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EL PROGRAMA 
STAAD/Pro 

l.llntroducción 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, STAAD/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 n'tismo 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 caracteristicas. 

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

.. illlpriniirlos, ver 'resultados.de.diser.o etc. ,. : 
' . . •, . :' ~. / 

. STAAD/Pro, la siguiente generación del programa STAAD-lll, es el principal 
software. para Análisis 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 análisis, diseño, bosquejo y 
detallado de componentes estructurales, ST AAD/Pro se diseñó para trabajar de manera 
similar a corno se hace en un despacho de Proyecto Estructural 

STAAD/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. ST AAD/Pro es el paquete principal 
con varios componentes optativos. que consisten en lo siguie~ie_:: 
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ST AAD proporciona el análisis estructural y el diseño integrado de acero. concreto y 

madera. 

ST ARDYNE proporciOna características avanzadas de análisis. Construido 
alrededor de una biblioteca de elemento fmito, STARDYNE proporciona poderosas 
opciones de análisis Dinámico, 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 permite 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 

STAAD/Pro 

STAAD.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 integradá que realiza el detallado de acero, cálculos 

de fabricación y montaje, así como la generación de dibujos. 

El componente AÍ>LPlPE ofrece un sistema confiable para modelad~ y análisis. Este 

componente ofrece 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 iv!FC (Microsoft Foundation Class), aprovechando·¡¡; computación 
de 32 bits. Una base de datos relacional, con enlaces OLE y DDE; permite intercambio de 
información entre múltiples aplicaciones integradas con todo el software basado en 

Windows. 

1.2 Introducción al programa ST AAD 

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 éarga formados por un conjunto de fuerzas estáticas y/o dinámicas 
aplicadas a la estructura proporcionando, después del análisis, los desplazamientos de los 
nudos, elementos mecánicos, reacciones, formas modales y resultado del diseño. 

6 
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STAAD fue desarrollado básicamente bajo la hipótesis de que la estructura está 
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). 

i't,~ FEMkit 
·····-;ú\"2:~1~S¡\':·1~~b:<····· 

STRUCT.etc 

.: ' 

~.:.<··:·' • 

ifiM VISUAL < 

·-- DRAW 
"··.,, 

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 y el usuario, sin embargo, debido al número de opciones que el usuario 
puede activar, se requiere aprender su lenguaje especifico para poder utilizarlo, ya que, el 
usuario puede seleccionar varias opciones y la ejecución de cada una de ellas genera otras 
más. STAAD 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 así como algunas recomendaciones para su uso, éstas y algunas características más 
son descritas en los capítulos posteriores. 

En el capítulo 2 se dan las recomendaciones necesarias para facilitar la preparación 
e introducción de datos, en el capítulo 3 se comentan los módulos que componen el 
programa, el capítulo 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 capitulo 6 se muestran las opciones para ver 
resultados del Análisis, el capítulo 7 contiene algunos ejemplos con la correspondiente 
interpretación de los resultados obtenidos por- el programa ST AAD, por último, en el 

capitulo 8 se incluyen algunos comentarios y sugerencias finales 
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2.1 EJecución del programa 

Una vez instalado, para m1ctar 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 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 l.l, después de hacer 
clic en su zona central (ST AAD) se muestra la ventana de la figura 2. 2. 

~~;~;~:~;:.~~~~t~"!~~~~~~~~~::21.l(J 
~t~~~~:;~~=~~~ili~~1é~~~~~:2;:~~~~~~)~~ F ·-J~~ 

. - --- : 
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:~, f.~:¡:~~~~~~ ·~·r-~w~ !'J.e·"i.:l 
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~é~.:.~.~-~·~(d 
·:r;~ .... 
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SAP .?Q'X'I N•• J .• n.'~ 
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S!M~.i-itl Vllil' ;1 w 
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. :. ··: ~-~:~:-:-~~~·:::~.~ r,~,;b~ 
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·.:: .. m Aó:oi!IA.:,~4t) 
""''"""'" "'' ..... ::'.t 

C~I{Jt :¡.!.$1o,~m de Ft1t'13tlo.'!v Mil:~..:'!) M~.:Jr-rl:j :. 

__ ... - -. -· .·-: . :_ : : . . ·. · .. :'. ·. : 
.. ~l-a A...a:~k.'h'*-)\•v-,w 

t ~?:1 A..•<Wl' LE. 

• . ~ itll~~.j:I'-"4Yl Sm;gt':ik~r.:r.l F. 

• -:..::5 Mc!h~""' ~w~ 
!> -·.tl ~AF"~(J.";fl U:"Yli.t~:w..,. 7.{1 

.--~~f:l ·;AP2000N·:•-.L•~v?'.12 
: ~;!) ',:./:r~Z"~-· 
: ·~n Oli~NllEL 
" ·e Q¡Jicl..:~l'lt-~'.ll'w .. wk~s: 
: ~-8 \;.l~tf'e~t.::::t :Jih:e .:.:ooJ 
¡:·±::J STAAI:IPhl2C.00f:'l'r.llf! 

;:..ij At'\1-::~z.;·:4Ho:::l 

; : ~ .. ~¿~~~~-~~-~~< .... 
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~!!'!!, -~31AA.6h:· Do:*i;;v'l SbJOO 

• ::ai S T AAJ"Jt:w T ,,_~w~ 

tF; ~l'Ht.:CI ~~:te 

, .. : .......................................... . 

Figura 2.1 Ejecución del programa STAAD/Pro. 

F Monroy 13110/0J 

•' 

:. 

9 



;!~~~~~: ... ·· 
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: . (;~ .. ~:~.~:e.': 
. 1-¡; q.,i;~ 0~-=l~)·,~v~;;.: \.. '-.e~~4~!.) 

j;l C>·Mi>'.OO:::l~,~~~o~\, \p;l..411 
· J e:';~H!-~ 6':-:"¡U~,.d~$\ . .\rr .. >:.~cr:-4n 

................................... 

Figura 2.2 Inicio del programa STAAD. 

2.2 Tipo de estructura y datos generales 

l l. 

. ,: ~- ':.. . 

Para iniciar la introducción de datos generales y el tipo de estructura por analizar se 
utiliza la opción New del menú .Eile (véase figura 2.2) mostrándose 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 análisis solo se considerará el efecto axial. 
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_ _:~~:.~.~jr-.S.-iguo-.ent-e->-.1 C~l~~~. 1 
_ .......... ~~ .......... « •• :: 

Figura 2.3 Datos generales al inicio del programa STAAD. 

En la estructura tipo Plane se consideran cortante y axial en el plano de la estructu. 
y 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 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 después de hacer clic en el cuadro .S,iguiente 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 (geometría, propiedades, cargas, etc.) 
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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. 

Figura 2.4 Datos de unidades al inicio del programa STAAD 

·, 

. . . .. . ' .. 

Hle: [iemP'' 1 "''·""' Ó'!' 1ma \OQO r.0nliró.U.. · · · · · 
. . . . . . . 

.·-. :- . : .. : . . . . ' . . . : . . ' 

c •• j,,u"'eetÚ•t ~&iíc To;, · 

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

. . fF.:.'i=_~+:i .. · ... ··_.~J .. :• .. :· Can(:el•• \ ~- j ,.;.: ........... ;;; ........ . 

Figura 2.5 Datos seleccionados por el usuario ahnicio 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 título (extremo superior de la ventana), una de menús desplegables 
(File, Edit, View, etc.), barras de iconos (algunos tipicos 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 gráficamente la geometría y algunas características 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, información de los elementos de la estructura en forma 
numérica (coordenadas de los nudos, incidencias de las barras, fuerzas. etc.). 

;;, ; ... 
:'!¡ 

y 
'...¡( 
'i 

F«-t<M~ 

[1~ec:.::~:; · 

f'IJJI:~ J r~~ .. 
r,¡,.,~~. ·. 

N.!to"~W 

',. 

,.,.,...:-...__,.. 
Q)Jit;' p-:..f>u<;¡!)l '¡ 
(" ~4:,,n,.;; .. 

Figura 2.6 Ventana completa del programa STAAD. 

2.3 Definición de la geometo·ía 

Antes de iniciar la ejecución del programa STAAD es conveniente tener 
completamente bien definida la geometria del modelo La estructura por analizar se 
idealizará mediante una serie de elementos estructurales conectados entre si, 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. 

F Monroy 13110103 
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La definición o ubicación de Jos 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 
Jos ejes de referencia) así como los nudos extremos (incidencias) de la barra queda definida 

su posición. 

No es necesario numerar los nudos que forman parte de la estructura ya que el 
programa Jo 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). 

Elemento nexaearo Elemento tetraedro 

Puntos nodale5 

Elemento Une& 

11\ En una dlmen$1011 
bl En dOS d1menson~ 

Figura 2.7 Tipos de elementos y nudos que los definen. 

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 defmidos por el usuario. 
d) Sección 1 de peralte variable. 
e) Asignarles una forma específica 

Para elementos barra prismáticos de forma arbitraria se requiere proporc10nar las 

siguientes propiedades referidas a ejes locales y centroidales de la barra 

F Moruoy 1311010) 

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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AY= Área de cortante en dirección 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 
i: . ' 

1 

·'· \ 

r 1 \ 
1 ' ! "' 

\ 

l \ 1 

!YD \ \ YD 
1 1 YB \ 1 ' \ 
1 J ' i 
~· ' 1 ., 

.. 
' ZB ZB 

Figu.-a 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 áreas de cortante el programa no considera ese efecto en el 
análisis. 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 según 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 serán considerados los efectos de deformación por cortante. 

Dependiendo del tipo de estructura, en la tabla 2. 1 se muestran las propiedades 
geométricas mínimas que es necesario proporcionar para que el análisis se pueda realizar. 
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Tipo de estructura 

TRUSS 
PLANE 
FLOOR 
SPACE 

Propiedad geométrica requerida 

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

Tabla 2.1 Propiedades geométricas mínimas requeridas para el análisis. 

El programa ST AAD permite asignar las propiedades geométricas de los elementcJS 
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 secciones l cie peralte variable los datos son los que se muestran en la 

figura 2. 9 

i owwt 
1 1 
' ' 

-----"8"-F_,_F ____ ~; 

IFF li '-----

-1 

i 

\ 

\ ,_ TWW 

TFFI 1 '---------
BFFI 

DWW~DWWl 

Figura 2.9 Características de la sección l de perálte variable. 

' 

\ 
\oww 

1 
1 
1 

j 

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 

\6 
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2.5 Definición de las ¡n-opiedades elásticas de los materiales 

Para realizar el an<ilisis se requiere tener definidas las constantes del material del cual 
están o estarán hechos los elementos (barra, placa y sólido) como son E (1\lódulo elástico).,. 
1-1 (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 realizará el análisis (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 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 condición de carga. el sismo, puede ser representado por una serie de fuerzas 
estáticas (sismo estático) o dinámicas aplicadas a determinados nudos Una condición más 
puede ser la carga viva, idealizada como una fuerza por unidad de área 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 inclu1r en el análisis y, para cada combinación, las condiciones de carga que 
se incluirán así como su participación respectiva (factor de carga). Por ejemplo, teniendn 
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 l. 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. S, siendo 1 y 2 las condiciones de carga respectivas ( 1 la carga muerta 
y 2 la viva) 
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2. 7 Elección del tipo de a mí lisis y los resultados 

STAAD permite realizar un análisis elástico lineal de 1" orden y también de :t'" 
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 habrá qu~ 
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. gráf1cas v 
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.). Gráflcas de la 
deformada, de algún marco o de toda la estructura, etc. Lo anterior se tendrá que especiflcar 
para una, algunas o todas las condiciones de carga y/o combinaciones. Si el usuario no 
selecciona o deflne Jos 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 

STAAD permite diseñar o revisar elementos de acero, concreto y madera por lo qu~ 
será necesario especiflcar un código aplicable a utilizar (ACl, AJSC, LRFD, ASSTHO. etc.), 
así como proporcionar Jos valores de los parámetros a utilizar (fe, fy, etc), e indícar.los 
elementos que se diseñarán y el criterio a seguir para su diseño (viga. columna. etc). -

18 
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lnstrucnvo para la uui.J.zac10n del prc>parrld ST '\AD'f>T,, 

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 
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 (AlSC por ejemplo), una tabla previamente definida por el usuario, 
secciones prismáticas (circular rectangular, Te, trapezoidal, I de peralte constante o 
con variación lineal etc.), o introducir sus características particulares (propiedades 
geométricas, orientación de su sección transversal, etc.) 

• Especificar espesores de los elementos placa. 

• Asignar propiedades a uno o varios elementos o grupo de elenoc•:1tos (barra, placas), 
las propiedades pueden ser: densidad, módulo elástico, relación de Poisson, 
coeficiente de dilatación térmica. Así 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 ciertos materiales (acero, concreto, etc.) o se 
pueden introducir valores particulares. 

• Especificar que elementos desempeñarán sólo una función estructural especifica 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. 

• Definir cargas variables (móviles) pudiendo ser definidas por el usuario (tren de 
cargas concentradas), de acuerdo a AASHTO(HS20, HS 15, H20, HI5) 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 introduciendolos de acuerdo a una 
función (seno o coseno) proporcionando caractensticas dinámicas (amplitud y 

frecuencia), definiendo el lapso de tiempo de actuación de la fuerza así como 

tambien 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. 

• 
Especiftcar 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 car!la uniforme por unidad de área en un nivel especifico 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 ser· elástico-lineal de pnmer orden, 
análisis no .. lineal P-11., análisis de segundo orden (especificando el número de 

iteracciones) y análisis dinámico. 

• Y otras opciones más. 

3.2 Descripcion general 

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

Eile 

20 
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Figura 3.1 Menú ~)le de STAAD. 

Algunas de las opciones del menú file permiten 

New Iniciar un problema nuevo. 

Open Abrir un archivo existente con datos de alguna estructura. 

View Ver el contenido del archivo de dat' . (Input File) o el archivo 
de resultados (Output Filé) 

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 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 opc1ones que pueden ser de uso no muv 

frecuente. 

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

Figura 3.2 Menú ~dit del módulo STAAD 

Las opciones del menú ~dit permiten. 

Undo 
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 
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Copy 

Paste 

Del 

Edit command file 

F Monroy \J/!0103 

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

Insertar los elementos almacenados en la memoria temporal. 

Borra los elementos seleccionados de la estructura. 

Ejecuta el editor modo texto mostrando el contenido del 
archivo de datos al que pueden realizársele cambios (adiciona; 
comandos o datos, suprimir o modificar parte de la 
información etc.). 
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GENERACIÓN 
DE LA ESTRUCTURA . ·<§~~.~.:r~.:.4~'.;1~.:.·¡.: 

·:·:..... . . -.: s''··· ',,,. 

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 flexión, cortante y axial. 

24 
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lnstructi\'O pamlJ utilizacu:•n del pro¡;:nmJ ST_·~ .. :\D· l'w 

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 STAAD!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 flexión, cortante y axial. 
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FLOR- Es útil para analizar estructuras de piso (en el plano XZ, por ejemplo entrepisos 
y retículas de cimentación), considerándose sólo torsión. flexión y cortante 

TRUSS- Para cuando sólo se requiere considerar el efecto axial de las barras. la 
<:structura, por ejemplo: armaduras planas o tridimensionales. 

New FíleSetup • Step 1: Specílp Tppe andlitle El 
./'· 

· ... <;; Sir..,;t~~fj.ji•:,. :. : ~ .. ',./. > O; 
~-- .... 

·. •.· ·;..· Pi;.r.. r Tiu .. 

... ._ .... "'"""""" : ... : .. :. 

· [ JViga ~ontlnua de 5 claros .. 

L .. .".: ... : .... :::.: .. -.:.~-. -~::.·· .. ·.·.:~~-· .... · .. ~ .. · ·.\ .. ::~:.; .... :-.: -.. :.~:~ __ , .. ~ ... :.'~ .. :.: .... :.:... -. -. . . . . , . :. ·_. . -- - -. ¡ ···············:······: ...... :: .............. ..: 

·················· ······ . 't ·;"~··,,;::! ~- 1 
> ·.· . y 

Figura 4.2 Definición 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 espacios~en 
blanco) 

Enseguida se muestra el cuadro que se muestra en la figura 4.3 en donde es necesario 
seleccionar las unidades, tanto para 'las longitudes como para las fuerzas, en que se 
introducirán los datos de la estructura por analizar. después de hacer clic en siguiente 
ST AAD/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 geñeral del 
programa la cual se reproduce en la figura 4.5. 
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New File Setup • Step 2: Specify Units 13 
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Figura 4.3 Definición de unidades 

N ew File Setup • Finish 13 
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Figura 4.4 Datos de inicio definidos por el usuario 
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Figura 4.5 Pantalla principal del programa STT AD!Pro 

1 
En esa figura. 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 una 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 área en blanco se muestran 
los datos concernientes a esa carpeta de trabajo. 

Para iniciar la construcción de una malla se puede hacer die en el folder geometría, 
mostrándose en el área 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 además usaremos líneas 
de construcción espaciadas 2 m tanto en x como en y, esos datos se introducen en la ventana 
que tiene como título Snap nade/ beam (véase figura 4.7). 
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Figura 4.6 Carpeta geometría 

Snap Node/Beam Ei 
flat>e··. 
(; )<.y 

· .. r.x;z 

r Y:Z 

.. .Q.ngcn m· .... 
x .. 

jo 

· T én~e Óf Plane' · 
) ~ ' . ' 
' r X-X 

[ r. Y-Y,-jo.....:..-

z 
jo 

Dm•~~líon l..ne. · · · 
SP_ocíng 

Left Ríghl m Skew' .. 

. xfO'~JiO~r r: 
: YfD'~f2li!0r r: 
~ S~;,;~~~~~~~~~~ .. 

,Snap Node/Beam Clooe · j: 

Figura 4. 7 Especificación de las características de la malla 
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Una vez aceptadas las características de la malla de dibujo. se pueden empezar a dibujar 
las barras que componen al modelo. para ello se dirige el cursor a algun nudo de 
coordenadas específicas correspondiente a nuestro modelo para hacer clic, con lo que se 
muestra un circulo con un punto rojo indicando que es el nudo origen de un elemento barra. 
moviendo el ratón hacia la posición de la malla que definini al otro extremo de la barra 
(nudo) y haciendo clic en ese punto que será el nudo final 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 (vease figura 4.8). 

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

Al cerrar la ventana Snap node!bearn desaparece del área en blanco la malla auxiliar de 
dibujo ya que no se podrán seguir introduciendo elementos barra y además se muestra a la 
derecha las características donde estos nudos (coordenadas) corno 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 despues 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 rnenu 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 clic 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 
por el usuario). 

Para adicionar nuevos elementos barras se puede hacer clic en el icono que tiene una 
malla y una barra inclinada, en la barra vertical de iconos o bien seleccionar del menú 
geometría la opción Snap/grid node. 

F ~1onroy )3110103 29 



Figura 4.8 Geometría terminada 

:- ~~- .): )' ·;-.-

::.::::., rJ···· 
··<··. 

- !.=•·"""'""~\+,..., . '.¡..,oc.,., 

:1 
. ' 

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

4.2 Asignación de propiedades geométricas 

ST AADfPro 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 
elegir algún comando (asignar propiedades. apoyos. etc.), para la segunda será necesario, 
primero. definir alguna característica (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 características a las barras. primeo las 
seleccionamos, enseguida en el menú 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 característica. 

: r--.:' 
·-~·-· 

- ';_.-. ,· 
',.-_ 

- - ,._ :. :-,_,, 

1 Add J .Oosc j 

Figura 4.10 Características de la sección rectangular. 
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Jnsttucnvo par .. la utiliza,cwn n~l prC>~tatu .. STo\ 4..\l Pr. · 

4.4 Tipos de apoyo 

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

. .. 

;.:.~~-:· .. 
:f'oil.-.... ,..~ • 

·.f ......... 
......... ,: ... 

·, 

Figura 4.11 Especificación de apoyos 

En la ventana que enseguida se muestra hacer c!ic en ei cuadro Assign (Figúra 4. 12). 

