns,·on d b . mcmbers ~UhJcct lo 

40 cnd1ng ar · 
provisioas of AISC l.ó.l. e rcqu~red lo salufy 

1 iil 

• fl 
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2.13.3 Stability Requirements per AASHTO Code 

According lo AASHTO codc, for compress10n membcrs, lhc 

slc:nderncss ralio, KUr. sha/1 be limuctito 120 for m~in mcmbers 

and 10 1 ~O for scl:ondary membcrs. Thc AASHTO codc ddincs 

~ccondary mcmbers as lhosc whosc pnmary purposc IS lo brace thc 

slructurc agains1 la1cral or long1tudJnal force. or to reduce thc 

unbraccd lcnglh of o1hcr mcmbcrs, main or secondary. For tcnsion 

mcmbcrs, KL/r as 200 for mam mcmbers and 240 for ~ccondary 

mcmbcrs . 

2.13.4 Mínimum Metal Thickness Requirement 

Thc AASHTO codc has a mm1mum thickness rcquircmcnt for all 

\lructural slccl. Accordang 10 th1s rcquircmcnl. all ~tructural slccl 

cxccp1 for wcbs uf ccrta10 rollcd shapcs. closcd nbs 10 onholrop•c 

Jccks. fillcrs and ra1lings. shólll nol be lcss lh3n 0.31 !S tnchcs. 

Thc wcb th1cknc~~ of rollcd bcams or channcls shall he not lcss 

!han O ~3 mchcs. Thcsc rcqulfcmcnu ha ve bcen mcorporatcd m 

thc AASHTO implcmcnlataon of ST,\AD. 

2.14 Steel Design per AISC/LRFD Specification 

2.14.1 General Comments 

Thc dcsagn phllosophy cmbodicd 1n thc Load and Rcsu1ancc 

Faelor Dcs1gn (LRFD) Spcc¡ficataon is buah around 1hc conccpl of 

hmil slalc dcsign. thc currenl slatc·of·lhc·art in slructural 

cngtnccnng. Structurcs are: dcs1gned and proportioncd taking into 

cons1dcrallon thc limit statcs at wh1ch lhcy would bccomc unftt for 

lheir inlcnded use. Two majar catcgorac,: of hmii·Siate are 

rccogniLed .. ultimalc and s.crviccabihly. Thc pnmary 

cnnsuJcntlons in uh1matc limit statc dcs1gn are strcng1h Jnl.l 

stab1li1y, whlle thal in scrviceabllily as dcncction. Approprialc 

load and rcsistancc factors are uscd so that a uniform reliabality is 

ach1cvcJ ror all slccl structurcs undcr various loading condatiuns 
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Ammcan Stccl Oeai¡n 

.1uJ .11 thc 5amc 11mc thc cham:cs ol hmus bc1ng "urpasscd are 

aeccptably remate. 

In thc ST,\AD tmplcmcntauon uf LRFO, mcmbcrs are 

proporuuned to resist the des1gn loads w1thnut cxceed1ng thc limtt 

slates of strcngth, ~1ahd11y :.nd scrvtccabdaty Accordingly. thc 

ffiost econ01me .. cetwn 1s sclccu~:d ~n the ba .. is ni the lc.tst wc¡ght 

entena as augmcntcd by the dcsag:ncr in .. pc:clliL:alion of J.llow.tblc 

mcmbcr dcpths, dcs•rcd scctton tyrc. or othcr 'iueh paramctcrs. 

The codc chcdang portuln of thc prugram L:hccks tbat cudc 

rc:q~ucmcms for cach ,clcctcd ~cetion are mct .tnd idcntifics thc 
govcrning cntcrJa 

Thc followJn& scction .. describe thc salicnt featurcs of thc LRFD 

.. pcc¡ficatJOns as 1mplcmcntcd Ln STA.\D )tccl Jcs1gn ,\ JctaJicd 

dcscnption of lhe dcsign proccn along wi1h 11S undcrly1ng 

conccpts and assumpuons 1s ava1\.tblc in thc LRFD manu.d. 

Howevcr. stncc thc dcs1gn ph!losophy 1s dr..stically d1ffcrcnt frnm 

the convcnuonal Allowable Stress Ocs1gn (ASO), a bucf 

dcscripuon of thc fundamental com:cpts is prcscntcd hcrc to 

imuatc thc uscr 1nto thc dcstgn prm:css. 

2.14.2 LRFD Fundamentals 

·,1 

Thc primary obJecuvc of thc LRFD Spccific:uwn •s to prov1dc a 

untform rcliability for all stccl <;tructurcs undcr vanous loa(.llng 

conditaons. This un1formity can not be obtatncd wuh thc allowable 

sueu dcs1gn (ASO) formal. 

The ASO mcthod can be reprcsentcll by thc incquality 

l:Q, < R, 1 F.S. 

The lef1 sidc is 1he rcquircd sucngth, whach is thc summauon of 

the load effects, Qi U orces and momc:nts). The right side. thc 
dcsign strength, is thc nominal strcngth or rcsiSlancc, R

0
, dividcd 

by¡ fletar or safety. Whcn divaded by the appropnate secuon 

property (arca Of SCC(ÍOO modulus), thC lWO SldCS of lhC Íncquality 

become the ac1ual stress and allowablc suess rc:spectively. ASO. 

:• ' 

:• 1 

•••• 
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thcn, ¡5 ~.:haracterll.cd by the use of unfactorcd "working· lo.ads in 
· th .. single factor of safcty :1pplicd to thc rcsJstancc. 

COOJURCIIOO Wl .. . . 

Bccausc of thc grcatcr variabtlity and. hcn~.:c, unpredJctablhty of 

thc livc load and tJthcr Joads 10 L:ompanson with the Jcad load, a 

umform rcliab!lity is not poss1blc. 

LRFD . .lS 115 namc 1mpl!cs, uses :,cparatc factors for c:ach load and 

rcsJstancc. Bccausc thc daffcrcnt lactors rcncctthc dcgrec of 

unccrtaJnty of diffcrcntloads and ~.:ombJnallons of.load~ and of the 

accuracy of prcdicted sucngth: a more unaform rcltabtlit~ as . 
·rhe LRFD mcthod may be :,ummari.tcd by thc lnequahty possiblc. 

On thc left 'illlc of thc incquahty. thc rcquircd strc.ngth JS th~ 
o;ummation of thc vanous load cffccts, Q1• mult1phcd by thell. 

rcspccllvc load factors. y,. Thc dcs1gn strcngth. on the nght s1de. 

•s thc nomm.tl strcngth or rcsastancc, R0 , muluplied by a rcstslance 

factor, 0 

In thc STA AO Jmplemcntauon of LRFD. il JS assumcd that thc 

uscr wdl use .tppropraatc load lactnrs and crcalc thc load 

combmauons ncccssary for analysls. Thc dc'>Jgn porll~n of thc 

program ""''11 t.tkc JRIO t:onsJdcra.LJOO thc ltJad .effccts t t~rccs and 

b · ·' frum ana\ys 1s In ..:alculauon of rcsJstanccs of moments) o ta1ncu · 

lcmenl. lhcams columns etc ), rcsJstancc (nommal 
vanous e • · 1 
strcngth) and applacablc rcsJstancc lactor wtll be automaucal y 

..:ons1dcrcd. 
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2.14.3 Analysis Requirements 

Thc typcs of construcuon rccogmzed hy AISC spccilicauon ha ve 

nat changcd, exccpt that huth Ms1mple lramtng" lformerly Type 2) 

and ·scm..rtg~t.l fram~ng" (Jormerly Typc 31 havc bccn comhtnetl 

1nto thc same catcgory. Typc PR lpar\tally re~traJnetJl. "Rtgtd 

Fnmtng" 1furmcrly Typc 1115 now fypc FR (fully restra1nct11. 

Typc FR con~trucuon u pcrmiued uncondiuonally. Typc PR 
cansrruction may neccullatc sorne mcla~tic. but sclf-limatang. 

dcfor~afion of a uructural Slccl ciernen t. Thus. whcn spcctlytng 

Typc PR consuuclton. the destgncr ,hould takc tnto con~uh:ratton 

thc effccts uf panial rcstratnt on thc -;uhility t)( thc .. tructurc. 

laten.l dcOccttons and ,ccund arder hcndtng moments. As statcd 1n 

Scct. Cl ol' the LRFD \pcctficauon. an analysh 11f sccond arder 

cffccu is rcqutred. Thus. whcn ustng LRFD codc for stccl dcsign. 

thc uscr must use thc P-Dc\t;J analy'lis fcaturc uf ST AAD. 

2.. 14.4 Section Classification 

Ttic LRFD spccilicatian allows inclastu: dclorm;~uun llf .. cctwn 

clcmc:nts. Thus local bu~.::kling bccames an 1mportant cntcr1on 

Stcc:l sc:Citons are clauilicd as compact, noncomp3CI or ~lcndcr 

clcmut scctions dcpcnd~ng upon thcn local budltng 

chanctcristics. Thts classtficauon is a function of thc gcomctnc 

prapcrllcs of thc scction. Thc dcs1gn procedurcs uc lliHcrcnt 

depcnding an thc scction clau. STA,\0 is capable of dctcrmmmg 

thc uction clauificalton for thc standard shapes a.nd uscr spccilicd 

shapcs .1nd dcstgn accurdingly. 

~- • 4.5 Axial Tension 

·~ 

Thc critcria governing thc capacuy of tcnsion mcmbcrs is bascd on 

two limu statcs. Thc limit state of yaclding in lhc gross sccuun is 

intcndcd to prevcnl cxccss1vc clongallon of thc mcmbcr. Tbc 

sccond limit statc anvolvcs fracture al thc scclioa wnh tbc 

minimum cffcctivc nct arca. Thc nct sccuon arca may be spccificd 

by thc: uscr through 1hc use ora he paramctcr NSF (scc Tablc 2.2). 

ST!tAD calculatcs thc tcns1on capacuy of a givcn mcmbcr bascd 

-

:• 1 

·1: 1 

:1· 1 

li 1 

•• ¡¡ • 
11 • : 
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. d procccds with mc:mbcr sclcction or 
on thcsc two ltmll staacs an 

codc check accordingly. 

2_14.6 Axial Compression 

b d in LRFD to takc 
Thc column strcngth cquauons ha ve ccn rCYISC 
:nto account inclasuc dctnrmauon and oahcr rccent rcscarc~ m 
column bchav~ar. Two cquataons govcrnlng ¡;o\umn strcngt. are 

l . _ b ·k.hng antl thc othcr for clasuc or 
avaalablc, une for anc asw:: UL: f -d 1 
E lcr buclc.ltng. Both cquations lndudc ahc ctrccts o rc\1 ua 

u . h • Comprc~s10n -arcngth for a 
strcsscs 3nd ¡mua\ nut-ol-'lotr:ug mcss. h 

arttcular mcmbcr ts c:t.lculatcd by STAAD .u:corda~g to 1 e 
P . Ch E oí thc LRFD speclltcauuns. Fur 
¡noccdurc ou1hncd 1" aptcr . d 85 3 
,lcndcr clcmcnts. thc proccdurc Jcscnbcd IR Appcn u . IS 

u~cd. 

Sin ly Hmmctrtc .and unsymmeutc comprcssiOR mcmbc:rs are 
g - f h rm•t statcs uf ncxural·tontonal and 

Jcstgncd on thc basls u t e ' 1 d 

1 bu 
·kl•n" Thc nrnccdurc uf Appendi't El ts lmp e mente 

hH<;IORJ. l.: e 1' . ¡· . 
. ·• n ·ucn~>th tor thcsc tmlt .,tates. 

fur thc Jctcrmanauon ol ..,cslg ., Cl 

Efrccuvc lcngth íur calcu\allon ¡JÍ ..:umprcsswn resastancc mlaYy be 

h ters K Y KZ and/or . 
rovu.lcd 1hrough thc use ¡Jf 1 e pan me ' . 

~.Z. lf not provu.JcJ. thc ¡;nurc mcmbcr \cngah wtll be tak.cn lnto 

.;unstderatiun. 

dd 1 
thc comprcsston rc'itstancc critcriun. comprcssion 

In a tllun u . h eh are a . d l sf\1 \\endcrncss \tmii3110RS W 1 
mcmbcn are rcqutrc to ., .. ' : . 

r of thc mc:mber ( matn load rcsasttng 
funcuon of thc naturc o use . 

b etc ) In both thc mcmbcr sclcclton 
..:omponcnt, bracmg mcm er. · · . 
and code chcck.ang proccss, ST ,\¡\0 tmmcdlatcly docs a . h 

slcndcrncss check. on appropnatc mcmbcrs befare conunutng w~~r 
othcr proccdurcs for dctcrman•ng thc adfquacy of a gavcn me m . 



2.14.7 r lUral Design Strength 

:> 14.8 

fn LRFD, 1he Oc :cura! tlesign Slrcng¡h of a member IS dcrcrmmcd 

by lhc limu Slate of IJ:Icrallors•on¡¡J bucklmg lnelasc•c hcndmg 15 

allowed and lhe h.uu: me asure of Oc :cura! CJpacuy IS lhe plast1c 

mamen~ capacuy of the scc11on The Oexural rcs•slancc 1s a 
funciJon ofpluiJC mumcn¡ capacuy. acluallalcrally unbraccd 

lenglb, lim111ng lalcrally unhracc~Picnglh, huckhng momcnl and 

1he bcnding codf•c•cnt. The limutng latcrally unbraccd lcngth lr 

.Jnd buckhng momcnt Mr are funcllons of lhc sccllon gcomctry and 

are calculatcd as pcr 1hc procedurc of Chap1cr F Thc purpnsc of 
bc~ding coefflctcnr ChIS ro account for lhc tnllucncc o( 1hc 

mamen¡ gradicnl on lalcraf.fo.rsional buckhn~ Th1s cocff•ncnt c¡¡n 
be specilicd by !he u ser lhrough thc use of par:~metcr CB lscc 

Tablc 2.2} or may be cakulalcd by thc progrJm (if CB "'Pc~:ified 
as O 0). fn 1hc Jbsencc ni thc paramc1cr CB, J JefJuh v¡Juc of 1 O 

~111 be uscd. Thc proccdurc for calculalmn o( Jcs1gn urcngth for 
Oc1ure aho accoun1s for 1hc prcscncc of residual !olrCUcs ul 

roll•nc. To ~pcc1fy l.ucrally unsuppuncd lcna•h. cuhcr o( thc 
p.uamctcn UNl and UNF (scc Tahlc 2.2) can he U)cd. 

Combined Axial Force And Bending 

The inleractiOn of nc .. urc Jnd J.I,I¡J forces ID ~•nsly and douhly 

'Ymmclnc shapc._ " govcrncd by formulas H J.J J and H 1 ·1 h 

fhesc lhiCrJction formula., ~:o ver 1hc general ca~c uf bi;uial 

bendmg comb1ncd ~i1h ..l.tlal force. Thcy are aho va lid for 
un1uial bcndina and Ulal for~:c 

• 1 

• • 
• " • 111 
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2.14.10 

Stt Tc.~blt 

2 2 11nd 

St'1 """ 

1> r: 1 

2.14.11 

2 of thc LRFD Spccllic:Uion IS uscd in 
Thc proccdurc of Scct. F b s Shear·strcngth as 

· f hcar forccs 10 me m cr · 
STAAD lo dcslgn or s d b he folluwing limll statcs: Eq. 
~:alculatcd ~n LRFD is go::rb~cE . YF~·Za by melas tic buckhng of 
F2·1 a hy y•cld~ng of thc q . f h b Shcar in w1de 

. . f'l .Ja by clastiC buckhng o t e wc . 
thc wcb, Eq. - d by thc arca of 1hc wcb, h •1 'CCIJODS IS rCSISIC 
11angcs and e annc -s 11 d th ttmcs thc web thlckncss. whlch is lakcn a .. thc uvera cp 

Design Parameters 

d b sing thc CODE FD ccJficalions i'l rcquesle y u 
De•ugn pcr lA "P 6 -l7) Othcr Jpplicablc paramctcrs are 
paramclcr (-.ce ScctiOn Th. "metcrs ~:ommuni~atc design . d . T.lhlc., 1 ese par .. 
summar11c •

0 
- - am and thus allow thc f the ·ngtnccr 10 !he progr 

dec1s1uns ro m e . . 
5 10 

suit an applicauon's 
cnginccr to controlthe dcs•gn prm:cs 
,pccll'ic nccd§ 

ha ve bccn sc:leclcd such thal they are 
fhc dclault paramctcr valucs 1 onal dcs•gn Dcpt:mhng on 

1 d numhcn for con ven 1 
lrcqucnl y use r Jllof thne paramctcr 

1 J n fC4UITCffiCniS. ,omC U 
1hc pann:u ar esJg 

1 
d lihe physical ltru~:ture 

,.¡lucs tn..l)l be ¡,;han~cd w cucl ~ mo e 

PROFILE DMAX and DMIN may unly be :"-lote that parJmctcn . 

uscd for mcmbcr ~clcctiOn. 

Code Checking and Member Selection 

d member sclcction options are uaJiablc'" 
8oth codc checkmg Jn . F cncral information on thcse 

AD lRFD &mplcmenlatlon. or g . . 
STA ' .5 and 2.6. For informallon on oplions, rcfcr lo Sccuons -· S 47 1 

~ . of thcsc commands. refcr to Sec!lon . . . -spCCII,II:JIIOh 



2.14.12 Tabulated Results of Steel Design 

Rcsulls ofende check1ng and mcmbcr 'l>Ciecuon are preseructl•n a 

labular formal. A dclatlcd discusswn of 1hc furma1 is provuJcd m 

Sccuon 2.11. Followmg cxccpuons may be nn1cd: CRITIC,\L 

CONO rcfcrs 10 1he sccunn of the LllFD spcc¡ficauons wh1ch 
governed che dcs1gn. 

lf lhc TRACK ts scc to LO, mcmbcr dcs¡gn strcngchs. wlll be 
pnrncd out. 

Tabla 2.2 LRFO Parameters 
Parameler Del aun Oescnpt•on Na me Value 

!r! 1 o 
K val u e for bendmg about Y· 
aJaS. Usualty tt11s •S m•nor ..... 

1 o K vaJue lar bendmg aDoul Z · 
aJOS USW!Jty th11 •S m~or ..... 

L.:! Member Length Length 10 calculate 
slenoemess rauo lor benamg 
about Y· iWS 

Member Length Length 10 calculale 
slendemess rano for benclmg 
about Z·PJS 

m o 38.0 ... Yield streng1h of steel. 
tm 1.0 

Net sectJon lactar lar tenStOn 
members 

1&. 

!Mi 1 

!al 1 

r•¡ • 
:•i !1 
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Table 2.2 LRFD Parameters Con t. 

Parameter Oefault Oescnption 
N ame Value 

!.lliJ, Member Length Unsuppor1ed length (ltJ) ol 
the top nange lor calculatlng 
ttexural strength W•ll be ~ 
onty 1t llexural compreSSion •s 
on the top tlange. 

\lli!! Memt>er Length UnsuppMed lengm (l.,) of 
the oonom !langa lor 
calculallng lleJrUraJ strength. 
w1u be used onty tf ftexurat 
compressaon IS. on the bottom 
flange. 

1 o C<HiffiCoent C. pe1 Chap1or F 
lf e, 15 set to O O. •t wlll be 
calculated by the program. 
Any other value wlll be dlrectty 
used 1n deSJgn 

TRACK 00 o o = Suppross aJ1 d001gn 
strenqths. 

1 O = Pnnt all de'S.gn 
strengths. . 

2.0 = Pnnt expanded cl&.ngn 
output. 

DMAX 45 o 10, MB.Jamum allowable depth. 

DMIN o o'"· M1mmum a.llowable depth 

RATIO 1 o Penmss1ble ráoo ot actuaJ 
load offect and dosagn 
Sln!nglh. 

~ ... 00 0.0 = des•gn only for end 
moments and those at 
locations specífied by 
SECTION cornmand. 

~1.0 :::cak:uLate moment at 
!Wolve poon1ll along lila 
beam. ancl use 
max1mum Mz for detUgn. 

F')r dcnccllnn check, paramctcn OFF. o. JI. and DJ2 from Note: h 
Table 2.1 may be used. All requircments rcmam 1 e same. 
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American Concrete Design 

Section 3 

3.1 Oesign Operations 

STA AO has thc c:apahiliucs for pcrformmg concrete c.lcsign. 11 will 
..::alt:ulatc thc rcm(urccmcnt nccdcd for thc spcc1 ricd concrete 

... cctwn All tl"lc ..::on~..·retc dcsign C!llculations :are bascd nn thc 

CUrTCOl ACI 3' S. 

3.2 Section Types for Concrete Oesign 

The follow•ng typcs or cross scctwns can be dcfincd for c-oncrete 

Jcsign. 

For Bc:1ms 

For Columns 

For Slabs 

W:alls/Platcs 

tiii.UI 111. 

Prismatic IRcctangular & Squarc), 

Trapu01dal and T -shapcs 

Prismatlc 1 Rectangular. Squarc and Circular) 

Finitc clcmcnt with a spccificd thickncss. 

,. 

r,.lf 1" 
..... 
" 
"' 
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3.3 Member Dimensions 

\: 
·,; 

Concrete membcrs whtch wtll be Jcstgncd by thc program rnust 

h.tvc ccrtam .,ecuon propcrucs mput undcr thc ~E~UER 

PROPERTY t.:ommantJ fhc follnw10g CJ.Jmplc \huws thc rc4u1rcd 
mput. 

UNIT INCH 
IIEIIBER PROPERTY 
1 3 TO 7 9 PRISII YO 11. ZO 12. IZ 2918 IY 1298 
1i 13 PR YO 12. 
14 TO 18 PRIS YO 24. ZO 48. YB 18. ZB 12. 
17 TO 19 PR YO 24. ZO 11. ZB 12. 

In the abo ve inpUI, thc first sct of mcmbcrs .1rc rc..:t:mgul.ar 1 lit mch 

Jcpth ;and 1:! tnt.:h wtdtht amJ thc .,ccund 'loCI of mcmbcrs ... uh Hnly 

dcpth and no wuJth provtdcd. wtll be aHumcd tu be cHcubr wuh 

1 ~ m eh dt;amctcr. Sote that no .are ;a 1 AX l is pro ... tdcd for thc .. c 

mcmbcn. For concrete dc511"· 1h11 propcny must not be provu.J..:d. 

lf 'lobear arcas and momcnts uf IRCrlt..u .uc not prnvuJcJ. thc 

prognm cale u lates thc'loc v.tlucs from Y O and ZD. ~uth:c th.u '" 

thc ;abo ve cumple thc IZ .and IY valuc!l. provuJcd .are actu.1lly SO't­

of thc valucs ~.:akul.alct.l U!llng YO Jnt.l ZD. fhl!l 1) .1 ..:onvcnul)n.ll 

pr.acuce whu;h t.akcs mto cunsldcr.:u10n rcvasct.l ,ct.:tloa p.arlmclcrs 

t.luc to cr.adung of scc110n. 

Note thal thc th1rd and thc founh sc:t of mcmbcrs 1n thc abo ve 

eumplc reprcscnt a T-sh.apc .anda TRAPEZOIDAL sh.ape 

respcclively. Dcpending on thc propcrucs CYD. ZD. YB, ZB . .:te.) 

prov1dcd, 1hc pro&ram wtll determine whctbcr thc sccuon is 

rectangular. trapeloldal or T-shaped and thc BEAM t.lcsign wlll be 
dOne accordingly. 
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3.4 Design Parameters 

Thc program contains a number al parameters wh1ch are nccdcd to 

pcrform Jes1gn by thc ACI code. Dcfault paramctcr valucs have 

bccn sclcctcd such that thcy are frcqucntly uscd numbers for 

cnnvcnuonal dcs1gn rcqu•rcmcnts. Thcsc valucs may be changcd to 

,un 1hc panicular dcs1gn bemg pcrformcd. Tablc 3.1 is a complete 

ll'it of the av;ulablc paramc1crs and thc1r dcfault valucs. 

S.-r Sr.'ctum 
Sccuon 5 5\.~ of th1s manual describes thc commands rcqu1rcd lo 

prov1dc thcsc paramctcrs 1n thc input file. For cxamplc. thc values 

11f SFACE o~mJ EFACE lparamclcrs that are uscd in shcar dcs•gn), 

1hc diSianccs of thc facc llf suppons from thc cnd nodc'!i of a bcam, 

JTC assq~nct.l valucs ol tero by dcfault but m.ay be changcd 

Jcpcnd1ng on thc aclual •wuaoon Sim1larly. hcams a.nJ columns 

o~rc dcsagncd for momcnts J¡rcctly oblamcd from thc analy'ics 

w1thout any m.agn,ficauon Thc factor MMAG ma.y be uscd for 

mo~gmllca.wm of column moments Fnr hcams. 1hc uscr may 

gcncra.1c load ~a.sc'i ...,.h~eh conta.an luat.ls magnaficd by thc 

Jppropriatc load factor'i 

j 51 

3.5 Slenderness Effects and Analysis 
Consideration 

Slcndcrncss cffccts are cxlrcmely amportant IP dcsignang 

comprcssion memben. Thc ACI-318 ende specifics two options by 

whach thc slcndcrncss cffccl can be accommodatcd (Scct10ñ 10.10 

& 10.11 ACI-318). Onc option 15 10 pcrform an cuct analys1s 

wh1ch willtakc into accounl the inllucncc of uaal loads .and 

vanablc momcnt of ancrtaa on mcmbcr sti(fness .and fixed-cnd 

momcnu. thc cffcct of dcllccuons on monÍcnu and forces. and thc 

effcct of thc duration of loads. Ano1hcr option is lo approximatcly 

magn1fy dcs1gn moments. 

STAAD has bccn wnucn to allow the use of both the options. To 

pcrform 1hc first type ol analysas, use thc command PDEL TA 

ANAL YSIS instcad of PERFORM ANALYSIS. Thu analys1s 



~fhod wlll accommudalc lhc rcqu~rcments J!o ~pec1fied m Section 
¡ 1 O of thc ACI·) 18 Codc. Clcepl for thc effcc1s of the duralion 

of1hc loads. h 1s fch thalthrs .:tfcc1 may be ~alcly 1gnorcd bccause 

C.tpCrtS beiJC\'C 1ha1 the cfrc:c(S Ol thc dUraiiOR or Joads are 

nc:ghg1ble in a norm.Jl structural cunfigura110n. Ir 11 IS dcs1rcd, 

STAAD can aho accommuda1c any arbinary rnomcm magn.fica110n 
ractor (sccnnd oplwnJ J.~o an mpu1. rn tJrdcr 10 provu.Jc )omc ~alcly 

Juc: 10 !he cffcc1s uf 1hc JuraiJOn r)f load., 

Table 3.1 

Pararneter Defaull ee.c.-iption 
Nanie Value 

FY>.AAJN • 60,000 PSI Y1e111 Slress lor mwn 
remlorc•ng s¡eel. 

mEe • 60,000 PSI YieJd Slress /01 secondary 
steeJ. 

~ • 4.000 PSI Compress1ve Slrenqrh ol 
Concrete. 

ru "IS•nch C/ear caver lor top 
re•nfon::ement. 

ru "15rnch crear cavar for bonom 
re•nfo~Cement. 

w "IS•nch Clear c:over lor SKSe 
re•nlorcement. 

MlliMAIN- Number 4 bar Mtn1mum ma•n ra•nforcement 
bar s•ze (Number 4 · 181 

Mllil>Ee •• Number 4 bar M•mmum secondary 
re•nforcement Dal SU'& 

MAXMAIN- Number 18 bar Malomum marn re•ntorcement 
bar SIZ8 

IDeE ·o o F ace of suppon locaDOn at 
stan ot beam. lf speafiecl, tha 
shear lon:e al stat11S 
computed at a diSWlCe of 
SFAeE+d lrom lh6 slat1¡o•nt ol 
Ule member 

Sc:c:uon J 101 

·o.o F ace ot support locat1on at end 
mee at beam (Note· 8oth SFACE & 

EFACE are rnput as posrt¡ve 
numbers) lf specmed, the 
shear lan:e al end rs computad 
al a dlstance of EFACE+d fram 
the end JO•nt af the member .. 

0.0 
Tied Column. A value af 1.0 

@NF Wlll mean sp1raJ. 

• ' 
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Table 3.1 Cont. 

Parameter Oefaull 
Name Value 

~G 10 
(lor columns only) 

~TH ·zo 

QfeTH "YO 

~CT10N 12 

~CK 00 

Oescription 

A lac1or by wh~eh the column 
CIBS1gn moments wdl be 
magn1lted 

W1dth o! concrele member. 
Ttus value delautt.s toZO as 
prOVIded under MEMBEA 
PROPERT!ES 

Depdl ot concrete member 
Thts value delaun.s to YO as 
pro'ltded under MEMBER 
PAOPEAT!ES. 

Numt>er o! eqi.JAUy-spaced 
secflons to t>e constdered 1n 
find~ng cnhcal momen1s tor 
beam de~ugn. 

BEAII OES1GN: 

WG1 TRACK 51011> O O. D111Ca1 
M:lr'rwn '1111111 rol be prr18d c:u: 

- ,_., desgn""""' 
A vaa..e a 1 o vwt tnBBrl a pmc 
OlL 
A vai.e d 2. O _,. prrc c:u: 

--...... toral • tbiiltdtde seQcn¡ spec::ftKt 
by NSéCTlON. 

COLUUN DESIGN: 
TRAOIOOponaw­
desgn-
TRAa< 1 Opmtow CXlbm 
ttia:uat~I8SUL!n 
_,., ffiAO( o o <>J!¡llA. 
ffiAO( 2.0- ..... 
Sd'lemBII; 4 ilelat:a:JI clagam 
an::l ' .... ¡ i!dae rEral1io"l 
-11-!Dalol-

• Thc:sc: valuc:s muu be: provided in the ..:um:nt unH system bcing u sed. 
•• Whea usina mc:tric units for ACI dc:sign. provide ulucs for thcsc: 

paramc:1c:n in actual "mm' uniu inuc:a\1 or tbc: bar nurnbcr. Thc: 
following mctric bar liLcs are nailablc: 6 mm. 8 mm. 1 O mm. 1 2 
mm, 16 mm, 20 mm, 2S mm. J2 mm, 40 mm, 'O mm md 60 mm. 
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Although 1gnonng load duration cffccts is somcwhat ol an 
:1pproxtmauon, tl mus1 be rcalilcd thal thc approlliimaae evaluation 
ur slcndc:rness cffecls 1S alsn an apprOJllmate me1hod. In this 

mcthod, momcnl·magmfícalion 1S based on cmpirical formula and 
assumptaons on sadcsway. 

Cons1dcnng all thts informalion, 11 is our bclicf, that a PDEL TA 
A,'I,\LYSIS. as performcd by STAAD. ts most appropn:ue for thc 
Jcs1gn uf concrete mcmhcrs. Howcvcr, thc u ser must note. to take 
J.dvantage of thts J.nalysts. all combinations uf loadings mus1 be 
provtdeLI J.S primar y load cases and not as load comhtnauons. Thu 
i<o dueto thc fact that load combinattons are JUSI algchraic 
combtn:mons of force~ and momcnts. wherus a primary load case 

11 re"11cd during the pdelta :~n:~ly\IS bascd un thc dcncctions. Also 
note thatthc proper factored loads (such JS 1.~ for DL etc.) should 

he pro"tded hy the u~cr ST,\AD docs not fletar the loads 

JUtomattc3lly 

3.6 Beam Design 

Bc:~ms ~re dcstgncd for nc1ure. 1hcar and tonwn. For .al! these 
tnrcc\. ~11 act1vc bcam load~ng'i Jrc prcsonne!.l to locJ.te thc 
pu,'itblc cruu::t.l \CCIIons The total numbcr •lf ,cc.:tiun, .:nnsuJcrcd 

t\ 1:! (twclvc) unlc\'i thts numbcr 1S redcfincJ wtth J.n ~SECTlON 
paramctcr. r\11 uf thcsc equally 'ipaccd o¡ccuons are ~c:1nned to 
determine moment and shear envelopcs. 

Design for Flnure 

Rctnforcemcnt for positive and negative momcnts are calculatcd on 

the basis of 1hc sccuon propenics providcd by thc uscr. lf the 

scction dimensions are inadequ:~tc to c~rry the applied load, 1hat •s 
¡f the rcquircd reinforcemcnt is &reater'than the malliimum 

allowable for thc cross section, the program rcport1 lhat beam fails 
'"mutmum reinforccmenl. Effecovc dcpth ts choscn as Total 
deptb- (Cicar cover + dtamcler of 'itirrup .. hatr 1he di a. of main 

reinforcrmcnt). anda tnal value is obtained by adophng proper bar 
sues for thc Sltnups and maio re1nforccmen1S. Thc relcva.nt clauscs 
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" .uons 10 2 to 10 6 of ACJ 318 are uulw:d to obtain thc actual 

amount of stcel requ¡red :IS wcll 35 the maumum alluwablc ami 
m.n1mum rcquucd 51cel Thcse va1ucs are reponed as ROW. 

ROWMX and ROWMN 10 thc outpul and cJn be primed u~mg 1hc 

panmcler TRACK 1 O ('ice TJblc 3.1 ). In addiuon, the ma:~.¡mum, 

mtmmum Jnd actual bar ,pacmg Jre al su pnntcd. 

lt 15 imponant to note that bcams Jre llestgned for llcxural momcn1 

MZ only. The momcnt ~y ts not constdcrcd tn thc Oc~tural dc!!q;n 

Desi¡:n for Shear 

Shcar rcinforccment is calculatcd to rcs&st both shcar force~ and 

torsional moments. Shcar forcc:s are .;alculatcd at a d•stancc 

(d+SFACE) and (d+EfACE) away lrom thc cnd nades of thc be 3m. 

SFACE and EFACE ha ve dclauh valuc:. of Lcro unlcss pro\'ukd 

undcr paramctcrs (scc T:~blc 3.1 ). ~otc thatthc valuc of 1hc 

cffcctlvc dcpth HdH uscd lar th1s purpthc 1s thc updatc "aloe .and 

accounts for thc actual e g of_thc mam rcmforccmcnt cakulatc-d 
undcr nuural dcsign. C1auscs 11.1 thruugh 1 1 6 11f ACI 31 ~ .¡re 

uscd to calco late thc rclnfurccmcnt for ~hcar [orces and Hnswnal 

moments Bascd on thc: total surrup rclnforccmc:nt rcqu~rc:d, thc 

StLe of bars, thc spacmg. thc numbcr of ban and thc distancc ¡Jvcr 

whtch they are provided are calculatcd Stmups are Jlways 

:assumcd lo be 2·1cggcd. 

Design for Anchorage 

In thc output for nuural dcsign, thc: anL·horage dctail!i are: aho 

prov1dc:d. At any particular lcvcl, the START a.nd END coordmalcs 

of thc layout of the main remforcemcnt 1s dcscnbcd along w1th thc 

infonnauon whether anchorage in thc form of a hook or 

conunuation is rcquircd or not at thcsc ST ART and END p01nts. 

Note that tbc coordinates of thcsc ST ART and END poiats are 

obaaincd afler taking inlo accountthc anchoragc rcquircmcnu. 

An~boragc lcngth is calculatcd on thc basis uf thc Clauses 

described in Chaptcr 12 of ACI 318. 

-

--'' 1 
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Description of Output ror Beam Design 

Tablc 3.2 shows a samplc output of an actual rcinforccmcnl pattcrn 
Jc"elopcd by thc program. Thc following annotattons apply to the 

T J.blc 3.2: 

11 

'1 
) ) 

"l 

5 l 

hJ 

71 

~) 

')¡ 

1 () 1 

11) 
12) 
1 J) 

1 "1 
15) 

) 6) 

LE VEL 

HEIGHT 
BARINFO 

FROM 

TO 

A:-ICHOR 
(STAIENDI 

ROW 

ROW'>lN 

ROW~X 

SPACISG 

V u 
Ve 
v. 

Tu 
Te 

Ts 

Serial numbcr of bar lc"cl wh1ch may contain 
one or more bar group 
Hc1ght nf bar lcvcl from the bottom of hcam. 
Rclnforccmcnt bar mformauon spe1.:1fymg 
numbcr of bars and bar s11e 
D1stancc from the starl of thc bcam to thc uart 
of the rc¡nforccmcnl bar 
Dl'l.tancc from thc start of thc bcam .to thc c:nd of 
thc rcmforccment bar. 
Statcs whethcr anchoragc:. 
!!ithcr a hook or cuntlnuauon. IS nccdcd al start 

(STA) or atlhe cnd. 
A~.:tually rcqu•rcd nuural rcinfnrccmcnt 
IAs/bd) whcrc h = w1dth of .:ross sccuon IZO 
ltH rectangular and squarc '\CCIJOn) and d = 
dfcctlve depth of cross iCctiOn {YO · Jtstancc 
frnm l!llremc tcnsion fibcr to thc .::.g. oi mam 

rct nforccmcnt ). 
~immum rcqutred Oc:~.ural rc•nforccmcnt 

t.\mm/bdl 
~J.:umum allowable llc:~.ur:~l retnforccmcnt 

IAmax/bd) 
D•stant:c bctwccn centcrs of adjaccnl bars uf 

mam rcmforccmcnt 
Factored shcar force at s~ctlon. 
Nominal shc:ar strcngth prov1dcd by .:oncretc. 
Nominal shc:ar strcngth pro"idcd by shcar 

rc:inforcement. 
Factored torstonal momcnt :11 sect1on 
Nominal torswnal moment strcngth providcd by 

concrete. 
Nominaltorsional moment strcngth provtded by 

torswn reinforccmcnt 

....... CD: ...... 
~ .;.:·" .... 
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Tablc J.l 
(Aclual Oulput from Dcsign) 
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3.7 Column Design 

Columns destgn in STAAD per the ACI codc IS performcd for uial 

force .1nd un1axial JS wcll as bJa:oal momcnts. All .lCUve loadings 
.are chcckcd to compute relnforccmcnl. Thc load1ng wh1ch produces 

thc largcsl amount uf re¡nforccmenl 1s c.11lcd 1he criucalload. 

Column dcs1gn is done for s4u.lrc, rectangular and cHcular 

'3CCIIons ror rectangular and cm.:ular sccuons, rcmforccmenl 1S 

.always .1ssumcd to be cqually dislnbutcd on .all faces Th1s means 

1hat1he lotal number of bars for lhcse sectJons w1ll .1lways be a 

muhiplc of four (~) lf thc MMAG parametcr 1s spec1ricd. 1he 

column momcnts are multtplied by thc MMAG value 10 arr1ve at 

1he uhimate moments on 1hc column. S1nce thc ACI code no longer 

rcqu1res any mm1mum cccentricuy condltlons 10 he <;ausricd, such 

chccks .1rc not madc. 

"hthod uscd: Breslcr Load Con tour Mclhod 

Known Valurs: Pu. Muy, Mut. B. D. Clear cover. Fe: fy 

Ulumate Stram for concrete : 0.003 

Strps in volved · 

1 1 Assume sorne retnforcemenL Min1mum rcmforcemcnt ( 1 %) IS a 

goud .1mount 10 'otart w1th . 
2) Find an .1pproximatc arrangcmcnt of bars for the assumcd 

rc:1nforcement. 
31 Calculatc PNMAX = 0.85 Po. where Po IS thc mu1mum uul 

load capaclly of the section. Ensure 1ha1 the actual nominal 

load on the column does not excced PNMAX. U PNMAX is 

less than Pu/PHI, (PHI is thc sHength reduclion factor) 

incrcasc 1he rcinforcement and repqt steps 2 and 3. If lhe 

reinforcemenl eaceeds 8%, 1he column cannot be des1gncd with 

its currcnt d1mensions. 
4) For the assumc:d reinforcemcnt, bar arrangemcnt and ax1alload, 

find the uniuial momcnl capacitics of the column for lhe Y 

and the Z ucs, independenlly. Thesc values are referred lo as 

MYCAP and MZCAP respecuvely. 
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5) Sol ve thc lntcracttun c4uat10n 

[~)" [~)" JU 
Mycap + ML..C.lp S 

whc:rc a =1 14 

lf 1hc column 1s ~uh¡cctcd ta a tltnaxtal mnmcnt, a ts .:hn~cn J!. 

J. O 
6) lf thc lnteracttan cquJiton is ~all~licd. find an arrangcmcnt 

· wllh availablc bar )ttcs. find thc untaual capJ.CHtcs .md )olvc 

'the tntcracuan equatton ag:un. lf thc cquauun ts sausficJ nuw. 

the rctnforccment Jctalls are wnucn to thc uutput lile. 

7) lf the tntcr:~cllon cquauon ts not ... ausficd, thc J)sumcd 

rcinforccmcm ts mcrcascd (cnsuring th:lltllS undcr ll'l-1 Jnd 

stcps :! to b are rcpcatcd. 

Column lnteraction 

Thc column tntcracuon values may be ubtaaned by usmg thc Jc~tgn 

paramctcr TRACK 1.0 ur TRACK:! O lur thc culumn mcmbt:r 11 .a 

value of :!.0 ts uscd for thc TRACK paramctcr. 12 Jaffcrcnt Pn-Mn 

patrs, cach rcprcscnung J J¡ffcrcnt poant on thc Pn·Mn ..::urvc .1rc 

pnntcd. Each uf thcsc potms rcprcscnts une of thc ~cvcr:~l Pn-~n 

combtnauons thal thts ..::olumn ts capablc of carrymg abnut thc 

gtvcn UJS. for thc actual rcmforccmcnt thatthc ..::olumn h;h hccn 

dcstgncd for. In thc c01se uf ctrcular culumns. thc v01lucs .u!.! fur any 

of the radial ues. Thc valucs pnntcd for thc TRACK 1 .O output 

are: 

PO 

Pnmu 

P-bal 
M·bal 
c·bal 

MO 
P-tens 

= 

= 

= 
= 

= 
~ 

Mu1mum purcly uial load carryang capacuy of the 

column (lera momcnt). 

Muimum allowablc u tal load on thc column (Scction 

10.3.5 of ACIJ18). 
Axial load capacity at balanced strain condnion. 

Umaxial momcnt capacily at balanccd str01ín condiuon. 

M-bal/ P-bal = Ecccntrh:ny al balanccd stra10 

condition. 

Momcnt capacny atzcro axial load. 

Muimum pcrmissible 1cns11c load un tbc column. 

• • 

Des. Pn 

S<cuool lul'J 
Pu/PHI whcre PHI ts the Strcngth Rcduc11on Factor 

and Pu ts thc axtal load for the cnllcal load case. 

Des Mn = Mu*MMAGJPHI where PHlts the Strength Rcduct1on 

Factor and M u ts thc bc:nd1ng moment for the 

appropfiate axis for thc cnucal load ..:ase. For cncular 

columns, 

M u = JM~r +M ir 

¡;Jh (Mn/Pn¡/h whcrc h ts thc lcngth uf thc column. 

Column Design Outpul 

rhc folluwmg tahlc tllustntcs dtffcrcnt lc\lcls of the ..:olumn dcstgn 

out pul 

Table 3.3 

Thc followmg out pul ts gcncratctl wtthout any TR.-\CK 

.;pcctfi1.:atum 

- ' 
JO < .• ¡,:; .'IC:lES. -:::::J 

~ •lt.:'t!IEII: 9 ~ ::~6 s-.... ' 100 
1 ;>'IICY:~:<:: ZCI..:AL ..-....... "'ER •lF u.RS !\':' ~C'l ~AC:;;J 
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TRACK 1 O generales 1hc following add1110nal uu1pu1. 

COU;MN :VTEMACTION 'tOMEll'!' ABOI.J"'' l ·AII!S tK:?·--1 

,. ~ ~· 

'" :2 ll'. 10 

" ;>- t•n•. 
:ll .. ·4ll " 

;oo ;>n sa• 
.. , :: 1~1.10 
:~o i>·t•n•. 
:JJ ~~ ·4)1.00 

~1 
:8, " , .. ., 
lH :2 

"'. 040: 

·.u ,~ 

:loo •• ,.., 
Jl) :l 

~- :>• •. .. - 040 • :nc'll 
: ~~ 10 " " : .. '" .. -

'· aa o "' 

~-:uo: e·D.I •. LnC:"I 
·.: 8 JO :o. Jl ,., "'" .... 
:~8 ill a JJI 

TRACK 2.0 generales 1h..: followmg tlUlpul an ;uJd111on 10 .111 of 1hc 

.sbovc. 

., ,_, 
'" 

,, 
l :o .. ... .o : )6 ,; -:o >1 

" :a2 " :11,¡ " :H JI . ,, ,, 
' IU " :., " IU. .. ... " "'· :-...' .81 " : 70 " :l7 .. ·" .. ., JI 11 :u ,. :u :0 
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. 81 " . :o " :lJ " ',11' .. 
-- --- : 11 JI :t. .. :n " ... :0 

" 
.,._ :61 " '. :2 J IJ . , .. 

IDIOI:<C 
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SlabJWall Design 

-~ 

Slab and walls are des1gned pcr ACI specific:tllons. To dcstgn 3. 

slab or w:all, il must be modclcd using finue ciernen u. 

Elcmcnl dcsign will be perfonncd only for 1be momenu MX :and 

MY a11he ¡;cnlcr of lhc cierne ni. Des&gn Wlll nol be pcrfoimed for 

FX, FY. FXY, QX, QY or MXY. Also, dcsign IS nol performed al 

any othcr poi ni on lhc surfacc of thc clemcnl. 

1 -r=-

•• 

.. 
' 
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A typ•cal cxamplc uf elcmenl design oulput is shown in Tablc 3.4. 

Thc rcmforccmenl requ1red to rcsist Mx momenliS dcnou:d as 
longlludanal reinforccmcnt and 1hc remforcement requ&red lo rcsist 
M y moment JS denotcd as transversc reinforccmenl (Figure 3. t ) . 
Thc paramctcrs FY~t\IN, FC, ami CLEAR listcd m T:~ble 3.1 are 

rclcvant 10 slab dcsign. Other paramclcrs mcntioncd in ·Tablc 3.1 

J.re no1 applu:ablc to -..lab des1gn. 

" 

Table 3...& 

1 ,\ctual Out pul from D~sign) 
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Timber Design 

Section 4 

4.1 Timber Design 

STAAD T•mbcr dcs1gn module offers des1gn of Glulam umber 
scct10ns as pcr AITC Codcs (T1mbcr Construcuon \-'~anual. 3rd. 
Ed1laon. 1985). h also conforms lo the Nat10nal Des1gn 
SpccJftcauon for Wood Constructaon and Supplcment I~DS) and 
hu1ldmg endes hkc Un1form BuJid,ng Codc 1 L.:BC). Bas1c/Nauonal 
Bu1ldmg Code and Standard Building Codc. Sorne of the mam 

fcature~ uf the program are: 

Th1s fcaturc IS for Glulam T•mbcr only. 
2. Codc chct:k and Jcs1gn llf mcmbcrs as pcr TC\.1 .· \ITC. 

3. Dcs1gn valucs for Structural Glucd Lam1natcd Timbcr tablcs 
are m·budt into the program. Thc program acccpts Tablc no., 
Combination and Spcc¡cs spcciftcauons as inputs (e g, 1: 16F­
V3-SPISP) and rcads dcsign values from m-bu1lt tablcs . 

.t. Incorporales all thc followmg Allowablc stress modificrs: 
i} Duration of Load Fac1or 

ii) Sazc Factor 
iii) Form Factor 
av) Lateral stab1hty of Bcams and Columns 
v) Moisturc Contcnt Factor 
vt) Tcmpcraturc and Curvaturc factors. 
The allowablc sucsscs for bcnding, tcas1on, compression. shear 
and Modulí of clasucitacs are modtficd accordingly . 

S Determines slendcrness for bcams and columns (Short, 
JDtermcd1atc and long) and checks for min. cccentriclty, lateral 

113 
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stablltty. buckhng. hend•ng :md ...:ompressmn. bcndtng J.nd 

tenswn Jnd horiwntal !ohcar agamst both JJ.Cs 
6. Thc oulput rC!.Uit!o ... huw .,;ccuon!o provtdcd nr choscn, actu.tl 

and J.llowablc 51rC\SC:s, guvcrntng cnndition and rat1os of 

interacuon formuiJc Jnd the rclcvJnt AJTC dausc no::. etc for 

each individual rnt:mhcr. 

4.2 Design Operations 

E•planation ol Tnms and Symbols U sed in This Srction 

Symbols 

r, 

FA 

Ocscriplion 

Actual ..:nmprcssion •>r tcn::.10n ~•res"> \in PSI) for 
tcnsion. thc axiJI!oad ¡, divtdcd hy ncl \Cc\lnnJ.I Jrca 

lLC. NSF x X-arca1. 
Allowablc dcstgn valuc for comprc::.s10n ur tcm~•un ( 1n 

PSI) modiftcd wuh .1pplicable modtlicrs ur CJiculatcd 
bascd 00 sJcndc:rneH In .;a!!.C Of ..:omprC!oSIOn. 

fbz• fby Actual bcndmg SlrtHC!!o .aboutJocJ.i l and Y JJ.IS !in 
PSI) 

FBZ. FBY Allowahlc Jcs¡gn VJ.IUC!o ror bcmhng \lfC!oSCS .thllUI 

local Z and Y JJ.IS 11n PSIJ•m>JIIicd hy thc .1ppiH:.1hlc 
mudilicr'lo. 

JZ, JY Mudtlicr for P-DELTA dfcct .1bout thc Z and Y .uis 
rcspc:cuvely as c•platncd an formula 5-111 ol TCM. 

f-u. r,,. 
FVZ. FVY 
VZ. VY 
ZD. YO 
EZ.EY 
CFZ.CFY 

CLZ.CLY 

RATIO 

Aclual hurtl.ontal shc:lf ... nenes. 
Allowabh: hunwntal :.h..:ar !l.treHCS. 
Shc:ar IR local Z and local Y diret.:tiOn. 

Deplh of -Jcction io lot.:al Z and Y axis. 
Min1mum c..::ccntricity along Z and Y :axis. 
CFZ and CFY :are v:alucs of the )!le factors in thc Z­
axis and Y -uis rcspc:ctivcly. 
CLZ and Cl Y rcprcscnt thc factors of lateral stability 

for bc:ams about Z-:u1s and Y axas rcspecllvcly. 
Pcrmissiblc ratio of thc strcsscs as prov1dcd by thc 
u ser. The dcfaull val u e is l. 

1 =' 
:a 1:1 

1 1 
'1 , 
:• 1 

... 
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Combined Bending and Axial Stresses 

Bcnding and -\11al Tcns1on: 

Thc following interaction formulac are chcd.cd : 

i) f,Jf,\ + fb,i(FBZ' CFZ) + fby!(FBY' CFY) =<RATIO 
il) Lateral stability .;hct.:k with ~el comprcsSIVC stress . 

. f,IFA + lb,JIFBZ 'CLZ) • fb,JtFBY 'CLY) =<RATIO 

Bcnding and Axial Compress10n; 

o) f,JFA • fb,i(FBZJZ' f,) + fb,JiFBY-JY 'f,) =<.RATIO 

,\ppltt.:abtllly uf thC SIIC factor. 

al Whcn CF < 1.00. 
,r fa> FBZ t 1 1-CFZ). FBZ 1s not modifiell wtth CFZ. if fa 

> FBY 1 (l-CFY). FBY 1s not mod1fied wtlh CFY. 

,f fa< FBZ t ( 1-CFZ) FBZ ts taken as FBZ t CFZ +fa but 

sho~ll no! ctcccd FBZ x CLZ 

Ll la< FB y t ( 1-CfY) FB y ts takcn as FB y ' CFY + fa 

bm shall not Clu;:eed FB Y x CL Y 

bl When CF >= 1 00. thc cffcct of CF and CL are cumulallve 

FBZ ¡s takcn J.S FBZ x CFZ x CLZ FBY is takcn as FBY' 

CFY 'CLY 

Min Ecccnuicily: 

Thc program chccks agaanst min. eccc~triclly tn following cases 

' 
a) Thc membcr is a FRAME mcmbcr and nota uuss mcmber 

and undcr compression. 
b) Thc va\uc: of actual axial compressivc suess docs nol 

cJ.cccd 30% of thc allowablc comprcssivc 'lotrcss. 

The actual moments about bolh ncs are: len than ~omcnt~ 
that would be caused duc to min. ccccntnclly. In thts 

e) 
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approach, thc momcm Juc lo m•n. ecccntru:lly is lalr:cn as 

the comprcss•ve load limes .sn ccccntucuy of 1 In urO 
dcp1h wh1chcver 15 largcr. .l l 

In e ;ase of mm c:cccntncny, 

lb, IS takcn as f,. { (6-..1 5 { JZ)IfEZ/ZO) r k 
x JY)/ lEY/YO) - by •s la en as JJ, ffl+J 5 

the rollowmg condiiiOns Jrc: chcdaU 

f/FA + fb,tffBZ.JZ-' f .. J .;<RATIO Jnc..l r IF,\ 
r,¡ =<RATIO , · • 10,'CFRY·JY, 

H . 
onzonlal Slressc:s are calculaled and chcckcd 

valucs: Jga•ost Jlluwablc 

f"' = 3 ' VY IC~ a Arca , SSF) =< fV'ZJf _ J 
~SF) =< FVY "Y - ' VZ /(! t .\rca • 

4·3 Input Specification 

l
A tydp•cal sct of mput commands for STA~\D TIMBER DESI''" 
1:~~tc below: u,, 1s 

UNIT KIP INCH 
PARAIIETER 
CODE TIIIBER . 

GLIILAII 1:16F·V:J.DF/Df IIEIIB 1 TO 14 
GLULAII 1 :22f·E5-SP/SP IIEIIB 15 TO 31 
GLULAII 2::J.DF IIEIIB 32 TO 41 
LAIIIN 1.375 LY 168.0 IIEIIB 5 11 15 TO 31 
LZ 178.0 IIEIIB 1 TO 4 6 'T 8 10 TO 14 
LUZ 322.8 ALL· 
LUY 322.& ALL 
WET 1.0 ALL •, "~' 
coi f.33 ·· · · 1 .,_. ·, 

. NSF li&S . '. ' • '" 

iwh.ci AÜ."'1 ' ' 
. ~ . .,._. 

.. ' !,-

'1. 

.. ···~ 

.... "·' 

. •• ·;f • 

.. , .. 

i 
.. 1 

• 
CHECK COOE 1 TO 14 
SELECT MEMB 15 TO 31 

Input Commands and Parameters Explained 

Sc<tion 4 !11 7 

Spcc1fy PARAMETER .and thcn CODE TIMBER 10 slart T1MBER 
DESJGN bcfnrc spccify.ng thc input paramc1crs. The uscr musl 

prtlvlde thc t1mbc:r grade CGLULA~ GRADEI for caCh mcmber he 

1ntcnds to dcstgn. Thc par:lmctcrs can be spc:ctricd for all or 

<ipccaricd hs1 uf mcmbcrs. lf a paramc1cr ts not spccalicd. thc 

dcfauh valuc 15 asstgncd 10 it. Sce lollowing lNPlJT 
P.\R,\~ETERS UST TABLE for dcscnpuon .and Jdault valucs uf 

the paramctcrs. 