F Monroy 1311 OfOJ 32 



Creale Supporl f3 

Mul!ilineorS<IÍ"!l 
f_~:::;:¡;¡;¡e;r~~--11· 

1 · '.• F of11<1olion 
. Pme~ 1 

j. ' lndined 

~~~ul 

< ~~;~nt •. ·.··.·· 
rFX 
rN 
~- : ,.:·:.' 
V ·:f2:. 

r MX 

!7 MY 

·T MZ.' ;-

';•' 

Figura 4.12 Tipos de apoyos 

1 
1 

Repetimos el proceso, pero ahora con los nudos Intermedios asignándoles apoyos 

articulados (pinned). 

4.5 Asignación de fuerzas, condiciones y combinaciones de carga. 

Para definir condiciones y combinaciones de carga se utiliza el menu Commands 1 

Loading 1 Primary Loads (Figura 4.13) 
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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 Active Prímar¡o load Case 13 

. ·::( ·--.:::~.:. '·.~;.e::.· 

· t.- ~eale N;wPríniarylo~Ca:e .· :<.:. 

Numberj1 
T~.r.~P~e-so_p_r-op-,q7------~------~----------------~-----

"' 

Cancel · ·.1. 

Figura 4.14 Creando una nueva condición de carga 

Ahora para que el programa considere al peso propio como accwn 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 activa> Create New Primary Load Case e 
introduciendo como título el mostrado en la figura 6.16 y después hacer clic en el cuadro 
OK introduzcamos una carga uniforme de - 1.5 Ton/m a· las tres primeras barras, para ello, 
después de seleccionarlas y luego de hacer clic en el Member se introducen los valores que 
se muestran en la figura 4.17. 

S el Active Plimarvload Case · · E! 

•r 2elect ExiStincf'nmall'lcadCase j.-.• -,-. -. -•. ;"",,-.,.-,.-.. ------.:.....----.,----....... ...,¡ 

(: [;real e N~~·prn..,,y tWd Cai · .. ~ . ~: ·' 

Numbeij2 

Uler:jc:-a-,g-a-,-m-ue-,-ta-r~-"----------------;.;_ __ _ 

Cancel·: j 
,._ ... 

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 asignará 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 cuadro member y en la ventana que· se muestra se hace clic en la carpeta Concentrated 
Force introduciendo los datos que se muestran en la figura 4 18 y después de hacer clic en el 
cuadro .-\ssign la viga tiene las cargas mostradas en la figura 4 19 
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Figura 4.18 Especificación de cargas concentradas 
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Figura 4.19 Cargas en la viga 

37 



Ahora especifiquemos una combinación de carga como la suma de las dos anteriores 
multiplicada por 1.4, para ello, nuevamente del menú Commands seleccionar Loadmg y de 
ahí Load Combination (Figura 4.20) 

Figura 4.20 Definición de combinaciones de carga 

En la ventana mostrada hacer die en New e introducir el nombre de la 
(Figura 4.21 ). 
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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 número de 
ingenieros en nuestro país y en muchas partes del mundo, cuenta con respaldo y soporte 
técnico 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 anterior el Departamento de Estructuras de la División de Ingeniería Civil. 
Topográfica 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 varios programas incluyendo el módulo STAAD del programa ST AAD/Pro, para 
ello, el contar con un instructivo que permita introducir al usuario de una manera sencilla, al 
programa, facilitara el objetivo anterior. 

En este instructivo se pretende describir algunos de los principales elementos que 
intervienen en el uso del'· programa de computadora para Análisis y Diseño Estructural 
STAAD, cuya principal utilización será para los alumnos de la materia "Diseño Estructural" 
de la carrera de Ingeniero Civil, de la Facultad de Ingeniería 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 ST AAD (STAAD/Pro ). 

Se recomienda que si algunos de los elementos .no son descritos ampliamente se 
consulten los manuales respectivos o la ayuda en línea 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 ejecución de programas en ambiente Windows. 

El autor agradece al Ing. 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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Figura 4.21 Nombre para la combinación de carga 

Al hacer clic en el cuadro OK se muestra la ventana de la figura 4.22 en ella primero 
especifica el factor de carga ( 1.4 para este caso) y luego se selecciona, del cuadro a la 
izquierda, la condición que se quiere incluir y luego se hace clic en el botón > para pasarla al 
cuadro de la derecha con lo que se incluirá en la combinación de carga, para este caso se 
repite la operación anterior con la condición de carga 2 quedando como se muestra en la 

ftgura 4.22. 
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De fine Combinations 13 

!!ew 1 

· ]jename 1.: 
¡ . 

.Qeiete 1 

. ~ : 
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. , << 'r 
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·use» tolr~liS!cr ai. · · · · · · Use «-to rem<l•e all ... · 

Figura 4.22 Datos para la combinación de carga 

Se pueden especificar 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 menú 
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 clic OK con lo que el comando 
de análisis se adicionará al archivo de datos 
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Figura 4.23 Opción de Análisis Elástico Lineal 

Perform Analysi: . f3 

<1 

_ .. _,- ........ 
:~PrintiJplion ..... ":· : ... , .. : .. 

r NoPrint 

.. •' . r·:Load{)ata • · >: ~~alic~ Chei:li. 
r Stalic• Lm>d .· ·· 

r ~óde Shapeo . 

rsoth 
~-§'ft 

ot:.f)' 

. ,;···-. 

.... 

•ca~cer · 1 

Figura 4.24 Parámetros de la opción Análisis 

Para incluir resultados en el archivo de 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 
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Si no se seleccionan elementos (nudos, barras. etc) se incluirán (en el archivo de salida) 
los resultados de los elementos que estén presentes en la v1sta al momento de activar ese 
comando, el cual despliega una ventana, por ejemplo, como la mostrada en la figura 4.26. 
para la impresión de reacciones. 

Priftl Supporl Reaclion: 13 
'·. :_.. . ·-·: .. _ .. 

Th,. w"""""d requlies no addaiOnel 
· -~ - ·.: · ·. ~ Pat~etms. . · :.· .. 

Cancel 

Figura 4.26 Selección de reacciones 
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ANÁLISIS DE lA 
ESTRUCTURA ¡ ~~i('l~l~''l 

.:~«'· 

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 
S ave a S ave as del menú file y en la ventana que aparece se especifica el nombre del archivo 
así como su ubicación (Figura 5.1) 

SaveA$ · 013 

. G~atdar en: l.:.:J Examp 
. ''' 

!] Examp01.std 
·•.. ~ E xamp02. std 
iJ E xamp03. std 
~ Examp04.std 

. !!] ExampOS.std 

. i!J E,;amp06.std 

.... ' 

'!] Examp07.sld 
:!J E•ampOB.sld 
[!] E <amp09. std 
!] Examp10.std 
\.!) Examp1 1 .std 

:!J E•amp12.sld 

:!] Examp13 std 
:!J Examp14.sld 
i!J Examp15.std 
:!] Examp16 std 
i!J Examp17.std 
!J Examp18 sld 

Guardar ".!!!!lO · l S T MD S pace Files l".sldl . 
• ¡Ychi~ de tipO: · .. 

. .~ . 

:!J E xamp19. sld 
:!] E xamp20. sld 
iJ E xamp21 std 
:.!l E xamp22. sld 
[!] E xamp23. std 
~ Examp24.sld 

.!.l 

Lt;yuardar J 
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 

Select Analysít Engine 13 
·.'· 

-~ :·- :·- . 
•';!. 

<',!,,;...,,,._,_,.., .• M,;~ ..• "'~''' 
r. l~l~!.-~~ 
f stseYne Ad~ancec~ Ana~¡oo¡¡ · 

' . . . 

-:,: ....... :. . . 
. -.. :.· .' ; 

Figura 5.3 Selección de la herramienta de análisis 

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

ST AAD!Pro procesa todas las instrucciones contenidas en el archivo de datos (* std) 
generando el archivo (*anl o *out. dependiendo de la herramienta o motor de 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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Release 3 1 
Budd 1002 

Cedes US 

Input F~le v~gaScla std 

++ Process¡ng Jo~nt Cocrdinates 
++ Processlng Me~ber Infcrmat~on. 
++ Ch~ck~ng Structural Int~gr1ty 
++ Performlng Band-W1dth Reduct1on 
++ Check~ng load Data 1 
++ Check1ng load Data 2 
++ Process1ng Support Cond~t1on 
++ Process¡ng and sett1ng up load Vector 
++ Process1ng Element Stiffness Katr1x. 
++ Prccess1ng Global Stiffness Matrix 
++ Processing Triangular Factcri2at1on. 
++ Calculating Jo1nt D1splacements 
++ Calculat1ng Member Fcrces 
++ Analysl.S Successfully Completad ++ 
++ Creat1ng Displacement F1le (DSP). 
++ Creating React1cn File (REA) 
++ Calculating Sect1on Forces 
++ Creat1ng Sect1on Force File (BMD) 
++ Calculating Sect1on Forces 
++ Creat1 Section D1splace File (SCN) 
++ Sect1on Forces 

** 

. ··:' 

Figura 5.4 Resultados de la fase de análisis 
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lnstrutDVO p..r.r. b utlhl;aa0n nel pr~~ STA.A['I-PRl l 

6.1 lntroducciór, 

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

r-~ t-*: ,'!""" J>i' 
u~ . 
~j,'(.., 
(!-Yo~ 

·.·: 

. (1'. 

···,:::, l 7,:~ .:· ~:: fj 
·.:.t~':": ... l..~~-~~!~ .. l ~!~:::.~). 

• ,:3 .... '1-1< ·¡· ;. .• .., ... ,. i .. : 
. · . .,.,,._,,;;;)·:;;,:;.;·¡ --~·····---··--

.·.·,, ... 

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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lertttriM*,,.,,m;m*>? 

················································· 
STAAD/Pro STAAD-III 

Revid.on 3. 1 

Proprietary Progra• of 

RESE&RCH EBGIHEERS, Inc. 

Date• ocr 13, 2003 

Ti- 1: 6:.f0 

USER ID: UH&H 

• 

• 
• 

• 

• 
.................................................. 

l. STAAD PLANE VIGA CONTINUA DE S CLAROS 

2. 3TART JOB INFORMATION 

3. ENGINEER DATE 12-0CT-03 

4. END JOB IN~ORMATION 

5. INPUT WIDTH 79 

6. UNIT METER MTON 

7. JOINT COORDINATE3 
B. lO O O; 2 4 O O; 3 B O O; 4 12 O O; S lb O O; 6 20 O O 

.¡. 
... ·':':··· . .Q¡jtfhe.:~.·· 

Figura 6.2 Visor de resultados 

6.2 Ver estructura deformada 

c:o!x!l 

PAGE NO. 1 ::; 

-

,. 

1 

El modo postproceso (menú Mode, figura 6.3) permite. por ejemplo, ver de manera 
gráfica y numérica la mayoría de los resultados generados por la fase de análisis (aún 

algunos no contenidos en el archivo .anl). 
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Figura 6.3 Modo Postproceso 

• X 

· · .;... :· r ·..,_ r ,~;: 1 ; 
<tt'~-~~. !..J.:!_j 'H~~l,' : . 

---~~~~:: . .J .. ~:>:>.~·:~:.J !.~~-~~; . 
!'\,;,..,. : ~..t"''·'• :': ---·--­.... ,;.,.,.M;>,¡., .. ,< '". 

. ' ~ 

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 

Aesults Setup 13 

F Mc>nrov 13/IOIOJ 

.Loadt l flango.j 

·Load ~:.ies ·· 
Avaiaj¡le. 

.... -· .. 

········~· 

o 

...J 
~ . . . . 

1 Peso propio 

2 Cargas muertas 
3 1 4 (Peso pro¡¡ ro+ Carga muerta) 

· éancelor j · · 

Figura 6.4 Selección de condiciones para mostrar resultados 

:." 
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Al hacer die en aceptar ST AAD!Pro muestra la pantalla y opcwnes del modo 
postproceso. en el área en blanco muestra la deformada de la estructura. la escala de esa 
deformada se puede modificar mediante la opción scale del menú Results (Figura 6. 5) . 

,• ¡~el"» . ,.,u.:r 
~{XI~>) •:•·>X<~C" 

)l)),o;((' rc:o:>J l•>X«C.:' ,, 

),>,>:<<\, .,:I'..U.Jl )!}X'l~" 

•l<U~''' .,l:>l>tl oli~Y".l 

:li«J"lo• .. .,r:u:tl ,l:n"'n 

:o{(('l')):. .;r,)'(.((1 ~:<c:1f, 
(<(((l))} •)o,))(((t (I(U)~)(, 

:.Ol<U:t>' ·'~))I•,<J :¡:<,U. l..':, 

, .... ~1' ·•o·ll<>! ,J !jJ,~ ,,. 

-. ··.j ., 

Figura 6.5 Cambio de escala 

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 mecamcos, puede ser 
conveniente, primero quitar la deformada, para ello se deselecciona la opción Section 
Displacement del menú 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. 
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Figura 6.8 Diagrama de Momentos 

U na manera de cambiar a otro tipo de elemento mecánico es. por ejemplo. hacer die 
en el icono símbolos y etiquetas (Figura 6 8) con lo que se muestra la ventana de la figur~ 
6.9. en ella hacer clic en la carpeta Loads and Results. 
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Diagrams 13 
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EL PROGRAMA 
STAAD/Pro 

l.llntroducción al programa STAADIPro 

En los últimos años, el desarrollo de Jos 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 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 Jo anterior, STAAD/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 Jos módulos que componen al programa que, junto con la relativa sencillez y 
facilidad de uso son algunas de sus principales caracteristicas. 

ST AAD{Pro consta básicamente de una serie de módulos (véase figura 1 ), de ellos, 
en este instructivo se describirá sólo el módulo STAAD, 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. 

STAADIPro. la siguiente generación del programa STAAD-ill, es el principal 
software para Análisis y Diseño Estructural de Research Engineers. En ST AAD/Pro, el 
enfoque principal está en la productividad. STAAD/Pro dirige el proceso completo de la 
Ingeniería 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. 

STAAD/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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ST AAD proporciona el análisis estructural y el diseño integrado de acero, concreto y 
madera. 

STARDYNE proporciona 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 y otras 
capacidades avanzadas de análisis. 

El ambiente FEMkit ofrece modelación de Elemento Finito orientada gráficamente, 
se complementa con tecnologías para generación de mallas 20 y 3D y herramientas 
poderosas para la comprobación del modelo. 

Visual DRA W permite 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 
STAAD/Pro. 

componentes ,de 
' 

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 ofre.ce 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, permite 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 mM 
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 la estructura proporcionando, después del análisis, los desplazamientos de los 
nudos, elementos mecilnicos, reacciones, formas modales y resultado del diseño. 
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ST AAD fue desarrollado básicamente bajo la hipótesis de que la estructura esta 
formada por barras prismaticas (aunque también maneja cieno tipo de barras de .s.ección 
variable) de eje recto, considerando también la posibilidad de modelar estructuras ut!IIZando 
elementos placa y sólido (elemento finito). 

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

Una de las principales caracteristicas del programa es la interacción que se puede 
establecer entre éste y el usuario, sin embargo, debido al numero de opciones que el usuario 
puede activar, se requiere aprender su lenguaje específico para poder utilizarlo, ya que, el 
usuario puede seleccionar varias opciones y la ejecución de cada una de ellas genera otras 
mas. STAAD 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 caracteristicas más 
son descritas en los capítulos posteriores. 

En el capítulo 2 se dan las recomendaciones necesarias para facilitar la preparación 
e introducción de datos, en el capítulo 3 se comentan los módulos que componen el 
programa, el capítulo 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 capítulo 8 contiene algunos ejemplos con la correspondiente interpretación de los 
resultados obtenidos por el programa ST AAD, por último, en el capítulo 9 se incluyen 

algunos comentarios y sugerencias finales. 
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PARA EL USO DEL 
PROGRAMA 

2.1 Ejecución del programa 

Una vez instalado, para iniciar la ejecución del programa STAAD, se puede hacer 
die 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 computadora donde se preparó este- instructivo), para, finalmente hacer die en 
STAAD (véase figura 2.1), con lo cual aparece la ventana de la figura 1.1, después de hacer 
die en su zona central (STAAD) se muestra la ventana de la figura 2.2. 

F. Monmyl\19101 
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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 menú file (véase figura 2.2) mostrándose 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 (3D) 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 Plane se consideran cortante y axial en el plano de la estructura 
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 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~ 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 introducirán posterionnente (geometría, propiedades, cargas, etc.) 

F MIII'IR!'Yll/'9.'01 
11 



Figura 2.4 Datos de unidades al inicio del programa STAAD. 

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

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

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 gráficamente la geometría y algunas características de la estructura 
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(apoyos, cargas, etc.), el área restante (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, fuerzas, 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 geometría del modelo. La estructura por analizar se 
idealizará mediante una serie de elementos estructurales conectados entre sí, los cuales, de 
acuerdo a sus características o con fines de análisis se podrán modelar como elementos barra 
(trabes, coluiiUlas, 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. 

F Monroy211'i1111L 
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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) así como los nudos extremos (incidencias) de la barra queda definida 
su posición. 

No es necesario numerar los nudos que forman parte 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). 

--
C}Ennl~ 

.·~· 
' Figura 2. 7 Tipos de nudos. 

2.4 Definición de las propiedades geométricas de los elementos 

--'~ 
( __ j 

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

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

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

F Morny211'9101 
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AY= Área de cortante en dirección 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 

í 1 

h IYE 
YD 

1, 
lzs ·1 

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 áreas de cortante el programa no considera ese efecto en el 

análisis, 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 características según 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 serán considerados los efectos de deformación por cortante. 

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

TRUSS 
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 permite asignar las propiedades geométricas 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 secciones I de peralte variable los datos son los que se muestran en la 

figura 2.9 

1 
1 

lowwl 
1 1 
1 1 

1 
: 
' 

BFF 

l' 
.--------' 1 

- -TWW 

TFFI t IL· _____ __...jl 

BFFI 

DWW~DWWl 

Figura 2.9 Caracteristicas de la sección I de perálte variable. 

1 
IDWW 
1 

1 

j 

Al programa se le pueden dar instrucciones para que, de manera automatica, maneje 
a los elementos con secciones de formas específicas (sección T, o formada por uno o dos 

angulas, etc.). 

Para el caso de los elementos placa sera necesario proporcionar el espesor de la placa 
en cada esquina, para el sólido no es necesario proporcionar propiedades geométricas sólo 

constantes elasticas. 
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2. 7 Elección del tipo de análisis y los resultados 

STAAD pennite realizar un análisis elástico lineal de 1"' orden y también de 2.., 
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 esuuctura, 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 

STAAD pennite diseñar o revisar elementos de acero, concreto y madera por lo que 
será necesario especificar un código aplicable a utilizar (ACI, AISC, LRFD, ASSTHO, etc.), 
así como proporcionar los valores de los parámetros a utilizar (fe, f'y, etc.), e indicar los 
elementos que se diseñarán y el criterio a seguir para su diseño (viga, columna, etc.). 

F~211MI 
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2.5 Definición de las propieda~es elásticas de los materiales 

Para realizar el análisis se requiere tener defuúdas las constantes del material del cual 
están o estarán hechos los elementos (barra, placa y sólido) como son E (Módulo elástico), y 
li (relación- de Poissiinf y, .. miidiante-la siguiente expresión se obtiéiie erinodelo ele rigidez a 
cortante. 

G 
E 

2(l+p) 

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 témúca. 

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 condición de carga, contar con las caracteristicas de Las 
fuerzas (tipo, magnitud, dirección, sentido y punto de aplicación) que componen cáda 
sistema de fuerzas (condición 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 condición de carga, el sismo, puede ser representado por una serie de fuerzas 
estáticas (sismo estático) o dinámicas aplicadas a detemúnados nudos. Una condición más 
puede ser la carga viva, idealizada como una fuerza por unidad de área 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 combinación, las condiciones de carga que 
se incluirán asi 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 l y 2 es 1.5, siendo 1 y 2 las condiciones de carga respectivas (1 la carga muerta 
y 2la viva). 

F Monroy 2119101 
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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 línea modo texto, principalmente 
tiene un editor gráfico 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 prismáticas (circular rectangular, Te, trapezoidal, 1 de peralte constante o 
con variación lineal etc.), o introducir sus características particulares (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 elástico, relación de Poisson, 
coeficiente de dilatación térmica. Así 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 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 Morvoy 21/9101 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 Jos 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 amortiguanúento. 

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

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

• Especificar fue~ estáticas aplicadas a los nudos, desplazamientos prescritos de los 
apoyos, peso propio, etc. Para barras: fuerzas y/o momentos uniformes, fuerzas: y/o 
rnomentos,¡;;oncentrados, fuerzas .~on variación lineal, presión hidrostática. Para)os 
elementos placa: presión uniforme, lineal, hidrostática. 

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

• Incluir e~ .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 '!O lineal P-~. análisis de segundo orden (especificando el número de 
iteracciones) y análisis dinámico. 

• Y otras opciones más. 

3.2 Descripcion general 

En la figura 3 .1 se muestra la ventana deslizable correspondiente a la opción o menú 
ti! e 

F Monroy ll f910 l 
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Figura 3.1 Menú file de STAAD. 

Algunas de las opciones del menú file permiten· 

New Iniciar un problema nuevo. 

Open Abrir un archivo existente con datos de alguna estructura. 

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

Printer Setup 

Print Input 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. 

f_ Morwy 1!19101 
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Exit Cerrar el programa 

Existen, ~entro del menú ante~ o~, otras op..:!.?~.S. __ que pueden ser de us_o . ~~-muy 
frecuente. 

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

· Figura 3.2 Menú _Edit del módulo STAAD. 

Las opciones del menú _Edit penniten: 

Un do 

F Monroy l119f01 

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. 



Copy Copia a la memoria temporal los elementos seleccionados de la 
estructura (para poder insenarlos posteriormente), esta opción 
no borra a los elementos 

Paste Insertar los elementos almacenados en la memoria temporal. 

Del Borra los elementos seleccionados de la estructura. 

Edit command fUe Ejecuta el editor modo texto mostrando el contenido del 
archivo de datos al que pueden realizársele cambios (adicionar 
comandos o datos, suprimir o modificar parte de la 
información etc.). 

F. Monwy 211'9101 
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Job lnfonnation 
Engineer Checked Approvecl 

Na me: 

Data: 04-Qct-00 

1 Structure Type SPACEFRAME 

Number of Nodes 4 Highest Node 4 
Number of Elements 3 Highest Beam 3 

Number of Basic Load Cases 1 

Number of Combination Load Cases o 
1 

r 
1 

lncluded m this printout are data for: 

1 All / The Whole Structure 
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STAAD SPACE EJEMPLO 
START JOB INFORMATION 
ENGINEER DATE 04-0ct-00 
END JOB INFORMATION 
INPUT WIDTH 79 
UNIT METER MTON 
JOINT COORDINATES 
1 O O O; 2 5 O O; 3 10 O O; 4 15 O O; 
MEMBER INCIDENCES 
1 1 2; 2 2 3; 3 3 4; 
MEMBER PROPERTY AMERICAN· 
1 TO 3 PRIS YD 0.5 ZD 0.25 
UNIT 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 
1 TO 3 UNI GY -2 
PERFORM ANALYSIS PRINT ALL 
PRINT ANALYSIS RESULTS 
FINISH 

C:\Mis documentos\STAADPRO\V3clapro.std ,. 26 
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PAGE NO. l 

• • 
• STAAD/Pro STAAD-III • 
• Revision 3.1 • 
• Proprietary Program of • 
• RESEARCH ENGINEERS, Inc. • 
• Date= SEP 23, 2001 • 
• Time= 23:24:35 • 
• • 
• USER ID: Unknown User • 

l. STAAD SPACE EJEMPLO 
2. START JOB INFORMATION 
3. ENGINEER DATE 04-C:T-00 
4. END JOB INFORMATION 
5. INPUT WIDTH 79 
6. UNIT METER MTON 
7. JOINT COORDINATES 
8 . 1 O O O; 2 5 O O; 3 lO O O; 4 15 O O 
9. MEMBER INCIDENCES 

10. 1 1 2; 2 2 3; 3 3 4 
11. MEMBER PROPERTY AMERICAN 
12. 1 TO 3 PRIS YD 0.5 ZD 0.25 
13. UNIT METER KN 
14. CONSTANTS 
15. E 2.5E+007 MEMB 1 TO 3 
16. POISSON 0.17 MEMB l TO 3 
17. DENSITY 24 MEMB 1 TO 3 
18. ALPHA l.lE-005 MEMB 1 TO 3 
19. UNIT METER MTON 
20. SUPPORTS 
21. 1 TO 4 PINNED 
22. LOAD 1 VERTICAL 
23. MEMBER LOAD 
24. 1 TO 3 UNI GY -2 
25. PERFORM ANALYSIS PRINT ALL 

PROBLEM S T A T I S T I C S 

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS 4/ 3/ 4 
ORIGINAL/FINAL BAND-WIDTH = 1/ l 
TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM ~ 12 
SIZE OF STIFFNESS MATRIX = 72 DOUBLE PREC. WORDS 
REQRD/AVAIL. DISK SPACE = 12.00/ 2047.7 MB, EXMEM ~ 1798.5 MB 

EJEMPLO -- PAGE NO. 2 

LOADING 1 VERTICAL 

MEMBER LOAD - UNIT MTON METE 

MEMBER UDL L1 L2 CON L LINl 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 ( 
SUMMATION FORCE-X = 
SUMMATION FORCE-Y = 
SUMMATION FORCE-Z = 

MTON_METE) 
0.00 

-30.00 
0.00 

SUMMARY _ (LOADING l ) 

SUMMATION OF MOMENTS AROUND THE ORIGIN-

MX= ·o. o o MY= o.oo MZ= 

-+ Processing Element. Stiffness Matrix. 
++ Processing Global Stiffness Matrix. 
++ Processing Triangular Factor1zation. 

•••WARNING - IMPROPER LOAD WILL CAUSE INSTABILITY 
DIRECTION = MX PROBABLE CAUSE MODELING PROBLEM 

++ Calculating Joint Displacements. 
++ Calculating Member Forces. 

•••TOTAL REACTION-~ MTON METE) SUMMARY 

LOADING 1 

SUM-X= 0.00 SUM-Y= 30.00 SUM-Z= 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY= 0.00 MZ= 

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

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

1 0.00 -5.00 0.00 0.00 

0.00 1.00 0.00 0.00 

2 0.00 -10.00 0.00 0.00 

0.00 -l. OO 0.00 0.00 

3 0.00 -10.00 0.00 0.00 

0.00 -1.00 0.00 0.00 

4 0.00 -5.00 0.00 0.00 

0.00 l. 00 0.00 0.00 

EJEMPLO 

-225.00 

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

AT JOINT 4 
-o. neE-11 
23:24:35 
23:24:35 

0.00 

225.00 

EXT MY/ EXT MZ/ 
INT MY INT MZ 

o.oo -4.17 
0.00 4 .l7 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 4.17 
0.00 -4.17 

PAGE NO. 

"'*'*'*"'******** 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-TRANS 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 0.0000 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 

EJEMPLO PAGE NO. 5 

SUPPORT REACTIONS -UNIT MTON METE STRUCTURE TYPE - S PACE 

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

1 1 0.00 4.00 o.oo 0.00, 0.00 0.00 
2 1 0.00 11.00 0.00 0.00 0.00 0.00 
3 1 0.00 11.00 0.00 0.00 o.oo 0.00 
4 1 0.00 4.00 o.oo 0.00 0.00 0.00 

EJEMPLO PAGE NO. 6 

MEMBER END FORCES STRUCTURE TYPE = S PACE 

-----------------
ALL UNITS ARE -- MTON METE 

MEMBER LOAD JT AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y MOM-Z 

1 1 1 0.00 4.00 o.oo 0.00 
2 0.00 6.00 0.00 0.00 

2 1 2 0.00 5.00 0.00 0.00 
:3 0.00 5.00 o.oo 0.00 

3 1 3 0.00 6.00 0.00 0.00 
4 0.00 4.00 0.00 0.00 

27. FINISH 

• 
• 
• 
• 

**** DATE= SEP 23,2001 TIME= 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 

C:\Mis documentos\STAADPRO\V3clapro.ANL 

0.00 o.oo 
0.00 -4.99 

0.00 4.99 
0.00 -4.99 

0.00 4.99 
0.00 0.00 
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Job lnformation 
Engineer Checked Approved 

Name: 
Da111: 18-May-01 

1 Structure Type SPACEFRAME 

Number of Nodes 5 Highest Node 11 

Number of Elements 4 Highest Beam 13 

Number of Basic Load Cases 1 

Number of Combination Load Cases O 

lncluded in this printout are data for. 
1 All 1 The Whole Structure 

lncluded in this nrintout are resu/ts for load cases: 
Type uc Na me 

Primary 1 VERTICAL 

Nodes 
No de X y z 

(m) (m) (m) 

5 4.000 7.000 0.000 
7 2.000 3.000 0.000 
9 2.000 0.000 0.000 
10 9.000 7.000 0.000 
11 9.000 0.000 0.000 

Pnnt T~ 231®12001 23 52 
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~~ 
~-.._,.,~u.-

. JOI>Tlllo 

"*' 

Beams 
Beam NodeA NodeB 

6 9 7 

10 7 5 

11 5 10 

13 10 11 

Section Prooerties 
Prop Section 

1 Rect O.BOX0.40 

Materials 
Mat N ame 

1 Steel 

2 Concrete 

3 Aluminum 

Suooorts 
Node X y 

(kN/mm) (kN/mm) 

9 Fixed . Fixeci. 

11 Fixed Fixed 

Releas es 
There ís no data of this type. 

Basic Load Cases 

1 Nu:ber 1 

Pnn1 TmWDatlt 2310W2001 23.52 

_ .. 
-
""' ., 
... mart:01.111d 

Length Property 11 
(m} degrees 

3.000 1 o 
4.472 1 o 
5.000 1 o 
7.000 1 o 

Araa ... ... J 
(m2) (m•) (m•) (m•) 

0.320 0.004 0.017 0.012 

E G V Denslty 

(kN/mm2) (kN/mm2
) (kg/m3) 

205.000 82.000 0.250 77.000 

25.000 10.684 0.170 24.000 

70.000 26.316 0.330 26.600 

z rX rY rZ 
(kN/mm) (kN/rad) (kN/rad) (kNJrad) 

Frxed - - -
Fixed - - -

N ame 

STAAD/Pro for Windowa R- 3.1 

-.. -2 

... 1~~1 ..... 
1 ,_.,-... 1~-2001 02:11 

Malllrial 

-

a 
(1flK) 

12E -12 

12E -12 

23E -12 

' 
' • 1 

1 

1 

1 



1~ 
~ ....... .,~u.r 

'JcbTI!II 

.e-

Combination Load Cases 
There is no data of this type. 

5 

10= 4.47 m 

7 

6=3m 

y 

z-x 9 

....... 

-... ., 
Fill mart:e 1. 8td 

11 = 5 m 
10 

: 13 = 7 

~ 11 

Who/e Structure Loads 5kN:1m 1 VERTICAL 

Pnnt T~ 2'310812001 23 !52 
STAAO/Pro for WonáaWo ~ 3.1 

..._ ... ... 
3 

"-1~1 a.. 

1 ........ 1 &-M8)o-2001 02'11 

.· 

Prtnl Rwl1 of 4 
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1~ -~ ....._, 10 I.JnknCiwn u.r 
; JobTd:ll ... 

"' 
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11 = 5 m 
5 

10 = 4.47 m 

7 

6=3m 

y 

2-----X 9 

Who/e Structure Loads 5kN:1m 1 VERTICAL 

-No -4 

-18-Mio)HJ1 .... 
,....,._ 1a.May-2001 02:1, 

10 

1 

¡ 13 = 7 n 

1 

1 

1 

1 

i 

1 

1 

1 

1 

~ 11 
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' Job TlOo 
,, 

e-

Max: O m 

1 

~ 

Pnnt ~ 2410i1'2001 oo-oe 

_ ... .,_.., ... 
1 -.., 

"' -18-May-01 a.. 

F• mart:01.std -' ,_.,-... 1&-May-2001 02:11 

~ ', 
-.._'Max__;__Q,001 m ',_'MaJe: 0.001 m _________ _ 

1 
1' 

l' 

Á 

' ! 

----

Max: 0.001 

38 
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; .lab~ ... 
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35 kN 
/ 9.16kN i.27 kN 

-63 kN 

~ -7.27kN ~ 7.27kN 

Pnnl r~. 2410W2001 oo-15 
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!~ 
' 
; JoDTIOI 

"""" 

s.ce-.~m~u.. 

N9 
X = 
y = 
z = 
MX= 
MY= 

·MZ= 

7.269 kN 
35.024 kN 
0.000 kN 
FREE 
FREE 
FREE 

Pmt Tlri'IWDille 241W12001 OC:25 

_.., 

-... 
., 
Fio man:o1 .llllt-

-19.6 kN/m 

STAAD/Pro lar WinciDWII ~ 3.1 

....... -1 

-18-MIIy-01 a.. 

1 ~ 18-May-2001 02:11 

N11 
:x = 
:y = 
:z = 
IMX= 
IMY= 
IMZ= 

-7.269kN: 
63.043 kN¡ 

O.OOOkNi 
FREE ! 
FREE 
FREE 
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STAAD PLANE VIGA EJEMPLO 2 
START JOB INFORMATION 
ENGINEER DATE 18-May-01 
END JOB INFORMATION 
INPUT WIDTH 7 9 
UNIT METER MTON 
JOINT COORDINATES. 
5 4 7 O; 7 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 10; 13 10 11; 
MEMBER PROPERTY AMERICAN 
6 10 11 13 PRIS YD 0.8 ZD 0.4 
SUPPORTS 
9 11 PINNED 
UNIT METER KN 
CONSTANTS 
E 2.5e+007 MEMB 6 10 11 13 
POISSON 0.17 MEMB 6 10 11 13 
DENSITY 24 MEMB 6 10 11 13 
ALPHA 1.1e-005 MEMB 6 10 11 13 
UNIT METER MTON 
LOAD 1 VERTICAL 
MEMBER LOAD 
11 UNI GY -2 
PERFORM ANALYSIS PRINT ALL 
PRINT SUPPORT REACTION ALL 
PRINT JOINT DISPLACMENTS ALL 
PRINT MEMBER FORCES ALL 
FINISH 

C:\Mis docwnentos\cursos\stadpro\ejemplos\marco l.std 
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PAGE NO. 1 

* 
* 
* STAAD/Pro STAAD-III * 

* 
* Revision 3.). .... -.. .. ,_ 

* Proprietary Program of * 

* RESEARCH ENGINEERS, Inc. * 

* Date= SEP 24, 2Q.Ol * 

* Time= 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 INFORMATION 
5. INPUT WIDTH 79 
6. UNIT METER MTON 
7. JOINT COORDINATES 
8. 5 4 7 0; 7 2 3 0; 9 2 O O; 10 9 7 O; 11 9 O O 

9. MEMBER INCIDENCES 
10. 6 9 7; 10 7 5; 11 5 10; 13 10 11 
11. MEMBER PROPERTY AMERICAN 
12. 6 10 11 13 PRIS YD 0.8 ZD 0.4 
13. SUPPORTS 
14. 9 11 PINNED 
15. UNIT METER KN 
16. CONSTANTS 
17. E 2.5E+007" MEMB 6 10 11 13 
18. POISSON 0.17 MEMB 6 10 11 13 
19. DENSITY 24 MEMB 6 10 11 13 
20. ALPHA 1.1E-005 MEMB 6 10 11 13 
21. UNIT METER MTON 
22. LOAD 1 VERTICAL 
23. MEMBER LOAD 
24. 11 UNI GY -2 
25. PERFORM ANALYSIS PRINT ALL 

PP.OBLEM S T A T I S T I C S 

-----------------------------------
NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 5/ 4/ 2 
ORIGINAL/FINAL BAND-WIDTH = 3/ 1 
TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM = 11 

·siZE OF STIFFNESS MATRIX = 66 DOUBLE PREC. WORDS 
REQRD/AVAIL. 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 
SUMMATION FORCE-X 
SUMMATION FORCE-Y -
SUMMATION FORCE-Z = 

MTON METE ) 
0.00 

-10.00 
0.00 

SUMMARY (LOADING 1 ) 

SUMMATION OF MOMENTS AROUND THE ORIGI~-
MX= 0.00 MY= 0.00 MZ= 

++ Processing Element St~ffness Matrix. 
++ Processing Global Stiffness Matrix. 
++ Process~ng Triangular Factorization. 
++ Calculating Joint Displacements. 
++ Calculating Member Forces. 

***TOTAL REACTION ( MTON METE ) SUMMARY 

LOADING 1 

SUM-X= 0.00 SUM-Y= 10.00 SUM-Z= 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY= O. 00 MZ= 

EXTERNAL ANO INTERNAL JOINT LOAD SUMMARY-

JT 

5 

7 

9 

10 

11 

EXT FX/ 
INT FX 

0.00 
0.00 
0.00 
0.00 
0.00 

-o. 74 
0.00 
0.00 
0.00 
0.74 

VIGA EJEMPLO 2 

EXT FY/ 
INT FY 

-5.00 
5.00 
0.00 
0.00 
0.00 

-3.57 
-5.00 
5.00 
0.00 

-6.43 

EXT FZ/ 
INT FZ 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

26. PRINT SUPPORT REACTION ALL 

VIGA EJEMPLO 2 

EXT MX/ 
INT MX 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-65.00 

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

0.00 

65.00 

EXT MY/ 
INT MY 

EXT MZ/ 
INT MZ 

0.00 
0.00 
o.oo 
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 

PAGE NO. 

PAGE NO. 

SUPPORT REACTIONS -UNIT MTON METE STRUCTURE TYPE = PLANE 

JOINT LOAD 

9 1 
11 1 

FORCE-X 

0.74 
-0.74 

FORCE-Y 

3.57 
6. 4 3 

FORCE-Z 

0.00 
0.00 

C :\Mis documentos\cursos\stadpro\ejemplos\marco l.ANL 

MOM-X 

0.00 
0.00 

MOM-Y 

0.00 
0.00 

MOM Z 

0.00 
0.00 

3 

4 
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27. PRINT JOINT DISPLACMENTS ALL 
PAGE NO. 

VIGA EJEMPLO 2 

JOINT DISPLACEMENT (CM RAD!ANS) STRUCTURE TYPE ~ PLANE 

------------------
JOINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN 

5 1 0.0973 -0.0395 0.0000 0.0000 0.0000 -0.0002 

7 1 0.0252 -0.0013 0.0000 0.0000 0.0000 -0.0001 

9 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0001 

10 1 0.0968 -0.0055 0.0000 0.0000 0.0000 0.0001 

11 1 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0003 

************** END OF LATEST ANALYSIS RESULT •••••••••••••• 

28. PRINT MEMBER FORCES ALL 

-- PAGE NO. 
VIGA EJEMPLO 2 

MEMBER END FORCES STRUCTURE TYPE PLAN E 

-----------------
ALL UNITS ARE -- MTON METE 

AXIAL SHEAR-Y SHEAR-Z TORSION MOM-Y 
MEMBER LOAD JT 

6 1 9 3.57 -0.74 0.00 0.00 0.00 

7 -3.57 0.74 o.oo o.oo 0.00 

10 l 7 3.53 0.93 0.00 0.00 0.00 

5 -3.53 -0.93 0.00 0.00 0.00 

11 1 5 0.74 3 o 57 0.00 o.oo 0.00 

10 -0.74 6 o 43 0.00 0.00 0.00 

13 1 10 6.43 0.74 0.00 0.00 0.00 

11 -6.43 -0.74 0.00 0.00 0.00 

........... ., .... 
................................. END OF LATEST ANALYSIS RESULT 

29. FINISH 

* 
* 
* 

••••••••••••••• END OF STAAD-III ••••••••••••••• 
•••• DATE~ SEP 24,2001 TIME= 0:35:15 •••• 

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 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

C :\Mis documentos\cursos\stadpro\ejemplos\marco l.ANL 
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MOM-Z 

0.00 
-2.22 

2.22 
l. 95 

-l. 95 
-5.19 

5.19 
0.00 
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STAAD PLANE VIGA OCHO CLAROS 
START JOB INFORMATION 
ENGINEER DATE 31-May-01 
END JOB INFORMATION 
INPUT WIDTH 79 
UNIT METER MTON 
JOINT COORDINATES 
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 0; 
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; 
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 0; 
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 10; 9 11 12; 10 12 13; 
11 13 14; 12 14 15; 13 16 17; 14 17 18; 15 18 19; 16 19 20; 17 21 22; 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; 28 3 8; 29 4 9; 30 5 10; 31 6 11; 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 YD 0.4 ZD 0.4 
SUPPORTS 
26 TO 30 FIXED 
UNIT METER KN 
CONSTANTS 
E 2.5e+007 MEMB 1 TO 45 
POISSON 0.17 MEMB 1 TO 45 
DENSITY 24 MEMB 1 TO 45 
ALPHA 1.2e-011 MEMB 1 TO 45 
UNIT METER MTON 
LOAD 1 PESO PROPIO 
MEMBER LOAD 
1 TO 20 UNI GY -2 
LOAD 2 Fuerza lateral 
JOINT LOAD 
1 FX 2 
6 FX 4 
11 FX 6 
16 FX 8 
21 FX 10 
LOAD COMB 3 Comb>nación (suma de ambas) 
11.021.0 
PERFORM ANALYSIS PRINT ALL 
PRINT SUPPORT REACTION ALL 
FINISH 

C:\Mis documentos\cursos\stadpro\ejemplos\marco4n.std 
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PAGE NO. 1 

• • 
• STAAD/Pro STAAD-III • 
• Rev~sion 3.1 • ····-· -- -

• Proprietary Program of • 

• RESEARCH ENGINEERS, Inc. • 
• Date= SEP 24, 2Q.Ol • 

• Time= 1:29:31 • 
• • 

• USER ID: Unknown U ser • 

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

12. 30 12 o o 
13. MEMBER INCIDENCES 
14. 1 1 2; 2 2 3; 3 3 4; 4 4 5; 5 6 7; 6 7 8; 7 8 9; 8 9 10; 9 ll 12; 10 12 13 
15. 11 13 14; 1214 15; 1316 17; 14 17 18; 15 18 19; 1619 20; 17 21 22; 18 22 3 
16. 19 23 24; 20 24 25; 21 26 1; 22 27 2; 23 28 3; 24 29 4; 25 30 5; 26 1 6 
17.27 2 7; 28 3 8; 29 4·9; 30 5 10; 316 11; 32 7 12; 33 8 13; 34 9 14·; 351015 
18. 36 11 16; 37 12 17; 38 13 18; 39 14 19; 40 15 20; 41 16 21; 42 17 22; 43 18 3 

19. 44 19 24; 45 20 25 
20. MEMBER PROPERTY AMERICAN 
21. 1 TO 45 PRIS YD 0.4 ZD 0.4 
22. SUPPORTS 
23. 26 TO 30 FIXED 
24. UNIT METER KN 
25. CONSTANTS 
26. E 2.5E+007 MEMB 1 TO 45 
27. POISSON 0.17 MEMB 1 TO 45 
28. DENSITY 24 MEMB 1 TO 45 
29. ALPHA 1.2E-011 MEMB 1 TO 45 
30. UNIT METER MTON 
31. LOAD 1 PESO PROPIO 
32. MEMBER LOAD 
33. 1 TO 20 UNI GY -2 
34. LOAD 2 FUERZA LATERAL 
35. JOINT LOAD 
36.1FX.2 
37. 6 FX 4 
38. 11 FX 6 
39. 16 FX 8 
40. 21 FX 10 
41. LOAD COMB 3 COMBINACIÓN (SUMA DE AMBAS) 

VIGA OCHO CLAROS 

c,IMis docwnentoslcunos\swlpro\c¡emploslmara>4n.ANL 

-- PAGE NO. 2 
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42. 1 LO 2 1.0 
43. PERFORM ANALYSIS PRINT ~L 

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

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS • 30/ 45/ S 
ORIGINAL/FINAL BAND-WIDTH = 25/ 5_ 
TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 75 
SIZE OF STIFFNESS MATRIX = 1350 DOUBLE PREC. WORDS 
REQRD/AVAIL. DISK SPACE = 12.07/ 2047.7 MB, EXMEM = 1779.0 MB 

VIGA OCHO CLAROS -- PAGE NO. 3 

LOADING 1 PESO PROPIO 

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

MEMBER UDL L1 L2 CON L LIN1 LIN2 

1 -2.000 GY 0.00 3.00 
2 -2.000 GY 0.00 3.00 
3 -2.000 GY o.oo 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 
9 -2.000 GY 0.00 3.00 

10 -2.000 GY 0.00 3.00 
11 -2.000 GY 0.00 3.00 
12 -2.000 GY 0.00 3.00 
13 -2.000 GY 0.00 3.00 
14 -2.000 GY 0.00 3.00 
15 -2.000 GY 0.00 3.00 
16 -2.000 GY 0.00 3.00 
17 -2.000 GY 0.00 3.00 
18 -2.000 GY 0.00 3.00 
19 -2.000 GY 0.00 3.00 
20 -2.000 GY 0.00 3.00 

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

MTON METE 1 
0.00 

-120.00 
0.00 

SUMMARY (LOADING 1 1 

SUMMATION OF MOMENTS AROUND THE ORIGIN-
MX= 0.00 MY= 0.00 MZ= -720.00 

LOADING 2 FUERZA LATERAL 

JOINT LOAD - UNIT MTON METE 

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

62 



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 .OO. 0.00 ____ o. o o __ . o,oo 

VIGA OCHO CLAROS 

•••TOTAL APPLIED LOAD 
SUMMATION FORCE-X = 
SUMMATION FORCE-Y 
SUMMATION FORCE-Z 

MTON METE ) 
30.00 
o.oo 
0.00 

SUMMARY (LOADING 

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

++ Processing Elemen" S"iffness Matrix. 
+~ Processing Global S"iffness Matrix. 
++ Processing Triangular Factorization. 
++ Calcula"ing Join" Displacements. 
++ Calcula"~ng Member Forces. 

•••TOTAL REACTION ( MTON METE ) SUMMARY 

LOADING 1 

SUM-X= 0.00 SUM-Y= 120.00 SUM-Z= 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY= 0.00 MZ= 

EXTERNAL AND INTERNAL JOINT LOAD SUMMARY-

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

EXT FX/ 
INT FX 

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

EXT FY/ 
INT FY 

-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 

EXT FZ/ 
INT FZ 

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

C:'Mis doaunentos\cunos\aadpro\ejcmplos\m.arcCMn.ANL 

EXT MX/ 
INT MX 

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 

-330.00 

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

0.00 

720 o 00 

EXT MY/ 
INT MY 

0.00 
o.oo 
0.00 
0.00 
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 

EXT MZ/ 
INT MZ 

-l. SO 
l. 50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.50 

-l. 50 
-1.50 

1.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.50 

-1.50 
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11 0.00 -3.00 0.00 0.00 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 o.oo o.oo 
0.00 6.00 0.00 0.00 0.00 0.00 

VIGA OCHO CLAROS PAGE NO. S 

l3 0.00 -6.00 0.00 0.00 0.00 o.oo 
0.00 6.00 0.00 0.00 0.00 o.oo 

14 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 o.oo 
15 0.00 -3.00 0.00 0.00 0.00 l. 50 

0.00 3.00 0.00 0.00 0.00 -l. 50 

16 0.00 -3.00 o.oo 0.00 o.oo -l. 50 

0.00 3.00 0.00 0.00 0.00 l. 50 

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 

18 0.00 -6.00 0.00 0.00 0.00 0.00 

0.00 6.00 0.00 0.00 0.00 0.00 

19 0.00 -6.00 0.00 0.00 0.00 o.oo 
0.00 6.00 0.00 0.00 o.oo 0.00 

20 0.00 -3.00 0.00 0.00 0.00 l. 50 
0.00 3.00 0.00 0.00 0.00 -l. 50 

21 0.00 -3.00 0.00 0.00 0.00 -l. 50 
0.00 3.00 0.00 0.00 0.00 l. 50 

22 0.00 -6.00 0.00 0.00 0.00 0.00 
0.00 6.00 0.00 0.00 0.00 0.00 

23 0.00 -6.00 0.00 0.00 0.00 0.00 
0.00 6.00 0.00 0.00 o.oo 0.00 

24 0.00 -6.00 0.00 0.00 0.00 0.00 
0.00 6.00 0.00 0.00 0.00 0.00 

25 0.00 -3.00 0.00 0.00 0.00 l. 50 
0.00 3.00 0.00 0.00 0.00 -l. 50 

26 0.00 0.00 0.00 0.00 0.00 0.00 
-0.27 -15.62 0.00 0.00 0.00 0.27 

27 0.00 0.00 0.00 0.00 0.00 o.oo 
-0.01 -29.30 0.00 0.00 0.00 0.02 

28 0.00 0.00 0.00 0.00 0.00 o.oo 
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 0.00 0.00 0.00 o.oo 
0.27 -15.62 0.00 0.00 o.oo -0.27 

LOADING 2 

SUM-X= -30.DO SUM-Y= 0.00 SUM-Z= 0.00 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX= 0.00 MY= 0.00 MZ= 330.00 

EXTERNAL ANO INTERNAL JOINT LOAD SUMMARY-

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

C:\MU doc:umenros'<:unoslstadprolcjemploslman:o4n.ANL 
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1 2.00 0.00 0.00 0.00 O.QO 0.00 

-2.00 0.00 0.00 0.00 o. 00 0.00 

2 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

VIGA OCHO CLAROS PAGE NO. 6 

3 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.-00-. 0,00 .. Q. 00 

4 0.00 0.00 0.00 o.oo 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

5 0.00 o.oo 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 o.oo o.oo 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

8 0.00 0.00 0.00 0.00 0.00 o.oo 
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 o·. o o 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

11 6.00 0.00 0.00 0.00 0.00 0.00 
-6.00 0.00 0.00 o.oo 0.00 0.00 

12 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

13 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

14 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

15 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

16 8.00 0.00 0.00 0.00 0.00 0.00 
-8.00 0.00 0.00 0.00 0.00 0.00 

17 0.00 0.00 0.00 0.00 0.00 0.00 
Q.OO 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 o.oo· 

20 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 o.oo 0.00 0.00 

21 10.00 0.00 0.00 0.00 0.00 0.00 
-10.00 0.00 0.00 0.00 0.00 0.00 

22 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

23 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 

24 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 o.oo 

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

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

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

C:\Mis documentllS-.:unos\stadprolojcmplos\man:o4n.ANL 
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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 COMBINATION NO. 3 
COMBINACICN (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 o.oo 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 PLAN E 

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

26 1 0.27 15.62 0.00 0.00 0.00 
2 -5.13 -23.71 0.00 0.00 0.00 
3 -4.86 -8.09 Q_,_OO 0.00 0.00 

27 1 0.01 29.30 0.00 0.00 0.00 
2 -6.64 l. 38 0.00 0.00 0.00 
3 -6.63 30.67 0.00 0.00 0.00 

28 1 0.00 30.17 0.00 0.00 0.00 
2 -6.52 0.04 0.00 0.00 0.00 
3 -6.52 30.21 0.00 0.00 0.00 

29 1 -0.01 29.30 0.00 0.00 0.00 
2 -6.62 -1.29 0.00 0.00 0.00 
3 -6.63 28.01 0.00 0.00 0.00 

30 1 -0.27 15.62 0.00 0.00 0.00 
2 -5.09 23.58 0.00 0.00 0.00 
3 -5.36 39.19 0.00 0.00 0.00 

...................... END OF LATEST ANALYSIS RESULT . ............... 
45. FINISH 

• 
• 
• 
+ 

*************** END OF STAAD-III *************** 
++++ DATE= SEP 24,2001 TIME= 1:29:31 ++++ 

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 

C:IMis documenmslcunoslsladpro\cjemplos...,_n.ANL 

0.00 
-11.36 

0.00 
-11.45 

0.00 
' -- .. - -· 

-9.95 

PAGE NO. 7 

PAGE NO. 8 

MOM z 

-0.27 
10.02 

9.75 
-o. 02 
11.49 
11.48 

0.00 
11.36 
11.36 

0.02 
11.45 
11.47 

0.27 
9.95 

10.22 

+ 

+ 

+ 

+ 
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1331 kN 

' 
422kN 

1283 kN 

1105 kN 

887 kN 

439kN ' 

1269 kN ' ! 

1094 kN ' ; 

i 
814 kN ' ; 

' 444kN 
1 

y ' 
z--x ~ rél !fa rJi DI 

Whole Structure Loads 262. 764kN:1 m 2 FUERZAS LATERALES PARA RIGIDECES 
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1~ 
~~ID l..tr*n:Mn u." 

1 ..., T1llo 

' 

' ""'"' 

Section Prooerties 
Prop Section Ara a ., 

(m2) (m") 

1 Rect 0.95X0.95 0.902 0.068 

2 Rect 0.95X0.35 0.332 0.003 

Materials 
Mat N ame E G 

(kNimm2
) (kN/mm2) 

1 Steel 205.000 82.000 

2 Concrete 25.000 10.684 

3 Aluminum 70.000 26.316 

Suooorts 
Node X y z rJL 

(kN/mm) (kN/mm) (kN/mm) (kN/rad) 

1 Fixed Fixed Fixed Fixed 

2 .Fixed Fixed Fixed Fixed 
3 Fixed Fixed Fixed Fixed 
4 Fixed ·Fixed Fixed Fixed 
5 Fixed Fixed Fixed Fixed 

Releases 
There is no data of this type. 

Basic Load Cases 
Number Na me 

1 PESO PROPIO 

2 FUERZAS LATERALES PARA RIGIOECE: 

Combination Load Cases 
There is no data of this type. 

_ ... 

-... ., 
~- mar3-2d-10n.ldd 

... J 
(m•) (m•) 

0.068 0.115 

0.025 0.010 

V Denalty 

(kg/m3
) 

0.250 n.ooo 
0.170 24.000 

0.330 26.600 

rY rZ 
(kNirad) (kNirad) 

Fixed Fixed 

Fixed Fixed 

Fixed Fixed 

Fixed Fixed 

Fixed Fixed 

STAAOIProfarW-~ 3.1 
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5 
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Matarial 
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-

a 

(1fK) 
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Beams Cont . .. 
Beam Nocla A NodeB Length Property 11 

(m) degraes 

36 24 25 8.000 2 o 
37 21 26 3.500 1 o 
38 22 27 3.500 1 o 
39 23 28 3.500 1 o 
40 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 29 8.000 2 o 
45 29 30 8.000 2 o 
46 26 31 3.500 1 o ·: 

47 27 32 3.500 1 o 
48 28 33 3.500 1 o 
51 31 32 8.000 2 -- o 
52 32 33 8.000 2 o 
55 31 36 3.500 1 o 

1 

56 32 37 3.500 1 o 
1 

57 33 38 3.500 1 o 
60 36 37 8.000 2 o 1 

.1 
61 37 38 8.000 2 o 
64 36 41 3.500 1 o 1 

65 37 42 3.500 1 o 
66 38 43 3.500 1 o 
69 41 42 8.000 2 o 
70 42 43 8.000 2 o 
73 41 46 3.500 1 o 
74 42 47 3.500 1 o 
75 43 48 3.500 1 o 
78 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 1 o 
87 51 52 8.000 1 2 o 1 

1 

88 52 53 8.000 2 o 

Pnnt T"IINI'Dc8: :wo112001 1e·011 STAAO/Profor~ R- 3.1 "'" ""'. Gf. 
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~~ 
~~to~U... 

, JabTOI 

' 
; 

:c.. 

Beams 
Be a m NodeA NodaB 

1 1 6 

2 2 7 

3 3 8 

4 4 9 

5 5 10 

6 6 7 

7 7 8 

8 8 9 
9 9 10 

10 6 11 

11 7 12 

12 8 13 

13 9 14 

14 10 15 

15 11 12 

16 12 . 13 

17 13 14 

18 14 15 

19 11 16 

20 12 17 

21 13 18 

22 14 19 
23 15 20 
24 16 17 

25 17 18 
26 18 19 
27 19 20 
28 16 21 
29 17 22 
30 18 23 
31 19 24 

32 20 25 
33 21 22 
34 22 23 
35 23 24 

Pmt TlmllllMe. ~1 111:01 

Length Property 

(m) 
5.000 1 

5.000 1 

5.000 1 

5.000 1 

5.000 1 

8.000 2 

8.000 2 

8.000 2 

8.000 2 

3.500 1 

3.500 1 

3.500 1 

3.500 1 

3.500 1 

8.000 2 

8.000 2 

8.000 2 

8.000 2 

3.500 1 

3.500 1 

3.500 1 

3.500 1 

3.500 1 

8.000 2 
8.000 2 

8.000 2 
8.000 2 

3.500 1 

3.500 1 

3.500 1 

3.500 1 

3.500 1 
8.000 2 
8.000 2 
8.000 2 

_.., 

-.... 
., 
... rnar3-2d-10n.lld 

-

11 
degrees 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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1~ 
Salt.-. ..... .,~u.. 

;•na. 
! 
; 

'c.. 

Nodes Cont ... 
Node X y 

(m) (m) 
13 16.000 8.500 

14 24.000 8.500 

15 32.000 8.500 

16 0.000 12.000 
17 8.000 12.000 

18 16.000 12.000 
19 24.000 12.000 
20 32.000 12.000 
21 0.000 15.500 

22 8.000 15.500 
23 16.000 15.500 
24 24.000 15.500 
25 32.000 15.500 
26 0.000 19.000 
27 8.000 19.000 
28 16.000 19.000 
29 24.000 19.000 
30 32.000 19.000 
31 0.000 22.500 
32 8.000 22.500 
33 16.000 22.500 
36 0.000 26.000 
37 8.000 26.000 
38 16.000 26.000 
41 0.000 29.500 
42 6.000 29.500 
43 16.000 29.500 
46 0.000 33.000 
47 8.000 33.000 
48 16.000 33.000 
51 0.000 36.500 
52 8.000 36.500 
53 16.000 36.500 

....... 

-IW 

"' 
... nw3-2d-10n.lld 

z 
(m) 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 

0.000 

0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 

0.000 
0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
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Job lnformation 
Engineer Chackad Approvad 

Na me: 

Data: 24-Sep-01 

1 Structure Typa SPACEFRAME 

Number of Nodes 45 Highest Node 53 
Number of Elements 70 Highast Beam 88 

Number of Bas1c Load Cases 2 
Number of Combination Load Cases O 

lncluded in this printouf are data for: 
1 All j The Whole Structure 

lncluded in this orintout are results for load cases: 
Typa uc Na me 

Primary 1 PESO PROPIO 

Primary . 2 FUERZAS LATERALES PARA RIGIDECE: 

Nodes 
Node X y z 

(m) (m) (m) 

1 0.000 0.000 '0.000 
2 8.000 0.000 0.000 
3 16.000 0.000 0.000 . 
4 24.000 0.000 0.000 
5 32.000 0.000 0.000 
6 0.000 5.000 0.000 
7 8.000 5.000 0.000 
8 16.000 5.000 0.000 
9 24.000 5.000 0.000 
10 32.000 5.000 0.000 
11 0.000 8.500 0.000 

1 12 8.000 8.500 0.000 1 

Pmt Tlftlei'DII:8: 2410&11:Z001 18:01 1 
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------------------
JOINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN 

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

2 1 o.oooo 0.0000 o.oooo 0.0000 o.oooo o.oooo 
2 0.0000 0.0000 o.oooo 0.0000 o.oooo 0.0000 

3 1 o.oooo 0.0000 0.0000 0.0000 0.0000 o.oooo 
2 o.oooo 0.0000 o.oooo 0.0000 0.0000 o.oooo 

4 1 o.oooo 0.0000 0.0000 o.oooo 0.0000 0.0000 
2 0.0000 0.0000 o.oooo 0.0000 o.oooo o.oooo 

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

6 1 -0.0024 -0.0269 o.oooo 0.0000 0.0000 0.0000 
2 4.3083 0.2117 0.0000 0.0000 o.oooo -0.0113 

7 1 -o. 0011 -0.0337 o .oooo 0.0000 o.oooo o.oooo 
2 4.3180 0.0006 o.oooo 0.0000 0.0000 -0.0100 

8 1 -0.0010 -0.0303 0.0000 0.0000 0.0000 0.0000 
2 4.3054 -0.0897 o.oooo 0.0000 o.oooo -o. oo99 

9 1 -0.0004 -0.0174 0.0000 0.0000 o.oooo 0.0000 
2 4.2746 -0.0048 o.oooo o.oooo 0.0000 -0.0098 

10 1 0.0002 -0.0128 o.oooo 0.0000 0.0000 o.oooo 
2 •• 2179 -0.1178 o.oooo 0.0000 0.0000 -o. on1 

11 1 -0.0035 -0.0436 0.0000 0.0000 0.0000 o.oooo 
2 8. 7115 o. 3415 o.oooo 0.0000 0.0000 -o. o116 

12 1 -0.0033 -0.0545 o.oooo 0.0000 0.0000 o.oooo 
2 8. 64 02 0.0019 o.oooo o.oooo o.oooo -0.0106 

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

14 1 -0.0028 -0.0268 o. 0000 0.0000 o.oooo 0.0000 
2 8.5620 -0.0087 o.oooo 0.0000 0.0000 -0.0105 

15 1 -0.0027 -0.0197 o.oooo 0.0000 o.oooo 0.0000 
2 8.5491 -0.1820 o.oooo o.oooo 0.0000 -0.0115 

16 1 -0.0064 -0.0583 0.0000 0.0000 o.oooo 0.0000 
2 13.0045 0.4525 o.oooo 0.0000 o.oooo -0.0109 

17 1 -0.0063 -o. on9 0.0000 0.0000 o.oooo 0.0000 
2 12.9115 0.0039 o.oooo 0.0000 0.0000 -0.0100 

18 1 -0.0060 -o .'065o 0.0000 0.0000 o.oooo 0.0000 
2 12.8564 -o .2164 o.oooo 0.0000 0.0000 -0.0100 

19 l -0.0059 -0.0337 0.0000 0.0000 0.0000 o.oooo 
2 12.8268 -o. 0121 0.0000 0.0000 o.oooo -0.0100 

20 1 -0.0058 -0.0246 o.oooo 0.0000 o.oooo o.oooo 
2 12.822.6 -0.2273 o.oooo 0.0000 o.oooo -0.0109 

21 -0.0103 -0.0711 o.oooo 0.0000 0.0000 0.0000 
2 17.0099 o. 5460 o.oooo 0.0000 o.oooo -o. o104 

22 1 -0.0102 -0.0890 o.oooo 0.0000 0.0000 o.oooo 
2 16.881-4 0.0061 o. 0000 0.0000 0.0000 -o. oo94 

23 1 -o. 0102 -o. 0787 0.0000 0.0000 o.oooo 0.0000 
2 16.7878 -0.2809 0.0000 0.0000 o.oooo -0.0090 

24 l -0.0099 -0.0381 o.oooo o.oooo o.oooo 0.0000 
2 16.7773 -0.0167 o. 0000 0.0000 o.oooo -0.0091 

MARCOS TIPO EN X !PARA TORSIN, FMMI PAGE NO. 9 

JOINT DISPLACEMENT ICM RADIANS) STRUCTURE TYPE • PLANE 

------------------
JOINT LOAD X-TRANS Y-TRANS Z-TRANS X-ROTAN Y-ROTAN Z-ROTAN 

25 1 -0.0097 -0.0277 o.oooo 0.0000 0.0000 0.0000 
2 16.7474 -0.2545 o.oooo 0.0000 0.0000 -0.0095 

26 1 -0.0131 -0.0820 o.oooo 0.0000 o.oooo 0.0000 
2 20.9477 o. 6232 o.oooo 0.0000 0.0000 -0.0107 

27 1 -0.0134 -0.1026 o.oooo 0.0000 o.oooo o.oooo 
2 20.7485 0.0091 o.oooo 0.0000 o.oooo -0.0099 

28 1 -0.0140 -0.0900 o. 0000 o.oooo o.oooo 0.0000 
2 20.4624 -0.3464 0.0000 0.0000 o.oooo -0.0097 

29 1 -o. Ol6o -0.0400 o.oooo 0.0000 0.0000 0.0000 
2 20.0870 -0.0200 o. 0000 0.0000 0.0000 -0.0060 

30 1 -0.0175 -0.0289 0.0000 0.0000 o.oooo 0.0000 
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16 111.60 0.00 o.oo 0.00 0.00 0.00 

-111.60 o.oo 0.00 0.00 0.00 0.00 

17 o.oo o.oo 0.00 0.00 o. 00 0.00 

o.oo 0.00 0.00 0.00 0.00 0.00 

18 o.oo 0.00 0.00 o.oo 0.00 0.00 

o .o o 0.00 0.00 0.00 0.00 0.00 

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

20 o .o o 0.00 0.00 0.00 0.00 0.00 

o .o o 0.00 0.00 0.00 lh<JO 0.00 

21 129.4 o 0.00 0.00 0.00 0.00 0.00 

-129.40 0.00 0.00 0.00 0.00 0.00 

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

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

24 o.oo 0.00 o.oo 0.00 0.00 o.oo 
o. 00 0.00 0.00 0.00 o.oo 0.00 

MARCOS TIPO EN X (PARA 'I'ORSIN, FHMI PAGE NO. , 
25 o.oo 0.00 0.00 0.00 0.00 0.00 

o.oo 0.00 0.00 0.00 0.00 0.00 
26 146.70 0.00 0.00 :l.OO 0.00 0.00 

-146.70 0.00 0.00 0.00 0.00 o.oo 
27 o.oo 0.00 o.oo 0.00 0.00 0.00 

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

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

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

Q.OO 0.00 0.00 0.00 0.00 0.00 
31 90.45 0.00 0.00 0.00 0.00 o.oo 

-90.45 0.00 0.00 o. 00 0.00 0.00 
32 o.oo 0.00 0.00 0.00 0.00 0.00 

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

o.oo 0.00 o.oo 0.00 0.00 0.00 
36 l;.2.70 o.oo 0.00 0.00 0.00 o.oo 

-112.70 0.00 o.oo 0.00 0.00 0.00 
31 o.oo 0.00 0.00 o.oo o.oo 0.00 

0.00 0.00 0.00 0.00 . 0.00 0.00 
)8 o.oo 0.00 0.00 0.00 0.00 0.00 

o. 00 0.00 o.oo 0.00 0.00 0.00 
41 130.85 0.00 0.00 0.00 0.00 0.00 

-130.85 0.00 0.00 0.00 0.00 0.00 
42 0.00 0.00 0.00 0.00 0.00 0.00 

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

o.oo 0.00 0.00 0.00 0.00 o.oo 
46 145.00 0.00 0.00 0.00 0.00 0.00 

-145.00 0.00 0.00 0.00 0.00 0.00 
47 o.oo 0.00 0.00 o.oo 0.00 0.00 

o. oc 0.00 0.00 0.00 0.00 0.00 
48 o.oo 0.00 0.00 o. 00 0.00 0.00 

·0.00 0.00 0.00 0.00 0.00 o.oo 
51 135.70 0.00 o.oo 0.00 0.00 0.00 

-135.70 0.00 0.00 0.00 0.00 0.00 
52 0.00 0.00 0.00 0.00 0.00 o.oo 

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

o. 00 0.00 o.oo 0.00 0.00 0.00 

•••••••••••• END OF DATA FROM INTERNAL STORAGE ..•......... 
56. PRINT JOINT OISPLACHENTS ALL 

MARCOS TIPO EN X (PARA TORSIN. FHMI PAGE NO. e 
JOINT DISPLACEMENT (CM RADIANSJ STRUCTURE TYPE • PLANE 
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o.oa 10.77 0.00 0.00 o.oo -4.26 

36 o.oo -10.77 0.00 0.00 o.oo -4.26 
o.oo 10.77 o.oo o.oo o.oo 4.26 

37 0.00 -13.96 o.oo 0.00 o.oo 0.00 
o.oo 13.96 o.oo o.oo o.oo 0.00 

38 0.00 -10.77 .D.oo- .. - o :oo· ··o .oc 4.26 
0.00 10.77 o.oo o.oo o.oo -4.26 

41 o.oo -10.77 0.00 o.oo 0.00 -4.26 
0.00 10.77 o.oo o.oo o.oo ( .26 

42 0.00 -13.96 o.oo o.oo o.oo 0.00 
0.00 13.96 o.oo 0.00 o.oo 0.00 

43 o.oo -10.77 0.00 o.oo 0.00 4.26 
o. 00 10.77 0.00 0.00 o.oo -4.26 

46 o.oo -10.77 0.00 o.oo o.oo -4.26 
o. 00 1C.77 0.00 o.oo o.oo 4.26 

47 o.oo -13.97 0.00 0.00 0.00 o.oo 
o.oo 13.97 0.00 0.00 o.oo o.oo 

48 o.oo -10.77 o.oo o.oo o.oo 4.26 
o.oo 10.77 o.oo o.oo o.oo -4.26 

51 o.oo -6.98 o.oo 0.00 o.oo -4.26 
0.00 6. 98 0.00 0.00 o.oo 4.26 

52 o.oo -10.17 o.oo 0.00 o.oo o.oo 
o.oo 10.17 0.00 0.00 o.oo o.oo 

53 0.00 -6.98 0.00 0.00 o.oo 4.26 
o.oo 6.98 o.oo 0.00 o.oo -4.26 

LOADING 2 
, 

SUM-X• -1130.65 SUM-Y• 0.00 SUM-Z• 0.00 

SUMMATION OF MOMENTS AROUND ORIGIN-

MX• 0.00 M~- o.oo MZ• 25627.40 

MARCOS TIPO EN X IPARA TORSIN, FMMI PAGE NO. 6 

EXTERNfu. AND INTERNAL JOINT LOAD SUMMARY-

JT EXT Fl(/ EXT FY/ EXT FZ/ EXT MX/ EXT MY/ E:XT MZ/ 
INT FX IN':' FY INT FZ INT MX INT MY INT MZ 

' o.oo 0.00 o.oo o .00. o.oo o.oo 
:!.99.75 84 5. 84 0.00 0.00 o.oo -838.75 

2 o.oo o.oa 0.00 0.00 o.oo 0.00 
245.65 2.33 0.00 0.00 0.00 -913.66 

3 o.oo ·o.oo 0.00 0.00 0.00 0.00 
24 5. 67 -358.40 0.00 0.00 o.oo -912.17 

0.00 0.00 0.00 0.00 0.00 o.oo 
244.05 -19.08 0.00 0.00 o.oo -905.87 

5 0.00 0.00 0.00 0.00 o.oo o.oo 
195.54 -470.69 0.00 0.00 o.oo -821.13 

E 45.25 o.oo 0.00 0.00 0.00 0.00 
-45.25 o.oo 0.00 o.oo 0.00 o.oo 

7 0.00 o.oo 0.00 0.00 0.00 0.00 
0.00 o.oo 0.00 0.00 o.oo o.oo 

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

9 o. 00 0.00 0.00 0.00 o.oo o.oo 
o. 00 0.00 0.00 0.00 o.oo o.oo 

10 0.00 0.00 0.00 0.00 0.00 o.oo 
o.oo o.oo 0.00 0.00 o.oo 0.00 

11 83.00 0.00 o.oo 0.00 0.00 0.00 _o, no n no n !'" n nn n no n nn 

5 'f 81 



.rr EX'!' FX/ EX~ ITI EXT FZ/ EXT MX/ EXT M'!/ EXT MZ/ 

INT FX INT IT INT FZ INT MX INT M'! INT HZ 

1 o.oo -s. n o.oo o.oo 0.00 0.00 

-0.64 -107.49 o.oo 0.00 0.00 1.32 

2 o.oo -5.41 o.oo 0.00 0.00 0.00 

-0.10 -134.53 o.oo o.oo 0.00 0.36 

3 o .o o -5.41 o.oo o.oo 0.00 o.oo 
0.05 -121.18 0.00 o.oo o.oo 0.04 

4 0.00 -5.41 o.oo o.oo 0.00 0.00 

0.11 -69.44 o.oo 0.00 0.00 -0.12 

5 0.00 -5.41 0.00 0.00 o.oo 0.00 

o .59 -51.29 o.oo 0.00 0.00 -0.97 

6 o.oo -12.40 o.oo 0.00 0.00· -4.26 

0.00 12.40 o.oo o.oo 0.00 4.26 

7 0.00 -15.59 o.oo o.oo 0.00 0.00 

0.00 15.59 0.00 o.oo 0.00 0.00 

8 0.00 -15.59 0.00 0.00 o.oo o.oo 
o.oo 15.59 o.oo o.oo o.oo 0.00 

9 o.oo -15.59 o.oo 0.00 0.00 0.00 

0.00 15.59 0.00 o.oo o.oo 0.00 

10 0.00 -12.40 0.00 0.00 0.00 4.26 

o.oo 12.40 0.00 o.oo 0.00 -4.26 

11 e .o o -10.77 0.00 0.00 0.00 -4.26 

o.oo 10.77 o.oo 0.00 0.00 4.26 

12 o.oo -13.96 o.oo o .o o 0.00 0.00 
o.oo 13.96 0.00 o.oo 0.00 0.00 

l3 o .o o -13.96 o.oo 0.00 0.00 0.00 
o.oo 13.97 o.oo 0.00 0.00 0.00 

14 o.oo -13.96 o.oo o. 00 0.00 0.00 
0.00 13.97 o.oo 0.00 0.00 o.oo 

15 o.oo -10.77 o.oo 0.00 0.00 4.26 
o.oo 10.77 o.oo 0.00 0.00 -4.26 

16 c.oo -10.77 o.oo o. 00 0.00 -4.26 
o.oo 10.77 o.oo 0.00 o.oo 4.26 '~ 

17 0.00 -13.96 0.00 0.00 0.00 0.00 
0.00 13.96 0.00 0.00 0.00 o.oo 

lE o .o o -13.96 0.00 0.00 0.00 0.00 
o .o o 13.96 0.00 0.00 0.00 o.oo 

19 c.oo -13.96 o. 00 0.00 0.00 0.00 
0.00 13.96 0.00 o. 00 0.00 0.00 

20 o.oo -10.77 o.oo 0.00 0.00 4.26 
o .o o 10.77 o.oo 0.00 0.00 -4.26 

21 o.oo -10.,77 o.oo 0.00 0.00 -4.26 
0.00 10.77 0.00 o. 00 0.00 4.26 

22 o .o o -13.96 o.oo o .00 0.00 0.00 
o .o o 13.96 0.00 0.00 0.00 0.00 

MARCOS TIPO EN X (PARA TORSIN, rnMI PAGE NO. 5 

23 o. e o -13.96 o.oo o .00 0.00 0.00 
O. DO 13.97 o.oo 0.00 0.00 0.00 

24 o .o o -13. 96 0.00 0.00 0.00 0.00 
o .o o 13.97 0.00 o. 00 0.00 o.oo 

25 c. o o -10.77 o.oo o .00 0.00 4.26 
o.oc 10.77 0.00 o .o o 0.00 -4.26 

26 0.00 -10.77 0.00 o .00 o.oo -4.26 
o .o o 10.7"'1 o.oo 0.00 0.00 4.26 

27 0.00 -13.96 o.oo 0.00 0.00 o .00 
o. o o !3. 97 o.oo o. 00 0.00 0.00 

28 o .o o -13.96 o.oo o. 00 0.00 o.oo 
o .oc 13.97 o.oo o .00 0.00 0.00 

29 0.00 -10.17 o.oo 0.00 0.00 0.00 
0.00 10.17 0.00 o. 00 0.00 0.00 

30 o.oo -6.98 o.oo 0.00 o.oo 4.26 
0.00 6.98 o.oo 0.00 0.00 -4.26 

31 o .o o -10.77 o.oo 0.00 0.00 -4.26 
o. o o 10.77 0.00 o. 00 0.00 4.26 

32 0.00 -13.96 o.oo o .00 0.00 0.00 
0.00 13.97 0.00 0.00 o.oo o.oo 

33 0.00 -10.77 o. 00 o.oo o.oo 4.26 
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PROBLEM S T A T I S 7 I C S 

-----------------------------------
NUMBER OF JOINTS/MEHBER+ELEHENTS/SUPPORTS • 45/ 70/ 5 
ORIGINAL/FINAL BANO-WIOTH • 51 5 
TOTAL PRIM11RY LOAD CASES 2, TOTAL DEGREES OF FREEDOM • 120 
SIZE OF STIFFNESS MATRIX • 2160 DOUBLE PREC. WORDS 
REQRD/AVAI~. DISK SPACE • 12 .• 11/"2041.7 MB, ·EXMEH·· .1817.8 HB 

MARCOS TIPO EN X !PARA TORSIN, FHMl 

LOADING 1 PESO PROPIO 

SELFWt:IGHl Y -l. 000 

ACTUAL WEIGHT OF THE STRUCTUP.E • 511.005 HTON 

•••TOTAL APPLIEO LOAD 
SUMMATION FORCE-X • 
SUMMATION FORCE-Y -
SUMMATION FORCE-Z • 

MTON METE l 
o.oo 

-511.00 
0.00 

SUMHARY ILOADING 

SUMMATION OF MOMENTS AROUNO THE ORIGIN-
MX• 0.00 HY• 0.00 HZ• 

LOADING 2 FUERZAS LATERALES PARA RIGIDECES 

JOINT LOAD - UNIT MTON METE 

JOINT FORCE-X FORCE-Y FORCE-Z HOM-X 

51 135.70 0.00 0.00 0.00 

46 145.00 0.00 o.oo 0.00 

41 130.85 0.00 0.00 0.00 

36 112.70 0.00 o.oo o.oo 
31 90.45 0.00 o.oo o.oo-
26 14 6. 70 o.oo o.oo 0.00 
21 129.40 o.oo o.oo o.oo 
16 111.60 o.oo 0.00 o.oo 
11 83.00 0.00 o.oo 0.00 

6 45.25 0.00 0.00 0.00 

-- PAGE NO. 

1 1 

-6755.64 

MOM-Y MOM-Z 

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

•••TOTAL APPLIED LO~D 
SUMMATION FORCE-X • 
SUMMATION FORCE-Y • 
SUMMATION '"FORCE-Z • 

MTON METE 1 
1130.65 

o.oo 
o.oo 

SUMMARY (LOADING 2 

SUMMATION Of MOMENTS AROUND THE ORIGIN-
MX- 0.00 MY• 0.00 HZ• 

•· Proce~~ing Element Stiffness Ma:r~x. 
•• Proce~s~ng Global St~ffness Matrix. 
++ Process~ng Trlangular Factorlzatlon. 

Calculat1ng Jolnt Dlsplacements. 
++ Calculatlng Member Forces. 

••*TOTAL REACTION ( MTON METE l SUHMARY 

LOADING 1 

MARCOS TIPO EN X (PARA TORSIN, FHMl 

SUM-X• 0.00 SUM-Y• 511.00 SUM-Z• 

SUMMATION OF MOMENTS AROUNO ORIGIN-

""" 0.00 ...,_ 0.00 HZ• 

EXTERNAL ANO INTERNAL JOIN'I" LOAD SUMMARY-

-25627.40 

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

0.00 

6755.64 

PAGE NO. 

3 

4 
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PAGE NO. l ..••••..•...•..••.•••..••...•..••..•..•.••..•..... 
• • 

STAAD/Pro STAAD-III 
• Revuu.on 3 .1 

Propr~etary Proqram of • 
• RESEARCH ENGINEERS, Inc . 
• Da t. e• SEP 24, 2001 

t~e- 16: 7:45 • 
• 

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

l. STAAD PLANE MARCOS TIPO EN X (PARA TORSIN, FMMl 
2. START JOS INFORMATION 
3. ENGINEER DATE 24-SEP-01 
4. END JOB INFORMATION 
5. INPUT WIDTH 72 
6. UNI'I' METER M'I'ON 
7. JOINT COORCINATES 
8. 1 O O O: 2 8 O 0: 3 16 O O: 4 24 O O; 5 32 O O; 6 O 5 O; 7 8 5 O 
9. 8 16 5 O; 9 24 5 O; 10 32 5 O; 11 O 8.5 O; 12 8 8.5 O; 13 16 8.5 O 

10. 14 24 8.5 O; 15 32 8.5 O; 16 O 12 O; 17 8 12 O; lB 16 12 O; 19 24 12 O 
11. 20 32 12 O; 21 O 15.5 O; 22 8 15.5 O; 23 16 15.5 O; 24 24 15.5 O 
12. 25 32 15.5 O; 26 O 19 O; 27 8 19 O; 28 16 19 O; 29 24 19 O; 30 32 19 o 
13. 31 O 22.5 O; 32 8 22.5 O: 33 16 22.5 O; 36 O 26 0: 37 8 26 O 
14. 38 16 26 O; 41 O 29.5 O; 42 8 29.5 0: 43 16 29.5 O; 46 O 33 O 
15. 47 8 33 O: 48 16 33 O: 51 O 36.5 0: 52 8 36.5 O; 53 16 36.5 O 
16. MEMBER INCIOENCES 
17. 1 1 6; 2 2 7; 3 3 8; 4 
18. 10 6 11; 11 7 12; 12 8 
19. 17 13 14; 18 14 15; 19 
20. 24 16 17; 25 17 18; 26 
21. 31 19 24; 32 20 25; 33 
22. 38 22 27; 39 23 28; 40 
23. 45 29 30; 46 26 31; 47 
24. 56 32 37; 57 33 38; 60 
25. 69 41 42; 70 42 43; 73 
26. 82 46 51; 83 47 52; 84 
27, START GROUP OEFINITION 

4 9; 5 
13; 13 
11 16; 
18 19; 
21 22; 
24 29; 
27 32; 
36 37; 
41 46; 
48 53; 

5 lO; 6 6 7; 7 7 8; 8 8 9: 9 9 lO 
9 14; 14 lO 15; 15 ll 12; 16 12 13 
20 12 17; 21 13 18; 22 14 19; 23 15 20 
27 19 20; 28 16 21; 29 17 22; 30 18 23 
34 22 23; 35 23 24; 36 24 25; 37 21 26 
41 25 30; 42 26 27: 43 27 28: 44 28 29 
48 28 33; 51 31 32; 5~ 32 33: 55 31 36 
61 37 38; 64 36 41; 65 37 42; 66 38 43 
'74 42 47; 1543 48; 78 46 47; 79 47 48 
87 51 52: 88 52 53 

28. COLU 8~ 83 82 75 74 73 66 65 64 57 56 55 48 47 46 41 40 39 38 37 32 -
29. 31 30 29 28 23 22 21 20 19 14 13 12 11 lO 5 4 3 2 1 
30. VIGS 88 87 79 78 70 69 61 60 52 51 45 44 43 42 36 35 34 33 27 26 25 -
31. 2<1 1e 11 16 1s 9 e 1 6 
32. END • 
33. MEMBER PROPERTY AMERICAN 
34. _COLU PRIS YO 0.95 ZO 0.95 
35. _VIGS PRIS YO 0.95 ZO 0.35 
36. CONSTANTS 
3~· E 2.2136E+006 ALL 
38. OENSITY 2.4 ALL 
39. SUPPORTS 
40. 1 TO 5 FIXEO 
<11. LOAD 1 PESO PROPIO 

MARCOS TIPO EN X (PARA TORSIN, FMMl -- PAGE NO. 2 

42. SELFWEIGHT Y -1 
4 3. LOAD 2 FUERZAS LATERALES PARA RIGIDECES 
44. JOINT LOAD 
4 5. 51 FX 135.7 
4 6. 46 FX 145 
47. 41 FX 130.85 
48. 36 FX 112.7 
4 9. 31 FX 90.45 
so. 26 FX 146.7 
51. 21 FX 129.4 
52. 16 FX 111.6 
53. 11 FX 83 
54. 6 FX 45.25 
55. PERFORM ANALYSIS PRINT ALL 
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STAAD PLANE MARCOS TIPO EN X (PARA TORSIÓN, FMMJ 
START JOB INFORMATION 
ENGINEER DATE 24-Sep-01 
ENO JOB INFORMATION 
INPUT WIOTH 72 
UNIT METER MTON 
JOINT COCROINATES 
1 O O O; 2 8 O 0; 3 16 O O; 4 24 O O; 5 32 O O; 6 O 5 0; 7 8 5 O; 
8 16 5 O; 9 24 5 0; 10 32 5 O; 11 O 8.5 O; 12 8 8 • .5 O; 13 16 8.5 O; 
14 24 8.5 0; 15 32 8.5 O; 16 O 12 0; 17 8 12 O; 18 16 12 O; 19 24 12 O; 
20 32 12 0; 21 O 15.5 O; 22 8 15.5 0; 23 16 15.5 0; 24 24 15.5 O; 
25 32 15.5 0; 26 O 19 0; 27 8 19 0; 28 16 19 O; 29 24 19 0; 30 32 19 0; 
31 O 22.5 O; 32 8 22.5 O; 33 16 22.5 0; 36 O 26 O; 37 8 26 O; 
38 16 26 0; 41 O 29.5 0; 42 8 29.5 O; 43 16 29.5 O; 46 O 33 0; 
47 8 33 0; 48 16 33 O; 51 O 36.5 O; 52 8 36.5 O; 53 16 36.5 0; 

MEHBER INCIDENCES 
1 1 6; 2 2 7; 3 3 8; 4 4 9; 5 5 10; 
10 6 11; 11 7 12; 12 8 13; 13 9 14; 
17 13 14; 18 14 15; 19 11 16; 20 12 
24 16 17; 25 17 18; 26 18 19; 27 19 
31 19 24; 32 20 25; 33 21 22; 34 22 
38 22 27; 39 23 28; 40 24 29; 41 25 
45 29 30; 46 26 31; 47 27 32; 48 28 
56 32 37; 57 33 38; 60 36 37; 61 37 
69 41 42; 70 42 43; 73 41 46; 74 42 
82 46 51; 83 47 52; 84 48 53; 87 51 

6 6 7; 7 7 8; 8 8 9; 9 9 10; 
14 10 15; 15 11 12; 16 12 13; 
17; 21 13 18; 22 14 19; 23 15 
20; 28 16 21; 29 17 22; 30 18 
23; 35 23 24; 36 24 25; 37 21 
30; 42 26 27; 43 27 28; 44 28 
33; 51 31 32; 52 32 33; 55 31 
38; 64 36 41; 65 37 42; 66 38 
47; 75 43 48; 78 46 47; 79 47 
52; 88 52 53; 

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

START GROUP OEFINITION 
COLU 84 83 82 75 74 73 66 65 64 57 56 55 

31 30 29 28 23 22 21 20 19 14 13 12 11 10 
VIGS 88 87 79 78 70 69 61 60 52 51 45 44 

24 18 17 16 15 9 8 7 6 

48 47 
5 4 3 
43 42 

46 41 
2 1 
36 35 

40 39 38 37 32 -

END 
MEHBER PROPERTY AMERICAN 

COLU PRIS YO O. 95 ZD O. 95 
VIGS PRIS YO 0.95 ZD 0.35 

CONSTANTS 
E 2.2136e+006 ALL 
DENSITY 2.4 ALL 
SUPPORTS 
1 TO 5 FIXEO 
LOAO 1 PESO PROPIO 
SELFWEIGHT Y -1 
LOAD 2 FUERZAS LATERALES PARA RIGIDECES 
JOINT LOAO 
51 FX 135.7 
46 FX 145 
41 FX 130.85 
36 FX 112.7 
31 FX 90.45 
26 FX 146.7 
21 FX 129.4 
16 FX 111.6 
ll FX 83 
6 FX 45.25 
PERFORM ANALYSIS PRINT ALL 
PRINT JOINT DISPLACHENTS ALL 
PRINT SUPI'ORT REACTION 

34 33 27 26 25 -

LOAD LIST 2 
PRINT JOINT DISPLACHENTS 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 18 17 16 15 14 13 12 11 10 9 -

8 7 6 
FINISH 

C:\Mis documentos\cunos\sadprolojcmpioslmar 3·24-1 On.std 85 
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Example Problem No. 2 

A !loor structure (bound by global X-Z axis) made up of steel 
beams is subjected to area load (i.e. load/area of !loor). Load 
generation based on one-way distribution is illustrated in this 

example. 

x5'-0w=20'-0" 
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l. Select the STAAD.Pro icon from the STAAD.Pro 2001 program 
gro u p. 

Figure 2. 1 

The ST AAD. Pro Graphical Environment will be invoked. 



2. The units in which we wish to crea te this model are the Enghsh 

units. (feet, ktp. etc.) The default unit system setting is whatever 
we chose during the installation of the program. If yo u had chosen 

Metric at the time of ínstallation, yo u may want to change it to 
English. To do so, click on the File/ Configure menu option (see 
Figure 2.2) and choose the appropriate one (English for our case). 

Then, click on the Accept button. 

Figure 2. 2 

Figure 2. 3 
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3. To create a new structure. click on the File/ New option tn the 
STAAD.Pro screen that opens (as shown in Figure 2.4). 

Figure Z. 4 

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

New Fite Selup- Step 1 Spee,fv Jype <tnd T•tle EJ 

Figure 2. 5 



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

the Length Units as Faot, the Force Units as KiloPound and click 
on the Next button as shown in Figure 2.6. Please note that the 
input units may be changed subsequently at any stage of building of 

the model. 

Figure 2. 6 

6. Th1s dialog box confirms the informat10n of our previous 

selecuons. Press the Finish button. (see Figure 2. 7) 

Figure 2. 7 
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Once we press the Finish button. the STAAD.Pro main window 
appears on the screen. 

Figure 2. 8 



7. Sdect Geometry f Beam Page from the left si de of the screen. In 
th•! Snap Node/Beam dialog box that appears m the Data Are a ( on 
tht: right side of the screen). choosc: X-Zas the Plane and in the 

Construction Lines group, set X and Z to 20 with a spacing of 1ft. 
(see figure below) This 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. 

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

members. 

(5,0). (10.0). (15.0) and (20.0) 

The exact location of the mouse arrow can be monitored on the 

status bar located at the bottom of the window where the X. Y. and 
Z coordinates of the current cursor position are continuously 
updated. 

,. ___ , 
.-·. 

Figure 2. 10 



9. After having created these four beams and five nodes. let use lose 

the Snap Node!Beam dialog box. 

Figure 2. 11 
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10. In order to display the node and beam numbers, right click 

anywhere within the drawing area. In the pop-up menu that 

appears. choose Lahe/s as shown below. 

Figure 2. 12 

Alternatively. one may access this option by selecting the View 

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

1 V1e, 

Zoan~,-~~--;;" _,_ ~·· 
·-p;,;;=;.:: --:- --.-, 
Vi~ sd~ Obtects Or-1.1 '--_ ,.----'··--.. --•-

r1~W v1ev.::; _ -­
·:·.i.r~ 



11. In the Dwgrams dialog box that appears. turn the Node Numhers 

and Beam Numbers on and then click on OK. 

Figure 2. 14 

The nodes and beams are now labeled on the drawtng. 

Figure 2. 15 

2-11 

ro 



2-12 

12. As shown on the title page of this example, beams 5 to 9 are 

loca1ed al 1he grid line Z = lOft. We could creale them m a manner 
similar lo whal we did for crea1ing beams 1 to 5 by clicking at 1he 
relevant grid points. Alternatively. we may use ST AAD 's 
Translarional Repear facility lo do the same. 

Lel us choose lhe latter melhod. First, select members 2. 3. anJ 4 

with the help of the Beam Cursor RJ The Beam Cursor can al so 
be selected by choosing the Beam Cursor option from the Selecr 

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

Figure 2. 16 



Next, go to the Geometry / Trans/ational Repeat menu option as 

shown below. 

2-13 
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13. In the 3D Repeat dialog box that opens. specify the Glohal 

Direction as Z, No of Steps as 1 and the Default Step Spac1ng as 

lOft. Lea ve lhe Link Steps box uncheckcd. Then. click on OK. 

3D Repeat El 

-~,_--"~-?,_..:.:-"i:..,:~"':i!."i.!..."'=-;r"'-.. - .,._,.:-:....,.:'"·~~:~"'-"'':-"''"'"';..:r,_~G"--"'~"'--'""-·"""\"::·.,~:;¡l~~:~s:~;'·~·~tr:i:~~J. 

'l: ---l •,;:· . ····· .. .. 
--· GtmiAJII ..... 

.... , ..... 
-2.·_ ~~-¡, -e 

.-' o::'i->·_-

After completing the translational repeat process. the structure 

should look as follows: 

' 
J • 

6 

Figure 2. 19 



14. Next, let us spilt member 6 into two parts of length 3ft and 2ft 
respectlvely. Fust. select the member by chcking on it anJ then 
click the right mouse button. ln the pop-up menu that appears. 

choose the Insert Nade option as shown below. 

Figure 2. 20 

Alternatively. one may access this. option by going to the Geometry 

menu and choosmg Jnsert Nade: 

2-15 

IZ 



2-16 

15. In the Insert Nodes dialog box that opens. specify the Distance as 

3ft. click on the Add New Point button. and click on OK. 

lnsett Nades 1nto Ucam G EJ 

Figure 2. 22 



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

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

Before insertion 

' 

Figure 2. 23 

After insertion 

Figure 2. 24 
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16: Repeal lhis procedure lo ;p1il member 7 10 creale nade 11. In lhe 

Insert Nodes dialog box. specify lhe Distance as /.5/i. click on 1he 
Add New Potnt bullan. and click on OK. 

3 

Figure 2. 25 

9 



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

we can use the Translational Repeat operauon by using the X 
direction beams at Z = O as the basis. Yet another method 1s the 
Copy-Paste facility from the Edit menu. To apply 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 Edil menu 
and choose Copy). Once again. click the nght mouse button and 
select Paste Beams (or choose Paste Beams from the Edit menu) as 

shown below. 

Figure 2. 26 

18 Provide O. O. and 25 for X. Y and Z respectively and click on the 

OK button. 

POJos:lc wllh Move EJ 

Figure 2. 27 
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19. As we click on the OK button. the following message box appears. 
This is only a reminder that we need to subsequently assign the 

required properties to these entitles as well. Let us click on the OK 

button. 

S 1 MO Pto tor Wmdows f!¡ 

Figure 2. 28 

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

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 5ft. So. the X co-ordinates of its end ts 
at 11. not 10. To make this change. let us change the co-ordinates 

of Node 14. Todo that. select that node using the Nades Cursor 

\§21 The data relating to Node 14 will be highlighted tn the Nades 

table located in the Data Area. 

Figure 2. 30 

21. In this table. change the value of the X co-ordinate from JOto 1 J. 

·- ·,a-ooo 
• o·1XIO · • 10000 

· · · ·a .cóJ 1 o OOJ 

Figure 2. 31 
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22. We also need to change the co-ordinates ofNode 15 from (15. 25) 
to (16.5, 25). However, instead ofusing the method described in 

the previous step, let us try a different approach. Let us first select 
Node 15 by clicking on ít. Then. from the Geometry menu: select 
the M ove opt1on, specify the X direction distance as /.~{!anO click 

on OK. 

l!i~ 

~~3!~~~ 
_-_;~Add_a~-.·~::~:~~}.:{?.'.~. 

~:S~~-t~~t~~t3 
~~~rJ~¡:V.ifi4~~ 
:é·~~~F,,A,.z:~;; !!'" 

M ove 

Move Nades Selechan 13 
o··-

i~~§!1r~~~i~~ 
Rtr~Strucu.ew;;d ~:..·.-

Figure 2. 32 



23. We now have to create the X direction beam at Z =28ft. Todo 
this, we shall adopt yet another method. Using the Copy-Paste 
facility of the Edil menu, Jet us ere ate the jomts at (0. O, 28) and 
(20, O. 28) using the joints at (0, O, 0) and (20. O, 0) as the bas1s. 
Then, we shall add a beam between the two new joints. The steps 

are as follows: 

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

Cursor option. 

Figure 2. 33 

2-23 

Then. select Node 1 which has the co-ordinates (0, O. 0) by 
clicking on 11. lt should be h1ghlighted. To copy that Node. type 
Ctri+C or select Copy from the Edit menu. Topaste, type Ctri+V or 

select Paste Nades from the Edir menu. 

[:J;át 
-:;,.'tSfí~t~M~~~ff~~-:~~~~- ,_i~- -~,~~~~ ·: :_ 

~_:-~~~~----:;(~:~~;:~_-<_·-~~~~Cb~---~~ 
ifi§M Copy 

~zibi~~~;~~~}~;fó~~~? 
~~!qk~iii 
~~~:~':t~t~/~0"'t~~ 

Figure 2. 34 
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When we select Pasee Nodes, the following dialog box appears. 
Specify the X and Yvalues as zero, and Zas 211ft. Then. click on 
the OK button. 

Figure 2. 35 

N atice that a new nade (no. 17) appears on the screen. 

4 • J 

15 13 
12 • 11 

13 
10 

12 
.17 

Figure 2. 36 
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24. In a s1milar fashion, copy node 5 (at 20, O, O) and paste it to crea1e 

the no de at (20, O, 28 ). 

2 

5 

16 

10 , 

Figure 2. 37 

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

select the Add Beam option from the Geomerry menu. Then. click 
on the two nodes in succession and notice that the beam (no. 14) 
has been created. At this point. switch off the Add Beam option. 

2 

5 

7 11 
9 

6 JiJB 

Figure 2. 38 
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26. To create the beam at Z ~35ft. we shall use the Copy-Pasre 
technique of the Edit menu. and use Be a m no. l4 as the basis. 
Select beam no. \4. Copy and Paste it at Z ~7ft. The value 7 IS 

derived from the fact lhat Z = 35 is 7ft away from Z = 28. 

As we paste the beam.the following message box will appear. This 
is only a reminder that we need to subsequently assign the 

properties to this beam as well. Let us click on the OK button. 

STAAO Pro lor Wmdows El 

~~~~t~~~:'S~r~se~j 
Figure 2. 39 

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

• 
J ' 

2 

5 

19 

Figure 2.. 40 



2 7. The remainder of the members in the model can be created by 
adding beams between existing nodes sine e all the nodes of the 
structure ha ve already been created. So. Jet us select the Add 

Beams 1con!!! (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 chao seto turn the Beam Numbers off to ea se locating the 

nade numbers. Beam Numbers can be switched off from V1ew j 
Structure Diagrams J Lahels tab and uncheckmg Beam Numbers. 

;~~:;;~~-~~~~~~~~ 
~:::V~M~r~~ .. -~:=:-;::::~ .. ~; 

~--~:f) _;~~{:~~--~~~':\' 
";·s.tCdm..o • . .. 

-;;:- "- . 
Figure 2. 41 
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28. Using the cursor, add new beams by clicking between the following 

pairs of nodes. 

)\:!'¡~ c:reat_e,i)_ ~,, , Add l!eá~~.;;;;:t· 
~f..-(m.ember..:#·~~'_:- : ::-::·be~~e~;*beae\~! ··· 
~$:·:~·t::.-:.:.-::~:-~:;'~~~; ~~;::·~·::-__ · __ .nOdes.~--~~~::~: 

16 17 and 19 

17 12 and 17 

18 1 and 12 

19 6 and 13 

20 2 and 6 

21 10and14 

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 offthe Add Beam icon to stop 
adding any more beams. 
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The structure will now look as shown below: 

Isometric View 

Figure 2. 42 
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Plan View 

~ ~ 

10 1 

1 
2 13 14 15 6 

7 8 

19 o 

Figure 2. 43 



30. The next step is to define properties for the members. To do this. 
select General/ Property Page from the left side of the screen. 
Then. click on the Data base button in the Properries dialog box as 

shown below. 

·~~~~{ 
¡ 1 i ., 
' 

!l~n:--~~~~t 

~~~ 
~~~~i-~~t~~~fj 

Figure 2. 44 

31. In the Select Country dialog box that appears. choose the country 
na me whose steel table you want to use. in our case. Amer~can. 

Then. click on OK. 

Figure 2. 45 
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32. In the American Steel Tahle dialog box. select the W Shape tab 
N atice that the field called Material is presently on the "checked" 
mode. If we keep tt that way, the material properties of stee 1 (E. 

PoJSson. Density, Alpha. etc.) will be assigned along wtth the 
cross-section name. The material property values so assigned will 
be the program defaults. We do not want default values. mstead we 
will assign our own values later on. Consequently, let us unchcck 
the Material box. Choose WI2X26 as the beam size. STas the 

section type and che k on the Add button as shown in Ftgure 2.39. 
Detailed explanation of the terms such as ST. T. CM. TC. BC. etc. 
is available in Section 5 of the STAAD Techntcal Reference 
Manual. 

Ametu:an Steel l abJe Ei 
~r-n...::; -" t:. ':!..'-:":2-.d'i:~;::';:'--;,-:; __ "- • --' .---

""-01;ci\innéi:fE':~ccn..inel'"l' ArOa 
·;··w_s"""'~:.¡:_t.tSh-. f SShopo 1 

-, ----."1.'-.:l-~ ~---.-' .,..__ -- ·-

Figure 2. 46 
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33. Smce the selected cross section has to be assigned to all the 
members in the structure. the simples! method to do that will be to 

set the ass1gnment method as Assign ro View. So. click on the 
Assign to Vtew button in the Properties dialog box followed by the 

Assrgn button. 

Figure 2. 47 

A message box (shown below) asks us to re·confirm that we do 
indeed want to assign this property to all the members in the 

model. Let us click on OK. 

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

Numbers (go to View J Srrucrure Diagrams · Lahels- Beam 
Numhers). The structure will now loo k. as shown beloY.. 

o 

Figure 2. 49 

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

anywhere in the drawing area to unh1ghlight the members. 

A"""mmt Mo<hod------, 

r Psr<gnioSclectedBe:3rfl) 
r.· Atsig'IJoV~e~W~: . . _:: . -~ ,_ 

- 'r Use c:U~-To.Assign -~--~;;~~p(~. 
r ~ToÉdll;;t 'o _ ._ 0

,·.,,:,::
0

•
0 

o 

o 1 
-:'_ ·::-~--' . 

Figure 2. 50 



34. To assign member rel,eases, first, go to General j Spec Page from 
the left si de of the screen. Then, click on the Beam button in the 

Speq{ications table located in the Data Area. 

Figure 2. 51 

35. In the Beam Specs dialog box that opens. select the Re/ease tab 
which also happens to be the default. We want to apply the release 

at the start node. and hence it is convenient that · Start' is the 
default. Check MZ under the Re/ease option and click on the Add 

button. 
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Be.-. Specs EJ 

Figure 2. 52 

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

l, 5, 10, 14, 15, 18, 17, 28, 26.20 lo 24 

One way lo selecl lhese members is lo go lo Se/ect 1 By Lisr 1 
Beams menu oplion. In lhe Selecr Beams dialog box. lype lhe beam 
numbers in the En ter list box. and click on OK as shown below 

SeJect BearDS 13 

1 
2 
3 

• 5 
6 
7 
B 
9 
10 

-·. 
e: Er<O.i.t_: j1.5.10.14.15.18.17.28.26.20to24 ·-: 

Figure 2. 53 



Notice that as we select the members. the Assignment Method 

automaucally sets to Assign ro Selecred Beams. 

Figure 2. 54 

Then, click on the Assign button in the Specificarions dialog box. A 

message box (shown below) asks us to re-confirm that we do 
indeed want to assign this attribute to the selected memcers in the 

model. Let us click on OK. 

S 1 AAD Pro l01 Wtndow~ · \ i3 

Figure 2. 55 
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After the releases ha ve been assigned at the start. let us click 

anywhere m the drawing area to unhighlight all the members. The 

structure will loo k as follows: 

2tl 

19 

Figure 2. 56 

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

by clicking on the Beam button in the Specifications dialog box. 

Then. cltck on the End button. check MZ under the Release option 
and click on the Add button. 

Assign th1s attribute to the followmg members. 

4. 9. 13. 14. 15. 18. 16. 27. 25. 19.21 to 24 



After the releases ha ve 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: 

20 

Figure 2. 57 
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38. The Commands we wish to genera te are: 

CONSTANTS 
E 4176E3 ALL 
POISSON STEEL ALL 

Todo this, go to Commands / Marerial Con.Ytants / Elasricuy 
option from the top menu bar as shown below. 

1:~-~-:~,t<ooe'·"wrdow He~ :-- _. ·_: 

":~===~--:,' -.: ~~ DIQ.IHI~I,-,1~1~ 
_1- -
~·Materiaflable .. : ·- -M~~nal Con~tanh • 

·• --------~~~ 
- Oer"'$Íty .. 

- Loodmg 

--~-----

Figure 2. 58 



39. In the Matenal Constant dialog box that appears. en ter 41 76E3 in 
the En ter Value box. Since the value has to be assigned to all the 
members of the structure. setting the assignment method To VieH' 

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

Figure 2. 59 

40. In a similar fashion. set the Paisson 's Ratio to the Material 

Constant for Steel and assign to all members 1n the view. 
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41. The commands we wish to generate are: 

1 5 12 16 19 20 FIXED 

Todo this, select the General/ Support Page from the lefl side of 
the screen. In lhe Supports dialog box, click on the Add button. 
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Figure 2. 60 



42. In the Creare Supporr dialog box that opens. select the Fixed tab 
(which also happens to be the default tab that comes up). and then 
click on the Creare button. This crea tes a FIXED type of support 

where all 6 degrees of freedom are restrained. 

Figure 2. 61 
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43. To asstgn the support. first select the Support 2 specification in the 

Supports dtalog box. 

Figure 2. 62 
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Then, select the following nodes: 

l. 5, 12. 16, 19, 20 

To select these nodes, go to Select 1 By LIS/ 1 Nades menu option. 
In the Select Nodes dialog box, type the node numbers in the Enrer 
lisr box. 

Notice that as we select the nodes, the Ass1gnment Method 

automatically sets to Assign ro Selecred Nodes. Then. click on the 
Assign button in the Spec(ficarions dialog box. 

~~~}!:i~~~~~ 
~~~:uieo.ftorraAs~--- .-.. 
' r-Ao<i,;;,roE<itu.t . -:· 

Figure 2. 63 

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

STMD.Pro lm Wrndow,- EJ 
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Figure 2. 64 



After the supports are assigned. the structure will Jook as shown 

below: 

Figure 2. 65 
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44. Load assignments are done from the General/ Load Page as shown 

below. 

· _ __::_:::,"::::-
.: .. ,:-·:· 

u 
" Q) . c. 
. "' 

t: 
¡;¡ 8. 
~ C.• 

.e: iil 
"' . -·· . . Cl) .. 

Figure 2. 66 

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

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

In the Ser Acuve Pnmary Load Case dialog box that opens. enter 

300 POUNDS PER SFT DL ~ LL as the title for Load Case 1 and 
click on OK. 
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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 Area tab. Enter 

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

Ue.am loarb 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 
ami directlon ofthe load at the applicable jomts and members 1s 

directly known from the input. However. the Area load is a 

different sort of load where a load intens1ty on the given area ha~ 

to be con verted to joint and member loads. The calculation~ 

required to perform this conversion are done only dunng the 

analysis. Consequently. the loads generated from the Area load 
command can be viewed only after the analysis is completed. 

S T AAO Pro for W'1ndows EJ 

Figure 2. 70 



48. Since 1his load is 10 be applied on all lhe beams of lhe model. sel 
lhe Assignment Method 10 Assign to View in lhe Loads dialog box. 

Then. click on lhe Assign button followed by Clase. 

Figure 2. 71 

2-49 

A message box (shown below) asks us lo re-conftrm lhal we do 
indeed want to assign this load to all the members in the model. Let 

us click on OK. 
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49. The next step is to assign the commands to perform the analysis. 
We wish to genera te the command: 

PERFORM ANALYSIS PRINT LOAD DATA 

Todo this. go to Ana/ysis!Prinr Page from the left si de of the 

screen. Then, click on the Analysis sub-page from the second row 
of pages as shown below. 

-:-:•- .¡ 

·-· . 

... ··- -· 
·::::L· 

Figure 2. 73 



50. Click on the Define Commands button in the Data Area on the 

right hand si de of the screen. 

Figure 2. 74 

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

!he Add button and the Close button. 

Figure 2. 75 
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52. The next step is to specify steel design parameters. Todo this. 

click on the Design f Sree/ Page from the left si de of the screen. 
Make sure that under the Current Code selections on the top right 
hand side. AISC is selected. Then. e tick on the Define Parametr?rs 

button in the Steel Design dialog box . 
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Figure 2. 76 



The commands we wish to genera te are: 

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

53. In the Design Parameters dialog box that apeos. select the Beam 

tab. Then, define the Beam Parameter as 1 and click on the Add 

button. 

Figure 2. 77 
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54. In a Similar fashion select the tabs Dmax. Dmin. Unt. and Unh 

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

·. Para meter ·•. ~Valuc·····.- : 
-.- Na·me· ~-·- · ~ 

DMAX 2.0 
DMIN 1.0 

UNT 1.0 

UNB 1.0 

55. After all the values ha ve been added. click on the Clase button in 
the Design Parameters dialog box. 

56. Since each of these parameters has to be assigned to ALL the 
members in the view. do the following. Select each parameter. click 
on the Asstgn ro View button. followed by the A.mgn button in the 
Design Parameters dialog box . 

.. ,., B et PAAAMETEA 
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Figure 2. 78 

As we click on the Assign button. a message box (shown below) 
asks us to re-confirm that we do indeed want to assign this 
parameter to all the members in the model. Let us click on OK. 
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Figure 2. 79 



Notice that before assigning the parameters. each of them will be 

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

be preceded by v 

JOINT COORDINA TES 
MEMBER l~lODENCES 
MEirlBEA PROPERW AMERICAN 
H[t.-iBER RELEAS[ 
CONSTANJ~. 

l"":IOl-0. SUPPORTS 
LOAD 1 300 POUtJOS PER SF1 
F'ERFOAM e.N?L'r'SI5 PRI~Il LOA 

J'c'J F'-l'i PARAMETER 
CODE AISC 

··' BEAMl 
' 0""' 2 f 0MlN1 

·-!UNTl 

' llllllll )( FINISH 

MEMBER lllCIDENCE~ 
MEMBER PROPERTY >MERICOI/~ 
MEMBER RELEASE 

SUPf'OATS 
l±l- CJ LOAr• 1 300 F'OUNDS PE~ •;n 

x PERFORM t..NAr,.st:. PP.IN1 
eJ PARAMETEA 

·,. CODE AISC 
V BEAM, 
v' OMAX2 

- .... DM!N 1 
•• V UNT 1 

.... ~U~U­
-- )( FIN1'3H 

Figure 2. 80 
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57. Click on the Command~; button in the Stee/ Design dialog box. 

Figure 2. 81 

58. In the Design Commands Jialog box that opens. clicJ... on the Selecr 

tab followed by the Add and the Clase buttons. 

:~~~i¿~r~;!t..'!lt~:EJ~-~1· 
: .. --"'. _,_ .-- __ , ~ .. , . ·.::, 

-- - •.;:~:... ._; 

,-, Seiect: 3peciled membeu ~sed en tfv: p.a-ometer 
Vo!llm •esf.ncbonsS"'!ispeofied code -lhe ~elect01 is 
done u:mg the tm.*~ trom the fT'I();t recen analym . , .. . 
<!!l'1d teretl"9 on sed.•Ofl$ tml o!l6esst weq.t sile 1s. 

. obtefled. • 'to • : '! . 

r Mor 

"""''" 
Figure 2. 82 

,· ..... . 
·-:::=:'r.:.: ... ~y, 

.-- ,_ 

0!"" . ·1 



59. Next. make sure that the SELECT parameter is selected in the 

Steel Des1gn dialog box. 

CODEAISC 
V BEAM 1 

. V OMAX2 
.., OMIN 1 
V UNT1 

. V UNB 1 

YDDI 
. X FlfHSH 

Figure 2. 83 

Then, select the following members. 

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

By now. you should be familiar with the process of selecting 

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

• Choose the Beams Cursor from the Select menu. and then click 
on those members in the drawing whi1e keeping the 'Ctrl' key 

pressed. 

or 

• Choose By L1st / Beams from the Select menu. and type the 

member numbers in the En ter list box, followed by OK 

Notlce that as we select the members. the Assignment Methvd 

automatically sets to Assrgn To Se/ected Beams 
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60. After the members are selected. click on the Assign button located 
in the Sreel Design dialog box. 
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Figure 2. 84 

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

indeed want to assign this command to the selected members m the 

model. Let us click on OK. 
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The structure w1ll now Jook as shown below. 

lsometric View 

Figure 2. 86 
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Plan View 
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Figure 2. 87 

This concludes the as~1gn1ng of all the Jata to the structure. From 

the File menu. select Scn·e. ant.l prov1de a rile na me. if you haven't 

already done so. 
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Example Problem No. 5 

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

structure. 

3 

z 
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l. Select the STAAD.Pro icon from the STAAD.Pro 2001 program 

gro u p. 

Figure 5. 1 

The STAAD.Pro Graphical Environment will be invoked. 



2. The units in which we wish to create this model are the English 
units. (feet. kip. etc.) The default unit system setting is whatever 
we chose during the installation ofthe program. lfyou had chosen 
Metric at the time of installation. you may want to change it to 
English. Todo so, click on the File/ Configure menu option (se e 
Figure 5.2) and choose the appropriate one (English for our case). 
Then. click on the Accept button. 

Figure 5. 2 
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3. To create a new structure. click on the File f New oplion in the 
STAAD.Pro screen that opens (as shown in Figure 5.4). 

Figure S. 4 

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

New File Setup- Step 1: Specdy Type and T1tlc El 

Figure 5. 5 



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

the model. 

Figure S. 6 

6. This dialog box contirms the information of our previous 
selections. Press the Finish button. (see Figure 5.7) 
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Once we press the Finish button, the ST AAD.Pro m a in window 
appears on the screen. 

Figure 5. 8 



\ 

7. Select Geometry f Beam Page from the left side of the screen. In 
the Snap Node/Beam dialog box that appears in the Data Area (on 
the right side of the screen), choose X- Y as the Plan e and in the 
Construction Unes group, set Xto 20 and Y toJO with a spacing of 
1ft. (see Figure 5.9) This 20XIO grid too is only a starting grid 
setting to enable us to start drawing the structure. it does not 

restrict our model to those limits as we will see later. 

Figure 5. 9 

8. With the help of the mouse, click at the origin (0, 0) toe reate the 
first nade. In a similar fashion. click on the following points to 
e reate no des and automatlcally jo in successi ve no des by be a m 

members. (see Figure 5.10) 

(0, 10), (20, 10), (20. 0) 
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The exact location of the mouse arrow can be monitored on the 
status bar located atthe bottom ofthe window where the X. Y. and 
Z coordina tes of the current cursor position are continuously 
updated. 
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Figure 5. 10 



9. After having created these three beams and four nodes. let us e lose 

the Snap Node!Beam dialog box. 

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

Figure 5. 12 

A1ternatively. one may access this option by selecting the V1ew 

menu from the top menu bar followed by Structure Diagrams. and 

the Lahe/s tab ofthe dialog box that opens. (see Figure 5.13) 
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Figure 5. 13 



11. ln 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 title 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 1 and 2 and 

then rotate those copied units about a vertical line passing through 
the point (20, O, 0) by 90 degrees. Fortunately, such a facility does 

exist which can be executed in a single step. lt is called "C~rcu/ar 
Repeat'' and is available under the Geomerry menu. 

13. First, select Members l and 2 using the Beams Cursor@] Then. 

go to the Geometry /Circular Repeat menu option as shown below. 

Figure 5. 16 



14. In the 3D Circular dialog box that comes up. specify the Axis o( 
Rotation as Y, Total Angle as 90 degrees, No. of Steps as 1 and 
passing through Nade 3. lnstead of specifying as passing through 
Nade 3. one may also specify the X and Z co-ordinares as 20 andO 
respecttvely. Lea ve the Link Steps box npcbecked and click on the 

OK button. (see figure below) 
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Figure 5. 17 
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After completing the circular repeat procedure, the model willlook 

as shown below. 

• 

Figure 5. 18 



5-14 

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

Units icon ~ or select the Tools / Set Current Unit menu option 
as shown below. 
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Figure 5. 19 



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

Units to Jnch and click on the OK button. 

Figure S. 20 
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17. The nexl step is lo define properlies for lhe members. The 
commands we wish to generate are: 

MEMB PROP 
1 TO 5 PR1S AX 10. IZ 300. IV 300. IX 10. 

Todo this. se1ect the General/ Property Page from lhe 1eft stde of 
the screen. The properly lype we wish lo assign is called 
PRISMA TIC. and is avai1able under lhe Define button in lhe 
Properties dialog box as shown below. 
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Figure 5. 21 



18. In the Prismatic Property dialog box that comes up. select the 
General tab. Notice that the field called Material is presently on 
the checked mode. lf we keep it that way. the material properties 
of steel (E. Poisson. Density. Alpha. etc.) will be assigned along 
with the cross-section name. The material property values so 
assigned will be the program defaults. We do not want defauit 
values, instead we will assign our own values later on. 
Consequently, let us uncheck the Material box. Then. enter the 

following values: 

Finally. click on the Add button as shown below. 
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19. Sínce 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 View. Click on the Assign 

ro View button m the Properries dialog box followed by the Assrgn 

button. As we click on the Assign button, the following message 
box appears asking us to re-confirm that we do indeed want to 
assign this property to all the members in the model. 

S l M0 Pro tor Wmdolft 13 

Figure 5. 23 

Let us click on the Y es button and Clase the Properries dialog box. 
(see Figure 5.24) 

: Propelltes · \Whole SlruciUie EJ , 

Figure 5. 24 



After assigning lhe properly, the structure will look as shown 

below. 

:R1 

1. 

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

CONSTANT 
E 29000. ALL 
POISSON STEEL ALL 

Todo this, go to Commands 1 Matenal Constants 1 Elasticity 
option from the top menu bar as shown below. 
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Figure 5. 26 



21. ln the Material Constant dialog box that appears. enter 29000. in 
the En ter Va/ue box. Since the value has to be assigned to all the 

members of the structure, setting the assignment method To View 

allows us to achieve this easily. Then. click on OK. (see figure 

below) 

Figure S. 27 

22. ln a similar fashion. set the Poisson 's Ratio to the Material 
Constan! for Steel and assign to aH members in the view. 
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23. The commands we wish to genera te are: 

1 4 5 FIXEO 

Todo this. select the General/ Support Page from the left side of 
the screen. In the Supports dialog box. click on the A dd button. 
(see figure below) 
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Figure 5. 28 



24. In the Crea te Support dialog box that opens, select the Frxed tab 
and then click on the Creare button as shown below. This creates a 

FIXED type of support where all 6 degrees of freedom are 

restrained. 

Figure 5. 29 

25. To assign the support, first select nades l. 4 and 5. To select these 
nodes. go to Select 1 By List 1 Nades menu option. In the Select 

Nades dialog box, type the node numbers in the Enrer list box. 
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26. Then, make sure that the Support 2 (Fixed) parameter is selected in 
the Supports dialog box. 

; Sllpptlflt - W'hnle SlruetUie f:J 

Figure 5. 30 

27. Notice that the Assignment Method becomes automatically set to 
Assign to Se/ected Nodes. Click on the Assign buuon in the 
Supports dialog box. (see figure below) 

· Suppmb · 'Whole Shucluse ES 

Figure 5. 31 



28. As we click on the Assign butlon. the following message box 
appears (shown below) asking us to re-confirm that we do indeed 
want to assign this support to the selected nades in the model. Let 

us click on OK. 