Glulam Grade & Allowable Stresses rrom Table 

Thc: allowable ~uc~scs for GLULAM membc:r\ are rc:ad 1n from 

Lable-1 .J.nd T.1ble-! l1f AITC for Jcs1gn valuc., for S1ructural 

Glucd lJmtn.;ucd fimbcr T he \tructurJI mcmhcrs .m: ll1 he 

,pectficd 1n the fulluw1n& manncr: 

r Jblc . 1 ~cmbcn : 

T Jblc Combtn.J.IItln SpcCICS 

~n Symbol IÜulcr/c~ 

~T? 
GLULAM 1 · 16F·V3-0FIDF 
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Tablc · 2 Membc~ : 

T ah le C>mbmatmn 
No ~~~ 

Spcl:ICS 

~11-
GLVL.\.\1 ~ : J DF 

ForTABLE-.., me b h 
- m c:rs. t e appht.:ablc Hrcss valucs are )clc¡;tcd 

based un thc depth Jnd thc numbcr ¡Jf lamlnauun!l Plc..~sc note he re 
thatlam•natiOn th•ckncss lin mchl ~.:an be pro,Jdcd h h 

. y t e u!lcr and 
m ~.ase lt •s nut provlLicd thc dclaull¡s takcn .1) 1 5 mch L:,ual\y t 

IS C::llhcr 1 5 IMCh Of 1 .J75 IRCh, ' l 

4.4 Code Checking 

Thc CHECK CODE 
. command cnablcs !he u ser to check thc 

adcquacy ol thc SI te ( YD X ZD 1 prov•dcd •n lhc ~EMBER 
PROPERTI_ES for thc mm.t crít•cal forccs and mumcnts Thc 
program pnnts whcthcr thc mcmbcr hJ) PA~-·s ·d 1' \IL d 

J ~.: ur . .: lhc 
cruu:al t.:onduaons and thc valuc 0 ¡· th · • e rauo. 

.5 Orientation of Lamination 

·,( 

Laminallons are always assumed to lie a long thc local z planc of 
the membcr. Thc uscr may picase note that in MEMBER. 

PR~PERTIES scction, YD always rcprcscnts thc dcptb of thc 

scc.uon acrou tbc grain and ZD rcprcscnts thc wldth along thc 
lfiiD. 

1 
-~ 
r• 1"1 

~- 1 1 

•• 1 

:• :J 

:• a 
• 1 

•• 1 

Secuon -' lt19 

y 

1 

'" 1 /U y 

/1) 

4.6 Member Selection 

Thc SELECT MEMBER t:ommant.l 'itarts wuh thc m1n pcnntssiblc 

Jcpth (or m1n. dcpth pruv1dcd Lhru DMIN paramctcrJ ·.md chccks 

thc c:odc lf thc mcmhcr fails w1th 1h1s dcpth. thc thackncss.•s 

¡n~.:rcasct.l by onc lamtnauon thid.nco;s :~nd thc ¡,;ot.lal rcquucmcnts 

are chcckcd agatn. Thc pruccss 1s ~.:nntmued 11\1 thc sc~;uon passcs 

Jll thc ..:ot.lal rcquarcmcnts. Thts ~n-.urcs thc lc:tst wctght sccuon for 

1he membcr. lf thc dcpth oC the .;ccllon rc::aL·hcs max. allowablc or 

.1"'aalablc depth and thc mcmbcr 'ita\1 fa1l!io. thc uscr ~.:an havc thc 

f<JIIow•ng opuons for rcdcs1gn: 

ti Changc thc wtdth ur tncrca:.c thc ma1 Jlluwabh:· Jcpth 

CDM,\Xl 

u) Changc thc tambcr grade 

tii) Changc thc dc:sagn paramctcro;. 

Table 4.1 - Timber Design Parameters 

PariiiiWblr Oetautt Oescription 
N ame Value 

bZ Length al ; Etfectlve length of the column 
lhe Memoo~Ll in Z·BJOS. 

!.:! ·DO· Sama as aboYe 1n y-axis 

w,g 1.92'L Unsupponed ettec:Uve length 
for bftam •n z. 

!.!J1 1.92"L Unsupported etfectJve tength 
fot beam in y. 
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Table 4.1 

Parameter 
N ame 

Qli 

(clE 

~ 

~ 

8!!10 

~1NAnON 

~M 

~ole: 

T unba Des1 en 

Timber Design Parameters Cont. 

Delaull 
Value 

00 

1 o 

1 o 

1 o 

1.0 

1 o 

1 o 

.so.ncn 

00 

Oescription 

O O · dry condrtJon 
1 O · wel condltion 
wel use tacto,., are •n-l:>wll 

Nel Section lac1orlor 1ens1on 
members. (boU'I Shear and 
tenSion stresses are basad 
on sectJonal area • nsl ) 

Ourauon ol load lactar 

Form factor 

Temp taaor 

Curvatura lactar. 

Pennt~-~•ble rabO ol ac1ual to 
aUowabHJ stresses. 

Thckness ol larn.nauon '" 
onch (1 50 01 1 375) 

0.0 = destgn lor encl torces or 
al locauons specd•e<J by 
sec11on command 

T O = cak:ulate moments al 
tenth along the beam 
and use !he ma.. tor 
des1gn. 

1. In case thc column bu~:kling is rcstr:uned in Y aodlor z 
direcuon providc LY andlor LZ as tero(!). Simllarly, la1cral 
beam buckling in Y andlor Z direction could be restraml!d by 
providing LUY and/or LUZ 1! Leras. 

ii. Size Factor, lateral stability and moisture contcnt raclors and 
few olhcrs are ctthcr calcula1ed or rcad from 1ablcs wuhin 1hc 
program. 

• ] 

SA)IPLE OUTPUT RESUL TS 

S":'M.D CúOE :::lECll:K:: - (A.l':"C) .. ··············· ······ 

u:.sL-.. :!'1 CR:-:-:o.L a;ND¡ 

?X --rt 

2 ""' 9 ooox:s 000 ::-Al:. 
¡ 205 

15. ll 

Sc:ction 4 111 

-~:XI 

...:.o.-:-:a. 

.lOCO 

-------------------- -----------------------------------------. 
'(f)G- 2 G"...L'LNI CRADE :6r-V!·7·""' ~-·t.;oo a~xTS ::0...~-:.-ct 

:_.:,;,J JO :.·t,~40 JO L..;JZ•HO 00 :..,;_,-y,HO 00 ~-z. •O.l10 ,."Y •1 000 ::::o:-~ .. 000 
CSF•:.;O 4":'·0 J ~·--~0 ~·! 00 ::Z.-!l.')a Cf'Y•:.oO C'...Z.•l lOO ::"-Y•I 000, 
~ ~~ ~·· :a 67.!bz•ll!!l 06.~t7or O ~O.!vz• U l~ t·.-y• O 00 
\.....:W ;-<~.<.SSI:S :,.., )1>6.61 :'Jl•:~~') I'),FOIY• ')'jQ.~O.::VZ•\&0 :o.;-."!'·.}0 JO 

l ;q i JCOX..:.3 000 :Al:. 
:o ,., = '"C" ·=-- :;. :a 

' JO 

:.:n u, .. l JOCO 

--- .. ---------------------------. 
"!P"3· J.:-...;.--.......,. -~·:6f·V!·7 Wllol :.AM.•:.:OO :Ml;s >a.-"'0·::-c!l 
.;:, •. ac ;o ·,vo:ao JO . .;.;z,:ao.JO :..,;,.'Y•.BO.:lO .;z •O.JH .. -.., •O.n~ ~-= JOO 

':'S<-· !C ffE'-:-·0 :l •X"h!.:lO ----...¡.:JO '7:'Z-0 JI C!"\'• .. ;0 C'"...Z.•: :oc :'-'!•! . .lOO 
,lC"\;AI. ~: ~·· aa 6a ~bz•:-:~1 1').:~· o :J.!·n• ~,_,:_~vy· J JO 
~ ;-<~.ESS"""~ "-'' '>~2-~2 ::-Bl•:600 ~D.,Y• ')~0 :o.~::tO.lO.:"I"'•:lO.OO 

--------------- ------.---------------------- .. --.----.----

.......................... 

''''""''''''""u•••••••••••••••*'''''"''''""""""'''''"'""''"''"""'"" 

: ""' • ::~oox:a ::JDO ?A.SS 
l He 

~-C-. 'j-:a 
000 

o a60 
tS. ll ' J. JOOO 

---. -------- ----------- --------.-----------.----- ------------------' 
'CDG- 1 GU.fUM GRADI!:UF·Vl·>SI* t..M.•t,'jOO ~115: 'l(UC)-;:xH ! 

....Z•li::J JO :_yd40 ::JO :......7.•240.00 :..:."'''•HO 00 ;z •O :71 .JY o1.JOO ::::r.'-:.000 ( 
':Sf'•l lO ....-r--0.0 1:0•1.00 ~·1.00 crl•0.')6 CFY•:.oo C'"...Z.•I.JCO 7-1•1.000 
.~ ~' :a• IS.S6. !b1:•1.260 46. CbY"' 0.00. !Y•• t! :t. !vy• Q.OO 1 
'A!:J:M r.'!USSES· '"' )66.6l.fSZ•lS45 Oa,rn• ')50 JO.!VZ•UO.JO,NY•\JO.OO 
1 --- --·-- ----------------------------- -·---- ~---- ------------------------' 

• """ 1 Joox:a.ooo ?A.SS -:'C'I e-_. <;-ti o n• 
10 64 e O DO U.U 0.0000 

¡---------- -----------------------------------------------------------------! 
( -..Da!- l CWLAII GRA.OE·I6F-V1-CFIWW t.NC.•l.<;OO lJrrln'S· i'CJ.H)-~ 1 
: :.z.:ao Jo :..vdao oo :..:.rz..uo oo :l."'''•:ao oo .. "l. •O ooo .:Y .o_,, m•: ooo 
: CSF•l.lO ~0.0 C'CJI•\.00 r::lt•I.OO CFl•O ... c:rt•:.oo CLZ•l 000 C'-Y•1 000 1 
AC:UL ~ ~ .... n ')0.!~·1220 u !br o.:o.!v~· Jo.~:.~vv· o.oo l 
~~- ~ rA.• 6~:l ll.F'BZ-•1600 ~O F'9Y• t50.JO iVZ•\40 OO,NY•IlO 00 1 

-------------------------------.-- -~~-----. -----------------------1 
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Outpul Results and Parameters Explained 

For CODE CHECKING and/ur MEMBER SELECTION o he oouopuo 
results are pnntcd as ~huwn 1n thl! prcvious ')CCI!on Thc ucm\ .~re 

cxplamcd as follow\. 

a) MEMBER rcfcrs lo thc mcmbcr numbcr for wh1ch thc dc!lign 15 

performcd. 

h) .TABLE rcfcrs lo thc \ILC of thc PRISMA TIC scction (8 X D tJr 

. ZD X YDI. 
e) RESULT prints wh!!thcr thc mcmbcr has P.\SScd or FAIL.:tl 

d) CRITICAL COND rclcrs to thc CLAL.:SE 11r ~ORML.:L\ ~O 

frum ohc TIMBER CONSTRt:CTION MA:-IUAL (3rd. Eduoun. 
AITC ·19M5) whu.:h govcrncd thc dcsign. S ce: following 1.1blc: 

Critical 

Coadilioa 

CLAUSE 5-19 

CLAUSE 5-18 
CLAUSE 5-~2 
CLAUSE 5-24 
CLAUSE 5·40 

Conrninc Criteria 

A.ual Comprcssion a.nd Bcnding '-"llh 

MINJMt;\1 ECCENTRICITY. 
Aua.l Compression ant.l Bcndtng 

A.ual Tcns10n and Bcndmg 

llllritontal Shc.u 
Lateral st;Jbaltty for nct comprcsstvc ')lrCS!I. 

an cilsc of Tcns10n and Bcnding 

e) RATIO pnnu thc ratau of thc ac1ual sucsscs to allowablc 
strcsscs for the cruu:al t.:omlition. Thu ratio LS usually thc 

cumulauvc ratio of \lrcssct in 1hc intcuctwn formula In t.:asc 

of shear govcrning thc destgn, 11 means the ratio of thc actual 

shcar stress lo allowablc shear )lrcss. lf lhts valuc cs.ccctls the 

allowable raaio (dcfault 1.0) the member is FAILcd. 

O LOAOING provadcs the load case numbcr thal govcrned. 

&J FX, MY and MZ provade the dcsign aual force. momenl in 

local Y as. es ilnd momcnl in lol.:al Z ;ucs rc~pcl.:lavcly. FX valuc 

os followcd by a lcucr C or T to denote COMPRESSION or 
TENSION. 

r. 
IR 

~-
1 

1 

1; 

l. 

••• j 

1 j 

:1 
-,. : 
11 

11 

' 
j 1 

1 

1 

, 

Sccuon '* llJ 

h) LOCATION 'ipCt.:tfics 1he actual dastancc from thc s1art of thc 
mcmbcr to the scctton whcrc dcs1gn forccs govcrn in case 

BEAM command or SECT\ON commant.l IS spccalic:d. 

OUTPUT paramc1crs that appc:H wnhm 1hc boJ. are I!J.plainc:d as 

ful\ows. 

.11 MEMB refc:rs to thc samc mcmbcr number ror wh1ch the dc:sign 

is pcrformcd. 
hl GLL:LA~ GRADE rcfcrs 10 a he grade uf 1hc umbc:r . 
..:1 LA~ rders 10 lammauon 1h1ckncss provadc:d in thc mpul or 

aHumct.l hy thc program. Scc INPUT PARAMETERS sccuon. 
J) LZ. L Y. LUZ and LUY uc: thc cffcctive lcng1hs as prov1dcd or 

c;alculatc:d. See INPUT PAR,\METERS sccuon. 
..:) JZ 

3
nd JY are thc modifícn for thc P-DELTA cffcct about Z­

axls and Y ·3l1S rcspecuvcl~. Thcsc are calcul:ucd b~ the 

program. 
f) CDT. CSF. WET. CCR. CT~ are 1hc :dlowablc ~ucss 

modificrs ,:xpbinct.l '" thc I~PL:T P:\R.\~ETERS ~ccuon. 
g) CFZ and CFY are valucs of thc s11c factors in 1he Z·atts and 

Y ·JtiS respccuvcly. CLZ and CL Y represe ni ahc f:ac1ors of 
laler::~l 'ililbtlily fur heams abnul Z-ax1s and Y -aJ.IS rcspcctivcly. 

Thcsc values are pnn1cd to hclp thc uscr sec thc anlcrmcdiatc 

dc:..,•gn valucs and re-check thc dcs1gn t.:ah:ulauons. 

hl rl. f¡,,· fb:r· f~, and r ... ,. are thc actual atta! stress. bcnding 
strcsscs about Z and Y as.cs and horitontal shcar sucsscs aboul 

z and V ues rcspccllvcly lf thc bcndtng momen1s Jbout both 

ates are lcss ahcn 1hc ccccnmc momcnts hased '?" mm. 
cccentricity then bcnding 'trcsscs are ..:alcula1ed bascd on thc 

min. eccc:ntriclly. Rcfcr DESIGN OPERATIONS scc110n for 

dct;uls. 

1¡ FA. FBZ. FBY. FVZ and FVY are the final al1owable u.ial. 

bending (Z and Y a11.cs) and horitOnlal shear (Z and Y ucs) 

sucsscs. Rcfc:r DESIGN OPERATIONS section for dc:tails 
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ST AAD Commands and 

Input lnstructions 

Section 5 
fh1s secllon or the manual dcscnbcs 10 detall vanous commands 

Jnd rclatcd mstrucuons for ST Ar\0. Thc uscr UllltLcs a command 

languagc format 10 communu::uc JO!.trucuons 10 thc program. Each 
of thcsc commands c11hcr suppltcs 'iOmc d:ua to thc program or 
1Rstru~o:ts 11 to pcrform sorne calculallons llSang thc dau alrcady 

-;:pcc¡ficd. Thc commam.l languagc formal and con"'cntions are 

Jcscnbcd IR Sccuon 5 l. Thls JS fullowcd by J. dcscrtpllon or thc 

Jvaalablc commands. 

,\hhough STAAD tnput can be crcatcd through thc \-todcling mude. 

h 1S vcry tmponant 10 undcrstand thc command languagc. With thc 

knowl..::dgc nf thas langu.tgc. u 1s e as y to undcrstand thc problcm 

.1nd Jdd ur ..:ommcnt data as ncccs .. ary. Thc gcncr:tl scquencc m 

whach 1hc cummand~ ')huuld appcar m an input file ,huuhJ ideal! y 

follow 1he same se4ucnce IR which 1hey are prcscntcd in thas 

"loCC.:tlon. Howcver. 1hc cummands ..:an be prov1ded. tn any order wtth 

lhe foJiowing CJ;CCpi!ORS. 

i) All t.lestgn relatcd dala can be provided only after the analysis 

command. 

ii) All load cases and load combmations must be provadcd 

togelher. c•cept in a case whcrc tbe CHANGE and RESTORE 
commands are uscd. Addiuonal load ~;ases ~;an be pro..,adcll in 

thc lancr part of inpul. 

AJI input data pro'<~idcd is storcd by the program. Data ~;an be 

addcd. dclcted or modil'ied withtn an e•is1ing data file. 



'~ / Sccuoo j S 1 MU Coll\l1Wtds and Input ~ 

5.1 

• 

Input lnstructions 

Command Language Conventions 

This secuon dcscnbcs the 
Fint. lhe variOus elcments c~m:a~d languagc u sed In ST A,\0 
the command format d o 1 e anguagc are discussed Jnd thcn 

15 escnbcd 1n deta11. 

5.1.1 

R:t ;¡ . ] 

• ?] 

Section ~ 117 

Elements of The Commands 

a) lntcccr Numbcrs: lnteger numbers are whole nu~bers written 
wuhout a dcctmal poinl. Thesc numbers are designa1ed as i 1, 

1:!, etc., and shuuld not contain any decimal potnt. Signs (+ or­
) are pcrmutcd m front of these numbers. lf the stgn ts omitted, 
lltS assumcd to be posllive (+). 

h) Floating Poinl Numbcn: Thcsc are real numbers which muy 
contam a decamal poruon. Thcse numben are dcsignated as r1, 

(:! ... ele .. Values may ha ve a decimal po1n1 amilor e1.ponent. 
Whcn ~pccify~ng numhers with magnuude less than 1/100, it ts 
adv•sablc 10 use the E formal 10 avo1d precision rcl:ucd errors. 

Example 

5055.32 0.73 ·1.9 732 
5E3 ·3.4E-6 
etc. 

Wbcn the 'IJR is omlltclJ. it 11 aHumed to be posllt\IC ( +) Al so 
note thJt thc dec1mal pu1nt may be um1tll.:d. 1f thc dcctmal 
poruon o( the numbcr is 1cro. 

e) Alphanumeric: Thcst are charactcrs whtch are uscd lo 
consuu..:t the names for dau. utlcs or commands. Alphabctic 
cbaraclcrs may be inpul in uppcr or lower case leucn. No 

quo1.:111on marks are needcd 10 cnclosc them. 

Example 

. ~· . ,; 
IIEIIBER PROPERTIES 
1 T~ 1 TABLE,~T.W~?'~; .. ~ . ' ...... 

d) RepetlliYc Data: Repelilive numerical data may be provided 

by Utlng thc roJiowing rormal: 



STAAD (omtnandJ IDd lnp.ll lnsuuaioo. 

n•r 
wherc n = numher of times data has to be repeated 

f = numcnc data, tntcger and Ooatmg po1n1 

Example 

JOINT COORDINATES 
1 3. o. 

Th1t Joint coordinatc spcc•ficauon IS same as· 

1 o. o. o. 

-

1 ., 

• ii 
1 ) 

•: J 
•. 1 
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5.1.2 Command Formats 

a) Free-Formal Input: Allmput to STAAD is in free· formal 

style. Input data itcms should be separ:ucd by blank. spaccs or 
commas from thc othcr input data ucms. Quotation mark.s are 
ncver ncc:ded to scparate any alphabetic words such as data, 

commands or tules. 

b) Commeoliog Input: For documentauon of a ST AAD data file, 
thc rac.ility to prov1dc commcnts IS available. Commcnts can be 
mdudcd by prov1ding an astcrisk (•) mark as thc f)rst non­
blank characu:r in any hnc. Thc line wuh thc comnlcnt is 
"c:chocd" m thc output file but not proccssc:d by thc program. 

Example 

C) 

JOINT LOAD . ' · 
• THE FOLLDWING 15 AN EQUIPMENT LOAD 
2 3 7 FY 35.0 
e·tc. 

\feaning or L'oderlining in tbe Manual: Exact command 
formats uc descnbcd in thc laucr pan of this sccuon. Many 

words in thc commands and data may be abbreviatcd. Thc full 
word intendcd 1S gtvcn in the command dcscriplion wllh thc 
port1on actually rcqu•rcd (thc abbrcviation) undcrlincd. 

For cumple, tf the word MEMBER is uscd in a command. only 
thc poruon MEMB nccd be input. lt is clcarer ror othen 
reading the output if the cnlire word is uscd, but an 
experienced uscr may desirc to use ,.1he abbreviations. 

d) ~haoia1 or Bracu aad Parc:ntbesis: In sorne command 
formats, braces endose a number or choices, whtch are 
ananged vcrtically. One and only ooe or thc cboices un be 
sclccled. Howcvcr, scvcral of thc listcd choices may be 
sclc:ctcd 1r an astcrisk ( •) mar k ts located outsidc thc braces. 



i -Xctwn} 
ST AAO CununandJ ant.llnpul lmuuciiOCll 

Eumple 

{H} 
In the Jbove cumple. thc u~cr must m ah .1 ~-h, 11 i:c uf X y •H 

YZ or XZ. \ 

Eumple 

He re the u ser can chousc •Jnc or Jll o( thc hsllng ¡f.'<. FY .1nd FZl 
in Jny arder. PJrcnthc~c~. 1 J. cndo~•ng .a port10n uf J ..:omm.and 

tnd•cate thJt thc encloscd punion is opllonal. Thc prcsencc ur 

abscnce ulth1s port10n Jffects the mean1ng of thc command . .1~ a 

c•plamed '" thc dcscnpuun of the panu:ular commJad. 

PRINT (IIEIIBER) FORCES 

PE~FORII ANALYSIS (PRINT LOAD DATA) 

In the first hnc, thc word MEMBER may be ommcd w 11 h nu 

chan¡c of thc mcanmg uf thc command. In thc sct:ond linc. 

PR·I~T LOAD DATA 
• • 1 •••• 

command may also be omiucd, m which case thc load data w 1JI not 
be prinled. 

e) MuiUple D•t• Sepantor: Multtplc dala can be pro..,idcd un a 

single line, if lhey are !eparated by a scmicolon (;) charactcr 

-

• J 

Secuon S lll 

One rcstriction IS that consccutive commands can not be 

separatcd by a scmtcolon. Thcy must appear on scparatc lines .. 

Example 

IIEIIBER INCIDENCES 
1 1 2; 2 2 3; 3 3 4 
etc. 
Poulble Error: 
PRINT FORCES; PRINT STRESSES 

In thc abo"c case, only lhc PRINT FORCES command ts 

pro~.:csscd and thc PRINT STRESSES command 1s 1gnorcd . 

n Lisling Dala: In so me ST AAD ..:ommand dcst:npuons, thc 
word 'listM ts uscd lo alcnllfy .1 hst of JOIRIS, 

mcmbcrs/elcments or loatiing ca~cs. Thc format of a hst can be 

Jcfinctl J~ follows· 

líat = 

TO mcans all intcgcr') from 1hc lirst (1 11 10 thc ')econd (i:!) 

¡n¡;lu~ivc. BY means that 1he numbcrs are m¡;remcntcd by an 

amount equalto thc lhtrd data i1cm (i 1). lf BY i 1 1s omHtcd, thc 

incrcment w11l be sct 10 onc. Somcumes thc hst may be too 

loog to fit on onc linc. 1n whtch case 1he list may be continued 

lo the ne1t linc by providing a hyphen preceded by a blank. 

Also note thal only .a hst may be contmued and nol any other 

1ypc uf data. 

lnsac:ad of a numc:rical li!it, thc spccllication X ( or Y or Z) may 

be uscd Thts spccilicalwn will mdudc all ~EMBERs parallel 

to thc global direction 5pccificd. Note thatth1s is not 

applicable to JOINTs or ELEMENTs. 

Example 
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2 47 TO 13 BY 2 19 TO 22 • 
28 31 TO 33 FX 10.0 

STAAO Commands and lnputlnttrucUont 

Thle llet of !teme le the ume a e: 
247911131920212228313233FX IO.D 
Poulble Error: 
3 5 TO 9 11 15 • 
FX 10.0 

In lhts case. lhc contmuauon mar k for ltsl ttems ts uscJ whcn 

l)sl itcms are nol conllnucd. Thts wtll rcsult m aa error 

messagc or possibly unprcJtctablc rcsuhs. 

. 1.3 Listing of Members by Specification of 
Global Ranges 

This command allows 1hc uscr 10 spcctfy hsts llf mcmbcrslclcmcnu 

by providing global rangcs. Thc general formal of 1hc spcctfit.:alion 

is as follows. 

General lormat: 

whcre, 

{

XRANGE} 
YRANGE 
:fifANGE 

XRANGE, YRANGE, ZRANGE:::; dircct10n of rangc (parallcl tu 

global X, Y, Z dirccuons 

rcspCCIIVCI,.) 

fl. f1 = values (in currcnt unll systcm) 1hat defines abe spc~:tficd 
rangc. 

• , 
• 1 

lli~ 

s.a.on> lm 
N otea 

1) Only une rangc dircction (XRANGE, YRANGE ele.) is allowcd 

pcr list. 

.;!) Thc valucs dclintng thc range (11, f2) must be 1n thc currcnt 

unll systcm. 

Example 

UEMBER TRUSS 
XRANGE 20. 70. 
CONSTANTS 
E STEEL VRANGE 10. 55 . 

In thc abo ve cxamplc. a XRANGE is spcctficd wilh valucs ~f :!0. 

and 70. Thts rangc will tndudc all mcmbcrs lytng cnurcly within a 

rangc parallcl to thc global X-aJ.lS and lim11cd by X=~~ and X:::70. 
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ST AAD Commands 

.2 Problem: lnitiation And Title 

·rion I.J 

Purpooe 

This command milia1cs thc STAAD run. allows the uscr 10 spccify 

thc 1ype of the suucturc .and :~n opttonal 111lc. 

Generellormat: 

(any tille a 1l 

Deacrlplion 

Any STAAD inpul has 10 start with lhc word STAAD. Followmg 

1ype spectfícaaions are uatlable: 

PLAN E= Plane frame struclwc 

S PACE= S pace framc structure 

TRUSS = Plane or spacc truss struc1urc 

FLOOR= Floor structurc 

a 1 = Any title for thc problem. Tht5 titlc will appcar on thc top of 

every output page. To indude adduionaltnrormalion in Lhe pagc 
hcadcr, use a commcnt linc conLaining the pcrlinent inrormatwn as 
lhc sccood line of inpul. 

-

Sccnoo :5 lJS 

Notes 

1) Thc: uscr should be carcful about choosmg thc typc of lhc 

struclurc. The choice ts dcpc:ndenl on lhc vanous dcgrc:cs of 

frccdom ¡hal nccd to be consu.Jcrcd m thc analysts. Thc 

following figure illuslralcs !he dcgrccs of frccdoms constdercd 

in the vanous typc spccificJtlons. Dc13ilcd discuss10ns are 

available in SccltOn 1.3. 

'>IR! rp Rl I\PI5 

,., ,,. *¡ 

..,, u E 

• s• ..,., :n 11 

HOUR 

:!) Thc opuunaltitlc provtdcd by thc uscr is pnntcd on 1op nf 

e ver y pagc of the output. The U'iCf can use thts factlily lo 

cu510mtt.e his output 
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5.3 Unit ~pecification 

Purpose 

Th1s command alluw!> thc uscr 10 ~pccily or ~.:hangc lcngth :md 

force: umts lor mput .wd output. 

General format: 

. l.U!fT 
{

lenglh·unit } 

force-unit 

!!:!J;,HES 
ES.&forfi 
~ 

lenglh·unit = M§! EA 
~ 
m!E 
1!.14 

l!..lf 
eQ.UND 

force-unit :z 
~ 
MTON 
~ON 
KNS 
MNS 

Note:: 

OME denotes Oecsmeters. ~NS denotes mega ~cwtons 

{ 1000 Newtons) and ONS denotes DecaNcw10ns ( 10 
newtons). MTON dcno1es ~ctric Ton ( 1000 k.ilograms). All 

othcr unils are sclf c•planatory. 

Deacrlptlan 

The UNIT command can be spccificd any number of times during 

an aoalysis. All dala is assumcd to be in thc: most rcccnt un u 

specification preceding that data. Al so note that thc input·unit for 

• 1 

• l 

• 1 
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.. tnglcs l'!o alwayo¡ !.lcgrccs Howcvcr, thc output umt for jOint 

rotations {in JOIDI dispi:J.ccmcnt) is radians. For all uutput, the units 

are clcarly spc..:iried by 1hc program. 

Example 

UNIT KIP FT 
UNIT INCH 
UNIT CM MTON 

Notes 

Thts command may he uscd as frc4ucntly as nccdcd to .. pccify data 

or 'gcncratc tlUtput 1n thc dcsucd \cngth :1nd/or fnrcc unus. ~otc 
that ffi\'( and match hctwccn t,hlfcrcnt unat systcms t :mpcrial. 

\ictoc. SI etc l :uc .lllowcd. 
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5.4 lnput/Output Width Specification 

Purpoae 

Thcse commands may he uscd to ~pc..:•fy thc witlth(s) of thc lines uf 

the input :and/or ouput fllc(s). 

General format: 

{
!HfUT } 

OUTPUT 
WIDTH i1 

For INPUT WIDTH. 
i1 ; Numbcr of char:u:tcrs per hnc m thc tnpul file to he prm;csscd. 

For OUTPUT WIDTH. 
1¡ = 7~ or IIK dcpcnd1ng on narrow ur w1dc •>utput. 

Oeacription 

The user may spcc1fy 1hc rcqu1rcd Lnputlou1pu1 w1Jth. as rc4uircd, 

us1ng this ..:ommand For INPUT wuJ.th. ;¡ny numbcr up lo 7lJ may 
be prov1dcd. Thc det.tull input w1dth is 72. lf thc 1nput wu.Jth 1:, 

more than 72. thc output must be pr1ntcd on w1dcr papcr. on ..1 

printcr ..:apablc of hamJhng up to 1111 ..:haractcrs. lt should be 

rcmembercd that a narrowcr mput w1dth rcsult) 10 (aster hnc 

scanning and thcrcfore incrcascs thc spccd of ..:~ccuuon. Thc 

program can cn~ate out pul usmg two differcnt ou1pu1 Wldth) · 72 

fdefaullJ 3nd 118. Thc 72·charactcr w1dth may be uscd for J1splay 

on most CRTs and for pnnting un 8-1/2" wtdc papcr. The 118-

character width may be uscd for pnnting oo 11" w1de papcr 

N olea 

This is a customiution facility that may be usc:d to improvc the 

prcscntation quality of thc run documents. 

) 

1 

.,::::1 

11 J 
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5_5 Set Command Specification 

5f'' Src11oru 

5.1Ht.~nJjj 

Purpose 
Thls command allows thc uscr to sea vanous general ipectlícations 

for thc analys1s/design run. 

General format: 

NL 
CONNECTIVITY 
OISPLACEMENT 

ECHO {~f} 
¡ 

whcrc. · ~L 
• ~ \1J.'II.Imum numbcr uf pnmary load .;:~sc'i 1. 1 
1 . bcr uf membcr!l lor clcmcms1 ..:onncclcd toa 

h = ~ax1mum num 

jo1nt. · h 
11 . ble J¡splacamcnt for ..IR V JOIOI IR 1 e 

13 = ~..IJtlmum a owa • 

~uu..:turc. 

Oescnption 

The SET ~L comm .. md ts uscd •n a mulliplc :analysas run if thc. uscr 
·" more pnmary loaJ cases aftcr une ;¡nal~sls has bccn 