After the supports are assigned, the structure will loo k as follows: 

Figure 5. 33 
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29. Load assignments are done from the General/ Load Page as shown 
below. 

Figure 5. 34 



For lo~d case l. 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 genera te are: 

LOADING 1 SINKING SUPPORT 
SUPPORT DISPLACEMENT LOAD 

4 FY -0.50 

In the Set Active Primary Load Case dialog box that comes up. 
enter S!NK!NG 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 1n the Data Area on the right 

hand si de of the screen. Support Displacement loads are ass1gned 

through the dialog boxes available under the N oda/ type of loads. 
Hence. click on the Nodal button.(see figure below) 

loads- Whofe 5tnn:rure EJ 

Figure 5. 36 



31. ln the Node Loads dialog box, select the Support Disp/acement 
tab. Enter ~0.50 as the Displacement value. set the D1rection 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 of assignment called Use Cursor to Assign. Todo so. first 

select the load from the Loads dialog box (it will become 

highlighted). 

í""~"'"''""~ f ~ 
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Figure 5. 38 
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Make sure that the No des Cursor 1§21 is selected so that we can 

select the nades. 

Click on the Use Cursor To Assign radio button. Then. chck on the 
Assign button. The button will appear depressed and the label will 
change to Assigning. Using the cursor. click on nade 4 to wh1ch the 
load is to be assigned. Click on the Assign button again to finish. 

(see figure below) 

Figure S. 39 



33. The next step is to assign the commands to perform the analysis 
and report the analysis results. We wish to generate the following 

commands: 

PERFORM ANAL YSIS 
PRINT ANAL YSIS RESUL TS 

To do this, first go to Ana/ysis/Prinr 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 S. 40 
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34. Click on the Define Commands button in the Data Area on the right 

hand si de of the screen. 

Figure 5. 41 

~ 

35. In the Ana/ysis!Print Commands dialog box that appears. select the 
No Print option. Then. click on the Add button followed by the 
Clase button. 

Anal¡ms/Pnnt Connands EJ 1 

Figure 5. 42 
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36. The dialog box for specifying the "PRINT ANALYSIS RESUL TS" 
command is nestled in the Post~Print sub-page of the Analys1s 

Page. 

Figure 5. 43 
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37. Click on the Define Commands button m tbe Data Area on the right 

hand si de of the screen. 
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Figure 5. 44 

38. In the AnaJ.vsis/Print Cummands dialog box that appears. select the 
Anaiysis Resu/rs tab. Tben. click on tbe Add bu non followed by the 
e lose bu tton . 
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Figure 5. 45 
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This concludes the a!)signing of all the data to the structure. From 
the File menu. select Save. and provide a file name. ifyou haven't 
already done so 
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About STAAD/Pro 

STAAD/Pro. thc ncxt leve! of STAAD-111. is thc lcading Structural ,\nalysis and 
Dcc;1gn sohwarc from Rcscarch Engmccrc;. In ST AAD/Pro. thc focus •s on 
prnduct¡v¡ty. STA.\0/Pro addrcsscs thc cntire proccss of Structural Engincering. 
From modcl dcvclopment to analys1s to destgn to drafung to dctailing - and cven 
L:omponent dcs1gn- STAt\D/Pro JS dcs1gncd to work the way thc Structural 
Dcs1gn Office works. 

STAAD/Pro cons1s1s tJf a Core package and severa! opllonal Extension 
componcnts You may procure onc or more E'tens10n componcnts along wlth thc 
ST \ .. \0/Pro Core package. Thc Corc and the Extcns1on componcnts of 
ST r\AD/Pro are dcscnbcd m thc followmg paragraphs. 

Thc ST.\,\0/Pro Core package cons1sts of thc following· 

Thc ST,\AD/Pro Oesign Studio. is a powcrful Window'c; nauve work1ng 
cnvtronmcnt for mude! butlding, visualilalwn and result vcnlicat10n. 

Thc ST.\,\0 cngtnc provides gcncral-purpoc;c 'ilructural analyc;¡s and mtcgr:ncd 
STEEL!CONCRETE/TIMBER dc'lgn. 

Thc ST \ RDY~E ~ngmc prov1dec; advanccd Jnalysis faclluics Built around a 
cnmprchcns1vc rinuc clcmcntllhrary, !he STARDY~E cnginc providcc; 
powcrful Dynam1c. Sclsmlc. Non-linear. Thcrmal. Buckling and olher advanccd 
analysts capablluscs. 

The FE)ikit cn\lironmcnl offcrs graph1cally onen!cd Finllc Elcmcnl modcling 
and vcnfication facilities -complete with 20/30 meshmg 1cchnologies and 
powerful modcl venficatton lools. 

Thc Visual ORA W CAD engtne allows gencration of Plans. Elcvations, 
Sections and dct~ll drawings. Fully mtcgrated m ttie STAAD/Pro environment, 
Visual ORAW prov1dcs drawing gencration, cditing and plotllng capablliues. 

The followmg modul~s are available as STAAD/Pro Extension componcnts: 

STRUCT.etc -a ~uit~ of structural componen! design modules. allows thc 
cngincer to complete thc projcct by deszgning Foundatior taining Walls, 
Masonry. Conneclions and othcr utt1ily Slructures. 

n 



Thc FabriCAD dcta1hng cngmc 1s an mtcgratcd toolthat pcrforms producuon 
Stccl Dcta1ling - from fabncatiun/crccuon calculations to dcta1ling tu 
gc.ncration of shop drawtngs. 

Thc ADLPIPE componcnl offcrs rcliablc P1ping systcm modcling and analys1s. 
Fully intcgratcd wilh thc STAAD componcnt, this componcnt offcrs a complete 
plant cngmcc:ring 'ioluuon. 

Powcrful and comprchcnsJvc. STA,\0/Pro !S baScd on an obJCCt-oricntcd dcs1gn 
that utilizc:s MFC (Microsoft Foundat1on Classl tcchnology. takmg full .1dvantagc 
of 32 bit computing. A Ji ve rclational databasc al thc corc. w11h OLE and DDE 
links. allows smoolh workOow intcgralion and scamlcss mtcrdisciplinary 
mformat10n c:\changc w1th .111 Wmdows bascd .. oftwarc. 

Wc wclcomc you lo 1hc world of STAAD/Pro. 
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About STAAD/Pro Core Documentation 

3 
;. 

Thc ST r\AD/Pro Corc documcn1at10n consists of a 'iCt of manuals as dcscribed 
hclow Wc .;\rongly rct:ommcnd thal you go lhrough thc Gewng Srarted manual 10 
gct an ovcrv1cw of STAAD/Pro. 

Gctting Startcd and Examplcs 
This manual is div1dcd 1010 thrcc pans. Part-1 cxplains thc contcnts of the 

STAAD/Pro CD ROM. ins1allat10n proccss. thc systcm rcquircmcnts. copy 

protct:tion issucs. and dcscnpt10n on how to start Jiffcrcnt componcnts of 

ST:\AD/Pro. 

Part-11 of th1s hook prov1dcs a 'itcp-by--.tcp Lutona! for thc ST AAD/Pro 

cnvironmcnt as wcll as thc STAAD Command File. 

Part-III nf th1s book offcrs r\ppilcation E:camples. Thc c~amplc scl covcrs a 

w1dc r;~ngc of Structural Analy'iis and Dcs1gn facilities offcrcd by 

ST.\AD/Pro. Thc cumples represen! various Structural problcms 

commonly cncountcrcd by thc Struclural cngmccrs. 

Graphical Environment 
Th1" manual cnntaJns dctadcd Jcc;cnptltln of GL'I ,Graphlc!ll L'scr 
Interface) of STA,\0/Pro. Thc top1cs covcrcd includc ~odcl gcncral!on. 

Structural Analy'ils/Dcsign. Rc'iult vcnfication. Rcpnrt gcncrat10n. and 
Pnntmg. In addition. a Qu1ck Rcfcrcncc Gu•dc scction prov1dcs a 'itcp-by­

stcp dcscnpuon for the frequcntly askcd modcling and post-proccssing 

tasks . 

.Vote: Pleast nnte that tlu STAAD Command File 1s uplamed in rhe 
STA,\0/Pro Tcchmcal Refcrcncc manual. 

Tcchnical Rcfercnce 
Th1s manual dcals with the thcory bchmd thc: ST AAD and ST ARDYNE 
analysis enginc:s offercd by STAAD/Pro. lt al so mcludcs cxplanation of all 

commands wh1ch you may use in the STAAD Command File. 
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lnternational Oesign Codes 
ST r\AD/Pro supports all major intcrnauonal dcs1gn codcs. whu;h are 

explamcd in th1s manual. You shall rcccive this manual if you havc 

purchased onc of thcsc tmcrnatiomil dcs&gn codcs. 

ST AAD/Pro V erification 
ST AAD/Pro is dcvclopcd and maintaincd. using an c:..tcns¡vc vcri rication 

proccdurc. Thc STAAO/Pro Vcnf1cation manual contams thc prohlcms 

uscd in thc vcnfication proccdurc. Tbis is distributed under the Quality 
Assurance program only. ~ote thal thc 'iCI of verific:1110n prohlcms is 

rcprcscntativc of various Analys¡s/Dcsign facilities offcrcd by STAAD/Pro. 

Thc'ic problcms havc bccn dcrivcd from wcll-known rcfcrcnccs and 
tcubooks. 

FE~Ikit GeUing Started and Training 
This manual contains the dcscnption or thc FE~ kit Ftnitc clcmcnt 

modchng cnv1ronmcnt along w1th a stcp-hy-stcp Tr;uning 'iCCtlun. Thc 

sccond part of this book also contams thc Apptndices which are rcfcrrcd to 

from thc FEMkit Usc:rs manual 

FEMkit Usen \1anual 

Th1s manual conta1ns thc dcscnpuon of thc FE~kit mcnu nptions . .mil 
commands. 

Visual ORA W t:sers ~[anual 

Th1s manual dc'icnhcs tJ¡ffcrcnt fcaturcs and facihtiCS of thc Y1~ual DRAW 

CAD software. 

Nolt': Pleau note that tht abol't Jet of manuals comprise rht ST,\.r\DIPro Core 

documtnrauon only. In fJddition. you may rtctn•t the docvmentarwn for tht 

STAADIPro E.uensron components when _vou purchast these componenrs. 
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General Description 

Section 1 

1.1 lntroduction 

STA,\0/Pro offcrs two analys1s cngmcs- the STAAD 
Analys¡s/Ocsign cngtnc and the STARDY!\IE Advanccd Analys1s 

cngtnc. Thc STAAD analy'iis cnginc is dcscnhcd in tht'i o¡cction 

Thc ST ARDYNE :maly~is cngmc is discusscd m sccuon 6. 

Thts sccuon of thc manual contains a general dcscription of thc 

analys1s :1nd dcs1gn facdiucs availablc m STAAD. Spccific 

mformations on Stccl. Concrete. and Timbcr dcstgn are a va¡ Jable 
tn Sccttnns 2. 3, and -1. of this manual. rc:spccuvcly. Dctailcd 

command formats and othcr spcci lic uscr tnformatJOn •s prcscnted 

in Scctum 5 

fhc ubjccuvc uf thts 'icctwn •~ to famahanlc thc uscr wtth thc 
basic princtplcs in..,olvcd in thc implcmentallon of the various 

analys•s/destgn fac•litiCS offeret.l by the STAAD engine. As a 
general rule. thc sequcnce in wh¡ch thc facilities are discusscd 

follows thc rccommcndcd sequcnce of tbeir usage m thc input file. 

1.2 Input Generation 

Su uc11011 5 

Thc uscr communu;atc'> with STAAD through an input file. Thc 
input file is a text file conststing of a senes of commands which 

are Clccutcd scquentially. Thc commands contain cithcr 
1nstructions or data pcrtaming to analysis a~r1 ' tcsign. Thc 
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clcmcnts and convcntions of thc STAAD command languagc are 
dcscrihcd m Scct1on 5 of this manual. 

Thc STA AO input file can be crcatcd through a tcxt editor or thc 

Modcling facility. In general, any tcxt editor may be uuliLed to 

ercate thc input file. Thc Modcling faeility creatcs thc mput file 

through an intcracuvc mcnu-drivc~ graphtcs onented procedurc. 

1.3 Types of Structures 

For 111p111. 

U~ .UCIIOfl 

5.:! 

A STRLiCTURE ~an be dcfincd asan a.s.scmblagc of clcmcnt!:l. 
STAAD is capahlc ,,f .¡nalyLmg and des1gnmg structurcs 

.:onsJ!IItng of both framc and platc/o;hcll clcmcnts. Almoo;t any type 
ofstructurc can be analy~:cd by STAAD. Most gcncral1s thc 

S PACE o;tructure. which 1S a three dimensional framcd -.tructurc 

with loads applicd 1n .1ny planc A PLA~E structurc i~ buund by J 

global X- Y coordinatc sy•acm with loads in thc same plane. A 

TRUSS strueturc con!IJSts of truss mcmbcrs wh1ch .:an ha ve only 

J'(lal mcmbcr forcco¡ .1nd no hcnding m thc mcmhcrs. :\ FLOOR 
s1ructurc 1s a two or thrcc dimcns•onal structurc having no 

hori1.0ntal (global X nr Z) apphcd loads or any load wh1ch may 

cause any hon~:ontal movemcnt of thc structurc. The noor frammg 

fin global X-Z planel of a bu¡ld1ng IS an 1deal cumple of J 

FLOOR structurc. Columns can abo be modclcd wuh the !loor m J 

FLOOR structurc as long 3.5 thc structurc has nn hnriwntal 

loading. lf thc:rc is any horiwntalloall. u must he anaJy,cd as a 

S PACE structurc. Spccificauon of the corree! structurc typc 

reduces thc numbcr of cquauons to he sol ved dunng thc analy'it!l 

This resuhs in a fastcr and more cconomic solution for thc uscr. 

The degrccs of frcedom associated with framc clcmcn1s of 

d1ffcrcnt types of structurcs ts •llustratcd m Figure 1 .l. 

• 1 

, 
• 1 

• f.J 

,1'· 

S«tmn 1 3 

•!\' ..... , 

1.4 Unit Systems 

5 J 

The uscr 1s allowcd to mput data and rcqucst output in almoo;t all 

commonly uscd cngtncering unit o;y<;tcms mcluding ~KS. SI and 

FPS In thc •nput file. thc uo;cr may changc umts as many t1mcs as 

rcqlllrcd. ~¡, and match hctwccn lcngth and force umts from 
diffcrcnt unit 'i)''itcmc; t'i al so allowcd. Thc input·umt for anglcs (or 

rotationo¡) '" r.Jcgrcco:;. Huwcvcr. 10 JOI~T DISPLACE~E~T 
output. thc rotationc; are prO\IIdcd m radians For all output. thc 

umts .1rc dcarly ..,pcctficd by thc program. 

1.5 Structure Geometry and Coordinate Systems 

A structurc is an asscmbly of mdlvtdual components such as 

heams. columns, slabs, platcs cte .. In STAAD, frame clcments and 

platc clcmcnts may be uscd to modcl thc structural componcnts. 
Typ1cally. modcling uf thc structure gcomctry consists of two 

stcps: 

A ldcnllfication and dcscnptmn of JOintS ur nades. 

B. Modchng of mcmbcrs or elemcnts through specificat1on of 
conncctivtty (lncidcnccs) bctwccn jomts. 
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For input, 

sn: SPCtiOrU 

5./l to5.17 

In general. thc tcrm ~EMBER w!ll be uscd to rcfcr to framc 
clcments and thc tcrm ELEMENT will be uscd 10 rcfcr lo 
platc/shcJI clcmcnts. Connccuvity for MEMBERs may be prov1dcd 
through thc MEMBER JNCIDENCE command whllc connccllvlty 
for ELEMENTs may be prov1dcd through thc ELEMENT 
INCIDENCE command. 

ST,\AD uses two typcs of coordtnatc systcms to define thc 
structurc geomctry and Joading P!lllcrns. Thc GLOBAL coordinatc 
systcm is an arbitrary coordinatc ~ystcm tn spacc whtch 1S utilll'.cd 

to spectfy thc overall geomctry & loadmg pallern of thc structurc. 
A LOCAL coordtnatc ~ystcm ts assoctatcd with cach mcmbcr J or 

elcmcnl) and ts utilizcd in MEMBER ENO FORCE out pul or local 
load spcc1lication. 

1.5.1 Global Coordinate System 

Thc follow1ng coordinatc systcms are ¡¡vatlable for 'ipcctflcalion uf 
thc struclurc gcomctry. 

A. Convcnuonal Cartesian Coordinatc Syo;tem. Th1s conrdJnJtc 
systcm tFig. 1 2) 1s 3 rectangular coordinatc 'iY'ilcm (X. Y. Z) 

wh1ch follows thc t)rthogonal nght hand rule. This coordmatc 
systcm may be used 10 define thc JOintlocations and load1ng 
direcunns. Thc translauonal dcgrccs of frecdom are Jent)tcd 

by ul' u~. u3 and thc rotauonal degrecs of frcedom are Jcnoted 

by u4, u1 & u6. 

B. Cylindrtcal Coordmate System: In thts coordinilte system, 

(Fig. I.J) thc X and Y coordinates of thc cunventJonal 

cartcs1an systcm are rcplaccd by R (radiusl and 0 (anglc in 

dcgrees). Thc Z coordinalc is idcnucal to 1hc Z coordinatc of 
thc cartcsian system and ils posnivc direCIIOR 15 detcrmmcd by 
the right hand rule. 

C. Re verse Cylindrical Coordinatc System: This jo; a cylindrical 
type cuordinatc systcm (Fig. 1 A) whcre the R· 0 planc 
corresponds to the x.z planc of thc cancsian system. The right 

:11:::1 

i 
ll1 ¡¡¡ 

[aba 
• • 

-

Sei,:oon 1 S 

ha~d rule 15 foiJowcd Lo determine thc pos1l1VC dircclion of 

thc Y axis 
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1.5.2 Local Coordinate System 

A local comdinatc sy'itcm 1s assocJatcd with Cih:h mcmhcr. Ea~:h . 
• u.as of the local orthogonal coordanatc 'i)'Sicm 1s al so ha~cd nn thc 
nght hand rule. Fig. 1.5 1ihows a hcam mcmbcr wuh 'llar! JU!nl ·,· 

.tnd cnd jnint T- Thc posi11vc d~rccunn •lf !he local t-;u,, t\ 
dctcrm1ncd by joinang T to 'j' ant.l projccting i1 m 1hc samc 
dircciJon. Thc ngh1 hancJ rule may be .1pplicd to uh1ain thc ptl,IIJvc 

dircctiuns l}f !he local y and l axcs. Thc local '! and l-nc'i 
cmnctdc w11h thc <U.C!> of !he twn pnnc1pal mnmcn1s of LncrtJa. 
:"lo1c thaa thc local coordinalc sysacm 1s alwJy'i rectangular. 

A widc rangc of cro'is-sccuonal shapcs may he spccificd for 

analysu. Thcsc includc rollcd stccl shapcs. uscr spcC!fict.l 
pnsmatic shapcs cte .. Fig. 1.6 shows local a:us systcmCsJ for thcsc 
shapes. 

• .-!· -
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1.5.3 Relationship Between Global & Local 
Coordinates 

For Input, 

u~ uction 

5.26 

Since thc mput for mcmhcr loads can he prov1dcd m thc local and 

global coordinatc systcm and thc output for mcmbcr-cnd-forccs 1s 

printcd in thc local coordinatc systcm. it1s imponant to know thc 

rclationsh1p bctwccn thc local a.nd global coordin~uc systcms. Th1s 

rclalionsh1p 1S dcfincd hy an anglc mcasurcd m thc following 

~pccificd wa.y. Th1s .Jnglc Wlll be dclincd as thc beta IPl .Jnglc 

Beta Angle 

Whcn thc local x-axis ts parallcl to thc global Y ·J:<ts. as 10 thc 

case of a column 10 a ~;tructurc. thc hcta anglc 15 thc anglc ihrough 

wh1ch thc local t-ax¡s has bccn rotatcd aboutthc Inca! l·JXIs from 

a position of bcing parallcl and m thc samc pU\111\l: J•rcct1on nf 
thc global Z-a:us. 

Whcn thc local x-a:lis 1s not parallcl to thc global Y -axis. thc hcta 

a.nglc IS thc anglc lhrough wh1ch thc local conrdm.Hc \y~;tcm ha~; 
hccn rotatcd about thc local t-axh from a posnwn ,,f hav1ng thc 

loc3lt.-ax1s parallclto thc global X-Z planc and thc local y-Hl\ m 
thc samc posllivc dircction as thc global Y -axi\ hgurc 1 7 Jeta lis 

thc posiuons for beta cquals O dcgrccs or 90 dcgrcc~. Whcn 

providing mcmbcr loads 10 thc local mcmbcr J:tt~. H 13 helplulto 

rcfcr to th1s figure for a 4u1ck dctcrm¡nation nt' thc lo~;al Jx¡:, 

system. 

Reference Point 

An ahcrnat!VC to provid1ng thc mcmbcr oncntatuJn 1s to tnput thc 

coordinatcs of an arbitrary rcfcrencc poi ni locatcd 1n thc mcmbcr 

x-y planc but not on thc ax1s of thc mcmbcr. From thc location of 

thc rcfcrcncc point, thc program automaucally cale u lates thc 

oncntation of the membcr x-y planc. 
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1.6 Finite Element lnformation 

For tnpr•t. 

!t't' ft'CfWnJ 

5 11. 5 /J. 

5. l./ 5 :! /, 

5 2.J. and 

5.J2.J 

ST 
1
\AD ,-5 cqu 1ppcd with a statc-of-thc-art platc/shcll Jnd sol id 

rinllc clcmcnt. Thc fcaturcs of cach is ex.plamed below. 

1.6.1 Plate/Shell Element 

Thc Platc/Shcll finitc clcmcnt ts bascd on thc hybnd elcmcnt 
formulation. Thc clcmcnt can be 3-nodcd (lrtar · ·r) or -l-nodcd 

(quadrilatcral). lf allthc foru nades of a quad clcment do 
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not lie on one plane. 11 is advisable to modcl thcm as tnangular 

clcmcnts. Thc thu.:kncss of thc clcmcnt may be diffcrcnt from onc 
nade lo anothcr. 

.. Surfacc structures .. such as walls. 'ilabs. plates and shclh may be 
modclcd using finuc clcmcnts. For con ve menee m gcncration of a 
fincr mesh of platc/shcll clcmcnts within a largc .arca. J. ~ESH 

GENERATION facility is avadablc". Thc facilitv Js dcscribcd m 
dctail1n Scclion 5.1J 

Thc uscr may also use thc clcmcnt for PL,\~E STRESS at.:tJOn 

only. Thc ELEMENT PLANE STRESS command 'hoold he u>cd 
for thts purposc. 

Geometry Modeling Considerations 

Thc followmg gcomctry rclatcd modcling rules 'ihould :,e 
rcmcmbcrcd whalc usmg thc plalc/\hcll clcmcnt 

1) Thc program automatically generales a fihh nndc ~o .. (t..:cmer 

nade - 'iec Fig. 1.!0 at thc clcmcnt t..:entcr. 

2) While assigning nodcs loan l!lcmcnt in the mput data. 11 " 
csscnllal that thc nodes be spcc1ficd cithcr dor.:kw¡,c (Jf 

countcr clockwtsc fFig. 1 9). Fnr bcttcr cftít..:Jcncy. s1m!IJr 
clcmcnts 'hould he numbcrcd \Cqucnually 

)) Elcmcnt a'ipect ratto ,hould not he cxccssJvc. fhcy \hould be 

on thc ordcr of 1 l. and prcfcrably less than J l. 

.!) lndivtdual clcmcnts should not he distorlcd. :\nglcs bctwccn 
two adjaccnt elcment stdcs 'lhould not be mw.:h largcr than QO 
and ncvcr larger Lhan 180. 

• ] 

• - 1 

Sccuon 1 

Element Load Specification 

Following load specificat10ns are available: 

1) Joint loads at clcmcnt nodes m global dtrcetions. 
2} Conccntratcd loads at any uscr spccificd point withtn the 

clemcnt in global or local dircct10ns. 
3) ün1form prcssurc on clcment surfacc in global or local 

dirccttons 
.t) Parttal uniform prcssurc on uscr spcc1fied port10n ofclement 

c;urfacc in global or local dlTCCIIOOS 

5l LincJrly varymg prcc;surc nn clcmcnt surfacc 1n local 
dlrCCIIORS. 

6) Tcmpcraturc load duc lo un1form 1ncrcase or dccrcasc of 

1cmpcraturc. 
7) Tcmpcralurc load due to d1ffcrencc in !cmperaturc bctwccn top 

and ho11om c;urfaccc; of thc ciernen!. 

[1 !':\ D D L J 

(--lJ C¿!jp '!lltm!!' \ 
\ D D r.-:noa~".., 

·~~· 
J ' --Fil'ft' 1 S l'ilr'ft 1 9 

' z ¿j D CJ 
......... 

D ·~u-¡J 
D ~ 

Fipn 1 \0 Fia~e 1 11 
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Theoretical Oasis 

The STA AO plate finite clemcnt is hased on hybrid f . 1 
for ¡ · tntlc e cmcm 

m u auons. A complete quadratic slrcss dislnbution is assumcd 
For planc stress action. the assumcd stress distnbutwn 15 as . 
follows. 

.,~ 

" 
t .. 

Complete quadratic aso;umcd strcc;s distrihuuon· 

fr 
; a. a, 11 ' y o o o o ~JI Y y· ,, 

a, =i o o J: o o y o y o o :!JI y: 
t •y lo J' -y o o o -· 1 -:!Jiy -y o 1) -· 

" 
31 through 3 12 = constants of .stress polynomials 

r 1.1, ' r 1 
1 ~- i io 
'¡ ' ' ~ .. , =iO 

Q, ' lo 

Sect10n 1 1 13 

Thc followmg quadratic stress distribuuon is assumcd for platc 

bending action: 

Complete quadratic assumcd stress distnbullon: 

1. '! o 
o o 
() (} o 

o o 

o 

' 
o 
o 

o o 
y o 
o 
o 1) 

o o '' o o o 

' y -:<y 

o 

'Y y· o o o 
o o •' 'Y y' 

o o o o -•y 
o o o _, 

o o . 1 ,, 

1 a, o o 
•' . ' ' ') ·r: 1 

o y :!y i 1 

o o o o o o ,, o ~ 1 -y y ' Q. :o o o o 
~:In 

a 1 through a•~ = constants of 'itreso; polynomtals. 

Thc distmgut'ihtng fcaturcs of thtc; fimtc clcmcnt are: 

1) Dtsplaccmcnt compaubility hctwccn thc planc stress componen! 

of onc clcmcnt and thc platc hcnding componen! uf an Jdjaccnt 

clement whtch is atan anglc to thc first ('ice Ftg. bclowl is 

achievcd by the clcments. Thic; compatibihty rcqutrcmcnt IS 

usually ignorcd in most Oat shclllplate elcmcnts. 

. 1 

--~ / 
/ 

2) The out of planc rotallonal stiffncss from thr -'~o¡e c;trcsc; 

pon10n of cach elcmcnt u uscfully incorpo· 1d nol 
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trca1cd as a dummy as is usually done in most commonly 

availablc commcrcial software. 

3) Dcspitc the incorporalaon of thc rotalional suffncss mcnuoned 

previously, thc clcments satisfy Lhc patch test absalutcly. 
4) Thcse clemcnts are availablc as lnanglcs and quadrilatcrals, 

with corncr nades anly, with cach nade havtng su. degrccs of 

freedom. 
' 5) These elcmcnts are the simples! forms of llat shclllplatc 

elements possible w1th cerner nades on1y and 'iiX dcgrees of 

freedom per nade. Yct soluitons to samp1c prob1ems converge 

rapidly to aecurate answers e ven with a large mesh saLe. 

6) Thcse clements may be conncctcd to planc/spacc framc 
membcrs wHh full displaccmcnt compaubality. No addH1onal 

rcstraints/relcascs are rcquired. 
7) Out of plane shcar strain encrgy is incorpor:ncd 10 1he 

formulatian af the platc bcnding componen!. As a rcsult. the 

clemcnts rcspond to Poisson boundary conditions which are 

considcred to be more accuratc than thc customary Kirchaff 

boundary condittons 
8) Thc pla1c bcnding poruon can hand1c 1hick and thm pla1cs. thus 

e"1cnding the uscfulncss of 1hc plate clcmcnts 1010 a multaphcity 

of problcms. In addilaon. 1hc 1hackncss of 1he plale is takcn into 

considcrataon in ~;alculating thc out of plane 'ihcar. 

9) Thc planc s1rcss triangle bchavcs almost on par wath thc well 

known linear stress tnangle. Thc tnanglcs of most Similar nat 

shell clemcnts incorporatc lhc constant stress 1nanglc wh1ch 

has vcry slow rates of convcrgcncc. Thus 1hc triangular shell 

clemcnt is very uscful in problcms wtth doublc curvaturc 

where thc quadri1ateral clemcnt may not be suJtable. 

10) Stress retrieval at nades and at any point wilhm thc ciernen l. 

Element Local Coordinate System 

Thc precise onentalion of local coordinalcs is dc1ermincd as 

follows: 

1) Oe!ignatc the midpoints of the four or thrcc element edges IJ, 
JK. KL, LI by M, N. O, P respcctivcly. 

1 

: 
1& Cl 
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2) The vector pointang from P to N IS defincd 10 be the local x­
axis. (In a tnangle. this is always parallclto IJ). 

3) The cross-producl of vcc.tors PN and MO (for a tnanglc, ON 

and MK) defines thc localt-ax.is. i.c .. z = PN .l :\10 

4) Thc cross-product of vcctors t. and x defines the local y- axis, 
Í.C .. y : l. X X. 

Thc sign canvcntion of ou1put force and momcnt rcsultants 1s 
allustrated in Fig. 1.13. 

\10 

Output or Element Forces 

ELEME:"JT FORCE outputs are avaalablc atthc follow10g 

locauons: 

A. Cemcr nodc of thc clcmcnt. 

B. All corncr nades of thc clcmenl. 

C. ,\¡ any uscr specified point wHhtn !he clcmenl. 

Followmg are the llcmS included in the ELEMENT FORCE outpul. 

QX. QY Shcar strcsscs (Force/ unit len./unil lhk.) 
FX. FY. FXY Membranc s1rcsscs (Force/unat lcn./unit thk) 

MX, MY. MXY Bending moments pcr unit wtdth (Moment/unit 

len.) 

SMAX. S MIN Principal strcsses (forcelunit area) 
TMAX Maxim. shcar stress (Force/unit. arca) 



~ ................ ______________ __ 
Sccuon 1 

General Descnpuon 

ANGLE Oricntation of thc pnnc1pal planc (Degrccs) 

Notes: 

t. All elcmcnt force output is in thc local coordinatc systcm. 

Thc d~rccuon and sense of thc clcmcnt forccs are 

c:tplamcd 1n Fig. 1.13. 

2. To obtaan clcmcm forccs a.t a specificd point w1th10 thc 

clcmcnt. thc uscr must providc thc ~oordinatc -.ystcm for 

thc clcmcnt. :'-lote that thc origtn of !he local coordinatc 

systcm coinctdcs wllh thc ccnacr nade of thc clcmcnt. 

3. Pnnc1pal strcsscs (SMAX & SMINl. thc mali.Jmum o;hcar 

stress ITMAX) and thc oncntauon of thc pnnc1pal planc 
CANGLE) are also pnntcd for thc top and bollom o;urfaccs 

of thc clcmcnts. Thc top and thc boltom 'iurfaccs are 

dctcrmlncd on thc baSJS of thc J¡rcCtlllO of !he ]m: al l. 3:tiS. 

Sign Convention or Element Forces 

1 

/, 

f"r~wn J 1 J 

"· 

. /'' _._/ 

Plcasc note the following few rcstrictions m ustng the rinllc 
c:lcmcnt portian of STAAD: 

l) Both framc mcmbcrs and línitc elcmcnts can be uscd togcthcr 

in a STA AO analysiS. Thc ELEMENT INCIDE ;\ICES command 

must dncctly follow thc MEMBER INCIDENCES tnput. 

2) The selfweight of the rinite clcmcnts is con verted to JOtnt 

loads at the connectcd nodcs and is not uscd as an clcmcnt 

pressurc load. 

¡¡ 

ii 
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3) Elcmcnt forccs are printcd at the ccntroid and not along any 
cdgc. 

4) In addition to the strcsscs shown in Fig l. 13. thc Von Mises 

'>lrcsscs at thc top and holtom surface of thc clcmcnt are al so 
printcd. 

Element :-lumbering 

Dunng thc gcncration of clcmcnt stiffncss matrix. thc program 

vcrifics whcthcr thc elcmcnt is samc as thc prcvious onc or nol. If 
iL is ~ame. rcpctit1vc calculations are not pcrformcd. Thc scqucncc 

in which thc clcmcnt stiffncss matnx is gcncratcd is thc samc as 

thc ~cqucncc in wh1ch clcmcms are 1nput 10 clcmcnt JnC!dcnccs. 

Thcrcfurc. to savc ~omc compuung u me. Similar clcmcnts should 
he numhcrcd scqucnllally F1g. 1.1~ shows c:\amplcs or crrÍcicnt 

J.m.J nun-dric1cnt clcmcn1 numbcr-ing. 

Hnwcvcr thc uscr has to dccJdc bctwccn .1dopt1ng a numbcrmg 

~y..,tcm wh1ch reduces thc computat10n tJmc vcrc;us J. numhcring 

'iy<iitcm wh11.:h incrcasc'i thc case nf dcrinmg thc structurc 
gcomctry. 

VVI/l?J 
Jprrfrc n• 1 'rmm =nmlyr·m-
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1.6.2 Salid Element 

Salid clcmcnts cnablc thc solution of structural problcms involv1ng 
general 1hrcc d1mcns10nal 'itrcsscs. Thcre is :1 class of prohlems 
such as stress distnbuuon m concrete dams. sml and roe k strata 
where finitc elemcnt ;¡nalysis usin~ sohd clcmcnts prov1dcs a 

powcrful too!. 

Theoretical Basis 

The sol id clcmcnt uscd in STA,\0 IS of c1ght nodcd ISoparamctnc 
typc. Thcsc clcmcnts havc thn:c translational dcgrccs-of-frcedom 

pcr nade. 

~ 

'· ·' 
'·. ., ,; 

'• 

' 
.. 

f- -- .. 
By collapsmg vanous nades togcthcr. an cight nodcd sohd dcmcn1 

¡;:an be dcgcncrated lO thC followiOg forms with four lO 'oCVCR 

nodcs. 
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The c;tiffness matrix or thc 'iolid clcmcnt is evaluatcd by 

numcncal integrauon with cight Gauss-Lcgcndre points. To 
facilitatc the numcrical integrat10n; thc geomctry or the clcment is 

c~presscd by mtcrpolaung funcuons usmg natural coordmatc 
systcm. (r:S:l) of the clement wnh us origm at thc ccntcr of 
gravity. Thc intcrpolating funct10ns are shown bc\ow. 

• • • 
x; ¿h.x,. y; Lh•Y•. 1.; Lh"" 

·~· t•l ·~1 

whcrc t.y and 1. are thc conrdinatcs of :m y pmnt in the clcmcnt and 

~ .. Y11 1,. 1= 1 .... 8 are thc coordmatcs of nodc'i dcfincd in lhc global 
coordinate syo;tem. Thc intcrpolation funcuons. h1 are defincd m 
thc natural coordinatc o;y(itcm. rr.s~tl. Each of r.s and t vancs 
hctwccn -1 and +l. Thc fundamental propcrty of thc unknown 
intcrpolation functions h1 io; that thc1r valucs in natural coordinatc 
systcm LS unily at nodc. i. and 1cro :11 .all othcr nodc'\ of the 
clcment. Thc clcmcnt dlsplaccmcnts are al so intcrprctcd the 'iame 
way as thc gcomctry. For complctcncs(i. thc funcuons are givcn 

bclow . 

. ' 
u= ¿h,u •. v = ¿h.v •. w = Ih,w. 

··1 '1 

whcrc u. v and w are di,.placcments JI any point tn thc clcmcnt and 
u, v,. w,! i= 1.8 are corrcsponding nodal Jisplaccmcnts m thc 
coordinatc systcm uscd to dc'\cnbc thc gcometry 
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Local Coordinate System 

Thc local coordinatc systcm uscd in sol id clcmcnt is thc samc as 

the global system as ~hown bclow 

z 
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Properties and Constants 

Unlikc mcmbcrs and 'ihcll (pi ate) l!lcmcnts. no propcrt1cs Jrc 

rcqu1rcd for sol id clcmcnts. Howcvcr. thc constants <>uch JS 

modulus nf clastic11y and Pa&sson's rat1o are to be spccJficd. 

:\!so. Dcn-,ity nccds to he provu.lcd ¡f sclfwc¡ght IS includcd sn .m y 
load case. 

Output of Element Stresses 

Elcmcnt ~;trcsscs may be obtaincd at thc ccntcr and al thc JO IRIS of 

thc solid clcmcnt. Thc ltcms that are pnntcd are : 

~ormal Strcsscs SXX. SYY and SZZ 

Shcar Strcsscs . SXY. SYZ and SZX 
Princapal SITCSSCS S l. 52 and 53. 

Van ~iscs strcsscs SE 

Dircction cosincs :6 dircction cosincs are printcd, followmg the 

c~prcssion OC. corrcsponding to thc first 

two princtpal stress dircctlons. 

• :J 

-
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1.7 Member Properties 

St't ucrion 

5 :w 

The followmg types of mcmber property spectficauons are 
availablc in STAAD: 

A) PRISMA TIC propcrty '>PCCifications 

8) Standard Stccl '\hapc<; from bullt-in scctlon library 

C) U-.cr crcatcd '\tccl tables 

D) TAPERED -.ections 

E) Through ASSIGN command 

1.7.1 Prismatic Properties 

Thc follow1ng prismallc propcn•c" .1rc rcquircd for analy-;1s. 

t\X = Cross sccuonal .trca 

IX = Tor<;wnal cunstant 

IY ~umcnt nf mcrlla abnut y-J.:us. 

IZ = ~omcnt of mcn1a abnut t:-a:tls. 

In add111on. thc uscr may choo-.c lo spcc1fy thc followmg 
propcrt1co;: 

AY= Effcctivc 'ihcar arca for shcar force parallclto local y-HIS. 

AZ = Effccllvc shcar arca for <;hcar force parallclto local t.-axis 

YD = Dcpth of scct10n parallclto local y-ax1s. 

ZD = Dcpth of scction parallcl to local l.-axis. 

To spccify T-beam or Trapezoidal bcam. thc followmg Jddit10nal 

propertics must be provided . 

YB = Dcpth of Wcb of T-secuon !Scé figure belowl 

ZB = Wtdth of wcb of T-sectton or bouom width of Trapc1.01dal 

<;cct!On. 

To spcctfy T-bcam. thc uscr must spectfy YD. ZD. YB & ZB. 

Simtlarly for Trapct.otdal sccttons. YO. ZD an•' ---. must be 

pro>Jidcd. 
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lf the shear arcas are input. the program will automatically 
considc:r shcar dcformattons tn the analysts. and if they are Jeft 
out, shc:ar dcformation will be ignored. In a framc structure. thc 

ratio of shcar deflectwn 10 bending deflcction ts so small that, tn 
most cases, it can be 1gnorcd. The dcplhs in the two major 

dtrccrions (YO and ZO) are used in th_c program to calculatc thc 
scction moduli. Thcsc are nccdcd oniY to calculatc mcmbcr 
strcsscs or to pcrform concrete dcsign. Thc uscr can omil thc YO 
& ZD valucs if strcsscs or design of thcsc mcmbcrs are of no 
intcrcsl. Thc dcfault valuc is 254 mm ( 1 O inchcs) for YO and ZD. 
All thc pnsmauc propcrucs are input in thc: local mcmber 
coordmatcs. 

/1} ,'1) 

!·~ T o T 
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To define a concrete mcmhcr. thc uscr must not provu.J.c AX. hut 

tnstcad, provtdc YO and ZO for a rectangular sectton Jnd juo,t YO 

for a cncular scctlon. lf no momcnt of mcrtta or -,hcar arcas :1rc 
provided, thc program wrll automatically calculatc thesc from YO 
and zp. 

Table 1.1 is offcrcd to asstsl thc uscr in spccifytng thc nccessary 
scction values. h lisis. by structural typc, thc rcqUircd scct10n 
properties for any analysis. For lhe PLAN E or FLOOR type 
analyses. the choice of thc rcqutrcd moment of incrtia dcpends 
upon the beta angle. lf BETA equals 1.cro. the reqUtrcd property is 
IZ. 

Table 1.1 Required proputies 

'· 

Structural 
Type 

TRUSS structure 
PLANE structure 
FLOOR structure 
SPACE structure 

Required 
Properties 

AX 
AX, IZ or IY 
IX, IZ or IY 

AX, IX, IV, IZ 

~· 
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7 2 Built-ln steel Section Library 1 .. 

5t'l' u•cl/on 

:!.:.1 1111d 

5 =o.J 

Thts fcaturc of thc program allows the user to specify scction 
namcs of standard stecl c¡,hapcs manufacturcd m dJffcrcnt 

lnformalion pcrtatning to the American stccl shapes IS countncs. 
availablc 10 sccuon 2. 

Contact Rcscarch Engmncro; for information on o;lcel shapeo; for 

other countrics. 

h h S O f lhC 'iCCtiono; are built intO thC tab\cs. shcar S1ncc 1 e" car arca 
dcformauon ts alwayo;; cunsidercd for thcsc secuons. 

1. 7.3 U ser Provided Steel Table 

St"t' ft'ctwns 

5 J9 • .md 

5 =o . .J 

Thc user can provldc a customil.cd stccl tablc with des•gnated h 
· Thc program can 1 en namcs and proper corrcspondmg propcrues. . 

find membcr prÓperucs from thosc tablcs. Membcr sclcctton may 
also be pcrformed wllh thc program selcctmg mcmbcrs from the 

providcd tablcs only. 

f STAAD input oras These tablcs can be provtdcd as a pan o a 
scparately crcatcd files from whtch thc program can rcad the 

Th Ser who does not use standard rolled shapes or properttcs. e u 
who uses a hmited numbcr of spccific shapes may crcatc b 
pcrmanent mcmbcr propcrty files. Analysls and dcstgn can e 

limitcd to thc 'iCctrons in thcsc files 
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1.7.4 Tapered Sections 

Srr jf!CIWn 

5 20.J 

Properties of tapcrcd f-scctions may be providcd through 

MEMBER PROPERTY specifications. Givcn kcy scct10n 

dimcnsions. thc program is capablc of calculaung cross-scctional 

properties whtch are subscqucntly uscd in analys1s Specification 

of TAPERED scctions 1S dcscribcd ln Scction S of th1s manual. 

1.7.5 Assign Command 

Srr uclion 

5..~0 5 

Through this command. the uscr may instruct thc program to 

aucomatically selecta 'iitccl scction from thc: tablc for anaJyc¡¡¡s and 

subscquent dcsign. Thc scction typcs that may be .\SSIG:"/cd 

includc BEAM. COLLMN. CHA:-INEL. ANGLE and DOLBLE 

ANGLE. Whcn a BEAM or COLt.:MN is spc:clllcd. the program 

will assign an 1-bcam sccuon (WF for AISC) and subscqucnt 

mcmber sclccuon or opllmi.tallon wdl be performcd wuh .1 'ilffillar 

typC scction, 

1.8 Member/Eiement Release 

Su 

uctlon 5.22 

STAAD allows rclcascs for both membcrc; .1nd dcmcnts 

· One or both cnds of a membcr or elcmcnt can he relcased 

Membcrs/Elcmcnts are assumcd to be ngidly framed tnto JOints in 

accordancc Wilh thc structuraltype specificd. Whcn thts iull 

ngtdity is not applicablc. mdiv1dual force cOmponents at Clthcr 

end of the mcmbcr can be sct lo lCTO with mcmbcr rclcasc 

statcments. By ,pccifymg relcase componcnts. individual dcgrccs 

of freedom are removed from thc analysl5. Rcleasc componcnts are 

_givcn in thc local coordinatc systcm for cach mcmbcr. Note that 

PARTIAL moment relcasc is al so allowed. 
" 1 
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1.9 Truss/Tension • Only Members 

51'1' ucflon 

5 23 

For analy'ics which tnvolvc mcmbcrs that carry axialloads only, 

1.c. tru'is mcmbcrs. thcrc are two mcthods for spcc1fytng thJS 

condition. Wbcn all the mcmbcrc; 10 thc structurc are truss 

mcmbers. thc typc of c;tructurc 1s dcclarcd as TRUSS wbcrcas. 

whcn only ~omc of thc mcmbers are truss mcmbers (c.g. bracings 

of a building). the ~EMBER TRUSS command can be used whcrc 

thosc member'li wtll be idenufled scparately. A considerable 

amount of analyHs and destgn time is 'iavcd by dcclanng an axial 

mcmher as J. TRUSS mcmber. spccification of such mcmbers as 

framc mcmhero; with both cnds pinncd should be avoided whcrevcr 

possiblc 

In STAAD. a mcmhcr may be dcclared as a Tcns1on-only mcmbcr. 

Thc analyo;¡s wlll be pcrformed accordtngly. Refcr lo Sccuon 

5 :!3 J for dctalls on thts facdity 

1 .1 O Cable Members 

Sn 
tt"CI/Ofl 5.2] 

Cable memhcro; may he o;pccificd by using thc ~EMBER CABLE 

command Whilc 'ipCctfymg cable mcmbers. thc imllaltcnston in 

thc cable muse he provtdcd. Thc following paragraph cxplains how 

cable 'ittffncs'i 15 calculatcd. 

Thc mercase'" lcngth of a loaded cable 1s a combmatton uf two 

effects. Thc firsl componcnt ts thc clastic strctch. and IS govcrncd 

by the familiar ~pring relationshtp· 

E.~ 
F:;; K.' where Krtast1c .:: -

L 

Tbc sccond component of tbe lengthcntng is duc to a change in 

gcometry (as a cable 1s pulled taut. sag is reduccd). Th1s 

rclationsh1p can be dcscribcd by 
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F = 1\.:\ but here K~!! = -,-3 - w·L 

General Dcscnplion 

" J ;: ComJx,.., deformo_ciÓ PI • 
(CQ.lelkltio.) where w = weight per unlt length of t:ablc 

T = tcnsion m cable 

Thcrcforc. thc ''stiffness~ of a cabl2dcpcnds on thc inuialtnstallcd 

tcnsion (or sag). Thesc two cffects may be combtncd as follnw<; 

~otc: Whcn T = O. Kcomb = EA/L 

11 ma)t be noticcd that as thc tcnstan incrcases (sag dccrcases) thc 

t:ombined "itlffncss approachcs that of the purc dasttc '>ttuatlnn. 