w:m1s tu Juu h 
erformcd. Speclf!Cally. for thosc e~amplcs, wh•ch use t e 
~~~A~GE or RESTO RE command. if thc uscr wants to add more 

. load cases thc NL valuc ~hould he o;ct to thc ma~tmum 
pnmba~y wllh thc S~T NL command. The program Wlll thcn be able 
num cr · b dded Jatcr 

··•e •dd.&tional corc 'pace for informauon to e a . to sct as1u .. 
S le that thls command should he prpv¡dcd befare any JOtnt, 

~:mbcr or load spcc•fications. Thc va)uc for 1¡ should not be 

grealcr than the m;u.imum numbcr of primary load cases. 

Thc SET CONNECTIVlTY command mayal so be uscd lo spcclf)' 

h m nombcr of mcmhcr'> fnr clcmcnts) thal may be 1 e max1mu . 
cooaccted to 3 JOIRt. Thc default value is sct to lb IR thc program. 
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lf tliS neccssary to conncct more than lb memhcrs lor clem~.:nts) to 

a Jlllnl. thc SET COnncc.:llv¡ty uptwn may be usell Th1s commanll 

shoulll be pos111onell bclorc thc JOINT COORDINA TE 

spcct f¡cauons 

Thc SET DISPL\CEMENT ..:ommand !!o u~cd tu spcc1fy thc 

hm111ng value uf d!splaccment for use m convcrgencc ..:hccb of 
' ' J¡spla..:cments whcrcvcr ..ipphcablc such J.s a NON-LINE,\R 

ANALYSIS Th1s cummanJ shoulll be placed bdorc thc JOINT 
COORDINA TE spec¡fj..::u~nn 

Thc SET ECHO ON ~ummanll wall a..:uvate and thc SET ECIIO 

OFF command w!ll dea..:uvate the CL:humg llf 1npu1 lile commands 

IR the output lile. In !he .1b~cn..:c uf thc SET ECHO L:omm.1nJ. mput 

lile ..:ommands w¡IJ be cchocd bad 10 thc output f¡lc. 

By Jcfault. thc Y ·iUIS l'l !h..: vcrucal .U.I!!t Hu.,.,cvcr. thc SET Z UP 

command may be uscd 10 moJel utuallons whcrc Z·HI~ rcprc~cnts 
thc VCri!C3.1 .tUS (dUCCIIOR uf gUVIIY ioatJ) 1)( thc \lrUCIUrC rht!o 

<íttuatwn m;¡ y an~e 11 thc tnput gcomc¡ry l!o .;rc.tll!d 1hruugh \umc 

CAD softw;uc. N ole th.11 thas commantJ w.tl 3ffcct the Jdault 

BETA J.nglc spccificauon. Howcvcr. BETA c:an he \Cl to a ,,:cr131R 

v:aluc for .11! mcmben p;uallclto .1 ¡unu::ul;u glohalll!S hy usmg 

thc MEMBER X for Y or Z) type ol hsting For addiuonJ.I 

tnformation. 'iCC thc CONST ANTs \pcclfi,atwn 1 Sc¡;t¡on 5 ~t'l L 

Notae 

Thc SET Z UP Command din:ctly innuenccs the valucs of thc 

following input: 

1 l IOINT COORDINA TE 
2) Input for thc PERFORM ROTATION Comm•nd 

3) BETA ANGLE 

-

•; :1 

., 1 

.,. 

""'"'"'' 1141 
Thc followmg fe.:uurcs uf STAAD ~.:annol be used w1th the SET Z 

UP command: 

1) Wind Load Gencrauon 

2) Floor Load Gcncration 
)) Au10mauc Gcncrat10n of Spring Suppons for Mat Foundations 



- 6 Separator Command 1 
-, 

C'CIIOII 

Purpoae 

Th1s command may be uscd lo spec•fy the desncd scpaucur 

character 1h31 can be used 10 separ:uc mult 1plc llncs lll dat.l ,10 .1 

smglc hne of 1nput. 

General formal: 

~ARATOR o1 

Oeacriptian 

Thc SCffiiCO)OO (;) iS lhe dcf.Ju)t charal:ICf wh&eh IUOCIIOOS .u lhl! 

scpar:uor for multiplc hnc J.u.a l)n onc hnc Howcvcr. thls 

scparator chat:lctcr can be changed by thc SEPARATOR command 

to Jny charaCicr a 1. othcr than thc comma or aucm.k. 

N otea 

Comma (.) or .t!ltcruk ( •) may no1 be u sed as a )cpcr:uor ..:hJ.r.u.: 1cr 

.,, -

• 1 

• 1 
• 1 

• 1 

Sccuon S 143 

5.7 Page New Command 

Purpose 

Th•~ ..:omm .. md may be uscd lo insnuct thc program 10 Han a ncw 

pagc of output 

General rormat: 

Description 

With 1his command. a ncw pagc of uuapul can be <>tancd. ThiS 

..:ommand provuJcs thc llcubility, thc uscr nccds, to dcs;gn thc 

outpul formaL 

N otea 

Thc rrcscntation quahty nf thc out pul d.ocument may he ·1mprovcd 

hy ustng tht"i command properly 
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5.8 Pag 

STAADCommandl and lnpolitntrucllon¡ 

_ength/Eject Command 

Purpoae 

Thcsc commands m;¡ y he uscd to 'ipcctfy thc pagc lcngth nf thc 

output anli thc dcsarcd page cject charactcr 

General formal: 

fAllE 
{

l.{HGTH 

lliCT ~1 } 

The pagc lcngth 1n Sr \,\0 uutput ~~ ha~ctlun ..1 Jd01ult valuc l)f 60 

lincs Howcvcr, thc u~cr may changc thc pagc lcngth to any 

numbcr tlnumbcr of lincs pcr pagcJ licsircd. 

Deacrlpllon 

Standard pagc CJCCI charactcr (C~TRL L for PC:.. and 1 for 

~mt/Mfrm) is cmbelidcd 1n thc STAAO program Thc PAGE 
EJECT command Wllh thc input of thc char:lclcr o~ 1 wtll alter thc 

dcfault pagc CJCCI chara..:tcr m thc program A hlo~nk chara~.:tcr will 
\Uppress pagc cjc~.:tton 

:e 
' 

5.9 Ignore Specifications 

Purpoae 

This command allows thc u ser to pro vide membcr lists m a 

convcmcnt way without triggcring error mcssagcs pcrtaining to 

non-c:ustcm mcmbcr numbcrs. 

General formal: 

!miORE !,!liT 

Oescriplion 

IGNORE LJST may be uscd tf thc uscr wants thc program to tgnorc 

any noncltstcnt mcmbcr that may be tndudcli tn J mcmbcr hst 

spcc1ficauon. for Cliamplc, for thc sakc of S1mphc1ty. a hst of 

mcmbcrs m.1y he ~pcctlicd .ss ~tEMB 3 TO-lO whcrc mcmhcrs JO 

:.~nd 11 Jo nnt cxt\1. ,\n ..:rror mc'i!o:Jgc can be Jvotdcd '" th1s 

'itluattun by providtng thc IGNORE LIST cnmmand anywhcrc tn 

thc bcginnmg 11f 1nput ,\ warn1ng mcssagc. howcvcr. wdl appcar 

lor Clch noncxistcnt mcmbcr. 
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1 O No Design Specification 

Purpoae 

Thu commantl allow'> thc u~cr to declare 1ha1 no dc!11gn opcraunns 

wlll be pertormcd Juring thc run Thc mcmory rc~crveJ for Jc.,
1
gn 

w11! be rciC:l!>Cd to accomotlatc largd Jnalys 1s JOhs 

General format: 

!l:l.fUT tiQ.QESIGN 

Deacriptlon 

ST AA? always as sume!> thJI :u sorne potnt tn thc m pul. thc U!lcr 

may wash lo pcrform dcs1gn ror '>lec! or concrclc mcmbcn fhcsc 

dcs1gn proccHcs rcquuc more computcr mcmorv rr mcmor 
av.a¡labilily IS a problcm. thc abo._c command m.ay he u sed tyo 

cllmma1c c11ra mcmory rcquircmcnts. 

.,, -
) 

:• 3 

1 :1 
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5.11 Joint Coordinates Specification 

Purpose 

Thcsc commands allow thc uscr 10 '>pcciry and gcncr:l.lc the 

cuordinatC'i of thc JOINTs of thc structurc Thc JOINT 

COORDI:-.IATES command inlliatcs thc spcclfic:UJOn of the 

coordmatcs. The REPEAT and REPEAT ALL commands allow 

casy gcneration uf coordtnalcs usmg rcpeuuvc pancrns. 

General formal: 

,¡Q!NT COORDINA TES {S<!!,INORICAL {REVERSE)) {~HECK) band·opec 

i,, x,, y,, z,, { ¡2· ·2· Y2· Z2, ¡3) 
fiEPEAT n, xi 1, yi 1, zi 1, (xi2, yl2, zi 2, ... , xln, yin, zln) 
B.EPEAT ~LL n, xl1, yi1, zt1, (xi2, yi2, zi2 , ... , •In, yi 0 , zin) 

band-spec = {.!!QREOUCE BAND) 

Su Suum• 

1 j 1 

:-IOCHECK= Do not pcrlorm che~.: k for muft¡plc 'itructurcs or 

orphan j01nts. 

Oeacription 

Thc command JOINT COORDINA TES spcc¡fic:s a Cartcs1an Coordinatc 

Sys1em (scc Figure 1.2). loinls are dcfíncd usmg thc global X. Y and Z 

<oordinaJes. The command JOINT COORDINATES CYLINDRICAL 
.. pccifics a Cylindrical Coordinatc Systcm (sce Ftgurc 2.3). JomLS an: 

dcfíncd ustng thc r, 8 and z coordinatcs. JOINT COORDINA TES 

CYLINDRICAL REVERSE spcctfics a Revene Cylindncal Coordínatc 

sysLCm (scc Figure 2.4). Jmnts are dcfincd usmg lhc r, y and 9 

¡,;oonJinates. NOREDUCE BANO cause' thc program to cxcculc wtlhout 

pcrformiag a bandwidlh reducuon. 

Example 

JOINT COORDINA TES NOREDUCE BAND 
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auc REPEAT command causes thc prcv10us hne of 1nput to he 
rcpcatcd 'n' numbcr of u mes wuh .,pccif1ed coordmatc incrcmcnts. 
Thc REPEAT ALL command functwns sama lar lo the REPEAT 

cnmmand exccpt that 11 rcpcats all prcv¡ously .,pcc•lied inpu1 hack 
10 the most rcccnt REPEAT ALL cummand, or all joant data 11 no 
prcv10us REPEAT AI.I. command has hcen givcn. IWhcn us1ng the 
REPEAT and REPEAT ALL commands. JOint numbcrmg must be 
consccutive and shuuld hcgm with 1\) 

., 

x 1, y1 and t 1 

Thc jomt numbcr for which thc conrdinatcs Jrc 

provu.lcd. Any intcgcr number (fivc dagit maX.)IS 
permlltcd. 

X. Y&. Z (R. 9 .t. Z for cylindrical or R. Y & 9 for 
cyhndncal re verse) cnordinaac~ uf the JOinl. 

For PLA:'\IE analyscs l¡ 1!. :~n optional data ucm whcn deflntng 
input for indivtdual JOÍniS t 1 is always rcquircd for joinl 
gcncration. Thc following are uscd only 1f juints :~re to be 
gcnerated. 

~~; 
Thc second JOmt numhcr to v.hich thc joint 
coordm;ucs are gcncr.:ucd. 

xl· y1• and L:!: x.·v & Z IR, 9 & Z for cylindrical or R. Y & 9 for 

cyhndncal re verse 1 coordinatcs ot the joint '!· 

n = 

J01n1 numbcr mcrcmcnt by which ahc gcncr;¡tcd 

JO IRis w¡JI he IRcrcmcntcd. Defaults to 1 ¡f lell out. 

~umbcr uf lames repcat is to be l.':uned out. Note 

that "n" cannot ex~.:eetJ 9K an any llne smgle 
REPEAT command. 

••k· yik &. "k= X, Y & Z (R. O & Z IR, Y&. O() coordina1e 
tncremenu for k lh repcat. 

The X, Y and Z (R, 9 &. Z ( R, Y&. 91) coordina1cs w1ll be equally 
spaccd belwccn i

1 
and i

2 

__ j 

• 

Example 1 

JOINT COORDINA TES 
1 10.5 2.0 8.5 
2 0.0 0.0 0.0 
3 5.25 0.0 8.5 8 50.25 0.0 8.5 
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In this cumple. X y z coordmatcs of joints 1 to 6 are providcd. 

~uac that thc jDints bctwecn 3 &. 6 wdl be gcncratcd wllh J.omts 

d r 3 1 6 Hcncc JDint ..¡ wdl ha ve coordma1cs of l.!l¡Ually spacc rom o · • 

~U . ."!S O O 8.5 and jolnl S wdl havc coordinaiCS of JS.:!S 0.0 8.5. 

Example 2 

JOINT COORDINA TES 
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. !he 220 JOint coordinatcs of 3 ten itory 3 X "'·.bay 'itruct~rc ..¡ 

1 d Thc REPEAT command rcpc:us thc: f¡rst mput hnc are gcncn e . _ 
1 

1' 
limes, tncrcmcnting c;¡ch z coordanatc by 1.5. Thus. thc llrst - mes 

are sufficient lo crc3tc a ~ noor~ of twcnty JOIRIS. 

1 11. o. o. ; 2 15. o. o. ; 3 3D. o. o. ; 4 45. o. o. 
5 11. o. 15. ; 8 15. o. 15. ; 7 3D. o. 15. ; 8 45. o. 15. 

17 o. o. 60. ; 1a 15. ¡¡:-60. ,; 19 3D. 11. 60. ; 20 45. o. 60. _, :. 

The REPEAT ALL command repcats ;¡lf prcvious .data (i.c. the 2~ 
. . ·n ·¡len ,,·mes incrcmenting lhc y coordmate by 10 cae JOIOI oor • 

m Th is ere ates the 200 rema¡nang JOiniS uf thc slruciUrc: 11 c. . 
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Example 3 

21 0.0 10.0 0.0 ; 22 1S.O 10.0 0.0 ; .. , 
40 45.0 10.0 60.0 ; 41 0.0 20.0 0.0 ; ....• 
200 45.0 90.0 60.0 ; 201 0.0 100.0 o.o ; ... 
219 30.0 100.0 60.0 ; 220 45.0 100.0 60.0 

The followtng cumples dlustrate var10us uses nf thc REPEAT 
cummand. 

REPEAT 10 S. 10. S. 

Thc abo ve REPEAT cummand wlll rcpcat thc last mput hnc JO 

u mes using the samc sct of tncremcnts (i.~o:. • ::: 5 . y::: 10. L:::. 5) 

REPEAT 3 2. 10. S. 3. 1S. 3. S. 20. 3. 

Thc :above REPEAT command wtll rcpcatthe la'ilttnput lmc thrce 
u mes. E~~;h rcpcat opcrauon wtll use o1 dtffcrcnt •nr.:rcmcnt ~e t. 

REPEAT 10 O. 12. D. 1S'O D. 10. O. 1'0 

Thc abovc REPEAT command will rcpcatthc 1.3.st tnputlinc 10 

times: si1 u mes usmg 1. y and L incrcments of O. 12. andO . o~nd 
four times usmg incremcnts of 0., 10. andO. Each 1. y and t valuc 

of O rcprcseniS no changc from thc prcvious incremeat. To ~.7rcatc 
the 2nd tbrough 6th rcpeats, five seiS of 0., O. and O. ( 15•0) .1rc 

supplied. The sevcnlh re peal is done Wtlh incrcmcnts of 0., 10 and 

O. Tbe 81b through IOah rcpcats are done wnh lhc same incrcmcnts 

as 7, and is rcprescntcd as 9•0. 

. , ., 
• 1 
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Notes 

Thc PRINT JOINT COORDINA TE command may be uscd to vcrify 

thc jomt coordtnatcs providcd or gcncratcd by RE PEA T and 

REPEAT ALL commands. 

Also. use thc Post Processing facility to venfy gcomctry 

graphtc.:J.IIy. 
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5.12 Memoer lncidences Specification 

s~e SeCIIOtt 

J 1 

Purpoae 

This sc:t of commantis as usc:d 10 :;pccafy MEMBERs by ticllnang 

~.:onncctivaty bctween JOINTs. REPEAT Jnd REPEAT ALL ' . 
~.:ommands .uc .1vaalahlc 10 facthutc gcncrataon of rcpc1111vc 

paucrns. 

Thc mcmbcr/c:lcmena an~uJcnccs mu~t be ticfincd \UL:h that a he 

modcl dcvclopcd rc:prcscnts une ~mgle ~trucaurc only, not 1wn nr 

more separatc: uructurcs. STA AO ~~ ..:Jpablc ol Jclc..:lang muh 1plc 

.,uu~:turcs .lutomatu:all '1. 

General format: 

M..E.M.BER ~IDENCES 
11 , 12, 13, ( i4 , 15, ¡6 ) 

B.EPEAT n, m,. j, 
B.EPEAT !LL n, m,. j, 

Deacriptlon 

The REPEAT .:omm.anJ ..:Ju~cs thc prcv10us hnc •JI anput tn he 
r.cpe.atcd ·n' numbcr ol lames w11h -.pcc1fictJ mcmhcr .1nd Jlllnl 

an..:rcmcnts. Thc REPE.\T :\LL comm.1nd functaon~ "malar 10 thc 
REPEAT ~:ommand c~t.:cptthatll rcpc:.~ts all prcvaou~ly \pc..:aficd 
anpul back to thc most rcccnt RE PEA T ALL command or 10 thc 
bcginning uf thc spc:clfi~.:auon af nu prcvaous RE PEA T ALL 
~.:ommand has be en iuucd. ( Whcn usang REPEAT .tnd REPEA f 
ALL commands, mcmbc:r numbcnng must be consccutavc). 

.il 

'2 ,, 

= 

= 
= 

Mcmbcr numbcr for which incadcnces are provadcd .. \ny 

intc:gcr numbcr fma.imum six digats) i!i pcrmiucd. 

S1ar1 joant numbcr. 

End joint numhcr. 

-

1 
11 '1 

lt 1 

·a¡- 111 

11 1 

•: 1 
i arm 

•• \ a 

The follow1ng data are uscdlor memhcr gcncrauun only: 

,, : 

., = 

Sccond membcr number tu whtch mcmbcrs will be 

gcncratcd. 
Mcmber numbcr mcremcnt for gcnc:ration. 

Secaion S 15 ' 

'• Jmnt numbcr incrcmcnt which wall be addcd to the in~:1dcnt 

joants. (i 5 and 'b wall dclauh 10 1 1f lcft \)Ut 

n :'>lumbcr of times rcpe:1t is tu be .:a.rncti out. 

m, ~cmbcr number lncrcmenl 

J, = Join1 numbcr ln~o:rcmc:nt 

Example 

IIEIIBER INCIDEN CES 
1 1 2 
2 5 7 5 
7 11 13 13 2 3 

In thts .:xamplc, mcmbcr 1 gocs from JOint 1 tu :! . . \kmbcr 1 1S 

..:onnc.:tcd betwccn JOint~ 5 and 7 :vtcmbcr numbcr<a t"rom) tu 5 
wall be gcncra.ted w1th a mcmbcr numher m..:rcmcnl ,Jf 1 .md .1 ¡utnt 

numbcr ~ncrcmcnt 1 lhy Jcfaulll. That •s. mcmbcr 3 !UCS frum h to 

R. mcmbcr-' from 7 10 t,l, mcmbcr 5 frnm ~ 10 10 S•mllarly. in thc 

ncxt hne. mcmbcr 9 wa\1 be from 1-ltu lb. 11 from 17 10 IIJ :.~nti 13 

from 20 lo 22 

Addltlonal example 

IIEIIBER INCIDENCES 
1 .1 21 20 
21 21 22 23 
REPEAT 4.3 4 
38 21 25 39 
REPEAT 3 4 4 
REPEAT ALL 9 51 20 
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'i T A.-\0 Cumnundl and lnpul lnurucuons 

Th1:, cxamph: crcatcs thc 510 membcrs 1JI .11cn ,tury J X ~-hJy 

.. truciUre 1th1s 15 a conunuallon ul the examplc ~taflcti m Se..: u un 

5.1 ~~ Thc: tlrsl mput lince reate'> thc twc:nty culumns uf thc 111~1 

llum: 

1 1 21 ; 2 2 22 ; 3 3 23 ; ... ;\ 19 19 39 ; 20 20 40 

fhc two commands (~ 1 .! 1 :!::! 23 .1nd REPE,\ r l J llcrcalc 15 

mcmbc:rs wh1ch are thc .. ccond lloor ~llo11r~ hcJm~ runnmg. lor 

cxalflplc, m thc c;ui·WC'>I duccuun. 

21 21 22; 22 22 23; 23 23 24 
24 25 26; 25 2& 27; 26 27 28 

33 37 36; 34 38 39; 35 39 40 

Thc ncxl twn l."nmmands IJtl! 1 ::!5 J4 .1nd REPE.\ f J l -lt tum.uon 

'iimtlotr 10 thc prcvtou'l two commands, hut hcrc acate thc lfl 
.. ccond Ooor ~noor'" bcams runnmg 1n thc nonh ,outh d!rct.:uun 

36 21 25; 37 22 26; 38 23 27; 39 24 28 
40 25 29; 41 28 30; 42 27 31; 43 28 32 

48 33 37; 49 34 38; 50 35 39; 51 38 40 

Thc prcccding command!. ha ve crcatcd a single lloor uni1 uf huth 

bcams and columns. a lota! or 51 mcmbcn. Tbc REPEAT ALL now 

rcpc:us this un u ninc u mes. gcncraung 459 ncw mcmbcrs and l"imshtng 

thc ten slory Slructurc. Thc mcmbcr numbcr 11 mcrcmcnu~:d by 51 (the 

numbcr or mcmbcrs in a repcating unll) and lbc jotnt numbcr is 
incrcmcnlcd by 20. (lbc numbcr or Joinls on onc Ouor). 

• 1 

• 
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Notes 

Thc PRINT MEMBER INFO command may be used to vcnfy thc 

ml!mher m-.:tdcnccs providcd or gcncralcd by REPEAT Jnd 

REPEAT ,\LL commands. 

-\lso. u'>C thc Poo;l Prot.:c'>'>IRg facdny to vcnfy gcomctry 

graphtcally 
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ST AAO Command.l md lnpuc ln.JtrucUOIUI 

Elen,_,,t lncidence Specification 

·~ 

Purpoae 

Th1s sct of commamh is uscd 10 spcc1fy ElEMENTs by dcfincng 

1hc connect1vuy bctwccn JOINTs. REPEAT and REPEAT ALL 

commands are ava!lablc 1u fa~.:illtalc">gcncratwn of rcpe1i11vc 
pallcrns. 

The elcmcnt tnc!dcnccs must be dcfincd such that 1hc modcl 

dcvt'lopcd rcprcscnts onc "i1nglc struciUrc unly. not two ur more 

scparatc structurcs. ST r\AD is capablc of dctccung muhiplc 
structurcs aulomatically 

Plate 1 Shel! Element !ncidences 

General format 

lliMENT l.ID;.IDENCES (~LL) 

B.EPEAT n, e,. J, 
B.EPEAT ALL n, e,. j, 

Deacrlptlon 

ELEMENT INCJOENCES SHELL must be providcll tmmcdtatcly 

af1cr MEMBER INCIDENCES (if any) are spmfied. Thc REPEAT 

commaod causes thc prcvious linc of inpulto be rcpcatcd 'n • 

number of times with specificd ch:mcnt and jo101 increments. Thc 

REPEAT ALL commaml functions stmllar 10 thc REPEAT 

command, ex.cept tbat it rcpeats all prcviouSty spcc1fied input back 

to tbe mOs1 n:ccnt REPEAT All command; orto thc beginning of 

lhe spccification if no prcvious REPEAT ALL command bad beco 
issucd. 

-

1~ 

• 1 

""'"""' llS7 ., = Elcmcnt number (any numbcr up to six d1g1ts). lf 

MEMBER INCIDENCE is prov1dcd, this numbcr mu5t 

not coinc1de wilh any MEMBER number. 

'! .. .i5 = Clockwi5e or countcrclockwi5c JOinl numben which 

rcpresent the elcmcnt conncctivily. N ole that i5 is not 

nceded for tnangular {3 nodcd) elcmenl5. , 

The followmg dala t5 nccdcd if .:lemenl5 are to be gcncratcd: 

i6 = Lasl elcmcnt numbcr 10 wh1ch elemcnls are gencr:ucd. 

11 = Elcmcnt numbcr incrcmcnt hy whi~.:h dcmcnts are gcncratcd. 

Delauh5 10 1 if omtHcd. 

i 11 = Joint numbcr incrcmcnt which will be added to incuJcnt joints. 

Dcfault5 10 1 tf omulcd. 

Thc followtng data t5 nccded if REPEAT or REPEAT .-\LL 

.;ummanl.is are u5cd to gcncratc clcmen1s: 

n ::: Sumbcr of times rcpcat is to be carncd nuL 

e, = Elcmcnt numbcr tncrcmcnt. 

j, ::: Jotnt numbcr tncrcmcnl. 

Eumple 

ELEIIENT INCIDENCE 
1 1 2 7 8 
2 3 4 a 
3 a 9 11 10 TO 8 
9 1 3 7 TO 14 

Notes 

Thc PRJNT ELEMENT INFO comman~ m.ay be used to vcrify 1he 

clcmcot incidcnccs provided or gcneraacd by REPEAT and 

REPEAT ALL commands. 

Al so. use the Po5l Proccs5ing f~ctlity to venfy geomctry 

graphically. 
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'i L\,\U (\munan.U .&nJ lnpy1 lnsll'UcUUfll 

Solid Element lncidences 

General formal 

Thc clcmcnt mcidcm:c' lor suhJ ch:mcnts Jrc to be ¡Jcntllu:t.J U\lrlg 

thc ClprCHIOO SOLIO to d1~11ngu•~n thcrn lrum PLATE/SIII:LL 

clcments. 

ELEMENT INCIDENCES SOLIO 

REPEAT n, o1, j1 

REPEAT ALL n, o, 11 

Description 

ELEME~T INCJDE~CES SOLIO mu~t be provuJcJ ,mmcJ,:..IIcly 

Jftcr MEMüER INCIDENCES l•f Jnyl Jrc <ipcclhcJ J=:, wcll J., 

Jltcr the ELE~E~T I~CIDE;o.ICE!::i SIIELL 111 Jny) 

,, ; Elcmcnl numhcr 

i ~ . " Jnm1 numhcrs uf thc ,uliJ dcmcnl 

·lw ; L.1s1 cierne ni numbcr 10 he gcncrJ11.:J 

'" ; Elc.:mcnt numhcr •ncrcnu.:nt 

··= 
; Juint number 1ncrcmcnt 

n ~umbcr ol ttmcs REPEA T ts to be ..:arTicJ llUI 

e, = Elcmcnl numbcr tncrcmcnt 

j, ; J01n1 number mcrcmcnt 

Spcc¡fy thc four nodcs of :any of thc faces of thc sohd clcmcnt m a 

counter·clock.wisc dircction as vicwcd from thc outs1dc of thc 

clcmcnt and thcn go lo thc oppos•tc facc and ~pcctly thc four nades 

oí that facc in thc samc dirccuon u~cd wtulc )pccilymg the nodc::, 

of the fint facc . 

Secuon S 

Example 

ELEMENT INCIDENCE SOLIO 
1 1 5 6 2 21 25 26 22 TO 3 
4 21 25 26 22 41 45 46 42 TO 6 
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\ 1 A Al} Cunuuv~<b W Input lmlruUIOnS 

!1.14 E.. .1ent Mesh Generation 

• 
• 
,. 
• 
,. 

·' 

1 • 

'o 

·,r 

Purpoae 

This sea of commands ~~ uscd to gcnl!r;llc finnl! .:lcmcnr me~ he~ 

Thc proccdurc in vol ves 1hc Jcfinnwn_ ol :.upcr-dcmcnts -.hn.:h are 

~ubscqucntly div1dcd 1ntn ~mallcr dcmcnts. 

Oeacription 

T.h1s is !he -¡ccond mcthw.J fur lhc gcncr:uion oi dcmcnt incnJcnccs 

lf 1hc uscr nccds ro divuJc ..1 btg clcmcnt tnlo a numbcr of -.mall 

clcmcnts. h..: may use lht\ faclluy \oloohu:h generales thc JOinl 
numbcn and JOint coofl.!lnatcs, thc de mene numhcrs .tnd thc 

clcmcnt mc¡dcnccs automaltcally Csc IJI lhrs t'c.uurc .:onst~ts of 

IWO p:Uts: 

l. Dcfiniaion or rhc super dcmcnl hounJ:uy pnmts· .\ \Upcr­

..:h:mcnt may be dcfincd by cnhcr -' boundary ptunls or H 

hound.uy pumts ( \CC Figure un nc~t p..1gc 1. \ huunli.JJ) pomt 

1S dcnutcd by .1 unu~uc ..1lph.1bct IA-Z m uppcr c::nc •H .1-1. •n 

lowcr c.l~C) Jnd its currc\pondíng courdinatc\. Hcn..:c . .any -t ur 

11 o( !he 52 charactcr\ may be U'lcd !ti Jcfinc thc -.upcr-d..:rncnt 

boundary. lf -t po1n1-. .He u .. cd tu Jclinc thc ~upcr clcmcnL c..1d 

~1dc o( thc 1upcr-clcmcnt wdl be assumcd tu ha ve .a 'llr:ught 

cdgc connccllng thc 2 potnh Jctintn~; that ,¡de ¡,· g pomts are 

uscd. c:u:h stdc will he a 'imooth curve ..:onnccnng thc J potnts 

dclining that stdc. 

2. Gcncrauun uf sub-cll.:mcnts: dctinc !he supcr-clcmcnt using 

boundary pomls (-' or M :u uplaancd .abo ve¡ .and ,pccify thc 

total numbcr of sub-clcmcnts rcquircd. 

1 

•: il 

:111=1 
1 

:111 il 

1' . 1 ::a 
11l • 

:a 
1 •• .,. 

' 1 

Sccuon S 

General Formal: 

whcrc 

:\. ,,, 
,,,y ,.1 1 

n, 

DEFINE MESH 
A¡ X¡ Y¡ Z¡ {

CYL } (x
0

,Y
0

.Z
0

)) 

RCYL 

Al X¡ Y¡Z1 

GENERA TE {

(OUAORILATERAL) } 
ELEMENT 
- TRIANGULAR 

MESH A¡ A1 ..... n1 (n2) 
MESH Am A0 ..••. n3 (n4 ) 

:\lphabcts ,\ - Z ur alphabcts l- 1. Th:u JS ma~ 52. 

::; Coordinatcs for boundary po101 ,\ 1 • 

lf CYL or RCYL is deiined. ahovc coordmates wtll be 

10 ..:yltndnc.:~lur revene ..:ylinJm:al ~:ourdin:ucs sys1em. 

Optiun..1l coun.hnatcs t
11

, y, 1 and t 11 w11l he thc cartcsian 

¡;nnnlinatc-. lm thc nngtn ni thc t:yllnJncal ..:uurdinaiCS 

Dcfauhs tu n. U. O 1f nut providcd 

=A rcclangular \upcr·clcment dúincd by four or c•ght 

huund.:~ry po1nts 

Sumbcr ol clcmcnu along thc stdc A, ,\ 1 ol thc super­

clcmcnl. 1 Shnuld nol cx.cCcd !01 

:: Sumbcr of dcmcms J.long thc s1dc A1 A._ uf thc '!oUpcr· 

dcmcnt. t Shuuld nu1 ..;,cccd 201 

lf n .. is omutcd. lhat 1S, only n 1 JS prov•dcd. thcn n 1 wllltndicatc 

thc ~otal numbcr uf clcmcnls wllhtn 1hc supcr-clcmcnt. In this case. 

n 
1 

must be thc squarc uf an mtcgcr. 

Notes 

AJI coordtnatcs are in curren! unll sys1cm. While using thts facility 

.lhc uscr has to kccp thc followtng potnts in mind: 

1) All supcr-elemcnls must be 4-nudcd or 8-noded. ~cncratcd 
clcmcnts for 4-nodcd supcr-elcmcnts w1ll rctain thc straight­

hne cJges of thc -.upcr-dcmcnt!t, whilc jutnts uf elcmcnts 

,, 
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! •. 

. ' 

'· 

1---l 
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1 1 
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ST AAO ComnWlds &ntl Input lnuni(:UOC'IS 

gencratctl from M-nudctl ~upcr-clcmcniS wlll he on "curvctl 
lrJJCl:IOry 

1 1 1 
1 
1 1 

1 ' 

' 1---¡ 
-¡--; 
' ' 

' 1 1 

'ftJIIJttlttWtd }•'' <l 

~-'tv.kJ U•pn tlti'IIW"f 
W..-111 (t!Wruud }eH" 

~ ,.,.,J..¡J 1~po ,fl'l'f\4'111 

1) 2 ~upcr-clcmcnts wh1ch havc ;~~.:ommun boundary must ha ve 

the samc numbcr of dcmcnts Jlong thcu ~ommun houndary. 

]) Scqucncc of )Upcr·..:lcmcnts- ~ESH commJnds tic fine thc 

supcr·dcmcnts. Thc scquencc uf thts ~ESH ..:omm¡¡nd ,huuld 

be such that once tJnc 1s tlcfincd, thc ncu lupcr-..:lcmcnh 

should be thc unes ..:unnccu:d to thJ). Thcrcforc. for 
convcn•cn..:c. thc first supcr·ckmcnt should be thc on..: whu.:h IS 

conncctcd by thc largcst numbcr uf '>upcr·dcmcnt~ In lhc 

cumple )hown hcrc for thc tanl. thc hollom ~upcr-o:lcmcnt 1!. 
spcc1ficd firsl. 

.f) This command must be uscd aftcr thc ~E~BER J:"'CIOENCE 

&: ELEMENT INCIDENCE sc~o:ttun and bcforc thc ~E~IBER 
PROPERTIES .t. ELEMENT PROPERTIES scc11on. Thc 
elcmcnts that are crcatcd intcrnally are numbcrctl scqucnually 

with an mcrcmcnt uf onc starttng from thc last mcmbcr/clcmcnt 

numbcr plus onc. Simllarly thc ;¡ddttiOnal JOIDIS ~rcatctl 

intcrnally are numbcrctl scqucntially wuh an m..:rcmcnt of one 

Slaning from thc: last joinl aumbcr plus one. h ·¡s advisablc thal 

usen kccp the joint numbcrs anO ml mbcr/clcmcnt numbcrs tn a 

scqucncc wub an iocrcmcnt or onc ~tarung Crom Onc. 

·--. 

Sc:cuon S 

5) lf thcrc are mcmbcrs cmbracing a supcr-clemcnt wh1ch 1S 

bcmg mcshcd. thc uscrs will ha ve to takc ..:are of Lhc rcqutrcd 

;¡dditwns/modifications in thc MEMBER INCIOENCE sccuon 

thcmsclvc~ s1m:c a fcw mure ncw JO IRIS m1ght Jppcar on thc 

cu~11ng (lllnmun buumlary ¡¡s a rc~ult of mcsh~ng thc supcr­

clcmcnt. S..:c thc followtng ligurc: 

l l 
1 1 

1 

t i 
1 

" 

'l;oL(' H ,¡ mcmbcr OL\n hclwccn ¡uunn \ JruJ ll Lhc (JS('f muu brc:~kup 

lhiS mcmbcr m1o ,¡ pare' \tcmbus w•ll nol ~e rnnhcd lULOm<~uca.lly 

t'!J Thc ,uh-..:lcmcnt~ wdl havc !he ,ame JtrCL.:IIOn. ¡(Jm:kw¡sc or 

Anll-..:ltl!.:kwiscl JS lhc ~upcr-elcmcnts For a '>upcr-clcmcnt 

houndcJ by four puints A, B. C .&ni.J D. 1f ABCD. BCDA etc. 

are m clucb~•sc i.Jirc~:tion, CBAD ur DCBA ele .&re in anu­

duck wi'ic Juc~.;t1on lf thc partu:ul.&r )upcr-dcmcnt 1s dcnolcd 

a~ .\BCD ... lllahc ,uh-clcmcnt~ •n 11 wdl h3vc a dockwisc 

dcmcnt 1n..:ukn~.:c tn thtS cumple 

7) Elcmcnt tm:uicncc~ •Jf thc gcñcratci.J '>Ub·clcmcnts m¡¡y be 
obu1nctl by prov•dmg the commantl PRI:'-IT ELE~ENT 

I~FOR~J\TION' aflcr thc ·~ESH. · cummand •n thc tnput file 

g) lf thc STA AO 1nput file contains commands for JOINT 

COORDI:-1.\TES. ~E~BER INCIDE::OCES. ELE~ENT 
INCIDE!'ICES and ~ESH GENERA TION. thcy should he 
spee~lictl in thc followtng ortlcr: 

ST,\.\0 SPACE 
UNIT KIP FEET 
JOINT COORDINA TES 

~EMBER INCIDENCES 
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ELEMENT INCIIJENCES 

DEFINE MESII 

GENERA TE ELEMENT 

Example 

T~c followm¡¡: sct:tiOn ol 1npu1 lllustratcs rhe u !te of \olE SU 

GENERATION lacility. rhc uscr may ¡;omparc lhl!!. wuh thc 

gcomctry rnpuls for Eumplc Prob ~~~- 10m rhc ST,\,\0 \.!lamplc 

m01nual. 

-

STAAD SPACE TANK STRUCTURE WITH 
"MESH GENERATION 
UNIT FEET KIPS 
DEFINE MESH 
A O O O ; B O 20 O ; C 20 20 O 
D 20 O O ; E O O ·20 ; F O 20 ·20 
G 20 20 ·20 ; H 20. O. ·20 
GENERATE ELEMENT 
MESH AEHD 16 
MESH EABF 16 
MESH AOCB 16 
MESH HEFG 16 
MESH DHGC 16 

Sa.uon S 1 r 

fyprcJI gcncralcd Quad and Triangul..u clcmcnas: 

/.__~; 

._:~~ 

''"""' ~t,rrauJ 
f)...W rl#-,.o 

(1(>11<11 (t'll'llltd 

Tn<UI(IOl.Jr ri.ri!IWIIU 
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5.15 Redefinition of Joint and Member 
Numbers 

Purpose 

This command may be u-.ct.J 10 rcdcrjnc JOINT Jnd ~EMBER 

numbcrs. Ongmal JOI:-IT J.nd ~E!vtBER numbcrs are 'lUb-.tllutcd 

by new numbcrs. 

Gener•l Formal: 

11, 1, START 
i!IDST ¡ {,¡Q¡NT } 

MJiMBER 
{

XRANGE } 
YRANGE 
lf!ANGE ¡ 

·,r 

COLUMN 

whcrc, f 1 and f:! are awo rangc valucs nf t, y, or 1. .md 1 •s thc ncw 
Sl.:trtmg numbcr. 

Oescription 

Jmnl and mcmbcr numbcn can be rcdcfin..::d ¡n STAAD lhrnugh thc 

U!!.c of !he SUBSTITUTE cummand. Aflcr a ncw -.ct 1){ numbcrs are 

J.SSigncd, •nput and ourput valucs wlll be in .lCcordancc w1th thc 

ncw numbcring schcmc. Thc uscr can dc .. ign numbcring schcmcs 
thal wrll rcsult IR simple input spcc1ficauun ,n wcll JS casy 

HHcrprclation or rc:sults. Fur cumple, all joints m lirst noor of a 
butlding may be rcnumbcrcd as 101. 102 ....• all sccond noor jomts 

may be rcnumbcred as 201. 202 ..... cte. 

Example 

UNIT FT .. ·- " 
SUBST JOINT YR 9.99 10.0 START 101 
SUBST COLUMN START 901 

:r: 
: 

l -

Sccuon 5 

lu1n1~ Wlth Y ~.:ourUmatc-. ranging frum IJ.'~') tu JO ft wlll havc a 

new numbcr starung frum 101 Columns w1ll be renumbcrcd 

starung wilh thc ncw numbcr 901. 

Note 

Mcamngful rcspccificauon of JOINT and ~EMBER numbcrs may 

Slgmfic.wtly improvc case of mtcrprctauon of rcsults 
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-.16 Listing of Members by Specification of 
GROUPS 

Th1s command allows the u ser 10 spcc1fy a gruup uf mcmhersiJOIRIS 

:~nd save thc mformatiun us1ng .a 'group·namc·. fhc 'group-narnc' 

may be subscqucnlly u sed 1n thc mp~ file mstc:uluf .a 

mcmbcriJDIOI list 10 spcc1fy othcr amibutcs. Th1s Cltrcmcly u'lcful 

fcalurc allows avoid1ng tlf muluplc ,pc~.:lllcauuns of thc samc 

membcr/jomt list. Followmg 1s the general form.at rcquncd íor thc 

GROliP command. 

General format: 

illRT !iHQUP ~NITION 

(GEOMETRY) 
_(group-name) joint·llat 

OR 

JOINT 
_(group-name) joint-llot 

IIEMBER 

_(group-name) member-llot 

ELEMENT 
_(group-name) element·liot 

SOLIO 

_(group-name) aolid element-liot 

END iOROUP DEFINITION 

-

JI 
1 .,. 

IJfll 

•1• 
• 

1 •• 1 
w: • 

1 

:t 
• 1 

-... , , . ., 
whcrc. 

group-namc = an alpha-numcric namc spccificd by thc uscr to 

idcnury thc group. The group-namc must start w1th 

thc ·_· (undcrscorc) charactcr and 15 limltcd to cagh1 

charactcrs. 

mcmbcr-hsll = thc hst or mcmbcrsljoinas bclonging to thc group. 

JOIOt·list 

N otea 

1) Thc GROUP dcfinttwn mu)t ~tart wuh 1hc START GROUP 

DEFINITION cnmmand and cmJ wuh thc END ~.:ommand. 

!) ~ore than onc GROUP namc may be spcc1ricd wilhan thc samc 
ddinauon spcc¡fication. 

3) The wmds JOINT .. 'IEMBER. ELEMENT 311d SOLIO may tx: 

provtdcd ,r lhc uscr wtshcs to tdent•ry thc group namc and lisl5 wilh 

thoo;c <>pcc.:1fic iu:ms Howe-vcr. if thc group namc and listas mcn::ly a 
mcans uf grouping togclher more lhan onc type or suuc1ural 

componcnt under ;¡ smglc hcaLbng. thc word GEOMETR Y may be 

providcd. In 1hc abscncc or any or thosc fivc wonJs tGEOMETRY. 

JOI~T. ~EMBER. ELEMENT ur SOLID),Ihc list•s :usumcd to be 

that for GEOMETR Y 
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Example 

START GROUP DEFINITION 
_ TRUSS 1 TO 20 25 35 
_BEAM 40 TO 50 
END 

MEMBER PROPERTIES 
_ TRUSS T A LO L40304 \ 
_BEAM TA ST W12X26 

Example 

START GROUP DEFINITION 
JOINT 
_TAGA 1 TO 10 
MEMBER 
_TAGB 40 TO 50 
GEOMETRY 
_TAGC 101 TO 135 
ENO . 

MEMBER PROPERTIES 
_TAGB TALO l40304 
_TAGCTASTW12X26 

ST AAD Cummamis and lnpul ln1Uu¡;lJota 
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5.17 Rotation of Structure Geometry 

Purpose 

This command may be uscd to rotatc an cxisung suucture gcomctry 
.about thc global a:tcs. 

General formal: 

. {ll 
ruFORM !!QIATION f 

whcrc, d 1. d:!. d1 are thc rotations (in dcgrees) about the X. Y and 
Z global ;ucs rcspccuvcly. Aflcr thc Juint Coordinatti and Mcmber 

lncu.Jcnccs are spcc1ficd, th1s command c3n be uscd to rotale the 
~tructurc gcomctry by any dcs~rcd anglc about any global uts. The 
rotatcd configuration is uscd for 3nalysts and dcs1gn. Whtle 

'pccJfy•ng this command, mue that the scns.c of thc ro.tation should 
conform to thc nght hand rule. 

Deacrlptlon 

Th1s command ..:an be uscd to routc thc geomctnc sh:1pc through 
any dessrcd anglc about any global ax1s. Thc rotatcd ~.:onfigur:uion 
can be uscd for analys•s and dcs1gn. 

Example 

PERFORII ROTATION. X 20 Z -15 

Note 

This command should be providcd immcdtately followtng member 

incidences tf there are only members and after element mcidcnces 

if there are memben and clements. 
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5.18 In. 

ST AAU Cl)rtunaDdJ and lnputlnltructJCXUI 

.ive/Delete Specification 

Purpoae 

Thts sct ofcommant.Js mily be uscd to tcmporanlyiNr\CTIVATE or 

pcrmancntly DELE TE spcctficd JOINTs or ME~BERs 

General formar: 

Jl!ACTIVE 

~ETE 

Oeocriptlon 

\ 

!!&.MBERS 

{

!!&.MBERS 

.LQINTS 

member-liat 

member-llat} 

joint-llat 

Thcsc commilnds Ciln he uscd to )pcciry th:u ..:cn:un jotnts or 

mcmbcn be t.lcactivatcd or complctcly Jclctcd rrom ;a ~tructurc. 

Thc IN ACTIVE command milkcs thc mcmbcrs tcmporarlly tnacttvc. 

thc uscr must rc·acllvatc thcm durmg thc l;atcr pan uf thc 1nput for 

furthcr proccssi~&- The DELETE command wtll complctcly dclctc 

thc mcmbcrs rrom thc structure: thc uscr cannot rc-acuvatc thcm. 

Thcsc commands must be providcd immcdiatcly aftcr all 
mcmber/element tncuJcnccs are provtdcd. 

N oteo 

i) Thc OELETE MEMBER command wtll .tulomalic¡¡lly dclctc all 

jo1nts associalcd wuh delcted mcmbcrs, provit.lcd the joints are 

not connccted by 3.ny othcr active mcmbers or elcments 

b) This command wtll also dclc1e all thc joinu which wcrc nut 

connccted to thc strucaurc ia the liru plar.c. For cumple, such 

joints may hnc bccn gencrated for case of input of joint 

coordinatcs and wcrc intendcd to be delctcd. Hencc, tf a 

DELETE MEMBER command is uscd. • DELE TE JOINT 
comm¡¡nd should not be uscd. 

e) The DELETE MEMBER command is applic.:~ble for dclction of 
mcmbcrs as wcll as clcmcniS. U the list of mcmbcrs to be 

dclctcd c:Ucnds bcyond onc linc. it should be conunucd on to 

·i -

S<cuoo S 117.1 

thc ncxt linc by providing 3. blank spacc followct.l by a hyphcn 

( -1 al thc cnd of thc t.:urrent linc 

Example 

INACTIVE 
OELETE 

MEMBERS 
MEMBERS 

57 TO 10 
29 TO 34 43 

d) Thc INACTIVE MEMBER command cannot be uscd in 

s1tuations whcrc tnacuvallng a membcr resuhs in JOtnts 

bccomtng unconnectcd in spacc. 
el Thc INACTIVE :\lt.EMBER command ~hould nm be uscd if the 

~EMBER TE:'<ISION command IS uscd. 
n Thc tNACTIVatcd mcmbcn may be rcstorcd for funhcr 

pruccvo;cs (such asan analysis or dcs1gn for a :!•
4 

sct of load 
cases) by using thc CHA~GE comma.n.J. S ce Sccuon 5.37 and 

Eumplc .¡ for mure ¡n(ormation. 
gl The DELETE ~E~BER cnmmand ,hould he uscd to dclctc 

clcmcnts too Spec1fy thc command as OELETE !-AEMBER j 
whcre J 1s thc dcmcnt numbcr of thc clemcnt you wtsh to 

dclctc. In thc cumple shown abovc. !~ to 3~ and ~3 .are 

clcmcnt numbcrs. 
h) Lo.tds that ha\c hccn Jefincd un membcrs dcdarcd ..ts 

I~ACTIVE mcmbcrs will nnl he consuJcrcd tn lhc Jnalysis. 

Thos apphcs to SELFWEIGHT. ~E~tBER LOADS. 
PRESTRESS 1nd POSTSTRESS LOA OS. TE~ PERA TURE 

LOADs. ele. 
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5.19 User Steel Table Specification 

-~ 

Purpoae 

STAAD allow~ thc uscr tu create ..tnd use customtLcd Stccl Sc.:..:t 1on 

rabie (s) lor Property \pCctficauon. Code chccktng and .\h:mh..:r 

Sclcctton Thts \CI uf ..:ommands ma)t he uscd to ere ate thc tahlc( .,, 

and provtdc nccessary Jata. 

General formal: 

whcrc, 
i, : 

~RT !l_gR ~LE 
TABLE i 1 (1 0 ) 

aection~type 

section~name 

property-opec 

~ 

tablc numbcr ( 1 to 201 Dunng thc ..tnalyo¡ 1s 
proc.:cu. thc data •n c:ll:h uscr pruvuicd tablc •~ 
uored tn .;a ~orrcspondtng file wnth an eJ.ten)J<Jn 

.UO?. For cumple. thc Jat.t of thc S•h tablc 1'1. 
uorcd In U05 Th..: lir\1 pan or thc tnput lile !l.JffiC 

•s thc samc ..t!> ah;u uf thc STAAD tnput lile fht:\C 
lilcs ,¡re locatcd 111 thc ')ame workmg director y ..tS 
thc mput file. Hcn..:c. thcy may l..ttcr he uscd ..t\ 
cuerna! uscr providcd 1ablcs for othcr tnput files. 

c.w;tcrnallilc name ..:ontatnmg thc scct1on namc ..tnd 

'orresponi.Jing propcrtics. 

SCI:IIOD·typc = a uccl sccuon namc includmg: WIDE FLA~GE. 

CHA:-INEL. ANGLE. DOUBLE ANGLE. TEE. 
PIPE. TUBE, GENERAL. ISECTION .t 
PRISMA TIC. 

scction-namc = Any uscr dcsignated scction namc, wuhin 12 

charactcrs. First thrcc char:1ctcrs nf Pipes ant.J 

Tubes must be PIP and TUB respcctivcly. Only 

alphanumcric charactcrs and dtglls ;ue allowcd for 

dcfinios ~cction namcs. e Blank $paces, astcnsks. 

Sc:cuon S 17 

qucsuon mark.s. colon, scm1-colon etc. :~re not 

pcrmlttcd.) 
propcny·spcc = Prnpct!ICS for the sccl10n The rcqu•rements are 

d1ffcrcnt for cach .,ecllon type as follows. Note thilt 

shcar .uc:1s A Y :1nd AZ must be pro\r¡dcd to cnsurc 

prupcr shcar stress nr shear strength ..::~lculations 

t.Junng t.Jesign. 

Oeacription 

Thc t.Jcfault length umts for propcnics are inch (for 

,\mcr~c:ln vcrs10n) and ~.:m lfor othcr vcrs10ns). 

Howcvcr. thc uscr may spec1fy thc dcsircd length 

unll by us1ng thc UNIT ..:ommand as thc first 

..:nmmand 1n thc tablc (Sce ~xamplc following th1S 

dc<anlpt•on ). 

Follo...,mg .. ccllun 1ypcs are J.v;ulablc unJcr th1s optton 

Wide Flange 

1) ,\X :; Cro\'1. \Ct:llon arca 

~~ O = Dcpth ot thc ~ct.:!Hlll 

ll TW = fhtt.:kncH <1l wcb 

1) WF: Width nlthc llangc 

5) TF = fhtdnns tJI llangc 
fll IZ : ~omcnt ,,r tncrua abuut local I·.:Ut<a fusu:~lly 'itrong ax1~1 

7) IY : Mumcnt tlf incrt1a ahuut local y·JXIS 

KJ IX : fnrs1onal ~.:onstant 
~) AY = Shcar are J. ¡n local y·a.w;l~. lf 'ero. shc:~r dcformatJOn ¡s 

ignorcd tn thc analys1s. 

10) AZ = Same as abovc exccpl •n loCJ.Il·HIS. 
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Channel 

:~tAX/: ~~·:~ TW, ~1 WF, 51 TF, 611Z, 711Y, HIIX, 91 CZ. 

1 ,. 
1-, 

1 

1 

.\ngle 

11 D. 11 WF. JI TF. ~ 1 R. 51 A Y, 61 ,\z 

R = radius of gyrauon Jbout ri 
Alsc p nclpal J:tls, shuwn as riZ Zl h 

manual · '" 1 e 

Double Angle 

:~~D~~I WF. JI TF, ~~ SP, 511Z, 6JIY, 711X. SI CY. 91 AY. 

-
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fu 
11 AX. 21 D. 3) WF, 4) TF. 5) TW. 6) IZ, 71 IY, 8) IX. 9) CY. 

10) AY, 111 AZ 

l 

1) 00 = Outcr diamclcr 

!) ID= lnncr Jiamctcr 
J) AY,~~ ,\Z 

Tu be 

y 

J 

z 

1 1 AX, ~ 1 D. 31 WF. ~ 1 TF. 51 IZ, 61 \Y. 71 IX, 81 ,\Y. 91 AZ 

General 

Thc followmg cross-scctional propcrtics should be uscd for this 

scction-typc. :-.lote 1ha1 lhts facihty allows 1hc uscr 10 spccify a 

bu1h-up or unconvcntional Stecl Scction. 

1) AX = Cross scction arca. 

2) O = Depth of thc: scction. 

3) TD = Thickncss associatcd wit•h sc:ctton clcmc:nt parallclto 

dcpth (usually wcb). To be uscd lo check 

dep1h/thickncss rallo. 

4) B = Widlh of thc sc:ction. 

5) TB = Thtckncss assoctated with scction c:lcmcnt parallclto 
nangc. To be uscd to check width/thlcknc:ss rallo. 
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.,¡ 

1>) IZ 
7) IY 

Kl IX 

9) sz 
10) SY 
11) AY 
12) AZ 
1 )) PZ ,., py 

15) HSS 

lb) 'DEE 

ST AAD Command1 md Input tnurucuon1 

.:::. Momcnt uf mcrtia ahout local t-aus 

.:::. Momcnt uf mcrlla .tbuut local y-.tkl!lo. 

.:::. Tors10nal Cnnstanl. 

.:::. Sccllon mullulus abnut lucal t·.tXIS 

.:::. Sect10n mollulus ahout local y-a••' 
= Shcar arca Jor shcar par.tllcl 11> lm::1l y Hl'!o 

= Shcar arca /or '!ohe:u parallcl 10 lt~~.:al t-aXI'!. 

= Pla!l>tlc moi.Julus abuut loc.tl l·.lkl~. 

= Pla'!.IIC mullulus .tbnut lm:al y·.tJ.I\ 

= W:uptng .:onstant fur l.ttcra.l torswnal buckllng 

calt.:ulatiUR'!o 

= Dcpth of wch For rnllc..J .. cctiuns, dJstJm:c bctwccn 

fillcts ~huuld be provtdcd 

Sote: 

Propcrucs PZ. PY, HSS and OEE must he prnv¡dcd for ende 

chcckmg/membcr .. cJcctiOn pcr plasuc .tnd ltm11 \late h.J'!.Cd 

codes tAISC LRFD. BriiiSh. Frcnch. Gcrman .tnd 

Scandinavtan codcsJ. Fnr codcs hascd on .JIJuwablc \ITCH 

dcsign IAISC-ASD. r\ASifTO. lnc.Jian cudc\). JCru v.tluc .. 

may he prov1dcd lor thc\c propettle'!o. 

lsection 

rh,, scct10n typc may he uscd to .. pcc•fy a gcncral11cd 

1- ... h.Jpcd scctiun. Thc cros!l>-~ccuunal prnptr!IC\ rc4u•rcd a.rc l!,tcd 

bdow. !'lote that thts facd1ty can be ut1h1:cd to spcc¡f:,. tapcrcd (. 

'hapcs. 

() o.ww = Dcpth of scction at start nodc 

2) TWW = Th1ckncss uf wcb. 
)) DWWI = Ocpth or scctiun at cnd nu\.le. 

•l BFF = Widlh or top Oangc. 

5) TFF = Thickncss uf top nangc. 

6) BFFI = Width of bonom nange. 

7) TFFI = Thick.neH of bollom nangc. 
g¡ AYF == Shcar arca for 'hcar parallcl to Y ·.l.I.IS. 

9) AZF = Shcar arca for ,hcar parallcl to Z·ui,. 

10) XIF = Tonional constant. 

1 ... 
' 

:• . .±. ., 
,.J­
·'--r-
''-f-1 ( 
.. ' 

' 
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~OTE: 
¡ 1 OWW should ncvcr be lcss than DWW l. Thc uscr should 

prov1dc thc mcmhcr tnc•dcnces accordingly. 
:!l Thc uscr IS a\lowcll lhc followmg options for lhc valucs AYF. 

AZF and XI F. 

a) Jf pmiti\lc valucs are prov1dcd. 1hcy are uscd dircctly by 

thc progr:~.m. 
b) lf 1.cro •s provuJcd, thc program calculatcs thc propcmcs 

e) 

usmg thc followmg formula 

A YF =: D x TWW (whcrc D :;:.Oepth at scction undcr 

cuns¡JcratJon 1 

AZF = 0.66 ((8FF < TFF) + (8FFI < TFFI )) 

XIF = 113 ((BFF 'TFFl) + (DEE < TWW'l • (8FFI < 

TFF 1 3)) 
(whcrc DEE = Ocpth of wcb of section) 

1f ncgative valucs :uc pro\lidcdi. lhcy are applicd as factors 

on thc corrcspondmg nlue(s) calculatcd by thc program 

us
1
ng thc .:1bovc formula. Thc factor .:1pphcd is always thc 

.:1bsolutc of the valuc providcd, i.e. 1r the uscr provides !he 

value of XIF as -1.3. thcn thc program will mul_ttply thc 

valuc uf XIF, calculatcd by the abovc formula. hy a factor 

uf 1.3. 
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ST AAD Commands and lnpullnSIIUCDOII:I 

Prisma tic 

The propcrty-spcc for the PRISMA TIC ~ccuon-type is as follows-

1) AX; Cross-secnon arca 

2) IZ Momcnt uf incr11a .1bout thc locaiL-ax1s 

J) IY ; Momcnl of merua aboutt'\c local Y·.IXIS ., IX ; Torsional constan! 

5) AY; Shcar arca for )hc.:u parallcl to local y-Jxis. 

6) AZ; Shear arca for )hcar parallelto loca(¿.,uis. 

1) YD; Dep1h uf the JCCIIDn in 1he Jircct10n uf thc local y-axis. 

8) ZD; Depth of thc sccnon 1n thc d1rcct1on uf thc local L-axu. 

Example 

• 

START USER TABLE 
TABL!O 1 
UNIT INCHES 
WIDE FLANGE 
W1~X30 

8.85 13.14 .21 8.73 .385 291. 19.8 .38 o o 
' W2.1X&O 

14.7 20.83 .38 1.53 .535 114 24.1 1.14 7.82 o 
W14X109 
32. 14.32 .525 14.805 .88 1240 447 7.12 7.52 o 
TABLE 2 
UNIT INCHES 
ANGLES ' 1

· 

l252S5 
2.5 2,5 0.3125 .419 o o 
L40404 
4. 4 .• .2.s • 795 o o 

·':' 

Note thatthcse scction-namcs must be providcd in asccnding 
arder by wcight. since thc mcmbcr-selcction proccss uses thesc 
tablcs and thc itcraaion starts from thc top. Thc abovc cumple 
can also be input as follows: 

-

START USER TABLE 
TABLE 1 TFILE1 
TABLE 2 TFILE2 
END 

S<cuoa $ ltat 

Wherc TFILE 1 and TFILE2 are na mes of files which must be 
crcatcd prior to running STAAD, and wherc thc file TFILE 1 will 
conta1n the lollowing: 

UNIT INCHES 
WIDE FLANGE 
W14X30 
8.85 13.14 .27 6.73 .385 291. 19.6 .38 o o 
W21XSO 
14.7 20.83 .38 8.53 .535 984 24.9 1.14 7.92 o 
W14X109 
32. 14.32 0.525 14.805 .86 1240 447 7.12 7.52 o 

and the file TFilE2 will contam: 

UNIT INCHES 
ANGLES 
l25255 
2.5 2.5 .3125 .489 o o 
L40404 
4. 4 . .25 .795 o o 

Notes 

The Uscr-Provided Stccl Tablc( s) m ay be crcated and mamtained 

as scparalc filc(s). Thc !ame files may be uscd (or all models using 
scctioas from these tablcs. Thcse filu !hould reside in the samc 
dircctory whcre tbc anput file is locatcd. 
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".20 Member Property Specification 

Purpooe 

This scl of commands may be uscd ÍtJt ,pcclilcatton of ~ca.:twn 

propcftiCS for hamc mcmbcrs 

General format: 

~BER f.!l.QPERTIES 

AUSTRALIAN 
!;!MADI AH 
!i!iBOPEAN 
FRENCH 
lt!QIAN 
AMERICAN 
!ffi!TISH 
GEAMAN 
:!AfANE SE 

member·llat e.BJ.SMATIC property·apac j
!AII.LE type·apec table·name 

(additional-apec) 

I.AfEAED argument·llat 
Y..fiABLE i 1 aection-neme 
~IGN proflle-apec 

AMERICA!'IJ. BRITISH. EUROPEA~ tl.'tc) option wdltn~tru~.:l thc 

program lo pie k up propcrllcs rrom thc approprlJIC stccl tablc Thc 
dcfauh dcpcnds on thc &:ounlry of dismbullon. 

Deacrlptlon 

This command mitiaacs thc spccirication of MEMBER 
PROPERTY. Following are lhc va.nous op1ions availablc: 

a) Spcctfication from buth·in stccl1ablcs. IScction 5.19.1) 
b) Spccific:uion of prismatic propcrucs. (Section S.19.2) 
e) Spectficalion of tapcred mcmbcrs. (Scction 5.19.]) 

d) Spccification from uscr providcd tablc. (Scction 5 19 -t) 

e) Specificauon by ASSIGNing a profile. (Sccuon 5.19 5) 

Section ~ 113 

Each spccificauon 1s o.Jcscnbcd m dctadtn 1hc following o;cclions. 
Eumplcs are avaJiablc in Sccuon 5.20 6. 
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5.20.1 

., 1' 

ST AAD CoJJUR8nds and lnpul lns1ruclions 

Specitying Properties from Steel Table 

PurpoSe 

Thc followmg commands are uscd for ;pccifying 'icction propcrtics 
from buih-m stccl tablcb). 

Generil formal: 

lype·spec . table·name addilional·ápec. 

type·spec = 

ST spcclfics -,ingle scclion from thc 3landard bul!t-1n tahlcs. 

R.\ c;pcctfic> iinglc anglc -kith rcvcr>c Y -Z JXC\ he..: Scr.:twn 

1.5.2). 

D spcctfics doublc channcl. 
LO spccafics long leg, back to back. doublc anglc 
SO spcclfics short lcg, back lo back. doublc anglc. 

T spccifics lec sccllon cut from 1 shapcd bcams. 
CM spccifics composllc sccuon, available wllh 1 shapcd bcams. 
TC specifics bc3ms With top covcr platc. 

BC spcci fics bcams wüh bollom CO\ICf platc. 

TB spccifics beams with top and boHom covcr pi ates. 

table·name = Tablc scction na me hkc W8X 18. C 15XJ3 cte. 
Thc documcntalion on stccl design pcr mdividual couiltry codcs 

contams informalion regarding their stecl scction specificallon 

also. For dctails on spccirymg sections rrom thc A menean stccl 
tablc,, scc Scction 2.2.1 of this manual. 

~~ 
: ~ 

1-11 
lfl 

1· r1 

··u 

s .. ,. St'C/1011 

1 -; ~ 

additiorilit-ilpec = 

SP 
WP 
TH 
WT 
DT 
00 
ID 
CT 
FC 

Scct1on 5 J t8S 

SP f¡= This sct dcscnbcs the spactng (f1) bctWccn anglcs or 
channels if Joublc anglcs or double channels :He Used. f¡ 
dcfaults to 0.0 if nol given. 

WP r!= Width ¡[!) oi thc covcr platc if a cmcr plalc is uscd with t 
o;hapcd <>cctioris. 

TH f3= Thtckncss ¡f3 J uf pi ates or tubcs. 

WT f.i= Width 1 f.J) o( tubcs. wherc TCBE 15 !he i::l.blc-n::~.me. 

DT fs= Ocpth lfsl of !Uhcs. 
00 f6= Outsidc Ji:imctcr 1 f6) of ptpcs. Whcre PIPE ts thc t::l.blc-

nainc. 

ID f1= lnstdc J¡::~.mcter 1 f7 J nf pipes. 
CT f~= Concrete th1ckncss (f8) for ccimpus\lc scctiuns. 

FC fq= Comprcssivc 'ilrcngth <ft~J of thc concrete fOr composltc 

'ict:tinns. 

Exámpté 

Scc Scct10n 5.:!0 6 
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Notes 

All values r1_9 musl be supplied in current units. 

Sorne importan! points 10 note in thc case of the composite ~cction 

are: 

1) The wadth of the concrete slab is llssumed lo be che Width uf 

the top llangc of thc slcel scction + 16 times thc thickncss uf 

the slab 