The followtng points nccd to be constdcrcd when ustng thc cable 

mcmbcr 10 STAr\D 

1) · The cable mcmbcr is only a truss me:mbcr whose propcrttc-. 

accnmodatc thc .,ag factor and intual tcn~ton. Thc bchavu>r uf 

the cable mcmber is idcnlical 10 that of the truss mcmhcr. 1t 
can carry axialloads only. As a rcsult, thc fundamental rules 

in volved m modcling truss mcmbcrs havc to be followcd whcn 

modcling cable membcrs. For examplc. whcn two cable 

mcmbcrs mcct al a common JOint. if thcrc tsn't a support ora 

3rd mcmber connectcd to that joint. il is a poinl of potcntial 

inslahility. 

2) Duc to the reasons speetfied m 1) abo ve. applytng a transvcrse 

load on a cable member is not advtsable. The load wi11 be . 

con verted to two concentrated loads at the 2 ends of the cable 

and the true dcOection pattcrn of the cable will never be 

reali1.ed. 

• 
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3) A cable mcmbcr offcrs no resistancc toa compresstvc force 

applied al its cnds. Whcn the cnd joints of thc mcmbcr are 

<;ubj~ctcd lo a comprcssive force, they "givc in~ thereby lfcr 
causmg the cable to sag. Cndcr thcse circumstanccs. the cable 

mcmbcr has t.cro 'itiffncss and this si1uauon has 10 be 

accountcd for in thc sttffness matrix and the displacemenl.S...--- ::. 

ha ve to be rccalculatcd. But 1n STAAD. mere!{ Jcclari-ng thc 

mcmbcr to be .t cable mcmber Joes not guarantce that this 

hchavior wlll b.~.,;ccountcd for. [t is also important thalthe 
user dCda.rc.Í.he mcmhcr to he a tens10n only mcmhcr by using 

lhe MEMBER TENSION ..;ommand. Th1s will cnsurc that thc 

program willte<;t the naturc of thc force in the mcmher aftcr 

thc .. maly<;i<; .1nd 1f ttts comprc<;sivc. thc member ¡<; c;.witchcd 

off and thc 'i.ltlfncss matrn re-calculatcd. 
. ":" 

.l) Due to potent1al mstabthly prohlc~s cxplatned m 1tcm 

3hovc. uscro; c;.hould al so avuid modchng a catcnary by 

hrcaktng 11 dnwn into a numbcr of c;.tra1ght line ,egmcnts. Thc 

cable mcmhcr in STAAD cannot he uscd to <;Jmulatc thc 

hchav10r of a catcnary. By catcnary. wc are refcrnng 10 thosc 

'iiTuctural componcnts whtch ha ve a curvcd pro file and dcvelop 

ntal furces Juc thc1r "iclf wetght. Tht'i. hchavior ts 1n rcality a 

:mn-ltncar behav10r whcrc thc axtal furcc 1s cauc;.cd hccausc of 

e1thcr a changc tn thc pro lile of thc mcmbcr or induccd by 

!arge displacemcnts.Jielthcr nf whtch .1re val id Jssumptions tn 

'"'""'""AO/ an elastiC analyc;.¡s. í\ typ11.:a cxamplc of a catcnarv is the mam 

L' ~hapcd cable uscd tn suspcnston budgcs. • 

5) The mercase of stiffncc;.s of thc cable as the tcnston in tt 

incrcases under applied loading is not accountcd for dunng thc 

analysis. 
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1 .11 Member Offsets 

5t'~ .Ucflon 
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Sorne mcmbers of a structurc may not be concurrent wuh thc 

inc•dcnt joints thcrehy ~.:rcating offscts. Th1s offset distant.:c ts 
spcciticd 10 terms of global coordinate systcm (i.c. global X. Y 

and Z di !o lance from thc mcadcnt JÓint). Sccondary forccs tnduccd. 
duc lo this offset conncction. are takcn into account tn analyltng 
thc structure and also to calculatc the indivuJual membcr forccs. 
The ncw offset centroid of thc membcr can be al the •Hart or cnd 
incidences and the new working point will al so be the ncw 'lllart or 

cnd of thc mcmbcr. Thercfore. any rcfcrencc from thc start or cnd 
of that mcmbcr wíll J!ways be from thc nc.w offset pomts 

'8 t1 

• , • -= 
1 :2 
:8 •• 
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MEMBER OFFSET 
START 7 

1 END -6 
2 END -6 -9 
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1.12 Material Constants 

5r't" 

{r'CI/fln j .:f.l 

Thc matcnal cnnstanls are: modulus of clastictly fE): "A.cight 
dcnstl'f IOE:Io!): Po•s,.on'" ratto 1 POISSl: co-cfficicnt of :herma! 
clpansiOn ( ,\LPHAl. am.l beta Jnglc IBET.-\1 or coord¡nalc" for 

any rcfcrcncc IREFl point. 

E valuc for mcmbcr" muo;t he prov1dcd or thc analys1s will not be 
· pcrformcd. Wc1ght density (DEN) is uscd only when sclfwcight of 

thc structurc 1s to be takcn into account. P01sson's ratio IPOISS) is 

used 10 calculatc the shear modulus (commonly known as G) by 

lhc formula. 

G : 0.5 X E/( 1 + POI SS) 

lf Po1o;son's rallo 15 not providcd G will be l/2 E. Cocffic1cnt of 

thcrmal cxpans•on (ALPHA) IS uscd lo calculatc thc cxpansion of 
the mcmbcrs if tcmpcraturc loads are applicd. The tempcraturc unll 

for tcmpcraturc load and ALPHA has 10 be the 



.lO 1 Sc:cuon 1 
GcneraJ Oescnpuon 

·BETA anglc and REFcrcncc pomt are discusscd m Scc 1.5.3 and 
are input as part of thc mcmbcr constants. 

1.13 Supports 

S a 

uctio" 5.17 

' . 

STAAD allows spccificauons of supports that are parallcl as wcll 
as incli~cd lo thc global axcs. "~-

Suppons 3re spccified as PINNED. FIXED. or FIXED wtth 
diffen:nt rclcases. A pmned support has restrainls against all 

. translational movcmcnt and nonc agatnst rotational movcmcnl. In 
othcr words. a pinned c¡upport w11J ha ve reactions for all forccs but 
Wtll resist no momcnts. A lüed support has rcstratnts agam~t ..111 
dtrections of movcmcnt. 

Thc reslraints of a fixcd suppon can also be rclcascd tn any 
dcstrcd dircction as spccificd in scct10n .S. 

Translational and rotattonal "prings can also be spccificd. Thc 
springs are reprcscntcd in tcrms af thetr spring ~.:onstants. A 

translational spring constant ts dcfincd as thc force to displace ..1 

·suppon joint onc lcngth un u in thc spcctficd global dtrccuon. 
Simtlarly. a rotational ~prtng constant 1s Jcfincd as thc force 10 

rotatc the ~upport jomt une dcgrce J.round thc spcctfied glohal 
dircction. 

1.14 Master/Siave Joints 

,. 
~ .. ctron 5.~8 

The master/slavc option is providcd to cnablc thc uscr tu modcl 

rigid Jinks in thc struc1ural systcm. Thts factlity can be used 10 
inodcl speeial structural clemcnts likc a ngtd noor dtaphragm. 

Severa! slavc joints may be providcd which will be assigned same 
displacements as the master JOint. Thc user is also allowcd the 
ncxibility lo choosc lhe <¡pecific degrccs of frecdom for which thc 
duplaccmcnt constraints will be imposed on thc slavcd joints. If 
all degrces uf frccdom (Fx, Fy, Fz.. Mx, M y and Mt) are providcd 
as constramts, thc joints will be assumcd 10 be ngtdly conncc1cd. 

{t:=l 

.:t::J 

fl-l 1 
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1.15 Loads 

Loads in a <;tructurc can be spce~fied as joint load, mcmbcr load, 
tcmperaturc load and rixcd-end mcmber load. STAAD ~.:an also 
gcncratc thc sclf-wcighl uf the struclure and use 11 as untformly 
distnbuled mcmbcr loads in analysts. Any fracuon of thts sclf­

we1ght can al so he applied in any desired dirccuon 

1.16.1 Joint Load 

s~~ fi"CIIOn 

5 32./ 

Jotnt toads. both forces and moments. may be applicd to any free 
JOlnt of a 'itructurc. Thcsc loads act m thc global coordinate system 

uf thc structurc. Postttvc farces act IR thc posttivc coordmate 
dirccuons. Any numbcr of loads may be applicd on a smgle JOÍnt, 

10 whtch case thc \oads wtll be additivc on that joint. 

1.16.2 Member Load 

',',.,. tt•rllfHI 

-' J:. 2 

Thrce t~pcs of mcmbcr loads may be applicd dircctly toa mcmbcr 
of a 'iitructurc. Thcse Joads are umformly dtstrtbutcd loads. 
concentrated loads. and lincarly varytng loads (includmg 
trapclOtdal). t:niform loads acl on thc full ar parttallcngth of a 
mcmber Cunccntnted lnads act .11 .1ny 101ermediatc. '\pcctficd 
pomt. Ltncarly vary1ng \oads Jet o ver thc fulllcnglh tlf a ~cmbcr 
Tr.1pcz.01 dal hnearly varymg loads act over thc full or part1al 
length of .1 member. Tr;:~pcwtdalloJds are con verted mio a 

umform load and sc..-cral conccnlratcd loads. 

.Any number of loads may be specificd lo acl upon a mcmbcr i~ 
any tndcpcndcnt loading condiuon. Mcmber Joads can be spcc1ficd 
in thc mcmber coordinatc sy~tcm or thc global r.::oordmate sy'itcm. 
Untformly distributcd membcr loads provtded in the global 

coordinatc systcm may be !pecificd to a~t along lhc full or. 
proJeCied member length. Rcfcr lo Fig. 1 3 lO find thc rc.latlon of 
1he mcmber to the global caordinatc syslcms for spcc1r~mg 
mcmbcr loads. Pos1ti..-e forccs acl in the positivc coordmalc 

direcuons, local or global. as the case may be. 
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1.16.3 Area Load 

s~~ uctiol1 

5.12.-1 

Many times a !loor (bound by X-Z planc) ts sUbJcclcd. lo a 

un1formly ~istributcd load. 1t could rcquirc a lo1 of work lo 

calculatc the mcmbcr load for individual mcmbcrs in that !loor. 

Howevcr, Wlth 1hc AREA LOAD command. lhc uscr can spcc1fy 

thc arca ioads (unitload pcr unit squarc arca) for mcmbers. Thc 

program wrll calculalc 1hc tributary arca for 1hcsc mcmbcrs and. 

provide thc propcr mcmbcr loads. Thc following assumpuons are 

made whtlc transfcrring thc arca load lo mcmbcr loat.J: 

a) The member load is assumed lo be a linear! y varying load for 

which the start and thc end valucs may be of d1ffcrcnt 

magnitude. 

b) Tributary Jrca of a mcmbcr with an arca load is calculatcd 

based on half the spacing to thc ncarcst approximately parallel 

mcmbers on both sides. If the spacmg is more than or equal to 

the length of thc mcmbcr, the arca load will be ignorcd. 1.16.4 

J.' 

s~r uctio" 

5 32.7 

-
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e) Arca load should not be spcctficd on mcmbcrs dcclarcd as 

MEMBER CABLE. MEMBER TRUSS or MEMBER 
TEN S ION. 

Figure 1.17 shows a Ooor structurc with arca load spec1fication of 
0.1. 

_, 
r----~--~------~r 1 • 

Fucr.~r~ f 17 

Mcmbcr 1 Wlll ha ve a linear load of O 3 al onc cnd and O 2 al 1hc 

other cnd. Mcmbers 2 and 4 wlll ha ve a un1form load of O 5o ver 

thc full lcngth. Mcmbcr 3 wtll ha ve a linear load of O.J5 and 0.55 

at respective cnds. Mcmber 5 will ha ve a un1form load of O 25. 

Thc resl of 1he mcmbcrs. 6 1hrough 13, will ha ve no conlnbutory 

arca load since the nearcst parallel members are more 1han each of 

the membcr lcngths apart. Howcver, th~ reactions from the 

membcrs lo thc girder wtll be cons•dere·d. 

Fixed End Member Load 

Load effccts on a membcr may al so be specdicd ir¡ tcnns of Hs 

fixed end loads. Thcsc loads are givcn in tcrm e member 

coordinalc syslem and thc directions are oppos. _, the actual load 
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1.16.5 
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5.12.5 
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on thc membcr. Each cnd of a mcmbcr can ha ve six forccs: axtal; 
shcar y: shcar z; torsion: momcnt y, and momcnt l. 

Prestress and Poststress Member Load 

Membcrs in a structurc may be subjcctcd to prcstrcss load ror 

which thc load distribuuon in the structurc may be 1nvesugatcd. 
Thc prcstrcssing load m a mcmbc~ may be .applicd a;~ually or 
ccccntncally. Thc ccccntricittcs can be providcd al thc 'itart Joint. 

at thc middle, and al the cnd joint Thcse ccccntriciucs are only in 

the local y-axis. A positivc cccentncuy will be in thc posllivc 
local y-dircction. Sincc ccccntnclllcs are only providcd 10 thc 
local y-a:1.is, carc shuuld be takcn whcn pmv1ding prismauc 

propcrtics or m spcc1fymg thc corrcct BETA Jnglc whcn rotatmg 
thc mcmbcr coordinates. 1f ncccssary. Two 1ypes of prcstrc!>s load 
spec¡fication are availablc: PRESTRESS, whcrc. duc to 1hc load. 

rcactions are gcncratcd dunng thc apphcation uf prcstrcss load and 

POSTSTRESS. assumcd lo be appllcd aftcr 1hc prcstrcss load ts in 
place, which docs not gcncralc rcacltons. 

1) The cable ts assumcd 10 ha ve a gcncralit.cd parabolic pro file. 
Thc equation of 1hc parabola ts assumed 10 he 

y=ax!+hx+c 

wherc 

wherc 

1 
a= 2(2cs- 4cm +:!ce) 

L 
1 

b =-(4cm -ce- Jc:sj 
L 

e= es 

es = ecccntrtcJiy of cable J.l slart of mcmher (In local 
y-aXIS) 

cm = ccccntncity of cable at mJddlc of membcr (In 
local y-axis) 

e e = cccentricity of cable at cnd of mcmber {in local 
y-UIS) 

L = Lcngth ormember 

2) The anglc of inclinalion of the cable with rcspect lo thc local 
-.-axis (a straighl hnc joinzng the stan and end JOIRIS of the 

Sccuon 1 

member) at thc start and end points JS small which gives rise 
to thc assumption that 

Hence, if lhe axtal force 1n the cable is P. thc vertical 
componen! of thc force at 1he cnds is P(dy 1 dx) and thc 

hori1.0ntal componen! of the cable force is. 

t:'icr'i are advtscd to cnsurc th:ll thcir cable pro file mcets th1s 
requircmcnt. An angle under 5 degrces is recommcnded. 

3) Thc member IS anaiY7.ed for thc prcslresstng/poslstrcssing 
cffccts using thc cqu¡valcnt load mcthod. Th1s mcthod is wcll 
documcntcd m most rcputcd books on ,\nalysis and Dcs1gn of 
Prcstrcsscd concrete. Thc magni1udc of 1hc un~formly 
distrihutcd load is calculatcd as 

RPc 
udi::::­

L' 

whcrc P =axial force 1n thc .:ablc 
(cs+cc) 

c=----cm 
2 

L = lenglh of the mcmher 

-1) Thc force m the cable 1s assumed to be samc throughout the 
mc:mber length. No rc:duclion is madc 10 thc cable: forccs lo 
account for fnct1on or othc:r losse,. • 

5) Thc term MEMBER PRESTRESS as used in ST,\AD signtries 
the following condllJon. Thc structurc iS constructcd first. 
Thcn. thc prestrcssing force IS appJicd on the rc:Jevant 
mcmbers. As a result. the memberS dcform and depending on 
thc:ir end condillons. forccs are transmmcd to othc:r mcmbc:rs 
in the structurc. In othcr words ... PRE" rcfercs to lhc lime of 
placement of the member in the 'tructure relativc to thc time 
of strcssing. 
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6) Thc tcrm MEMBER POSTSTRESS as uscd in STAAD 
significs 1he followmg candil ton. The mcmbers on which such 
load ts applicd are first cast in the factory. Followmg lhts, the 
prestressmg force ts applie:d on them. Meanwhile. the rest of 
the structure is constructed at the construction sttc. Thcn, thc 
prcstrcsscd mcmbers are brought and placcd tn position on the 
partially built structure. Ouc 10 thts sequcnce, the cffccls of 
prestrcssing are "c:tpcrienccd" by only thc prestressed 
membcrs and not transmmed m 1he rest of Lhe structure. In 
othcr wurds, "POST" rcfers to the time of placemcnt of thc 
mcmbcr in thc structurc rclativc to the u me of stressmg. 

7) As may be evidcnt from ltcm (6) abovc. 1t IS not possiblc 10 
compute thc displaccmcnts of thc cnds of the 

POSTSTRESSED mcmbers for thc effects of 

POSTSTRESSing, and hcncc are assumcd Lo be 1.ero. As a 
result. displaccmcnts of intermcdiatc scctions fSee SECTION 
OISPLACEMENT command) are mcasured rclauvc 10 thc 
slraight linc joining the stan :~nd cnd jornts of thc mcmbers as 
dcfíncd by thcir inuial IOINT COORDI:-IATES. 

1.16.6 Temperature/Strain Load 

Tcmperaturc differcncc through thc lcngth of a mcmber as wcll as 
Su uctton dtffcrcnces of both faces of mcmbcrs and elcmcnts may also be 
5.12.6 spccificd. Thc program calculatcs thc ~xtal str::1in lclongatwn and 

shrinkage) duc to !he tcmpcralUrc diffcrcncc. From thts 11 

calculatcs the induced forces in thc mcmber and thc analysis tS 
done accordingly. Thc stratn mtcrvals of clongatron and shrrnkage 
can be input d1rectly. 

1.16.7 Support Displacement Load 

loads can be applied lo the structure in terms of the displacemenl 

of the supports. Displacemcnt can be translalional or rotational. 
Su uction Translational displaccmcnts are provided in lhe specified length 

"i.J2.8 while the rotational d1splacements are always in degrees. Note that 

dlsplaccmcnls can be specified only IR directions in wh1cb the 
support is rcstrained and not in direct1ons in which it is released. 

1.16.8 

• J 

• - ' ~¡ . 
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Loading on Elements 

On PlateJShell clemcnts. the types of Joading lhat are pcrmissiblc 

are: 

1) Prcssure Joadang whtch consists of loads which act 
perpendicular to the surface of thc clemcnt. Thc prcssure \~ad3 
can be of unrform mtcnsuy or trapc.t.aidally varytng mtenstty 
over 3 small poruon or over thc e nitre surface of thc elemcnt. 

ll Joint loads which are forces or momcnts that are applied at the 

1oints 1n the direction of the global axes. 

3) Tempcrature Joads whrch may be constant across the d~pth of 
thc elcmcnt (causing only tn-planc clongatton 1 shortenrng) or 
may varv across the dcpth of thc clcment caustng bcnd10g on the 
elcmcnt.· Thc cocfficicnt of thermal cxpanston for the maten al of 
thc clement must be prov1ded in arder to facrlitatc computauon 

of these cffects. 

4) The seJf.wcight of 1he clcmcnts can he applicd using thc 
SELFWEIGHT Joadmg conditinn. The dcnsity of.thc clemcnts 
has 10 be provtded tn arder lo facilitatc computauon of the o;clf-

wcight. 

On Solid elements. thc unly two Joading typcs availablc are 

1) The sclf-wcJght of the solid clcmcnts can be apphed using thc 
SELFWEJGHT loading condition. Thc density of 1hc clcmcnts 

has 10 be provided in arder to facilitate computauon of thc self­

wcight. 

2) Jointloads which are forccs or mom~nts lhal are applied allhc 

10¡015 in thc dircction of lhc global a.xcs. 
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1.17 Load Generator 

STAAD is cqu1ppc~ Wl.th built-in algomhms to gcneratc moving 
loads and lateral sc1sm¡c loads (pcr thc Un 1form Buildmg Codc 

and the IS 1893 codc) un a structurc. Use of thc load gcncrat
1
on 

facllity CORSISts Of IWO pans ; '-

1) Dcfinuion of thc load systcm(s). 
2) G f cncrauon o primary load cases using prcviously dcrincd 

load syslcm(s). 

The followmg scctlons describe thc salicnt fcaturc:, of thc movmg 

load gcncrator. lhc scismic load gcncrator and thc wind load 
gcncrator availablc. 

1.17.1 Moving Load Generator 

st'~ uctrotu 

5JI./anJ 

5)2.12 

1.17.2 

Su uctrotu 

.J/.2 and 

.12.12 

This fcatUrc cnablcs thc uscr to gcncratc mO\'Ing loads on J 

structurc. Moving load systcm(s) cunsasllng of conccntratcd Joads 

at fi~cd spcclllcd dislancc"i m bo1h t.ltrccuons on a planc ~.m he 

defined by thc uscr. A uscr specificd number uf pnmarv load ~ases 
will be suhscquen1ly gcncralcd by thc program ..1nd tak~n 

1010 

{;Onstdcratton 1n analy-..ts. A menean :\ssoctatwn of S late Highway 

and Transportauon Offictals ( AASHTO. 19831 loadings are 

avatlablc wuhm lhc prugram and ¡;an be spcetficd using "ilandard 
.-\ASHTO dcstgnations. 

UBC Seismic Load Generator 

The_ STAAD setsmtc load gcncrator follows thc UBC proccdurc of 

c~u¡valent la lera! load analysis. 11 is assumed that thc la1cral loads 

wlll be cxcrtcd m X and Z directions and Y will be thc dircction of 

thc gravuy loads. Thus, for a building modcl. Y axis will be 

perpe~dicular lo thc noors and pmnt upward (all Y JOÍHI 

coordt~alcs posilive). The uscr is rcquircd 10 sct up hts modcl 
accordmgly Total lateral scismic force or base shcar is • • ; ...... -·~....: 

1.17.3 

5~t' UCliOnJ 

5 JI Jand 
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automattcally calculatcd by STAAD using thc appropnatc UBC 

cquatton. Note both 1994 and 1985 "ipccirications may be uscd. 

For load gcncration per the 1994 code. the uscr is rcqutrcd to 

provide seismic zone coeffictent. importancc factor. co-efficicnt 

Rw and sttc soil cocfftctcnt. For UBC 1985 load gencrauon, 

seis m te wnc cocffictent tmportance factor & honzontal !orce 

factor k must be providcd. Spcetficatton of s11c charactcr period Ts 
is opt10nal. 

lnstcad of using approximatc UBC formulas to csttmatc thc 

building pcriod in a ~enain direct1on. the program calculatcs thc 

period usmg Raleigh quoticnt lcchniquc. Thts penad ts thcn 

utilizcd to calculatc "iCismic cocffictent C. 

A flcr thc base 'ihcár IS calculatcd from thc appropnatc cquatton. 11 

ts distnbutcd among thc vanous le veis and roof pcr GBC 

"ipccifications. Thc distribUicd base shcars are subscqucntly 

apphcd as lateral Joads on thc structurc. Thcsc loads may then be 

uttlilcd J.S normal load cases for analy"its and dcsign. 

Wind Load Generator 

Thc ST Ar\D Wtnd Load gcncrator ts capablc of ~alculatmg wmd 

luads on thc structurc from uscr "ipcctficd wind intcnstltcs and 

cxposurc factors. Diffcrent wind tntcnsitics may be "ipcc1ficd for 

differcnl hctght wncs of thc structurc. Opcnings 1n thc "itructure 

may be modclcd using cxposurc factors. An cxpo"iurc: factor is 

associatcd with each joint of lhc structurc and is dc:fincd as the 

fraction of thc influcnce arca on which the wind load acts. Bullt-tn 

algorithms automatically calculatc the wtnd load on a S PACE 

structure and distribute 1he loads as la1Gral JOiniS loads 

1.18 Analysis Facilities 

Following analysas facilities are avatlable in STAAD . 
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1) Stiffncss Analys1s 
2) Sccond Ordcr Analysis 

P-Dclta Analysis 
Non-Linear Analysis 

3) Dynamic Analys1s 

General Descnption 

Salienl fealures of each lype of an.alysis are diScussed in the 
' following scctions. Detailcd thcorctical treatments of thcsc 

fcaturcs are availablc in standard structural cngmccring tcxtbooks. 

1.18.1 Stiffness Analysis 

Thc stiffness analysis implcmcntcd in STAAD is bascd on thc 

matrix displaccmcnt mcthod. In thc matri:t analysis of structures 
Su lulion by the displacemcnt mcthod. thc structure is lirst idcali~:ed into an 
5.37 assembly of discrete slructural components 1 frame membcrs or 

rinitc elcmcnts). Each componcnt has an assumcd farm of 
displaccmcnt 10 a manner which sat1sries thc force cquilibrium and 

displaccmcnt compatibility at thc joants. 

Structunl systems such as slabs. pi ates, spread foatings. etc .. 
which transmit loads 10 2 dirccuons ha ve to be d•scretiJ.cd into a 
numbcr of 3 or 4 naded finue clcmcnts conncctcd to each other at 
thcir nades. Loads m ay be applied in thc form of distnbuted loads 

on the elemcnt surfaccs oras cancentrated loads at the Joints. The 

plane stress cffccts as well as thc platc bendmg cffects are taken 

into consJdcration in the analysis. 

Assumptions or the Analvsis 

For a complete analysts of the structure, the neces&ary matrices are 

gcnerated on thc bas1s of the followmg assumpt1ons: 

1) The structure is idealized into an assembly of beam and plate 

type clcments Jomed together at their vcrtices (nades). The 
assemblage is loaded and rcacted by concentrated loads acting 

al the nades. These loads may be both rarees and moments 

which may act in any specificd direction. 

-
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2) A beam mcmber is a longitudinal structural member havmg a 
constant, doubly symmctnc or near·doubly symmetnc cross 
scction along liS lcngth. Beam membero; always carry axial 
forccs. They may also be subjected to shcar and bending in 
two arbitrary perpendicular planes. and they mayal so be 
subjcctcd to torsion. From this pointthesc heam mcmbers are 
referrcd toas "'members" in the manual. 

3) A plate elcmcnt is a three or four noded clcment havmg 
constant thtckncss. Thcse plate elcments are rcfcrred lo as 
"elements" in the manual. 

~) Interna! and externa! Joads actmg on cach nade are in 
equtlihrium. lf torsional or bending propcnies are dcfined for 
any member. -.ill degrees of frecdom J.rc considcrcd ::11 cach 
nade (i.c. thrcc tr:ln!ilatmnal and thrcc rotatianall in thc 
gcncrauon of rclcvant matrices. lf the member IS defined as 
truss member fi.c carrymg only ax1al forccs) thcn only thc 
threc dcgrces ltranslational) of frcedom JTC cons1dercd al cach 
no de 

5) Twn typcs uf coordmatc o;ystcms are uscd 10 thc gcncrat10n of 

the rcqu1red matnces and are rcfcrn:d toas local Jnd global 
systcms. 

Local coordinatc axcs are assigned to each mdividual clcmcnt and 
are oricntcd such that computmg cffort for clement c;uffness 

matrices are generalizcd and mmtmizcd. Global coordmatc axcs 

are a common dalum estabhshed for all 1dealiLcd elcments so that 
element forces and displacemcnts may be rclatcd to a common 
frame of rcfcrcnce. 

Basic Eguation 

The complete stiffness matra of the structure IS obtained by 

systcmatically summing the contribullons of thc vanous mcmbcr 
and element stiffncss. The e:tternalloads an the structure are 

represented as discrete concenlratcd loads acting only al the nodal 
pomts of thc struclllrc. 
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The stiffncss matrix relates thesc loads to thc displacements of the 
nodes by thc cquation: 

This formulation includcs all thc joints of thc structure, whcthcr 
thcy are free lo displace orare restraincd by supports. Thosc 

componcnts of joint displaccmcnts th"at are free to movc are callcd 
dcgrces of frccdom. Thc total numbcr of dcgrces of frcedom 
rcprcsent thc number of unknowns in the analys 1s. 

:Wethod lo Solve ror Displacements 

Thcre are many methods to sol ve the unknowns from a series of 

s1multaneous cquations. An approach which is parucularly suitcd 
. for structural analysis is callcd the mcthod of dccomposition. This 

method has becn sclectcd for use in STA A D. Sincc the stiffncss 

mauriccs of all linear! y claslic struclurcs are always symmclnc, an 
cspccially cfficicnt form of the dccomposition callcd Modificd 
Cholcsky's mc1hod may be applicd to thcsc problcms. This method 
ts vcry accuratc and cost dfcct1vc am.l wcll suncd for thc Gauss1an 
climination proccss in solving thc simuhaneous cquations. 

Consideration of Bandwidth 

The method of dccomposuion is parucularly effic1cnt whcn 
. applied lo a symmctrically bandcd matnx. For th1s typc of matnx 
fewer calculauons are requ1rcd duc to thc fact that elemcnts 
outside the band are all cqual ro tero. 

STAAO lakcs full advantagc of thts bandwitJth durmg solution, as 
il is importan! lo ha ve the least bandw1dth lo obtain the most 
efficient solullon. For th1s purpose. STAAD offers fcatures by 

wh1ch thc program can lntcrnally rcarrangc thc JO !ni numbers to 
provide a bettcr bandwidth. 

Structural lntegrily 

The integrity of the structurc is a very important requirement thal 
must be satisficd hy all models. Users mus1 makc surc thatthc 

Scc1ion 1 

model dcvclopcd rcprcscnts onc single structurc only. not two or 
more scparate structurcs. 

An "integral" structurc or "onc" s1ructurc may be defined as a systcm 
in whtch proper "st1ffncss connccttons" c,;ist betwecn thc 

mcmbcrs/clcmcnls. Thc entirc modcl functions as a single in1egra1cd 
load rcsistmg systcm. Two or more intJcpcndcnt structurcs w1thtn one 
modcl results in crroncous mathcmatical formulat10n and thcrcfore. 
genera tes numcncal problcms. ST r\AD chccks structural intcgnty 
using a sophisltcatcd algorllhm and rcporls dctcctton of multiplc 
stru~.:turcs withtn thc modcl. 

Modeling and "'umérical lnslabilily Problems 

lnstability problcms can occur duelo two pnmary rcasons. 

1) Modcling problcm 

Thcrc are J. vancty of modcling prohlcms whtch can givc risc 
to 1nstabllity condU10ns. Thcy can be dass1ficd 1n1o two 
group'i. 

a) Local ins1ability - A lo~.:al tnstabllily is a condit10n whcrc 
thc fixity condit1ons at thc cnd(s) uf a mcmbcr J.rc 'iuch as 
to cause an mstabllity m thc mcmbcr J.bout onc or more 
dcgrccs of frecdom. Eumplcs of lo~.:almstabduy are. 

(i) Mcmbcr Rclcase: :\icmbcrs rcleascd at both cnds for 
any of the following dcgrecs of frccdom 1 FX. FY, FZ 
and MX) w1ll be suhjectcd 10 this problcm. 

(1i) A framcd structurc w1th columns and bcams wherc thc 
columns are dcfined as. "TRL:SS" mcmbcrs. Such a 
column has no capacity to lransfer shears or moments 
from thc 'iUperstructurc lo the supports. ' 

b) Global Instability- Thesc are caused whcn the supports of the 
structure are such thal thcy ~.:annot offcr any resistancc to 
slidmg or ovcrturmng of the struclurc in onc or more 
dircctions. For example. a 20 structure (frame in thc XY 
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plan e) which is defined as a S PACE FRAME w11h p1nncd 

supports and 'iUbJcCted to a force in thc Z dirccuon will topplc 
nver about the X-ax1s. Anothcr cxamplc IS that of a spacc 
framc wnh all thc supports rclcased for FX, FY or FZ. 

2) Math prccssion 

• A math prccision error is ca.uscd whcn numcricallnstabtlities 

occur 1n the ma1ru invcrs10n proccss. Onc of the tcrms of thc 
cquillbnum cquation takcs thc form 1/(1-A). whcrc 
A::::k 1/(k 1 +k2): k 1 and k2 bcing the sliffncss cocffiocnts uf !Wo 

adjaccnt mcmbcrs. Whcn a vcry "Slifr mcmbcr is adJaccnl toa 
vcry ··ncxiblc"' mcmbcr. vit .. whcn kl>>k2. or ld.,.k2::kl, A::::l 
and hcncc. 1/( l·A):::: 1/0. Thu~. hugc variat1ons in st1ffncsscs of 

adjaccnt mcmbcrs are not pcrmittcd. 

Math prccis10n ¡;rrors are al so ~auscd '-Aohcn thc umts uf lcngth 

and force are not dcfincd corrcctly for mcmber lcngths. 
mcmbcr propcrtzcs. constants cte. 

Usen also have 10 cnsure that thc modcl dcfincd rcprcscn1s une 
sanglc ~tructurc only. nottwo or more scpara1c 'itructurcs. Fur 

eumplc. in an effort 10 modcl an cxpans10n JOIRI. thc uscr may 
cnd up dcfining scparatc structurc'i w11h1n thc \ame mput file. 

~uhiplc o;tructurcs dcftncd 10 onc mpul file ..:an lcad lo gnJ'i!.ly 

crroneous rcsults. 

1.18.2 Second Order Analysis 

Su 

uctio" 5.J7 

STAAO offcrs thc capability to pcrform sccond ordcr stJbliity 
analyscs. Two methods are available ·a s1mphfied mcthod called 

P-Ocha Analysis andan claboratc method callcd Non Lmear 

Analys1s. Both mcthods are cxplamed below. 

1.18.2.1 P-Delta Analysis 

srctio" 5.17 

Structurcs subjcctcd 10 lateral Joads oftcn cxpcncncc secondary 
forccs due to the movemcnt of thc po1n1 of application of vertical 

·ds. This sccoodary cffcct, commonly known as the P·Dclla 

. ' . ] 
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lil l 

• D 

• 
• 1 

• 1 

Sccuon 1 .¡5 

cffcct. play o; an important role in thc analysis of the structurc. In 

STAAD. a uniquc procedurc has hccn adoptcd to incorporate the 
P-Ocha cffcct 1010 !he analysis · Thc procedurc cons•sls of the 

following o;tcps: 

¡) Fir'il. the primary dcncctions are calculatcd based on thc 

prov1dcd cuerna! loading . 

2) Primary dcncctions are thcn combincd w1th the onginally 
applicd loading to crcatc thc 'iccondary loadings. Thc load 
vec1or is then rev¡scd 10 include the sccondary cffccts. 

!'~ole that thc lateral Joading mu'it be prc'icnt concurrcntly with 
thc vcrticalloading for propcr considcrat10n nf thc P-Dclta 
cffcct. Thc REPEAT LOAD facility (scc Scct10n 5 3::!.11) has 

hccn creatcd w1th thl'i rcquircmcnt 10 mmd. Th1~ l"acdlty 
alhlw'i the uscr to comtHnc prcviously dcfincd pnmary load 

casc!i to crcatc a ncw pnmary load case. 

]) A ncw 'illffncss anJ.iy'itS ¡., carncd oul bascd nn the rcviscd 

load vector 10 gcncralc ncw r..lctlccllnns. 

.l) Elcmcnt/~cmhcr fnrcc'i and lUppnrt rcacuon'i are ..:ah:ulalcd 

bascd un thc ncw dcllcctton'i. 

¡1 mav be notcr..l that th1s proccdurc ytclds vcry accuratc rcsuhs 

with ~~~ 'imall Ji'iplaccmcnt problcms STAAD allow<; thc user lo 

go through mult¡plc ¡tcrations of thc P-Dclta proccdurc 1f . 
neccssary. Thc uscr l'i allowcd to \pecify the numbcr of JlcratiOOS 

bascd on thc requircmcnt. 

Thc P-Ocha analys1s 1S rccommcndcd by the ACI code (tn lieu of 

momcnt magn~fication mcthods) and thC AISC LRFD code for 

calculat10n of more rcahsuc forccs and moments 

P-Ocha cffccts are calculated for frame mcmbcrs only. They are 

not calculatcd for rinllc elcments or sol id clcmcnts. 
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1.18.2.2 Non Linear Analysis 

s.-

STAAD also offers thc capability to perform non-linear analysis 
based on geometric non-linearity. The non-linear analysis 

algorithm incorporales both geomctric stiffncss corrcctions and 
sccondary loadings. 

uction 5.J7 Non linear analysis methodology t~ generally adopted for 

structures subjcct to large displaccmcniS. As largc displaccments 

general! y rcsuh m stgmftcant movcmcnt of thc point of application 
of loads, constderatzon of secondary loadings bccomcs an 

tmportant critcria. In addition, gcomctric stiffncss corrccttons are 

applied lo takc into consideration thc modificd gcometry. Stnce the 
gcomctric sttffncss corrcctions are bascd on gcncrated 
displaccmcnts, they are difrcrent for different load cases. This 

makcs the non-linear analysis option load dependent. Thc STAAD 

non-linear analysis algorithm consJsts of thc following steps : 

1) First. primary displacemenrs are t.:ak:ulatcd for thc appllcd 
loading. 

· 2) Stiffncss corrcctions are applied on the memher/clcmcnt 

stiffnc'is matnces based on obscrvcd displacemcnts. Scw 

global stiffness matrix is assemhlcd based nn rcv1sed 
mcmhcr/element 'itiffncss matricc'i. 

3) Load vectors are rcvised to mdudc thc sccondary dfet.:ts duc 
to pnmary displacemcnts. 

4) The new sct of equalions are sol ved to gencratc ncw 
displaccments. 

5) Elcmcnt/Mcmber forccs and suppon rcactions are calculatcd 
from thcsc ncw displacemcnts. 

6) The STAAD non-linear analys1s algorithm allows the user to 

go through muhiplc iterat10ns of the above procedurc. The 

numbcr of itcrations may be spccified by thc user bascd on thc 

requircmcnt. h may be noted, howevcr, that multiplc ilerations 

•.?J 

;.. ...,.,._ • j. ·;:: 

• ti 

may incrcasc thc computcr rcsourcc rcquirements and 

exccution ttme substantially. 
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Note . Thc followmg points may be notcd wJLh rcspcct to thc M()M· 

linear analys1s ractlity · 

¡) Since thc proccdurc is load dependen!. the uscr is requued lo 
use the SET NL .md CHASGE commands properly. The SET 
NL command must he prov1ded to spcc•fy thc total numbcr or 

pnmary load cases. The CHANGE command should be uscd to 

rc'iet the 'itiffncss matrices 

:!) As the gcometnc corrccllons are bascd on displa.ccmcnts. all 

loads that are capablc of produt.:ing sigmficant d!splacemcnts 
must be part of thc load case( o¡) identificd for non-ltncar 

analysis. 

1.18.3 Dynamic Analysis 

St>,. u•crwn1 

5.JO, 

5 J2./U. 5 J-1 

Currcntlv ava 1Jablc dynamic analy'itS facli111e'i includc "olut!On of 

the free ~ihration problem fclgcnproblcmJ. response 'PCt.:trum 

analy~ 1 s and forced v1bration analyo¡is. 

Solution of the Eigenproblem 

Thc etgenproblcm 15 \Oived for Hructure frcquenc1es 1nd mode 

"hapcs ¡;ono¡1dcnng J lumpcd mass matrix. wtth masse\ .u all acuvc 

d.o.r. mcludcd. T~A'O \olul!on methods are avatlahle_: thc 

dctcrminant search method. and thc subspacc itcrallon method. 

w 1th solution selccuon bascd on problem s1ze. 

:vtass :\1odeling 

The nalural frcqucncJcs and modc shap~s of J structurc are the 
riman paramctcrs that affcct thc rcspónse of a structurc under 

~ynamic loading. Thc free vihration problem JS sol~cd lo utract 
thesc values. Sincc no externa! forcmg functJon IS IR\'Oivcd. thc 

natural frequencics and mode shapcs are dircct functions of the 

'itiffncss and mass distnbution In thc structure. Rc~ull~ of the 
frcqucncy and modc shapc ealculations may vary Slgn¡ficantly 
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tlcpending upon thc mass modchng. Th1s variation, m turn. affccts 

thc response spcctrum and forccd vibration analysis rcsults. Thus, 

extreme cauuon should be cxcrctscd in mass modcling in a 

dynamic analysts problcm. ActJvc masscs should be modclcd as 

loads. All masses that are capablc of movtng should be modclcd as 

loads applied in all poss1blc dircctions of movcment. In response 

spectrum analysis, as a barc mimmum. all masscs that are capablc 

of moving in thc dirccllon of thc SRCClrum, must be prov1dcd as 

loads acting in that dirccuon. 

Response Speclrum Analysis 

This capabdi1y allows thc uscr to analy1.c thc structurc for Sc1smrc 

loadmg. For any supplicd response spectrum (cuhcr accelcrauon 

v~. pcriod or displaccmcnt vs. penod), JOinl dlsplaccmcnls. 

mcmber forccs, and support rcactions may be calcula¡cd. \tlodal 

responses may be combincd usmg Clthcr thc square rool of thc .. um 
of squues (SRSS) or thc complete quadratic combination tCQC) 

mcthod to obtoun thc rcsultant responses. Rcsults of thc response 

. spcctrum analysis may be combined wnh thc rcsults of 1hc ~talle 

analysis lo pcrform subscqucnt dcs1gn. Tu accoum for revers1hdny 

of sc1smic activily, load combanauons can be crca1cd to tncludc 

eithcr the posllivc or ncgativc contribuuon of se1smic rcsults 

Response Time Histoa Analysis 

STAAD is cqu1pped wilh a facility to pcrform a response h1story 

analysis on a structurc subjected to t1me varymg forcmg funct10n 

loads al thc jomts andlor a ground mallan at its base. Th1s analysis 

is performed using the modal superposition mcthod. Hencc, all thc 

acuvc masscs should be modclcd as loads m arder to fac•IHatc 

dctcrmination of the modc shapes and frcqucncics. Picase refcr to 

the section abo ve on .. mass modeling" for addlltonal informal1on 

on this tapie. In the mode superposition analysis, it is assumcd that 

the structural response can be obtaincd from thc .. p .. lowcst modes. 

The cquilibrium cqualions are writlcn as 

(mJiiil + [c)(xl + [k)lxl = IP,l ( 1) 

11 ti 

.... , --, 
1 

Usmg the transformation 

(2) 

--­' 
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Equation 1 reduces to "p"' separate uncoupled equations of the 

form 

q-,+ :!~ 1 00 1 q 1 
+ w;q.::; R, (t) 

where ~ is thc modal dampmg ratio and w thc na1ural 

frequcncy for thc i1h mode. 

These are ~olvcd by thc Wilson- 8 method wh1ch !San 
uncondiuonally stablc stcp by ~tcp se heme. Thc 11me ~tcp for thc 
response is r.::ho,.cn as 0.1 T wherc T is thc penad of the highcst 

modc thal 15 to be mcludcd 1n thc response. The q,s are ~ubsllluted 
in cquation z to obtain the displacements !.ti at cach 11me ~tep 

Time Hislorv Analvsis for a Slruclure Subjecled 
lo a Harmonic Loading 

,\ Harmon 1c luadtng 1s onc in "'hu:h can be descnbcd using the 

rollnwmg cquation 

In the ahove cquation. 

F(l) ::: Value or !he raree at any lnStant of time .. t .. 

F0 = Peak valuc of the force 

w ::: Frcqucncy of t~c forcing function 

~ = Phasc Anglc 

A plot of thc abOve equation is shown in the figure below. 
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Fltl 

Time(tJ 

Definition of Input · STAA 
- 10 D for lhe Above 

Forcing Function 

As can be sccn fro d li · . . m liS e IRIIJon. il forcing func.:tion . 
contmu r · JS a 

ous URCtiOn. Howcvcr. in STA \0 rd· . f . . · • a sct o Jscrctc lime 

i;~cr:ro:•~sc~s ugs~:cr~~:~cfr~m lhc f~rcing function andan a.nalysJs. 
. g d•scrclc llmc-forcing pair'i. What tha 

mcans IS thal bascd on thc numbc f t 
for lhe loading STA'\0 '11 ro cyclcs thatthc u~cr 'ipcc¡fies 

. ' ' wa generare a tablc consisting of thc 
magnuudc of thc force al various pornls of time Thc ( 1 
are choscn from th. , , · 1mc va ucs 

IS lime 0 lO n•tc IR stcps of ~STEP" h . 
thc numbcr of 1 d . w ere n IS 

1 
cyc es an te u thc dur:uion of onc cyclc STEP . 

vaucthallhcu . · 153. 
lhaa is bullt intos:~cma:o provJdc or may choosc thc dcfaull valuc 
this m 1 ( p gram. Uscrs may rcfcr lo scclion 5 31 -l of 
for a T~nua H.or a lisl of Input paramctcrs thal nccd to be spcclficd 

loadin •me 1Story Analys¡s on a structurc subjcctcd to a Harmonu; 
g. 

Thc rclalionsh1p bctw · bl . e en vana es that appcar In thc ST \ \ D 
mput and thc corre tJ. . ' · 
c•plained b 1 spon mg tcrms IR thc cquauon ~hown abo ve IS 

e ow. 

Fo = AMPLIT!JDE 

"' = FREQUENCY 
• = PHASE 

1.19 Member End Forces 

s .. 
Mcmbcr cnd J,orCcs and m . 

· omcnts m the mcmbcr rcsuh from loads 
apphcd lo lhc structurc. Thcse forccs are in th 1 1 b e oca mcm cr 

t10n 5.4/ 

11 

a; l 

1:·. 11 

~·· 
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coordinatc systcm. Figure 1.18 shows thc mcmber cnd actions 

with thcir dircctions. 

\1: 

1 

Frr:urr 1 IR • 

1.19.1 Secondary Analysis 

Soluuon of the o;¡¡ffncss cqualwns y1cld displaccmen1s .1nd forccs 

Su uc/lonJ al thc joints or cnd pmn1s of thc mcmbcr. STAAD 1s cqUippcd wuh 

5 .JO. 5.41. thc followmg sccondary analys1S capabilitics to obtam rcsuhs al 

5 J2 .md mtermodialc pomls withm a mcmbcr. 

5 JJ 

1.19.2 

St:t: ucrionJ 

5.40 and 

54/ 

1) Mcmbcr forccs al intcrmcd•atc 'iCCtlons. 