2) In arder lo calculatc thc seclion propcrties of thc cros_s-scclion, 

the modular ralio is calculated assuming that: 
Es= Modulus of clasticity of slccl = 29000 Ksi. 

Ec= Modulus of c:lasticlly of concrclc = 1802.5 /FE K~i 
whcrc FC (in Ksi} is dctincd carlicr 

5.20.2 

l&ri' 

' ) 

Secuon 5 

Prismatic Property Specification 

Purpose 

The folloWing commands are uscd lo spccify sectton propertics for 
prismalac cross-sections. 

Génerill format: 

For thc PRISMA TIC ~pccific:Uion. propertics are provtdcd dircctly 
as follows: 

AX '• IX '2 ¡y '3 
__ .. _ 

---'--o 

g '• llr Ol propetty-spec = AY '• g la 
YO r, 
ZD la 
YB '• 

..... ,._,, , .. , .... 
ZB '•o 

,\X r, Cross sccltonal arca of thc mcmbcr lf nmtltcd. thc 
arca is calculatcd from thc YO and iD dimcnsinns. 

IX r, Torsional constant. 
JY r' !\-iomcnt of tnertia about local y-aiis. 
IZ r, Momcnt or mcrtia J.bout local z-axis (usually inaJór). 
AY r, Effcclivc shcar arCa in local y-axis. 
AZ r. Effcctivc shcar art:3 10 local Z-aits. 
YD r' = Dcplh of thc mcmbcr in local 'y dircctiori. 

(Oiametcr of scction for circular mcmbcrs! 

ZD fa = Dcpth of thc membct in local z dircction. lf ZD is not 

providcd and YO is prOvid~d. !he scctlon Will be 

assurricd to be circular. 
YB r. Dcpth of stcrÍI for T-scction. 

ZB fiO = Width of stcm for T-~cction or bottom width for 

TRAPEZOIDAL s<clion. 



ST AAD Commands aod Input lnsuuctio.U 

[ ":cuonS 

5.20.3 Tapered Member Specification 

Surwn 

' ' 4 

Purpose 

The followtng ..:ommantls Jrc uscd lo spcctfy iCt.:lion propcrltcs for 

tapcred 1-shapcs. 

GeneraJ format: 

whcre. 

f 1 = Dcpth of 3Cction .ti :;tart nade 

f :!-:;: Thtckncss of wcb. 

f 1 = Dcplh of scc1ion JI cnd notlc. 

f-l :;: Width nf 1op nangc. 

r5 = Thickness of top llangc 

f6 = Width of bottom nange Dcfaults lO r_. if lcft uut. 
(1 = Thíckncss of bouom nangc. Dcfaults lO fs lcll UUI 

Example 

UEMBER PROPERTY 
1 TO 5 TAPERED 13.98 0.285 13.98 6.745 0.455 6.745 0.455 

N olea 

l. AJI dimcnsions (f1, f~ ...... f7) should be in cui"rcnt units. 

2. f1 (Depth of section at start nade) should always be grcatcr 

than r3 (Ocpth of scction al cnd nade). Thc uscr sbould provtdc 

the membcr mcidcnccs accordingly. 

.· 
Sccuon S 

5.20.4 Property Specification from User Provided 
table 

1 7 J 

Purposé 

Thc follnwing cOinmands are uscd to sJ)ccify -;ce lÍan propcrtics 
from 3 prcv10uSiy crcutcd USER-PROVIDED STEEL TABLE. 

Gimeral formal: 

member·lliít UPTABLE 11 tecllón·riarile 

VPTABLE standS for uscr-providcd tablc 

t 1 = 1:1blc numbcr Js ~pecificd prcv¡ciusly (1 lo -l) 

~cction-namc = Scct10n namc as -;pecificd in thc tablc. 
!Rcfcr to Scction 5.19) 

Example 

Scc Sccllon 5.20 6 
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:~.20.5 Assign Profile Specification 

'5 

~-. 

Purpoae 

Thc ASSIGN ~;ommand may be uscd lo instruct thc program to 

ass&gn a su1tablc stccl -;cction to a frame member bascd on thc 

prolilc-spcc shuwn bclow. 

General format: 

prollle·spec = ¡ªº"' l g&UMN 

CHANNEL 
ANGLE (OOUBLE) 

Example 

Scc Section 5.10.6 

N oleo 

Sccllons are alw:1ys choscn from thc relevan! bu1h-in stccll.lblc. 
To find out thc dctails nf thc scctions thal :m: choscn. thc command 
PRJNT MEMBER PRO_PERTIES should be providcd Jftcr 

spccificatwn of all memhcr propcrt1cs.· . ' .. _, ... 

-~--1 
' . 

) 

5.20.6 Examples óf Member Property 
Specificatión 

Scction 5 t· 

This ~cctiun illustratcs thc various options :1vailablc for MEMBER 

PROPERTY specificatlon 

Exámplé 

UNIT INCHES 
l.tEMBER PÁOPERTIES 
1 TO 5 TABLE ST W8X31 
9 10 TABLE LO L40304 SI> 0.25 
12 TO 15 PRISI.tÁTIC AX 10.0 IZ 1520.0 
17 18 tA ST PIPE 00 2.5 10 1.75 
20 TO 25 TA St TUBE OT 12. WT 8. TH O.!i 
27 29 32 TO 40 • 
42 PR ÁX 5. IZ 400. IY .33. IX 0.2 YO !1. ZO 3. 
43 TO 4t UPT 1 W10X49 
50 51 UPT 2 L4o404 
52 TO 55 ASSIGN COLUMN 
56 TÁ TC W12X2Íi WP 4.0 TH 0.3 
57 TA cM W14Xl4 ct 5.0 FC 3.0 

This cumple show'.i cach typc of mcmbcr pi-opcrty mput. Mcmbcrs 

1 to 5 a.rc wtdc n:ingcs sclcctcd from thc AISC tables: 9 and 10 are 

doublc anglcs sclcctcd from the AISC lables: 12 lo 15 are priSmatic 

members with no shear defonnat10n: 17 and 18 are pipe scctions: 

20 lo 25 are tube sectioris; 27, 29, 32 lo .tO. and -t2 are prismatic 

mcmbers with Shcar derormation; 43 to 47 are widc nangcS 
<iCiccted from the uscr mput table nuinbqr 1: 50 and 51 áre single 

anglcs from thc uscr tnpul table number 2; 52 lhrough 55 are 

dcsignalcd as COLLJ~N membcrs uc;ing the ASSIGN Specification 

The program will ass1gn a suitablc (-scction rrom the stecl table ror 

cach mCmbcr 

Mc:mbcr 56 is a w1dcnange W 12X26 with a 4.0 in. WidC: covcr plate 

of lhtd.ncss 0.3 inchcs at the top. Mcmber 57 is a composite 
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~ ... _~•ion w1th a concrete slab th1d.nc~s uf 5.0 inchcs at 1hc top of a 

w1de nangc WI4X34. Thc compre~s1ve strcngth of 1hc com:rctc m 
thc slab is 3 O ksi. 

Scction 5 lt9 

5.21 Element Property Specificatión 

l~f' 

.'i~ciiOrl / Ó 

Purpotiii 

This sct of corilinands rilay be uscd to specify propcrtics of platc 

linitc clcmcnts. 

L'nlikc mcmbcrs and. plátc/shcll dcmcnts. no pi"opcrtics are 

rcquircd fOr so lid clcmcnts HoWcvcr, constants such as mod.ulus of 

clastidty aml P01sson"<t ratio are tu be <>pecJficd. 

General Fórmlit: 

~MENT PROPERTY 

eh!ment-liot Il!!CKNEss r, (1,, r,, 1,) 

f 1 = Thickness of !he etement. 

f, .. f 1 = Th1cknesseS al othér nades of !he eh!ment, if 

difieren! from f 1• 

Oe!h:riptlon 

Elcmcnts nf uniform thtckncss may be modclcd us1ng thh 
command. ~ole that thc valuc of thc thtckncss must be providcd in 

currcnt units. 

Exampfe 

UNIT INCH 
ELEMENT PROPERTY 
1 TO 8 14 18 TH 0.25 
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;,22 Meinber/Eiement Releases 

STAAD allows spectfication uf reir.: ases of degrccs uf frecdom for 

frame members and pbte dcmcnts. Scclion 5.22.1 dcscnhcs 

~EMBER rclcase oplluns and Scctton 5.22.:! describes ELEMENT 
rclcasc optwns. 

-r; 

Sc:cuon S U 

5.22.1 Member Rélease Specifieation 

•• 

PurpC>se 

This sct of commands may be uscd to fully rclcase specific degrces 
of freedom at the eilds of framc mcmbers. They may al so be uscd to 
dcsc.rihe a modc of attachmcnt whcrc thc membcr cnd is conncctcd 

tu thc JOint for spcctfic dcgrccs of frccdom through thc mcans cif 

sprmgs. 

cienimil formal: 

MEMBER RELEASES 

member-Hsl {

START] 

ENtl J 

whcrc FX through MZ and KFX through K~Z represen! force..-~ 
through mnmcni·L dcgrccs of frccdom tn thc mcmbcr local axcs and 
11 through f6 are spnng constants for thcsc Jcgrccs of frcct.Jum. lf 
FX through ~z is uscd. it 'ilgnifics J full rclcasc for that J o. f. and 

tf KFX through K~Z is uscd. it \ignifics a -ipring att:u:hmcnl 

Exlmple 

MEMBER RELÉASE 
1 3 TO 9 1112 START kFX 1000.0. MY.MZ 
1101113 T0'18 ENtlMZ KMX 200.0 

In the abovc cumple, ror membcrs l. 3 lo 9, 11 and 12. the 

momeoiS about thc local Y and Z axcs are releaScd al thcir start 

joinls (ás specifled in MEMBER INCIDENCES). Furlhcr, lhcsc 

membCrS are attached to thctr START joint along their local~ axis 

through a spring whusc stiffncss is 1000.0 units of forcc/lcngth. 
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h .• nembers 1, 10, 11 and 13 to.18, the momenl about the local Z 

ax1s is released al thcir cnd jo1n1. Also, the mdnbers are attached 

lo- then END joint about thcir local x aiis through a momcnt-~pring 
whose sllffness 1s 200.0 units of force-lcngth/Degrce. NotC: that 

members 1 and 11 are rclcased at both start Jnd cnd Joints, though 
nol necessarily in the samc degrces of frcedom 

Partial :\-lomen! Release 

Moments at thc end of a mcmbcr may be relcascd partially. Th1s 
fac1lity may be uscd lo modcl partlal fi:uty of .:onncctions. Thc 

followmg formal may be uscd to pro vide a par11al mumcnt rclcasc. 
Note thal th1s facility •s providcd undcr thc ~EMBER RELEAS E 

opllon and ts in add1110n tu thc cxisling RELEAS E capabdii!C~. 

General Format: 

!!.ÉM.BER !!§,EASE 

member·llst 

whcrc r, = rclcasc faciOr. 

{

STARTl 

END J 

The moment related sllffness co-crriclcnt will be multlplied by a 
factor of ( 1- r1) at thc spcc1 fied cnd 

Exampte 

• 
IIEUBER HELEASE 
15 n) · 25 srAÁT UP o:ZS 

: .·. ' 

Thci above RELEASE command wilt apply a [actor o[ 0.75 on the 
moment relatcd stiffness co-effictenls al START of membdS 15 lo 
25. 

-'-·· 1 ... S<cuonl lu 
Noté ti 

lt is importan! lo note that the factor r1 indicates a reduction in the 

sliffeness corresponding to the rotational degrcf:s of frecdoril MX, 

MY oind MZ. In othCr words, thc uscr should not expect the 

moment on thc membcr tO reduce by a factor of r1 lt may be 

nccessary foi- the User lo pcrform á fcw trials 1n arder lo arrivc at 

thc righl valuc of f 1 which rcsults in thc desircd rcducuon in 

momcnt. 

Also, nolc 1hat START and END is based on thc ME~BE1t 
INCIDE:--JCE speclficatlon. 

At any end or the tnember, ror any particular DOF, rull, 
partlsl and spring releasé can no! be spplied 
simultaneously. Only one out or lhe three is permitted. 
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".22.2 Element Release Spécification 

Su 

'"•ello" 1.8 

Purposa 

This §et of commands m ay be uscd to relcasc "pccificd dcgrccs of 

frccdoms at thc cnd of pl:uc finile clc"mcnls. 

General Formal: 

Ji.bliMENT RELEASE 

elemenl·llal ~~ l 
whcrc thc kcywords J l. J:!, J3 and H signify juints in thc urdcr of 

thc spcctficauon or thc clcmcnl tncidcncc, ror lo!~amplcs, tf thc 

tncidcnccs of thc clcmcnt wcrc dcfincd as 35 -L! 76 63. J 1 

rcprescnts 35. 12 reprcscnts 42. J3 rcprcscnts 7b. anc.l J-l rcprcscnls 
63. Picase note that clcmcnt rclcasco; al muhiplc Joints ..:annot be 

.. pcctficd 10 a smglc linc. Thosc mu'>t be ~pcctficd wparatcly .1s 
shown bclow. 

FX through MZ reprcscnts forccs/mumcnts to be rclcascd pcr local 

Secuon 5 l~ 

N olea 

All releascs are in thc local axis systcril. 

:•r• 
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5.23 Member TrussJCableffension/Compression 
Specification 

STAAD allnws frame mcmbers to be dcsignatcd :Js TRUSS 

members, CABLE mcmbcrs and TENSION/COMPRESSION-unly 

members. Sccuons 5.23.1 through 5.~3.3 des~nbe thcsc 

spccaficatlons. 

~1 
S<cuoo S 1 201 

5.23.1 Member Truss Specificatioti 

5t'~ S~cliotU 

1 <} ,¡nJ 1 lO 

Purpose 

This command may be uscd to modcl a specified set uf mcmbcrs as 

TRUSS memberS. 

Desi:riptlon 

Thas spccificatlon may be uscd to spccify TRUSS typc rilcmbcrs in 

J. PLA.'lE, SPÁCE or FLOOR suucture. The TRUSS mcmbcrs are 

capablc uf carrying only aXial forccs. Typically. bracing rilcmbcrs 

m a PL\~E or SPÁCE framc wdl he of this nature 

MEMBER TRUSS 
ri1émber-list 

Note thatthis command is supcrnuous whcn J. TRt.:SS typc 

~tructurc has alrcady becn 'ipccaricd. 

Eiarilple 

MEliS TRUSS 
t TO 8 1Ó 12 14 15 

Notes 

The TRUSS member has only one degrei: of frecdoril-the aXial 

defonnation. lt is nut cquivalenl toa fr:i.mc member with momcnt 

rcleasi:s al both ends. 
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5.23.2 Member Cable Specification 

S a Srctwru 

<J, l. JO 

·,¡ 

Purpose 

This command may he uscd lo modcl; spec1ficd sct of mcmbcrs as 
CABLE mcmbcrs. 

Descriptlon 

The CABLE mcmbcrs. in addilion 10 clastic axial deformatiUn. are 
also capablc of accommodating lhe e!Tect or iniual tens 10n. 

Theorellcal discussions of CABLE members are presenlcd 1n 
Seclion 1 of 1his manual 

General formal: 

Example 

M.SM.BER CABLE 

member·list illSION 11 

whcre f 1= lnHtal Tension m cable mcmhcr 

(in currcnt unlls) 

. loiEioiB CABLE 
20 TO 25 TENSION 15.5 

Notes 

Thc TENSION specificd m thc CABLE membcr is applied on lhc 

structure as an externa! load aS wcll as is used to modify thc 

Suffncss of thc mcmber. S ce Section 1.1 O for details. 

-

Section 5 2r 

5.23.3 Member Tension/Compression Specification 

Sttr 5t"C11011 

1 9 

Purpose 

This command may he uscd lo dcstgnatc ccrtain mcmbcrs as 
.Tcnsion-only or Comprcssion-only mcmbcrs. 

General Formal: 

MEMBER TENSION 
member - llst 

MÉMBER ~PRESSION 
member- llst 

Oeacription 

Tcnsion-only mcmhcrs are truss mcmbers that are capablc of 

carrying tcnSilc forccs only. Thus. thcy :u-e automaucally 
inactivatcd for load cases that are capablc uf causing comprcss10n 

on lhcm. 

Cumprcsstun-only mcmbcrs are truss mcmbcrs that Jrc capablc of 

t.:l.rrymg comprcss1vc forccs only. Thus. thcy lrc automattcally 
inactivaacd for load cases thal are capablc of causing tcns10n nn 

thcm. 

Thc proccdure fot analysts of Tcnston-only or Compression-oni:Y 

lnembers requires ilcrations for cvcry load case and thercforc máy 

be quite in volved. Thc uscr may also consatlcr using a he INACTIVE 

spccificállon if thc solútion time becomes unacceptably high. 

ll is vcry important to rccogniLc that thc input data must be 

provided in such a Way that only oné pnmary loaJ case JS proviJcd 

[or each PERFORM ANAL YSIS command. Also. 1hc SET NL and 

CHANGE commands musl be uscd to convey lo STAAD thal 

multiple analyses and multiple structural cunditions are involvcd. 

·-. 
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UEUBER TENSION 
25 TO 30 35 36 

Example 

UEUBER COUPRESSION 
43 57 aa 102 145 

. Example 

UEUBER TENSION 
12 17 1& TO 37 65 
UEUBER COUPRESSION 
s 13 46 ro 53 11 

N olea 

STAAD Comrnandt and lnpullnstnu:llOIU 

1) Loads that ha ve bccn Jcfincd on mcmbcrs dcclarcd JS 

MEMBER TE:IISION or MEMBER COMPRESSI0:-1 w1ll be 
active cv<;n whcn thc mcmber bccumcs IN ACTIVE Junng thc 
procesS of analysis. This .tpplicS to SELFWEIGHT. ~E~tBER 

LOADS, PRESTRESS & POSTSTRESS LOA OS. 
TEMPERA TU RE LOAD. ele. 

2) A member dcclarcd as a TE~ S ION only membcr or 3 

COMPRESSION only mcmbcr will carry aiial forccs only. lt 
will not carry momcnls or shcir forces. In othcr words, 11 1S a 
truss mcmbcr. 

3) The MEMBER TEN S ION and MEMBER COMPRESSION 
commands should no! be specified if !he IN ACTIVE MEMBER 
command is spccificd. 

4) Thc following is the general sequencc of commands io thc 

inpul file if lhe MEMBER TEN S ION or MEMBER 
COMPRESSION command is oscd. This cumple is for thc 

•r i • 

:t 
.1. • • 

. / Scction S \105 
MEMBER TEN S toN command. Similar rules are applicabte 

for !he MEMBER COMPRESSION command. The dolS 

indicate other input data items. 

STAAD ··' 
SET NL .. . 
UNITS .. . 
JÓINT cóohDINATES 

MEMSER INCIOENCES 

~LEUÉNT INCIDÉNCES 

coNSTANTS 

MEMBÉR i>ROPERtY 

~LÉMENt PROPERri 

SUPI'ORtS 

MEMBI:R TENSION 

LOAD 1 

PERFORM ANALYSIS 
CHÁNGE 
MEMBER tENSION 

LoAD2 

PERFORM ANALYSIS 
CHANGE 
MEMBI:R TI:NSION 

LOAD3 
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PERFORiol ANALYSIS 
CHANGE . 

loiEioiBER TENSION 

LOAD 4 

PERFORU ANAL YSIS 
CHANGE 
loiEUBER TENSION 

LOAD& 

LOAD COUBINATION 8 

LOAD COUBINATION 7 

PERFORU ANAL YSIS 
·cHANGE'·: 

LOAD LIST ALL 
PRINT .•• 
PRINT ••• 
PARAMETER 

CHECK CODE .•. 
SELECT UEMIÍER ..• 
FINISH • 

ST AAD Commands and Input lnuructions 

\ 

a:) Sce Scction 5.5 for cxplanation of thc SET NL command. 
The numbcr ahlit follows ahis command is thc total number 
of primary load cases in t.he rile. 

Section S ZO'J 

b) Thc principie used in the analysis is the foltowing. 

i Thc ¡irogram reáds the list of mcmbers declarcd as 
MEMBER TENSION. 

e· The analysis is performed for the cntire structure and 
thc membcr forces are computed. 

• For thc mcmbers dcclarcd as ~EMBER TE:"JSION. the 
program chccks the axial force to detcrmtnc whcthcr it 
is !ensile or comprcssive. lf it is comprcssivc, thc 
membcr ts ··switchet.J ofr from thc structurc. 

• Thc analysis is performed again without the switchcd 
orr mi:mbcrs. 

e) In thc cxamplc shown, only onc LOAD c:isc is spccificd 
pcr ANAL YSIS. This is bccausc. a mcmbcr ~Ahtch is 
undcr tcnsion for one load case may be m compfcssion for 
anothcr load case. Thc stilfness matnx for an analysis ~.:an 
accOtJnt foT thc structural condition of only nnc of these 
t wo load cases 

d) ~otc thatthc ~E~BER TE:-.ISION coinmand and its 
..iccorripanymg list of mcmbcrs is provtdcd aftcr cach 
(Cxl:cpt thc last) CHA~GE command. This is Occ3usc. 
cach CHA:"'GE commanJ signtfics thatthc prcvtous 
\IE~BER TE:-.! S ION ~.:ommantl is Jcfunct thcrchy 
ncccssitaling the spccificahon of thc MEMBER TENSlON 
command again. 

e) Thc ~EMBER TENSION commanJ. should not be uscd ir 
thc following load cases are prcscnt . ReSponse Spcctrum 
load case, Time History Load caSe, UBC Load case •. 
Moving Load case. 
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5.24 Element Plane Stress and Ignore lnplané 
Rotation Specification 

. 'uctwn 1 6 

Purpoae 

' These commands allow thc uscr to modcl thc followmg r.:unJuiuns 
on plate c:lcmcnts 

a) PLANE STRESS condit1on 
b) JGNORmg the in-planc rotal ion 

General Formal: 

Description 

Thc PLAN E STRESS spccification allows thc usú to rhod~l 
~clcctcd elemcnts for PL\:-.IE STRESS Jction only . 

Stmilarly, thc IGNORE 1:-.JPLANE ROT.\TION ..:nmmand ..:oau~cs 
thc program to ignore ~in-plane rotation · a¡;tion!l. fhc STA.\ O 
p13tc elcment formulation tndudes th1s importan\ Jctiun 
automatically 

} 

HOwever. it may be noted that sorne clcmcnt formulallonS ignore 
thts action by dcfauh. Thts user may utilite thiS o¡)tioñ to cOmpare 
ST AAD resulls wilh solutions frorit thesc programs. 

.-·· ,_]1 
Example 

ELEMÉNT PLANÉ STRESS 
1 TO 10 15 20 25 35 
ELÉMENT IGNORÉ 
30 SO TÓ 55 

S.Cúoo s lu 
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Sc:cllon 5 

i.25 Meinber Offset Specification 

T 

s s~cuo" 

1 

Purpose 

This command may be used to model the offset conditio'ns ~:w.:tsting 
at thc cnds ol frame mcmbcrs. 

General formal: 

MEMBEA QffSETS 

member·list 

Oescription 

-· 

r,. r:!. and f1 currcspond In 

the distancc. mcasurcd m 

thc global coordinatc 

'iy'itcm. from thc joint 
(ST :\RT or E!'ID as 
spccificd) to the ..:cn1rmd 
of th!! starting or c:nJing 

pomt of thc mcmbcn 
h>tcd. ~E~BER OFFSET 
command ..:an he uscd for 

any mcmber whosc starung or cnding poi m IS not ..:oncurrcnt with 
thc givcn incidcnt joint. This command cnablcs thc u~cr lo account 

for thc sccondary forces which are induccd duc to thc eccentricuy 
of the membcr. Mcmbcr olfscts can be spccified in any dircctton. 
including thc dircction wh1ch may comctdc with thc local X·axls of 

the mcmber. 

wp in the diagram rcfers to the locatton of the centi'oid of the 

slarting or ending point of the member. 

) 

Example 

MEMBEA OFFSET . 
1 STAAT 7.0 
1 END ·8.0 0.0 
2 END -8.0 -9.0 

Notes 

Scction 5 l 

1) lf a MEMBER LOAD (scc ~EMBER LOAD spccification) is 
applicd on á mcmhcr for which MEMBER OFfSETS havc bccn 

spcciricd. thc Jocauon of thc load iS mcasurcd not frorit thc 

coordinatcs of thc slarting JOIRt. lnstcad. 11 is mcasurcd from 

thc off<ict locatiun of thc starting joint. 
:!) ST:\RT and E~D is based on thc uscr''i spccification of 

~E~BER INCIDE!'ICE for thc particular mcmbcr. . 
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j Sc.cuon S 

5.26 Constant Specification 

Su Sec1ion 
. 5.1 

Purpoaa 

This command may be uscd to specify thc material properties 
(Modulo!! of Elastlctly, Poisson's ratio, Density and Cu-elfkicnt of 
linear cxpansion) of thc members a~d clcmcntS. In addition, this 
command may also be uscd to specify thc membcr orienlatlun 
'(BETA anglc or REFERENCE poinl). 

General formal: 

gmSTANTS 

E 

POISSON 

DENSITY 

ALPHA 

BETA 

~BER niemb/elam·lisl 

specifics Young's ModuluS. This value must be 

provided as lhc lirst itcm in thc Constanls list. 

specifics Poisson's Ratio. This valuc is used for 

calculating thc Shcar 

Modulus(G=0.5>Ei( 1 +POISSON)) . 

specifics wetght density. 

Co-efficient of thermal expaDsion. 

specifies member rotal ion angle in degrees 

(see Section 2). 

Note : Single angli: sections are oriented according 

to their principal ucs by defauh. lf it is necessary 

to orient thcm such that their legs are parallcl to 

the global axe.S, tbe BETA specification must be 

r' 

Scction S 

used. STAAD offers the followitig additional 

specif1c3tions for this purpose : 

BETA ANGLE 
BETA RANGLE 

8oth of the abo ve options will rCSult in an 
orienlation with the legs parallel to thc global aiiS. 

Thc 'ANGLE' o¡)tiori rotales the section through the 

angle ·•theta" (wherc "theta~ = angle bé:tween lhe 

principal axiS systerit and thc global aiis systc~). 
The 'R 1\NGLE' option Totales the section through 

an angle cqualto (180- ~theta"). 8oth optionS Will 
Work the same way for cqual angles. For uncqual 

angles. thc right optlon must be used based cin thC: 

requ1rcd oriental ion. 

V:tluc or thc corfcspoilding coilstants. For E.. 
POISSON and DENSITY. material namC:s can bC: 

pfovidcd IOStead of r,. Appropriate values will be 

autumatically assiGned. Currcnt list or material 

rtames includcs STEEL. CONCRETE & 

ALUMINUM. 

Global X. Y. and Z coordinates for the refercnce 

point, from which thc BETA angle can be 

calculated by thc program. 

Example 

CONSTANTS 
· E 29000.0 All ·

1 
1 

· BETA 45.0 MEMB S i TO a 
bENSITY STEEL MEMÍI 14 TO 2!1 
BETA 90 WEMB X ·, 

NotC tllat the last command in thc above cXamplc will sct BETA as 
90 o ror all memberS parallel to the X -axiS. 
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STAAl> CDIJ\ItiAnds .md lnpullnsbUciJOill 

N otea 

1) The val u~ for E musl a.lways be given first in thc Constants list. 
::!) Al! numera: al values must be pruv¡dcd m lhc current units. 

3) h is no1 necessary nor possiblc lo spccify thc units of 

· tcmpcraturc or ALPHA. The uscr must ensurc that lhc valuc 

prov1dcd for ALPHA 1s consisten! in lcrms of units with thc 

valuc prov1dcd fur lcmpcraturc fscc Scction 5.32.6). 

·lJ ff thc POISSON RATIO is not ~pCt:llicd. the program will use a 

dcfault valuc of 0.0 

• ··a ¡_ 

Scction 5 215 

5.21 Support Speclfications 

STAAD support specifica.tions may be c1thcr parallcl or inclincd lo 

thc global axcs. Specification of supports parallcl to thc global 

a.xcs ts dcscribcd in Scctioñ 5 27 l. SpecificatiOn or inclincd 

supportS is dcscribed in S~Ction 5.27 2. 
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;.27.1 Global Support Specification 

IJ 

. ,¡ 

Purpoaé 

Thas sct of commands may be uscd to specify the SUPPORT 

conditions for supports parallclto th~global 3:tcs. 

General formal: 

~PORTS 

joinHlat {
flliNED } 

f!!ED WYI releaáe-apec[sprlng·spec.]) 

releaae-spec: = ¡¡ 
kFY 
m 

. ¡m 
sprlng·spec = kMX 

Deacrlptlon 

kM Y 
kMZ 

PI N NEO support is a support Which has translational, but Do 
rotational rcstraants. In other words, the support has no moment 
carrying capaclly. A FlXED support has botb translational ind 

rotational restraints. A FIXED support can be releascd in Lhe global 
directions as dcscribed in rclcase-spec (FX for force- X through MZ 

for momeni-Z). Also, a fi:tcd support can ha ve spring constants as 

dcscnbcd ia spring-spec (Lranslational spriog in global X-uis as 
KFX through rotational spring in global Z-axis as KMZ). 

Corresponding spring constants are f1 through f6 . Note that the 

.. _,_._ . 

Stttioo5 1 U 
rotational spring ciJnstantS are always per degree of rotation. No 
mOre than five releases may be provided. lf both release 

specifications and spi-ing !!>pecifications are lo be supplied for the 
samC suj>porl joint, release spectfications must cóme first. 

Exsmple 

SUPPORTS 
1 TO 4 7 PINNEO 
S 6 FIXED BUT FX MZ 
á 9 FIXEO BUT MZ KFX 50.0 kFY 75. 
18 21 f:IXÉD 
27 _FIXED BUT KFY 125.0 

In thiS c:tample, joints 1 lo 4 and joint 7 are pinncd. No momcnts 
:1rc carricd by thosc supports. Jomts 5 and 6 are fiXcd for all DOF 
C'tccpt in force-X and moment-Z. Joints 8 and 9 are fixcd for all 
DOF cxccpt momcnt-Z and ha ve spnngs in thc global X and Y 

dircctions with corrcsponding spring constants of 50 and 75 unitS 
respectively. Joínts 18 and 21 are fixcd for all translational and 

rotational degrccs of frccdom. Al jotnt 27, all thc DOF á re fii.i:d 
cxccpt the FY DOF whcrc il has a spring with 125 urlits spring 
constant 

N olés 

1 J Usi:rs are urgcd lo rcfer lo Secuon 5.38 for information on 
specification or SUPPORTS along with thc CHANGE 
corilmand specifications. 

2) Spring constants muSt be providcd in the curierlt units. 
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'n AAD CommandJ a.nd lnpu1 lnsuuctions 

lnclined Support Spécification 

Purpose 

Thcse t:ommands may be used to spec¡fy supports that are im:lmed 
w11h rcspcct to the global axcs. 

General Formát: 

li!!.f.PORT 

} 
~here f1, f:!, f3 are coordinatcs uf thc "rcfcrcncc potnt" nccc .. sary 
lor thc "lnclincd Support Axis Systcm" bcc bclowJ. 

~otc thc relcasc·spcc and spring-spcc are thc samc as 1n thc 

prcvious sccuun (5.27 1 }. Howcvcr. picase noh: that FX thrnugh 

~Z and KFX through K~Z rcfcr tu lorccs/momcnts :tmJ spring 

¡;onstants m thc "lnclincd Support Axis Systcm · (scc bclowL 

An mclined support should not be dclincd ata JOIOtlo which a 
Jínuc elemcnt is connectcd. 

-~ 

) 

Sc:cUon S ll 

lnclined Support Axis Svstem 

Thc INCLINED SUPPORT spccification is hascd on thc "lnclincd 

Support axis s)'Stcm". Thi: local t·ax.is of this systcm is dcfined by 
assuming the inclincd support joint as thc origtn and joining it with 

.t "i"cfcrcncc point" with co-~udinatcs of 1' 1, f:! :tnd 1'1 rscc ligui"c) 

mcasurcd from thc im:lincd support Jomt m the global coOrdinatc 

'iyStcm. 

Thc Y and Z axcs of thc.inclincd support axis systcm ha ve thc samc 

M1cntat1on as thc local Y and Z axcs uf an imaginary mcmbcr 

whose BETA ANGLE ts lcrO :md whosc inclclcnccS :1rc t.lcfincd 

from thc inclincd support joint to thc rcfcrcncc polnl. L'scrs may 

rcfcr to scction 1 .5.3 of this manual for more informauon on thcsc 

conccpts . 

. Exarilple 

SUPPORT ' 
41NCLINED 1.0-1.0 O.ó FIXEO SUT FY MX MY Mi 
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Secuon 5 

5.27.3 Automatic Spring Support Generator for 
Foundations 

·,f 

STAAD has a facillly for automatic gcneralion of spring supports 

to modcl footíngs and foundation mats. This command is spcdficd 

undcr the SUPPORT command. ; 

General Format: 

ruPORT 

{
FOOTING 11 (12)} {! } . 

joinHiat -- DIRECTION Y SUBGRADE 13 
SJ.ASTIC MAI z . 

whcrc 

fl, 1'2 = Lcngth and width of thc footing. lf f'2 is not givcn. thc 
footing is assumcd to be a squarc with s.idcs rt 

rJ ::: Soil sub· grade modulus in forcclarcilllcngth units 

X, Y ,Z :: Global dirccuon in whtch soil springS are lo be 

gcncrated 

The FOOTJNG option : If you want 10 ~pccify thc innucncc arca 

nf a joint yoursclf and ha ve STA AO s1mply multiply thc arca you 

spcc1fied by thc sub-grade modulus. u~e thc FOOTING option. 

Situations whcrc this may be appropriatc are such as whcn a spread 

fcioting is locatcd beneath a joint whcrc you want to spccify a 

spring support. Picase note that it is absolutcly impcrative that you 

providc fl (and f2 if its a non·square footing} if you choose thc 

FOOTING option. 

Tbe ELASTIC MAT option: lfyou want to have STAAD 
calculale the innuence arca for the joint (insaead of you specifying 

an arca yoursciO and use that arca along with the sub· grade 

modulus to detcnnine thc spnng stiffness value, use the MAT 

option. Siluations wherc this may be appropriatc are such as whcn it 
slab iS on s01l and carries the weight of the structure above. You 

"""""'In 
· may ha ve modeled the entire slab as finite clemcnts and wish to 

gcnerate spring supports al the nades of thc clerilentS. Note that the 

word ELASTlC is optional. 

The DIRECTION option : The kcyword DIRECTJON is followed 
by onc of thc alphabets X, Y or i which i~dicatc the dircction of 

resistancc of thc spring supports. 

The SUBGR.\DE option: The kcyword SUBGRADE is followed 
by the value of the subgrade reaction. Picase note the valuc: should 

be providcd 10 the curren! unit systcm signillcd by the most rccent 

UNIT statement prior to the SUPPORT command. 

i:xample 

SUPPORTS . 
1 TO 126 ELASTIC MAT DIREC Y SUBG 200. 

The abovc comlnand instructs STAAD to iritcrnally &encr:uC 
supports for all nades 1 through 126 with elastic springS STAAD 

first calcuhucs the inllucncc arca perpendicular lo thc global Y 
axis of cach nade and thcn multiplics thc crirrcsponding inOueilcc 

:.1rca by thc soil subgradc modulus of ::!00 U 10 calculatc thc spring 

~..:onStant to be applicd lo thc node. 
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..::7.4 Multi-linear Spring Support Specificatlon 

~. 

Whe~ soil is modeled as sprmg supporls, the varying rcsistance u 
offers lo euernal loads can be modeled usmg this facility, such as 
when its behavior in tension differs from its behavior in 
compression. 

General formal: 

MY1. TILINEAR ~INGS 

joint·llat SPRINGS d, 11 d, s, ...... dn In 

Wbere (di si) pam reprcSent displacement and spring constan! pairs. 

Example 

UNIT KIP INCH 
SUPPORT 
1 PINNED ; 2 4 FIXED BUT KFY 40.0 
IIUL TIUNEAR SPRINGS . ' 
2 4 SPRI~GS -o.s 40.0 0.0 50.0 0.5 85.0 

Load·Displacement characteristics of sml can be rcprescntcd by a 
multi-linear curve. Slope of this curve will rcprescnt thc spring 

charattenstic of the soll al diffcrent displaccmenl valucs. A typical 
spring chafactenst1c of soil may be rcpresented as the step curve as 
show in below. In thc above cumple the multi-linear spring 
coriJ.mand spccifics soil spring at joints 2 and 4. 

·,( 
_,"'., 

• 1 

1 
40 Kiplin 

1 

Sc:ction S 223 

Spring Constant 

p 11 

1 
50 IGp/in 

1 

¡ _, Displacerr 
; 

' 

~ ~ ' 
' 

Thc mulli·lincar spring command will triggcr a multipl~ analysiS 
and convcrgcncc check cyclc Thc cyclc will cóntinuc t~l-lthc 
'iUpport displaccmcnts computcd m thc prevwus :~nalys1.s cyclc Jrc 

e lose cnough wilh thc support d1splaccri1cnts compUictl m thc 

curre ni analySis cyclc. 

·.'--\. 
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ST AAO Commandt and lnput lnstrucuon1 

Master/Siave Specification 

Purpoae 

This sct of commands may be used to modcl rigid links through the 
specificauon of MASTER and SLA VE JOÍnls. 

General formal: 

ibA VE MASTER j ,¡QJNT joinl·apec 

joinl·lpec = ¡jolnt-llal j 
[¡;~; ) 11, 12 

Déecrlpllon 

Th~ mastcr/slavc option providcd 1n STAAO alloWs thc uscr to 

model ngid links in thc systcm. Thc suppon spcctfications must be 

provided befare this command is uscd. Noticc that instcad of 

providing a joint list for thc sláved JOtnls, a r;¡ngc of coordinatc 

values (in global systcmJ may be uscd. All jotnt coordinátc$ withiri 

a spcciftcd range are assumcd to be slaved jotniS. No ftnitc 

clcments may be conncctcd to the slavcd JOints. Thc joint list or 

coordinate range spectfted for slavcd joints may mcludc thc master 

. jomt. F.t, Fy etc. are thc dircctions in Which thcy are Slaved to thC 

master. Ir all directions are pi"ovidcd, thc Joints are rigidly 

conncctcd. Thc fotlowing cumples illustrate thc use of thiS option. 

Example 

S LAVE FX MZ MASTER 9 JOINT 1 TO 15 • 
17 19 20 
SLAVE FX FY MASTER 37 JOINT VR 19.9 20.1 

Sccuoa ' lus 

The SLA VE RIG!D specifícation may be uscd to modcl a rigid 
diaphragm dii"ectly. All Jegrces of frccdom Will be takCn into 

ConsidcratioÍl for slaving and the rigtd body rotal ion witl be 

automatically considcrcd. 

Exampl~ 

S lAVE AIGID MASTER 22 JOINTS 10 TO 45 
SlAVÉ RIGID MASTER 70 JOIN YR 25.5 27.5 

Note• 

Propcr stiffncss conncction is ncccssary betwccn thc master and thc 

'ilavcd joints for th1S typc of modcling. 
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'j 

_J Draw Specifications 

Purpoae 

This set of commands may be used to gcncratc printcr plots ol 

strut:ture geomctry and rcsults as parl ut thc output 

Deaériplion 

Bcstdcs interacllvc graphtt:s. STAAD has fcaturcs to providc 

t.:ommands to plot structural gcomctry. analysis rcsuhs c:tc. a~ part 

uf thc STA,\ O output nlc. 

~ole that thcsc output file'> t A~L lile'> 1 ihould be pnntcd only 

through the Prlnt Outpur oplton uf thc main mc:nu ol STAAD. 

Plots can al so be dtsplaycd by thc V•~w Output option uf thc matn 

mcnu of STA,\ D. 

Plots are of htgh-rcsolullon a.mJ most uf thc 8/9/24 p10 dot ma.tn~ 

and lascr printcrs are supportcd. 

Thc ORA W ¡;ommand 1s u .. cd 10 acah.: tha= plots tn thc output. fhc 

following ts thc formal of thc ORA W ..:ommand. 

. --~ 

• 

w: ·ti 

• lsoMETRIC 
ROTATE rolate-spec 
SECTION séclion·apec 
zooM f1 
SHIFT x y 
JOINT 
MEMBER 
SUPPORT 
PROPERTY 
SHAPE . 
HIODEN • UNE • REMOVED 
SHRINK f2 
LOAD In 
DFDRAW In 
MOORAW ah 
SCORAW In 
MSDRAW In fotce·Spec 
BMORAW In force-apee 
ENVELOP force-apee 
SCALE !3 
VAL UE 
STRESS CONTOUR In 

(LIST list-spec) 

. • {X xa} 
rotáte-Apec : l Y~ 

¡:_ za 
seclion-apec: m} 

'"' ....... ¡~) 
r, 

r' 

r' 

'·Y 
In 

: 

Zoonl factor by whtch structurc is to be rcduccd oi' 
cnlargcd. A valuc lcss th:in 1.0 ts for rcductwn and 

grcatcr than 1 O is to cnlargc. 
Shrink factor by which mcmbcr/clcmcnts be shrinked 

Value varicS from O 1 to 0.9 ; 
Se ale ractor by which dcflcctcd shapi:s to be 

multiplicd. Snrmally all 'iCalcs are ;~utomatically 
computed. Howc:vcr, thc user may changc: this by this 

r.:ommand. 

= , and y sh1ft values bascd on slructurc coordinales. 

= Load ntJmber to be considcred 

· . 

U7 
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::: Modc-shapcs number to be displayed. 
x.a,ya,La = X, Y and Z anglcs by which thc structurc is to be 

rotated. 

Notes 

MaJtimum and mmimum valucs defining thc range m 

thc direction perpendicular to thc spccificd scctlon 
planc. 

\ 

1) Following commands may be uscd anyWhcrc 111 thc inpul. 

ISOMETRIC = Draw isomctric view. 
ROTA TE 
SECTION 
ZOOM 
SHIFT 
JOINT 
MEMBER 
SUPPORT 
PROPERTY 
S llAPE 

HIDE 
SHRINK 
LOAD 

= Rotatc as spectfied tn rotate-spec. 
= Draw scction as specificd 111 sect10n-spcc. 
= Draw wuh a Loom factor of valuc 11 
= Shift thc structure to thc spccilicd x., y valucs. 
= Display JOint numbcrs. 

= Displity member numbcrs. 
== Display ~upport icons. 

= Display propcrty namcs. 
=Display thc shapc of thc mcmbcr propcny wuh 

propcr BETA anglc Oricntation. 

= Removc hiddcn lines when clcmcnts are prcscnt. 

= Shrink all mcmber/clcmcnts by thc factor of r .. 
=Display load icons. Obviously. thJS command -can 

be uscd unly artcr thc loadingS are providcd. 

2) Following commands are relatcd to rcsulls and should be uscd 
only aflcr thc PERFORM ANAL YSIS command. 

DFDRAW = Draw dencctcd shape. 
MODRAW = Draw modc shape. 

SCDRAW = Draw section displaccment. 

MSDRAW = Display forcc/moment diagram on thC entire structure 
for specified In (loid number). 

BMDRAW = Display force/moment diagram for indcpcndent 

mcmbers as listed m LIS T. No more thari 2 member 
listS are allowcd. Use muhiplc DRAW commands to 
display foÍ'ce/moment diagrams for indcperidcnt 
mcmbcrs. 

Section S !1: 
ENVELOP = Same as MSDRAW Cll:cept worst of 311 active load 

cases. 

S CALE = Scale factor by which denected Shapes lo be 
multiplied. 

V ALUE = Display values of Forcc/MomentS, displacemcnts. 

STRESS-CONTOUR =DraW strcss-contour for firiuc element.S. 
bnly the contour for the Absolute maiimuih principal 
stress can be ploued. 

Example 

DRAW ISOMÉTRIC MEMBÉR SUPPÓRT fOiiOPERTY 
DRAW SHAI>E SUPI>ORT 
DRAW SECTION XV 14.9 15.1 
DRAW ROTATE X -20 Y 30 Z 20 HIDÉ 
DRAW ISOMET MSDRAW 2M2 VALU~ 

.: 
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i.JO Cut-Off Frequency or Mode Shapes 

1.18.1 

~ 
f .,, 

Purpose 

Thcsc: commands are U!>cd in conjunction with dynamic .tnaly"'l'i. 

thcy may be uscd to spcctfy thc htghcst frcqucncy or thc numbcr 
uf modc: shapcs that nccd to be considcrcd. 

General Format: 

klJI (OFF) 

Whcre. 

J Ef!!;.CUENCY 11 } 

~E SHAPEi1 

r, = Highcsl frcqucncy (cyclc/sec) lO be constdcrcd fur dynamtc 
' analysis. 

11 = Numbcr of modc shapcs lo be considcrcd fur dynamtc Jnalysts. 

Ir thc cut off frcqucncy comm.Jnd is not providcd thc .;ut off 

frcqucnt.:y will dcfault to 108 cp'i. lf thc cut off modc ihapc 

command is not provtdcd. the tirst thrcc modcs will he 

calcu/atc(L Thcsc ..:ommands ,rwuld be provtdcd pnor lo thc 
loading ~pccificauuns 

Sccuon S l3 

5.31 Definition of Load Systems 

Su 
Srcrwrr 1 17 

Purpose 

Thts c;cction describes thc spectfications neccssarr for_ dcrining 

1 d ·ystcms ror 3.Uiomatu: general ion of Movmg loads. vanous oa " h' ¡ · 
UBC Sctsmic loads and Wind loads. In addition. 1 ts ;;ccllo~ a so 

describes thc spccirication of Time History load for Time Htstory 

analysts. 

Descriptic:ir1'!. 

STAAD has built-in álgnnthms tu gcncratc moving loads. lateral 

.. mic loads Cpcr thc Cmform Building Codcl. and wmd loads un 
,CIS ·¡· l ( (WO ''<e uf thc load gcncration fact tly ~.:onsts so J structurc. "-' ~ 

parts: 

1 1 Dcllnitiuri of thc load "'i!'"ilcmHJ. 

::!l Gcncratton nf primary load cases ustng prcvtou .. ly dcfincd 

1Uad systcmC'll. 

D _ J'thc loo~d iy'itcm('>l mu'>l be prov1dcd befare 3ny chmlmn n . 
1 d ·o,·e is ;;pcctficd Th 1-. ;;cctmn dco;cnbco; thc prt marv na ... 

. ·r:·. ,. n'of load w-.tcm(s). lnfnrmation on huw lo gcncratc 
'ipcc.:lllt.::l w · · · 1 blc n 

lo. ' c:~scs usinu thc dcrincd load ~yo;tcm(s) IS <Jvat a ' prtmary u e 

Scctlon 5.3~.1 ::!. 
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->.31.1 Definition of Moving Load System 

')u s~cliotl 

) J 2 12 

!-. 
·i 

Purpoae 

This sct of commands may be uscd lo define the muving load 
systcm. \ 

General formal: 

QJi.EINE M.Qil.ING bQ!D(f!bE llle-name) 

{

l.QAD 11,12, • .1
0 

Q!liTANCE 
illEJ 

load-name (l) 

<WIQTH w) } 

Note that thc MOVING LOr\D systcm may be dcfincd in two 
possible ways - dircctly within thc input lile or using an e:ucrnal 
file. 

The FILE option should be uscd only in thc second case whcn thc 

data is to be rcad from an cltcrnal file. Thc rilcnamc Should be 
limitcd to 16 characters. 

Moving Loads can be gcncntcd for framc membcrs only. Thcy 

will not be gcneralcd for finitc clcmcnts. 

Define Moving Load within input rile 

Use the first TYPE specification. 

TYPE j bQ!D 11,12, .. .1" Q!iTANCE d 1,d2,d(n·1J 
(Yí!QTH w) 

Wherc, 

:::: moving load syslcm type numbcr. (integer} 
r, :: value or conc. ¡lb load 
d 1 = distance bctween the (i+ 1 )1h load and the ¡th load in the 

direction or movemcnt 

) 
Sc:ction 5 lJj 

w ::;:: Spacin8 between loadS pefpendiculaf to the direclion of 

ritovem'enl. lf left out, oite dimenSional IOading is assumed. 

Define Movlng Loild using an txletnal file 

Use the second i'YPE specificatioh. 

me j loád-ndri1e (1) 

Where, 

load-name 

and r = 

ls the riarile of the moving load systcril 

Optional multiplying factor to scalé: up or doWn the 

value of the loads. (dcfaúlt = 1.0) 

Following is a t)'pical file conla1ning the data. 

CS200 
50. SO. 90. 1 OO. 
7. 7. 9. 
6.5 

'" 

namC of load system (load-naritC) 
loads 
distancc bctwccil loadS 
Wldth 

"' "'' 1 .. 1 

.,[ 70 I 70 I •JO I 
Nole Lhat Scveral load systems may be rcpeated within thc same 
file. · 

All loilds and diStanceS are in current uriil SyStem. 

ThC STAAD moving load generator aSsurileS: 
' 

1) All loads are acting in the ncgati vC global vertical (Y or Z) 

direction. The user is ádviscd lo sel up the structurc ri10del 

accordingly. 

2) RéSultanl direction of movemenl is detérmined frotn the X, Y 
and Z incri:inents or movemcnts aS ¡jrovidcd by thc user. 
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Reference Load 

The first spccificd conccntrated load 10 the moving load system is 
dcsignatcd as the refcrcncc load. Whllc gcnerating subsequcnl 
primary load cases, thc initial posuion of thc load system and thc 

dircction of movemem are dcfined with rcspect to the refercn..:c 
load location. Also note that. when sc.Jccting t~c refcrencc load 
location, thc valuc of thc width must be positi've in the ápphc3blc 

global X or Z dircct10n. The followmg figures lllustrale thc cunccpt 
of referencc load. 

rl.!lcrencL! fl'l!RI 

.---------x ,----:\\--____ _..._. X 

irr ~CIII:JII 

¡, ¡ 

JI 

1\ 

rctl:rcnc-c puint 

1\ z 

""''"'~"' purulkl1u ~lubal Z <UU 

Specifving standard AASHTO loadings 

General format: 

TYPEi 

where, 

Í
HS2ilf HS15 
H20 
H15 

( f ) 

= moviog load systcm type oo. (intcger). 

(ve) 

r = optional mulliplying factor (defaull = f.O) 

Sectioo S ll!i 

vs = variable spacing aS dcfined by AASH~O. ror HS Series 
trucks (default =14ft.) 

Examplé 

UNIT kiP FEET 
DEFINE MOYING LOAD . . . 
TYPÉ 1 LOAD 10.0 20.0 15.0 DISTANCE 5.0 7.5 WIDTH 1.0 
TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5 
TYPE 3 HS20 0.80 22.0 

Notes 

:\11 loads and distances must he provided 1n thc currcnt uilit system. 

Example 

Whcn data ¡s' providcd thrOugh an externa! file called \-tOVLOAb 

Data In Input lile 

UNIT ktP FEET . . 
DEFINE MOVING LOAD FILE MOVLOAD 
TYPE 1 AXLTYP1 
TYPE 2 AXL t'fli2 1.25 

Deli In 11illemlll lile MOYLOAII 

AXLTYP1 
10 2o 15 
5.07.5 
6.0 
AXLTYP2 
2él 20 

., . 

. ~ ' . 

' .. ~ ... ·t, •.. 
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:5.31.2 Definition of UBC Load 

Sa Suuo"s 
'7.1 a,.d 

11 11 

Purpose 

Th1s sct or commands may be used 10 define the parameters for 

generation of UBC.type equivalen! ~atic lateral loads for \Cismic 
analysis. 

Deacrlptlan 

Thc STAAD sc1smic load gcneralor assumcs 1hat thc latcT31 loads 
will be cxcrtcd in X and Z directions and Y will be the dircction of 
thc gravity loads. Thus. lora butlding model, Y JXIS wdl be 

perpenc.Jícular to thc lloors .:and pomt upward (all Y coordiOa1cs 
posllivc_J. Thc user is aclvtscd to sct up thc madel accordingly 

Total lateral setsmic force or base shcar &S automaucally calculated 
by STAAD using thc appropriate UBC cquationts). 

V: ·~ w (per UBC 1994) (1) 
Rw 

V= ZIKCSW (per UBC 1985) (2) 

~ate: 

1) All symbols and not3tions are pcr UBC 

2) Base shear V may be calculatcd hy STAAD usmg either the 
1994 procedurc (cquation 1) or the 1985 procedure (cquation 

2~. Thc: user should use thc: appropriate "ubc·spec~ (see 
General Formal bclow) to instruct the program accordingly. 

STAAD/ISDS utilizes the following procedurc to generate the 

lateral seismic loads. 

l. User providcs Seismic zone co-dficient and desired "ubc-spci: .. 

(1985 of 1994) ihrough 1he DEFINE UBC LOAD coinmand. 
2. Program calculatcs the struclure pcriod T. 

•·m ¡ ' 

• 1 

Sccuoo S l il 
3. Prógra.m cal.~ulatCs e rroril appropriate i.JBC equa.tion(s) 

utili.zmg T. W ·, 
.!. Program calculates V rrom appropriate eqtJation(s). dts 

ob!Oincd from SELFWEIGHT. JOINT WEIGHT(sl an 
MH1BER WEIGHT(S) provided by lhé user through ¡he 

5 

DEFINE UBC LOAD conimand. , , .... 
Thc total lateral scismic load (baSe shc:ir) is tlicn.dts.lnbuted by 
the program among dirferent levciS of thc structurc per UBC 

¡jrocedures. 

Genéral formal: 

ZONE f1 

SELFWEIGHT 

u be-apee 

JOINT WEIGHT 
joinl·llst WEIGHT w 
MEMBER WEIGHT - --

ritem-list 

ubc·spec = 
lar UBC 1994 

. {~ '• } ubc-spec = 1 . 17 
lar use 19115 ¡rs lal 

wherC. 

r, = 
r, = 
r J 

r. = 
rs = 
r, = 
r, 

Scismic íone coerricicnt (0.2. p.l etc.) 

importancc factor . . . . 
. 1 co cfr.lct·ent R ror lateral load In X-dtrcchon numenca · 11 w • . 

numCrical ciJ-eUiciCnt Rw for latCral load IR Z-duectiDns 

sil e co-erricicnl for soi 1 cha.raclcristicS 

horiLOnial force [actor 

importance ractor 
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sale r.:haractenstic period fRcfcrrCd 10 as Ts in the UBC 
code). DefauiL value is 0.5. 

f9 opliunal CT value to calco late ahernative periotl pcr 

mcthod A of IJBC. 

f10 = Pcriod of structure (in seconds) in the X- dircction 

f11 ::: Pcnud uf 'itructure (in scconds) in thc Z· Jirectwn. 

w = jomt wcight assoctatcd with list 

' 
!J1ii ::: specifies a untformly distributed load with ;1 valuc uf v1 

starting ata distancc of v::! (from the start of thc mcmbcr) 

and cnding at J distance of vj (from thc Start of thc 

mcmbcr). ir v::! :md v1 are omlltcd. the load is assumcd to 

covcr thc cnhrc lcngth of the mcmber 

CON= specifics a com:cntr:ltcd force with ;1 valuc nf v.l applied al 

a disuncc of v 5 (from the slart of thc membcr). lf v 5 1s 

omlltcd. thc load is assumcd tu act JI thc ccntcr of thc 

mcmbcr. 

Notes 

1) lf thc option ACCIDENTAL is uscd. !he 3ccuJental torston W1ll 

be calcul3tcd pcr t;BC -.pecifications. Thc valuc of thc 
acctdcntaltorsion ·rs based on thc 'ccntcr uf mass .. for l!ach 

leve!. Thc ~r.:entcr uf mass .. rs calculatcd from 1hc 

SELFWEIGHT, JOINT WEIGHTs and :>IEMBER WEIGHTs 

spccificd by thc u-.cr 

1) In "ubc-'ipec" for 1985 codc, spcdfication of TS is opltonal. lf 

TS is spccificd, rcsonancc co-erricient S is dctermincd from the 

building period T a.nd uscr providcd TS using lJBC equattons. 

lf TS is not spectficd. thc dcfault v;llue of 0.5 is assumcd. 

)J By provu.ling citbcr PX or PZ or both, you may overridc the 

pcriod calculated by ST AAD and thc uscr defined value wall 

then be uscd for thc base shcar calculation. lf you do not define 

PX or PZ, thc pcriod will be calculated by the prograrit. 

4) Sorne of thc items m thc output for the UBC a.nalysis are 

cxplaincd bclow. 

·,f -
"• () 

Sc:ction 5 2: 

cALC 1 USED PERICO 

The CALC PERIOD is the period calculated using the 

Raylcigh method (Mcthod B as per UBC code). For UBC 

in thc •-dircction, thc USED PERlO O is PX. For the UBC 