2} Mcmbcr displaccmcnts at mtcrmcdialc scc1íons. 

3) Mcmbcr strcsscs at spcci ficd sccllons. 

-l) Force cnvclopcs. 

Thc following scctions dcscnbc thc sccondary analy'iis capabilities 

m detall. 

Member Forces at lntermediate Sections 

With thc SECTION command. thc user may choose any 

intcrmediatc section of a member whcre forccs and momcnts nccd 

to be ealculatcd. These forces and momcnlS may aJso be used in 

dcsigu of thc ~cmbcrs. The muimum number of scct10ns 

spec1fied may not cxcecd fivc. including one atthe start and onc at 

the cnd of a member. If no intermediate secuons are requcstcd, thc 
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program wlll cons1dcr the start and cnd mcmbcr forccs for dcsign. 
Howevcr. of the sccttons provtdcd, thcy are thc onJy oncs to be 
considcrcd dcsign. 

1.19.3 Member Displacements at lntermediate 
Sections 

S~e UCIIOI'IS ~ 

5_42 and Like forccs, displaccmcnts of intcrmcdiatc sccllon!i of mcmbcro; 
5..,5_1 can be printcd or ploucd. Th1s command may not be uscd for truss 

or cable mcmbcrs. 

1.19.4 Member Stresses at Specified Sections 

Su 
s~ciions 

5 .JO a11d 

54! 

Mcmbcr strcsscs can be printcd .u spccificd intcrmcdiatc scct
1
ons 

as wcll as at thc start and cnd JOiniS. Thcse strcsscs includ.c: 

a) Axial stress. which is calculatcd by divuJing Ihc axial force by 
thc cross scctional arca. 

b) Bcnd1ng-y stress, which is calculatcd by Jiv1dmg thc momcnt 

m local-y dtrcctaon by thc sccuon modulus 10 thc o;amc 
direct1on. 

e) Bendmg-1. stress, wh1ch IS thc same as abo ve cxccp1 m lm:al-l 
direction. 

d) Shcar strcsscs (in y and 1. dirc:ctiuns), and 

e) Combincd stress. wh1ch is thc: sum of ax1al. bcndmg-y ..1nt.1 
bcnding-1. stresscs. 

All thc stresscs are c:alcul;ued as thc absolutc value. 

1.19.5 Force Envelopes 

4] 

Force cnvelopcs of thc mcmbcr forecs FX (axtal force), FY (Shear­

y), and MZ (momcnt around localt-axts, 1.e. strong axis) can be 

printcd for any number of intermcdiatc secuoos. Thc force valucs 

includc maximum and minimum numbcrs reprcscntmg max1mum 

posuive and max1mum ncgalive valucs. Thc following is tbe sign 
convenuoo for thc max1mum and mm1mum valucs: 

• '1 

EiJ 

- ;. 
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FX A positivc valuc 15 comprcs'iiOR, and ncgat1ve tcnsion. 

FY A positivc valuc is shear m thc posttive y-dircction. and 

ncgative in thc negallvc y-direction. 

FZ Samc as above. cxccpt m local L.·dircction. 

MZ A positivc momcnt w¡ll mean a momcnt causing tcns10n at thc 

top of thc mcmbcr. Convcrscly, a ncgativc momcnt w¡IJ cause 

tcnsion at thc bouom of thc mcmber. Thc top of a mcmbcr IS 

dclincd as thc s1de towards positivc local y-axis. 

MYSame as abovc. cxcept a.boutlocaiL. ax1s. 

1.20 Multiple Analyses 

See uctlofl 

5.UI 

S!ructural analysis/dcs1gn may reqUire mult1plc anal y ses m thc 

<;ame run. STA AO allnw<; thc uscr to changc mput ~uch as mcmbcr 

propert 1cs. <;upport cond1110ns cte. m an input file 10 facthtalc 

mult1plc analyscs 1n the samc run. Rcsults from diffcrcnt analyses 

may be comhincd for dcsign purposc<;. 

For structurcs w1th hractng. 11 may he ncccs.,ary to makc ccrtain 

mcmbcrs inacuvc for a particular load case .1nd ~uhscqucntly 

acttvatc thcm for another. STA,\D pro vides an IN:\CTIVE facillly 

for thts 1ypc of analysts. Thc INACTIVE opuon 1s rl1scussed tn 

detall 10 thc following paragraph. 

lnactive Members 

With thc IN ACTIVE command, mc.mbcrs can be madc tnacuve. 

Thcse inactJve membcr~ w¡JI not be COfsidercd in thc stiffness 

analy5is or in any printoul. The mcmbcrs madc inactivc by the 

IN ACTIVE command are madc active aga1n with thc CHANGE 

command. This can be use fui in an analysis whcrc tension-only 

bracing is dcsired. so a set or mcmbers should be inactive ror 

certain load cases. This can be accomplished b"· 

a) making the dcsircd mcmbcrs tnactivc; 
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b) providing thc rclcvant load cases for wh1ch thc mcmbers are 
inactJvc; 

e) performmg lhc analysis; 

d) us1ng the CHANGE command to makc allthc inactJvc 
membcrs ac1ive; 

e) and makmg thc othcr sct of mcmbcrs macttvc and prov1dmg 

lhe propcr load cases for which thc mcmbcrs are mcant to be 

inactivc, pcrformmg thc anaiy'liiS and rcpc:uing thc proccdurc 
as ncccssary 

1.21 Steei/Concrete/Timber Design 

s~~ ucuons 
1, J !Jnd 4 

Exlcnsivc dcsign capahllitics are avadablc in ST r\AD for ilccl. 

concrete and timbcr scct1ons. DctaJicd mfurmatinn on stccl. 

concrc1c and timbcr dc~rgn is prescntcd m Sccuons :!, 3 and .t 
rcspcctivcly. 

1.22 Footing Design 

:a 
Ulion 5.52 

A footing dcsign fac1lity capablc of dc'liigning indi\'idual fuot1ngs 

for uscr spccificd suppon(s) is avadahlc. All .u;tivc load ~.:ao,cs ..trc 

t.:hcckcd and dcs1gn is pcrformcd for thc suppon rcat.:tlllnl" 1 wh1ch 

· rcquircs thc maximum fonting si1.c Paramctcrs are ..tvadablc 10 

control thc dcs1gn. Output includcs footing dimcn~1nns .md 

rcmforcemcnt dctails. Dowcl bars and dcvclopmcnt lcngths are 

also calculatcd and indudcd 1n thc dcs1gn outpul. Dctadcd 

dcscripuon and command spccificatJon(s) for footing dcs1gn 15 
avallablc in scc'uon 5.52 uf this manual. 

. 23 Printing Facilities 

All input data and output may be printcd using PRINT commands 

available in STAAD. Thc input is aormally cchoed back in thc 

output. This is important from a documental ion point of view. 
Howcver. if rcqu1red. thc echo can be !witched off. 

• l 

Sccuon 1 SS 

Extcnsivc listing facilities are provJdcd m almosL all PRINT 

commands Lo allow thc uscr to selcct JOIRtS or mcmbers (clcmcnts) 

for which values are rcquircd. 

1.24 Plotting Facilities 

5('f" Jt'CIIlJnS 

5.::9 .• md 

5 .J5 

Two typcs of plottmg raciliLics are availablc in STA,\ D. Thc first 

type allows thc uscr to vicw structurc gcomctry. dencctcd sh~pe. 

bcnding momcnt/shear force diagrams. stress co.n.tours.ctc. usm~ 

d le For ccrtain capab•llucs thkc denct.:tcd thc Post Proccssang mo u · .. 
shapc. bcnding momcnt diagra.ms etc.) a. PLOT file contammg thc 

rclcvant mfo must first he crcatcd through STAAD. 

In a.dditJon lo thc graph•cs capabditics of thc Post Proccs~mg . 
f PRINTER PLOT optwns are avallablc 1R module. a wu1c rangc 0 

' . . PRINTER 
ST \AD Thcsc capabilitic'i may be utthzcd to gcncratc 

' d n d hapcs bcnd•ng momcnt PLOTS of structurc gcomctry. e cctc s . 

dlagrams etc. as par! of thc output. 

1.25 Miscellaneous Facilities 

Su 

it'Ctwn 5 17 

Su 

ucuon 5.15 

STAAD offcrs thc follow•ng mJsccllancous facllitic'i lur prohlcm 

'iolution. 

Perform Rotation 

h . · nd ·an be uscd Aftcr thc gcomctry has bccn spccJficd, t IS comma .. 

Lo rotatc thc structurc 'ihapc through a.ny dcs•rcd anglc about any 

global axis. The rotatcd configurauon can be uscd for furthcr 

analysis and dcsign . 

Substitute 

d ber numbcrs may be rcdcfincd in STAAD through 
Jotnl an mcm f numbcrs 

f thc SUBSTITUTE command. Aftcr a ncw sct o . 
thc use o . v loes Wlll be in accordance wlth 
are assagncd.b!Rr~,".: •,:~co~:p~hl: facihtv allows thc uscr to spcc•fy 
thc ncw num c. e- • ~ 
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54!~ Uction 

5.41 

Su 
UCIÍOfl 5 )6 

5 51.2 

General Descnption 

numbenng schcmcs that will rcsull m simple input spccification as 
wcll as casy intcrprct<:tlion of data. 

Calculation of Center of Gravity 

STA,\ O IS capablc of calcul:uing thc ccntcr of grav11y uf thc 

struciUrc. Thc PRlNT CG command may be uulil'.ed for th1s 
purposc. 

Print Problem Statistics 

The uscr may takc advantagc of this fac1lity to rcvicw analysis 

related characlcristics (síl.c of che stifrness matrix. disk 'itorage 

requircmcnt etc.) of thc problcm befare actual! y runmng thc job. 

This option is cspccially uscful fur the cstimauon of storagc 

rcqutrcmcnts befare running a largc problcm wh1ch may rcquirc 
largc amounts of storagc. 

lnout Memory 

This opt1on may be uscd for problcms runnmg l)Q thc PC rcqumng 

a large amount af mt:mory. ll should be remembered that thc u5e uf 

th•s opt10n may result m slow program executwn 

1.26 Post Processing Facilities 

5.54 and 

5.55 

All output from lhc ST AAD run m ay be utili1.ed for fur1hcr 

proccssing cithcr by othcr modules or externa! programs. Files 

conrainrng rclcvant mformarion must be crcatcd through STAr\D 
for this purposc. Thc following op11ons are availahlc. 

Save/Restore 

The save/rcSlore featurcs cnable thc user to savc all the data and 

rcsults assoctatcd with a problem and reactivare (rcstorc) the 

problem and resume proccssing ata latcr time. 

' ! ., 

-= 
ll.: = 
1· 11 
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American Steel Design 

Section 2 

2.1 Design Operations 

STAAD contains a broad sct of facilities for dcsigning structural 

mcmbcrs as ~ndiv1dual ¡;omponcnts of an analytcd structurc. The 
mcmbcr dcsign facliillcs pro vide thc uscr w1th the ability to carry 

out a numbcr of d1ffercnt des1gn operations. Thco;e facditlc'i may 
he uscd 'iclcctivcly •n Jccordancc wuh thc rcqUircmcnts of thc 

dcsign prnblcm. Thc opcrat10ns to pcrform a dcs1gn are: 

Spccify the mcmbcrs and the load case'i to be cons1dered in the 

design. 

Spec1fy whcthcr to pcrform ende chcck1ng or member 

selcct10n. 

Spcc1fy dcs 1gn paramctcr valucs, tf dtffcrcnt from the dcfault 

valucs. 

These opcrat 10ns may be rcpeatcd by the uscr any numbcr of times 

depcnding upon the dcsign rcquircmen~. 

Stccl Dcsign may be pcrformcd bascd on thc followmg codcs: 

AISC-ASD, AISC-LRFD and AASHTO. A bricf dcscnplion of 

cach is presentcd in the foltowing pages. 

Currcntly STAAD supports stccl dcs1gn of wi 

shapes, angle. double angle. channel. double ' 

nge. S. M, HP 

:1. beams wilh 
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c:over pi ate. compositc bcams and code chccking of pnsmallc 
propcrttcs. 

2.2 Member Properties 

For spccification of mcmber propcrt1cs of standard American stccl 
scctions, thc Slecl !loCCtion library\ava!lable 1n STAAD may be 

uscd. Thc synlax for spccifying !he na mes of built-1n stccl shapcs 
is dcscribed in the ncxt scction. 

2.2.1 Built - in Steel Section Library 

The following scctions dcscnbc ~pcclflcatu>n of 'ilccl scct10ns 
from thc AlSC (9th Edillon. 19H9) Stccl Tab/cs. 

AISC Steel Table 

Almost all AISC stcc/ shapcs are oiVJIIable for mpul. Fol/owing are 
thc dcscriptions of all the typcs of scctions avallablc: 

Wide Flanges !W shapes) 

All widc nange SCCllons as listed In AlSC/LRFD-89 are .JVallahlc 
thc way thcy are wriucn. e.g. W 1 OX.J-9. W21 X 50. ~.:te. 

20 ro 30 rA Sr W10X49 
33 36 rA Sr W18X86 

C, MC, S. M. HP Shapes 

~he abo ve shapcs are availablc as listcd in AISC (9th Edit1on) 
wuhout decimal points. For examplc, C8XI1.5 wlll be input as 
CSXII and Sl5X..J2.9 wllf be input as SI5X42. Offilllmg thc 
decimal wcights. (E.ll.ccption: MC6X 151 for MC6X 15.1 and 
MC6XI53 for MC6XI5.3.) 

,,_._}] ., 1, . -, 

: 
·111::1 
'~,:--

3:' 
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10 ro 20 BY 2 rA Sr C15X40 
1 2 rA Sr MC8X20 

Double Channels 

Back to hack double channcls. with or wilhout spaci_ng betwccn 
them. are aval a · ·¡ blc Thc lcttcr D in fronl of thc scctlon namc w¡fl 
<;pecify a double channcl. 

21 22 24 TA O MC9X25 
55 ro 60 rA O C8X18 

Angles 

. . ST \AD are dtfrcrent from thosc IR the Anglc spcctf•cauons m ' 
1 Thc following cxamplc lllustrates anglc AISC manua. 

spccifications. 

Angle symbol_j i 
3 

J 1 o limes length of 

6 = L 4 X 3-112 X 318 

Lrhickness in 1/161h 
tnCh 

1 o times length '----o
1
her leg in inch 

of one leg in inch 

S.·¡ 1 L505010-L5>5>5iSandL904016=L9•4• 1m1ary. -

t there are two ways 10 define thc local y and l-ucs for 
:ni ::~::ns~clion. To makc the Lranslllon from thc AISC Manual Lo 

the program data easy. thc standard se~uon for an anglc IS 
spcctlicd: 

.. 51 52 53 TA Sr L40358 

1 (i e thc minor uis) 
This spcci~cation haszlhzc lo~a PL~;,x~:d in .. the 'iteeltablcs. Many 
correspond•ng to the - axis s 
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engineers are fam1\1ar wllh a convcnuon uscd by so me othcr 

programs in which thc local y-ax1s 1s thc minar ax1s. STAAD 
prov1dcs for thls convcntion by acccpung thc command: 

54 55 56 TARA L40356 (RA denote• reversa angla) 

Double Angles 
' Short leg back to back or long leg back lo back doub1c anglcs can 

be spccificd by mpuuing the word SO orLO. rcspectivcly, in front 

of thc anglc sizc. [n case of an equal anglc cuhcr LOor SO wlll 

serve thc purposc. 

14 TO 20 TALO L35304 SP 0.5 Long lag tiack to back 
L3·1/2x3x1f4 with 0.5 
space 

23 27 TA SO L804012 Short lag beck to back 
L9x4x3/4 

Tces are not input by 1hcir actual namcs, as thcy are listcd tn thc 

AISC manual. but instcad by des1gnat1ng thc beam 'hapcs 1W Jnd 

S) from which thcy are cut. For cxamplc. 

1ZS8TAT WIIX24 teecutfrom W8X24 wh!Chis WT4X12 

.Two types of speciJicat•ons can be used for pipe sccuons. In 

general p1pes may be input by their outer and inncr diamcters. For 

examplc, 

. ·~.. 1 
1 TO 1 TA ST PIPE OD 2.0 ID 1.875 will mean a pipe .,·. 

. with 0.1·. of 2.0, .:~ 
•. ·.<• ..... . ..... ,,." .• , ., ,. and 1.0. of 1.875 lit~ 
, •• ~: 1 .... ._... •. 

1
current i p~~,un.i~~~u; 

flti=l 
fl -1 

;ltJ, ., 

·'1 ., 
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. . h AISC manual can be specifted as 
Pipe sections hsted tn t e 

follows. 

S TO 10 TA ST PIPX20 

PIP X 20 denotes extra strong pipe of 2 
in.dta 

', ·¡ ]L.,,""·'"'"""' Pipe symbo specify only portian befare 
decimal po10t 

Strength spe E tra-strong o = Oouble extra-strong) 
(S = Standard, X = x ' 

Tubes 

Tubes from lhc AlSC tab\cs can he ~pccificd as follows. 

5 TO 10 TA ST TUB120808 

TUB 120 80 8 

, l .. J 1 T_ Thicknes~ in 1/16th in. 
Tuba Symbol 

. Width x 10 (in.) 
Height x 10 (10.) 

b 
. ut by their dimcnsrons rHeight. Width 

Tubes. like pipes, can e mp 

ami Thrckness) as foJlows. 

E DT 8 0 WT 6.0 TH 0.5 
8 TA ST TUB h .• ht of 8 a widlh ot6, anda wall. 
is a tuba that has a eog ' . . .. 
lhickness of 0.5. 

. e erfo~meli on tubes spectlied in the 
Member Sclecuon cannol bk.. p an be 'performed on tbcsc 
lauer way. Onty code chec tng e 

scctions. 

Welded Plate Girders 
se manual m.ilrlie spccifled as 

Wclded p1atc girdcr~ from the Al • 

ronows. .. 
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Built-up section symboiJ 

Nominal Depth in inches 

Example: 

zol 
Amatcan Sl.ce.l OWgn 

Thtckness o~ flange in 
inches X 1 O! (Only use 
portian befoie decimal 

l. point) 

Nominal flange Width 
(inches) 

1 TO 10 TA ST 8612017 
15 16TA ST 8682210 

2.3 Allowables per AISC Code 

For steel dcsign, STAAD compares thc actual strcsscs wilh thc 
allowablc strcsscs as dcfincd by the American lnsmutc of Stccl 
Constructi~n (AISC) Codc. Thc ninth cdilion of thc AISC Clldc . .1s 
publ_tshcd m 1989, is uscd as thc t).asts ofthts dcs 1gn (cx.ccpt for 
tcnston_ stress). Bccausc of thc silc and complcxity of the AISC 
codes, 11 would nol be pracucal to dcscnbc cvcry aspcct of thc 
stcel d~stgn 1n this manual Instcad. a bncf dcscnpttun of sorne of 
thc_maJor allowable strc!lscs are dcscnbcd hcrc1n. 

2.3.1 Tension Stress 

Allowablc tcnsile stress on thc nc1 sccuon ts calculatcd as 0.60 fy. 

2 1.2 Shear Stress 

. ,, 

Allowable shcar stress ¿n thc gross scction, 

F,~0.4F1 

For shear OQ the web, thc gross scction is takca as thc product or 
the total deplh and the wcb thickncss. For shcar on the nanges, the 
gross sccuon is taken as 2/3 times the total flange arcas . 

' ~.:.:·.~.,-,_,_ 

2.3.3 

Sccuon 2 165 
Stress Due To Compression 

Allowable comprcsstvc stress on the gross sccuon of ax1ally 
loaded comprcsston members is calculatcd based on the formula E­
l m the AISC Codc, when the largest effc~;tivc slendcrncss rallo 
(KI/r) 1s lcss than Ce. lf Kl/r cxcccds Ce. allowablc comprcss1vc 
stress 1S J.ccrcascd as pcr formula 1 E2-2 of the Codc. 

2.3.4 Bending Stress 

¡\llowablc bcnding stress for tcnswn and comprcssion for a 
symmetncal mcmber loaded 1n thc planc of 1ts minor ax1s, as givcn 

m Sccuon 1.5.1 A is. 

lf mccung thc rcqutrcmcnts of thts scction of: 

J) br /~tr 1s Jcss than or cqual to 65/ F 
hl hrllr is lcss than or cqual to 190/¡t 
e) d/t 1s lcss than or cqual to 6~0( 1·3 7~(fl /F 1))/.{F whcn {fa /F 1) 

<0.16.orthan 257/.[1 1f(f.~tF 1 ) >0.16 
d) Thc lateral! y unsuppurlcd length 'ihall not cxcced 76.0bc /Fy 

(cxccpt for pipes or tubes). nor 20.000/(df Y lAr) 
e) Thc diamctcr-thickncss ratao of pipes shall not cx.cecd 3300/Fy 

lf for thesc symmemcal mcmbcrs. hr12trcxcccds 65/,Jf, but is less 

than 951F. r,~F,(0.79-0.002(bri2tr) F> 

For otber symmctncal mcmbers which ~o not mcct the abo ve, Fb is 

calculatcd as thc largcr value computcd as pcr AISC formulas Fl-6 
or F1·7 ;md Fl-8 as applicable. hut not more than 0.60F:,.. An 

unst1ffcned membcr subjectto axial compression or compression 
due to bcnding is considcrcd fully cffecti\lc whcn the width­
thickncss ratio ts not grcatcr than thc following: 
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76.0/.Jf, for single angles or tiouble anglcs wilh separators. 
95.0tF. for doublc angles in c.:onlact. 
127/.f:, for stems of tees. 

When the acJual .width-thrckness raiJo cxceeds thesc valucs, thc 
allowable slrcss IS govcrncd by 85 of lhe AISC ·' COuC. 

:en~ron and comprcssaon for lhe dqubly symmclnc (1 & H) 
sccuons Wllh br121r lcss ihan 65//f and bent abouttherr mrnor 

~XIS, Fb = 0.75FY If br /2tr cxceeds 65/.[f, but rs lcss than 95tF 
F, ~ F,l 1.075-0.00Sibr 12trJFJ ' 

For tubes m 1· h 
abo 1 th . . ce rng t e subparagraphs b and ..: of this Scct!On bcnt 

u e m mor axrs F -O 66F f' 1. h • 
. · b- v• :u rng t e )ubparagraph~ b and 

e but a wrdth-thickncss rallo les~ th.Jn 238/.¡t. Fb=0.6F:,.. 

2.3.5 Combined Compression and Bending 

~: 

Mcmbers s~bjccted to both axral comprcssJOn and bcndmg strcsscs 
~r/~p~oport_roncd t.o sausfy AlSC formula Hl-1 and Hl-2 whcn 
.l J s greatcr than 0.15, othcrwrsc formula Hl-3 rs uscd. lt 
~hould be notcd tbat durrn" d h k. 
f /F d . eo co f..: ce rng or mcmbcr selcctron 1( 

.. _ il cxccc s unuy, thc prograrn docs not compute rhe sccond J.~d 

th~rd pa~t of the formula H 1 -1, beca use lhis would rcsull in J 
mrslcad¡ngly liberal rauo. Thc valuc ur the cocfficrcot e IS takcn 
as 0.85 for sidc~way and o 6 0 , .. m 
f

- ·- .-.t.Yd/M2),butnotlcssthan0~ 
or no srdesway. 

•: ti 

•• 1 • 
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2.3.6 Singly Symmetric Sections 

For double angles and Tces wh1ch ha ve only one axis of symmetry, 

thc KL/r ratio about thc local Y- Y axrs IS detcrmined usrng thc 
clauses )pccJfled on pagc 3-53 of thc AISC Manual. 

2.3.7 Torsion per Publication T114 

Thc AISC 89 code uf o;pcclficauons for stcel tiesign ..:urrcntly d.oes 
not ha ve any provJsJons ~pccifically mcant for d.esign of sccuons 
for Torsron. Howcvcr. AJSC has published a scparate Jocumcnt 
..:allcd "Tonional Analysrs of S1eel Mcmbcrs" whrch prov1des 
guuJclrnc~ un 1ransfnrm1ng torsional momcnts mto normal 'ilresscs 
Jnd shcar strcsscs wh1ch can thcn be mcorporatcd 1n1o thc 
tntcracuon cquauon'i c:tplamcd rn Chapter H of the .\ISC K9 code. 
Thc guidclines of thc publtcauon ha ve now becn mcorporated anto 
thc AISC-89 stccl dcsrgn modules of STAAD. 

T Ll consJdcr strcsscs duc to torsion rn the codc chccking or member 
'clcctwn proccdurc. o;pccify the paramctcr TORSIO:-l w1th a valuc 
uf 1 O Scc Table 2.1 for more dctalls . 

~lethodology 

lf thc uscr wcre to requcst desagn for torswn, thc tor~10nal 
propcrtJcs rcqu1rcd for calculating the warpmg normal strcsses, 
warping shear stresses and purc shcar strcsscs are first detcrmined. 
Thesc depcnd of thc "boundary" conduions that prcva1l al the cnds 
of the mcmber. Thcsc boundary condllions are dcfincd as "Free", 

''Pinned" or "Fixcd". Thcy are uplaincd bclow: 

Free : ''Free" reprcsents thc boundary C:ondalion such as that wh1ch 

cxists at thc free end of a cantilever bcam. It mcans that thcre is no 
othcr mcmbcr conncctcd 10 1hc bcam at that pornt. 

Pinned : "P1nned'' rcprescnts the condition that corresponds to 

clthcr a prnned support dcfined al 1he JOint through thc Support 
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.nand or a rclcasc of any of thc moments al ahc joint through a 
Mcmber Rclcase spccification. 

Fixed : "Fixcd" reprcscnts lhe conditton where a fixed suppon 

cxists at Lhe jomt. In thc abscnce of a suppon at that joant. it 

rcpresents a condition wherc a rigid frame connection cxists 
between thc given member and at least one other mcmbcr 

connected to that JOÍnl. Al so, no mclnber rcleascs should be 
present at that joint on thc given mcmber. 

Aftcr the boundary condiuons are dcacrmined, the normal Jnd 
shear sucsses are dctermincd. Thc gutdeli~es :.pccificd 10 thc 

publicatton TI 14 for concentratcd tors1onal moments actmg JI thc 
ends of the member are uscd Lo determine thesc sarcsses. 

Thc normal stresscs are addcd to thc axtal sarcsscs causcd by axial 
load. Tbcsc are thcn substitutcd mto thc inacraction cquauuns 10 

Chapter H of the AISC ~9 codc for dctcrmtoing thc rallo. Thl! 
planc shear and warping shcar sarcsscs are addcd to thc shcar 
sucsscs causes by actual shcar forccs and comparcd ,¡gatnsl thc 
illlowable shcar stresses on the cross secuon. 

Restrictions 

Thts facility ts currcnaly available for Widc Flangc !ohapcs 1 w ,.\1 & 

S), Channcls; Tcc shapc~. Ptpcs and Tubes. lt ts not availablc for 
Single Anglcs. Double Anglcs, mcmbcrs wilh thc PRISMA TIC 
propcny specificauon, Co'mposilc sccuons (Wide Flangcs wuh 

concrete slabs or plates on top), or Ooublc Cbannels. Also. the 
suesses are calculated bascd on the rules for concentratcd 
10rs10nal momcnts actmg at thc ends of thc member. 

1 

1 .. 

'1 ' 1 
' 
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2.3.8 Design of Web Tapered Sections 

Appcndi~ F uf AISC-89 prov1dcs specifications for dcsign of Web­

Tapercd mcmbcrs. These spccifications ha ve been incorporated 
tnto STAAD to pcrform code chccking on web tapered w1de nangc 
... hapcs. Picase note thal mcmber sclcction cannot be performed on 

web-tapercd mcmbcrs. 

2.4 Design Parameters 

Su Table 

2 1 and 

5t'Ctll.ll1 

5 -17.1 

Thc program contains a large number of parameter names whtch 
are nccdcd to pcrform dcsigning and code ¡;hecktng. These 
paramctcr namcs, w11h thcir dcfault values. are listcd m Tablc 2.1. 

Thesc paramctcrs communtcatc design decisions from the cngmeer 

to thc program. 

Thc c.Jcfauh paramctcr values ha ve: bccn -.clc:ctcd such th:n thc:y are 
frcqucntly uscd numbers for convcnt10nal destgn. Ocpending on 
the panicular dcsign rcquircments of an analysis, sorne oral! of 
thcsc paramctcr valucs may ha ve lo be changcd to exactly modcl 

1hc phystcal structurc. For cxamplc, by dcfault thc KZ tk valuc tn 
localt-a~IS) value ola mcmbcr is sct to 1.0. while in thc real 
... tructurc 11 may be 1.5. In that case. thc KZ valuc in thc program 
can be changcd to 1.5, as shown tn thc input instructwns (Scction 

6). Simtlarly. ahe TRACK valuc of a mcmbcr is sct to 0.0. whtch 
mcans no allowable strcsscs of thc mcmber wtll be printcd. If the 

allowable strcsses are to be printcd, thc TRACK valuc must be sct 

lO 1.0. 

Note that parameter names PROFILE, DMAX and OMIN are only 

uscd for mcmber selcction . 
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2.5 Code Checking 

Se~ Sectwn 

6.-17 2 and 

E.tumpl~ 1 

The .purpose of code chcckmg is to check whclhcr lhc prov!dcd 

secuon propenies of lhe mcmbers are adequalc. The adcqua..:y •s 
checked as per AISC-89 Code chccking is done using thc forccs 

and mome.nts al speclficd sections Bf rhc mcmbers. lf no -,cctJons 
are sp~clfled. lhe program uses lhc stan and l!nd forccs for cndc 
checkmg. 

When code checking IS selcctcd, !he program calculares and pnnts 

. wh~ther lhc mcmbers ha ve passcd lhc ~:ode or ha ve faJicd; lhc 
cnu~al condition of the AISC codc (likc any of lhc AISC 
specJfi~auons or comprcssJOn, tcnsion. !lobear. ele.); thc valuc uf 

lhc rallo of lhc cnucal ¡;ondition (overslresscd for a value more 

lhan 1.0 or any other speclficd RATIO value): lhe governing luad 

case. a~d thc Jocation idlslancc from lhe stan of lhc mcmbcrJ of 
~orces In thc mcmbcr whcrc the cntu;al conduion occurs 

Code checkmg can be done wilh any type of stecl sccuon ll!!tlcd m 
Sccuon 2.2 of th1s manual. 

2.6 Member Selection 

)·, jecwm 

·17.J 

\: 
¡ .. , 

STAAD is capablc of performing dcsign opcratwns on spct:Jfi..:d 
members. Once an anal~sls has becn pcrformed. ¡he program ..:an 

selcct1hc most cconom•cal section, i.c. lhc lightcsl sccuon. which 
fulfi.Jis lhe code requiremcnts for lhe spccificd member. Thc 
sccllon selectcd wlll be of Jhe same type sectJon as onginally 

dcs•gnaacd for the membcr bcing dcsigncd. A widc Oaage will be 

selecled to re place a widc Oangc. ele .. Severa! paramerers are 

avaJiablc lo guide this seleetion If th·~ PROFILE . · .. paramcter 1s 
provJdcd, thc search for the ligbtcsl seclion is reslriclcd lo lhat 

prolilc. Up lO thrce (3) pro files may be provldcd for any mcmber 

wub a scction beang sclcc.:tcd from each one. Membcr sclcction can 

a.Jso be conslrained by the parametcrs DMAX and DMIN which 

hmlllhc maximum and min•mum depth of the mcmbcrs. Note that 
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1f thc PROFILE paramctcr rs providcd for spccified mcmbcrs. 
DMAX or DMIN paramctcrs wlil be ignorcd by lhe program in 

<;clccting 1hcsc mcmbcrs. 

~cmbcr sclcction can be pcrformcd with all the types of steel 
scctions listcd in Sccuon 2.2 of thiS manual. ~ole that for beams 

wrth covcr platcs, thc si tes of 1he ~.:ovcr platc are kcpl constan! 

wh1IC thc bcam scction rs Jtcralcd. 

Sclcctlon of mcmbcrs. whosc propcrtiCS a.re onginally input from a 

uscr creatcd tablc. w¡IJ be llm!led Lo secl!ons IR the uscr table . 

~cmbcr sclccuon can not be pcrformcd on membcrs whosc sccuon 

properucs are •npulJS prismaüc. 

2.6.1 Member Selection by Optimization 

St>~ St'ciWII 

5 ~7 ~ 

Stccl Jable propcrucs of an ent1re structure can be opllmlled by 
ST:\AD. Thrs opt!ffiiLatlon mcthod in vol ves a 'itatc·of-thc·art 

tcchn1quc which rcqu1rcs automalic muluplc analyscs. Thc uscr 
.:an start wuh no propcruc:s for thc mcmbcrs but prov1de 1hc type 
oi profilc·'ipcc thcy ha ve (c.g. BE,\ M. COLUMN. CHA~~EL, 
.\.\IGLE ele. Rcfcr 10 Sccuon ~.7 5) Thc srLcs of thc mcmbcrs are 
upum

1
tcd by 1hc st1ffn..:ss thcy are contnbuung and thc J.mount of 

loads thcy are rcccivrng Bascd un this, a balanccd SILC 15 sclectcd 

for cach mcmber. Thas method rcqulfeS cltcnsivc computcr time 

J.nd hcncc should be uscd wilh cauuon. 

2.6.2 Oeflection Check With Steel Design 

This facility allows 1he user to considcr dctlecuon as a critcria in 

thc CODE CHECK and ~EMBER SELECTION processcs. Thc 

deflecuon check may be controlled usi~g thrce paramctcrs which 
are describcd in Table 2.1. Note thal deflecuon is uscd in addilion 

to other strength and saab1lity relatcd cntcria. Thc local defleclion 

calculation 1s bascd on thc latest analysis resuhs. 
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2.7 Truss Members 

As mcmioned earlicr. a Lruss membcr ts capablc of carrymg only 

axial forccs. So in dcsign no lime 15 wasted calculaung thc 

allowable bending or shcar strcsses, thus rcducing desagn U me 

. considerably. Thereforc, tf Lhere is any truss mcmbcr m .m 
analysis ihke bracing or strul, etc.), it is wisc to declare i1 .1!1. a 

1russ mcmber rathcr !han as a regular frame mcmber wuh tmth 
ends pinned. 

?.8 Unsymmetric Sections 

For unsymmemc sections (likc angle. double anglc and ICCI. 

STAAD considcrs the smallcr scction modulus for chccking 
agaanst bending. For sorne cases. thts appro.ach may produce 
slightly conscrvalivc rcsults. 

Appendil C of the AISC codc has bccn implcmcmcd for stress 

rcducaion of unsuffened compresston dcmcnts. In adduaon. thc 
AJSC spccificalion for SINGLE A~GLE dcsign has bccn fully 

implcmcntcd including lateral ton tonal buckling !!ITc~.:t~. 

. .Jble 2.1 - AJSC Parameters 

f 'rameter Default Description 
~--me Value 
KY 1.0 K vaJue •n local y-BXIS. usuaUy. thas tS 

mtnor axas. 

!S 1.0 K vaJue in local z-BXI8. usuaJJy, th&s IS 
ma,or axas. 

6:' Meml>erlength Lenglh in local y-BXIS to calculal8 
sJendemess rano. 

"' Memberlenglh Sama as above excepttn z-axas (1'118f0r). 

Table 2.1 

Parameter 
N ame 

m o 
NSF 

UNT 

UNB 

Q! 

~ 

~ 

CMY 

CMZ 

M6]N 

STIFF 

PUNCH 

~CK 

DMAX 

DMIN 

RATIO 
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- AJSC Parameters Cont 

Default Description 
Value 
36 KSI Yield strength of steel•n current unrts. 

1.0 Net sect1on factor lor tenston members. 

Member Length Unsupported /ength of the top flange for 
cak:ulattng allowa.IJ/e bendmg compressive 
stress. Wtll be used only tf flexura! 
compress&on IS on the top Hange. 

Member Length Unsupported length ol the bottom llange 
tor calculaDng aJiowable bendtng 
compress•ve stress. Will be used onty ¡f 
llexural compre5Sion is on the bottom 
llange. 

1.0 Cb vatue as used •n secllon 1.5 of AISC. 
O O = Cb value lo be cak:ulated. Arty other 
value Wlll mean the vaJue lo be used •n 
desagn. 

0.0 o O = S1desway 1n locaJ y-wus. 
1.0 =No Stdesway 

0.0 Same as above excepl•n klcal z-axas. 

O 85 for sidesway• Cm value in locaJ y & z axes 
and catc:ulated 

for no su:Jesway 

0.0 o.o =check for slendemess 
1 .O = suppress siendemess Clleck 

Member length SpaCtng of sbffeners tor ptate gtrder deslgn 

Seo sec1. 2.10 Parameter lar punching shear 

o. o 0.0 ::Suppress cntK:al member stresses 
1 O :: Pnnt all crmcaJ member stresses 
2.0 = Pnnt expanded output 

(see Figure2.1) 

45!0. Malamum alJOwable daplh. 

OOm. Mínimum allowable depth. 

t. O Penmss•ble rabO ot lhe actual to aüOwBble 
stresses. 
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Table 2.1 - AISC Parameters Cont 

Parameter 
N ame 

l'l§.D 

WMIN 

WSTR 

Qff 

JJ1 

J,g 

TORSION 

. APEA 

Default 
Value 

1 for clased sections 
2 far open secuans 

0.0 

1116•nch 

0.4 X FYLD 

Nona 
(Mandatary far ~necban 

• check) 

Stan Jornt 
at member 

End Ja1nt al member 

00 

1.0 

Description 

Weld type, as expla1ned in sect1on 2.1l. A 
vaJue af 1 wdl mean welding 1s an ane Sjde 
onty except lar Wlde-Hange ar tee sectlans 
whereihe web is always assumed ta be • 
welded an both sKles. A value al 2 wdl 
mean weld1ng on both s1des. Far clased 
secnons hke pipe or tube. the welaing wdl 
be on one sK!e only. 

0.0 - desrgn anly tor end moments or those 
at locabons specrtu;,d by the . 
SECTION command. 

1.0 ::;caJculate maments at twerfth po•nts 
along the beam. and use the 
mSJumum, Mz locauon lar aes1gn. 

M•n•mum ~l<ling thrckness. 

Allowable welc:Mg stress. 

"Oeflectran Length"/ Maxm. atlawable lacaJ 
deHectran 

JOtnl No. denobng startmg pomt lar 
cak:lltation of "Deflecban Length · (See 
Note 1} 

Jo•.nt No. denobng end po1nt for calculaüon 
of Oeflect1an Length" (See Note 1) 

O. O = No toi'Sion check performed. 
t. O= Perform tof'Sion cneck basad on 

rules ol AISC T114 . 

O. O :: Design tapered l·sectJon based on 
rules ot Chapter F and Append•x B 
only Do not use the rules at 
Appendlx F 

1 O ::. Desrgn tapated J-secnons baSed on 

• In the case of no ~udcsway, whrcb mcans th rules o1 ~ndix F of AISC-89. 
m valuc i1 Computed bascd on tbC [ J . SC m~mbcr IS n:llramcd al both cnds, thc 

~ . . ,; 

ormu a m ccuoo 1 6.1 of thc AISC ende. 

11· J 
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NOTE: 
1) "Dcflcction Lcngth" is defincd as thc lcngth that is uscd for 

calculation of local dcOcctions wubin a member. It may be 
notcd that for most cases tbc "Dellccuon Lcngth" wtll be equal 

LO thc length uf tbc member. However, in sorne situations, thc 

''Dcflcction Lenglh" may be differcnt. For examplc, refcr 10 

thc rigurc bclow whcre a bcam has bccn modclcd using four 
jotnts and thrcc membcrs. Note thal thc "Ocflcction Lcnglh" 
for all thrcc mcmbcrs will be cqual to the total lcngth of thc 

be a m in thrs case. Thc paramctcrs DJ t and 012 should be u sed 

to modcl this slluatron. Al so thc slr::ught linc JOIRing OJ 1 and 

012 is uscd as tbc rcfcrcncc ltnc from whtch local dcflecuons 

Jrc mcasurcd. Thus, for all thrcc mcmbcrs hcrc, DJI shou1d be 

"1" and DJ2 should be "4". 

O :: Max1mum local <Jeftecbon lor members 

t2anaJ 

EXAMPLE: PARAMETERS 
OFF 300. ALL 
DJI 1 ALL 
DJ2 ~ ALL 

:!) lf DJ 1 and DJ2 are not used. "Dcrlcction Lcngth" will default 

to thc mcmbcr 1cngth and local dcnccttons wtll be mcasurcd 

ira m origtnal membcr linc. 
)) 11 rs tmportantto note that unlcss a OFF valuc is spccificd, 

STAAO wrll not perform a dcOecuon check. Thrs •~ in 
accordancc wilh thc fact that thcre is no dcfaull valuc for OFF 

(scc Tablc 2.1 ). 
-') A cntical differcnec exists bctwccn the parameter UNL and 

thc parametcrs L Y &. LZ. UNL represents thc latcrally 

unsupported lcngth of thc comprcsston Oange. lt is defined in 

Chaptcr F, pagc 5-47 of thc spccdicauons tn thc AISC 1989 

ASO manual as thc distancc bctWccn cross sections braced 

against twist or lateral displaccment of thc compression 
llangc. UNL is uscd lo calculalc Lhc allowable comprcssive 

stress (FCZ and FCY) for behavior as a bcam. L Y and LZ on 

the o1hcr hand are the unbraccd lengths for behavior as a 

column and are uscd to calculaiC thc KLJr ralios and Lhe 

allowablc axial comprcsSJVC stress FA. 
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SSY and CMY are 2 parameters whieh are bascd upon 2 valucs 
delincd in page 5-SS. Chapter H of thc AJSC 9th ed. manuál. 

SSY is a variable which allows the user to define whcthcr or 

not lhc mcmber •s subjcct to sidcsway m 1hc local Y dirccuon. 

CMY is a variable uscd for dcfinang lhe cxprcsi10n callcd Cm 
in lhc AISC manual. When SSY is sct Lo O (wh1ch IS 1hc 

default value), u mcans lhat thc mcmbcr is subjcct 10 stdcsway 

in thc local Y dlfccuon. Whcn 'ssy is sct to 1.0, it mcans that 

thc mcmbcr is not subjcct lo 'llidcsway in thc local Y dirccuon. 

Thc only ..:ffcct that SSY ha:, is that it causes the program 10 

calculalc thc appropnatc valuc uf CMY. lf SSY 1s set toO and 

·CMY as not prov¡t.Jcd. STAAD will calculatc CMY as 0.85. lf 
SSY IS set to 1 and CMY 15 not provided. STAAD wtll 

calculatc CMY from 1hc cquatton on page S-55 Howcvcr. tf 
thc uscr provtdcs CMY, the program will use th;u valuc o~nd 
n01 ~alculatc CMY .lt o~ll, rcgardlcss of what thc uscr defines 
SSY lo be. 

~.9 Plate Girders 

·,r 

PI ale girders may be dcstgncd according 10 Chilptcr G of thc ,\JSC 

spccilicallons. The gencrali¿ed ISECTION spectfication capabtluy 
available in the U ser Tablc facility may be uscd to spectfy thc 

platc g~rder sections. Thc AJSC wclded plale girder shapes¡ pagcs 

2-230 and 2-231 . AJSC 9th Edition) are avatlablc in !he Stccl 
Scction library of lhc program. 8oth CODE CHECKISG & 

MEMBER SELECTION may be performcd whcn scctions are 

speciticd from a slandard AISC pla1e gtrdcr section tablc or . 

through lhc gcneraJizcd ISECTION facilily. Parameter STIFF (sce 

Table 2.1) may be u sed to specify sriffener spacmg so ahat the 
righl allowabie shear slrcss may be calculatcd. The program 

au1oma1ically calculatcs the Oangc slresscs according to 1hc 
rcquircmeDis of sccaion G2. 

2.10 
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Punching Shear Check 

h.. shcar may be checked according lo 
For lubular mcmbcrs, pune '.ng (A PI) spectrications. Paramelcr 

lhe Amcncan Pclrol:um i~:~:~~~cmembcrs for which punching 

PUNCH ma~ be use lo his ~ramcter should al so be used to 
shear check IS rcqutrcd. T p R r r 10 the following tablc ror 
spectfy joml lype a.nd geomctry. e e 

lhc value of paramcter lo Table ~.l. 

Type of Jomt 
and Gcomctry 

K (ovcrlap) 

K lgapl 

T&Y 
CROSS (w/d~aphragms) 

CROSS e w/o diaphragms 1 

Rcq. Value of 
Pa.ramctcr PU~CH 

1.0 

!.0 
3.0 

•.o 
5o 
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A.mcncan Stcei Oesign 

Note: 
1) A ·value reprcscnung joant typc & geometry must be 

providcd for paramcter PUNCH 

2) For dctailed dcscnpuon of j01nttypc & gcomctry, rcfcr to 
A. PI codc (Section 2.5.5) 

2.11 Tabulated Results of Steel Design 

~ . . ,, 

For codc checking or mcmber sclcction, the progr.:lm produces thc 
rcsults 10 a tabulated fashaon. Thc itcms m thc output tablc are 

cxplaincd as fallows: 

a) MEMBER refcrs to thc mcmbcr numbcr for whtch thc dcs&gn 
is performcd. 

b) TABLE refcrs to thc AISC 'l.lccl scction namc whu;h hallo bccn 

chcckcd agamst thc stccl codc or has becn sclcctcd. 

e) RESt.:LT pnnts whcthcr thc mcmber has P.-\SScd or FAILL!d. 
lf thc RESULT IS FAIL, there wtll be an Jstenllok t •) mar k IR 

front of thc mcmbcr numbcr. 

d) CRITICAL CONO refcrs to thc o;ccuon of thc AISC ..:odc 
whtch govcrncd thc dcsagn. 

e) RATIO pnnts thc ratio of the actual strcsscs to allowablc 
strcsscs for thc criucal condiuon. Normally a valuc of 1.0 or 
lcss wtll mean thc mcmber has passed. 

f) LOAOING prov1dcs thc load case numbcr whu.::b govcrncd the 
design. 

g) FX. MY and MZ provide thc iUtal force. momenl in local y­

axis and momcnt in local L.-axis rcspeclivcly. Allhough 

ST AAD does cons1dcr all the mcmber forccs and moments to 

perform design, only FX MY and MZ are pnnted sincc thcy 

are thc oncs which are of intcrcst, in most cases. 

• 11 

• 1 

• :1 
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h) LOCATION specifics thc actual distancc from thc start of thc 
mcmbcr to thc scction whcre dcsign forces govcrn. 

i) 

j 1 

TRACK is sct 10 ¡ o thc program will block If thc paramctcr · • . 
out part of thc tablc and will print thc allowablc bcndmg 

. omprcssiDO (FCY & FCZ) and tcnston tFTY & strcsscs tn e 
FTZ), allowablc axtal stress IR comprcsston (FA), ~nd 
allowablc shcar stress (fV), alltn ktps pcr sq~arc tm:h." In 
addnion. mcmber length, arca. scctiOR moduh, gavcrnmg KL/r 

rallo and es are al so pnnted. 

f TR \CK ., o the itcms Fcy and Fez are as 
In thc output ar 1 -· • 

follows: 

Fey = ' 
13(K.L,/r,) 

l.:!tt~E 
Fe1. = ; 

23(K,L,./r,.) 
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'12 Weld Design 

S Surion 
5 7.5 

·,( 

STAAD is able to selcct weld lhickness for conncctions and 

tabulate thc various strcsscs. Thc wcld dcstgn is limitcd to thc 
rncmbcrs having propcnies from widc Jlange. tec, single J.nglc, 

. stnglc channel. pipe and tube scclion tablcs only. Thc parametcrs 
WELD, WMIN and WSTR (as cxplaincd on Tablc 2. 1) govcrn lhe 
weld dcsign. 

S<cuon 2 \si 
Sincc thc thickness of a weld is vcry small tn companson 10 iu 
length. thc properues of the weld can be calculatcd as line 
membcr. Thcreforc. the cross-sccuonal arca (AZ) \l[ thc wcld will 
actual! y be lhc lenglh of the wcld. Similarly, thc units for the 
scction moduli (SY and SZ) will be lcngth-squarcd and for thc 

polar moments of inertia (JW) will be length-cubcd. The following 
tablc shows the diffcrcnt availablc weld lines. thclf type and thetr 

coordinate axcs. 

"'" - ...... , M"'""""' '"' "'_, "" ""' 

' -r.. . f-. f-. &· &· ó-· 
' ==¡( :IÉ· f-· ~· - -

1 

A~tual -;trc~~l!'>. o.:alculatcd from thc mcmb..::r force'> . ..:an he 
spccllicd by thrce na mes. bascd on lhctr dircc:llons 

HortLontal Stress - as produccd by thc local L-'ihcar force and 

torsional momcnt. 

Vcruc:al Stress - J.:!o produccd by thc ax•al y-">hear force and 
torstonal moment. 

Dircct Stress . as produced by thc axtal force and bcnding 
momcnts in the local y and t dtrcctwns. 

Thc Combincd Stress is calculatcd by thc square root of the 
summatton of thc squares of thc abo ve thrce principal strcsscs. 

Following are 1he cquauons: 

MX=.Torstonal momcnt 

MY = Bending in local y-axis 
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MZ = Bcnding in local t.-axis 
FX = Axtal force 
IT = Shcar in local y-axis 
Y.Z = Shcar an local t.-axis 

Propenjes of Wcld 

&X::: Arca of the weld as the hnc mcmbcr 

SY = Scction modulus around local y-axts 
SZ. = Sectaon modulus around local t-aXIS 
JW = Polar moment of anerlla 

American Steel Desagu 

CH.= OIStance of thc extreme íi.bcr for horitontal (local t.) 

forces 

~ = Dtstance of th~ extreme fiber for vertical (local y 1 forces 

Stress Equations: 

VZ CH xMX 
Horizontal stress, Fh = --+"-''---

AX JW 

VY CVxMX 
Vertical stress, f..,=--+.::..:..::..:.::.:.: 

\X JW 

Darcct ~lress, 
FX MZ• MY• 

F~=--~--~--
.\X SZ SY 

Note thou thc momenu M Y 1nd MZ ue taken IS thc .1bsohuc v,J,Iuc~. 
whicb m1y result ID \Omc .;onsc~auvc rcsults for ;uymmclncal iC:CIIuns 

hkc anglc, tcc and channcl 

Combtncd force F.;umb::: JF~ - F\2 ..- F] 

Wcld thickncss = F.;umh 

F" 

whcre fw::: Allowable weld sucss. dcfauh ... alue is 0.4 FYLD 

(Tablc 2.1 ). 

•• 
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Thc th1ckncss 1 is round.cd up to thc ncarcst I/ 16th of an inch and 
all thc strcsscs are rccalcula1cd.. Thc tabulatcd output pnnts the 
lattcr strcsscs. lf the parametcr TRACK is sct lo 1.0. the oulpul 
wtll mdud.c thc wcld propcrlles. ~otc that the progra~ Lioes not 
calculatc thc mantmum weld thu.:kncss as nccdcd by sorne ~.:odes, 
but chccks only a.gainst thc mimmum thtckncss as provided by the 
uscr (or !/16th inch tf nol provtdcd). 

When the TRUSS qualifier ts used wuh SELECT WELD 
r.:ommand, thc progra.m wtll destgn the wclds rcqutrcd for truss 
:~nglc and. doublc angle membcrs that are .:utar.:hcd to gussct plates. 
The program rcports thc numbcr of wclds (two for smglc anglcs, 
four for LJoublc anglcs), and the lcngth requircd for cach wcld. Thc 

thtckncss of the wcld is takcn .15 1/4 tnch (6 mm) for mcmbcrs up 
¡0 1/4 inch (6 mm) thick, and l/16mch (1.5 mm) lcss than the 
Jngle thtckncss for mcmbcr'i grcatcr than 11-l inch (6 mm) thick. 
:"Atntmum wc!LJ lcngth is takcn JS rour times wcld thu:kncss. 

/ v 

Ft(llfl' .::.1 . W1Jd df'.II(rt ¡or SEU(T i+EW TRL'SS 

2.13 Steel Design per AASHTO Specifications 

2.13.1 General Comments 

Tbis scction prescnlS sorne general statemcnts rcgarding the 
implcmentations of American Associatton of S tale Highway and 

Transportation Offic¡a)s (AASHTO) spccifications for structural 

stecl design in STAAD. The design philosophy and proccdural 
logistics for member selection and code checking is based upon the 
principies or allowablc stress dcstgn. Two majar fa1lure modcs are 

recognized: failure by O\'erstressing and fa¡ Jure by stability 



considcrations. Thc following sccuon:. descnbc thc salicnt fcatures 

of the allowablc strcsscs bcing cah;ulatcd and thc stability critcna 

bcing used. Mcmbcrs are proporuoncd to resist thc dcstgn loads 

wllhout cxcceding the allowablc strcsscs and thc most..:conomical 

scc11on is sclcctcd on thc basis of thc lcast wcight critcna. Thc 

code checking part of thc program al so checks thc slcndcrncss 

rcquarcments. the mantmum metal t~ckness requircmcnts and thc 

.width-thtckness rcquircmcnl. h as general! y assumcd that thc u:,cr 

will takc can: oí thc dctathng rcquircmcnts likc provtston of 
suffcners and check the local cffccts hkc llangc budding, wcb 

cnppling etc. 

2.13.2 Allowable Stresses per AASHTO Code 

~· 
·,( 

A~ mcntioncd bcforc. thc mcmbcr dc:,ign and t.:odc chccl.ing m 

STAAD ts bascd upon thc allowablc :,ucss dcsagn mcthod. lt tS a 

mcthod for proporllontng structural mcmbcrs u:,tng Jcstgn load:, 

and forccs. allowablc strcsscs, ilnd dcstgn limlliltions for thc 
appropnatc material undcr scrvu;c t.:onditions. lt ts bcyond !he 

scopc of thts manual to dcscnbc cvcry aspcct of !lotructur:ll -.tccl 

dcsign pcr AASHTO spec:ifications bccausc of practica! rcasons. 

This sccuon wtll discuss thc salicnl fcaturcs olthc allowablc 

stresscs spccificd by thc AASHTO codc. Tablc 10.32.1:\ l)f thc 

AASHTO codc \pccifics 1hc allowablc -.trcssc!ll. 

Axial Stress 

Allowablc tcnsion sarcss, as calculatcd in AASHTO ts ba::.cd l)R thc 

nct scct10n. This tcnd:, to prodw.::c a !!olightly con:,crvativc rcsult. 

Alla·wable tenston stress on thc nct scc11on is givcn by, 

Allowable comprcssivc stress on thc gross 5c:Clton of a~ially 
loaded comprcssion mcmbcrs is calculated bascd oa thc following 

formula: 

F\ (1-IKI 'r) 1 F~ 
F.=--

F.S. ~n'E 

-

ll':l a 
lli a 
ll· fl 

....... ~.:~ 

Sccuon:! 

when tKI ri>C.: 

'h "' \~ll C.:= l:!rt-E: F~) - and F.S.= :!.12 

1t can bé mcntioncd hcrc that AASHTO does not ha ve a proviston 

for mercase in allowable stresscs for a sccondary mcmbcr and 

whcn 1/r cxcceds a ccrtatn valuc. 

Bending Stress 

Allowable stress in bcnding comprcssion for rolled shapc girdcrs 

and built·up scctions whosc comprcssion Jlangcs are supportcd 
latcrally through liS fulllcngth by cmbedmcnt in concrete is g1ven 

by· 

For iimtlar mcmbcrs wtth unsupportcd or partially suppor1cd 

nangc lcngths. thc allowablc bcnding comprcssive stress is givcn 

hy 

\\lthtr~l=b~ 12 

The AASHTO codc does nol ha ve a specification ror muimum 

allowable tcnstle stress in membcrs subjeCt to bcnding. The 

corrcsponding AJSC spccification is 0.66Fy for compact hot rolled 

or butlt-up scctions symmclrical about, and loaded m. thc planc af 

their minar ues and meeting othcr rc9uiremcnts of Section 

1.5.1.4.1 of thc AISC spcctfications. A common praclicc among 

.bridge dcsigncrs is to use 0.55F as thc allowablc bending tcnslle 

stress ~or membcrs meellng othcr rcquircmcnts of Scction 1.5.1.4.1 

of lhc AISC spccifications. This practice is slightly conscrvalive 

and is betng used hcre in thc STAAD implcmentalion of thc 

AASHTO stccl codc. 
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Shear Stress 

Alfowablc shcar 51 . rcss on thc gross section is givcn by 

F\ :;,JJF} 

For shcar on thc w b h 
e · 1 e gross sccuon ts d r 

the total dcpth and thc b h' e lncd as thc product of 
. wc t •dncu The AASHTO 

spectfy any allowablc stress ,. h . codc ¡jocs not 
or ) car on flan Th 

assumcs thc samc allow bl ,. . gcs. e program 
a e •Or -"hcar slr o J F 

shcar on the' web and ·h css 1 · 3 y) for hoth 
) car on thc 11 n F 

Oanges, thc gross scction is tak \ gcs. or shcar on thc 
.arca. en as -13 limes thc total llangc 

Bending-Axial St · ress lnteraction 
.\1cmbcrs subJectcd to both axial an . 
propontoncd accord' . d bendmg strcsscs are 

tng to sccuon 10 J6 f 
codc. All mcmbers sub . . o thc Ar\SHTO llccl 

JCCt to bend1ng and 1 requ1red to sat¡sfy the ( 11 . ax1a comprcssJOn are 
0 ow1ng formula: 

• __ c_;m::;•c.'.::.••:.__ 

11-fJ F"'lfo~ 

at intcrmcd1atc poJnts. antl 

at support p01 nts. 

< 1.0 

<l. O 

Tbe AASHTO stccl codc ¡Jocs not 
cambtned axial tcnsion and b . pr~v•tlc any )pcclficauon for 
proccdurc of chccking b d' cndt~g mtcr~cllan. The AISC 

.Lhe AASHTO tmplc en mg·axJa) tcnsiOn tntcraction is uscd in 
. mentauon of ST AAD All 

comb•ncd axJaltcnsiOn and b d. . . mcmbers suhJcCtto 
provi~ions of AJSC 1.6.2. en tng are requ~red to sattsfy 
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2.13.3 Stability Requirements per AASHTO Code 

• fil According to AASHTO code, for compressaon membcrs, thc 
slendcrness ratio, KL/r, shall be limncd to 120 for main members 

o~nd to 140 for sccondary membcrs. Thc AASHTO codc defines 

sccondary mcmbers as those whosc pnmary purpasc is ta brace the 
stru.cturc against lateral or longlludtnal force. orto reduce the 

unbraced lcngth'of other mcmbers, main or secandary. For tcnsian 

mcmbers. KL/r is 200 for main members and 240 far secondary 

mcmbers . 

2.13.4 Mínimum Metal Thickness Requirement 

Thc AASHTO codc has a. manimum th1ckness rcquircment for all 

'itructural steel. According to this rcquaremcnl, all structural stecl 

cxcept for wcbs of ccnain rollcd shapcs. closed ribs IR orthOlroptc 

dccks. fillcrs and ra•lings, shall not be less than 0.3125 inchcs. 

The web th1ckne~s of rolled beams or channcls shall be not lcss 

than O 23 inchcs. Thcsc requircments ha ve becn 1ncorporatcd 10 

1hc r\ASHTO •mplementauon of STAAD. 

2.14 Steel Design per AISC/LRFD · Specification 

2.14.1 General Comments 

The dcsagn phtlosophy embodied '" thc Load and RcsJstance 
Factor Des1gn (LRFD) Spectficauon is bUIIt around the canccpt of 

limn statc dcsign, the current statc-of-thc-art in structural 

cngmcenng. Structures are destgned and praportioned taking inta 

consaderatwn thc hm11 statcs al whach they wauld became unlil for 

their intended use Two majar catcgoric; of limu-state are 

recognited--ultimate and serviceab•lity. Thc primary 

cOnsiderations in ult1matc limit statc dcs1gn are strength anO 

stab•lity. while that in scrviceabJiity as dcncctian. Appropriate 

load and resistancc factors are uscd so that a umform rehabliity is 

achicvcd for Jll stccl structurcs undcr various loadang condtLJons 
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ano at tbc samc time thc chanccs of hmus bcing surpassed are 
acceptably remate. 

In the STAAD impiCmcntíUion of LRFO, members are 
proponioned to rcsast the dcsign loads without cueeding thc limil 
statcs of strcngth, stabiluy and scrvaccabihty. Accordingly, thc 
most e..:onomac scction as sclccted ~n !he basas of the leas! wcighl 
c.mcna as augmcntcd by thc dcsagncr in specification of allowablc 
mcmbcr dcpths, dcsircd scction typc, or othcr such paramc1crs. 
Thc code chccking poruon of thc program .:hccks thal codc 
rcqulfcmcnts for cach scleclcd section are mct and idcnufics thc 
governing critcna. 

Thc followmg scctions describe thc salicnt fc;uurcs of thc LRFD 
-spccaficauons as ampll:mcntcd m STA.\0 stccl Jcsign. A Jc1allcd 
dcscnplion of thc dcsagn proccss along wilh its undcrlying 
conccpts and assumpuons 1S ava1lablc 10 thc LRFD manual. 
Howevcr, sanee thc dcs1gn phllosophy is dras1acally diffcrcnt from 
thc convcnuonal Allowable Stress Dcsign (ASO), a bracf 
d,c:scnpuon of thc fundamental conccpts is prcscntcd hcrc to 
IRlllóUC thc uscr into thc dcs1gn proccss. 

2.14.2 LRFD Fundamentals 

·,r 

Thc primary objectivc of the LRFD Specification 15 to provu.Jc a 
tJnlform reliability for all stccl structurcs undcr vanous loading 
conditions. This uniformity can not be oblaincd with the allowable 
stress des1gn (ASO) formal. 

Thc ASO mc1hod can be rcprcscnted by thc inequalily 

l:Q, < R, 1 F.S. 

Tbc lcft sidc is the requ1red strcngth, which is thc summa11on of 
thc load effects, Qi (forccs and moments}. The right sidc. thc 
dcsign sucngth, is tbc nominal strcnglh or rcsisuncc, R

0
• divided 

by a factor or safcty. Whcn d1vided by thc appropriatc scction 
propcrty (arca or scction modulus), thc two sidcs of thc incquality 
bccome thc actual stress and allowable s1rcss rcspecuvcly. ASO, 

.. 

:• 1 

:• 1 ;. 11 

:• 1 ;. • 
1: 1 
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then ts charactcrued by the use of unfactorcd "worlcing" loads in 
·' · with a smgle factor uf safcty applicd to thc resistance. COOJUnCUOn . · · f 

Bccause of thc greater variab1lity and. hcncc, unprcdtctabthty o 
thc live load and othcr loads in l:Omparison with the dcad load, a 

uniform rcliability is not possiblc. 

LRFD. as its name implies. use~ scparate factors for each load and 
resistam::e. Bccausc thc diffcrent factors rcflcct the dcgrcc of 

Or d ·1rrercnt loads and combanations of loads and of the uncertaanty . . . 
accuracy of predictcd strcngth, a mure umform reliabtlll! ts . 
possiblc. The LRFD mcthod may be summantcd by the mequahty 

On thc lcft sadc of thc mequality, thc requtred s.trc.ngth as th~ 
summauon of thc various load c!Tccts, Q,. multiphcd by thetr 

respccuvc load factors, y,. Thc dcstgn strcngth, on thc nght ~tde, 
is thc nomanal strcngth or rcststancc, Rn• multiplied by a rcs•stance 

fac1or. 0. 

In thc STAAD implcmcntation of LRFD. 11 is assumcd that the 
uscr wtll use appropnatc load factors and create thc load 
combmauons ncccssary for analys•s. Tbc dcsign porta~n uf the 

11 lakc mto consaderatton thc load cffects (!orces and program wt f 
momcnts) obtatncd from analysts. In calculatJOn of rcs¡stanccs o 

lcmenls lhcams columns cte.), rcsastancc (nommal 
vanou~ e • · 11 

h) nd applicablc rcststancc factor will be automauca y strcngt a 
considcrcd. 
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2.14.3 Analysis Requirements 

Thc typcs of construclion rccognizcd by AISC specification ha ve 
not changcd, cxcept that bmh '"s¡mplc framing" (formcrly Typc 2) 
and -scm1-ng1d framing" (formcrly Typc 3) have beco combzncd 
¡oto thc samc catcgory. Typc PR Cpar~ially rcstra•ncd). "Rig1d 
Framing" (formcriy Typc 1) is now Typc FR (rully rcstramed). 
Typc FR construcllon as permittcd uncondi1ionally. Type PR 
consuuction may ncccss1tatc sorne znclastic. but sclf-Jimuing, 
dcformation of a structural stccl elemcnt. Thus, when speclfying 
Typc PR consuuclion, thc dcs•gncr should takc 1 nto ~on~idcration 
thc cffccts of partial rcstraanl on thc saability of thc 'itructurc. 
lateral dcOcctions and sccond arder hcnding momcnts. As statcd 10 

Seca. Cl of lhc LRFD spccaficatton. J.R .tnalys1s of sccond arder 
c:ffccts is rcquircd. Thus, whcn us1ng LRFD codc for slcel dcs1gn. 
thc uscr m u u use thc P-Ocha analysis fcaturc of ST AAD. 

2.. l4.4 Section Classification 

The LRFD specilication 31lows inclastic dcformauon of ~ctiun 
clcmenls. Thus local buckhng bccomes an 1mportant cntcnun. 
Slecl scct¡ons are classJficd as compacl, noncompact or slendcr 
elcment sections dcpcndmg upon thcir lncal buckling 
charactcnstics. This classiflcation 1s a function of thc geomcmc 
propcrlles of thc scction. Thc design proccdurcs :uc J1ffercnt 
depending on the section class. STA.\0 is capable of determmmg 
the section classification for the standard shapes and uscr spcctfied 
shapcs and dcstgn accordingly. 

1. 1 4.5 Axial Tension 

~- .,, 

The crileria govcrning thc capacity of tension mcmbcrs is based on 
two limit statcs. Thc limit state of yiclding in the gross section is 
intended to prevcnt exccsszve elongauon of thc mcmber. Th~ 
second limil statc m vol ves fracture at thc scctioo wilh the 
minamum cffective net arca. Thc nct section arca may be spcctficd 
by thc uscr through thc use of the paramcter NSF (sce Tablc 2.2). 
ST~AD calculates thc tcnsion capacily of a givcn mcmber based 

;-- :1 

:• 1 

:• 1 

:1: .. 
1 1 

Scclion 2 91 

l. .t tates and procccds with mcmbcr selcction or 
on thcse two tmt s 
code check accordingly. 

2.14.6 Axial Compression 
b · cd in LRFD to takc 

The column strcngth cqualtons ha ve cen rcvts . 
mto account mclasuc dcformauon and other reccnt rcscarc: tn 
. bchaviOr. Two cquauons govcrning ..::olumn strcngt. are 

~:~~::JC, ORC for inclaSIIC buckhng and the ~thcr fo; claS~IC tr 
Euler buckhng. Both cquauons tndude the clfcct~ o rCSI uah r 

h • Comprcss1on strcngt or a 
csses and tnilial out-of-stratg tncss. . . 

str cmber IS calculatcd by STAAD a~.:cordmg to the 
particular m . d . Ch t r E uf thc LRFD spcc•ficauons. For 
pro~.:cdure outhne m ap e · 85 3 · 

h . dure Jcscribcd in Appcndax . as 
'ilcndcr ctcmcnts. t e prOl.:C . 

u~cd. 

. d unsymmcmc compressJon mcmbers are 
Stngly svmmctru: an 1 d 

• . f h hmll Sl31CS of nct.ural-torSIORa an 
dcsigned on thc bases 0 1 e 3 1m lcmcnted 

1 b ·kl"•n" Thc procedurc of Appent.ln E 15 p 
10fSI003. u~,; e· . J" - t S 
for thc Jctcrmlnauon of Jcstgn strcngth tor thcse tmlt ~ta e . 

Effcctivc lcngth for ..:alculaliOD of ¡;ompress~; r~~s::~~:r~a~.bc 
d h h thc use llf thc paramctcrs · 

prov1dc l roug • bcr \cngth wdl be takcn mto 
LZ. lf RIJI provtded. thc ..::nurc me m 

..:ons¡dcrauon. 

. cs!stam:c cntcriun. comprcssiOn 
In addiuon to thc ~omprc~slon r ntJcrncss limitations which are a 
mcmbcrs are requ¡rcd to sausf~ t'i~: membcr (main load reslstzng 
function of the naturc of use o 1 b th the mcmbcr selcction 
..:om oncnt. bracing mcmbcr, etc ). n o 

P . STAAD 1mmcdlately docs a 
and codc ~:hcclung prm:css. . b s befare continuing with 

h .1. appropnatc mcm cr 
slcndcrncss ~ ce .. 00 f 3 1vcn mcmbcr. 
otbcr proccdurcs for detcrmmmg the adfquacy o g 



2.14.7 eural Design Strength 

? 14.8 

In LRFD, lhe flexura/ design Slreng<h of a member is dc<ermincd 

by <he Ji mil Slale of la1cra/ IOrSiona/ buckling. lnelaSiic hcnd<ng is 
allowed and 1he baSic mcasure of llcxura/ capacily is <he piaSiic 
momenc capaci1y of 1hc sec&ion. The tlexural res1s1ancc •s a 
funclion of piaSiic mumcn1 capacuy, ac1ual la<era/ly unbraccd 
leng1h, limiling la<era/ly unbraced>/cnglh, buckling momcn1 and 
<he bending coeffic•cnt The limiling la<era/ly unbraced lcnglh L, 

and buckling momem M, are func<ions of <he sccuon gcomclry and 

are ca/cula<ed as per <he procedure of Chap1cr F. The purposc of 
bending coefricienl Cb is lo accoum for <he inlluence of 1hc 

momen1 gradicn1 on ialcral-lorsional buck/ing. Thu cocffiCicnl can 
be Spec1Jicd by lhc uscr lhrough lhc use of paromc<er CB lsce 

Tab/e 2.2) or may be ca/cuialed by lhc program (if CB IS spcCified 
as 0.0). In lhc absencc of <he paramc1cr CB, a defauh va/uc of 1 .O 
wi/1 be uscd. The proccdure for calcula< ion of dcSign Slreng<h for 
flexure al su accoums for lhe prescnce of residual Slresses of 
rolling. To <ipcc¡fy lalcrally unsupported leng1h, cilher of 1hc 
paramelers UNL and UNF (sec Tablc 2 . .'!) can be uscd. 

Combined Axial Force And Bending 

The in<eraclion of fle.ure and axial forces in Slngly and douh/y 
symmetric shapes is govcrncd by formulas H l-1 a and H f.¡ h. 
These in<eracuon formulas cover <he genera/ case of b•ax.a/ 
bending combincd wilh axial force. Thcy are also val id for 
un1ax1al bending aad a:ual force. 
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2.14.9 Design for Shear 

2.14.10 

Su Tablt 
2.2 and 

Section 
6.n 1 

2.14.11 

F2 of thc LRFD Specificauon IS used in 
The procedurc of Sccl. . mbcrs Shear menglh as 

STAAD to esJgn . d b h followmg limu statcs: Eq. 
d · for shcar Corees ID me · 
· LRFD s governc Y 1 e 

calculaled In . 
1 

b· E F2_20 by •nelastic buck/ing of 
F2-la by yteldmg of lhe we , q.k/. of thc web. Shcar in wide E f? 3a by elasllc buc mg 
thc wcb; q. -- . . . d by thc arca of thc wcb, h J ·ecl!ORS 15 TCSISte 
llangcs ande annc s 11 d th times thc wcb thJckncss. which IS takcn as thc ovcra cp 

Design Parameters 

RFD ccllicatlons IS rcqucstc . 11 by using thc CODE 
DcSign per L sp -17) Ülhcr applicab/c paramclcrs are_ 
paramctcr (scc Sccuon 6. . tcrs communlcatc dcslgn d . T blc 1 ., Thcsc paramc 
summan.t.c m a -·-· h m and thus allow thc r thc cngmccr Lo 1 e progra . 
dcCISions rom • s lo suil an appllcauon s cnginccr Lo control the dcslgn proces 
spcc 1(ic nccds. 

h e bccn selcctcd such that thcy are The dcfault paramctcr values av ,. nal dcslgn. Dcpcndmg on 
d bcn for con ven 10 

frcquen1/y use num 
11 

of lhesc paramelcr 

thc pan u: u lar uCSign d l lhC phySicaJ SlTU!.:IUTC. 
• rcqulrcmcnts. 'iomc ora 

valucs m.ly be ~:hangcd to cxa~.:tly mo e 

PROFILE OMAX and DMIN may only be ~otc that paramctcrs · 

uscd for mcmbcr sclcctton. 

Code Checking and Member Selection 

. d mcmbcr sclcction opllons are availablc in 
Both code chcckmg an . ,... 

1 
informauon on thesc 

RFD Jm lcmcntatlon. ror genera 
STAAD L P . ., 5 d 2 6 FOr informalion on . r r lo Secuons -· an · · 
opuons, re e d fcr to Section S.47.1. spccafication of thcse comman s. re 
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2.14.12 Tabulated Results of Steel Design 

' 1 

· .. r 

Rcsults of codc checkang and membcr sclecaaon are presenled in a 

tabular formal. A detailcd discussi.on of thc format is provadcd an 
·section 2.11. Following t:xccptions may be notcd: CRJTICAL 
CONO refcrs to the seca ion of the L\iFD specaficauons whach 

governed the dcsign. 

lf the TRACK is set 10 1.0, mcmbcr dcsagn sarcngahs will be 

printed out. 

Table 2.2 

Parameler 
Name 

mo 

LAFD Parameters 

Oelaull 
Value 

1.0 

1.0 

Member Length 

Member Length 

36.0 ksl 

1.0 

Oescnpt1on 

K value tor bending aboul Y· 
axis. Usually tt11B •s minar ...... 
K vaJue tor bending about Z • 
SXlS. UsuaJiy thiS •S maJar 

"""'· 
Length to calculate 
slendemess rano for bend¡ng 
abOUI Y ·aJaS. 

Length to calculale 
slendemess rano for benu.ng 
about Z·DIS. 

Yietd suangth of steel. 

Net secbOn factor for tension 
members. 

•• 

181 11 

!•i 11 

11' "i ,1 

Table 2.2 

Parameter 
N ame 

UNB 

CB 

TAACK 

DMAX 

O MIN 

8MIO 

BEAM 

Sa:tion '! 95 

LAFD Parameters Cont. 

Oelaull 
Value 

Member Length 

Member Length 

1.0 

0.0 

45.0 IR. 

o o 10. 

1.0 

0.0 

Qescnplion 

unsupported leng1h (L., l ol 
the top flange for catculallng 
flexura! strength. Wdl be used 
onty 1t flexural compress•on 1S 

on the top llange. 

unsupported leng1h (L., l al 
the bottom flange lar 
cabllatlng flexura! strength. 
w1u be used onty rf flexural 
compreSSIOn 15 on lhe bottom 
flange. 

c;.,..,tlíc1em e, per Chapler F 
lf e:, 15 set toO. O. •1 wdl be 
ca)CulatecJ by !he program. 
Any ather value wdl be directly 
usecJ IR des1gn . 

o. o_ Suppress all dOSign 
strengths. 

1 O = Pnnt aJI desiQR 
strengths. 

2.0 = Pnnt expanded des•gn 
output 

Maxzmum allowable depth. 

Marnmum aJiowable depth. 

PermiSSible rabO of actual 
load eHect and deSign 
streng1h. 

o. O =des•gn onty lar end 
moments and those at 
localions speclfied by 
SECTION command. 

~ l.O = calculate moment at 
twetve po1nts along the 
beam. and use 
maxamum Mz lar d8SIQO. 

For •cncctinn check. paramctcrs OFF. DJ 1 and DJ2 from 
Note: u h e 

1 may be uscd. A_ 11 requ•rcmcnts remaan t e sam . 
Tablc 2. 
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American Concrete Design 

-------------- Section 3 

3.1 Design Operations 

STAAD has thc capabilitics for pcrform1ng concrete dcsign. lt Wlll 
calculatc thc rcmforccmcnl nccdcd for thc spcc1ficd concrete 
">ecuon. t\11 thc concrete des1gn calculations are bascd on the 

cuncnt ACI ~ 1 S. 

3.2 Section Types for Concrete Design 

D -/D 

1'111\\.1-\.UC 

Thc follow1ng typcs of cross scctions can be defincd for concrete 

.Jcsign. 

For Beams 

For Columns 
For Slabs 
Walls/PialcS 

l'" o 
liRCI L\R 

Prismatic (Rectangular & Square), 
Trape1.0idal and T -shapes 
Prismatic (Rectangular. Square and Circular) 
Finitc clemcnl wllh a specificd thickncss. 

TR"'"/010-'L 
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3.3 Member Dimensions 

··f 

Concrclc membcrs wh1ch will be dcsigned by Jhc program must 

have ccnam section properucs input undcr the MEMBER 

PROPERTY command. The foll~wmg example shows thc rcqutrcd 
mput: 

UNIT INCH 
MEMBER PROPERTY 
1 3 TO 7 9 PRISM YO 18. ZO 12. IZ 2916 IV 1296 
11 13 PR YO 12. . 
14 TO 18 PRIS YO 24. ZO 48. YB 18. ZB 12. 
17 TO 19 PR YO 24. ZO 18. ZB 12. 

In thc above input, thc Jirst sct of members are rcc1angula.r 11 g mch 

dep1h and 1:! inch w1dthJ and thc sccond sct of mcmbcrs. w•th only 

dep1h and no wtdth provJdcd, w¡JI be assumed to be ,.;ircular with 

12 mch diamelcr. :-.lolc lhat no arca (AX) 1s provu.Jcd for 1hc~c 

mcmbcrs. For concrete dcsign, this propcny must not be prov1dcd. 

lf ~hc:ar arc:as and momcnts of inenias .are not provu.Jcd. thc 

program calculatcs thcsc values from YO and ZD ~oucc th.u m 
lhc above cxamph: thc lZ and IY valuc!t prov1dcd are actually 50% 
of thc valuc~ cakulatcd U!tJOg YO and ZD. Thl) ~~.a ..:onvcntwnal 

prac1icc wh1ch 1akcs mio considcrauon rcv¡scd ~c~:uoo paramctcrs 
duc to crad~1ng of sccuon. 

Note lhilllhc lhird and thc founh sc1 of mcmbers m thc abo ve 

cumple represen! a T·shapc anda TRAPEZOIDAL shape 

rcspectivcly. Dcpendang on the propcnies (YO, ZD. YB. ZB. etc.) 

prov1dcd, the program w•ll determine whelber 1hc sc~o:Jion •s 

r~ctangular. trapezoidal or T -shapcd and lhe BEAM dcs•gn will be 
done accordingly. 

• , 
il 

fl 11 

:• !1 

:• !:S 

;• 11 

:1 tll 

JI f]J 
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3.4 Design Parameters 

Sa St"clion 

5.51 

3.5 

Thc program conlains a numbcr of paramcters which 3fC needcd to 

pcrform design by thc ACI codc. Dcfaull parametcr values ha ve 

bccn selccJcd such 1ha1 thcy are frcqucntly uscd numbcrs for 

convemional dcs1gn requ¡rcments. Thcse valucs may be changcd to 

sull thc particular design being performcd. Tablc 3.1 is a complete 

list of the avallable parameters and thcar default values. 

Section 5.51.:! of 1his manual descnbcs 1hc commands requ1red to 

provide these paramctcrs 10 the input file. For example. the values 

of SFACE and EFACE (paramcters that are uscd in shear destgn), 

thc dJSianccs of 1hc face uf suppons from the end nades of a bcam, 

are ass1gncd valucs of 1.cro by t.lefaull but may be changed 

dcpcnding on !he actual 'iituation. S•m•larly. heams ant.l columns 

Jre dcstgned for momcnls d1rectly obtamed from !he analyscs 

wilhout any magmficauon. Thc fac10r ~~AG may be uscd for 

magmflcalion of column moments For heams. 1hc user may 

generate load cases wh1ch con1a1n loads magmfied by 1he 

appropriate loatJ fac10r~. 

Slenderness Effects and Analysis 
Consideration 

Slendcrness cffects are extreme! y •mportant in des1gntng 
compress10n members. Thc ACI-318 code spec1fics two opt1ons by 

whu:h the slenderness cffcct can be accommodated (Section 10.10 
& 10.11 ACI-318). One option is to perform an cxact analysis 

which will take into account lhc mlluence of axial loads and 

vanable momcnt of inertJa on mcmber sliffness and fixed·end 

momcnts. the effect of dcnccuons on monients and forcc:s, and thc 

cffect of the durat10n of Joads. Another option IS lo approximalely 

magnafy dcs1gn momc:nts. 

STAAD has becn wrincn 10 allow lhe use of both lhe oplions. To 

pcrform 1he firSl typc uf analysis, use the command PDELTA 

ANAL Y SIS inSlcad of PERFORM ANAL YSIS. This analysis 
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hod will accommodatc: thc rcquucments as specificd in Scction 
JO of rhc ACJ.] 18 Codc, c:ll:ccpr for lhc cffcc1s of 1hc durauon 

o( lhe loads. lt IS fcll 1hat this ..:ffcct may be safcly ignored bccausc 
e1pcns belicve thal the effccts of thc duration of loads are 

ncglig1blc 10 a normal structuraJ configurallon. lf u as des a red, 

STAAD can also accommodatc any arbitrary momcnl magnzfication 
·ractor (sccond op11on) JS :m input, IR ordcr 10 pro vide sorne safcty 

.duc lO thc cffccts of 1he duration o~ loads. 

Table 3.1 

Parameter Oefault Description 
Na me Va fue 

FYMAJN • 60,000 PSI Y1eld Slress tor matn 
re1nforc•ng sreel. 

mee '60,000 pso Yield Stress IOJ seconaary 
steet. 

~ • 4,000 PSI Compress1ve Strength of 
Concrete. 

ru • 1.5 lnch Clear cover tor top 
re•nforcemenl 

g.¡¡ • 1.5 IOCh Clear cover for bonom 
remtorcemenl. 

ru •tsinch Clear cowr tor Sida 
reinforcement. 

MJNMAJN- Number 4 bar Mm•mum mam remforcement 
bar s•ze. {Number 4 · 18) 

MJNSEC" Number4 bar Mm•mum secondary 
re•nforcement bat SlZB. 

!i!!MMAJN- Number 1 B bar Mumum marn relfTforcement 
bar..ZO 

SEA CE ·o. o Face of suppolt lOcanon at 
start al beam. JI spe<:lfied. lho 
shear torce at start •s 
computed at a d1stance of 
SFACE.,¡ Jrom lhe start¡oint of 
the member. 

s.cuool ltot 

·o. o 

a&INF 
o. o 

• , 

..-·· 
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Table 3.1 

Parameter 
Name 

JtilllTH 

!!!IDiCTION 

TRACK 

Cont. 

Default 
Value 

1.0 
(for columns only) 

·zo 

'YO 

12 

o. o 

Amcricaa Concn:tc Dcstgn 

Description 

A factor by whtch the column 
des1gn moments wdl be 
magmf1ed. 

Width of concrete member. 
Thas value defautts to ZD as 
provided under MEMBEA 
PRDPERTIES. 

Depth ot concrete member. 
Th•s value delauns to YO as 
provtded under MEMBEA 
PRDPERTIES. 

Number of equaJty-spaced 
secnons to be constdered '" 
findmg cntJCal moments for 
beam destgn. 

BEAII DESIGN: 

Wllh TRACKSOIIlO.O, CniJcaJ 
Momeri Wll not be pmiBd 0U1 

- t>sn desql'"""" A vaLe~ 1.0 wt1 mean a pnnt 

OlA. 
A v.We of 2.0 wol pm1 0U1 

~- ..... lotaJ 
ll'llelmecial:e seaons specfied 
by NSECTlON. 

COLUMN DESIGN: 
TRACKO.OpmsOUI­
desql-
TRACK 1 O pm1S 0U1 alU'm 
inlefaalcn analyss.,..... n 
-ID TRACK 0.0 oul¡lul. 
TRACK 2.0 pms 0U1 a 
schemabc • iiEiaJIOI 1 ciagam 
and idaiiedale rEniCbOn 
-inadalloniDalof-

• .Thcsc valucs must be providcd in thc curtcnt unil syucm bcmg u sed. 
•• Whc:o using mc:tric uniu for ACI dc:sign, providc valucs for thcsc: 

paramc:lc:rs in ac1ual 'mm' u ni u inucat.l of 1hc: bar numbcr. Thc 
followmg metnc bar SILCS are availablc: 6 mm. 8 mm. 10 mm. 12 
ním, 16 mm, 20 mm, 25 mm, 32 mm, 40 mm, SO mm and 60 mm. 
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Although ignoring load duration cffects is somcwhat of an 
appro:umauon, it must be realized thatthe approximatc c:valuauon 

of slenderness effects is also an approx¡mate method. In this 

method, moment-magnification 1s based on c:mpincal formula and 

assumpuons on s1dcsway. 

Cons1denng all th1s information. it is our bclicf. that a PDELTA 

ANAL YSlS. as performcd by STAAD, IS most appropnatc for thc 

dcs1gn of concrete mcmbcrs. Howevcr, the uscr must no1e. to take 

advantagc of this analysis, all combinations of loadings must be 

prov1ded as primary load cases and not as load combinations. This 

!S due to the fact that load combinations are just íllgcbratc 
combmations of forccs and moments, whcrc:as a primary load case 

JS rev1sed during thc pdeha analy'iis bascd on the denccuons. Also 

note that the propc:r factorcd loads (such as 1.4 for DL etc.) should 

be prov1ded by the u ser. ST AAD does not factor thc loads 

automaucally. 

3.6 Beam Design 

Bcams are dcsigncd ror ncxurc. shcar and torsion. For all 1hcse 

forces. all active beam loadings are prescanned to locate thc 

po!l!Siblc cntlcal .,e~,;tiOns. The total numbcr of sccuon., ..:unsJdcrcd 

1s 12 {lwclve) unless th1s numbcr ts redclincd with an ~SECTION 
parílmetcr. All of thcsc cqually spaced scc:ions are .,canned to 

detcmune momcnt and shear envelopcs. 

Desigo for Flexure 

Rcinforcemcnt for positivc 3nd negative moments are calculated on 

the basts of the section properties provided by thc user. lf the 

section dimensions are inadequatc lo ca.rry the applied load, that 1s 

if the rcquired reinforcement is greater'than thc maximum 

ílllowable for the cross section. 'the program reports that beam fails 

m maxtmum reinforcemenl. Effecuve depth is chosen as Total 

dcptb - {Clcar cover + diamcter of stirrup .... half the dia. of main 

rc:mforccmcnt), and a trial value 1S obtaincd by adopting proper bar 

sizes for the surrups and mam remforcements. The relcvant elauses 
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1 .wns 10.~ 10 10.6 of ACJ 318 are uulized to obtain the actual 
amount of steel required as well as the maximum allowable and 

mmimum required steel. Thesc values are reported as ROW, 
ROWMX and ROWMN in 1he output and can be pnn1ed using 1he 
parameter TRACK 1.0 (see Table 3.1 ). In addiuon, the mu1mum, 

mmamum and actual bar ~pacing a.re al so printcd. 

lt is important to note that bcams are dcstgncd for ncxural moment 

MZ only. Thc momcnt MY 1s not cons1dered m thc ncxural dc~1gn. 

Design ror Shear 

Shca.r reinforcemcnt IS calculatcd to rcs1s1 both shcar forccs and 
torsional moments. Shear forces are ¡,;a)culated at a distance 
Cd+SFACE) and (d+EFACE) away from thc cnd nades of lhc bcam. 
SFACE and EFACE ha ve dcfault valucs of t:ero unlcllos provuJcd 
undcr paramctcrs (sce T:~blc 3.1 ). Note that thc valuc of thc 
dfcctivc dcpth "d" uscd for thas purpusc JS thc updatc valuc :.~.nd 

accounts for thc actual c.g of thc mam rcmforcement calcula1cd 
undcr ncxural dcsign. Clauscs 11.1 1hrough 11.6 of ACI 31 ~ Jrc 
used 10 cah:ulatc the rc1nfurccmem for )hear forccs and torswnal 

moments. Based on thc tot:~l sairrup rcinforcement requtrcd, thc 

si te of bars, thc spacmg, thc number of bars and thc distancc o ver 
whicb thcy are provided are calculatcd. Slirrups are always 
assumcd to be 2-lcggcd. 

Design ror Anchorage 

In thc output for flexura! design. the anchoragc detailr. are alsu 
provtdcd. At any particular Jevcl, 1he START and END coonJinatcs 

of thc layout of the main remforccmcnt is dcscribcd along wilh thc 
infonnation whethcr anchoragc in the forro of a hook or 

continuation. is requircd or not atthcsc START and END points. 
~ote 1hat thc coordinates of thesc START and END poiats are 
obtained aftcr taking into account the ancborage rcquircmcnts. 

Ancboragc lcngth is calculated on thc bas1s uf t.bc Clauscs 
described in Chapter 12 of ACI 318. 

·;~ •. 
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Description or Output ror Beam Design 

Tablc 3.1 shows a sample output of an actual rcinforcement pattern 
dcvcloped by thc program. Thc following annotations apply to the 
Table 3.2: 

1) LEY EL 

~) HE!GHT 
3¡ BARINFO 

~) FROM 

51 TO 

b¡ A:-ICHOR 
!STA/END) 

7) ROW 

"l ROW~N 

9) ROW~X 

10) SPACI:-IG 

1 1) V u 
12) Ve 
13) y, 

1 ~) Tu 
15) Te 

Sen al numbcr of bar levcl which may contain 
onc or more bar group 
Hc1ght of bar levcl from thc bonom of hcam. 
Rcinforcemcnt bar informatton spcc1fymg 
number of bars and bar sitc. 
Distance from the start of thc beam to 1hc start 
of 1hc rcinforccmcnt bar. 
0JSI3nCe from thc start of thc bcam lO thC CRd of 
the rcinforccment bar. 
States whcthcr anchorage. 
ei1hcr a hook. or conunualion. as necdcd at start 
(STA l or at the en d. 
A¡;tually rcquucd ncxural rcmforccmcnt 
(As/bd) whcrc b = width of ¡;ross sccuon (ZD 
fur rectangular :md squa.rc ~ccuon) and d = 
dfcctJvc dcpth of cross sc~.:uon (YD- distancc 
from extreme tcnsion libcr 10 thc c.g. uf mam 
remforcemcnt). 
Mínimum rcquircd ncxur:~l rc1nforccment 
(.\mm/bdl 
Max1mum allowahlc tlcxural rcinlorccmcnt 
1Amax/bd) 
Dtstancc bctwccn ccntcrs of adjaccm bars of 
main rcmforcemcnt 
Factorcd shcar force at scctJOn. 
Nommal shear strcngth prov1dcd by concrete. 
Nominal shear strenglh provided by shcar 
remforcemcnt. 
Factorcd torsional moment at sccuon 
Nominal torstonal moment strength provided by 
concrete. 

J6) Ts Nominal torstonal moment strength provided by 
torsion rcinforccmcnt. 

:.::~""' r-n:: n;;····¡,·· ñi·,·-~¡ 
~ .... ~ ... ~·:.~ 6}!J . 