m thc T.·dirct:tion, the USED PERIOD •S PZ. lf PX 3nd PZ 

are not providCd. thcn thc uSCd penad is the s3mc aS the 

calculalcd pcnod for that dirci:tion. ThC úscd pcriod iS thC 

Onc ~i.tbslitutcd into the critica( cquation of thc U8C Code 

to calculatC the valuc or C. 

e, C-ALT 

Accordirii to the UBC codc. C in Eq. 3-t-2 has lo be 

calculatcd 35 pcr a pcriod calculatcd hy mcthod 8 and a 

pcriod calculatcd by ~cthod A. Tlie former is rcprcsented. 

in thc outPut as C. Thc \alter iS ritultiplicd by 0.8 (80%) 

antlthc rcsuhing valuc is rcprcscntcd 35 C·ALT. 

5) In the analvsis for CBC loads. ;1JithC <iUpports of thc structurc 

tihc to be .al the same lcvcl and ha ve to be al thc lowcst 

clcv31ion levcl of thc structurc. 

Example 

S ce Scction 53~. t~ und~r Gcncrauon <Jf I.JBC Sc1srit1C Load. 

5.31.3 Colombian Seismic Load 

Putpose 

The puqjosc of this command is to define and g~nera~e s.tatic 
cquivalent seismic Joads 35 pá Colothbian spc~1ficattons ustng a 

.stat1c equivalenl approach similár to those outlrncd by UBC. 
Dependtrig on this defimtwn. equtvalcntlatcral loads w!ll be 

generated in X or Z dircction(s). 
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;rlplion 

Thc STAAD seismic load gcncrator assumes that thc lateral Joads 
will be cxcncd in X and Z dircctions. Y wdl be thc direction of 
gravity loads. Thus, for a building mot.lcl, the Y axis wdl be 
perpendicular to the nours and poi ni upward ( all Y coordinates 
pos111ve). Thc uscr is adviscd to scl up thc modcl accordingly 

MÍ!thodology : 

Scism1c wnc coerricicnl and paramc1cr valucs are supplied by thc 
uscr through thc DEFINE COLOMIBr\N LOAD command. 

Program calculatcs the nalural pcrim.lof building T utiliLing r.::lausc 
lb!H.!.2 of UBC 1994. 
Dcsign spectral coefficacnt ( Sa) is calculatcd ulllit.IRg T ;as. 

scc 

wherc, 

'sa 

A a 
S 
1 

Aa 1 { 1.0 .... 5O TJ whcn. U S T S O J scc 
! 5 Aá 1 whcn, O 3 < T S OAIJ S m ~ce 
1.2 ,\a S l! T whcn, O -1H S< T S ~ -1 S m 

.\a 1 1 :! whcn, 2.4 S < r 

. Sc1~mac RJSk factor (u ser •nput) 
Sud SIIC Coeffic•entluser input) 
Cucfficienl uflmpunance tu~cr 1nputJ 

B~~c Shear. Vs is calculatcd as 

Vs = W • Sa 
Whcrc, 

w = Total wcight on thc slructurc 

Total lateral seismic load, Vs is distributcd by thc program among 
diffcrent lcvcls as, 

Fx Cvl • Vs 

Whcrc, 
( w., • hJ.K) 1 !:ni=J ( WJ. • hlK ) 

.... 
Whcrc, 

Wi = 
hx 
K = 

= 

Weight al thc particular ICvel 
Hcight of that párticular lcvcl 
1.0 whcn. T S 0.5 sec 
O. 75 + 0.5 • T whcn, 0.5 < T ~ !.5 se e 
2.0 whcn. 2.5 < T 

GentHal Formal 

DEFINE COLOMBIA:-il..OAD 
ZONE n ubc·spec 
SELFWEIGHT 
.!Q!NT WEIG liT 
Joim·lisi WEIGIIT w 
\-IEMBER WEIGHT 
-· -- Mem·list (lJNI ...• ) 

ubc·spec: (1 f'J~ S 13) 

Wherc. il, f2 and f) are Setsmic Risk factor. Soil Sil e C11erricicflt 
and Coefficicnt of lmportance. · 

General rormat to proviJc Colombian Setsmu:. luaJ •n Jny load 

case: 

LOAD i 
COLMBIA:'I LOAD IX/Y/ZI tO 

whi:rc ¡ :tnd r are the load case number and factor 10 multiply 
horii:ontal scismic load rcspcctively. 

DEFINÉ coloMIIIAN LOAD 
ZONE 0.38 1 1.0 S 1.5 
JOINT WEIGHT 
51 58 93 100 WEIGHT 1440 
.101108 143 1SÓ WÉIGHT 1ooo 
151158 193 200 WEIGHT 720 
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LOAD 1 ( SEISMIC LOAD IN X 
DIRECTION) 
COLOMBIAN LOAD X 

ST AAD Commands and lnptu lnstructionJ 

.31.4 Japanese Seismic Load 

'· '• 
·,( 

Purpose 

Thc purposc of this command is to Jcfinc and "cncr:llc static . . 
cqutvalent setsmtc loads as per Japancsc spccifications usmg ..t 

static equiv3lcnt approach similar to those outhncd by UBC. 
Dcpcnding on this dcfimtion. cquivalcnt latcnl loads wlll be 
gencratcd in X or Z Jircction(s). 

Descriptlon 

Thc STAAD sciSmic load gcncrator Jssumes that thc lateral loads 
will be cxcrtcd in X a.nd Z Jirections and Y wlll be thc dtrcctiUn of 
gravity loads. Thus. for a huilding modcl. Y áils wdl be 
perpendicular to thc noors and point upward ( all Y ~.:oordinatcs 
posuive). Thc uscr ts advtscd to set up thc modcl accordmgly. 

Melhodology : 

Scismic wnc cocfricicnt Jnd paramctcr valucs Jrc '>Upphcd hy thc 
uscr through thc DEFI~E AIJ LOAD command. 

Progr.am calculates lhe natural period uf butlding T ulili.ttng thc 
following cquauon 

T 

where, 

h 
a 

= 

= 
= 

h ( 0.02 + 0.01 a) 

hcight or building 
ratio of stcel part 

Dcsign spectral coefficient ( Rt) is calculated utilizing T and Te 
as rollows 

1: 

R, = 
= 
= 

l. O 
1 -0.2 ( Tff,- 1)' 
1.6 T./ T 

Scction S l4j 

when T< Te 
when T. S T S 2T, 

when 2T, S T 

a1 is calculatCd from the wcight providcd by thc user in Define AJJ 

Load conimand. 

Scismic cocfricient of noor Ci iS calculatcd using appropriatc 

equations 

Ci 

Whcre. 
z 
Co 
At 

, 
= 
= 

Z Rt Al Co 

t.onc factor 
normal cocrricicnt of .¡hcar force 
1 + ( 1 1 ..Jái - ai 1 !T/1 1 - JT 1 

The total lateral scism1c load u tlistributcd by thc program among 

Jiffcrcnt lcvcls. 

DEFINE Mi LOAD 
ZONE n ubc· <pec 

SELFWEIGIIT 
.lQ!NT WEIGHT 
Joinr-list WEIGIIT w 
\.tDIBER WEIGIIT 
-- Mem-list ¡UNI .... ) 

ubc-spec = (1 f2, CO 13, TC f4) 

Where. fl, f2. f3aild f4 are Zonc factor. Ratio of Stccl Part, Normal 
codficient of shelir force and Value neaded for calculation of Rt. 

General formal to provide Japancse Seismic load in :J.DY load case: 

LOADi 
AU LOAD {X!Yfl} !O 
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Whén:, i and f are load case number and factor to muhiply 
honzontal seismic load respecuvely. 

Example 

DEFINE AIJ LOAD 
ZONE 0.8 1 0.0 CO O.l TC 8.6 
JOINT WEIGHT 
51 56 93 lOO WEIGHT 1440 
101106 143 150 WEIGHT 1000 
151156 193 200 WE1GHT 720 
LOAD 1 ( SEISM1C LOAD IN X) 
AlJ LOAD X 

a¡ 1 

111 '1 
' 

""""" s l14s 

5.31.5 Definltion of Wind Load 

Putpose 

This <;el tlf commands may be uscd to define thc paramctás for 
automat1c gcneratiun or wind loac.Js on thc .;trui:turc. 

General Formát: 

whcrc. 

J ~ 

pi:FINE WIND !.Q!D 
TYPE j 

Lt:!IENSITY Pt p2 P3 ... Pn HEIGHT h, h2 h3 ... h 0 

li!fOSURE 

EXPOSURE 

EXPOSURE 

{

e1 JOINT joint-list} 

e1 YRANGE 11 12 

-do-

Wlf!d load systcm typc number (intcgcrJ 
p1.p1.p3 ··Pn wmi.t intcnsllics (prcssurcsJ m force/arca. Up to 5 

diffcrcnt mtensitics can be dcfincd in thc inpUt rile. 
h

1
,h

1
.h1 ... hn corrcsponding hcights 1n global vertical dircction up 

joint-liSt 
f¡ and f2 

to which the abovc mtcnsitiC:s occur. 
ciposurc facton. A valuc of l.O mcans that thc wind 
force is applicd on thc full mllucncc arca associatcd 
With thc joirit(s}. 

Joint lisl ;issociatcd with ,c:ipoSurc factor 
global vertical coordinalc v.aluCs to specifY vertical 
rangc for cxposurc factor. 

tf the command EXPOSURE Í! not spec1fii:d. thc c'.iposure factor is 

chosen ls 1 .0. 
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Deacrlption 

All loads and heights :uc in curreot unit system. ln the list of 
lnl~nsilies, the.firsl value or intensity acts from the ground leve! up 
to the rirst hetght. The iecond intcnsity (p2) acts in the Global 
Vertical dUCCIÍOD bctWCCO thC firSIIWO heights (h¡ and h~) Jnd SO 

on. The program assumes that thc ground levcl has thc lowcst 
global vertical coordinate. \ ! 

Exposure factor (e) is the fraction of the mOuence arca associatcd 
wuh the joint(s) on which the load acts. Total load on a parttcular 
Joint is calculated as rollows. 

Joint load:; (Exposure Factor) X (lnnuence Areat X (Wind lntcnsuy) 
Thc exposure factor may be o;pecifted by a jomt-li!!t or by giving 1 

vertical range within whach .1!1 jmnts will ha ve thc o;amc cxposurc. 
lf cxposurc factor is not .. pccilícd. 11 defauhs to 1 O in whu:h case 

the cntire inllucncc arca associatcd with the jointfs) wJII be 
consadcrcd. 

For PLANE FRAMES, tntlucncc arca for cach JOIRI is calculatcd 
considering unit wtdth 1 1 mch) perpendicular to thc plane or thc 
'ilructure. !'lote that thc uscr can accommodate thc actual wu.lth hy 

incorporating 11 in the Exposurc Factor .1s follows 

Exposurc Factor (U ser Speciftc:d):; (Fucllon of mllucnce arca) X 
(inllucm:c wtdth for JOml) 

N otea. 

All tntensitics, hcights and rangcs must b·e providcd tn the currcnt 
unll system. 

Scclion5 147 

5.31.6 Defhiition of Time History load 

s,(' SuttOIU 

1 IR J tJnd 

5.3'2. Jf} 1 

Purpose 

This o;ct of commands may be uscd to define parametcrs ror Time 

History loadang on thc structurc. 

General formal: 

DEFINE !!ME li§TDAY (DT x) 

- {ACCELERATION } 
TYPE 1 (SAVE) 
- EQ.!!CE 

r;1E:1~::. ···· 1n Pn 1 
lrunctlan-spec 

ARRIVAL TIME 
a1 a2 a, ....... d 0 
(Í2A}!PING d) 

= solution time stcp· used iri thc Step-by-stcp 
integral ion oC thé uncOupled cquations. Thc 
dcfaull value of DT is detcrmined 35 rollows­

.a) Ir thc highest Rlode to be includcd in thc 
response has a frcquency larger than 60 cps. 

DT = 0.0016sec. 
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b) lf thc highest mude {Nf th modc} has a 

frcqucnCy lcss than 60 cps, DT= I/ 10th thc 
period of the Nrth mode. 

= typc numbcr of time varying load {integer). Up to 

6 lypes may be providcd. ACCELERATION 
indicatcs that the time varying load type iS a 
ground motion. FOR'CE indicatcS that it is J 

forcing function. 

= Thc savc option rcsults in the crcallon uf a lile 
(input file name wllh a "Tim .. átensmn) 
containmg the history of the displacemcnts ,,f 
every nodc of the uructure at c:vcry time stcp. 
Synlax: TYPE 1 FORCE SAVE 

t1 Pt l2 p2 .•. = valucs uf time(scc.) and corrcsponding force 
(curre ni force unll) or acccleralton (currentlcngth 

unitlscc 2) dcpcndmg on whcthcr thc time v:uymg 
load is a forcing function ora ground moti un. lf 
thc data is specificd through thc input file. up to 
299 pairs can be pmvidcd for c.ach 1ypc 1n lhc 

asrcnding valuc of time. More than one linc may 

be uscd if neccssary. However. 1f thc data 1s 
providcd through an eitcrnal file. an unlimucd 

numbcr of time-force pairs may be spcc1ficd. 
a 1 a2 a3 ... an = Valucs uf thc various possablc arnval umcs 

(scconds) of thc vanous dynamu: load typcs. 
Arrival time is thc time at wh1ch l load type 

begins to act al ajoint (rorcing function) or atthc 

base of ttie str~cture (ground rilotionJ. ThC Saine 
load type may havc differenl arr1~al times for 

differenl joints and hCnce allthosC vaJae5 inust be 

specified hcre. TbC afrival times aDd the tirile­

force pairs for thc load typcS are uscd to crcate 
the load vector needed for each time slep or ttie 

analysis. Refer to Section 5.32.10.2 for 

infónnation on input specification for application 

of the forciog fuocllon lindlor grouhd inotiori 
loads. Up lo 99 arrival time va1ud riliy be 
specificd. 

d 

Scc:tion !i 24~ · 

= Modal damping rallo. Default value is 0.05. Only 
one modal dampang ratio can be Used for the 

entire structure. 
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Note that the "function-spec" option may be used to spccify 
harmontc loads. Both .. sine" and "costne" harmomc functions may 

be spectfied. The program wtll automatically calculate the 

harmonic load time history based on the following spectfications . 

f1 Amplitude of motion tn currenl unus. 

f~ lf FREQUENCY, thcn cyclic fre<{uency (cyclcs 1 scc.) 
U RPM. thcn re\'olullons per mmutc. 

f3 Phase \ngle in degrccs, dcf.:1ult =O 

f.¡ No. of cycles of loadmg. 
f5 ume stcp uf loading, dcfauh = une tcnth of the pcriod 

correspondíng to thc frcquency of the harmontc loading. 

Exampla 

UNIT FT 
DEFINE TIME HISTORY 
TYPE 1 FORCE 
0.0 1.0 1.0 t.2 2.0 1.8 3.0 2.2 
4.0 2.8 5.0 2.1 
TYPE 2 ACCELERATION 
0.0 :u 0.5 2.7 1.0 3.2 1.5 :u 
2.0 4.2 2.5 4.5 3.0 4.5 3.5 2.8 
ARRIVAL TIME 
0.0 1.0 1.8 2.2 3.5 4.4 
DAUPING 0.075 

N otea 

Thc 'READ fn' command 1s to be pro"tdcd only 1f thc history of tlie 

time varying load is lo he read from an eiternal file. fn is thc file 

name. The data 10 the cxtcmal file must be pfovid.cd as onc lime­

force pair pcr lineas shown in the following examplc. 

,-

Data In Input file 

UNIT KIP FEET 
DEFINE TIME HISTORY 
TYPE 1 FORCE 
RÉAD THFILE 
ARRIVAL TIMÉ 
0.0 
DAMPING 0.075 

Dala In lhe Externa! file "'THFILE'' 

0.0 1.0 
1.01.2 
2.0 1.8 
3.02.2 
4.0 2.8 
5.02.8 

EXilmple for Hárrridnic LoAding Genératór 

UNIT KIP 
llEFINE tiME HISTORY 
TYPE 1 FOI'ICE 

Scction S 151 

•folle~•lng llntil lar H8rmanlí: Leildlng Generalor 
I=UNCTION SINE '::, 
AUPLITUDE 8.2831 Fa:IEOUENCY 80 CYCLE$1ÓO StEP D.IIÍ 
ARRIV AL TIME . { 
~o ·~ 
llAMPING 0.075 

¡ 
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To define more than one sinusoidal load, the input spec1fication is 
as follows : 

DEFINE TIME H!STORY ·.· i, 
TYPE 1 FORCE .,,,_, ~ • ::e··· 
FUNCTION SINE .. ¡··, · 

AIIPLITUOE 1.925 RPU 10ÍI4.li.CYCU:S 1000 
TYPE 2 FORCE . · 
FUNCTION SINE · 
AUPLITUOE f.511 RPU 1714.0 CYCU!S 1000 
TYPE3 FORCE 

FUNCTION Slti!!, ., .• ... . . -. -: 
AIIPLITUDE 1.488 RPU 1785.0 CYCLES 1000 
ARRIVAL TIUE 
0.0 0.0013897 0.0014034 
DAUPING 0.04 

Note 

·- ' . 

The reSponse (displacemcnts, Corees etc.} Witl contain the 

contribution of only tbosc modeS whose frequency is less tban or 

equalto 60 cps. Contribution of modes w1th frC:qucncy greater than 
60 cPs is not considcred. 

•'.' J 

· ... 
.f,• 

5.32 Loading Specifications 

Purposé 

This scction describeS thc various loading optioi1s availablc in 

ST AAD. The following command maY be used lo initiate :1 new 

load case. ' 

Génerilllorriuil: 

l.QADING 11 (llhy load tille) 

11 = ariy umqué: integcr numbcr (uplo fh~ digits) lo idi:ntify the 
load case. Thii numbcr nced nol be Sequchtial With the 
prcviouS load numbcr. 

Thc LOADING command initiatcs a ni:w load case. Undcr thiS 
hcading. all JiHcrcnt loads rclatcd tu this loadiñg numbcr can Oc 

inpUt Thcsc dirrcrcnt kindS or loads afc dcscri6cd beloW. 
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~ 
1 '¡ 

Purpoae 

This sct of commands may be used to spccJfy JOINT loads on th 
structure. e 

' General format: 

joinHial 

F_X._ F: aod FZ spccify a force in thc coiresponding global 
dlrcctlon. 

MX. MY and MZ sp ·¡ 
d

. . ect y a mo!pcnl m the corresponding global 
trccuon. 

r,. r! ... r6 are thc vaJues of the loads. 

Eximple 

JOINT LOAD 

3 TO 7 9 11 FY ·17.2 UZ 180.0 
5 a .. fX 15.1 
12 ux. 180.0 fZ 8.3 

Notes 

Joi~t-nu~bers may be repeated Where loads are riJeantto be 
addlllve In thc Joint. 

) 
'· 

SccuOO S 25! 

5.32.2 Member Load Specification 

Purpoae 

This sct of commands may be used to specify MEMBER loads on 
frame membcrs. 

General formal: 

membér-llál 

dlréCtlon-apec = 

directlor>-ilpec 
dlreclion-spec 
lociil-spec 
direction-lpec: 

UNJ or UMoM SpccificS a unifoTrilly disti"ibutcd loador moment 

wilh a value of r1• ata distancc off! from the 

start of thc rhember lo lhe slarl of thc load, and á 

dist.tince or r3 from thc Start of the mcmbi:r to thc 
énd of the load. Thé lOad is assuriied to cOver thC 
full mcmber léngth if r2 and r3 ari: omitteiJ. 

CON or CMOM spccifics a concchtrated raree or moment with a 

valuc ar r, applicd al J distancc or f6 from the 

Start of the membcr. r6 Will defautt to half thé 

triembcr length if omitted. 

f4 ::: Perpendicular dntancC from the merilbcr Shear 
ccntcr to the planc of loading. Thc value is 
positivc in thc general direction or tbe parallel (<ir 

clase lo p&rallcl) local uiS. 
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TRAP 
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spccifics a linear! y decreasing or incrcaSing, ora 
triangular load. lf the load iS linearly increasing 
or decreasing then f7 is the value at the start of 
the member and r8 is the value at the end. If thC 
load ts triangular, then f 7 and f 8 are input as Le ro 
and f9 1s the value of the load in the middle of the 
member. 
specifies a trapetoidallinearly varying load which 
may act over the full or partí al lcngth óf a member 
and tn a local, global or projccted direction. The 
starting load value is given by r10 and the eilding 
load value by r11 . The loading locallon is given by 
r 12• the loading starting point. and r 13• the 
stopping poinl. 8oth are mcasurcd from the stan 
of the mcmber. lf r,:! and r,J are nol given. the 
load as assunied to cover the full member length. 

X, Y, & Z m thc direcuon-spec and local-spcc spcctfy the dircction 
of thc load tn thc local (mcmber) x, y and t-ucs. 

GX. GY, & GZ in the directioii-spcc spccify the dircction of thc 
load in the global X, Y. and Z-axes. 

PX. PY and PZ may be used if the load is to be along the proJccted 
length of thc mcmbcT in thc corresponding global dii"ection. Load 
st3rt and end distances are measured along the mcmber length and 
nOt the projccted length. 

N olea 

Specification of global ues is not permissible ror the linear load 
CLIN option) . 

. J( thc member bcmg loadcd has offset distances (see MEMBER 
OFFSET specification}, the localion of the load is mcasui"ed not 
fr~m the coordinatcs of the slarting nade but from the offset 
distancc. 
Trapezoidalloads are converted into uniform loads plus sCveral 
concentralcd loads. 

Example 

M~MiiEA LOAD 
81 ~ coN GY ·2.35 5.827 
88 TO 72 UNI GX -ó.OBB 3.1710.0 
186 TRAP GY -0.24 -0.35 0.0 7.116 
3212 UN X -5.431 -3.335 
4101& UNI PZ -0.075 

Saotioo S (1 
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j.32.3 Element Load Specification 

Purpoae 

Thi5 command may be uscd 10 specify vanous typcs of ELEMENT 

LOADS on the plate clemcnts. 

' 
General formal: 

illMENT LOAD 

PRESSURE {~! } 11 (x 1 Y1 •2 Y2l 

elemímHist 

{~} I.f!AP 

Deecrlption 

Thc PRESSURE optton should be used whcn á L'NIFOR.\i prcssurc 
nccds 10 be spcc1ficd. Thc uniform PRESSURE mdy be prov1dcd on 

· thc entirc clcmcnt oran uscr specilicd portion of thc clcmcn1 

Cdcfincd by x1. y1 and '!·Y!· scc dcscnption bclow). ff i 1, y1 and 
~ 1 . y1 are nol providcd. thc prcssurc is applicd oh thc cntirc 

clcmcnl. lf only x1, y1 is provided. the load is assumcd as a 

ccinc~ntrated load applicd atthe spccilicd point. 

Note thal thc PRESSURE may be provided eithcr m GLOBAL 
(GX, GY, GZ) direc1ions or in local Z direction fnormalto thc 

clcmcnl). lf thc GLOBAL direction is omittcd, thc applied loading 

is as5umcd to be in thC: local Z direction. 

GX,GY,GZ 

-

Global dircction spccification for prcuurc denoteS 

global X. Y, or Z direction rcspcclivcly. 

• ti 
S a Suuon 

1 6 

l.m.::ll Y 

L 

Unilbnnl~ l.:~adl!d 

\rl!:l 

Elcmcnt prcssure (force/squarc or len_gt.hl or 
conccntratcd load (force). ~ate that 1¡ 15 ~ssumed 
as a conccntratctlload if '~ and Y:!. are omlttcd. 
Co-ordinatc points in local co-ordmatc syste~ 

(ccntcr nodc IS ofiginl dcfin~ng 
thc rCclarigular arca on whic:h 

thc pressurc is ápplicd. 

------
Thc TRAP option should be 
uscd whcn a linear! y v:nying 

prcssurc nccds lo be ~pccificd. 
fhc vanauon must be providcd 

o ver thc criorc clcmcnl. 

X or Y 

l'nlfllf11lh \'lnm; 
l'r.:'s drlfl '\1 

Dircction of vanation of dcmcnl p~cssurc. . . 
The TRAP XJY option mdic:J.tcs that .thc vanauon 

'd . in thc local X or In thc local y 
of thc Trapczo1 IS _ .. . . is 
dircction. Thc load always acts m thc local z ax . 

PresSurc intcnsity at starL 
Prcssurc intcnsity al end 

NotC: b . •b sed nn positivc dircctions 
~start .. and .. end" defined a ove ts a 

of the local X or Y axis. . . variation or the 

2. Whil~ 1 ~deaXII::dy 1i::~::t;•it~e~rd~:~:\'::h:rlocal z direction. 
trapezOJ • 
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.nple 

LOAD4 
ELEMENT LOAD 
1 1 TO 10 PR 2.5 

ST AAD Cornmands. and lnp.u lntlnlcUons 

11 12 PR 2.5 1.5 2.5 5.5 4.5 
15 TO 25 TRAP X 1.5 4.5 \ 
34 PR 5.0 2.5 2.5 
35 TO 45 PR -2.5 

Sc<uoid J U 

5.32.4 Atea Load/Fioor load Speciflcatlon 

Sú 5uiiiJ11 

' 16 J 

l'ur¡,os.; 

These commands may be used to !ipecify AREA LOADS or FLOOR 
LOA Os ori a structure. The ARE1\ LOAD m.::ty he uscd for 
modcling one-way distribution alid the FLOOR LOAD may be used 
ror modcling two-Way distribut1on. 

Genéral formlll lar AREA LOAD: 

member-llól ALOAD f 1 

r1 = The value orthc arca load tunil weighl uvcr squarc lcngth 

unit). ThiS loac.J alWay~ .:lcts ;~long the poSitive local y-ilJtis. 

For thc mcmbers ar á FLOOR analysis. this direcllon wlll 
coincide wilh global vertical JJtiS in most caSes. 
(For Jctailcd dcscnption. rcfcr to Scc!IOR l.) 

Example 

ARÉA LOAD 
2 4 TO 8 ALOAD -.250 
12 11 ALOAD -.500 

Note 

Arca load !hould not be Spcci ficd on rhcmbers dcclarcd as 
MEMBER CABLE. MEMBER TRUSS or MEMBER TDIS!ON . 

• 
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General Formal lor FLOOR LOAD: 

FLOOR LOAD 

YRANGE 11 12 FLOAO 13 (XRANGE 14 15 
ZRANGE 16 17) 

Whcre .,. 

f1 r2 Global vcrttcal coordinatc valucs to spccify vertical r:inge. 
Thc noor load will be calculatcd for all mcmbers lymg in 

thc global horiwntal planc wathin thc spectficd global 
vertical rangc. 

f3 Thc valuc of thc nuor load tunit wcight o ver squarc lcngth 

u mi}. Thts loaJ Jlways acts parallcl to thc global vcnit:al 
axis. A postttve value signtllcs that the load ts acung in 
thc positive global Y direction. A negauvc valuc tndicates 

a load IR thc ncgativc global Y dircctlon. 

f4- f7 Global X or Z 'oordinatc valucs to define the comer points 
of thc arca on which thc spccificd noor load (f3) actS. lf 

not spedficd, thc noor load will be cakulatcd for Jll 

mcmbcrs in all JloorS within thc spccificd global vertical 
rangc. 

Notes 

1 J The structurc has to be modcled in such a way that thc global 
vertical axis rcmains perpendicular to thc noor plancfsl 

l) For thc FLOOR LOAD spccificallon, a two-Way distnbUtton of 

thc load ts t:onsidcrcll. For thc AREA LOAD spcctficallon. a 
onc-way action is considcrcd. 

3) FLOOR LOAD from a slab is distributcd on thc adjoinmg 

mcmbcrs as trapczotdal and triangular loads Jcpending on the 

lcngth of the sidcs as shown in thc diagram. lntemally, thcsc 

loads are convened to muhiplc point loadS. 

>----------·<, 
' 

Mcmbers 1 and 2 gel full trapezoidal 

and triangular load$ respcclively. 

Membcrs 3 and 4 gel partial trapCLUidal 

loads and 5 and 6 gel partial tnangular 

load . 

Sec1ionS ~ 

.q The load per unil arca may nol vai'y for 3 pllrticular panel and it 
is assumcd to be conlinuOus and without hales. 

5) The FLOOR LOÁD facilily is nol available if thc SET Z UP 
command iS uscd (See Section 5.5.) 

fhe load distnbution pattern depends upon the shape of the panel. 
tr thc panel is Rectangular, the distribution will be Trapezoidal .:ind 
triangular as eiplaincd ¡;, thc folloWing diagram. 

z l 
6 

For a panel which is nOl rectangular. thc distribution is described 

in following diagram. 

first, the CG of the polygori is calculated. Thcn, each carne~ is 
connected to thé CG to rorm tnanglcs as Shown. For cach tnangle. 
a vi::rticallinC is drawn from the CG tO:the opposile side. lf thc 
point or intcrsection of the vCrtical line and the. side falls outside 
the trianglc, the arca of that ti'iangle will he calc.ulatcd :&nd a.n 
equ1valent unifonn distributed load will bC apphed ~n that stde. 
OtherWtse a triangular load will be applied on thc suJe. 
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Tnangular 

Example 

1 

The Input for FLOOR LOAD la explalned lhrough aÍI 
example. 

Let ua conalder the lollowlng !loor plan at y" 12'. 

.. ,. ' 1 ' •. te 

·. 
· ... 

2 

"""""' ll6s 
lf the entlre lloór hu a load ol 0.25 (lorcelunll lreil), 
then the Input wlll b6 11 lollówl: 

LOAD2 
FLOOR LOAD 
YR 12.0 12.0 I=LOAD -0.25 

1t In the above example, panel A hali a load ol 0.25 and 
panela S and e hlinie a load ot 0.5, lhin thlllnput wlll 
be •• lollówa: 
Nélte the U*ige ol XRANGE, YRANGE lrid ZRANGI: 
apeclflé:atlona. 

LOAD2 
I=LOOR loAD 
YR 11.9 12.1 I=LOAD -0.25 XR 0.0 11.0 ZR 0.0 t&.ÍI 
YR tU 12.11=l0AD -0.5 XR 11.d21.0 ZR 0.018.0 
LOAD3 

The progrilm lnternally ldentlfllla the panilla (Íhown ea 
Á, B and e In the figure). ThiÍ !loor lóeill Ira 
dlatrlbutitd ea trapi:i:élldal and trhingular loada U 
áhown by dotted linea In the figure. The negátlvlt algn 
lor the lolld algnlflila lhilt 11 la applled In the downward 
global Y dlteé:11on . 
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5.32.5 Prestress Load Specification 

l. J 5 

Purpoae 

This command may be uscd 10 specify PRESTRESS loads on 

mcmbers of the structurc. "~-

General Formal: 

{:STRESS } 
MJiMBER ILOAD) 

TSTRESS 

'member~llat 
. {§ 12 } 

EQBCE 11 ' H 13 

'• 
f1 = Prestrcssing force This valuc is positivc m thc dircctlon of 

the local •-alis. 
ES = spec1fics eccentnclly of the prcstress force al the start l)f 

the member ata distancc f2 from thc centroid. 

EM = spcc1fics cccentncity of thc prcslress force 31 thc mid·pmnl 

of the membcr ata distance f1 from thc ccntroid. 

EE = spectfics ccccntricuy of thc prc!lotrc:sS force at thc cnJ of 

thc mcmbcr al a distancc r. from thc: centro id. 

Deacrlpllon 

Thc first opllon, (MEMBER PRESTRESS LOAD), coniidcrs thc 

cffcct of thc: prcstrcssing force during its applicauon. Thus, 

transvc:rse shear gc:neratcd at thc cnds of thc mc:mbcr(s) subjcct to 

the prcslrcssing force is transferred Lo thc adjaccnt mcñ:tbcrs. 

The second option. (MEMBER POSTSTRESS LOAD), considers 

thc cffect of thc existing prcslress load after tbC prcstrcsSing 

opcration. Thus, transvcrsc shcar atthc cnds of thc mcmbcr(s) 

subjc:ctlo tbe prc:strcssing force is not transferrcd to the adjacent 

membc:rs. 

Exari1ple 

MEMBEII PIIESTRESS ·• 
2 TO t 11 FORCE 50.0 
MEMBER POSTSTRESS . 
8 FORCE 30.0 ES 3.0 EM -6.0 EE 3.0 

Scction.5 i67 

In the first cxamplc. a prcStrcssiilg force of 50 kips 1s applicd 

thruugh thc ccntroid (i.c. no ccccntricity) of mcmbcrS! to 7 and 

11. In thc sccond examplc, a poststi"csSing force or 30 k.1ps is 

dpplicd with an ccccntricity of 3 incheS al thc starl, -6.0 inches ál 

thc middlc, and 3.0 al thc cnd of mcinbcr 8 . 

Onc or thc limitations in uSing this command is that undcr any onc 
load case. on any givcn mcmbcr. a prcstrcSs or pnStstrcss load may 
he applicd only once. lf thc givcn merilber carric$ mult1plc o;trcsScd 
cableS or has a PRESTRESS and POSTSTRESS load condition, 
~uch a o;Huallun will havc to be spcc1fied through muhiplc load 
cases for that mCmbcr. Scc ciamplc below. 

lncorrécl Input 

LOAO 1 
loiEioiBER PRESTRESS 
6 7 FORCE 100 ES 2 Elot -3 EE 2 
6 FORCE 150 ES 3 Elot -1 EE 3 
PERFORM ANAL YSI!I 

CorreCt Input 

LOAD 1 
MEMBEII PIIESTRESS. 
8 7 FOIICE 100 ES :1 EM -3 I:E 2 
LOAD2 
UEUBEII PIII:STIIESS 
8 FORCI: 150 ES 3 EM -1 EE 3 
LOAD COUIÍ :1 
11.021.0 
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Examples for Modeling Techniques 

The following examplcs describe the partial input Jata ror thc 
membcrs and cable profilcs shown bclow. 

Example 1 

--------

JOINTCOORO 
100;2100 
UEUB INCI 
1 1 2 

UNITINCH 
LOAD 1 
MEUáER POSTSTRESS 
1 FORCE 100 ES 3 EU -3 EE 3 
PERFORU ANAL YSIS 

·,f -

: 

Elulmple 2 

JOINT COORD 
100;2200 
IIIEUS INCI 
11 2 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 
1 FORCE 100 ES -3 EU -3 EE -3 
PERFORiol ANAL Y!IIS 

Section 5 
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Example 3 

·r:;=---=r--' ·?1· 
1--' ··-+- '.. , !•' .. > ·--¡ 

JOINTCOORD 
1 o o; 2 5o; 3 15 o o; .. 20 o 
UEMB INCI 
112;223;334 

UNIT INCH 
LOAD 1' 
PRESTRESS LOAD 
1 FORCE 100 I!S 3 EU O EE -3 
2 FORCE 100 ES -3 Ell -3 EE -3 
3 FORCE 100 ES -3 EM O EE 3 
PERFORU ANALYSIS 

1 

! 

Example 4 

r-------- ~~ ': 

JOINT COORD 
1 o o; 2 10" o; 3 20 o o 
UEMB INCI 
112;223 

UNIT.INCH 
LOAD 1 
PRESTRESS LOAD 
1 FORCE 100 ES 3 EU O EE ·3 
2 FORCE 100 ES -3 EM O EE 3 
I'ERFORM ANAL YSIS 
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JOINT COORD 
100 ;2100; 3200 o 
MEUB INCI 
112;223 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 

ST AAD Commands and Input lnJUUctions 

\ 

1 FORCE 100 ES 3 EM -3 EE 3 
2 FORCE 100 ES 3 EM -3 EE 3 
PERFORU ANALYSIS 

... 
S<cti"" S 1 ÍT.! 

5.32.6 Temperature Load Speciflcatlon for 
Members and Elements 

l. /f'J tS 

Purpo5e 

This command may be uScd to spcc1fy TEMPERATlJRE loads or 

'itr:un loads oh mcmbers aild clcments. 

General formal: 

TEMPERATURE LOAD 

{

TEMP 
memb/elem-llst -­

STRAIN 

1, 12 } 

IJ 

f 1 = Thc change in tcmperaturc which Will cause aiial clongation in 

thc "Tlcmher<; or unifnrm volume eipañsion in demenls. The 

temPcr:uurc unit is thc 'iamc as thc unit choscn for the 

codriócnt of thcrmal cJtpañsaon ALPHA under thc 
CO:-.ISTANT command. 

f~ = Thc tcmpcralurc dirfcrcnttal from thc top lo thc bottom of tlle 
mi:mbcr nr clcmcnt ~T 1op•oi.mu·Tbollom narhccJ· Ir f~ is omiucd, 

no bcnding will be considcrcd. 

r3 = lmual axial clongat10ri (+ti ~hrihkagc l·l in mcmbcr duc tri 
mtsfit. cte. in lcngth unit. 

Euiriploi 

TÉMP LOAD 
1 TO 1115 17 TÉMP 70.0 
18 TO :13 TÉMP 110.0 88.0 
8 TÓ l3 STRAIN D.45E-4 
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Note 

lt is not necessary nor posstble lo spectfy the unlls for lcmperature 

or for ALPHA. The uscr musl ensure that the value provided for 
ALPHA is consisten! tn tcrms of units with the valuc provided for 

thc tcmpcraturc load. bcc Sccuon 5 . .:!6) 

... 
Section 5 ns 

5.32.7 Fixed-End Load Specification 

l. /ó . .J 

Purpose 

This command rriay be uscd to spccify FIXED.END loads on 

mcmbcrs of thc structurc. 

Genéral formal: 

FIXED ( ENO ) LOAD 

mémber-llsl r,, '2· ..... '•2 

f
1 

.• r
6 

= Forcc·i, shcar·y, shca.t·l., torsion. momcnt·y. momcnl·l. 
(all in local ..:oordmatcs) atthc ilart uf thc mcmber. 

f- f 1 ~ = SJmC as abnvc c~ccpt J.l thc cnJ ul thc mcmbcr 
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'i.32.8 Support Displacement Load Specification 

Sa.Sf.'ctwn 

/{¡ 7 

Purpose 

This command may be uscd to spcc1('y SliPPORT 

DISPLACEMENT load on 'iupports nf thc structurc. 

General formal: 

SUPPORT QlliPLACEMENT ( LOAD ) 

aupport joinl-lisl ¡¡) r, 

With this ,;ommand, thc -:;upport di~placcmcnt 1~ modclcd J~ :1 load. · 

~ole that displaccment cannot be -;pcc1flcd in J. dírcct10n 10 wh11..:h 

thc support is rclcascd. 

FX, FY, FZ spce~(y translational displaccmcnts 10 global X. Y. and 

Z dircctions respective! y. Mx. MY. MZ ;pcctly rotatiunal 

_dísplaccmcnts 1n global X. Y. and Z dirccuons. 

f1 = Value of thc corrcsponding displaccmcnl. For translaunnal 

displaccmcnts, thc unit is in thc currcntly spccificd lcngth 

URII. whiJc (or rotationaJ disp(accmcnts the URII ÍS always IR 

degrecs. 

Example 

UNIT INCHÉS 
SUPPORT lliSPL 
5 TO 11 1:1 FY -o.:!S 
19 21 TO 25 MX 15.0 

Section S 1'. 

In thiS cxarilple, thc joints ufthc rirst support list ,.¡JI be displaced 

by 0.:!5 inch íil thc ncgállvc global Y directíon. Thc JOints of thc 

sccond support list will be rotatcd by 15 dcgfccS about thc global 

X-axis. 

No les 

Supporl J.isplat:crilcnts can be :1pplicd iri uptci ..t load c:~scs only 

Thc suppnh displaccmcnt loa~ should not be applicd lln l structure 
WhH::h ,;ontains nnuc dcmcnts. 
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5.32.9 Selfweight Load Specification 

Purpose 

i'his command may be uscd lo cale u late and apply !he 

SELFWEIGf-iT of lhe structure for a~alysis. 

General formal: 

~FWEIGHT {i } 
This comm:md is uscd ¡f thc self-wc¡ght of the structurc 1s to be 

~.:unsJdercd. Thc sclf-wc¡ght of cvcry active mcmhcr •s J.:ah:ulalcd 

Jnd applicd as a uniformly t.listnbutcd mcmbcr load. 

X; Y, & Z rcprcscntthc global dircction in wh1ch thc sclfwc¡ght 
acts. 

f1 = The factor to be uscd to mulllply thc sclfwc•ght_ 

This command mayal so he LJscd w!lhoul any dircct1on Jnd fa¡:tur 
spccification. Thus. if ->pcc•ficd as .. SELFWEIGHT", loads wlil he 
Jpplicd in thc ncgativc global Y dirCL'IIOn with :& factor of uriny 

N otea 

Ocns1ty musa be provadcd for calcula1aon of thc .. clf wcight. 

Thc sclfweight of linitc clcmcnts IS con verted to joint loads JI thc 

connectcd nades and is not used asan dcmcnt prcssure load. 

' . 

Section S 279 

5_32_1 0 Dynamic Loading Specification 

Pur¡~ose 

The command spcc¡ficalion ncedcd to pcr~orm ~cspon~c spe~trum 

1 , nd t'om· e history analvsis is C;tplalncd IR thc !ollowmg ana ys1s a · . 

·~· 
'iCCtions. 

,.~ 

f 
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S.32.1 0.1 Response Spectrum Specificatlon 

Purpóse 

This command may be uscd to spccify and apply thc RESPONSE 

SPECTRUM loadmg fur dynamtc analysis. 

' 
General Formal: 

Where, f1 ... fl are the lactors for input spcctrum to be applicd in 

X. Y & Z Jirectiuns. Any 1lnC m all dircctums can he mput. 
Dirccuons nut provadcd wtll Jciault to ;ero. 

Whcre. fJ = Scalc factor hy which 1hc response spcctrum ts 

modificd. Odaults lo 1.0 tf nut spectftcd. 

Whcrc, r5 = Damping r-actor. Ddaull valuc ts 0.05 (5% Jamptng). 

Thi!l valuc 15 nc~o:cssary for thc CQC ~tcthud only 

Whcrc. ACC or DIS .,tand~ for Acccl..:r~tiun llr Dhplaccm..:nt. 

Whcrc, PI, VI; P2, V~; ... ; Pn, Vn = Valucs of pcriods tscc) and 

corrcsponding accclcralion (currcntlcngth unillscc2) or 

displaccmcnt !currcnt lcngth unit) as lhc case may be. 

More lhan onc linc may be uscd if ncccssary. Use of 

hyphcns (-) at lhc cnd of thc linc IS ROl pcrmittcd lO 

conlinue Jata 10 thc ncu linc. Spcctrum pairs should be 

provtdcd in asccnding valuc uf pcriod, with a maximum of 

99 >ipectrum pairs. 

,. 

St!~ Seclrons 

1 /8 J. 5 JO. 

<Jnd 5 J4 

Scction 5 

Déscrlpliort 

Note th3t if ~PECTRUM SRSS iS uSed, modal combinations are 

doíJé accoi-diñg lo SRSS (squarc root of surilmation of squarcs) 

method. Othcrwise, thc CQC (complete quadratic coriibmation) 
method is used. 

Th1s ¡;ommantl should appcar as parl of a loading specification. lf it 
IS the first occurrence, it should be acccimpaniCd by the load dala lo 
be used. for frcquency and modc Shape caJculatioilS. Additiorial 

occurrences nced no addit10nal inforination. MaXimum reSponse 
spectrum load cases allowed in onc run is -'· 

ReSultS of frequency and modc 'ihape calcUiations may v:iry 

sJgnlficantly dcpi:nding Upon the mass mcidcling. All active masses 

should be niodclcd as loads. All riiasses that are capablc of moving 

shoult.l be modelcd as loads. applicd iR all poss1blc d1rcctions of 

movcrilent. In response spcctrum analys1s. all masscS that are 

capablc of rhoving m lhc direction of lhe ~pcctruni must be 
providcd as loads acting m lhat dircctton. An illustr:llmn of maSs 

modcltng IS availablc, wtth cxplanator)' comrilcnts. in EJiamplc 
Prohlcm Nri.ll 

Exari1ple 

LOAD 2 SPECTRUII IN X-OIRÉCTION 
SÉLFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
JOINT LOAD 
10 FX 17.5 
10 FY 17.5 
10 Fz 17.5 ¡ 
SPECTRUU SRSS X 1.0 ACC SCALE 32.2 
0.20 0.2 ; 0.40 0.25 ; 0.80 0.35 ; 0.80 0.43 ; 1.0 0.47 
1.2 0.5 ; 1.4 0.85 ; 1.8 0.87 ; 1.6 0.55 ; 2.0 o . .u 
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:\lultiple Response Spectra 

1! lhere is more than une response speetrum ddined 10 thc m pul 

hle, the load data should accompany thc first )Ct of spcctrum Jata 

only. ln thc subscqucnt load ..:ases. only the spet:tra )houiJ he 

Jcfined. Sce cxamplc bclow. 

LOAD 1 SPECTRUW IN X-DIRECTION 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
JOINT LOAD 
10 FX 17.5 
10 FY 17.5 
10 FZ 17.5 
SPECTRUW SRSS X 1.0 ACC SCALE 32.2 
0.20 0.2 ; 0.40 0.25 ; 0.80 0.35 ; 0.80 0.43 ; 1.ÍI 0.47 
1.2 11.5 ; 1.4 0.85 ; 1.8 0.87 ; 1.8 0.55 ; 2.0 0.43 
• 
LOAD 2 SPECTRUM IN Y-ÓIRECTION 
SPECTRUM SRSS Y 1.0 ACC SCAlE 32.2 
0.20, 0.1 ; 0.40 0.15 ; 0.80 0.33 ; 0.80 0.45 ; 1.00 0.48 
1.20 0.51 ; 1.4 0.83 ; 1.8 0.87 ; 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 ; 0.40 0.25; 0.80 0.35; 0.80. 0.43 ; 1.00 0.47 
1.21U.5 ; 1.4 0.115 ; 1.8 0.87 ; 1.8 0.55 ; 2.0 0.43 

5.32.10.2 

) .. ,. Src/lo'u 

l/8).anJ 

5 J 1 .J 

Application of nme Váryin!;l Load for 
Response History Analysis 

Purpóse 

Section5 W 

Thts sct of commands may be uscd to modcl Time Hi•aory loatling 

nn thc sti-ucturc for ResponSe Time History analysis. ~ate that bnth 

nodal tiinc hi~torics and ground motion time htstories rila y be 

providcd. 

Génerdl lormil: 

joint llst 

lifÍ.Q.UND M.2IION 

Whcrc 1
1 

= typc numbcr nfllmc várymg loád (scc Scction 5.31 ..1) 

1 = arrivalttmc numbcr lscc Scctwn 5 Jl...llt1Ricgcr). 
a ¡· 

Thts is thc ~equcntiál numbcr or thc .1rrivalllmC tn thc ISL 

cxpla
1
ócd tn scction 5 31 .l. Thus the arrivalttme numher 

of JJ is 3 ánd oran is n. 

:"-lote that cither TIME L0/\0 or GROUND ~OTION or both may 

be spccificd undcr one load case. More than onC: load c.1sc [or time 

histof)' analysis is not pcrmitted. 
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E. .. _.nple 

LOAD 1 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
UEUBER LOADS 
5 CON GX 7.5 10.0 
5 CON GY 7.5 10.0 
5 CON GZ 7.5 10.0 
TIME LOAD 
23FX13 
5 7 FX 1 8 
GROUND UOTION X 2 1 

ST AAD CofTlllWlds and Input btsliUctians 

In thc abo"c cxamplc. thc pcrmancnt masses tn the structurc are 
providcd in thc form of ~sclfweight'' and "mcmber loads~ for 
obtaining thc modc shapcs and frequcncics. Thc rcsl of the data is 
thc input for applicatiun of thc time varying loads un thc ~tructurc. 
Forcing funcuon typc 1 ts .1pplicd :11 jotnls 2 and 3 !>lilrllng Jt 
arnvaltimc number 3. (Arriva1timc number 3 ts 1.8 scconds 1n 

cumple shown in scction 5.31.4) Simalarly. fordng functwn type 
1 is applicd al Joints 5 :md 7 starting at arrivall!mc numbcr 6 ¡.t,..l 
scconds). A ground motwn (type 2) acts on thc ·mucturc In thc x­

dircction starting al arnvalttmc numbcr 1 (0.0 ~ct:onds). 

5.32.11 Repeat Load Specification 

Purpose 

This r:omriland iS uscd to crcatc a pfimary load t:asc using 
t:ombinationS of Prcv10usly dcfincd pririlary load caseS. 

General formal: 

whcrc. 
11, i1 .. tn = primary load case numbcr~ 
r1. f.! ... fn:: corrcspondmg factors 

Déscripllon 

'i<ctioo S \ Z85 

This command rila y he uscd to crcatc :1 primary load case using 
.:omb~nations of prcv!Qusly defincd primary load cascfS). The 
REPE..\ r load. diffcr<> from the load COMBI:-.IATIOS .:ommand 
iSccllon 5.35) 10 l\lro ways: 

1) A REPEAT LOAD is trcated as :1 ncw primary load. Therdore. 
a P·Delta analysis w11l rcner.:-1 corree! secondary effcCtS. 
(LOAD COMO 1:-IA TIONS, on thc othcr hand. algcbraically 
combine the effects of prh10usly defined primary loadingS 
cvaluated independently}. 

2} In addition lo prcv10usly dcrincd pr_imary Joads, thc t1ser can 
aJSo add ncw loading conditionS. • 

J) The REPEAT lOAD option is availabiC with load caseS with 
JOINT LOADS and MEMBER LOADS containing UN l. 
UMOM and CON speciflcalions only. (t is not ilvailablc ror 
MEMBER LOADS with UN and TRAP specificataons. ll can 
al so be used on lootd cases with ELEMENT PRESSl!RE loads 
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(without thc TRAP 'pccilication). SUPPORT 

DISPLACEMENTS LOAD, TEMPERATURE LOAD on 
membcrs or clcmcnts, RESPONSE SPECTRUM LOAD and 

TIME HOSTOR Y LOAD should not be u sed tn REPEAT 
LOAD. It ts also not availablc for loads gcncratcd usmg thc 
program's load gcncratton faciluics iuch as UBC LOAD 

Gcneration, WIND LOAD Gencrauon, MOVING LOAD 
Gcncrouion, etc. 

Example 

LOAD 1 DL + LL 
SELFWEIGHT Y -1.4 
MEMBER LOAD 
1 TO 7 UNIFORM Y -3.5 
LOAD 2 DL + ll + WL 
REPEAT LOAD 
1 1.10 

5) Thc ma:umum numbcr of loa.d t:ascs that can he combmcd ustng 
a REPEAT LOAD «tmmand ts 1 ~. 

Section j %17 

5.32.12 Genération of Loads 

S a 
St!ctwns 

1 17 dnd 

5.J 1.1 

PurpeS.. 

This ccimmafld iS uscd ro generare Moving Loads. UBC Scismic 

loads ami Wind Loads using prcviously spcciried load dcfinillons. 

Pnmarv load cases rilay be gcncratcd using prcviously dcfincd load 

o;ystcm~ Thc followtng o;cctions describe general ion of moving 

lnads. t:BC scisrilic loads and Wind Loads. 

Generation of 'loving Loads 

Prc-dcfincd moving~ load o;ystcm typcs m3y be uscd lo gcncratc the 

dcsircd numbcr uf pnmary load ,a..;cs. c3ch rcprcscnttng a 

particular posation of thc movmg load systcm on thc ~tructu~c_- This 

proccdurc wall simulatc thc movcmcnt of 3 ve hiele in a ~peca raed 
J¡rcctwn on a ..;pcctlicd planc tln thc .. rrucrurc 

General formal: 

whcre. 

n 

LOAD GENERATION n 

• {XINC 
j x1 y 1 z1 YINC 

l!.!iC 

(ADD LOAD i) 

11} {YRANGE} 
'• ( . r) 
13 ZRANGE 

= total no. of pnmary load case! lo be gcncratcd. 

= load case no. for thc prcviously dcfincd load case tu be 

addcd lo the geÍierated loads. 

= type no of prC:viously deli~éd load syslcm. 

= x. y and z coordinates (gloL81) of the initial position of 

the referencC load. 

= x, y or L (global) incrcinC:ntS of position of load_ systcm 

to be uscd fof generation of subscquenl load cases. 

= (Optional) defines scclion or the slruclurc along global 
verucal dirccuon to carry moving load. Thas r value ts 
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added ro lile refercncc vertical coordinare (y1 or .t 1)in 

the pos1t1vc global verttcal direclion. The moving load 
wdl be cxtcrnally d1stributcd among all membcrs 

witllm the vertical rangc tllus gcneratcd. r always 

~hould be a positivc numbcr. In othcr words, thc 

program always looks for mcmbers lying in the rangc 
Y, and Y1 ...... ABS(r} or Z 1 and Z 1+ABS(r). 

' 
Thc ADO LOAD spcctfication may be 1..1sed lo add J prcvwu 3 Jy 

dcfined load case to all thc load cases gcneratcd by thc LOAD 

GENERA TION command. In thc cumple below, the 

SELFWEIGHT spec1fied m load ..:ase 1 1s add.cd Lo allthc 
gcneratcd load cases. 

Scquential load case numbcrs will he assigned lo thc senes nf 

gcnerated pnmary load cases. Numbenng w¡ll bcgm at onc plus the 
1mmediate prcv10us load case numbcr t\llow ror thcse whcn 

specifying load cases ahcr load case gcneratwn. 

N olea 

Primary load cases can be gencrated rrom ~ovtng Load systems for 

frame membcrs only. Th1s fcature docs not work un linitc 
clemenls. 

Example 

LOAD 1 DL ONL Y 
SELFWEIGHT 
LO.All GENERATION 20 ADD LOAD 1 
TYPE 1 O. f!. -10. XI 10. 
TYPE ~ O. 111, .. 10. Zl 1S. 
LOAD 22 UVE LOAD ON 'PAVEMENT 
~EMB LO.All .'7 • 

10 TO 20 30 TO 40 UNI GY -6.0 
. LOAO.J;:OMBINATION 31 .•.. 

10, O.lS 22 0..75 ,. •>·;.·e 

PERI'ORM A .. Al.YSIS .• 

li8 

See s,ctronJ 

i 17 2 and 

5 J 1 2 
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Generation or UBC Seismic Load 

Built-m algorithms will aulomatic:1lly distribute thc baSe shear 

:1mong appropriate lcvels and thc roof pcr UBC o;.pecilications. The 

follow1ng general formal should be uscd to generare t.:BC load in a 

particular dircction. 

Geno!ral Formal: 

LOAD 1 

UBC LOAD {! } (1) 

where 1 load c3sc number 
r<1ctor to be uscd to multiply the UBC Load 

(dcrault = 1 0) 

Examplil 

ÓEFINE UBC UÍAO 
ZONE 0.2 K 1.0 1 1.5 TS 0.5 
SELFWEIGHT 
JOINT WEIGHT 
1 TO 100 WEIGHT 5.0 
101 TO 200 WEIGHT 7.5 . 
LOAD 1 UBC IN X-IÍIIIEéTION 
UBC LOAD X 
JOINT LOAD 
5 25 30 FY -17.5 
LOAD 2 UIIC IN Z-DIIIECTION 
UBCLOADZ 
LOAD 3 DEAD LOAD ··­
SÉLI=WEIGH't. ·:: ' .. , 
LO.All ct:IUBINATION 4'', 

.1 0.75 2 ~.75 3 1.0 ,,, 

... 

... '• 

~· ''. 
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In the abo ve cumple, nottcc that thc rirst two load cases are UBC 
load cases'. They are 5pccilied betorc any other load cases 

Notes 

1) Thc UBC load cases should be providcd as the first sct or 

load J,;ascs. Non-UBC primary load case 'ipcctfted bdorc a 

UBC load case tS not acccptablc. Adc.littonal loads such as 
ME~BER LOADS and JOI:-!T LOA OS may be spccolicd 
along wnh thc t:BC load undcr the samc load case. 

lncorrect usage 

LOAD 1 
SELFWEIGHT Y ·1 
LOAD2 
JOINT LOAD 
3 FX 45 
LOAD 3 
U Be LOAD X 1.2 
JOINT LOAD 
3 FY-4.5 
LOAD4 
UBe LOAD Z 1.2 
MEAIBER LOAD 
3 UNI GY-4.5 
PERFORA! ANALYSIS 

' 

Correct uaage 

LOAD,.·. 
.-. )~ . 

UBe LOAD X t.2 · · 
JOINT LOAD ~;~ 
3 I'Y-:..:5 : .. ;w 
LOAD 2 · • -'"·''· ,· ·. ~ ._,. . -·~...,_.¡- ~·. r-~ 
UBC LOAD Z i:jZ · ... 
UEMBÉR LOAD ·,:~ 

3 UNI GY -4.5 
LOAD 3 
SELFWEIGHT Y ·1 
LOAD 4 
JOINT LOAD 
:i FX 45 
PERFORM ANALYSIS 

Sccuon 5 191 

2) ,\11\oad cases involving t.:BC Load gcncration musl be 
providcd befare thc ANr\LYSIS spccificallon. In ot~cr 
Words. mulliplc analyscs tn whtch thc UBC load gcncration 

ts pcrformcd in thc scparatc analyses ts not permittcd. 

lncorrect uSage 

LOAD 1 
USe LOAD X 1.2 
!lELFWEIGHT Y ·1 
JOINT LOAD 
3FY-4.5 
PDELTÁ ANALYSIS 
LDAD2 
USe LOAD Z 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3FY-U 
PDEL TA ANAL Y SIS 

Corree! uilage 

LOAD 1 
USe LOAD X 1.2 
SELFWEIGHT Y ·1 
JOINT LOAO 
3FY-4.5 
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LOAD 2 
UBC LOAD Z 1.2 
SELFWEIGHT Y -1 
JOINT LOAD 
3 FY ·4.5 
PDELTA ANALYSIS 

ST AAO Commands and lnpu1 lnsuuctJons 

3) REPEAT LOAD specificat1on cannot be uscd for load c:1sCs 

involving UBC load generat10n. For examplc. 

lncorrect usage 

~) 

LOAD 1 
UBC LOAD X 1.0 
LOAD2 
SELFWEIGHT Y -1 
LOA03 
REPEAT LOAD 
1 u 21.2 
PDELTA AN.ALYSIS 

lf l.JBC load general ion is pcrformcd for thc X and thc z 
dircctions, thc command for thc X dircctJon must prct:cdc thc 
command for thc Z direction. 

lnc~rract usíige 

' LOAD 1 
UBC LOAD Z 1.2 
SELFWEIGHT Y- 1 
LOAD2 ... : 

UBi:LOAO X f .2 
SELFWEIGH"fY ·-1 
PDELT.A AN.AL)'SIS 
. . ;t~ !.:t.::: • "'1.' -~· . 

Ri 1 

1 1 

Su 
SecrronS 

117.Jand 

5 J /.J 

Correct us&ge 

LOAD 1 
UBC LOAD X 1.2 
SELFWEIGHT Y -1 
LOAD 2 
UBC LOAD Z 1.2 
SELFWEIGHt Y -1 
PDELTA.ANAL YSIS 

Generation or Wind Load 

Sccuon 5 193 

Thc bu!lt-m wind load gcncration facility can be uscd lo calci.Jiate 

thc wind loads bascd un thc paramctcrs Jcfincd m Sct:tlon 5.3 1.3. 

Thc following general formal should be uscd to pcrform thc wind 

load gcncration. 

GÍ!neral Formal: 

LOÁD 1 

WIND LOAD 

Whcrc 

{!} 
Load caSe numbcr 

(1) 

X or Z Dircction of wind in global axiS system. 

j Type numbcr of previously dcfincd systcms 

f Thc factor lo be used to multiply the wind load. Ncgative 

signs maybc u5cd to indicatc oppOsitc dircctioi1 of wind 

!dclauh=I.O) 
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Example 

DEFINE WIND LOAD 
TYPE 1 
INTENSITY 0.1 0.12 HEIGHT 100 200 
EXP 0.6 JOI 1 TO 29 BY 7 29 TO 
TYPE 2 . 

INT 0.1 0.12 HEIGHT 100 Sbo 
EXP 0.3 YR O 500 
LOAD 1 
SELF Y -1.0 
LOAD 2 
WIND LOAD Z 1.2 TYPE 2 
LOAD 3 
WIND LOAD X TYPE 1 

37 BY 4 22 23 

1::11; 

11::2 

~ 

11:1:1 

ll:i:l 
11:;:1 

1 ·Ll 
1 a 
1 ¡; 

1 t1 
1 a 

5.33 

1 '·' J 
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Natural Frequency Specification 

Purpose 

This command may be U'icd tn t:::J.Iculatc thc natural frcqucncy or 
thc o;!ructurc for vihr:llion corrc<ipondmg to thc general dircction nf 

Jcllccnon gcncr:ucd hy thc load ..::l!>C wh1ch precedes th1s 

.;ommand. Thus. th1., t:ommamJ typ1cally folluw5 a load ..:ase. 

Gem!r81 forrilit: 

CALCULATE NATURAL (FREOUENCY) 

oescription 

fh1'i t:ommand is ..;pcdficd aftcr .. 111 1Hhcr load o;pcc•f'ic:uiuns of any 
pnmary load ..:ase for whic:h thc natur:~l frcqucncy is álculatcd. 

rhto; n:1tural frcqucncy calculatttm 1., hascd ''" thc Raylctgh 
JtcrJIIOn mcthud. lf a full-.;calc ..:¡gcn•wlut10n 1S rcquircd. thc 
\1,0DAL C,\LCCL\TION r.:nmmanJ •~ce nc't ~cctionl may he 

u .. Cd. :'\iotc that an cigcn'ioluuon , .. :lutomaucally pt:!rrormcd ir a 

RESPO~SE SPECTRC~ is c;:pcc!licd m 3ny load case 

Example 

LOADING 1 DEAD ANO LIVE LOAD 
AREA LOAD 
1 TO 23 ALOAD -:iOd.O 
cALCULArE NATURAL FREQ 
LOAOING 2 WIND LOAD 

In thís cumple. thc natural frcqucncy ror load c:lsc 1 will be 

calculatcd. fhc nutpul wlil prod.ut.:l! thl! valuc of thc natural 

frcqucncy ín cycles pcr sccond (cpc;J. 1hc ma:umum dcncction 

3long with !he global direction Jnd thc j01n1 nuinbcr whcrc it 

m:curs. 
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Notes 

This command is based on Raylctgh method of iteration Thc 

frcquency calculatcd estimatcs frcqucncy for the modc shapc that 

corresponds to the slattc dcnectcd ~hapc gencratcd by thc 1 d . 
the load case. oa s 1n 

I'J! 1 

1: ¡¡ 

11:-
' ·-• t 

'i 

JI 

11 

• 
1 
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5.34 Modal Calculation Command 

Su 5l'clllHTJ 

5 J 1 a"J 
.? IB.J 

fhis command may he uscd tU obtatn <1 rull scalc dgcnsolution to 

c:tlculatc relevan! frcqucncics :wd modc o;hapcs 

General Formal: 

MODAL (CALCULATION REQUESTED) 

This command 1s typic:11ly uscd in J load c:1sc after allloads are 

-.pcctficd Thc IÓ¡)Lh will be trcatcd dS masscS for eigcno;olutions. 

Static Jisplaccmcnts and forccs will be calculatcd for thc load caSe. 

This command must only be uscd for onc load casC::. and can-mil be 

uscd in conjunction with a response spectium aiialysis fo;cc 

Vcnfic:~tíon Problcm ~o. :! ror ~amplc implcrilcntation). 

Notes 

Thc ctgcnsolution mittatcd hy thio; command will trcat tbc loads 

~pccificd 1n thc load c:1sC as mao;scs. Thc uo;cr ts adviscd to o¡pcciry 

thc loaJs kccp1ng thls in mirid. 
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i.35 Load Combination Specification 

Purpase 

fhis command may be uscd to combmc thc rcsults of thc :malysts. 

Thc combmauun may he algebratc, SRSS and a combtnatton uf 

both. 

General format: 

LOAD COMBINATION (~S) ¡ 81 

= Load combinauon number ( any mtcgcr 5 mallcr than 

10.0000 that ts not thc samc .&s any prcvtously defincd 

pnmary load case number. 1 
a¡ = Any titlc for the load combination. 

1¡. i1 represents the load case numbers which á re to be 

combincd. 

f1 · f1 _ rcp~cscnts corrcsponding factors to be applicd to loadings. 

fsRSS - opt10nal factor lo be applicd as a multiplying factor un thc 
combmed result of the SRSS load combmallnn (<.ce 

cumples below}. 

Notes 

1) 

2) 

1~ the LOAD COMBINATION SRSS opuon. if the minus 

stgn precedes any load case no .. thcn thal load cásc wlll be 

combmcd algebraically with the SRSS combination of the 

resl. 

The tolal number uf combination load cases cannol ciceed 

150. 
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oescription 

Results from anal y ses may be combined both algebraically and 
using the SRSS (Square Rool of Summation of Squarcs) mcthod. 

The combinallon schcme may be mixcd if requtrcd. For cxample, in 

the samc load combmalion case. rcsults from load cases may be 

combincd in the SRSS manner and thcn combined algcbraically 

wtth othcr load casco;. Rcfer to thc following cxamplcs for 

¡\lustration -

Example 

Severa\ combination examples are provided to illustratc thc 

posstble combinattun schemes · 

Simple .\lgcbraic and SRSS Combinations 

LOAD COMBINATION 7 DL+LL+WL 
1 0.75 2 0.75 3 1.3:1 
LOAD COMBINATION SRSS 8 DL+!ÍEISMIC 

. 1 1.Ó 2 0.4 3 0.4 

The firo;t itcm abovc !LOAD COMBINATlON 7) tllu•aratcs :1 

o;implc algcbr:Jic combination. The sccorid itcm (lOAD 
COMBINATION g) illustratcs 3 purc SRSS load comhination with 

:i dcfault SRSS factor of l. Thc fo\lnwing combination schemc Will 

be U'>Cd -

v= t.o-V 1 i Ll2 + 0.-l X L2! + o..t X LJ2 

Where v = thC combincd valuc and Ll - LJ = valucS froiri lo&d caSe! 

l.i and 3. 

Note that Since a SRSS factor is nol provtded. thc dcfault vli.lue of 

1.0 ts bemg used. 
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Aleebraic & SRSS Combiitation in the Same Load Combination 
Case 

Exámple 1 

. 'r¡,"!, 

LOAD COIIBINATION SRSS g 
-t 0.15 2 1.3 3 2.42 0.75. \ 

The combtnation formula will be as follows-

V= 0.75 X Ll + 0.75-II.J X L22 + 2.42 X LJ2 

where v:: comb10ed value 

L2 & LJ == values from load caseS 2 & 3. 

In the above specification. note that a minuS sign precedes load 
case l. Thus, Load 1 is combined 31gebratcally with the result 

obtained from combining load caSes 2 and 3 in the SRSS manncr. 

Note thatthc SRSS factor of0.7S is applied on the SRSS 

combination of 2 and 3. 

Example 2 

. . . ,. ·, .. ' 

LOAD COIIBINATION SRSS 10 
·1 0.7& -2 0.672 3 1.2 4 t .7 0.63 

Here, both load cases 1 and 2 are combined algcbraically with the 

SRSS combination of load cases 3 and 4. Note the SRSS factor of 

O. 75._ The combinatioo formula will be as follows. 

V= 0.75. Ll + 0.572. L2 + 0.6YI 1.2. U'+ 1.7. L4' 

N oteo 

1) This option combines the resultS of the anaJysis in the specitJed 

manner Jt doe!l not analyze the 'Jtructure for thc corilbined 

loadiog. 

Section 5 jQ1 

2} Ir the secoridary effccts of combined load cases iS to be 

obtained thtough a PDEL TA ANAL YSIS. the LOAD 
COMBINATION command is inappropriate l"or ttiC: purposC:. 

See the REPEAT LOAD command (section 5.32.11) for dctai1s . 

3) In a load combinB.tion spectficatioil, a valuc of O (zero) as a 

load Factor is not permitted. In other words, á spectfication 

such as 

LOAD coa.tl! 7 
1 1.35 2 a.a :1 1.2 4 a.o s 1.7 

iS not permitted. What happenS i! that due lo thi: way the 

program proceSSes thc data, as soon as it ericountcrS: a 0.0, it 
stops reading the dala at the O. O and dries not read any further. 

Thus. m thC: abo ve loading case, the results witl consist only or 

[orces due lo load 1 ri1Uitiplied by a [ai:tot of 1.35. The 
contnbution from 1.2 • load 3 and 1.7 • load S will nol be 

there bccause thc program simply did not read thosc data. 

6) All cofnbination load cases must be prciv'idcd immediatcly after 

the last primliry load caSe. 
7) Thc ma:dmum number of load cases that can be ccimbincd using 

a LOAD COMBINATION commarid is JO. 
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Calculation of Problem Statistics 

Purpoae 

This command may b d f b . 
e use oro laJmng run statistics likc ·t 

space requucd, band-wJdth info ele. s orage 

; 

General format: 

f!!J.NT f.BQBLEM illTISTICS 

Descrlption 

This command 'd . prov, es an cshmale of !he hard disk p 
lo run a rile befare actually running il lt . . 1 .¡ 3l.:c rcquucd 
recomme d d f p . . Js parttcu arly 

n e or C uscrs runnmg a largc prohlcm ThJs d 
should be uscd jusi f h 1 . · comman 
the PERFORM a ter 1 e oadmg specifications and in place of 

ANALYSIS command. 

5.31 
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Analysis Specification 

Purpose 

S~AAD analysis optJons includc linear static analysis. P-Ocha (or 
sccond ordcr analysis), Nonlincar analysis. ami scveraltypes of 
Dynamic analysis 

Thi! command is used lo ~pecify the analy.;.is rcquest. ln addition. 
this command may be JJsed Lo rcqucst various analysis rclated data 

like load info, statics check info. mode shapes cte. 

General formal: 

J~FORM } 
t:ONLINEAR (n) ANAL YSIS (f!!JNT 

LOAD QAIA 
STATICS ~CI< 
STATICS LOAD 
MOOE SHAPI:s 
BOTH 
T 

PDi;L TA !nl ANALYSIS ~VERGE (m)) <fB¡Nr J.QAa.MJ:A) 

Where n =no. of llcrations dcsncd (ddault value of n = 1 ). 

This command dirccts thc program to perfonn the analy-.iS Which 

includcs: 

a) Checking' Whelher all information is provided for the analySis: 

b) Forming the joinl stiffnen matrix: 

e) Chcckirig the '>tability of thc struclUre; 

d} Solving !imultaneous equations. and 
e) Computing thc: mc:mber forcc:s and displaceriu:nts. 

O U P-Ocha analy5is is speciricd. forces and displacement! are 
Rcalculated, taldng into conSideration the P-Ocha effecl. 

g) Non-linear analysis will take the geonieti-ic non-linCarily as 
welt as the P-Delta c:ffects into accouol fse"C Seclion l.lli.2.2). 
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h) Ir a RESPONSE SPECTRUM 1s speciflcd within a load case or 
the MODAL CALCULATION command iS used. d¡nam1c 
analysis is pcrformcd. 

1) In each of thc "n·· itcrations of thc PDELTA analysis. thc load 
vector will be modilicd to ~nclude thc secondary effecl 
gcncratcd by thc dtsplaccments r.:aused by thc prcvious 
analysis. 

Thcre are two options to carry out P-Delta analysis. 

1) Whcn thc CONVERGE command is not spec1Ded: The mcmbú 
end forces are evaluatcd by itcrating ·•n" times. The dcfault 
value ol ''n'' IS 1 (onc). 

2) Whcn the CONVERGE command is includcd: Thc mcmbcr cnd 
forccs are evaluatcd hy pcrforming a convcrgcnce check on thc 
jomt displaccmcnts. In cach stcp. thc displaccmcnts are 
compared wllh thosc of thc prcvious lleratlon tn oi"dcr to check 
whethcr convergence is attained. In case ··m" ts spccified. thc 
analys1s will stop aftcr thal itcratwn cven if convcrgcncc has 
nol bccn achicvcd. lf convcrgcncc is Jch1cvcd m less than "m" 
itcra11ons, the an:lly"is is tcrm1natcd. 

Examplc 

Followings are sorne cumple on use uf thc command for P-Dclta 
analysis. 

PDELTA ANALYSIS 
PDELTA ~ ANALYSIS 
PDELTA ANALYSIS CONVERGE 
PDELTA ANALYSIS CONVERGE~ 

,l .- . _,, 
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Without one of thesc analysis commands, no analysis wlll he 
pcrformcd. Thcsc ANALYSIS commands can be rcpcatcd if 
multiple ailalyses ai"c nceded al diffcrent phascs. 

Note that a PDELTA ANALYSIS will corrcctly fcOcctthc 
<;ccondary cffccts of a coinbination of load cases only il thcy are· 

defincd using thc REPEÁT LOAD "pccific:llioit (SccLio~ 5.32.1 1}. 
Sccondary cffectS wilt not be cvaluatcd coTrcctly ror LOAD 

COMBINATIONS. 

lfthe PRINT LOAD DATA command is <~pecificd. thc pi"ogram 

Wdl print an inter¡)rctation of :111 thc load data. 

PRINT STA TIC S CHECK will pro vide a summalion ol the ápplied 
toads and <~Upport rcactions aS wcll as a surilmation of riloments or 
the loads and rcactwns takcn around the ongin. 

PRlNT STATICS U~-"0 prints cvcrythinli that PRINT STATICS 
CHECK docs. plus it printS a summation or Jll intcr!lal and 
i:i.tcmal forccs lit C:lch jolnl (gcncratCS voluminOUS OUlpUt). 

PRINT MODE S HA PES prints mude shape v:1lues _at thc jOints for 

all calculatcd modc shapcs. 

PRINT BOTH is cqutvalcnllo PRINT LOAD DATA plu; PIUNT 
STATICS CHECK. 

PRINT ALL is equivalcnllo PRINT LOAD DATA plus PRINT 
STATICS LOAD. 



So.:uon 5 

STAAD COI11JfWlds and Input lnstrucuom 

Notes 

STAAD allows mulliplc analyscs in thc samc run. Mulliplc 

analyscs may be uscd fnr !he followmg purposes: 

1) Successive analysts and design cyclcs in the same run re~uh in 

optimtLed design. STAAD's livc rclational database 

automattca/ly updatcs changcs in mcmbcr ¡;ross-scctional st1.cs. 

Thus thc cntire prm:css 15 autombtcd. 

Refcr to Eumple 1 10 1he Getttng Started & Ex:amples manual 

for de1aded illustratton. 

1} Muhiple analyscs may be u sed lar load-dcpcndcnt slructurcc;. 

For c:camplc, structurcs w11h bracrng mcmbcrs are an:ily.t.cd 1n 

severa! stcps. Thc bracing mcmhcrs are assumcd to 1akc 

Tcnsion load only. Thus, thcy nced lo be <lcltvatcd and 

mactivatcd bascd on thc dircction of laterallo3ding. 

The entirc proccss can be modclcd in onc STAAD run using 

muhiplc PERFOR.\-t A:"JAL YSIS ¡;ommands. fhc STA.-\D run 

dacabasc auJOmatically kccps !rack o( rcsults fnr dit(crcnt ruris 

and is capable o( gencratmg a dcsign bascd on load 

combin<IIIOns providcd. 

Rdcr tu E:camplc ~ tn thc Gclling Started & Examplcs manual 
for detatlcd illustrahon 

J) The usCr may also use M u! tiple Analyscs lo mude! changc m 

o1her characleriSiics /ikc SUPPORTS. RELE,\SES. SECT/ON 
PROPERTIES CIC. 

-1) ~Uitiple Analyses m ay require use of addilional commands Ji k e 

the SET ~L command and thc CHANGE command. 

5) PDEL TA cffccts are computcd. for (rame mcmbers only. They 

are not calculated for finitc elemcnts or so lid clements. 
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5.38 Change Specification 

Purpose 

This command is used to rcset the stiffncss matrix.. Typícally, this 

command is uscd when mult1ple analyses are rcquired in thc nme 

run. 

General formal: 

CHANGE 

This comrhand indic::~tcs that input, which Will change the sliffnesS 

matrix. will folloW This command should only be used when an 

analysis has airead y bccn performed. Thi! CHANGE crimmand docs 

thc following: 

a) ~ets thc 'itiffncss matrix lo t.cro. 
bJ makes membcrs active if thcy had hcen made ináctivc hy a 

previous IN ACTIVE command. a.nd 
e) :11lowS thc respccific~uion of the supports with anot~cr 

St.:PPORT commaml whtch causes the old supports lo he 

1
gnorcd. Thc SCPPORT spcctfication must he such lhat thc 

number o( ··rcleac;es" befare thc CHANGE must he greatcr than 

or cqual tu thc numbcr of .. rclcascs·· aflcr the CH,\NGE. Also. 

thc ~upports must he ~pccificd in thc same ordcr bcfore and 

aftcr the CHANGE command. 

Example 

Befon: CHANGE 

1 PIHHED .. 
2 i=!XED BUT FX loiY loiZ 

: :ffiiiED BUT'Fx MX MY MZ 

Afler CIIANGE 
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S~C/Wtl 

1 PINNED 
2 FIXED 
3 FIXED BUT FX MZ 

ST AAD Commands and Input Imuucuons 

Thc CHANGE command is not ncccssafy whcn only mcmbcr 

properties are rcvised to pcrform a ncw analysiS. This IS typically 

1hc case 1n wh1ch the uscr has asked for a membcr selcction and 

then uses lhc PERFORM ANALYSIS command 10 rcanalyzc lhe 
'>tructure based on lhe ncw member propcrties. 

Notes 

1) If ncw load cases are !lpecified after thc CHANGE command 

such as m a structurc whcre thc lNACTtVE ~EMBER 

command IS uscd, 1h~ uscr necds 10 define thc total numbcr of 

pnmary load cases using the SET NL option (see Section 5.5 
and Eu.mplc -' ). · 

.!) ~ultiplc Anal y ses usmg the CHr\NGE command should nol be 

performed if thc input file contains load cases involving UBC 

Analysis, Response Spcctrum AnalysiS, Time Hislory Analys1S. 

Wind Load Generation or Movang Load Generauon. 
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5.39 Load List Specification 

Purpose 

Th1s command allows speciftcatiori of a sct of active load cases. 

Allload cases made active by thts command remairi active untíl a 

new load list is spc~iried. 

General fOrrriat: 

t::-11•1 } 
Descrlption 

This comrriand is uscd lo actívate thc load cases listcd in thiS 
command and. in a -.ensc, dcacuvate al! othcr load cases nol listcd 

tn thtS commant.l. In uthcr won.Js. thc loads listed :uc u sed for 

pnnling output and m design for performing 1hc ipccificd 

calculatíons. Note that. whcn PERFORM :\~ALVSIS .;cimfnand iS 

u sed, the program intcrnally uses all load caseS, rCgardlcsS of 

LOAD LIST command. e>ccpt aftcr a CHA:-<GE oi RESTO !tE 

command. In thcse lwo cases. the LOAD LIST command allow' 1he 

program to pcrform analy~is only un those loads in the lisl. lf the· 

LOAD LIST command i5 ncvcr uscd, thc program w11l assume all 

load case! to be active. 

Exárriple 

LOAD LIST ALL 
PRINT IIEIIBER FORCEs 

' '·;· LOAD LIST 1 3 
. PRINT SÚPPORT REACrlbNs . 

.. ~~E~K. cp~~ A~L. 1• , ; • • . 
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In this example, member forces Wlil be printed for all load cases. 
whereas loading 1 and 3 will be used for printing support rca..:llons 
and code-chccking of all members. 

Notes 

The ~OAD LIST command ma)' be used for multiplc analyses 
SltuatJons when an analysis needs to ~e perfonncd wirh a sclcctcd 
set of load cases only Picase note that all load cases are 

automatically active befare a CHANGE or RESTO RE command ¡
5 

u sed. 

Section 5 lt 1 

5.40 Section Specification 

Srr SrC"Iloru 

1.19.:!.1Jnd 
1 19 ., 

Pur¡>ose 

This command is used to specify sections along the length of frame 
mcmber for which forceS and momcnts are required. 

General formal: 

OeScriptión 

{
M§\BER memb-llsl } 

(!!.!,) 

Thi!l command specifies the sections. in tcrms of fraction31 member 

lcngths, at whicb the forccs ind momentS lJC considcred foi' further 

procesSing. 

r1• f2 ... r5 ::: Scction (in terms of tti'C fraction of the member lcngth) 
providcd for the mcmbcrs. Muimum numbCr of sectioRs is 5, ' 

including onc al the start and onc at the cnd. fn olher 'koi'd!l, no 
more than thrcc intcrmcdiatc sections are pcrmissiblc pcr 
SECTION command. 

Example 

SECTION 0.0 0.5 1.0 MEMS 1 2 
SECTION 0.25 0.75 MEMB 3 TO 1 
SE ellO N O.B · IIEMB i,. · :r ;": ; 

In this example. fint the membcrs 1 an~ 2 ue set to section valucs 

of 0.0. 0.5, an~ t.O. i.e. al the stárt, mid poinl and end. The 

membcrs 3 to 7 an: Specified by the nc:x.t SECTION command 

where sections 0.25 and O. 75 are se t. 

In the i1ext SECTION comriland, membcr S haS H• section specified 
al 0.6. The remaindcr of the members witl bave no 5cctions 
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provided for them. Ir no section value ts given for any member, it 

dcfauhs lo O O and 1.0 (i e. start and end). For example, the start 

and end forces of the members wlll be used for destgn, if no section 

is specified. As mentioncd earlier, no more tllan thrce intcrmediate 

scctions are allowed per SECTJON command. However, tf more 
than three intermediate scctionS are in volved, thcy can be cxamincd 
by repeaung the SECTION comman<\ arter completing thc rcqutrcd 
calculations. The followmg exam~e wtll clarify. 

Exámple 

SECTION o.2' o.4 o.5 ALL 
PRINT SECTION FORCES 
SECTION 0.8 0.75 0.9 All 
PRINT SECTION FORCES ·. 

In lhis cumple. Cirst forces at 3 intcrmediatc scctions {namcly 0.2, 
0.4 and 0.5) are printed and then forccs al an addit10nal 3 sccttons 
(namcly O 6, 0.75 and 0.9) are printCd. This givcs thc user thc 
sectioo forces at more than tht-ee intcrmediate sections. 

Notée 

1) The SECTION command just spcctfies the scctions. Cse thc 

PRINT SECTION FORCES command aftcr this command ti> 
pnnt out the forces :and momcnts al thc spccilicd sections. 

l) This is a sccondary analysis command. Note that the analysis 

must be performed befare this command miy bC used. 
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5.41 Print Specifications 

Purpose 

ThiS cOmmand is used to direct the program to prinl valious 
modcling infofmation and analysis resuhs. STAAD offerS a number 
of versatile print commands that can be usCd to cu5tomize thc 

output. 

General larmatlor data reláled prlnt cámmand•: 

JOINT gmRDINATES 
MEMBER INFORMATION . 
gj,J¡MENT !t!fORMATION ~ID 
~BER fBQPERTIES 
MATERIAL fl!QPERTIES 
!ll!fPORT llifORMATION 
or l

: llsl of ltemá 1 
l.e. jolrits, 
mimbin 

A 

Général formal lo prlnt loé:atlon ol cg: 

General formal lo prlnl árullyala reaults: 

(J21Nt¡ QliPLACEMENTS 
!M&MBER) fQBCES 
AfW.YSIS B§IJLTS . 
{f,W!BER) :ru;TION fQBCES 
<MJiMBEii) nBESSES . . . 
muENT t.IQINT) ~ESSES (AT 11 I.J 
EJ..&MENT t.IQINT) SJAfSSES ~O 

E liHAJ'ES 

{
IAIJJ' . } Ust-tPéc = IJliT llil o1 lteriis-Jolnlíl, 

menibers ár elenienb 

Ual­
apei: 
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General format to print aupport reactlona: 

fB!NT illPORT REACTIONS 

General format to print entire steél tabfe: 

fB!NT ENTIRE (TABLE) 

Descriptlon 

Note tbat thc list of items are not applicable for PRINT 

ANALYSIS RESULTS, PRINT SUPPORT RE,\CTIONS, and 
PRINT MODE SHAPES command. 

The PRINT JOINT COORDINA TES command prinls all 
interpretcd coordinates of JOints. 

The PRINT MEMBER INFORMATION command prinos all 

mcmbcr information. including mcmbcr lcngtb, mcmber inctdcnces 
beta anglcs. whether or not a membcr is ;¡ truss mcmbcr and thc ' 
member rclc.:nc comiittons at s1ar1 and cnd of thc mcmbcr 

{ 1 =released. O = not rdcascd). 

The PRINT ELEMENT INFORMA TI ON command pnnts all 
mcident joints. elemcni thtcknesses. and Poisson ratios for 
Plale/Shell clcmcnos. Thc PRINT ELEMENT INFORMA TION 

SOLIO command prinu similar informauon for Sol id clements. 

The PRINT MEMBER PROPERTIES command prinls all member 
propenies including cross sectional arca, momi:nts of inertia. and 

sectioa moduli in both axes. Unitt for the properties are always 

INCH or CM (dependinc on FPS or METRIC) regardlei• of lhe 
untt spccified in UNJT command. 

The followins desisnation is used for member propeny aames: 

AX • Crou scction arca 

AY 
AZ 
IZ 

IY 
IX 
SY 
sz 

Soction 5 llts 
Are a u sed lo compute shear deformatwn in Inca! Y ·axis 
Arca used lo compute shcar deformation ¡¡, local Z-aXis 
Momenl of lnertia about the local Z-aiis 
Moment of fnertia about the local Y -axis 
Torsional constant 
Smalldt scction modulus about the local Y-u.iS. 
Smallest section modulus aboot the local Z-a,is 

The PRINT MATERIAL PROPERTIES command prinls all 
material pro¡)erties for the members, including E (modulus of 
clasticlty), G (shear modulus), weight density and cocfficient of 

thermal cxpansion {alpha) ror frarnc members. This cmhmand is 

availablc for mcínbci-5 only. 

The PRINT SUPPORT INFORMATION commaild prinos all 
~upport infoi"mation rcgardin& thcir fiXity. rcleascs ilnO spring 

constant v~lueS, if any. Thc LlST option is not availilhle for this 

command. 

Thc PRINT ALL command is cquivalcnt to last fivc print 
commands combined. This command printS JOint coordinates. 
mcmbcr information. mcmber propcrucs, material propertics and 
support information, in thal arder. 

Thc PRINT CG command prints out thc coordinatcs olthc cC:i'ltei" 
of gravily of the structurc. Only the selfWCight of the llruclure is 
uScd to calculale the C.G. U Ser defincd joint loads. m1:tliber loads 

_ etc. ue not considered in the calculatlon of C.G. 

The PRINT (JOINT) DISPLACEMENTS cómmand prinl! joinl 
displaccrilcnts in a tabillatCd form. Thé displaccments for all si~ 

dii"ections Will be printed (or all sp~cified load cases. The léngth 

unil for lhe displad:meniJ i• always INJ=H or CM (deperidirig on 

FPS or METRIC uriil) regardle" of lhi: uilit specWed in UNIT 

command. 

Thc PRINT (MEMBER) FORCES commind prinls m•rrib•r form 
(i.e. Aiial force (AXIAL). She.ir force in local Y and Z. aies 

(SHEAR- Y aod SHEAR-Z), Torsional Moment (TORSION), 
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Moments about local Y and Z ues (MOM- Y and MOM-Z)) in a 

tabulated rorm ror the listed members, ror all spccified load cases. 

PRINT ANAL YSIS RESUL TS command is equivalcnlto the last 
three commands combined. With this command. the joint 

displacemcms, suppon rcactions and member Corees, in that order, 
are printed. 

' 
The PRINT (MEMBER l SECTION FORCES command prints 

member Corees at the intermediate sections spec 1fied With a 

pre\liously input SECTION command. The printing is done 10 3 
tabulated form, by member, for all specilied load c:15eS. 

The PRINT CMEMBERJ STRESSES command tabulates mcmber 
stresses at lhe start joint. cnd joint and all specilicd intermcd1atc 
sections. Thesc stresses include axial (i.c. alial force over the 

arca), bending-y (Le. moment-y ovcr scction modulus in local Y· 
axis), bendmg-z (i.e. moment-z over scction modulu.S in local t­
axis), shear strcsscs in buth local y and L directions (FY/A y and 

F7JAZ) and combined (absolute combination of aiial. bending-y 
and bcnding-z) stresses. 

For PRISMA TIC scctions, if AY and/or AZ ¡; not provided. the 

full cross-scctional are a r AX) Will be considcred in shear stress 
calcula1ions. · 

for TAPERED seclions. thc values of A Y and .-\Z are !hose for the 

location w~erc the stress IS pri_nted. Hcnce ir the s1ress i! printcd 

at the locauon 0.0, the A Y at AZ are based on the dimcn!ions or 
the member at thc start nodc. 

AY =Total depth • Thickneu of web. 

AZ = 213 arca of both nangc; put together. 

The PRINT ELEMENT STRESSES command must be used to print 

stre55es (FX. FY, FXY, QX, QY)._ moinents pet uriit width (MX, 

MY. MXY) and principal stresies (SMAX. S M IN, TMAXJ for 

platc/shell clcmcnts. Typically, the strcsses and moments pcr unit 

widtb 11 lhe centroid will be printed. The Van Mises stres!ei 

(VONT: VONB) u well as the ansle CANGLE) delinin& the 
onentallon or the princ.ipal planes are al so priolcd. 
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The van ah les lhat appcar in the out pul are the foltowmg. See 
Figure 1.13 in Section 1 of this Rcfcrence Manual for more 

infor~ation rcgarding t!Jese variables. 

QX = Shear stresS on the local X facC: in the Z direction 

QY = Shear stress on the local Y race in the Z tlirection 

MX = Momenl pcr unit width about thC local X face 

MY = Moment pcr unit width aboul the local Y face 

MXY = Torsional Moment pcr unit Width in the local X- Y plarie 

FX = Axial stress in the local X diredion 

FY = Aiial stfess in thC local Y direction 

FXY = Shear stress in thC: local XY pl&ne 
VONT 

VONB 

SMAX 

S MIN 
TMAX 
ANGLE 

= Von Mises streSS on the top surfacC of the elemenl 

= Von Mises stresS on thc bottoni surface of the elemcnt 

= Maxiiitum in-planc Principal StréSs 
= Minimum in-planc Principal stresS 
= MaXiri1Um ín-plane Shcar streSs 
= Anglc which determines direction of maximuín principal 

stress With rcspCct to local X aiu 

lf the JOlNT oplion iS Uscd, rarees and rimments at thc nodal 

points are also Printed out in ad.dition to the ccntroid or thc 

element. 

The AT option may be used lo pnnt elcmC:nt rorces at any specilied 

¡joint withtn thC éiCment. Thc AT option must be accompariied by 
r1 añd r2. Note that r1 and r2 are local X a.nd Y coOi-dinatCs (in 
currtnt units) or the Poi ni whCre the :itfC:isCS ánd mOrriC:htS are 
requircd. For detailcd descri¡Jtion or thC local coordiriitC s)'stem or 

the elemCilts, Tefcr lo Section 1.6 or thi5 manuaL 

The PRINT ELEMENT (IOINT) STRESS SOLIO conimánd 

cnables printii'lg or sti-eSSCs at the centcft- of the SOLIO clcmcnts. 

ThC variables that appear iri the output are thc rolloWinj.. 

NormAl Stresses 

Shear Stres~es 
Principal Stresses 

Vón Mise! Streue! 

: SXX, SYY aild SZZ 

: SXY. SYZ and SZX 

:SI. S2 •nd SJ. 
·:se 
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· 6 directwn costnes are pnntcd followmg 
thc expression OC, corresponding to the 

first two principal stress dircctions. 

The JOJNT option wtll pnnt out the stresses at the nades uf the 

salid elements. 

The PRINT MODE SHAPES comm4.nd priniS joint displaccmcnts 

for all calculated modes 

Thc PRINT SUPPORT REACTIONS command prints support 

reacuons in a tabulaled fonn. by support, for all specified load 

cases. Thc LIST option ts nol available for th1s commamL 

Thc PRINT ENTIRE TABLE command may be uscd to obtam a 

print-out of the contcnts of the steel table from whtch mcmbcr 

propcrties are being rcad. Ttiis command must he provtdcd 

following thc ~pccific:Uion of all mcmbcr propcrucs. 

Example 

PERFORII ANAL YSIS 
PRINT ELEIIENT JOINT FORCES 
PRINT ELEIIENT FORCES AT 0.5 0.5 LIST 1 TO 10 
PRINT SUPPORT REACTIONS 
PRINT JOifn' DISPLACEIIENTS LIST 1 TO 50 
PRINT IIEIIBER. FORCES LIST 101 TO 124 . -.:' .. . . . . . 

N otea 

1) Tbc output generated by these commaridS are bascd on the 

eUfT'C:ot unit system. The user may wiSh to vcrify the cunent 

uoil S)'Stcm and cbange it if oecessary. 

2) Rcsults may be printcd for aH jointslrilemberslelcmcnu or 

based on a specificd liSl. 

5.42 Print Section Displacement 

Purpooé 

This command iS uscd lo calculatc and print displacemcnts al 
scctions (intcrmcdiale points) of frame members. This provides tbe 

uscr with dc::flcction data bctween the joints. 

General lormat: 

ffi!NT ~ON (MMJ ~Pl ~CT 1) ~E o) {

MQfRINT 
lli . 
WT memb-llál 

} 
Deácriptlon 

. ........ 1 ,.~, .. 

....... ~, .~~-f~-,: ~ -~: 
1; 

f ~=" 

This comm;~nd prints dtsplaccmenu 

at intcnnediate points betWecn two 

jotnl!l of a membi::r. Thcse 

displaccmcnts are in global 

coordinatc dircctions lscc figure). lf 

thc MAX command is used. thc 

program prints unly thc maximum 

local displacements among all load 
~ 

' ' ' 
. cases. 

i = numbcr of ;ections lo b~ taken. Deraults to 12 if !'ISECT iS not 

used and also if SA VE is uscd. 

a :::: t=ile name Where displacement valuei can be dofCd lrid uScd 

by STAADPL graphic• ¡irogram. lf NOPRINT command i; 

used in conjunction With SA VE co¡ntri:ind. the progr:im wrild 
thc dala to file only arid does noi priot them in outPut. Tbe PC 
Version doi::i noi nced a rilename and if oni: is proYtded, it will 

be ignored. 
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Example 

PRINT SECTION DISPL SAVE 
PRINT SECTION MAX DISP 

STAAO Commands and Input lnstructions 

SECTION DISPLACEMENTS are mcasured in GlOBAL 

COORDINA TES. Th~ valucs are me~sured from the onginal 
{undcnectcd) posiuon to thc denected posllion. Sce ligurc abo ve. 

Thc maximum local displacement is al so printed. First, the location 
is detcrmined and then thc value is measurcd from this location to 
thc fine jommg start and end joints of the dencctcd membcr. 

N otea 

1) Thc section displaccmcnt valucs are availablc in Global 

Coordinatcs. The undcncctcd posilion i1 uScd as thc datum foi­
calculating the dencctions. 

2) This is 3 sccondary analysis command. An 3nalysis must be 
pcrformcd before thts ~omm:ind may be uscd. 

Section S J21 

5.43 Print Force Envelope Specification 

Su Sic11on 

1 19 5 

Purpose 
This command is uscd to calculatc <irld pi-int forcc/morilent 
cnvelopes for framc mcmbers. Thts commarid is not av11ilablc for 
linite elcments. 

Generál lórmat: 

PRINT {
FORCE } ENVELOPE ~CTION ll 
MMFORCE 

llst-lip. 

llst·l!lpec = {~A
1

L:l} 
Déscriptlon 

Where i is thc nurilbd- of cqually -;paced sections to be considered 
iri printirig m.tlimum and minimum forcé envelopes. lf thC 
NSECTION 1 comrriand 1S omlttcd, i will dcfault lo 12 
MAXFORCE command Produces maxirilum/míriimuni force v¡¡tucS 
only of all ~cctionS. WhereaS thC: FORCE command prints 
maiimum/minimum force valucs al cvcry scction 3s Wéll 3.i the 
mailmin forcé vi.luCs of all sccttons. The forcC componenlS iriclude 

FY. MZ. FZ. and ~Y. Note that thc SECTION c01i1marid (a; 
dcscribed IR scction 5.-tO) dod not define the nurilber of sections 

for force cnvelopcs. For thC sign convention of force valut:S, refer 

tO Scction 2.19. 
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Example 

PRINT FORCE ENV _ 
PRINT UAXF ENV NS 15 

STAAO Commands llld lnpullnsiiUcllons 

PRINT FORCE ENV NS 4 LIST 3 TO 15 

Notes 
\ 

This ¡~ a sccondary analysis command and should be uscd aftcr 
analys1s spec1flcation. 

., 11 

•; :1 
1; ti 

.\ 
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5.44 Post Analysis Printer Plot Specifications 

Printcr plots of the analysis results may he gcncratcd artcr the 
analysis has been pcrformcd. Refer to SC:chon 5.29 for thc various 
commands that can be provtdcd in the input file aftcr the 

PERFOR~ ANAl YSIS command. 

--
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5.45 Post Analysis Graphics Display 

This part describes input style to crcate plot files which can be 

. accessed by STAADPL for graphtcs display on screen or pcn 
ploucrs. 

. , 
a¡::¡ 

II:FI 
• , 11 
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5.45.1 Display Deflected Shapes 

Purpose 

This command ere ates a rile With data contammg the joint 

displaccmcnts. Th1s file must be crcatcd in thc ST AAO 

ánalysis/dcsign run so that thc dcncctcd shapc may he vtcwcd in 

the Post Proccssing graphics display m a latcr scss1on . 

General lórmal: 

PLOT ~PLACEMENT E!!.E 

Oescriplion 

fhis command crcatcs thC data rcqu1rcd lo display thc dcncctcd 

">hapc for any load case at ariy associatcd '>cale factor. ThC 

dcncctcd shapes are displayed by drawing thc displaced pu!ilionS 

uf joints and connecting thcm With str:ught lincS. 

Notes 

1) lt is not ncccssary lo ha ve th1s command in thc ST.\AD 

arialysis run if thc dcncctcd shapC aS vicwcd in thc -.ame 

:)Cssion. STAAD's live ~concurren! database" i;torcs thc 

displaccmcnl data from the latcst 3n.:dySis run which.is 

automatically utilitcd by thc Post ProccSSing rTuidulc. 

:!J ThiS !S a posl-analysis facility. Thus this command must bC 
used aftcr the analysis spcc1fication. 
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i.45.2 Display Section Displacements 
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Purpoae 

Thts command crcatcs a file with data containing thc scctton 
displacements. This file must be crcarcd in thc STAAD 

analysis/dcsign run 'iO that the scction dtsplaccmcnts may be 

v1ewed in thc Post Proccssmg graphtcs display 1n a later scssion. 

General Format: 

.e.J.QT ~TION E!J.E 

Description 

L:smg the Scction Displaccmcnt command, thc uscr can display the 

~cction dtsplaccmcnt for :tny load case with any associatcd \Cale 
factor. 

N otee 

1) lt IS nut ncccssary 10 ha ve th1s .:ummand 10 thc STAAD 

analys1s run 1f thc ~cctwn di!>placcmenl is v1cwcd in thc 'iamc 

scssion. STAAD·s hvc ~concurren! databasc· o;torcs thc 

displaccmcnt data from thc latcst analysis run whtch ts 

autom:uically utilitcd by thc Post Proccssing module. 

!) This is 3 post-analys1s facility Thus this command must be 

u~ed 3fter thc 3nalysu specification. 

5.45.3 Display Bending Moment/Shear Force 
Diagrams 

Purpose 

Sccuon 5 .127 

This command crcatcs a lile with data containing thc bending 

momcnt and shcar lorcc valucs Thts file musl be crcatcd in thc 

STAAD analysis run so that thc bending momcnt and ~hear force 

Jiagrams may be vicwcd tn thc Post Processing graph1cs display in 

a latcr session . 

Gen~rai Formal: 

PLOT !!.S.lfDING FILE 

Delcrlpllon 

L;o;ing th!S commaml. the uscr can crcatc neccssary Jata to display 

the momcnt and shc:u force diagrams for c11her one/two mcmbcrs 

or all mcmbcrs at a lime. 

Notes 

1) 1t is not neccSsary to h:tve this command m thc ST r\AD 
anaJyr;¡is run if thc diagrams are vtcwcd in the same session. 
STAAD's live ~concurren! databasc .. Stores the ncce5sary data 

from the latcst analyo;i!i run wh1ch is automatically ~:~tilh:cd by 
thc Post Proccssing module. 

!) This is a poSt-analysis facility. Thus thiS command musl be 

uscd after the analysis Specificallon. 
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j.45.4 Display Mode Shapes 

Purpose 

This commund ~reate~ J file with Jata ~ontaining the moJe shapcs. 

Th1s rile must be creatctl in thc STAr\D analy~isldcstgn run ~~~ that 

the modc shapcs may be vtewetl tn ttie Post Processtng graph1cs 

display tn J latcr se'i~Wn. 

General Format: 

Oescription 

u~mg thts commamJ thc u~..:r can ..:reate thc LiJta rcqutrcd to Jisplay 

thc modc lhape for Jny numbcr ti mudes wtth J ..:urrespontltng 

~cale ractnr 

Notes 

1 J It ts not ncccssary tu ha ve th1s .:ommand tn thc STAAD 

analyst~ run tf thc :nm.lc .;.hape'i Jre vtcwctl m thc samc 'eüiun. 

STAAD's Ji ve ·'concurrcnl dacaha~c" storcs thc Jtsplaccm~nt 

Jata from thc latc!!ot Jnalysts run whu:h ts Jutumaucally utdit.cd 

hy thc Pmt Proccs~mg module. 

lJ Th1s 1s J post-analyst~ lac1lity. Thus thtS command mus! be 

uscd J.ltcr thc analysl!!o 'ipccaficataon. 

Scction 5 Jl9 

5_45.5 Display stress Contours 

Purpose 

This command crc:ncc; a file with data cnntaming thc stress valucs. 

This lile must he ..:reatcd in thc STA,\0 Jnaly'iisldcst~n_ run so ~hat 

1 . ·untuurc; mav he v1cwcd in thc PO'H Proccs..,mg graph1cs 
! lC 'i(rC\S 1.: • 

display tn a latcr -\C'i'ilun. 

Generál Formdt: 

Description 
. e· man·l thc uscr ~.::1n displav thc 'itrc~s cnntours for any 

L;smg tnts cum u · 
load c::tsc wtlh .t ..:orrco;pundtn~ ~cale f::tctor. 

Notes 

1) lt ~'i nut ncccs,ary tu hávc thts command tn thc ST \.\0 

J.n.tlv'ii.., run tf :he 'itrcss ..::tmtuurs are \tcwcd in thc .. ame 
.. · ST \-\D\ livc "concurren! dJtahac;c" c;torc~ thc strcso; 

,C'>'i100 t • 'j' d 
dJ.t:l 1rum thc l:.ttC'il Jnaly~l'., run wh!dt t'i jutom<ltH.::tlly ult 1/C 

by thc Po<iil Prot.:C\'>tng module 

r 1 Th us !ht'\ cnmmand must be ~l Tht~ jo; a pmt-.tn:.tly'itS ac1 tty. 

uscd .tftcr thc Jnalysts ~pccification. 
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i.46 Size Specification 

Purpose 

Thrs cnmmand provrdc'> an l!stimatc for rcquircd scction prnpcrtrcs 

for a framc rncrnbcr ba.o.cd un ccrtaw analysis rcsults anJ u:.cr 

rcquircmcnts. 

General Formal: 

• ¡~~~~CTION 
~E LENGTH 

BSTRESS 
SSTRESS 

whcrc. 

f 1 -= .\1a1:m. allowahlc wiJth 

f, ::~.u m . .tllowable rL..:ngth/~axm. local dcllccttonJ r<Jtlll 

r, ::: L:ngth for .:alculatrng thc abO\C rallo. 

Dcfault = actu<JI mcmhcr lcngth. 

IJ = Maxm Jllowablc bcndtng ~He~-.. 

f, -:: \1Jxm. Jl!nwablc shcar Hrc~s 

\/,Jtc that !he valucs mu~t h..: providcd m thc currcnt untt .. ~~rcm 

Oeacription 

Thts commJ.nJ may he usct.lto calcu!J.tc rcquircd ~cction propcrtre;; lor 

a mcmbcr ba-.ct..l on analy'>ts rcsults and uscr spcctficd cntcn<l .... fhc 

uscr )pccrficd ¡;rncria~ may tncludc ~cmbcr wtdth. Allowablc 

'Lcngth/M.nm. DcOcctiOnJ Ratio. ~axm. allowablc bcnding Hrcss 

ant.l ~aximum J!luwablc "ihcar stress. Any numbcr of lhcsc ¡;ntcnas 

may he uscd ~•multancously. Thc output mcludcs requncd Sccllon 

Modulus rabout majar axrsJ, requircd Shcar Arca ¡for shcar parallel to 

minar 3XIS), ~axm. momenl capacily (about majar :u:isl. ~a:~ m. "ihcar 

capacny (fur ~hcar parallclto mrnor a.-.ís) and Maxm. (lcngth/local 

maxm. denecuonJ ratio. 

lii!ll 
~~ 1 \1 
ll 11 

li El 
1·' ti 

' 

/ 

Examph! 

SIZE WID 12 DEFL 300 LEN 240 liSTA 36 ALL 
SIZE DEFL 450 BSTR 42 MEMB 18 TO 25 . 

Sa:uon S Jjl 

~ore: 
11 may he no!cd that o;jzrng will be bascd on only thc criteria 

'ipccificd by thc úSCr m thc rclevant SIZE command. 

In thc lirst 1!'\.:tmplc ahove, "ii7.tng Wlll be bascd on uscr o;pccificd 

mcmbcr wnJth uf 12. Lcngth/Dcllcction ratio of 300 (wherc 

Lcngth::::: ~.tO) and max. :J.IJowable bendin~ ~tress of 36. 

In thc -.ecnnt.l cumple. ~lling Wtll he hased un Lcngth/Dcflcclion 

ratio tlf -150 ¡whcre Lcngth= actual mcmhcr lcngth) :md max. 

..1llt>wahlc hcnding ~trn'i of -1::!. 

Note• 

rh•s rs J pml·a.nal~o.;l'i facrlily and musl be uscd aftcr the analysts 

"pec¡fkarions. 
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i.47 Steel Design Specifications 

This scction dcscnbes all thc specifications nccessary for \trtu.::tural 

stcel des1gn. 

Scclion 5.-17.1 discusscs -ipcc¡fic:llion of al! thc paramctcrs Ihat 

may be uscd lo ~ontrol thc dcstgn. Scctions 5 -t7.2 and 5 .n J 

describes thc CODE CHECKING and MEMBER SELECTION 
opuons rcspec¡ively. :\icmher Sclcction by opttmi~ation 1s 

discusscd in 5 -1-7.-t STt\r\D also provides facilities for Wc.ld 

Design which are dcscribcd in 5.-17.5. 

5.47.1 

SeciJon 5 333 

Parameter Specifications 

Purpé:Jse 

This se\ of commañd'> may be u sed to spccify thc paramctcrs 

rcquircd for stccl dcsign 

General format: 

PARAMETER 

AASHTO 
AISC 
AUSTRALIAN 
BRITISH 
CANADIAN 
FRENCH 
GERMAN 
INDIA 
JAPAN 
LRFD 
NORWAY 

J parámétér-namé r,} 
~FILE a1• (a2• a3) 

t~~BER memb·list } 

Déscrlptlon 

Paramctcr-namc rclcro:; tn thc ~Pt\Rt\~ETER SAME~ ls) li5tcd in 

the paramctcr tablc cnntamcd in thc Stccl Dcsign section. 

For a list uf paramctcrs for AJSC t\lluwable StreSs DeSign, See 

Tablc 3.1 uf thiS manual For a list uf ParamCterS for AISC LRFD 
Dcsign. o;cc Tablc J !. For \Ice! dco;ign pcr othcr codcs, rdcr lo thc 

relevan! documcntalion 

f 1 = Valuc ur thc paramclcr. 
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Thc uscr can !.:Onlrol !he Jcs1gn 1hrough spec¡fication of prupcr 
paramc1cr 

Thc PROFILE paramc1cr i'i avadahlc for the AISC ASO codc only. 

Thc user can ~pcc1fy up In 1hrce profilcs (a 1• a:! and a1). Prolllc. :.s 

Jcscribed m T:.blc J l. i'i thc first 1hrec lctlcrs of an AISC ~tcd 
tahlc namc, c.g WBX. Wl:!, CIO, L20 etc The PROFILE 

paramclcr-namc is uscd only for mcmOer selecllon whcrc mcmhcrs 

are scleclcd !ro m cach 11f thn-,c pro file name! The PROFILE lor J 

T-'occuon 1s a W-shape .. \lsn. the shapc specificd under PROF!LE 

has lo be thc 'iamc as that .,pccificd inilially under ~EMBER 

PROPERTIES. ~ole thal thc PROFILE command can only be u~cd 
Jor thc r\.\tfERIC.\:--J stccltahlc CODE paramcler lcts you doosc 

thc typc ot' \le el ¡,;nJc 1u he chcckcd for dcsign. Thc Jcfault s1cd 

..:nJe Jcpcnt.h nn thc country tlf Jistnbut10n. 

Example 

PARAMETERS 
CODE AISC 
KY 1.5 MEMB 3 7 TO 11 
NSF 0.75 All 

PROFILE W12 WU MEMB 1 2 23 
RATIO 0.9 ALL 

Notes 

11 AJI un11 .. cn'olllve valuc .. -.hould be in thc curren! unit sys1em. 

21 ror dcfault valucs of thc paramctcrs. rcfcr lo thc appropnatc 
paramctcr tablc. 

JI PROFILE ..:ommand 1s avaJiablc with the American AISC ASO 

ende only lt IS nol av:ulablc with thc LRFD or AASHTO 
cuJcs. 

:1 .,.-
'· .-

•-'1. 1 
•. !.1 
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5.41.2 Code Checking Specification 

St't! St!CI/011 

:!.5 

Purpose 

This L:ommand may be uscd to pcrtorm lhc CODE CHECKING 

npcrat1on. 

General formal: 

CHECK COOE 
t~~BER memb-llsl } 

Description 

l"h1s ¡,;ummand chct:ks 1hc spct.:Jficd mcmbcrS againslthc 

spccificatiUn of thc de si red cotlc. Rcfcr to Scction 2 of this manual 

fur dc1adcd mform:Hinn. 

Notes 

fhc output of th!S ~.:ommand may be conlrollcd using thc TRACK 

paramctcr Thrcc te veis uf dctads are Jvaa\ablc. Rcfcr tu thc 

.tppropoatc Stcd Dcs1gn 'icctwn lor more anformauun on thc 

fR.-\CK paramctcr. 
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Member Selection Specification 

Purpose 

This command may be uscd to pcrlorrn thc ME~BER SELECTION 

opcrauon. 

General format: 

SELECT 
t:~BER memb·llat } 

Oescription 

Th1s comm:.md Lnstruct~ ST.\..\0 to sclcct spccLiicd mcmbcrs ba~cd 

on thc paramctcr valuc rc~trictions .and -.pccilicd codc Thc 

sclccllon LS done using thc rcsults from the most rcccnt ;¡naly.;;•~ 
.and Llcratmg un 'cctwns untll J lca~l wctght SllC ts nbtaLnctl Rclcr 

to Scctton ! for more dctalls. 

N olea 

IJ 

!J 

The uutput of thL<i command may be con1rollcd us1ng t~c 

TR.\CK paramctcr. Thrce lcvcls o( detall'> are avail.ahlc. 

Rdcr tu thc appropriatc Stccl Dcstgn scction for more 

1nformallon t.ln thc TRACK paramctcr. 

\iemhcr -.elcction can be done only after an anal y si'> has 

becn pcrformcd. Consequcntly. thc command to pcrform 

thc analy-;is has to be spcc¡licd befare thc SELECT 

\'IE~BER command can be ~pcc1licd. 

-

5.47.4 
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Member Selection by Optimization 

PurpoSe 

fhis cnmmand pcrlurms mcmbcr <iclcction ustng an optimizcd 

tcchn•quc bascd un multiplc analys•sldcsign ¡tcrations. 

Genérál format: 

SELECT OPTIMIZED 

oescription 

fhc program <iclcctc; all mcmbcro; hascd on a o;talc-of-thc-art 

optimllatinn tcchn•quc This method requirco; multiple ai1alyo;c<; as 
wcll ;ss Llcrauon uf 'illCS until an ovcrall slructurc leaSI wctghl is 
11bt:uncd. Th1s cnmmand ">houh..l he uscd wllh caullon ~in ce 11 will 

rcqu1rc longcr proccs~mg time . 

Notes 

1 1 Thc I)Utpul of 1h1~ ~.:ommand may be controllcd uSi~g thc 

TR.\CK paramctcr. Thrcc lcvcl~ nf dct:lils are ;svatlablc. Rder 

lo the appropriatc Stccl Oesign ~cction for more information on 

thc fRACK paramctcr 

:!) Thtc; ~.:omm.:and m.:ay requirc multtplc itcrations involving 
analyc;¡c;/dcc;ign cyclcs and thcrcforc may he time corisulning. 
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o.47.5 Weld Selection Specification 

.,¡ 

Purpose 

Thts command perlorms c;clcct!On nf wcld 'iiLcs for -.pcct flcd 
mcmbers. 

General format: 

Oescription 

By tht.s command, thc program sclccts 1hc wcld 'iitcs of thc 

ipcctftcd mcmbcrs at surt and cnd. fhc sclcctions are tabulatt:=d 
wtth allthc ncccssary mformallon Ir the TRUSS co d • · mman ts uscu 
thc program wtll dcstgn wclds for angle and Joublc anglc mcmhcr,.· 
allached lO gussct pi ates Wlth !he wcJd JJong thc Jcngth uf 
mcmbers. 

Notes 

~he w~ld St/c calculallon may also he controllcd paramctncally 

For tnlor~allnn on avallable parameters. refcr ¡0 the :tppropnatc 
Stccl Dcstgn o;cclton. 

•:!8 
Section 5 339 

5.4á Group Specification 

Purpose 

Thts curnmaml may be uscd to group mcmbcrs togethcr for analysis 

.1nd .;tccl dcstgn. 

General format: 

(FIXED GROUP) 
GROUP prop·spec MEMB memb-llsl ISAME Al!. 11) 

prop-spec = { ~ } 
DescriptiOn 

= Croas-seCtlon area 
= Section moduluS in loc81 Y-aXIS 
= Sectlon rilodulus in local z-axis 

Thts ..:ommaml .:nahlc-; ¡he progr:~.m tu group ipccificd mcmbcrs 

togcther for analyst~ hased on thcir largest propcrty <;pccification. 

lf mcmhcr numhcr 11 ¡e; prnvtded tn St\~E :\S command. thc 
program wtll group 1hc mcmbcr'> ha'>cd on 1hc propcrucs or i 1. This 

.:ummand t'> usually use..! .lfter thc mcmbcr .;clcction.'~hcre thc 

mcmbcn c:1n he groupcd for furthcr proccsstng lf the FIXED 

GR.OL'P uptwn 15 u .. ed. thc ~pcctlied grouptng will be retatned in 

mcmorv hv the pi'ngr:1m and wtll he u sed 1n .;ubo;cqucnt mcmbcr 

..;c\ect •lpcrattom and thc rcsuhs of thc "GROlJPing~ wtll nol be 

~ccn unle-;'i a ''SELECT 'vtEMBER" opcratton is pcrfórmed. 

Examplé 1 

GROUP SZ IIEMS 1 3 7 TO 12 15 
GROUP IIEioiS 17 TO 23 27 SAME AS 30 

' 

In this cumple. thc members 1, 3. 7 lo 12. and 15 are ás5igned the 

samc propcrtics bascd nn which of thcsc mcmbcrs has l~c largcsl 

section modulus. ~cmhcrs 17 tu :!3 and 17 are assigncd the !ame 

propcrtico; JS mcmbcr 30. rcganJie'i'i uf whcthcr mcmber 30 has a 
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~mallcr or largcr cross-~cctiunal arca. r\X ts thc dcfault propcrty 
upnn wh1ch groupmg tS bascd. 

Example 2 

FIXED GROUP 
GROUP MEMB 1 TO 5 
SELECT OPTIMIZED 

In thc abo ve cumple. thc usagc of thc FIXED GROL:P ..:ommand ts 
tllustratcd. Thc SELECT OPTIMIZED ..:ommand involvcs thc 3 

~t::~gc procc:-.s of 

IJ ~E~BER SELECTION 
2.) GROl:Ping of mcmbcrs TO 5 
Ji A:-IALYSIS 

;1 multtplc numbcr or u mes until .1 .::nn\crgcnc;: 1n mcmbcr 

propcrtics ts auamcd bctwccn adj:.u.:cnt ..:yclt:s Thc FIXED GROl:P 
..:omrnand 1~ rcquircd fur c:\ccution nf )tcp :! m thc ..:yclc 

Notes 

This ..:omrnand t~ typt..:~dly uscd Jil..:r thc mcmbcr ::.clcctiun for 

furthcr Jnaly'iis and Jcstgn. This faL:tluy may be vcry cffcctivcl:-r 

utiliLcd to Jcvclnp a practh:J.IIy oncntcd Jcstgn whcrc sc .. ·cral 
mcmbcrs nccd to be of thc samc stLC 

5.49 Steel Take Off Specification 

Purpose 

This :.:ummand may be uscd to obtain a suminary of all stccl 
~ccl10ns hcing u sed along wtLh thcir lcngths and Wcights. 

General forrllat: 

Scc:llon 5 341 

STEEL (MEMBER) TAKE ( Qff.) 

oescriptlon 

rhts ..:ommand pro vides a complete listing .tccl 
tahlc '>CL:l!Ons uscd 10 thc ~tructurc Thc tabul.atcJ lis11ng Wilt 

1ncludc Lutallcngth ur cach scctiun naffic and its total wcight. fhis 
..:an be hclpful in cstimaling stccl quantitics 

Thc \tE~BER opt10n li~t c:ich mcmhcr lcng ... : .. 

numbcr. profilc-typc. lcrtgth and wc1gh1. 

Notes 

Th1s !JL:dity nlay he vcry dfccttvcly Ul 

c~timatc uf thc ->tructural ~tccllJuanllty. 

·,, 1h1ain J quick 
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.. 50 Timber Design Specifications 

Thts section describes thc specificatmns reqmrcd for timhcr 

dcstgn. Detallcd descnpllun uf thc llmhcr dcsign proccdurc~ 1s 
avatlable m Scction ... 

Section .t.50.1 describes spec¡ficatiorf of parameters for ttmbcr 

des1gn. Sectmns 4.50.2 .. md ... 50.3 Jiscusscs the ende chcding and 
mcmbcr sclcctlon facilities rcspecllvcly. 

Sct:tion 5 343 

5.50.1 Timber Design Parameter Specificatlons 

Purpose 

This sct uf cnmmand~ may be uscd for specification of paramctcrs 

lor timbcr dcstgn. 

• t •W General Formal: 

PARAMETER 

CODE IJ..M.BER 

parameter-name f1 {

MEMBER member-llol} 

ALL 

Oeacription 

r, = thc valuc of the paramctcr. 
~utc that thc paramctcr·namc rcfcp\ to the paramclcrs dc~cribcd in 

Scction .l. 

Notes 

1 J All vJiucs must he provtdcd in thc cuTTcnt unlt sy5tcm. 

:!) For dcfaull valucs of paramctcr'i, n:fcr to Scctiori .t. 
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5.50.2 Code Checking Specification 

·,1 

Purpose 

Thts command pcrform~ ende chcckmg opcratinn on spcctricrJ 

mcmbcrs ba~cd on thc :\menean lnstitutc ol Timbcr Construction 
t A ITC) codcs_ 

General Format: 

!d±JiCK COPE 

Oescription 

{
MEMBER member·list} 

All 

Thts command ch_ccks thc o;pcct ficd mcmhcrs againsl thc 

fC4Utrcmcnls or the Amcnc:J.n lnstllutc uf Timbcr Cunstructton 

L\ITC} cor.Jc~. Thc rcsults ol thc .:o de .:hccking .trc 'iumm.trE/cd in 

a tabular formal Enmplcs and Jct:ulcd cxplanatiOOS or thc tahulur 
Jormat are .tvallublc in Scctiun 5 

Notes 

fhc ••utpuc llf thts cnmmund may he cuntrollcd hy thc TRACK 

paramctcr. Two lcvcls ol Jctails are avallablc. Rcfcr to Scction 5 
for dctailcd mfurmauon nn thc TRACK paramctcr. 

,., 
\, 

50 3 Member Selection Specification S. . 

Purpose 

Sc:ction 5 345 

This ..:ommand pcrforms mcmhcr c;c\cction opcration on 5pccil~cd 

mcmbcr'i ba~cd on thc American lnstitutc of Timbcr Constructton 

¡A ITC) ..:ndcs 

General i=orm&t: 

{
MEMBER member·llst} 

KbECT ALL 

Oe9criptión 

. h. 'ma he uscd to perforin mCmbc:r sclcction according r 1s commanu ~ h 
th \ITC cudcS fhc se lec \Ion \S hascd on thc rcsults uf t e 

lO e · · h 1 w · ht 
latcsl lnalv~¡o; :lnd tlcrattons Jrc pcrlurmed unttlt e C:lsl ctg 

cmbcr s~ltsfvtng all thc ápphcahlc codc rcqultcmcnls t!i ohtamed. 
m , be u .. cd 10 control thc dcs¡gn and thc rcsults J.rc ParJmctcrs may . 

Jvatlablc tn J. tJ.bular fnrmat. Octailcd ciplanJtions of thc "clcctiOn 

prm:c<> .. JnrJ thc output ltc :lva¡Ja~lc IR Scction 5. 

Notes 

The out pul of thiS ..:ommand may he controllcd by thc TRA~K • 

r 1 . 1· of dctatls are av:~&lablc. Rcfcr to SectJun :> patJ.mctcr. wo cvc -. 

for dctadcd mformatiun un Lhc TRACK plramc:tcr. 
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1 Concrete Design Specifications 

Thts scction dcscrtbes Ihc specifications for concrete Jesign. Thc 

concrete dcstgn procedure tmplcmentcd in STAAD conststs nJ thc 
fulluwmg step~ 

1) lniliataog thc Jestgn 

.!) Spccilytng paramctcrs. 

3) Spcctlytng dcsagn rc4uircmcn1s 

-l) Rc4uesting quanuty takc-o/T. 

5) Tcrmtnattng thc Jcsign 

Sl!t:IHJn 5.51 1 describes thc dc'iign tnlliatton comm:lnd_ Scctiun 

5.51 2 discusscs thc spcctfication of par:1mctcrs. Dcs1gn 

rcqutrcmcnt spcciftcattons Jre dcscnbcd 5.51 J. Thc CONCRETE 

TAKE OFF command ts dcscrihcd tn j 51 ..l. Finally. thc dcstgn 

tcrmmation command ts Jcscribcd in 5.5 1.5. 

·-""' 
1 

Scction 5 .147 

5.51.1 Design lnitiatiori 

Purpose 

This command is uscd to inHtatc thc concrete dcsign. 

General format: 

START CONCRETE DESIGN 

Description 

This command mitiatcs thc concrete dcstgn spcctfication. With 

thts. thc dcsign paramctcn; are autnmatically sct lo thc default 

...:_alucs (as shown on Tahlc -L 1) Without this command. nonc or lhc 

(ollowing concrete dcsign cnmmands wtll be rceognizcd. 

Notes 

rhis command must be prescnt bcforc any concrete dcsign 
..:nmmand ~~ uscd. 
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5.51.2 Concrete Design-Parameter Specification 

~ 

·,f 

Purpose 

Th1s sct of commands may be uscli 10 spcc1fy paramcters to ~ontrol 

the concrete dcstgn. 

Gimeral formal: 

~E 

parameter-name r1 

Description 

ACI 
!lli]TISH 
CANAOIAN 
FRENCH 
GERMAN 
INDIA 
JAPAN 

LNORWAY 

{

MEMBER memb/elem llal} 

(llil 

P:uamctcr·n;J.mc rclcr'\ tu th~ concrete parJmetcn Jc\cnbcd in 

T•blc ~.1 

f¡ = IS lhe valuc or thc parameler. Sote thal thls valuc is Jlways 

tnput m current umb. Thc t..;SIT command 1s abo acccptcd 

dunng .tny phasc of ~oncrete Jcsign. 

Notes 

1) AIJ paramctcr valuc., J.rc providcd in thc curren! unll syslem. 

2) For default valucs of paramcters, rcfCr Lo ScctiOn 3. 

Section 1 1 34! 

5.51.3 Concrete Design i::ommand 

Purpose 

This ..:ommarid may be usCd to spcc1fy thc: typc: or design requircd. 

:.!cmbcrs may be dcs1gncd "' BEAM. COLUMN or ELEMENT. 

General formal: 

OESIGN memb-lisl 

Oescription 

~cmbcrs tu be dc!>tgncd must be o;pcclficd as BEAM. COL UMN or 

ELE~fEST. Sote that rnemhcn. once dcsigned as beam. cannol be 
rcdcsigned Js a ~olumn ag:un. ur vice vcrs:t. 

NoiU 

Only platc clcmcnts may be dcs1gned as ELE~ENT. 
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_ .51.4 Concrete Take Off Command 

Purpose 

rhts ~ummand may he u:.cd 10 uhtam an csumatc of thc tntJI 

volumc ot'thc ¡;oncrctc. rcinforccmcnt bars uscd Jnd thcn 

rCspccuvc wctghts 

General Format: 

CONCRETE TAKE Qf.E 

Description 

Thts ~ummanc.J ..::an he .,,ucd tu pnnt t~c total \Oiumc uf ..:llncrctc 
.md thc bar nurnbcrs Jnd thctr rcspcr.:11vc wcq~ht ltH thc mcmhcr'i 

Jcstgncd. 

S.\.\IPLE OCTPUT: 

•••••••••••••• CONCRETE TAKE OFF •••••••••••••• 
!FOR BEAMS A.~D COLUM~S OESIGNED ABOVEJ 

TOTAL VOLIJ!IIE OF COI'CRETE = H7.lo ce FT 

BAR SIZE WEIGHT 
~UMBER (in lbs) 

4 80l.OJ 
6 91.60 
8 113760 
9 6lJ.84 
JI 818.67 

·······--·--
••• TOTAL = ll06.74 

Noles 

Thts commanJ may be uscd vcry dfccttvcly for quick quanluy 
csttmatcs. 

·,f 

51 5 Concrete Design Terminator 5. . 

Purposé 

SectiOO S .351 

Thts r.:ommand must he uscd lO tcr.minale the concrete dcsign. 

Gerleral formal: 

~ !;Qt!CRETE DESIGN 

Oescripllon 
Tht"' r.:ommand tcrmmatcs thc concrete design, aftCr whtch normal 

5 L\.\D cummands resume. 

Example 

START CONCRETE DESIGN 

CODE ACI 
FYMAIN 40.0 ALL 
FC 3.0 ALL . 
OESIGN BEAM 1 TO 4 7 
DESIGN COLUMN 9 12 TO 16 
OESIGN ELEMENT 20 TO 30 

ENO 

Notes 

d f th r STAAD colnmands will not be 
Without th1s l:omman · ur e 

rccugnu;cd. 
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5.52 Foo\ ... g Design Specifications 

Purpose 

This sct tlf commands rnuy be uscd to spccify fotHing dc~tgn 
r~quircmcnl!o. Sccttons 5.52.1 through 5.52.-J dcscrtbe 1hc prw.:css 

of dcsign inuiation, pJramctcr spcr.:Jficatlon. dc~tgn command and 
Jcsign tcrminauon. 

Oeacription 

This factlity may be uscd lo dcstgn tsolatcd foottngs for uscr 

spccified ,upport JOint'i. Once thc ~upporl is spcc¡ficd, thc program 

automatically tdcnttfics thc support rcaction(SJ Jssucta!cd wtth thc 

JOIRI. All Jcttvc load ..:a~..:~ are ..:h..:dcd and Jcstgn is pcrlormcd lor 

!he support rcactiOn(sl that rcquirc\ thc maxtmum footing <>tt.c. 

~ar:&mctcrs Jrc Jvatlab!..: In cunlrulthc Jc~ign. Ouwcl bar" and 

d~vclopmcnt lcngths Jrc Jlsa calculatcd and tncludcd tn thc Jc-.•gn 
out pul. 

Design Considerations 

Thc STAAD tsolatcd fonting dcsign ts bascd on thc ro!lowtng 
~:onsidcr;Uton!o. 

1 J Thc dcstgn rcaction load may includc conccntratcd load Jnd 
biaxtal momcnts. 

:!) Thc vente al rcacuon load ts in~:rcascd by 10% lo account /'or 
thc sclfwctght of the fouttng. 

3) · Footing -.lab sile ts rct:tangular. Thc ratio betwccn the lcnglh 

and the width of thc slab may be conlrolled by thc user through 
a paramctcr. 

..J) Opaion;¡l pedestal dcsign IS availablc. 

5) Footings ..:annot be dcsigncd al ~upportS whcrc thc rcaclton 
causes an upltfl on 1hc fooungs. 

S<cúon s llsJ 

Design Procedure 

The following scquential design proccdure is followed: 

¡) Foo1iOg 'itle ts calculatcd on thc basis of the load dircctly 

avatlablc from the analysis results (support reactions) and uscr 

<>pecified AlloWablc Soil Prcssurc. No factor ts used on the 

suppurt rcactions. ' 

2) Thc fuming .;izc ubtaincd from 1) and the FACTORED LOAD 
¡5 uuh~:cd to calculatc soil reactionS. 

F.·\CfORED LOAD= ACTUAL IÍ.EACTION X Parameter FFAC 

:"loté that thc uscr may pro vide a dcsircd val tic for parametcr 
FFAC. 

Fouttng Jcpth Jnd rctnforccmcnt úctatls :lrc bascd on soil .1) 

rc:J.ctiuns calculatcd pcr 2) ..tbovc 

.t) Dowcl bar rcquircmcnts and dcvelopmcnt lengths are 
..:alr.:ul~tcd and rcportcd 10 !he outpul. 

fnllo"'-tng par:J.mctcrs are ava1lablc for footing dcsign. 

Oesign Parameters 

Parámeier Oefaull Oétcripllon 
Na me Value 

FY 60,000 pSI Yield strength lar 
retnforcement steel. 

FC 3.000 psi Compressive Strength al 
· Concrete 

CLEAR 3 O tn. Clear cover for siab 
retnforcemenl 

REINF Number 9 bar Mam reinforcement bar size 
lar slab desigil. · 

FFAC 1.0 Load factor for concrete 
deSign. 

BC 3000 psi Soil beanng capacrty. 

RATIO 1 o Ratio between slab Sidas. 
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Design Parameters Cont. 

Parameter 
N ame 

!MCK 

QffTH 

EMBEDME 
NT 

~ESTAL 

··1 

Delault 
Value 

1.0 

Calculated by 
!he program 

Calculaled by 
the program 

0.0 

o. o 

ST.\AD C..munands and In pul lnuruclions 

OeScription 

1 O = onty numencal output 1s 
prav•ded 

2 O = numencal oulput and 
sketch prov1ded 

The m•n depth al !he loot~ng 
base slab Program changes 
thiS value ,f reqUired for 
des•gn. 

Size ol rhe fooung base slab -
S 1 and S2 correspond to 
column s•deS YD and ZO 
respect1ve1y E1ther S 1 or S2 
or both can be speclfied lf one 
1s prov•deo. the other wlll be 
calculateo based on RATIO 11 
b01h are pmv1ded. RATIO w1ll 
be •gnored 

The depth olthe loollng base 
lrom the support po1nt al !he 
column 

O O =no peoestal des•gn 
1 O =pedestal des•gn Wllh 

program calculatmg 
pedestal dimens1ons. 

X 1 X2 - pedestal des•gn w1th 
u ser proVloed pedestal 
d1mens1ons. X 1 and X2 are 
pedestal 01mens•ons 
correspono,ng to slab s1des S 1 
and 52 respectlvely. 

Scction 5 35S 

5.52.1 Design lnitiation 

Purpoiie 

This command niust be used to initiatc ttic raotmg design. 

General Formal: 

START FOOTING QMIGN 

Oescrlption 

This command initiatcs the footing dcsign ~pccifications. Without 

th 1s command. Ro furthcr footing dcsign command will be 

rccogni.~:cd. 

Note& 

'Ju footing dcsign spcciftcauon will be proccsScd without thiS 

command. 
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5.52.2 Footing Design Parameter Specification 

Purpose 

This command 15 u~cd to spccJiy paramctcr~ that may be uscd tu 

control thc rooung dc~1gn. ! 
General Format: 

~E 

parameler~·name f1 

Oescription 

AMERICAN 
!!BJTISH 
CANAOIAN 
FRENCH 
GERMAN 
lliQIA 
JAPAN 
NORWAY 

{

,!Q!NT joint-llel } 

(A!J.) 

Paramctcr-namc rcfcr" tn thc paramctcrs Jcscnbcd m Sccuon 5 5:! 

f is thc valuc uf thc naramctcr ;..iotc thal thas valuc shouJJ he Ln . 1 ,. 

thc curre ni unats. Thc C:-.liT .;ummand is ollso acccptcd Junng 

any phasc uf fou11ng Jcs1gn. 

Notes 

¡) AIJ paramctcr valuc~ must be providcd in thc current unit 

system. _ . 
2) For dcfauh valucs uf paramctcrs. rcfcr to thc paramctcr tablc an 

Scction 5.52. 
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5.52.3 Footing Deslgn Command 

Purpose 

This command must be uscd to cxecutc the rooting dcSign. 

General Formal: 

DESIGN FOOTING jólnl-llsl 

DeScription 

Th•s cummand may he uscd lo spccify thc joints for which thc 
footmg Jc~•gns are rcquarcd. 

Notes · 

Thc output of this ..:nmmand rnay he ..:nnlrollcd hy thc TRACK 

paramctcr hcc Scclton 5.5~1. lf TR,\CK 1s 'iCito thc Jcfault valuc 

llf 1 O. un! y numcm:al uutput wdl he provuJcd. lf TRACK 1s sct to 

2:.0. graphlt:JI uutput wlll be providct.l tn Jdditwn. 



Sc:cuon S 

• ·: 
•,f 

EXAMPLE 

START FOOTING DESIGN 
CODE AMERICAN 
UNIT KIP INCH 
FY 45.0 JOINT 2 
FY 60.0 JOINT 5 
FC 3 All 
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 5 
END FOOTING DESIGN 

l 

ST AAD Cooun.indl &Dd lnpu1 lnslnlcUOJlS 

5.52.4 

\ .,. 

Sa:l.!on 5 .3: 

Footing Design Terminator 

Purpose 

This command must he uSed to tcrminate the rooling desigil. 

General Formal: 

END .EQ.QTING DESIGN 

Descriptlon 

This comm:md terminales thc rooting design. 

Notes 

Ir the rooung destgn is not terminated. no rurther STAAD 
cnmmand Wtll he rccogniJ:cd . 
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Misc~·•aneous Special Commands 

Followmg are two special commands thal may be uscd to control 

the prectsion characteristics or the stiffness matrü clemcnts and 

memory requircments for a panicular problem. 

' - ...... 5 1 361 

5.53.1 Precision Command 

Putpose 

Th1s command may he used to cnntrol the prccision chccking 

~haractcrio;tico; nf thc o;tructural -;tiffncss matrix. 

oescription 

Thc global 'illffncs:o.a matru. of J corrcctly modclcd structurc is 

.liway'i .1. ~ymmctru.: matni with positive clcmcnts un thc main 

J¡ágnnal. :"oocgativc ur vcry o;mall pno;itivc dcmentS are usually a 

rcsult l)r iftf.:urrcct mudcling rcsulttng m an dl-f.:ondiuoncd stiffncss 

m:Hrtx In STAAD. all sttffncss cncHic!cnts nllrilcrically lcss than 

O.U 1 .1rc idcnllflcd JS posstblc ·wurccs uf •nstability and a warning 

mcssagc is issucd ~aut10ning thc uscr. In ccrtam Spcchtl siluations. 

1hc'c ,t¡lfnc:o.as cncfficlcnts may rcprc:o.acnl .1ccuratc numbcrs. To 

cllmm:.ttc thc warmng mcssagc 10 thcsc circum:o.alariccs. thc 

PRECISION cnmmand may he thcd to rcsct thc valuc against which 

1hc cucfficicnto; are chcdc.cd. Tht'i comm:ind .;huulc.l be positioncd 

rlc:.tr thc bcginmng uf thc input lile. 

Gt!m!rál formal: 

Notes 

PRECISION 11 

whcrc. r1 numbcr Jgainsl whtf.:h 'itifrness 

coefríclcnls árc checkcd. 

(defauh = 0.01) 

Ttus command 'ih~uld be spcc1flcd hefQrc thc JOINT 

COORDINA TES spccificallons. 
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J.53.2 Input Memory Command 

\.. 

Purpoae 

This command may be uscd to control thc mcmory rcquircmcnt in 

thc case of a CORE OVERFLOW pr~.blcm. 

Description 

Thts command may be u~cd tn a CORE OVERFLOW situát!Un to 

dccrease mcmory dcmand by thc problcm. A dcfault valuc uf 16000 

is preset tn thc program. A numbcr lowcr than thts may dccrcasc 

mcmory rcqutrcmcnts. Problems requinng more mcmory po ... ':,.hly 

·can be sol ved using tht., ..:ommand Ü'ic of this command wtll rc"iiult 

rn 'iiOWCf I!XCCUIIOR. fhus. ¡;aution ..;huuid be CXcretscd IR UStRg thtS 

..:ommand. lncrcasmg thc numbcr may rcsuh in fastcr c~ccutton tf 

rcsourccs are avadablc fhiS ~.:ommand should be placcd ncar thc 

begtnning uf tnpul. 

·,f 

General Farmat: 

N otea 

!!feUT MEMORY 11 

wherc 11 = numbcr rcprcscñung mcmnry :.1\adahlc 

h.icfault= 1 óOOO for PC vcr.,tonJ 

1 J Tbís command should be spcctfied befare thc JOI~T 
COOROI:-.IATES spcctficauons . 

.!) The valuc of f1 may be spccincd as Lera. Thc command I~PUT 

MEMORY O wtll rcsult in mmtmum possiblc core mcmory dcmand 

by the problcm. Howcvcr, the uscr is caulioncd in lls use JS this 

wtll reduce thc specti of cxccuuon. Thus. onc should cons1dcr 

usmg this command only whcn a CORE OVERFLOW messagc has 

appearcd and all othcr mcans of rcducmg the corc mcmory dcmand 

ha ve becn c:~~;hausted. 

Section S .l63 

5.54 save Specification 

Purposé 

This command may be uscd lo save run data and analytical rcsults 

for furthcr proccsSing m a latcr run. 

General formal: 

Descriptlon 

JI = ~ame of thc file m which thc Jnnlytical rcsuhs and data will 
he ..¡avetJ. Any namc up lo twelvc charactcrs, slarting with an 

Jlphabcuc daraclcr. is acccptcd . 
h =S ame of a secontJ rtlc in wh1ch thc load data Will be savcd. 

- Any namc. 1.hffcrcn1 from 1he firsl up 10 twelve charactcrs, 

,uning wuh Jn Jlphahcuc charactcr. ts acccptcd. 

Notes 

lf thc ftlc name'i are nol provtdcd. tJata will be savcd tn files callcd 

rE~ 1 JntJ TE:\C rc,pectively. 
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5.55 Restare Specification 

• -: 
·,r 

Purpose 

Thts ¡;ommand m ay be used to rc~torc thc run Jat;~ savcd by thc 

SA VE command. 

General format: 

Oeacription 

J 1 anda~ Jrc thc samc filcnamcs JS <ipcctficd 1n thc SAVE 

~pcctficauon. Thts command !S uscd 10 restare a prcvious STi\.\0 

run wh1ch was savcd wtth thc SAVE cnmmand. lf thc names J¡ and 

a~ :uc ldt 1lUI, thc program will Jssumc thc namcs TEM 1 Jnd 

TE !vi:'! rcspccti~cly. Stt a run 'iavcd with no filen ame ean he 

rcstorcd m thc samc manncr by prnviding no tllcnamcs w1th thc 
RESTO RE t:ommand 

Example 

STAAD SPACE TITLE 
RESTORE FILE1 FILE2 

N oleo 

1 J rhts command w1ll also rccngntLe the Jcfauh lile f1:.tmcs 

TE:\<11 and TE~I2. 

~l Opcraltons invnlving linllc clcmcnts cannot be perfurmcd 

wilh the rcstorcd file . 

., 
!J 

• 11 

Sccuon 5 \ J6S 

5_56 End Aun Specification 

' 

Purposé 

This corilmand mu.st be used to lcrminate the STAAD run. 

Genérill formál: 

FINISH 

oescriptión 

This command should be pro"idcd as the J:ist input corilmand. Thts 

tcrmmatcs a STA,\ O run. 
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STARDYNE Advanced Análysis 

Section 6 

6.1 lntroduction 

STAt\0/Pro offcrs twn analysis l!ngincs- STAAD and 

ST,\RDY~E The STAAD analysis cnginc has bccn describcd in 

-.cction 1 of this manual. Thc STARDYNE analysis cngtni:: is 

J1~cusscd in th1s scction. 

STARDY:'IIE was thc lir•.;t commcrccally available finne C:lemcnt 
Jnalyc;1s sortWarc for dynamic analys1s and has been iil use 

throughout thc World for ovcr JO ycars. ST:\RDYNE llffcrs thc 
"tructural analyst l rcliablc and l!lSY to use mcthod to sol ve any 

problcm in ~talic Jntl dynamic analys1S. 

rh1s 'icdion of thc manual contatns J general Jcscript10i1 of thc 

Jnalysts capabilitu:s availablc m STARDY~E. Detailed coritmand 

formats and othcr spccific user infc:irmation is the sllinC aS in 

ST -\AD cngine (sec Scction 5). 10 addilion. severa! analysis· 

rclated options may be spccificd jusi befoi"e the Ailalysis ii 
pcrformcd. For dplanation of thesc opttonS. picase i"efer to 

Scction 3 uf thc ST.~AD Graphical Environment mailuoil. 

Thc objcctive of this scctiori is to farniliariie the- user with the 

baSic principies irivolved in the impleriteritatiori of thi:: various 

analysis capabilities. 

367 
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6.2 Input Generation- STARDYNE 

Input IS gcncratcd through thc STAAO/Pro modcl gcncr:uiun 

facihucs. Picase rclcr tu thc ST,\AD Graph1cal Enviro11m~n1 

manual for Jctallcd Jcst.:rtptiun. 

6.3 Types of Structures- STARDYNE 

,\ STRCCTURE -.:an he Jcfincd :.ts Jn asscmhlagc of clcmcnts. 

STARDY~E ts l.!apahlc uf analynng structurcs consisting of bcam 

dcmcnts. platc/shcll dcmcnts . ..¡uhd clcmcnts. Jnd/or matnJt 

dcmcnb. Almu\t ..tny 1ypc u( -.tructurc c:ln be .1nalyLcd hy 

STARDY~E. 

;.4 Unit Systems - ST ARDYNE 

Thc ST.\RDY~E Jnaly'i\3 may be l.!onductcd m any consi3tcrit 

unaform umt 'iY'itcm. STARDY~E mtcrmcdiatc output files. if 
1nspcctcd. wlll he m .1 ¡;unsl~tcnt un11 syc¡tcm ..:hoscn tn Jny 

cnnsistcnl umform unll .;y'itcm. ST:\,\0/Prn ;nuvidcs a ":amlcss 
translatwn to anc.J from the analy\IS modules ~u thal thc u~er need 

not be conccrned Wlth thc unll -;y•ilcm U!>cd 10 hy thc tran~la10r 

•.5 Structure Geometry and Coordinate 
Systems-STARDYNE 

t-. 
'• t' 

A uructurc is an assemhly of 1nd1vidual phy\1cal components such 

as bcams. columns. slabs. platcs etc .. In STARDYNE. the linitc 

clcmcnt modcl will con si SI of thosc physical comPoncnts bcing 

subdiv1dcd into onc_ or more rinilc clcmenls pcr componen!. 

Typ1cally. modcling of thc structurc geometry consists of two 

stcps: 

li 

IJ 
1 

_,,. 

•• 1 

li: 
w: 

w: 

ti ,. 
él ,. 
el 

r:l 

ti 

a 

A ldcntiric;Uion and description or nades. 

B. Mudclíng of dcmcills through specification of 

conncctivity lincidcnccs' bctwcen nades. 
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~ole thal ~ubdivid1ng tndivtdual phys1cal componcntS. ~uch asan 

1-beam. mto severa! bcarri finite dcrilcnts may lmprovc the 

dynamu; response and .;umcllmcs improve static response as well. 

Su thc uscr .¡,huuld not thtnk thatthcrc musl be a onc foc 

corrcspnndcncc hct Wccn phy~ical componcilts J.nd thc rinite 

dcmcnb. 

STARDY:--.IE uses two typcs ur l.!oordiilatc systcms to Jcfiric thc 

~tructurc gcnmctry .!nd luading paltcrns. Thc GLOB..\.l coordin:íte 

.¡yo;tc 1ri 1s an Jrbitrúy ..:nonJinatc .¡ystcm in sp:icc which is ut.ilizcd 

10 ~pcc 1 fy thc uitcr:tll gcomctry & lnading p:ttlcrn of thc structurc. 

,\ LOC.\L cuordinatc ">'f'ilcm ;~ :tssnciatcd witli cach clcmcnt and 

¡5 uulitcd 10 dcmcnt tJUtpUI ur \m;alload spccificaltoii. 

6.5.1 Global Coordinate System 

rhc Cunvcritional C:utc-,t:Ín Coordinatc Systcm IS uscd ror -

o;pccdlcatton uf thc ~tructure gcomctry Th1s l.!ooi-tliriatc syo;tem is 

.1 rcctangu!Jr l.!nortlinatc .;ystcm t X. Y. Zl whu:h follows thc 

ortho2oilal nghl hand rule. Th1s cuurdinatc ->y~lcm may he uscd to 

Jelin~ thc nodc 1ocat 111 n~ and Joadiilg direc:lions The translational 

dcgrccs of rreedom are dcnotcd by u1, u2, UJ and thc rotatiorial 

degrccs of frccdorri Jrc dcnotcd by u~. Us &. .u6 . 

6.5.2 Local Element Coordinate System 

A local coordinatc .¡ystcm ts associatcd with cat.:h element. Thc 

local 1. axis iS from thc flrst nodc to tlfe second node for cach 

clcment typc. A thtrd node defines the plane containtng the , .. 

orthogonal local y JxiS a.nd its positivc dirccllon. The localt axts 

15 orthogonal to l :~nd y and positivc by thc nght hand rule. 
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Thc beta anglc mcthod ol ipccifying thc beam dcmcnt local 

'>y'itcrn IS dclincd in thc Bc.:am Elcmcnt toptc 

5 Finite Element lnformation- STARDYNE 

STARDYNE mcludcs bcam. platc/<;hcll. sprtng. and matrix Jinlle 

dcmcnts. Thc fcaturcs of cach ~~ c'plained b~low 

,).6.1 Plate/Shell Element 

,, r' 

rhc Plale/Shcll finitc clcmcnt is bascd on the hybrid element 
formulalion. Thc clcmcnt can be J-nmlcd (triangular) or -l-nudcd 

1)--l nodc. ~~oparamctnc. hybnd. axt~ymmctnc . ..:nmpositc¡ 

fquadnlah:ral). Ir Jll thc fnur nodc3 of a quadnlatcral clcmcnt Jo 

not_lic on onc planc. it13 :.~dvbablc to modcltht!m Js tnangular 

dcmcnts .. Surfacc 'ilrw.:turc'i" .,udt as walls. slabs. platcs Jnd 
.. hclls may he mudclcd using linllc dcmc:nts Thc uscr mav also 

use thc dcmcnt for PL\~E STRESS Jc.:tion only . 

Plat'e ~eometry \fodeling Considei-ations 
Thc follow1ng gcomctry rclatcd motlcling rules \hould be kcpt in 

m1nd whllc us1ng thc piJtc/shcll clcmcnt: 

1 1 Whllc hS1gmng notlcs to ..10 dcmcnt in 1hc input data. it 15 

~sscntial that thc nodcs be -.pc~.:ificd cithcr dockw1sc or 

countcr dockw1~c 

~) Elcmcnt aspcct r:uw shoultl nut be cxccss•vc. Thev 'ihould 

be on thc arder of J·l, and prcferably lcss than -l: ,· 

}) lnd¡v¡dual clcments ">hould nnt be distoned. Anglcs 

bctwccn two adjaccnt clcmcnt sirles should not be much 

largcr than 90 dcgrccs and ncver largcr than 180 

PI ate Element Load Specirication 
Fullowing load spec¡fications are available: 

1) Linear! y varying prcssure on clement surfacc in local 

dircctwns. 

·~- \ 

Scclioo 6 371 

2) Temperaturc load duc to uniform incrcasc or decrease of 
tcmperaturc. 

3) Tcmperaturc load duelo differcnce in temperature between 

to(l and bollo m surfaces of thc clemcnt. 

-l) Al su, Dcnslty nccds to he prov1dcd if sclfwcight is 

1ncludcd m any load case. 

Triangle Platé Theorétical Basis 
Two typcs 1>f triangular pl:ttcs ~re available: 

1) A linear curvature compatible tnanglc wh1ch simulates 

thin platc behavior (without constdcration of transversc 

~hea.r cffccts) for non-sandwtch structurcs: 

2) the ''\iarun" dcment which simul:itcs thin or thick plri.tc 

bchavwr in a ~andwich or homogcncous (salid) strueturc. 

SJndYi!ch Core thick.ne'iS and G for thc transverse shear 

are Jddiuunal input optlons. The "~artin" platc must be 

u ... cd whi::n transvcrse shear l!lfccts and/or transvcrsc shcar 

-.lfc<;scs Jrc ÚC'iircd in a 3 node ele me ni. A Jcnser nodal 

mc'ih is dc'ilfablc wllh thts elcmen1. 

..\o;sumplions: 

• Line:1r. elastic. Jnd homogcncous or sandwich. 

• Sm:.lll Jcformat1ons. 

é Cnnstant str:un !linear vánation of displacemeill) for in-planc 

lboth TYPESJ and ·~arttn'' platc bending clement. 

• ~ormal c;tress {0',) is ncglccted. (Thin shcllthcory.J 

• :"'o coupling of 1n-plane and bcnding action. 
• Thc Ji ... placcri1cnl u( a triangular platc clemcnt is dcfincd by 

thrcc translations and two rolations al c3.ch corner of the plate. 

5 cquations (dol) pcr nade. 

é Orthotroptc propcrtics with axis angle from principal 

dtrecttons to local axes. 

Quadrilatnal Plate Theoreti.cal Oasis 
Severa! typcs of quadrilatcral plates are available 

1 l Ql!ADB. QUA OS A standard 3-J nade isoparamctric 

inplanc clcmcnt with "hubhlc" fuRclioRs. 
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2J QUADA. A standard 3-~ nodc isoparamctric With 

''bubblc·· funclions or bybrid axisymmctric dcment Thc 

cntire modcl must consist of Ql:ADA clcmcnts if uscd ami 

the modcl dcfined m thc X- Y plane with X bcing radial 
(posilivc only) and Y bcmg longttudinal. ~ DOF pcr nuJc 

3) QUADB A bcndmg platc bascd un .t linear curvaturc 

cumpauhlc trianglcs Jround a ccntroidal nade With JI Jol 

pcr tno~nglc in bcntling whtch stm~lates than platc bchavior 

(wllhout constdcration uf transvcrsc shear clfccts) 

..J 1 QUADS. A hybnd mcthod Mindlin thick platc for bcndmg 
with transvcro;c shc:u cncrgy includcd. 

;) QUADH A hybnd mcthod thtn platc for in-planc and 

bcnding 

6) QU,\DC Jnd QUADC:-.1. A hybnd mcthod thid platc fur 
in-planc :.md bcndmg •)1 crimposllc onhouopic mulli-ply 

clcments QU AOC~ lormulatton suppresscs thc interna! 

kincmatic mudes of Jcfnrmations IR thc cierne ni. Thc 

Tsat-Wu failurc thcnry critcrion ~an be c3lculatcd. Up lo 

lOO 13ycrs íplys) may he Jcfincd. 

Assumplioas¡ 

• lwcar, clasttc, orthutrop1c 

• Small Jcformauons. 

~urmal stress tcr,J is ncglcctcd. 

• ~u coupling nf •n-planc Jnd bcnding :u.:tion. 

• Thc t.lisplaccmcnt of J quadnlatcral platc cleinent 1s dcfined by 

thrcc translattons and two rotations :11 cach corncr of thc platc. 

5 cquations 1 tlol) pc:r not!c. 

• Orthouopic propertics with axis anglc from pnncipal 

dircctions to local axcs. 

Platc Elcment Local Coordinate Systi:m 
From rwt.lc JAto notlc JB is thc local x-axis with ongin at JA. 
Thc JC nodc: hes tn the x-y planc and is on thc posilivc y side of 

thc ' JXIS. The local L-axis is found by the right hand rule from x 

and y. 

; .,, 

··r·~ 

•.. :11 

··~. 

PlaOe Strain AnalySis 
lf thc tJSÚ wishcs to use STARbYNE in an m-piaRe oÍlly, . 

isotrnptc, plan e o;tl-ain ailalysis. thc rilatcrial prOpé:rties .(~: P?t~ 12, 
ALPHA 1) spccificd fol- thc in-plarie tnangles :t.nd quadnlatcrals 

must be modificd as follows: 

PR 
PR, 

(1-PR,) 

t\LPHA¡ = ;\LPHAa • ( 1 + PRa) 

Where: 
Ea = :\~tu:.d ~odulus of Elastlcily 

PRa = A~tual Poisson'<i Ratio .. 
\LPHAa = :\ctu:ll Cocffic¡cnt uf Thcrmal Expanston. 

and 
E,. PR,. and .\LPHA, are the values tu be cittcred in the material 

prnperty tablc rnr thc planc strain analysis. 

Output oC PI ate Elemcnt Forcé:s . 
Ekmcnt outputs are availablc at the following locattons: 

:\. Ccntcr of thc clcment. 
B All corncr nudcs of thc cli:mcnt. 

Fnllowing are the itcms !Rcludcd in thc ELEMENT FORCE output. 

QX. QY 

FX.FY:FXY 
:11X. MY. MXY 

Shear strcsscs (Force/ unillen./unit thk.) 

Membranc stresscs (For.celunit lcD./unit thk) 

Bending momcnts pcr Únit width (MmDeriUunit 

len.} 

M IX S"IN Principal sücsscs (forcC/unil area) s. ' . ~· 
TMAX Maxim. shear stress (forcC/unit area) 

VONMISES stress (Forceiunil arca) = 
• SQRT[ o 5 • ((SI . 52)''2 +(52~ 53)"2 +(S3 · Sl)"2 1 
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S 1, 5}, 53 are principal stresses. 
~:-lGLE Oncntation of thc pnncipal planc (DegrccsJ 

:"lotes: 

:\1.1 cl.emcnt force output is in thc local coordinatc syslcm. 

~ Pnnctpal ->trC'I'iCS {SMAX & SMIN). thc maximum shear strc~:-. 
(T~AX) :.lntlthc oncntation ol thc principal planc ( ANGLE) 
:.nc also pnntcd for 1he tup J.nd bottom >~urfaccs uf the 

dcmcnts. Thc top ami thc bollo m ..;urfaces are dctcrmincd ''" 
thc basas of thc dircctJOn of the local .r.-ax1s. 

'·- Salid Element 

Solitl dcmcnts cnablc thc )nlution of -.tructural prnhlcms 1nvolving 

general thrcc Juncns10nal ~1rc~~cs Thcrc 1s a el a.-.-, uf problcm., 

'iuch Js '>lrcss Ji-,tnbution tn ..:oncrctc darOs. soil and roe k strata 

whcrc finitc ch:mcnt anal y-,~::. U:!>lng sol id dcmcms providcs a 
powcrful too! 

Solid Elemrnt Theoretical Oasis 

The 'iolid clcmcnt uscd tn ST:\ROY:"'E is an csght nudc' 

isopar:~mCtric typc lJr optionally hyhnd type. Thc i~oparametnc 
type ls thc samc JS 1n STr\.\0 with thc Jdd1t1on of 3 'hubblc 
functwns'' lo unprove <>hcar hchavior. rhc~c .:lcmcnt.¡ ha ve thrcc 

tran .. lauonal Jc!:rcc~-of-frecdom pcr nuJc. By collap.,10g variou~ 
noJc<> togcthcr. Jn c1ght noJc salid clcmcnt can be Jcgcncrated lo 

an t!lcmcm wuh four to se ven nodcs. 

Solld elemcnt Local Coordinate Systcm 

The local coordinate systcm uscd in salid demcnt is the same as 

the glubal systcm. howevcr 'ltrcsscs may be prescntcd as if JA-JB. 

JC nodes dcfincd a local systcm (scc plate local coord 1natc 
systcrn). 

Solid elemeot Properties and Constants 

Full 3-D orthotrup1c propcrtics may be uscd. Also, DensHy needs 

to be prov1ded 1f selfweight •s included IR any load c:lsc. 

Oulpul or Solid Elemeat StresScs 

lija:IIJ 

l:l a 

1 a 
1 1 
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Elcmcnl sircsscs may be ubtaincd at thc l:cntcr and al the nOdes of 

thc -;uhd clcmcnt ihc 1tems that Jrc printed are : 

)lormal Strc)scs: 

Shc.1r Strcsscs: 

Princ1pal strcsscs: 

Von ~iscs -.trcsscs: 

D1rccuon cosincs: 

SXX, SYY and SZZ 

SXY. SYZ.1nd SZX 

s:. si and sJ. 
SE 
b Jircct10n I.:O'iincs are pdntcd, [oJiowÍng 

thc c'iprcssion DC. corrcsponding lo thc 

first two pnncipal stress dircctions. 

Hybtid Element Forinulation, Plate or Solid 
ISTARDY:"'E) 
In thc classtc~l J¡spla..:cmcnt rurrimlallun. Simple polynotrii.:ils :lfC 

U<>cd 10 tntcrpuiJte nud~l vanablcs tntcrnal lo thc clcment. For 

e \:lmplc. J unit nudal dhplacement IR thc ' dirc..:tion, induces 

Ji.,placcmcnts ¡::;¡ 0) m the 'diieetion lnstde of thc clemcnL 

Frnm thcsc IOicrpoJated Jj..¡pJJ..:cmcnb thc Slrllns can be [ound. 

Thcn. ~s10g thc matcnal cumtants. thc clcment nodal sti[[ncss 

..:ucl fietcnts Jml .¡trcss matnecs can be curi1.putcd. 

In thc hybru.l furmulauun two scts ul 1ntcrpolauon funclions are 

u..,cJ. Thc tir<>l lo 1nlcrpnl;¡tc Ji..,placcmcnl5 a long the elcmcnl 

hounJ:.1ry JnJ the ,econJ ltJ lntcrpoJatC \lrCSS ficlds inside O[ thc 

demcnt (,JnSClJucntly. thcrc i) J rathcr cumple\ rclalionship 

hetwccn the nodal Jisplaccmcnts .1nd o¡trcsscs 1n~idc of thC 

dcmcnt ST.\RDY:-.IE u!Tcrs J ehu1ec hctwecn thc dassical 

displ:~ecment :tnd thc hybrid clcments. Thc QL' ADH header 

.;clcets the hybrtd lJuads :.tnd CliBEH -;clccts thc hybrid cubes. 

Hyhnd clcmcnts. in general. y1cld slightly bctlcr accuracy ir they 

are only slightly distortcd from rcct:J.ngular or parallelogram 

~hapes. tr thcre uc :trcas in thc moJel wh.irc <>cvcrely distOrted 

clcmcnls must be uscd. -;clcct thc QL.:ADB and CUBEG types. 

Thc dass1cll displacemcnl clcmcnts converge to thc corred 

:..tnswcr'i ~rrom hclow~ This means th:U as the finitc elerilenl meSh 

gcts den ser thc model gel'> more tlcxtble and approacbes to the 

enrrcct :tnswers (a'isuming th:J.lload'l and boundary condition5 are 
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unchangcd). Thc hybrid elcmcms. on 'thc othcr hand. can converge 

cuhcr from abovc or below. All of thc finitc elements in 

STr\RDYNE are convergen l. 

. 3 Matrix (General Spring) Element 

~atrix clcmcnts are d.irect ::tdditions to the, Global Stiffness matrix 

or \ttass m:urix. Thc uscr spcctfics thc nudc incidcnccs and t~c 

matrix values. 

Matrix element Local Coordinate System 
Thc local coord1natc -.ystcm u~cd 10 thc matrix clcmcnl is thc 'iamc 

as thc global S)"itcm. howcvcr ·arcsscs may be prcscntcd as tf J.-\· 

JB-JC nodes dclincd a local -;ystcm. 

Malrix element Properties :.md Constants 

Nonc nccdcd. 

Output of Solid Element Stressu 
Elcmcnt forccs may be obtaincd al thc nades of thc matrix 

clcmcnl. 

.. 4 Beam Element 

Thc bcam clcmcnt is assumcd to be str:ught 1 nodC clcmcnl of 

consl:l.nt doubly ,ymmctric croo;s-'iccllon. Thc beam is capahle ,,f 
rcststmg uial force, bcndmg momcnts Jboul thc two pnnctpal 

axcs ~t.:oincidcnt wllh the bcam local axcs), and twisung momcnt 

about the centrotdal axis. Thc stifrncss propcrtics rora uniform 

beam elcment are dcrivcd from the dirrcrcntial equatiOns ror bcam 

displac~ments tn thc cnginccring beam theory. Lateral denectlon 

n the sum or displaccment duc lo bending strain and thc 

displaccment duc to sheanng strain (computed using effective 

shcar arca and G ). 

·Thc beam element is really thc sum or -l uncoupled elcmeots, 

axial, torsion, shcar & bending in -.-y. and shear &. bending m i-1.. 

Any combination can be creatcd via membcr releases. or seuing 
cross-sc'ction propcrttes to Lera. or TRl:SS. etc. opllons. 

•,1 

,\ssurñptioris 
i Ltncar. dastic. homugcncous. 

• Small strains and displaccmcnts . 

• Planc scr.::titlnS rcmáin planc. 

• No coupling or axial. tnrquc and bcnding. 

• Shcar dcformation are includcd 

' ;. 
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i Geoinctric and dastu: propcrties r.:unstant Jlong lcilgth. 

Bu m i..Oc:al CoOrdina te SySterit DefinHion - Thc beam element 

local \ystcm are \pcr.:ificd thc following tWo methods: 

STA.\ O Beam element Beta .\ngle 
Thc rclationshtp hetwccn thc local Jnd global ~o:oordinatc systcm is 

Jcfincd by Jn anglc mcasured in the follnWing ,pcciricd way. This 
Jnglc wi!l he Jcfincd Js thc beta ftJ) anglc. Whcn thc local x-axiS 

l'i parallclto thc global Y -ai1s. as in thc case of 3. column in a 
.;tructure. thc beta anglc JS thc anglc thrnugh whid thc local l·UiS 
hh hccn rotatcd ahout thc local t-aJtis rrom ;:a posllion or bcmg 
[l:lr:lllcl and 1n thc .;ame ro'>tllvc directiun uf thc global Z-aiiS. 

Whr.:n thc loe ;:al ~-ai1s is not par:1llcl tu thc global Y -;üiS. the hcta 

Jnglr.: ¡., thc Jngk through whtch thc local coordinatc 5yStcm has 

hccn rntatcd ahnut thc local t-áxts from a pusition uf haviilg the 

lácal 1.-His par:tllcl lo thc. glnhJI X-Z piJnC and thc local y aX.is in 

thr.: ~ame pu<illtvc JircctJo'll H thc gloh<.~l Y -Jxt~ 

Be3m element Rderence.Point 

An altcrnattvc to providing thc bcam clcmcnt oricntation is to 

inptJI thc r.:oordinatcs uf an arbitrary rcfcrcncc point locatcd in the 

ele me ni 1;-y planc but not nn thc ú.is of thc clcmcnt. Frhm the 

location of thc rcfcrcncc ¡}01nt. the program automatieally 

cah::ulatcs thc oncntallon or thc cierne ni :(-y plane. 
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b 

•. 4.1 Beam Element Prismatic Properties 

S.1mc a~ STA.-\D :\nalysis enginc. 

•. 4.2 Tapered Beam Elements 

Propcrllcs of tape red bcam dcmcnts ~ay he spcc1ficd. G1vcn kcy 

'icctiun dimenswn~. thc prngram is capablc uf calculallng cross­

sccllonal propcr11cs which Jrc subscqucntly uscd 1n Jnalysis. 

Tapcrcd bcam dcmcnts may not ha ve bcam clcmcnt loads applicd 

othcr than sclfwc¡ght lumpcd JI cnds. 

'· .3 Pipe and Elbow Beam Elements 

PropcrtiCS or pipe. plpC Ice . .tnd clbow hcam dcmcnts may be 

... pcc1ficd. Givcn kcy ~c~.:uun J¡mcn!l.IOR'>, 1hc program b capabh: 
of .;a(cuJatmg cro'iS·'iCt:llnnal propCrliC'> wh1ch JfC lUbscqucntJy 

u-.cd •n analy~i-,. Pipe tcc .wJ dhuw bcam dcmcnb may nnt han: 

hcam dcmcnt lnad\ .1pplicd 11thcr than ,dfwc•ght lumpcd at thc 

c:nd-. .tnd encllhCd ltquad wcq~ht lumpcd at thc cnds. Thc clbow 

may opttonally Jllow thc ..:ah:ulauon uf hcnding ne\tbtlity 

tnL:rc:hc duc to thtn wall U\'Jit!.JIIOR { whllc L:OR!ttdcnng the 
oppu .. mg ciTe~.:: ,,¡ tntcrn.tl ¡nc!t'oOfC J tu he L:omputcd. 

. <+.4 Beam Element End Releases 

~-

ST.\RDY:"<l'E alluw'o rclea!IC3 lor beam cierne ni cnd torces and 

momcnts. Beam demcnts .He .tssumed tu he rigtdly framcd into 

nades tn accordancc with the struclur:J.I typc spcctficd. When this 

full ngtdtty ts not applicable. individual force componen u al 

cuher cnd of the clemcnt L:JO be sct to Lera with elcmcnt n:lcasc 

statcmcnts. By -,pcctfying rcleasc componcnts, indtvidual elcmcnt 

Jcgrccs of frccdom are removed from thc analysiS. Rclca5e 

componcnts are gtvcn in thc loe.: al coon.hnatc systcm for cach 

clcment. 

·,1 

I·&D 
! 
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6.6.4.5 Tension - Only Eléments 

ST,\RDYNE docs nol havc a tcnsion only element. 

6.6.4.6 Cable Elements 

ST.\RDYNE docs not ha ve a cable dement. 

6.6.4.7 Beain Element Otfsets 

Sume hcam clcments may not he concurrcnt wtth the incident 

nodcs thereby ~.:rcating orrscls. Thts nffscl distancc is specified IR 

tcrms of global cuordinalc 'iystcm 1 i c. global X. Y and Z distance 

trnm thc incidcnt nodeJ. Sccnndary forccs mduccd, duelo thiS 

nlf<;.ct connccllun. are takcn into lccounttn analyzing the Structure 

:.md .tlso to c:lh.:ui;Uc thc andivtdual clcmcnl forccS. The new offSet 

..:cntroid uf thc hcam elcmcnt can he al thc 'ilart or end inctdences 

and thc ncw workang potnt will al so he the ncw -;tart or cnd uf thc 

heam o:icmcnt. Thcrcforc. :tny rcfcrcncc from thc start or end of 

;hat dCmcnl will .tlway" he from thc ncw offset potnts. 

6.1 Aigid System of Nodes- STAADYNE 

ST \RDY:"<l'E provtdcs lor ngid -.y-;tcms 'itmilar to STAAD's 

master/si ave opuon wHh al! dcgrecs of frccdom <Fx. Fy. Fz, Mx. 
Yiy and Ml) prnvtdcd 3S constramts. Thc nades of a rígid system 

wtll be assumcd to be ngtdly conncctcd. Rtgid iystcmS are 

dcfincd using bcams Wtth the rigid bcam ¡:iropcrty specified. 

Thc Rigid Bcam can be uscd to moJel those elemcnls of a 

suucture which are vcry 5liff in relatiori to.lhe total structure. One 

nr mure rigtd beams fotm a Rigid Sy5tcm. 
Thc htghest numbcrcd nodc in cach rigid sy~tém (indepi:ndent 

nurlcJ Will rcmaan a part uf the clastic structural model. The 

rcm:uning nades tn ea~.:h rigtd system (dcpendent nades) will nOt 

be rcpresented in the stiffness matru lor the ebstic model. 
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Howcvcr, tf any ')tatic load!. :.1rc applicd tu thcsc dcpcndcnt nades. 

thcy wlll be cnrrcctly transtcrrcd Lo thc clastlc modcl. 

In thc nodal cqudibrium dcck, rurccs .tnd momcnts will appcar ál 

thoc;c nades contamcd tn :1 rigid \ystcm. A frce-body analysis of 

thc ngtd i)'Sicm wtll indu.:atc th:ll thcsc !orces and momcnts will 

he 10 Hatic 'cqudihrium wnh thc externa! loads acting on the rigid 

systcm. · ! 

"VIaterial Constants - ST ARDYNE 

Thc material constants are: moduli of dastaclly (El. E2. E3): 
wctgtu dcn!oity. POl!oStln'o¡ f3IIO 1 POI S¡.; 1: coe flicicnh or thcrmal 

cxpom!IÍon (.-\LPHA 1.2.3). G ¡.;, G23. GJ 1, ..:omposuc dampang 
coclfictcnt, and compo!ti!C 1.!lcmcnt f;ulurc cntcnon cunstanls. 

W..:tght dcnsuy ts uscd 1n ,t ... tll.: .analysts whcn sclfwcight of thc 

structurc ts tu be takcn tnto .u;count and '" Jynamtcs tu ¡;alculatc 

thc.nudal masscc; .. Poissun ~ ratto tPOISI2) may be uscd tu 
cakulaté: thc shc:1r modulu~ 1 G 1.:!. ), if G 1.:!. IS lcft blank. by thc 
formula. 

GJ1~U.5 •El/il·POISI1J 

Cocfficicnts of thcrmal cxpan~1on (ALPHA 1.:!..3) are Llsed to 
t.:akulate thc C:tipan~ion uf :he dcmcnb 1f tcmpcraturc Joads are 
.1pplicd. The tcmpcraturc umt for tcmpcrature load Jnd :\LPHA:, 
ha .. c to be thc ... ame 

The matenal constant direcuons are assumcd to be pnncipal 
J~rccuons. For bcams thc matcnal axcs .uc thc bcam local ucs. 
Fur so!Jd clcments thc maten al :ucs are thc global ucs. Foi- platc 
elcmcnts. thc matcnal ucs Jrc thc samc as the loc:tl plate :u.cs 

unlcss an a:us anglc 15 spcctficd for a platc. 

·,r 

1 .j fJI 

• • 

-· Section 6 lit 

6.9 Supports- STARDYNE 

S"L\RDY~E alluws speciricalions of supports that aTe p~rallel as 
Wcll as mclincd to thc global Jxcs. Each of thc poss1ble six nodal 
~upport dirccuuns may be rcstramcd or rcleascd. Boundary riode 
~upport dof lm:allons must be spccificd tn order to imposc known 
Jtspla~.:cments JI thosc lo~.:ations 10 a iiJlic arialysts. Thc actual 
Jisplaccmcnt ts specificd m cach load case input. 

6.10 Loads (STARDYNE) 

6.10.1 

Load~ in a 'itructure can be spccthcd as nodc loador tempcraiUre. 
Jnd clcmcnt loJd or tcmpcraturc. STAROYNE can also gcnci-atc 
thc icJf.wcight of thc structurc ami use itas umformly diStnbuted 
dcmcnt loads m analy<iic;. Any mul11plc or thts c;clf·wcight can 
.ll ... n he :tppltcd tn jny Jciircd dirccuun. 

Nodé Load 

'\mJc loads. torce\ & momcnts ur tcmpcraturc. may he applicd to 
Jny free nudc 11f J ilructurc fhcsc luaJs act in the global 
..:11ord~natc .,yc;tcm uf thc 'itructurc. Positivc forces act in thc 
rutitllvc t.:Ot>rdmatc Jirccuonc;. Any number of lriaJs imly be 
Jpplicd un a -.mglc nade. m Whtch case lhc loads will be additive 
lln that nade. 

1t docs not mattcr Which typc or typcs ur clcmerits aré coimcCtCd to 
thc nade elccpt that if thc clcmcntS cannol carry loads in that 
Jircctiun. thc load 10 thc unsupportcd dircctión will be ignored. 
Loads al supports will riot contnbutc Lo dcfhrmations or elt:fuent 
rcsults. 
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' 
u.2 Element Loads 

Beam Element Load 
Thrcc types uf loads· may be apphcd dircctly lo beam clcmcnts m J 

structurc. Thcsc loads are umfnrmly Jtstnbutcd loads. 

con~.:cntr:ucd Ioads, and hncarly v:uying loads (tn<;luding 
trapcl.otda.l). L.:mform lnads .H.:l un thc full ur part11al lcngth of J 

beam clcmcnl. Conccntratcd lo.1ds act .u any intcrmcdiatc, 

~pcctficd potnl. Lincarly varytng loads acto ver thc lulllength uf 
a beam clemcnl. Trapc101dal linear! y varying loads act over thc 
lullor parual lcngth ora bcam dcmcnl. Up lO 10 load 
dc~cripuons m ay he spec1ficd to act upon .1 beám clemcnt in any 

indcpcnc.Jcnl loading condJIIun Bcam dcmcnt loads can he 

spcctficd m thc demcnt counlinatc systcm or thc global coordtnatc 

systcm. Umformly dastnbutcd clcmcnt lnads providcd in the 

global coordinatc syo;tcm ma:-r he spcctficd to act .1long thc full 11 r 

proJCCtcd elemcnt lcngth Po<;IIJve force<; act 1n the posit1ve 

coordinatc dJTectJons. local nr global. J!l thc case may he. 

Tcmperatures may be spec1lrcd nn ~ pomts of cross--;ection and Jrc 

a!lsumcd ..:on!ltant Jlong thc l..:ngth. Thc t.l1 rfercncc bctwccn the 
spccrficd lcmpcr.tturc and thc ..tmb1cnt lcmpcraturc Wlll cause 

IOtllal . ..tJual 'itr:un and/or hcnúmg 'ilrarn rn proportum to thc 

thcrmal c:tpan!lrtln cocrfu.:Jcnl. alphJ. fnr thc maten ..ti ..tnt.l thc 
clcmcnt gcomctry. 

Plate ·Eiement Load 
On Platc/Shcll clcmcnts, thc typcs of luading that Jrc pcrmiss 1blc 
are: 

·,1 

IJ Prcssurc loading wh1ch consists of loads which act 

perpendicular to thc surfacc of thc dcmcnt. Thc pressurc 

loads can be of un1form intcnsity or tr3pezoidally varyiog 

intcnsity o ver the cni!Tc <;urfacc of thc clcmcnt. 

:!) Tcmperaturc loads wh1ch may be constant across the depth 

óf thc clcmcm (causing only in-planc elongation 1 

-ihortening) or may v:uy across thc dcpth of thc clcment 

causing bcnding and clongaliun un thc ciernen t. The 

Seclion 6 JéJ 
cocl ficicnt of thcrmal expansiun. alpha. for the material 
of thc clcmcnt musl be provided for computation of theSci: 

cffccts. Orthotropic propcrtics pcrmittcd. TempcrattireS 

may vary from nade lo nodc. 

3) Thc o;clf-we1ght uf thc elcments can be applied using the 

SELFWEIGHT luadmg condition. Thc densily of the 

clcmcnts has to he pravided for computatHÍn of the sclf­

wctght. 

Salid Element Load 
On Su lid dcmcnts. the luading types available are pressure 

vart'ation normal to cach facc, tcmperaturcs al thc nadeS, arid the 
,cll-wcight usmg the SELFWEIGHT loading r.:ondillon. Thc alpha 

· ..tntl/or dcno;ny nf the clcmcnts has to he providcd for coinputalton 

of thco;c loalh. fhree-JimcnsJonal urthotroptc properties 

pcrmttted. 

6.1 0.3 Node Temperature Load 

f .:mpcraturco; m ay be <ipcctficd al nodc'i or on clement $Urfaces. 

'ndc tcmr)eralUres arc·transfcrrcd tu t!lcment tcmpcraturei befare 

proccs .. rng Thc Jifrcrcncc bctwccn thc spcctficd tcmpcraturc and 

;he ..tmblcnl tcmpcraturc wtll cause tnitial a.xial ~\rain and/or 

hcnúrng ~tra1n lllf ht-:ui;:~l or tr1-8X1al 'ilram for :!d and Jd 
dcmcnts)Jn phlportion tu thc thermal cxpansion coerticients. 

Jlphas. fui- thc material anJ thc clcmcnl geometry. Orthotropic 

m:.tlcrtal propcrtics may he uscd. The program c:tlculates thc 

~tratos (clongallon and <ihrinkage} duc lo thc teritpcratun: 

Jrlfcrcnccs From this it calculalcs thc induced foi-ces in the 

dcmcnt and the ~walysts is done accordingly. Sodaltem¡jeratufcs 

wdl nut mduce bending ántial strain in beams or plates. 
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• 
; n 4 Support Displacement Specification 

D•~placcments can be spccificd al boundary suppurt nades tn 

')pctificd dirccuons. Displaccmcnt can be translalional or 

rotauonal. Thc r01ational J¡splaccmcnls are in rad•ans. Note 1hat 
displaccmc:nts ..:an he spcc•ficd unly in ~.Hrcctions in wh1ch thc 

buundary support nodc dirccllons are Jcfincd. 

STARDYNE Analysis Capabilitles 

(\lrrcntly av::ulablc analysn. capabalitics mclude 

1¡ StatJC Analys•s 
Stirrncss \oiudclinR 

~pplicd LoJad Mudcling 
Slatlc Equ.ltlon Solu11on 

~~ St:cond OnJcr Static Analys1S: 

·,; 

P-Dclt3. Analysis 

Stress Suffcncd stauc .tnd cigcnsolution 

Budling 

31 Dynamic R!!sponsc Analysis (Modal): 
\hss ~oJcling 
~atural frcqucncics J.Rd modcs analysis 

Response Spectrum anal y'iis 
Linear Time History analysis 

K~!v fcaturcs of cach typc of analysi5 are discoSscd in the 

foiÍowing 5cctwns. Dctatlcd thcorcticaltrcatrilents of thesc 

fc:l.lurc~ Jrc a>Jailablc in standard structural cnginccring textbook.~. 

ti 

IJ": .. 
llj 1:1 

~ 
llj ;1 

&' rl 

11 El 

1ra 

Scclion 6 3iiS 

6.11.1 STARDYNE Static Analysis 

STIFFNESS ~IODELI:-IG - The general >olution procedure 
...:unststs of (urmulating J. nodal '>liffncss ril.atrii from the finitc 

.!lcmcnts tbcJ.ms. platcs . .tnd sohdsl and performing oi'le or rilare 

:ni thc followtng opcratlnns: -ilatic .1nalysts, cigcnvalue/etgé:nvector 

c'tracllon . .tntl dynamtc response analysts. The static analysis and 
modal cxtraction phascs are bascd on thc "Stiffncss ~ethod" alSo 

knnwn as thc "Displaccmcnt \icthod". fhc assumptions and 

formulallons J.rc conststcnt W1th "Small Displaccmcni ThcOry" . 

Each limtc dcmcnt contnbutcs stiHncss to thc nades lo which il is 

...:onncctcd. E.tch dcmcnt typc has .1n J.ssumcd form of 

Ji .. pl:lccmcnt m a manncr whu:h <>allüics thc force cquilibrium and 

Jisplaccmcnt compatihdity .ti thc nodcs Thc nodal stiffneSS 

rnalncc5 al thc nldtvidual tiillte clcmcnts ari: rirst coritputcd and 

thcn transforrncd from thc lUi.;J.l clcmcnt ¡;oordinatc 5ySlerii to thc 
;;lubal ¡;oordinatc systcm. F!nally. thc tndlvtdual stiffncs5Cs 

-lS!->Ol:lated '-"llh l!:lt:h nodal pciant are ~yo;tcmatically sLimrilCd to 

llhtJ.ID thc llltallgloball .. tilfncss matrtX. 1 K 1. This square 

~ymmctric malrn nas up tu 6 l!quattuns pcr nodc. 

\.ssumptions or thc Stirrness \tethod 
Fnr J ¡;umjJictc .tnal:o"'>h t)l thc .. uucturc. thc ncccSsary matriceS are 

gcncrated un thc basis 11f thc following Js5umptions: 

t 1 fhc siCUI.:lUre 15 idcali~:cd mto an 3ssembly of bcam. platC. 

iolid. ~pnng. and matrix typc clcmcnts joincd togC:thCr ;ti their 

vci'ticcS t nades). The as5crrtblagc IS loadcd and reacti':d by 
¡;onccimatcd load5 :lcting at thc ~odcS. TheSc load$ miy be 

hoth forccs and rilomcnts whadi may act in any 5pectfiCd 

dircction. 
~ ¡ A be a m clcmcnt 15 J long11udinal ~tructural elcmcnt having a 

const:i.nt. Joubly symmcthc ora lincarly Upcred áosS sC:ction 

along 1ts lcngth. Bcam clcmcnts m ay carry axial foi'cé:S, shear. 

and bcndlng 10 two J.rh•trary perpendicular planes, ana are also 

subjcctcd w torsion. 
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J) A platc dcmcntls athrcc ur tour nm.lc llat clcmcnt having 

constan! thtt.:kncss J.nd 11rthotrop1c propcrtlcs; or composltc.: 

l:1ycrcd propcrt1cs; or may be axi~ymmctric. 

..J) A salid dcmcnt is a four to ctght nodc thrcc dimensional 

ch;mcnt havmg untform nrthotropil: propcrtJcs. 

5) A general matnx clcmcnt may be a -,pring or gcncratc:d 

dcmcnt matrH:cs or ls~cmblcd stpTncss 1 mass matrices from 
an externa! 'iOurce. 

bJ Bcams ha ve 1 to b dcgrccs of frccdom (DOF) at c.:ach node: 

pi ates ha ve 5 DOF: .tnli ,o/Jds ha ve J OOF. Bccausc of th 1 ~ 
m1smatt:h m DOF, thc ..:onncctlon hctwecn so lid clcments .1nd 

platcs or hcams nccds 'iopccial modcllng. 

7) Thc sol ved interna! dcmcnt force~ :tnd thc applicd externa! 

loads actmg nn .::ach nodc Jrc 10 c.:quilibrium cx~.:cpt al 
iuppons. 

~) Two typc!~nf coordinatc ~y·Hcms are uscd m thc gcncrallon nf 

thc rcqu•rctl matnccs ..1nd ..1rc rcfcrrcd lo as loe .JI ..1ntl global 
~ystcms. Local coordinatc ..1xcs ..1rc ..1ssigncd to t:ach md1v1dual 

clcmcnt antl ..1rc oncntctl 'IUCh that ..:omputing dfnrt for 

dcment sttiTncss matnccs are gcncr.Jiit.ed and m•nlmi~:cd. Thc 

nutlal coonJinatc 1npu1 datJ. .tre by Jctinition tn thc Global 

cuordmatc ax•~ 'iystcm. Thc asscmhlct! forces JnJ stiffness 

and thc -,olvcd i.hsplaccmcnu are m th1s Global ..:uordmalc 

'Y\II:m 

APPLIED LO.\ O \100Ell:'olG- LoaJ., may he :~.pplicd in thc 

form uf dtstnhutct.l load!~ lJn !he dcmcnt .. urfaccs or ..1~ 

con~:cntratcd load3 .u thc nndci. dcmcnt thcrmal gradicnts, 

prcssurcs, inerua ( sclf -wc1ght 1 loads :1nd imposcd nodal 

displaccmcnts Using standard finnc clcmcnt mcthods thi:: 

loadings are 3!1Scmblcd 1nto a nudal fon;e vector. 

ST.\ TIC EQL\ TI ON SOll:TlON · During a stat1~.: .malys1s, thts 
matru cquatwn is so !ved: 

1 K 1 • ili 1 = 1 P 1 

Whcrc 

1 K 1 =!he st¡ffnco¡s matrix 

! ó 1 = thc rcsulting nodal displaccmcnt vectors 

1 P 1 = the applied nodal force vcctors 

Static cquatiun soluuon uses onc of two methods: 
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1) PrcconJ¡tioncd conjugatc gradicnt solver (TurboSolver}. ThiS 

inlvcr ts much raster than method 2 .tnd uses much lcss disk. 

rhc TurhuSolvcr 1s usct.l whcncvcr pnss1blc lno inclincd 

.. upports f .-\SYSG). 'ipnng iupports. or rigiJ 'iystems 

t mastcr/'ilavc) :illowcd l: uthcrw1o;c a 

2) ~odificd Gauss. LDL r. vanablc bandwidth solver is used. 

fhis solver is alwayo; uscd m thc cigcnsoluuons. 

Consideration or 1 K 1 \fatrix Bahd~idth 
\1cthuJ 2 ILDL T) is more drictcnt whcn the equations are 

rcurdcrcd lo ha ve thc non-tero 1 K! malrlll terms rorm a 

narrnw hand abuutthc diagonal. ST,\RDY~E 
automattcally ..:umputcs l nc:uly optimurn node arder. For 

th1-, typc ni m:Hn"< fcwcr c;¡lculatwns are rcquired dueto 

thc (Jet 1hat tcrmi uuts1Jc thl! hanJ Jrc .111 cqual to i.ei"o. 

ST \ROY:--.IE takcs full advantagc uf the variable 

hanJwtdth Jui"1ng thc inlut!On 

lnd~pendcnt ·•Oisjoint" Structures tSiructui-al 
lnti:grityl- L:nllkc STAAD two tJr more indepcndcnt 

strUI.:turcs may be 'iolvcd. Check thc ··mcssagc file·· for 

disJomt ·Hructurc mcssages to 'ice ir indcpcndcnt structurcs 

wcrc dctcctcd. Solvmg muhtplc structurcs in onC: analysis 

is not rccummcndcd and 1s usual! y thc rcsult of a modcling 

error. 

Sumcrical loStability l»roblems - 5i.áculariUes: 
Instability problcms can occur Juc to tWo prim.iry rc:áSons. 

1 J ~odeling problem . Thcrc are a varic:ty of 

modding problcm.S wh1~.:h can &ivc: Hsc lo 

inst:~.bdity conditwns. They can be clasiified ii1to 

1 wci gruup'i. 

. ---.., 
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aJ Local mstab1lity - A local instabihty is a 

condition whcrc thc lh.ity condllions al ari 

clcmcnt nodc are such asto cause an 

instablilly In thc clcmcnt about one or more 

dcgrccs nf rrccdom. Examples uf pussiblc 
lu..:al m~tabthty are: 

ti) Bl!Jm Rclcasc: Bcam elcmcnts rclcased at 

both cnds for any of the followtng degrccs 
uf trccdom (FX, FY. FZ and MX) rilay be 
subJcCtcd lo this problcm. 

(ii) TRCSS ur ali1al uitly bcams have no 

..:apacny to tran:.fcr shcars or mumenls 
from thc supcntructurc to thc supports. 

Dcn.:n~..hng upori thc load carrying capaclly 

uf ihe rcsulting <;tructurc thcrc may be a 

IOl::li 1nstability. 
(iu)ST.\RDY~E pi ates do not ha ve the 6'' dof 

1 r01a11nn about thc normal tu thc surf:icc 

dirct.:twnl :U c.:ich nudc. 

~OTE 1: 
Zcru Sllffnc.,s JI a node tn une or more directwn., 

,., OK. LL~JJ., -11 those J~rccuons Wlll be tgnorcd 

~OTE 2: 

Fur thc LDL T .,olvcr. ~odc Point S•ngularltics Jrc 

corrcctcd 1but not for thc TurboSolvcr). This 

'~>lngularuy i.lccurs when thcrc is a tero stirrncss 

Jircction othcr than a global directlon. 

b) Global lnstability · Thcse are ..:auscd when thc 

supports uf the structurc are such thal abey 

cannot uffcr any rcsistance to rilotion, !liding 

or over1urning or thc structure 1n one or more 

t.lirecllon'!.. An cumple IS that of a structure 

with all thc supports relcased for FX, FY or 

FZ. 
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~~ :vi:Hh prccision · A math precision error iS caUsi:d 

whcn numcrical instabililies occur m the matri)( 

dccompo~llio~ process. Whcn a very "stifr 

clcmcnt 1., .tdjaccnt tu a vefy "Oex1hlc"' elcment, a 
math prcctsion error may occur. Rcplace uirr 
dcmcnts With :1 rig1d ->ystcm or artificial! y softcn 

thc dcmcnl. 

l"hc loai:is aml 'itrcsscs 1n thc dcmcnts :1i-c computcd using the 

cnmputcd noJ:1l displaccmcnl vector. 

6.11.2 st ÁRDYNE Second Order Static Análysis 

Stress Based StiHnéss Modeling /Starl 

S f ARDY:"iE ..:an compute Jdditional hcnding illffnCss for bCams 

JnJ platc'> g:ivcn thc :1x1al ur 1nplanc '>lrcsscS. Thcsc m:i.lricés are 

l..nnwn :ts gcomctric .;.llffncc;o; matrice->1 Kgl. When a sttés! 

·aiffcncd rclatcd anályc;to; is choo;en 1 .;.tatic. ctgerisolutiiin. 

hu~.:kling. of P-Ocha) thcn J -.tandart.l .;t::ttic analysis is pCrformcd 

llr'>t to compute thc platc & bcam .,tre.,.,cs. From thosc Stresses 

Jnd thc clcmcnt gcnriletry. thc Jc..ldittonal hending sliHncss iS 
..:orhputcd Thcn thc Jnaly'il'> IS pcrformcd with thc additiohal 

~11ffnc~s tnduJcJ. 

Buckling analy'ic'> rcqutrc L\:-ICZOS 1 DY~A~IC cntry) not HQR 

.Jn thc -;ccunJ ron. Strc-.~ '<;tiffcnct.l" natural frcquencid may usé 

.:1thd ctgcnvaluc mcthod. 

\11 qoaJ platc clcmcnts tQCADB. QG,\DH. Ql;ADS, QUADC) 
mcluding cum¡wo;ilcs can he accommodatcd. ahhough the 

gcomctric 'iliffncss matrn wdl he thc o;arilc for all type!. All 
tnangul::tr platc typcs may al so be accomrilÓdatcd includiog 3-nodC 

membranc quad pi ates. .. 
Bcnc.ling only pi ates and/or bcams, or '>o lid clemcnts, or mitrii 
ctcmCms prndUl:c no ~trc'is 'iliHcmng and thcrcforc do nol 

cuntributc tu hucklmg. Po'iittv_ely 'itreo;scd clcmcnts becorile stirféi' 

and negatlvcly -.tres sed dcments bccnmc more nc:tible . 
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Thc loltow1ng STARDY~E rc.:uurcs -.huuld not be uscd, or ')hould 

h~ ..:tms•dcrctl ..:arcfully whcn used m .;trcss "sttffencd" or buáhng 

:wal~";cs: ASYSG: AXIS -\:o.IGLE; SuliJ Elcmcms cln be uscd hut 

no 'ilrcss sllffcmng wtll rcsull from thcm ami thcy will not cOt..:r 

mtu Jny buckhng cJiculauons. ullSi.!l hc:.uns. clbows. p1pel .. md 

pwncd bcams .trc trcatcd .b ~t:wdard \tra~ght bc:tm~ ..:nnncctcd 

w11h b DOF/nudc .al cach cml tll thc bt.:.1111 

P-Oelta IP-6) or Nonlinear (Star) 

WHA T: Th•s :s an 11eratwe. geometncalfy non-finear stalic analysts. 
lit S ohen usea as part of an analys•s of a bwfding to account for the 
moments mduced aher lateral d1splacemenl of the orrgtnal appl1ed 
torces. 

WHY. Pnmanly used as parral an ana/ysiS al a bUilding to account lar me 
momen1s •nduced aner lateral cbsplacement ol the o"!}lnal appl1ed fon:es. 
WHY STARDYNE. Two apt1ons: (1) updares nade caotdmates w•th each 
1terat1on: (2J sotve ,ncremenra/ly 

HOW: Select anly one starc toadmg case then selecl P-Oeha analysls 
spectly•ng Wtucn opt1on. ane1 number of 11erat10ns. 

. '1\tltl! !hal!hc ·ull load ..::~ .. e ffiU')I he "'lvcJ ..,¡mult..ancnu-.ly lor thl'> 

t~pe 1)f JnJIY''"· 1 . .:. !he :.11l:r..al lua1.Íing ffiU')l be ¡nc~cnt 

..:ont:u~rently ...,1th thc verut::~l loading !'m proper ..:tln')u.JcratllJn ,,¡ 
:h.: P-Oelta .:lfcct. Other :ln:.~lysc') 1h..1t th1s proccJurc may bl.! usl.!d 

iur .uc: 

..11 probh:ms with largcr Ji')placcmenl$ whdc thc clcmcnts .are 

undcrgumg small ... tram; 

h¡ poruuns or all "1 thc '\lructurc are ncar buckling orare 11110 

Simple pn'it-buckhng likc o;n..ap through 

Yuu llrst spcctry thc numher uf 1tcraliuns or load ~lcp" (dcfault Í'i 

-' 1 Thcre is no check for convergencc. Ncxt, e hume betwcen thc 

o'ollowong op1111ns: 2a. ORIGINAL. Apply thc lull load on cach 
itcr:uion anJ Jdd thc dcturmallun lo thc tHJglnal nuJc t:oordinatcs 

to u~c ~s thc nudc coord1natc') for thc ncxt 1tcrat10n !h . 
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CURRENT - Sol ve incrcmcntally. Apply thc loads in incrcments 

t appllcd loads div1ded by { 1# af incremcnts+ t )). Sol ve 1#-of. 

mcremcnt times with coord1natcs and deformalions aecumulated. 

Thc J.crauhs of ..t itcratwns and original coordinales (ia). should 

he .. H.Icquatc fur p.u, cffccts in buddings. For other. more complex 

.1naly~cs, thcn mure itcratwns and uptwn 2b may he neccssary. 

LJrgc dcform~H1ons criuld mvalidatc bcam \oc-JI ..:oordinate 

J_climt¡uns ..am.J warp platc clcmenls. Thc local bcam coordinates 

in thc 1ntcrmcdiatc incrcmcnts are not rriovmg with the bcam but 

Jrc ha')ed on cHhcr movmg nudes wh1ch probably are nol moving 

w11h the hearn tH on an Jnglc uf thc bcam to thc fixed globál axcs. 

Dclormcd lnd displaced pi ates oflcn hccomc warpcd or distorled 

v.hu:h Jcgr:~de" thc accuracy uf thc ciernen t. 

rhc \.:urrcnt' cnordin~te-. opuon (wh11.:h •s an ~ncrcmentalload 

wnh updatcd coordinatcs alter cach iterattonl should have good 

linal J¡spla~.:t:mCnts. Thc J¡<;placcmcnts. clcmcnlloads and 

~tre"'iC'i. and nudal equ•hhnum check rcsults outplll are thc 

-.ummatwn ul thc results from cach of thc tncrcmcntal iterationS. 

f'hc clcmcm JnJ nudal o:quilihrium rc:sults .ITC: :1ppro~1matc lO 

lnaccur;tiC Jc:pcnding oh 1hc .1mount 111 dispbccmcnt and rotalíori . 

Bt.:lli.!i" rc .. ulh ltH thc clcmcnts would he llbtainl.!d by applytng thc 

t in al Jisplaccmcnts :b a '\talle load case un thc mude! With lhe 
.nqpnal coordinatcs. 

Stress Sliffened Static and Eigensolution (Siar! 

WHA T. T1'us is .:i load case specrfic analysis. CompresSion 
stresses 1n beam and plate el8ments are usBd to deterrmne s global 
addiltonst sltffmiss mstnx ([Kg}) to add to the global sltiÍness matrix 
m e1ther a static or eigensolution. 
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WHY: Pnmanly used when the tension or compression in beam or 
plata elements wi/1 contnbute sigmficantly lo those elerrientS 
bendtng sttffness and that the mcreasBidecrease tn stlffness is 
imporiant to the solution. 

HOW: Select only one stat1c loading case then splect Stress 
Sliffen.ed StatJC ar Eigensalution. Other mputs arB the same as 
normal analyses. · 

Thc static global matrix cqtiation becomes: 

1 K + Kg 1 • 1 5 1 = 1 P 1 

Thc ergensolulion global malrix equation becoines: 

w' 1 m 1 1 q 1 · 1 K + Kg 1 1 q 1 = o 

Slrcss ",uffcncd" nalural frcqucncics may use ellhcr .:1gcnvaluc 
mclhud. 

Buckling !Starl 

WHA T: Euler bucklmg cak:ulation based on a smgle stat1c load 
distnbutlon. Compress1on stresses m beam iind plate e/Bments are 
used ro deteirnine a gtobel stabllrty matnx ([Kg)) ro use m place o/ a 
mass matnx m an eígensolullon. The w2 resutts are the buckling 
factors. 

WHY: Pnmanly used lor s/abrlity anafysrs of parts o/ structures or 
mechanical parts. 

HOW" SelifCI only one stauc loading case lhen select buck/ing 
anal SIS. 

The process of cali.:ulating thc systcm buckhng factor and buckled 
shapc in vol ves first <>olving the static load case for displacemcnts 
and bcam uial stresscs and platc inplanc strcsses. From theSe 
sucsscs, additional bcam aod platc bcnding suffness can he 

!: 
•,f 
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.:umputed. \ Kg\. Thc o;ulution of thc fultuwing cigCriproblem Will 
rc<;ult in thc amount that the applicd load case would ha ve tri be 
fat.:torcd (BF} to.~e at thc critical Eulcr buckling load. The 
bucklcd shapc ~~:~Ormaliicd lo a rilaximum disp"iaccmerit o·r onc. 
To gel thc actuál Jisplaccmcnts and strcssc<> atthe critica! 
buckling load. rcpeat the static analysis With thc origini.l loads 
multiplied by BF. ,. 

B r- 1 Kg 1 1 q 1 · 1 K 1 1 q 1 = o 

Whcrc 
:Kg] 
BF 
1 q 1 

= the gcOmctric wrrncss matrii !bandcd symmcti-ic) 
= Buckling F:::tctor 
= thc nurinalilcd bucklcd shapc 

· Fur huckhng :tnalysts. thc Lancws cigcnvalues are critica! 
huckllng factors Thc ¡;rltical buckllng loads are (all of the loads 
:h.1t yuu ha\'C Jppltcd) ttmc'l (thc firH huckllng factor). A positive 
huckling factor that ts le'>'> than onc tndlcatcs thc applicd load IS 

JrC:Hcr than thc huckling load. A ncgativc buckling ractor 
;ntll~:..IIC'> that thc Jppltcd load case IS IR thc oppoSitc dJrCCtion or 
thl! luading that wuuld .:au!.c buclding 

\;oLe that all load .. Jrc ..:un:-.ttlcrcd to be factorcd. Ir sclr weight 
.md ..;ompfc..,•aun .1rc Jpphcd. thcn thc buckling factor would be for 

hoth thc cumprc'is!On and thc sclr wcighL 

Buckling anaJyo¡cs requtrc LA~CZOS, not HQR. 

6.11.3 STARDYNE Dynamic Response Analysis 

Currcntly availablc dynamic analysis capabditics includC solution 
t.ir thc free vtbratiOD problcm (etgcnproblcrft) aod severa) rofccd 
vibration eicitallon analysis typcs. responSe Spectrum analysis. 
hncar time history analy<>is. and stcady <ilate barmonic an:ilySis: aH 
utili.ting modal supcrposition mcthods. The dynamic rC:sponse 
rcsults are pre<>cntcd aS 'itructural ddormatioos (displacemCnt9. 
vdm:ltii!S, ur .lccclcratiOn:-.J .1nd as mtcrnal clcmcnt loads inJ 
'itrcsscs. 
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Mass Modeling (Siar) 

Thc natural frcqucnctcs J.nd modc shapcs of a structurc are thc 

pnmary paramctcr~ that .Jifcct thc response ni a )tructurc undcr 

dynamit.:: loadtng;. Thc free vtbration problcm is ,ulvcd to l!:<lra~:t 

thcsc valucs. Sin ce no c~tcrnal forcmg (unction its in volved. thc 
. ' 

n:.llur:Iilrcqucnc¡cs and mude ~hapcs J.TC J¡rcd functwns of th~: 

stttTncss o~nd rnass distnhuuun m thc '\tructurc. R..:suhs of thc 

frcqucncy .tnd moJe shapc o..:alculat!Un.<. may vary ~igntficantly 

dcpcnding upnn thc mas!!. modcling. Thts vanatllm. m turn, affccb 

thc Jynam1c Jnaly~is rcsuhs. Thu'i, c'trcmc caullon c;hould he 

ctcrctscd m mass modclmg 10 J Jynamtc .J.nalysts problcm .. -\..:uve 

ffi..I~SC'i should he modclcd JS lnads :\11 masscs that are capablc 1Jf 

muvmg ihuuld be modclcd JS loads .1ppllcd 1R .111 pnss¡blc 

J¡rc~.:uons llf movcmcnl. In rc ... pon!lc )pcctrum analy•us. as a barc 

m1mmum. al! mas ses that .1rc ...:apable of movmg m thc Jncctiun ol 

thc 'ipcctrum. must be prov1dcd as loads acting in chat Jircctiun. 

h 1~ 'ilrongly rccommendcd that unit ,e ir wc1ght be .1pplicd 10 thc 

X. Y. and Z d1rccuons in all ST.\RDY~E Eigcnprohlcrnldynamu: 

analyscs e ven fnr ~-0 framcs ur 'ilructurcs loadcd m onc or lwn 

global dircction'i. This w¡JI gcncratc 1odal masscs hJ'>cd on 

Jcnsny and ckmcnt volumc~ . .-h m ST.\AD thc .tddtllonal ma~'c' 

al J potnt can be lpecificd .1~ lurcc'i. 

GLYA:-.1 St:PPORT DOF 
lf thc HQRIJ-Guyan ctgcn~oluuun mcthod t~ chO~cn. thcn you 

should sclc:ct ... o me mass Jof {Guyan Jof) lo be rctJmcd m thc 

cigcn)olutton. fhc othcr mass dof wlll be 'ilatically rcdistnbutcd 

(transformcd) to add to thc sclcctcd mass dof rcsult1ng tn a full 

mass matru. {non-diagonal l. Th1s mcthod is dircctly analogous tu 

thc stat1c condcnsauon of sttffness at Interior nades to sllffness at 

boundary nades u sed in suhstructurcs or in sorne finitc clcmcnts. 

No 'itiffncss 15 lost or changed but thc kinctic cncrgy of the mass 

IS modified. Howcver if ~ rcasonably lilstnbutcd Guyan dof are 

choscn. then ~ 1 2 or the lowcsl cigcnvalucs will be accurale. 

Th11 procedure ts only uscd by cngtnem who know how to use 
Guyan Jor to elim1natc unwantcd locali.tcd modcs. 

·,1 

l._} ¡fl 
1 
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Damplng Modellng (Siarl 

In thc modal dynamic response mcthod, damping is entered as á 

Jamping ratio {as 3 fraction o[ critJcal damping; 5% damping is 

cntcrcd as 05) for e;ich cJgenvaluc/mode uScd 1n the response .. 

\n altcrnaltvc tu thc uscr spccifying a value for cach mode iS the 

¡:umpositc modal damping mcthod uf assigning damping for each 

mude. This mcthod is bascd on the coricept uf diffei-ent matcrials 

havtng diffcrent dampmg rallos and that a particular modi::"s 

Jamping ratio .¡hould be a weighted aver:Jge of the sti-ain cÍlergtes 

• Jampmg ul thc matcnals uscd. 

Solutlon of the Eigéntlroblém (Siatl 

fhc l!Jgenprublem is 'iOivcJ for structure frcqucncics and mude 

,hapcs consJdcring a mass matru lumpcd at the nodcS {See ~aSs 

\.ttodcling Jhuve). ~asscs al all al:tlvc d.o.f. may be constdcrcd. 

\ny ltructural modcl whrch consists of l stifrness matrix and N 

mJ!'>'i dcgrcc" nf frcedum cunt:uns ~ normal mudes of vibr:uion. 
Each normal moJe occun JI a 'ipccJtic frequcncy uf vJbratJOn 

:...nown as .1 nJ.Iural frc4ucncy lur cq~_cnvaluc). :\1 thcsc 

ircqucnclc,_ thc nndal Jl\placcmcnt'i. knuwn as thc moJe shape (or 

.:JgcnvectnrJ. u.;cillatc frnm pn'iittvc tu ncgati\e .1buut 0.0. Thc 

.1Jvantagc uf modal mcthuJs are that unly a small numbcr or thc 

lnw frcqucncy mudes are neccssary lo ubtain good dynafuic 

rc'>ponsc rc.,ults. 

fhc proccs-. .,r calculallng thc systcm c•gcnvalucs and 

c•gcnvcctor-. 1'\ known as \-tuda! Extrat:lion ánd ts performed by 
-;ni vtng thc cquation: 

._ ... , 
• 



'":í ! Secuon t. 

S rt\ I{U i N l: tur S 1,\,\IJII'¡ o 

lll" 1 m 1 1 q 1 - 1 K 1 1 q l = n 

Where 

1 rn j = thc rna:.s matrilt (assumcd tu he diagonal, i e, no mass 
!.:nupllng) 

(1) = thc natural frcqucnc1cs {cigcnvaluc~) 

1 q 1 = thc normalit.cd moJe shapc~ (cigcnvectors) 

Frequency (liZ) = w/2rt 

Two <;olutinn mcthods are availablc: thc Lanc1.0s ("Lan ChOs") 
method (rccommcndcd) and thc IIQR!l-Guyan mcthod. 

Picase note that vanous nomcnclaturc is uscd 10 rcfcr lo thc 
normal mudes nf v¡hration. (Eigcnvaluc, Natural Frcqucncy, 
Muda! Frcquency and Elgcnvcctor, Gcncralitcd Coordinatc, Mude 
Shapc. Muda\ Vector, Normal Mudes, Normaht.cd Modc S hupe. 

GENERALIZED WEIGIIT AND GENERALIZED MASS 
Eal:h cq;cnvcctor (ql has an associatcd gcncralitcd mass dcfincd 
by 

Gcncraht.cd Mass (GM) =1 q } 1 
\ M l 1 q 1 

GcncraliLcd Wcight (GW) = GM "' g 

PARTICIPATION FACTORS. A participation factor (Qi) is 
computec.J for cach cigenvcctor for cach of thc thrcc global (Xi) 

lranslational dircctwn~. N is thc numbcr of nodcs. 

MODAL WEIGIITS · Thc summauon of modal wcights foral! 
modc~ in a givcn dircction is cqualto thc Base Shcar which would 
rcsult from a une g base accclcration. Thc modal wc1ght for cach 
mude = (GW)(Q, 1) The sum of thc modal wcights for thc 
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computed modes may be compared lo the total weight • 
Structure (thát has ñot been luinped at Supports). The dú • ..:r'encc is 
the amount of mas! misiing from a dynamic, bBsC d.citation, 
modal responSe analysis. Ir too much is miSsing, thcn rcrun thc 
eigensolution asking for a greater number of modcs or rcad about 
how to erilploy the MisSing MaSS Corrcction mcthod. 

l.anczos Method and Free-Free Struc:tureS • An unrcstraiilcd, 
freC-frcc modcl haS zero cigenvalues that mBy be solvcd in 
LANCZOS. HoweVcr )'ou must knoW that zero cigcnvalucs lirc 

exPectcd and select the Free-Free option. lntcrnally thc program 
wi11 compute a shirt hequency, ro2, which wi\t be usCd lo crcatc a 
matríi,(K1J, to be added lo the stiffneSS málrii,(Kl. prior lo thc 
eigensolution (IK1] = ro2 {MI). The cigenveclors of thc shirtcd 
eigenproblcm are exactly the Same and the frcqucncics are shiftcd 
by ro2 from that of the actual eigenproblein. So we simply add ro2 
to each computed frequcncy and we ha ve complctcd an othcrwisc 
unsolvablc Singular cigenproblem. tr, howevcr, a singularity is 
stilt dctected during decompoSition, it is an indication thatthcre is 
a portioil of the Slructurc without mass that is free lo movc 
statically relative lo the rest of thc stl-ucturc. Such a suucture 
could nol be sol ved staticalty eithcr. For eiamplc, a free-free 
beam which has Are·a, 12 and 13 propcrties, but has masscs in only 
the transversc directions docs not ha ve mass in thc aXial dircction 
and consequcntly will be singular in that direction. The rcmcdy 
would be lo sel Area=O.O or restrain the axial dircction, sincc 
without mass, no axial modes can eiist. 

~-~~------ ~- -~~ -·~~ ~~-----~------_........., ................. _________ ~~ 
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~.11.3.1 STARDYNE Response Spectrum Analysis 
(Dynre4) 

WHAT. Approx1mate modal anafys1s wh1ch computes the "Modal 
Responses" dueto a g1ven d/fectJonal, base exciiBI!on, response 
spectrum. Each mode's response lo a given excitation direct1on are 
lhen combmed, using one of /he many methods aval/able, lo form 
the total response lar thatmput direction. lf there 1s more than one 
dlfecf¡on of mput, the total responses of each direclion are then 
combmed by the SRSS method. 

WHY: Pflmarily used for se1smic structural engineermg of 
bwldmgs. 
WHY STARDYNE: supports .. missmg mass", mulliple base 
excitation; dtstributed force excitation; the SRSS, CQC, Gupta, 
Doub/e Sum, NRL, Ten Percent, cfosefy spaced group, etc. 
methods In addition, a more reaflstic method is available: weighted 
average of COC (or Gupta) at low frequencíes (-3Hz) and afgebra1c 
sum at h1gher lrequencies (-20Hz). 

HOW: First perform the Mass Modeling step carefulfy, noting that a 
revised node/e/ement modef w1th additional m1d-span nades with 
masses may give better dynam1c and efement resu/ls. Next, dec1de 
1( Missmg Mass mades are la be campuled. Then sefect the 
number al e¡genmades andlor frequency ranga required. Next, 
perform lhe etgensolution and ensure that the des/fed frequenc1es 
w~re computad. Naw you are ready for the Response Spectrum 
Analys1s 8/ep. 

Response Speetrum Analysis allows the uscr lo analyzc the 
response of multi-degree-of-freedorn linear clastic strueture 
modcls subjected loan arbitrarily oriented l"oundatmn 'ihock 
response spectrurn input. You may enter Response Spcctra versus 
Frcqucncy tables or selecl some ralto of the averaged response 
spectra ~hapcs cornputcd lrom the 1940 El Centro, 1934 El Centro. 
1949 0\ympta, and 1952 Taft earthquakes for any uf the directions 
Of tnOllOO. 

Scction 6 J!)!J 

For any supplied response ipeClrum (aceeleration or vdoetty or 
displaccmenl vs. frequency) the following mliy be calculatcd: node 
disp\acement, velocity, and accelerB.tiofl; elcmcnt forccs and 
stresses. and support rcactions. Results of the response speetrum 
analysis may be combined with the resultS of the sta\lc analysis lo 
perform subsequent design. To aceount for reversibility of 
seismie activíly, load combinatioi"ts can be created lo inc\ude 
either the positive or negative contribution of scismic results 

The Response Speetrum Analysis appendiX contains: a complete 
mathcmatical dcscriplion of thc 20 modal eombination methods; a 
dcscription of the U ser furnished force or multi-base excitaticin 
analysis proeedurcs; aÍld the spectra for the NRC SSE Safc 

Shutdown Earthquake. 

6.11.3.2 STARDYNE Linear Time Hlstory Response 
Analysis (Dyrire1) 

WHAT: Modal dynamiC anafysis which computes the ~Modal 
Responses" versus time due to forces shdlor ground motions that 
may vary with time. Each uncoupled mode'S time history responses 
are summed to form the total struclure response versus lime. 

WHY: Used for any time varying farce-motion analysis mcluding 
seismic, forced vibration, etc. 
WHY STARDYNE: supports "missing msss"; mulliple base 
excítation; solution method may be more sccurate for high 
frequency input torces like esrthquakes, whofe structure response 
at speclfic times uSíng nodal torces (F = Ma.) rBther than 
displacement, select times for whole structure response based on 
limes that specific stresses or dísplacemBnts reach peak values. 
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HÓW· First perlorm the Mass Modelmg step carefully, noting that 
a rev1sed nodele/ement modal with add1l1onal m1d-span nades w1th 
masses may g/Ve better dynamiC and element resu/ts. Nexl, decide 
¡f M1ssmg Mass modes are lo be computad. Then select the 
number of e1genmodes anctlor frequency ranga required. Next, 
perlorm the e1gensofution and ensure that the desired frequencies 
were computad Now you are ready for the Linear Time History 

Anafysis Slep. 

STARDYNE ha!> the capability to perform a lineai modal rcspon~e 
hi~tory analysis on a !>lructurc subjcctcd to time varying forcing 
function loar.ls at thc nodcs; ground motion al its base; initial 
displaccmcnts and vclocHics: and multiplc base accclcraliOnS. 
Output con!>ists of nodal d¡splaccmcnts, vclocities, accclcrations, 
clcmcntloads and stresscs (Picase scc thc Non-Linear Modal 
Time 1-Hstory Response AnalysiS if you nccd lo modcl simple 
nonlinearitics with your analysis. Therc is a\so a "dircct 
integration" mcthod time history method if you ha ve a spcciali;.cd 
problcm rcquiring thal mcthod]. 

Thc Linear Time History analysis is pcrformcd using lhc modal 
supcrposition method. Hcncc, all thc acttve masses should he 
includcd in 1hc dctermination of thc mode shapcs and frcquencics. 

·Picase refcr to the scction ahove on "mass modeling" for 

additiona\ information on this topic. 

In thc modc superposition mcthod, it is assumed that thc structural 
response ~..:an be obtained from "p" modes (usually the lowcsl 
frcqucncy modcs)._ Thc cquilibrium cquations are writtcn as: 

Equation ( 1) reduces to "'p" separatc uncouplcd equations of 

thc form: 

( 1) 

(2) 
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where ~ is the ritodal damping ratio and có the natUral frcqucncy 
for thc i th mode. 

Thesc uncoupled modal equations of motion are sol ved by thc 
LaPiace tran5form method from one solutiori-time-point lo thc ncxt 
solution-time-point (thiS is nota numerical intcgration mcthod likc 
the Wilson • 8 method). There is á solution-timc-point at cach 
time that any load curve changes slope as wcll as al the requeStcd 
ciutpul times. With the assumption that the load curves are linear 
bctwccn solutlon-timC-points this method is ci3.ct and stablc. 
Unlike in STAAD, this melhod docs not requirc an intcgration 
time stcp for solution accuracy but does nced thc uscr lo Specify a 
sufficicnt ñulnber of output times to altow linear X-Y plots to 
reasonably show the peaks and shape of the response curves. 
ThcfC is no advanta8e in h8.ving thousandS of output time points 
however. 

Output consists of "felative" and "absolulc" nodal displaccmcntS, 
velocities, aecelerationS, element loadS and Strcsses. For selcctcd 
element Stress locations and/or selected node-direction 
displaccments or liceelerationi, thitt response válue may be 
diSplaycd its a function of time. "Relative" response is (for the 
case of base ground ritotion) the nodal response relalive to thc base 
motion (basicalty the e las tic part of the response). 

Thc user may also Seleet times (andfor ha ve the program select 
peak times) al whieh lhe response of the complete struclurc is 
computcd. The results and display$ that are then madc possiblc 
ai"e similar to those in a static solution. The uscr maY selccl lo use 
cither nodal foi"ces (F = Ma) (recommended method) or 
displaccmcnts althe selccted times for the calculaticin of clement 
forccs and strcsses and the Support reactions. 

Lcss frcqucntly used features includin8:: enforccd nodal motions, 
individual modal results, large mass and relative ~otion methods 
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lor muhi-ha\c cxc!tatwn: are dcscrihed in thc Linear Time fli~tory 
appcndllt 

1.11.3.3 STARDYNE Steady State Harmonic 
Frequency Response Analysis (Dynre2) 

Vl(HAT: Modal analys1s which computes fhe "Modal ResponseS" 
due to a given direct1onaf, base exciiBI1on or d1stnbuted forces w1th 
their magmtude varymg o ver the selected frequency range. Each 
forcing direct1on can be out of phase wtlh the other d1recttons by a 
phase lag angla. Each mode's response 1s computad and then 
summed to form the total response for each frequency. 

WHY: Used to understand the response of a structure toa broad 
range of frequenc1es. Could be used as a basis to tune a structure 
to minimiza response or to modify the frequency of the torces to 
avoid resonance. 
WHY STARDYNE: supporls "missing mass"; mufliple base 
exc1tation, more accurate and stratghtforward than a sine wave 
input lo a time history analysis. 

HOW: First perform the Mass Modelmg step carefulfy, notmg that a 
rev1sed nodelelement model with addiltonal mid·span nades with 
masses may giVe better dynamic and elemenl results. Next decide 
1f Missing Mass modes are to be computad. Then select th~ 
number of eigenmodes snd/or frequency ranga rBqwred. Nexl, 
perform lhe eigensolution and ensure that the desired frequencies 
were computad. Now you are ready for lhe Sfeady Sta te Harmonic 
Frequency Response Analysis. 

Stcady statc harmonic frequcncy response lo steady state 
sinusou..lal dynamic loadings using the modal superposition 
method. This 1s a "s¡nc swccp" approach wherc the response is 
calculated fur the givcn loadings applied al a sequencc of 

frcqucncics. Naturally, for lightly dampcd structurcs, the 

response!> will peak at thc natural (modal) frequcncJcs of the 

structure. 

'o 

r El 

Section 6 403 

Input foreing funetioils miy be in the form of distributed forces, 
baSe eicilations (diSplaeementS, vclocilies or accclerations) and 
unil sinusoidal eicitations (displacemcnts, velociticS, accelcratiOnS 
or forces) al specified nades. Output consiSts of "rclative" and 

"absolute" nodS:I responSes and element loads and stresscs versuS 

frcqucilcy (X- Y plot displays of Selected nade responses or 
element forces/StrcSSes). The response of the complete structurc at 
parlieular point in the overal1 cycle may be computcd as we\L Thc 

results and displays that are then made possiblc are similar to 

thosc in a static solution. 

Thc use of Frequcney spacing critcria and output frequency input 

to improve the quality of the reSults versuS frcquency graphs and 
the probabilily of identifying the peak response frequcncies is 

deseribed in the Harmonic response appendix. 

6.11.3.4 StARDYNE Missing Mass Methcid 

Corréctlon Mod&S ·In structural dynamie analysis by modal 
supcrposition iL is sometimes RecesSary to ha ve a method to 

account for the static effects of those higher frequency modes 
which were nol calculated in the eigenvalue analysis and lhereforc 

will be omitted from the response solution. These omittcd higher 
frequcncy modes should ha ve natural frequencies welt abo ve the 
range of dynamic input so they would aet in a stalic manner. 

The missing mode approach euctly accoÚnts for the static effcct 
of all missing modes and will exactly ca1culate the corred results 
in all modal dynamic response programs as long as the missing 
mass modes are truly well above the forcing frequcncy range. 

The missing mass method described here iS forcing function 
specific. That is, there is one additional missing mass mode for 
each diffcrent (does not ha ve the same spatial distribution pattern 

of force; proportional forcing functions are not dHfercnt) forcing 
function of intereSt. The method is quite simple. First, the uscr 
calculates as many modes as desired. Then, in the same analysis. a 

static analysis of each forcing function is calculated. Each Static 

displlicement is orthogonatized to the computed modes lo 
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m me thc missing mass modc (lhat part uf lhc static 

tlisp\accmcnt that can no\ be rcprcscntcd hy thc cornputcd modcs) 
Jor th1s forcing function. . 

.Thcn. run the dynamic analysis by sclccung all real computed 

mudes and dcsacd damping as usual whilc also sclect 1ng whu:h 

mts'ltng mass mudes are associated wilh cach forcing funcuon. 
Note that thc missing mass modcs are not normalitcd ¡0 onc as 
would be thc case lor an cigcnmode shapc i 

i 

Addtl!onal detatls of thc Missing Mass mclhod are in the Missmg 
Mass appcndix. 

MISSING MASS AI'I'ENDJX 

.. DYNAM IC" and "STA TIC" Missing Mass Methods. Thc 

"dynamic" method uses a pseudo dynamic mode approach. Thc 
mtssing mass modc is givcn an eigcnvaluc. Thcn thc gcncrali~.:cd 
Wctght and participa! ion foctors are computcd from thc missing 
mass mnde shapc. Dcpcnding on thc cigcnvaluc/ forcing funct100¡ 
spcclra/ damping givcn, thc dynamie response is computcd for this 

. mode as if it werc an cigcnmode. Thcse modcs may be 

dynamically amplified as wcll as statically amplified. In sorne 
cases the "dynamic" mcthod improves thc dynamic porLion of thc 
response but should not be a substitute for including cnough 

ctgcnmodcs lo describe thc dynamic acccleration and velocity 
response lo the input forcing functions. Thc "dynamic" method is 

· not dm:umcntcd in the litcrature so i¡ is not known whether the 

method always has the cffcct of improving thc dynamic response. 

Thc primary funcllon of missing mass modcs should be to describe 
thc additional dctatlcd statie dcformation and strcsscs of thc 

omttted eigcnmodcs (i.e. modcs that would ha ve no dynamic 
response to thc forcing functions). The missing mass modcs 

usually provide a localizcd but somctimcs significan! improvcment 
in displaccmcnts, clemcnt forces and strcsscs; usually near the 
supports. 

In thc claSsic ''Static" miSsing maSs mcthod thc extra sta 

residual vcctOrs may only be amplificd stitically. In this mcthod 

only displacemcnts, clCment forccs and stresseS are ehangcd. This 
method is Well docúmCnted in the literature and does (in the time 
histoi'y solutionS) exactly Supply the missing static "mass" cffcct 
that thc lower eigenmodcs selectcd do not Supply. 

Time Hlstory ReSponse (Dynrel)~ Thc missing mass modcs can 

be refcrenced by afty of the first 300 forcing funetions. A missing 
mass mode number mfty be referred to by more than one forcing 
function. However each forciOg function rila y only rcfer to onc 

missing mass mode. The "dynamic" missing mass mcthod is thc 
derault method . 

Steady State Harrilonlc Frequency Response (0ynre2) ~ This 
program only useS the "dynamic" missing maSs method. 

Response Spcctrum Res&Jonse (Dynre4) ~ Thc ''dynamic" missing 
mass mcthod will be used as thC default. Thc Missing maSs 

method wilt generally iritprove the ReSponse spectfum so\utiori . 
Howcver (unlike time history solutions) il wit1 not give the sarilc 
deformations and element results as a modal solution using all of 
the possible ei8;enmodeS. The Missing mass method should not be 
u;ed with U ser Furnished Force or Multi-base Input. 

lf you are funning only 1 global shock direction with one missing 
mass mode Bnd while using the "dyna~ie" missirig masS mcthod: 
then there is no need to indicati: that the mode is a missing mass 
mode. 

In the "static" mi::thod the spi:etra will be chosen al the :i:PA 
rrequeney. In CQC, DBLSUM, or GUPTA, the coupling of thc 

missing modesto other mudes and to theritselves is ignorcd. 

For the "static" method or ror multiple shock ditections it is 
necessary lo select eaeh missing mass riJOde separately and lo 
indicate Which direetions the missing rilasS mode is !lQ1 to be used 
(e.g. for X directiori shock mode: IMX=O ,IMY=l, IMZ=I). 
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AhcrnativcJ). a ncw optwn allowc; )'(lUto sct IMX=2 and lea ve 
IMY=IMZ= blank. 

For muhiplc '>hock dtrcctwns. the RSS=J4 lo 20 eombinatinn 

. mcthods !~hould work propcrly with thc muluplc missing mass 
modcc;_ 

For RSS= 1 to 5, only une dircctwn is uscd by taking thc tndtcatcd 

vector sum or thc base shocks bcfore thc 1odal cumbinations. For 
mtssing mase;, picase run your static 1 g ron m thc samc non-global 
dircction lo c.:reatc the une missing mass mude Thcn seleet all thc 
modes wnhout deelaring any mode lo be a mtssing mass mude. 

For RSS:6 to 13, multiple indepcndcnt shock directions should be 
possihlc. Howcver RSS=-2 lo 13 are untested and thcrcfore ntlt 
rccommcndcd for use with misstng rnass rnodcs. 

6.12 References (STARDYNE) 

Thc ha,ic thcory of thc Finite Elcmcnt Mcthod is prcscntcd in 

many textbooks. Tbe following publicly availablc documente; 
describe many of thc tcchnical aspects of the STARDYNE rinite 
elcmcnts. 

• Beam element 

Przcmicniccki, J. S. Theon or Matrix Structural Analysis. 
McGraw-llill, Ncw York, USA, 1968. 

• T.-iangular Plate 

C!ough, R. W. and Tochcr, J. L. Flnlle Element Slirrness 

Matrices ror the AnalysiS of Plate Ucndlnl: .Confcrcncc on 

Matrix Mcthods in Structural Mcchanics, Wright Paucrsun, AFB, 
1965 (Lhin platc) 

Martín. H. C. Stirrness Matrix for a Triangular Sandwich 

Element in Bending. JPL No. 32-1158, Jet Propulsion Lahoratory, 
Pasadcna, Calírornia, Octobcr, 1967 (thick platc and sandwich 
optinn) 
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)A AJRI!&!h!l!!ltlld'"Oil.!!ua.,d.,rctll!!a:'te':r:;::•l Cl h R W and Fehppa, C. A ..... _e_ne_ 

oug Et . : t t thc Analysit of Plate Bcndlng. AD 703-685, 
Flnlte --:·en:-en hor2 d Confercnce on Matrix Mcthods in Proceedtngs of t e n . 
Structural MechanicS, 1968 (than plate} 

• Solid Ue:rahedron • ¡· t Etlis 
d h .d S Technlques of Fm!te f: emen s. lrons, B. an A ma • · -- -

Horwood, SusSex, UK, 1980. 

R L Ooherty w. P., and Ghaboussi, T. 
Wilson, E·. L., T:yl~~· e~e~\ Models: Numcrical and Computcr 
Incompatible D sp~ac . 

1 
d S Fcnvcs et al., 

Methods_ in Structlu9r7a31 M(e8c-~:~~::·u~~ :~~Sb~ ~~de. more n~xiblc by 
Aeademtc Press, · . , 
the incompatible modes-· 'bubble functiOnS ). 

f d p 1 Wilson, E. L. A Nnn·Conforri1ing 
Tayl_or, R. L., Bercs :r ~~,~~~· lnternational Journal of Numcrical 
Element ror Streu _n - · ·- h 

. E . . g 10 1976 (makes an elcment wH Methods tn ngtneenn , • 
incompatible nlodcs lo pass the patch test). 

H b 'd Cube and Hybrid QuadriiBteral Plate 
;. ~ ~~ H Hvbrid Models. Numerical and Computcr Melh~ds In 

tan, . . . . 58 78 ed S Fenves, el al., Acadcmtc Structural Mechantcs, PP · • · · 
Prcss, 1973. 

d Ah d S Techniques of Finile Elcments. lrons. B. an ma • · Ellis 
Horwood, Sussex, UK, 1980 (Chapter 15). 

. M H brid Membranes. Solids and Plates. System L01kkanen, · Y e rr · 
Devclopment Corporation, Santa Montea, a 1 ornta. 

e Plping d S r 111 1971 
ASME Boiler and Pressure Vessel Co e, ce IOn ., 
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~ommended Overall Reading 
Cook, R D .. ct.al. Cunccms and Applications o( Finilc Elcmcnt 
Analy!>is. John Wilcy, 1989, Third Edilion. 

Bathc, K.·J. Fin!lc Elcmcnt Proccdurcs in Enginccring Analysis. 
PrcnLicc.Ball, \1}82 

Hughcs, T. J. R. Thc Finitc Elcmcnt Mcthod. Prcnticc-Hall, 1987. 

Zlcnkicwic~;. O.C. Ihc Pinitc Elcmcnt Mcthod. McGraw-Hill, 
1977, Third Edition. 