='---"-----' 
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A.mcncan Concrete Daa¡n 

Table 3.2 
(Actual Output from Desiga) 

a :: A JIC ~ O :4 D E S I C •¡ 11 5: S U ¡, '"' S - ~ 

:.;:1 20.JOFT. ;y ~0000. "' ~coa. SIZE :5 " X '1 " :NC:>ES 

L. "VE!. :iE~CHT .... :Nro ~OMt "' A.'C!OR 
i"':". "'· n. :!l. ... :!i. "" 

20 • :J-0¡0 
¡ --.------------------.------------- .. -------.-.----.------------
1 CR:r.:CA.L l'OS I'OIDr.': :s,.n <:?·..:' AT :z.;o n, ...:wl • 
1 ~ ~ 2 48 :.>a, ROoP0.0090. UWOI:•0.02:~ 'ICW4N~J.OOll 

1 )IAXJ!(l!'l/loC':UA.L BAH S?AC::.C• 7.:01 2.26/ 4.94 ~ 
3.\S:c:'ti'()O :lE'Vt:..O~ ~ • !J 9~, 11.42 ::ct 

1····. ------·-·----··------------ -·--. -------------. ------------- ¡ 

: - 6·111!1 ~ • l-0/0 !8 . (}-(J¡ o 

.::~~:-:-:c:.u. ~ ~· 169 86 <:?-r'":" AT o.;o ---:- . ..cAD • 
'WJ:) S':'ttt.~ S.47 :!Q, 'QPO.~:H. lCWOl•O 02:4 la.t!N•O ~Oll 
lU.Xdi::'UAC:tlAI. IIAo1 S?AC~ 1 iJ, 2.112/ ).20 :!-Ci 
:iA.S:C.'IEQ:l :rEVE:.Oi'!4Dtt ~ :9 20t:SJ.U _'Cf 

1-------------- ·------- -- ... -·-- .... ----- .. -------- ·- --· --------
) : - 6-l/1!1 1·"-"t.!i :6 • 1·.,'4 20 - j-J¡Q 

¡-----·· ···- -------------------------.-------------.----

CRI':':CA.L )ax; ~· :0!'1.87 ~?-.-:' AT 20.30 -:"!', :.cNJ 
.uJJ:l ~ !.l! :XZ, 'IOPO.:JC4" ~=O.J2:~ ~·O JOl! 
0Wl,'t..'"7'11AC':\JAL BAR SPACn.c- 1.~;,: :."!'11 !i.:l ::-c1 
MS¡c.~. ::JEVELO~ ~ • :e.. lO¡ :n.IS .!Ct 

""' 

A"': STA.ir. SUPPORT • Vlp U ~O :ti? .'e• l!i.:O ~:¡> •Js• Sl o: <:? 
i'IIOir.::li. ~- 4 1.\AS A'l' 7.0 ~- C/C :oR .CI!I ::-~ 

AT ~ SUPPORT • VU• :)7 !i: !C:? Ir:• )5. :0 l:i" •Js: 12 ~6 <:? 
1 

PROVtOE ~- 4 3.\11.$ A":' ,,] ::,.(, C/C "'aa: '4- :,..,_ 

r- 11~ l11.111 1S .. ll ~~-
:.:::.-~z~::.'7. :::::,;.:;¡;:;;;-z;--- - -- =:~:;.~: .:·.:.·.:::~ ::-- .. : :.:.~.;;.:;.:. :. ... 

1 
. 

-. 
. . 

1 -=­
'IIFI 
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3.7 Column Design 

Columns dcsign in STAAD pcr thc ACI code is pcrformed for axial 

force and uniax1al as wcll as biaxial momcnts. All active loadings 

.trc checkcd to compute re¡nforccmcnt. The loadang wh1ch produces 

thc largcst amount of rcmforcemcnt is callcd the crHical load. 

Column des1gn is done for squarc, rectangular and cucular 

scctions. For rectangular and circular scctions, remforcement is 
always assumcd to be equally distributcd on all faces. This means 

that thc total number of bars for thcse sectJOns w11l always be a 

mulliplc of four (4). lf thc MMAG parameter IS spccified, thc 

column momcnts are multiplied by thc ~MAG value to arrive at 

!he ultimate moments on the column. Since thc ACI codc no longer 
rcquires any mimmum ccccntricity conditJOns to be satislicd, such 

chccks are not madc. 

~hlhod used: Breslcr Load Contour Method 

Knowa Valucs: Pu. Muy, Muz, B. D. Clcar cover, Fe. Fy 

UJumatc Stram for concrete : 0.003 

Stcps involnd : 

1) Assumc sorne rcmforccmcnt. Mimmum rclnforcemcnt ( 1 %) is a 

good amountto 'ilart w1th. 
2) Find an approx1matc arrangcmcnt of bars for thc assumcd 

rcinforccment. 
3) C~lculate PNMAX = 0.85 Po. whcrc Po IS thc max1mum axial 

load capacity of the sccuon. Ensurc that thc actual nominal 

load on the column does nol cxcced PNMAX. If PNMAX is 

less than Pu/PHI, (PHI is lhc strength rcducuon factor) 

increasc the rcinforcemcnl and repc;at stcps 2 and 3. lf the 

rcinforccment excecds 8%, the column cannot be designed with 

lls currcnt dimensions. 
4) For thc assumcd reinforccmcnt, bar arrangcment and axial load, 

find thc uniuial moment capacilics of thc column for thc Y 

and lhe Z ucs, indcpendently. Thcse valucs are rcfcrred toas 

M Y CAP and MZCAP respcctivcly. 
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.5) Sol ve 1hc lmcrac1ion cqua1ion 

( ~]"+(..!!!u_)" S 1.0 
Mycap MLCap 

wherc a:; 1.24 

lf thc column ts subJCCICd toa unia;ual momen1. a ts ¡;ho~en as 
1.0 

6) lf 1hc lntcraclion cquauon is salisficd, find an arrangcmcn1 
with available bar :,)Les, find thc uni;u.ial ~:apaclllcs .mJ )olvc 

thc inlcr3clion cqualion ag3in. If thc cquauon LS sausticd now, 
thc rcmforccmcnt dctails are wriuen to thc output file. 

7) lf thc mtcr3cllon cquauon LS not sallsticd, the assumcd 
rcinforccmcnt is mcrc3scd (cnsuring that it IS undcr S'l: 1 and 
s1cps :! to 6 are rcpcalcd. 

Column Interaction 

The column mtcraction valucs may be obtaincd by usmg thc dcs1gn 
paramctcr TRACK 1.0 ur TRACK 2.0 lor thc column mcmbcr. lf"' 
valuc of :!.0 IS uscd for ahc TRACK paramctcr, 12 daffcrcnt Pn-Mn 
pairs, cach reprcscnting .t differcnt poant on thc Pn-Mn .:urvc are 

prinacd. Each of thcsc pomts rcprcscnts onc of ahc )Cvcral Pn-~n 
combinauons that thts ..:olumn is capablc of carrymg abuut thc 

gtvcn uis. for thc actual rcmforccmcnt 1hat1hc 'olumn ha; hccn 
destgoed f~r. In thc case of circular columns. thc valucs .m; for any 

of tbc radial axcs. Thc values pnntcd for thc TRACK 1.0 output 
are:· 

PO 

Pnmax 

P-bal 
M-bal 
c-bal 

MO 
P-teos 

= 

= 

= 
= 
= 

= 
= 

Max1mum purcly uial load carrying capacity of thc 
column (tero moment). 

Max1mum allowablc ax1alload on thc column (Scction 
10.3.5 of ACI 318). 
Axial load capacity at balanced strain condition. 

Uniaxial momcot capacity at bala.occd suain condition. 
M-bal/ P-bal = Eccentricuy at balanccd straio 
cooditioo. 

Momcot capaci1y al zcro uial load. 
Maximum permJssible tensile load on lbc column. 

Scctioa J 

Des. Pn = Pu/PHI whcrc PHI is thc Strcngth Rcduction Factor 
and Pu is the axial load for 1he cnucal load case. 

Des. Mn = Mu•MMAG/PHI where PHl1s 1he Strcngth Rcduction 
Factor and M u is 1hc bending moment for thc 

appropnate axas for thc cnttcal load 'ase. For Circular 
columns, 

MLI:; JM~, +M~ 

dh = (Mn/Pn¡/h whcrc h is thc lcngth of thc column. 

Column Design Output 

Thc fullowmg tablc lllustralcs d1ffcrcnt lcvcls of ahe .:olumn dcs1gn 

output 

Table 3.3 

Thc followmg ou1put ts gcncr:ucd w11hou1 any TR.\CK 
~pccifi¡;al¡on. 

-' 
F"'! saooo :e ~aoo "S: . .iC-t!:: :;:.::;:: JO < .: '~ :·IC!lES. -:::.:::~ 

i 'ii..'!GEII 9 ~.::56 ~ 100 
l?"cv:::;:;:: ::Cl:Al. ,-... ""!3ER o)f 3AAS -"':" ::AC:~ ?'-'CEJ 
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TRACK l. O generales thc following addllional oulpul. 

CO!.L'MN ~:-n'ERACTlON: JIIOMENT ABOU'I' l -.u.:s (k!i'-'TI 

------- -------------------------------------------------
?0 ?n ~x :>·o•l. '1-=-a.~ a-o. .. llnchl 
197.:2 117.70 i8!i 56 :58 50 :o:)) 

'10 i'· t•n•. Jes ?"1 ::es. 'In ., ~ 
:J1 a -4H 00 12J :2 9:88 o JO) 

---- .. --.----- ..... -.-.---.-.------.-------- .. -... -.-.--

----- --· ...... --- ·-···---- ---- .. ---- .... --.----,. 
"' ~· ?-o.: Jll·o.l •-o.~ 1;nc::1 

'" :2 J ~ 1.10 :89 ,, :~a. 50 :o. JJ .. ?-t•n• ::l•s. ?n :>es .JIIn 8/': :n.a ·4ll.OO l2L ::z :28. oa o. ,)Jl 
. ----------.-------- .. --- ... -.--------- .. ------

TRACK 2.0 generales th..: followmg oulpul in addilion 10 all oí the 
abo ve. 

"' ,., 
"' '' 2:o . .. :110 " : Jó ,; :10 ,, 

" :o2 " : 6~ " :u. ll • ó '. •• 1 . at " :ó'J. " 143 ... :68 " "' ::~.&XI :a:. " :70. " :n .. :67 .. 
: 7a " " !l2 . 2~ :u " "' :ol " 

.. 
" ::n " :65 ~¡ 

'fONI~ "" "" "' "" " V .u:A!. 2 :o .. :c¡o " :;ó ,, :-:o ,, 
CONPI:ESS:OSI ~02 " :u " :u. " ... •• ?b.-------•)0) :94 " :u. " :n . .. :toa . .. 

. o; " ::o " :J7 " : to7 " -- --- :711. " :7: " :n ,, :66 :o .. '!r., :6} 1 ~ " :n " : .. :. .. 
IIENDI~ 

i'-~·::•'. *)NEY!' 

Ul Slab/Wall Design 

Slab and walls are designcd per ACI spccifieations. To dcstgn a 
siab or wall, ll must be modcled using finlle clcmcnts. 

Element design will be pcrfonncd only for lhe momcnls MX and 

MY al thc ~:en ter of thc clcmcnl. Dcsign wtll nat be pcrformcd for 

FX, FY. FXY, QX, QY or MXY. Also. dcsign is not pcrformed al 
any othcr point on thc surfacc of thc clcment. 

•: . 

.. 
' 

Sectioo 3 111 

A typical cxamplc of clcment dcsign output is shown in Table 3.4. 
The rcmforcemcnt rcquired to resist Mx momem is denotcd as 

longlludinal rcinforccmcnt and the reinforccmcnt requtred to resisa 
M y momcnl as denotcd as transversc rcmforccmcnt (figure 3.1 ). 
Thc paramctcrs FYMAIN, FC, and CLEAR listcd ID Tablc 3.1 are 
rclcvant lo slab dcsign. Othcr paramctcrs ment1oncd m Table 3 1 

are not appli~:ablc Lo slab destgn. 

"· 

Table J.~ 
(.\ctual Output from Design) 

?l:~ J;:t ~ ~'C~.wr:nllr~~:oc ~ • :o~-;z~.w::J"ru 
~:.c.,I.D ,, 

J. JO 

"'CP SNAX• • " :lC""='· ::>MAX• ' " 1 o 00 

:"CP SMAX~ 5.44 
?IX"!'. SMAX • :.17 

~ ::lES!Q4 Sl..ltl'tAAY 

~ t.CN::. itE!m' 
ISQ. :N/F":') 

1) "'OP 0.~30 
~: 0.000 

CY 

"" o ,. • " SM:N= ' SK:~~ ·O 
o Ol 

' " ,., .. o 
SMI:<• 1 

'I:JII·X ILQAD 
IK·P!"/f":'l 

o. :t 
0.()0 1 o 

" ,, 

" .. 

"" 
.,., 

"?"! ,.., 
o " :3.06 
1. "6 o. 00 

~· l. 6] ....... :. 63 
o :o o " 1), ::. ~. ~ó ,.,..... ' " ,..,. :. ~9 

-:-RNG itErNF 
15.;.:!11~1 

O. :JO 
J 000 

....., 

' JO 

~.2: a.o 
.u.r::.::~ 0.0 

0.00 

~· :a. 1 
AN:O:.z,. 15.5 

>0-Y /Ul.W 
(.(·:-:'/=-:'1 

0.06 1 
O. JO 1 
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Timber Design 

Section 4 

4.1 Timber Design 

STAAD Timber dcs1gn module offcrs dcs•gn of Glulam timber 
scctions as pcr AITC Codcs (Timbcr Cons1ruction ~anual. 3rd. 
Edition, 1985). lt al so confonns to the N:nional Dcsign 
Spcc•ficauon for Wood Construcuon and Supplcmcnt (~OS) and 
bulidmg cudcs hkc Uniform Bu1h.hng Codc ¡ L:BC). Basic/Nal10nal 

Butlding Code and Standard Building Codc. Sorne of thc main 

fcaturcs of 1he program are: 

l. Th1s fcaturc 15 for Glulam Timbcr only. 
2. Codc check and Jcs•gn of mcmbcrs as pcr TC~t · \ITC. 
3. Dcs1gn valucs for Slructural Glucd Laminatcd Timbcr tablcs 

ar~ m4 bu1lt into thc program. Thc program acccpts Tablc no., 
Combination and Spccics spccilicat10ns as inputs (c.g, 1: 16F 4 

V3 4 SP/SP) and rcads design values from in 4 builltablcs. 
4. lncorporatcs all thc followmg Allowablc stress modiliers: 

i) Duration of Load Factor 
ii) Sizc Factor 
iii) Form Factor 
iv) Lateral stabilily of Beams and Columns 
v) Moisture Content Factor 
v1) Temperature and Curvawrc factors. 
The allowablc stresses for bendiag, lcnsion, compression, shear 
and Moduli of clasticilics are modified accordingly . 

5. Detennincs slcndcrness for beams and columns (Shorl, 
inlermediate and long) and chccks for min. ecccntricily, lateral 

113 
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Slability, huckling, hending Jnd compress10n, bcnding and 

tens10n and horiLontal shcar against both axes. 

6. The output rcsult~ .. how scctions providcd or ~hoscn, a~.:tual 

and allowablc stresscs, govcrmng c:ondiuon and ratios of 

interaclion formulac and lhe rclcvant AITC dausc nos. etc for 

cach tndivtdual mcmbcr. 

4.2 Design Operations 

.,, 

Explanation or Tcrms and Symbols U sed in This Section 

Symbols Description 

r¡ Actual..:umprcssion or tcn~IOR )(fCSS (Ín PSI). For 
tcnsion. !he ax1al load Í!!o dJvtdcd hy ncl \CI.:tional arca 
fi.c. NSF x X-arca). 

FA Allowablc dcs1gn valuc for comprcsston or lcnsion (in 
PSI) modtficd wi1h .1pplicablc: modificrs or cakulatcd 
bascd on slcndcrnc!lls in ..:ase ol ~omprc!IISIOR. 

rbz• fby Aclual bcnding SlfCSSCS about local z and y JXIS on 
PSI). 

FBZ, FBY Allowablc dcstgn valuc!lo for bcnding 'itrcsscs Jbout 
local Z and Y ax1s 11n PSI) modtficd by thc .Ipplu:ablc 

modificr!ll. 
JZ, JY Modificr for P-DELTA cffect .1bout thc Z antJ Y nis 

rcspecnvcly as explaincd 1n fonnula 5-18 uf TCM. 

rYl. fvy 
FVZ. FVY 
VZ, VY 

ZD. YD 
EZ.EY 
CFZ,CFY 

CLZ.CLY 

RATIO 

-

Actual hontontal shcar 'atrcssc:s. 
Allowablc horiLontal shcar ~trc~scs. 
Shcar in local Z and local Y dirc:ction_ 
Dc:p1h of scction in local Z and Y axis. 
Minimum c~.:ecntricity along Z .1nd Y axis. 
CFZ and CFY are valucs of the )llC factors in thc Z· 

a~is and Y-axis respccuvc:ly. 
CLZ and CL Y rcpn:sent thc factors of lateral stability 
for bcams about Z-a:us and Y·a~as rcspccuvcly. 
PcrmlSSible ratio of the stresses as providc:d by the 

uscr. Thc: defaull valuc is l. 

I:±J 
:a fJ 

1 1 

:• , 
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Combined Bending and Axial Stresses 

Bcndjng and Axial Tcnsion: 

Thc following intcraction formulac are chel.:kcd : 

•l f,IFA + fb,i(FBZ 'CFZ) + fb,J(FBY 'CFY) ;<RATIO 
u) Lateral stability ..:hcck wtth :"'ct comprcssavc stress . 

. f,IFA + fb,i(FBZ 'CLZ) + fb,J!FBY 'CLY) =<RATIO 

Bcndang and Axial Compression: 

il f,IFA • fb,i(FBZ·lZ 'f,) + r.,t<FBY·lY' f,) ;<RATIO 

Applu:abihty of thc satc factor: 

>1 Whcn CF < 1 UO. . . 
if fa > FBZ ' (l.(fZ). FBZ is not modificd wath CFZ. af fa 

> FBY t (1-CFY). FBY is nol modified wath CFY. 

af fa< FBZ' ( 1-CFZ) FBZ IS takcn as FBZ' CFZ +fa but 

sh.J.II not c:tcccd FBZ x CLZ 

,r la< FBY, ( ¡.CfY) FBY 1s takcn as FBY '( CFY +fa 

bul o¡ hall not cxcccd FB Y x CL Y 

b) Whcn CF >= 1.00. thc cffect of CF and CL are ~umulative 
FBZ is takcn as FBZ x CFZ x CLZ FB y IS ta.k.cn a!ll FB y ' 

CFY 'CLY 

Min Ecccnnicity: 

The program chccks agatnst man. cccentncaty an followmg cases 
; 

b 
. FRAME membcr and nota truss mc:mbcr 

a) Thc mc:m c:r as a • 
and undcr comprcssion. 

b) The value of actual axial comprcssive stress doc:s not 

c:xcccd 30% of thc allowablc: compressivc: stress. 
e) Thc aclUal momcnts about both a:tcs are less than momcnts 

that would be causcd duc to min. ecccntriclly. In thts 
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approach, Ihe momenl duc to mln cccc 1 . . . 
h · n ncuy Js laken as 

~~ e compress•ve load limes an ecccntricity of 1 m orO 1 
uepth whichever 11 largcr. · · x 

In case of mm. cccenlnciay, 

fb, is lakcn as f, '(6+1.5' JZ)/IEZIZD) é . . 
'JY)/ (EY/YD) by" lakcn as 1,, (6+1.5 

the following condilions are chct:kod . 

r
f,JFA + fb/(FBZ-JZ' f,J =<RATIO ~nd f IFA + ¡ I(FBY ¡y 
a) =< RATIO ~ by · x 

Shear S!ressc'i' 

~a~:c:~nlal Slresses are calculalcd and chcckcd .agatnst allnwablc 

f"'l = 3 x VY /(2 x Arca x SSF) =< fVZJf _ 
:>ISF) =< FVY •y - 3 ' VZ 1(2 • .-\rca , 

.J.3 Input Specification 

l
A lypocal seo of inpul commands for STAAD TIMBER DESJGN 
ISIC::d beJow; IS 

UNIT KIP INCH 
: PARAIIETER 
CODE TIIIBER . 

GLIILAII 1:16F·V3-DF/DF ÚEIIB 1 TO 14 
GLULA111:22F·E5-SP/SP IIEIIB 15 TO 31 
GLULAII 2:3-DF IIEIIB 32 TO 41 
LAIIIN 1.375 LY 168.0 IIEIIB 5 8 15 TO 31 

. LZ 178.0 IIEIIB 1 TO 4 8 1" 8 10 TO 14 
LUZ 322.& ALL·· · 
LUY 322.6 ALL . : 
WET1.0ALL""·' ,e~: 
é:oi1·.3:J ·;:--· ·¡-,.., 

· ~sF o:as : ~· 1 ·..- ... !! 

BEAii''1:ó ALL"'.¡' ' ..... , ... 

.. ; ... , 

. : '1 .. . .. ·:(. 

. ''·~ 
' . ·'''·' 

1: 

• = 

:'; 

CHECK CODE 1 TO 14 
SELECT MEMB 15 TO 31 

Input Commands and Parameters Explained 

S.Cúoa • lu7 

Specify PARAMETER •n<l ohcn CODE TIMBER oo Slarl TIMBER 

DESIGN beforc specifying thc input paramctcrs. Thc uscr must 

providc the umber grade (GLULAM GRADE) for cach mcmber he 
!Rtcnds to destgn. Thc paramcters can be specificd for all or 

o;pccificd list of mcmbcrs. lf a paramctcr is oot spcclficd. the 
ddauh value 1S ass1gncd to it. Scc following lNPUT 
·P:\RA~ETERS LIST TABLE for dcscnpuon and Jcfauh valucs of 

Lhc paramctcrs. 

Glulam Grade & Allowable Stresses rrom Table 

Thc allowable stresscs for GLULAM members are read in from 
Table-1 and Tablc-2 of AITC for Jcs1gn valucs for Structural 
Glucd L.lmiDatcU Ttmbcr. The strucLural mcmbcrs are 10 be 

speclfied tn the followtng manncr: 

T .lblc . 1 Mcmbcrs : 

T.1blc 
So. 

Combanation 
Symbol 

Spcc1cs 
(Üulcr/con: 

~T~ 
GLULAM 1 : 16F-V3-DF/DF 
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Ttmbc:J- Daign 

'rabie - 2 Mcmbcrs : 

Table Combinalion Spec1es 
No. No. 

~Ti---...J 
GLUlAM 2 · 3 · DF 

For TABLE-2 mcmbers, thc apphcablc stress valucs are sclc~.:tcd 
bascd on thc dcpth and lhe number of laminauons. Picase note h..:rc 
thatlaman:uion th1ckncss (in inchl ~an bc'prov1dcd by lhc uscr and 
in case ll1s not provilicd thc defaull is 1akcn J:r. 1 5 in..:h. Usually, it 
1s \!llhcr 1 5 inch or 1.375 mch .. 

4.4 Code Checking 

Thc CHECK CODE command cnablcs the user to check thc 
adcquacy of thc si.tc ( YO X ZO 1 prov1dcd m thc MEMBER 

PROPERTIES for thc most cmical forccs and mumcnts. Thc 
program prints whcthcr th~.: mcmbcr has PASScd tlr FAIL:li. thc 
critacal conduaons and thc valuc of thc ratio. 

:.s Orientation of Lamination 

·,( 

Laminations are always assumcd to Jic along thc local Z-planc of 
thc mcmber. The user may picase note that in MEMBER 
PROPERTIES scction, YO always rcprcscnts thc dcpab of thc 
scction across tbe grain and ZD represenas the width along thc 
grain. 

1!1 1 1 

:1 j 

:• ::1 
4.6 

:11 D 

:1 1 

:• 1 

.•. ll 

""'""" " 1 119 

V 

l 

YD l. w! y 

\[) 

/J) 

Member Selection 

. 'bl Thc SELECT ME~BER command 'itarts Wlth thc mtn. pcrtniSSI e 
Jc th (or mm. dcpth provldcd thru DMIN paramctcr) .md chccks 
h p ·odc lf thc mcmhcr fa¡\s w¡th thls dcpth. thc thlckncss IS 

t e ' ed. by onc lammation thl~knco;s and thc ~.!oda\ rcqUircmcnts 
ancrcas s e· 
are chcckcd agam. Thc proccss IS continucd ull thc sccllon pa s s 
;~\\ Lhc ..:odal rcqu¡rcmcnts. Thas cn,urcs thc lcast we¡ght sccuon for 

b Ir 'he depth of thc ... cction rcachcs max. allowablc or thc mcm cr. h h 
JvaJiablc dcpth and thc mcmbcr ·mil falls. thc uscr ca~ ave t e 
rllllnwtng opliuns ror redcslgn: 

11 Changc thc Wldth or mcrca:r.c t e -h ma:x Jl\ow.ablc Jcp1h 
IDMAXl 

u) Changc thc timbcr grade 
iil) Change thc dcs•gn paramctcrs. 

Table 4.1 - Timber Oesign Parameters 

Parameter Oefault Oescription 
Na me Value 

~ Length of ; Effective length of the cotumn 
t11e Membe~L) 10 Z·élXIS. 

!.Y -DO- Sama as above in y-axJS. 

ug 1.92"L Unsupponed etfectJVe length 
tor beam '" z. 

!JlY . 1.92"L Unsupponed eHectlve length 
for beam '" Y· 
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Table 4.1 - Timber Oesign Parameters Cont. 

Parameter 
N ame 

g¡r 

!clE 
CTM 

kQl 
flAIIO. 

~INATION 

~M 

~otc: 

Default 
Value 

00 

1.0 

1.0 

1 o 
1.0 

1 o 
1.0 

1.50 •ncn 

o. o 

Description 

o. o- dry condJUon 
1.0 - wet condmon 
wet use lactors are •n-budt 

Net sect1on factor lar tens•on 
members. (both shear and 
tenSJon stresses are based 
on sectlonal area x nsf ) 

Ouration of load lactar 

Form lactar 

Temp. lactar 

Curvatura lactar 

PennJSSible ru.oo of actual to 
aJ/owaltle stresses. 

ThJCkness ot lam1nauon •n 
onch (1.50 or 1.375) 

0.0 = destgn lar end !orces or 
atlocauans speclfied by 
sectson command. 

1.0 = cakulate moments at 
tenth along the beam 
and use lhe max:. lar 
des•gn. 

1. In case thc column buckJing is restra.incd an Y and/or Z 

dircction provide l Y and/or LZ as zcro(s). Stmllarly, lateral 
bcam buck.ling tn Y and/or Z direcuon could be rcstraincd by 

providing LUY and/or LUZ as Lcros. 

ii. Sizc Factor, larcral stability and moisturc content factors and 
fcw othcrs are cilhcr calculatcd or rcad from tablcs wilhm thc 

program. 

.. 

•· .1 1 

Sc:ctioa 4 121 

SA~PLE OUTPUT RESULTS 

S"l"AAD COOE =-m::KIM: - (AI':"CI ........................ 

:u:s..-.. TI ül:7:CAL c:om1 Yr.1'!:0/ ~!.'IIJ/ 
:'X :ofY :1Z :..:x:A':':Q\1 

-~~·:::~::o::~u:=~~=::::::::: ••• ·:::::"'""'"'"•••o:o::z::::::::::::::* 

2 ?'{ s ooox;s.ooo ;u;.. 

J "9: 3.;1COX:).000 tU:.. 
:o.04 e 

70'1·C:.. 5-:8 

a " 

':"e' ·=--· s- ·.a 
:J. :JO 

1.205 
.\S. J8 

S":"M.D ~ :;~:a. · tA::"CI ············ ·········· .... 

u::sr.;t;:"l o:-:-:CA;. com1 
:'X '!N 

AATIOI 

"' 

J. JOCO 

J. JOOO 

•:::~••=::I00~11I~=I*IIIIO:I:ISI2o .. •:=~~::o~ .. ···•• 11 ••"""'""1I1I<'I::::=:••oo 

~ "'!. ~.QOOX!8.:l00 :>ASS ':"C''.C'-. 5-~8 0.860 O 
00

2
00 2.2• e o.oo 45 l8 

··------~··· -· .. ··-- -······ -~· -· ·······.-. ·-----···¡ 
!'CDIB- --·;·~-~'16F~Vl·i:FIIIIif t.NI.•l.500 :.nTS: :>aN>-~ 1 

:..z:24!l.JO ::t•240.:l0 :....'Z:240 00 :;.."t•240.00 ,.7. •O.:D ,;y :l. lOO :::;: •. :lOO : 
, , ::10 ~o 0 co•t.DO ~ .. t.oo C:Z•O '' CFYI •. oo C'....Z.=LJOO .-t•LODO , 
~-~: ~ •• l5 56 ~,1260.41i,íby= 0.00,!-n• 4!.:4.~= 0.00 1 

! ,: :o. :. ~A• lli6:61:FBZ .. l545.01.<"3V• 950.~0.:vl=HO.JO.:v'!~ll0.00' 
j ~:-~:. ~-. -------··- -----·.- ----·- ..... -- -···- ------------. -· ----·' 
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Tímbcr Dcs1gn 

Output Results and Parameters Explained 

.For CODE.CHECKING and/or MEMBER SELECTION 1hc uu1pu1 
results are pnntcd as shown in thc prcv1ous sccuon. Thc itcms .uc 
cxplaincd as follows: 

' a) MEMBER rcfcrs to thc mcmbcr number for wh1ch thc dcsign ¡
5 

performcd. 

b) TABLE rcfcrs to thc sitc ofthc PRISMA TIC scction (8 X O ur 
ZD X YD). 

e) RESULT prints whcthcr thc mcmbcr has PAS5cd or FAILcd. 
d) CRITICAL COND refers 10 lhc CLAIJSE ur FORMIJLA :-lO. 

from lhc TIMBER CONSTRI.:CTION MA:-lUAl (3rd. Eduion, 
AITC.J9H5) which govcrncd thc dcsign. St:e followsng tJ.blc: 

Critical 
Coodilioo 

CLAUSE 5-19 

CLAUSE 5-IH 
CLAUSE 5-42 
CLAUSE 5-24 
CLAUSE 5-40 

Gonrning Critcria 

Axial Comprcss1on and Bcnding with 
MINIMIJM ECCENTRICITY. 

A.ual Compress10n and Bcnding 
Ax1al Tens10n and Bcnding 
Horilontal Shcar 

Lateral stab1i11y for nct comprcssivc !ltrcss 
tn case of Tcnsion and Bcnding. 

e) RATIO pnnts thc rallo of the actual sucsscs to allowablc 
sucsscs for the critical condition. Th1s ratio is usually thc 
cumulauve ratio of strcsses in thc inleractiun formula. In case 

of shear govcrning thc design. U means the ratio of thc actual 
shcar stress to allowablc shcar slrcss. (f this value cxcceds the 
allowablc ratio (dcfault 1.0} the mcmbcr is FAILcd. 

t) LOADING providcs the load case numbcr that governed. 

gJ FX, MY and MZ prov1de the design axial force, moment in 

~ocal Y axcs and momcnt in local Z axcs rc~pcctivcly. FX value 
1s followcd by a lcuer C or T lo denote COMPRESSION or 
TENSION. 

~ 

rw 

:-
•• 
;1 

li 
lj i. . i 

1 1 

J 
Scc:uon 4 123 ., hl LOCATION specafics the actual distancc from thc stan of the 

i membcr to thc scction whcrc dcs1gn forces govcrn in case 
BEAM command or SECTION command is specafied. 

:·11 
OUTPUT paramctcrs that appear wnhin thc hox are cxplaaned as 

fullows: 

1 
•• MEMB refers to the same mcmber numbcr for wh1ch thc dcsign 

. , 1s pcrformcd . 
bl GLCLAM GRADE rcfcrs to thc grade of the tlmbcr. 
,¡ L\M refers 10 laminauon 1hickness providcd in thc 1nput or _, assumcd hy thc program. Scc INPUT PARAMETERS secuon. 
d) LZ. L Y, LUZ and LUY are thc cffcctivc lcngths as provided or 

calculated. Sce INPUT PARAMETERS sccuon. 

!1 <l JZ and JY are thc modifícn for the P-DELTA effcct about Z-
axis and Y-ax1s rcspccuvcl:-'. Thcsc are calcula1ed by the 

1 
program. 

n CDT. CSF. WET. CCR. CT~ J.rc thc allowablc sucss 

moc.lificrs cxpla1ncd tn thc 1:"/Pt.:T P:\RAMETERS sccuon. 

11 
g) CFZ and CFY are values of thc silC factors in the Z·3liS and 

Y-ax1s rcspccuvcly. CLZ and CLY reprcscnt the factors of 
l31cnl .;tab1hty for heams about Z-ax1s and Y-ax1s respectively. 
Thcsc valucs are pnntcd to hclp thc uscr iCC the mtcrmcdiatc 
de\lgn valucs and re-check thc dcs1gn calculat1ons. 

h) fJ. fh1.• fby• f,~. and fvy are thc .1ctual axial stress. bcnding 
strc~sc~ about Z and Y axcs and horuontal shcar ltrcsscs about 
z J.nd Y axcs respcct1vcly. lf 1hc bcnding momcnls about both 

;ucs are lcss thcn thc cccentnc momcnts bascd on m1n. 
ccccntncily then bending <;trcsscs are calculatcd bascd on the 
min. cccentncity. Rcfcr DESIGN OPERATIONS scct10n for 

dctails. 
1) FA. FBZ, FBY. FVZ and FVY are thc final allowablc axial. 

bcnding (Z and Y axes) and horilOntal shear (Z and Y axes) 

sucsscs. Refer DESIGN OPERATIONS section for detaiis. 
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STAAD Commands and 

Input lnstructions 

--------------- Section 5 
Thts scctton of the manual descnbcs tn deta•l vanous commands 
and relatcd instructtuns for STAAD. Thc uscr uuliLes a command 
languagc formal 10 cammunicatc instructions 10 lhc program. Each 
of thesc commands cllhcr supplics ~ame data 10 1he program or 
mstructs 11 to pcrform 'lome calculauons usmg the data already 
'ipectficd. Thc command languagc formal and convenuons are 
dcscnbcd 10 Seclion 5.1. Thts as fulluwcd by J. dcscnptton of 1hc 

Jvailablc ~o:ommands. 

,\lthough STAAD input can be crcatcd 1hrough thc ~odcling modc. 
1t is vcry 1mportant 10 undcrstJ.nd thc command languagc. Wllh thc 
knowlcdgc ()f thts languagc, 11 LS e as y to unt.lcrstand lhc problcm 
Jnd add ur cummcnt data J.S neccso¡ary. Thc general scquencc tn 
whtch thc cummanth shuuld appcar m J.n mpu1 lile ,hould idcally 

lollow the samc scqucncc 1n whtch thcy a.rc prcscntcd in this 
sccuon. Howcver. thc commands can be providcd m any arder wuh 

thc folluwing cxceptions. 

tl All dcsign rclatcd data can be provtdcd only after thc analysis 

command. 

ii) All load cases and load combtnalions must be prov1dcd 
togcther, cxcept in a case whcrc tf¡e CHANGE and RESTO RE 
commands are uscd. Addiuonal load cases can be provided in 

thc lattcr pan of inpul. 

All input dala provided is stored by the program. Data can be 
J.dded, dclcted or madi Jied withm an eüs1ing dala file. 
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STAADeo.......,....,lnput~ 

Input lnstructions 

Command Language Conventions 

~ ... 
·,( 

Tbis scclion descnbcs lhe comm d 
Firsl, the vanous elcments of tb a~ laoguagc uscd in ST AAD. 
thc command format IS d .bee anguage are dJscussed Jnd lhcn 

cscn d m dcta1l. 

5.1.1 

'61 
•. ::1 

'CJ 

Scctioo j; 

Elements of The Commands 

a) lnteger Numbers: lntcger numbers are whole numbers written 
wuhout a decimal point. These numbers are designated as i 1, 

12, cte., and should nol con1ain any decimal pomt. Signs ( + or. 
) are pcrmllted tn front of these numbers. If the s1gn IS omitted, 
11 1s assumcd to be posilive ( + ). 

b) Floating Point Numbcrs: These are real numbers which may 
contain a decimal portian. These numbers are designated as f 1, 

f 2 ... etc .. Values may ha ve a decimal point and/or e:tponenl. 
Whcn spccsfymg numbers wHh magnllude less than 1/100, itts 
advisablc to use thc E formal to avoid prccision rclated errors . 

Example 

5055.32 0.73 ·8.9 732 
5E3 ·3.4E-6 
etc. 

Whcn thc stgn is omtttcU, it is assumcd to be posttivc (+). Also 
note that thc dcctmal potnt may be omiucd., tf thc dcctmal 
portton of the nurnber is zcro. 

e) Alphanumeric: These are charactcrs whtch are used to 
conslruct the names for data, tttles or commands. Alphabctic 
charactcrs may be mput in uppcr or lowcr case lcllcrs. No 
quotation mark.s are nccded to cnclosc them. 

Example 

IIEIIBER PROPERTIES 
'1 T~ a TABLI:,~T.W~~f. 

...... ' .. ~.:..·~ .. ' .~ ...... . 

d) Repetitive Data: Repetitive numerical data may be providcd 

by using thc following.fonnat: 

117 
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n•r 
wherc n :: number of times data has to be repeated 

f:::: numcnc data, mtcgcr and floating point 

Example 

JOINT COORDINA TES 
1 3. o. 

Thas joint coordmate spcc1 ficauon as samc as: 

1 o. o. o. 

1 

-~ 

:a 1 

1; j 

•; 1 

•: . 
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5.1.2 Command Formats 

a) Free-Formal Input: All input to STAAD is in frec-form:u 
style. Input data itcms should be scparatcd by blank o;paces or 
commas from thc othcr input data ilcms. Quotation marks are 
ncvcr nccdcd to separatc any alphabetic words such as data. 

commands or titlcs. 

b) Commenting Input: For documcntauon of a ST AAD data file. 
the facility to prov1de commcnts is available. Commcnts can be 
included by providing an asterisk (•) mark as the first non­
blank charactcr m any linc. Thc linc w11h the comment is 
··cchoed" in the output file but not proccsscd by the program. 

Example 

· .. 
JOINT LOAD 
• THE FOLLOWING IS AN EQUIPMENT LOAD 

2 3 7 FY 35.0 
eic. 

e) ~eaning of t:nderlining in tbe M:anual: Exact ¡;ommand 
formats are dcscribcd in thc lattcr partof thas sccuon. ~hny 
words in thc commands and data may be abbreviatcd. The full 
word intcndcd as givcn in the command dcscripuon with the 
poruon actually rcqu1rcd (thc abbreviation) underlincd. 

For cxamplc, if the word MEMBER is used in a command, only 
thc portian MEMB nccd be input. lt IS clcarcr for othcrs 
rcading thc ou1put if the cntirc word is uscd, but an 
experienced user may dcsirc to use 

1
.1he abbreviations. 

d) ~eaning or Braces aod Parcntbesis: In sorne command 
fonnats. braccs endose a numbcr of choices, wh1ch are 
ananged vcrtically. Onc aod only onc oC thc cboiccs can be 

sclected. However, sevcral of the listcd cho1ces may be 
sclccted if an astcrisk (•) mark is Jocated outside thc braces. 
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ST AAD CommandJ and lnpu1 lnsltUctiOIUI 

Example 

{ii} 
In the abo ve examplc, thc Ul:ICf must makc a chotee nf XY or 
YZ or xz. '\ 

Example 

~ere thc Ul:lcr can choosc une or all of thc lisung (FX. FY and FZ) 
tn any arder. Parcnthc:~.c:~.. ( ), cndosang a poruon uf a ~ommand 
indicatc that thc cncloscd portian as optional. Thc prcscncc or 
abscnce of thts portian affccts thc mcaning of thc command . ..ts 15 

cxplaaned in the dcscripuon of the parucular command. 

Example 

PRJNT (MEMBER) FORCES 
PE~FORM ANALYSIS (PRJNT LOAD DATA) 

In lhe firSllinc, thc word MEMBER may be omiucd wtth no 
change of thc mcaning of thc command. In thc sccond linc. 

command may al so be omiucd, in which case thc load data wtll no1 
be prin1ed. 

e) . Multiple Data Separalor: Muhiplc dat:t can be provtdcd un a 
single linc, if they are separated by a semicolon (;) charactcr 

• ·1 .S 
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One reslriction is that consecutive commands can no1 be 
separatcd by a semicolon. They must appear on separatc lines. 

Example 

n 

MEMBER INCIDENCES 
1 1 2; 2 2 3; 3 3 4 
etc. 
Poaalble Error: 
PRINT FO"CES; PRINT STRESSES 

In the above case. only the PRINT FORCES command IS 

proccsscd and thc PRINT STRESSES ~ommand is 1gnorcd . 

Listing Data: In sorne STAAD ~.:ommand dcscnpuons. thc 
word ''list~ is uscd to idcntify a list of JOÍnts, 
mcmbcrs/clemcniS or loading ca:~.cs. The formal of a líst can be 
dctlned J.S follows: 

list = . {ix¡''~ll \:·¡-¡¡;; !.Jl } 
_ or ! or f. 

TO mcans all integcrs from thc first (i 1J to thc sccond (i:!) 

mclus1vc. BY means that thc numbcrs are ancrcmcntcd by an 
amount cqualto thc third data 11cm (i 3). lf BY t3 is omiued, the 
10crcmcnt wtll be sc1 to one. Sometí mes the lisl may be too 
loog to fit on one linc, in which case the list may be .;ontínued 
to thc: next line by provldtng a hyphen preceded by a blank. 
Also note thal only a list may be .;onunued and not any other 

1ype of dala. 

Jnstcad of a numencal list, the spectficauon X ( or Y or Z) may 
be uscd. This spccification will include lll ~EMBERs parallel 
to the global dirc:ction specificd. Note tha1 this is no1 
apphcablc 10 JOINTs or ELEMENTs. 

Example 
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_ ·H' TO 13 BY 2 19 TO 22 • 
28 31 TO 33 FX 10.0 

ST AAO C'omrnuds and lnpu.t lnstructions 

Thla llat of ltema la the aame aa: 
247911131920212228313233FX 10.0 
Poaalbie Error: 
3 STO 9 11 15 • 
FX 10.0 \ 

In this case, the continuation mark ror list items is used whcn 

hst ilcms are not conunucd. This will rcsuh in an error 

mcssagc or possibly unprcdictablc rcsuhs. 

. 1.3 Listing of Members by Specification of 
Global Ranges 

·~ 

This command allows thc uscr to spccafy hsts of membcrsJclcmcnts 
by providing global rangcs. Thc general formal of 1he spec1fication 
is as follows. 

General formal: 

{
XRANGE} 
YRANGE 
ZRANGE 

whcre, 

XRANGE. YRANGE. ZRANGE = dirccuon of rangc (panllcl to 

global X, Y. Z ducctions 
rcspcctivcly) 

rJ. f2 :::: valucs (in currcnt unü systcm) thal defines thc spectficd 
range. 

1 .. 

• 1 
1 

i 
_j__ 
·~ 

.. 

Sc<Uoos lw 
Notes 

1) Only onc rangc dircction (XRANGE, YRANGE cte.) is allowed 
per lisa. 

2) The values delining the rangc (fl, f2) must be 10 the current 

umt system. 

Example 

MEMBER TRUSS 
XRANGE 20. 70. 
CONSTANTS 
E STEEL YRANGE 10. 55 . 

In the abovc cxamplc. a XRANGE !S spcciJicd with valucs or ~0. 
and 70. Th1s rangc w!ll includc .111 mcmbcrs lymg cmircly wuh¡n a 

range parallcl lo lhc global X-ax1s and limucd by X=20 and X=70. 
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STAAD Commands 

.2 Problem lnitiation And Title 

S•<t 

·1ion 1.1 

Purpose 

This command iniliates thc STAAD run, allows the user to spccify 
the type of the structurc and an optional ti tic. 

Generallormat: 

nAAD ~e~) 
IHllSS 

OA 

Oeacription 

(any tille a 1l 

Any STAAD input hils to start with the word STAAD. Following 
type specifications are available: 

PLAN E:::. Plane frame suuctwe 
SPACE:::. Space frame slructure 
TRUSS:;; Planc or space truss structure 
FLOQR:;; Floor suucture 

a1 = Any title for the prablem. This tille wi11 appcar an thc top af 
evcry outp.ut page. To include addltlonal information in Lhe pagc 

hcader, use a comment linc containmg thc perunent information as 
thc secood linc of input. 

Sec:tion S 135 

Notes 

1) The user should be carcful about choosing thc typc of the 
structure. The choice is dependenl on the various degrees of 
frcedom that need to be considcrcd in thc analysas. The 
following figure illustrates the dcgrees of freedoms considercd 
in the various type spccificalions. Detailcd discussaons are 
avatlable in Section 1.3. 

>TRI 01 Rt DPIS 

1'1 \,1- *¡ 

"P\CE 

1 BL ,._ :1> !) 

H 0011: 

:!) Thc npuonaltitlc provtdcd by thc uscr is printcd on top nf 
cvcry pagc af thc output. Thc uscr can use thas facaluy to 
customi~:c his output. 
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5.3 Unifiiiiii!Jpecification 

STAAD Cornnwsdl &Dd lnpullnstructions 

Purpose 

Th1s command allows lhc uscr to spcc1fy or changc lcngth and 
force unils for input and outpul. 

General lormat: 

l.llifT • {length-unit } 

force-unit 

~HES 
fS&Torfi 

length·unit " º" METER 
MMS 
DME 
!Y! 

!le 

lon:.unit " 

PO UNO 
!ill 
MTON 
~ON 
KNS 
MNS 

Note: 

DME denotes Declmctcrs. MNS denotes mega ~cwtons 
(1000 Ncwtons) and DNS denotes DccaNcwtons (lO 

ncwtons). MTON denotes Mctric Ton t JOOO,IOiograms). All 
othcr unils are sclf cxplanatory. 

Descrlption 

The UNIT command can be spcc1fied any number of times during 
an analysis. All data is assumed to be in the most rccent umt 

specification preceding that data. Also note that thc input-unit for 

• r :¡ 

~.· 

S<ctiooS lu1 
anglcs is always d.cgrccs. Howevcr, thc output unit for jomt 
rotations (in JDint displaccment) as radians. For all output, the units 
are clcarly spcc1fied by thc program. 

Example 

UNIT KIP FT 
UNIT INCH 
UNIT CM MTON 

Notes 

Thas command may be uscd as frcqucntly as nccdcd to -.¡pcc¡fy data 
nr gcncratc output m thc dcsircd lcngth a.nd/or force unus. ~ote 
that mu and match hctwccn diffcrcnt unit systems (Imperial. 

\ictnc. SI eh:.) are allowcd. 
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5.4 lnput/Output Width Specification 

Purpose 

These ~ommands may be uscd 10 spcctfy thc width(s) of thc lines of 
thc input and/or ouput flie(s). 

General tarmat: 

{
!.tifUT } 

Q!!IPUT 
l!Y!QTH i1 

For INPUT WIDTH. 
i 1 = Numbcr of charactcrs pcr linc in the input file lo be processed. 

For OUTPUT WIDTH. 
i 1 ;;; 72 or 1 18 dcpcnd.ing on narrow or wtdc tlutput. 

Oeocriptlan 

Thc user may spc,tfy thc rcqutrcd mpulloutput wtdlh, as rcqutrcd. 
using lhts command. For INPUT width. any numbcr up to 79 may 

be provtded. Thc deiault tnput wtdth is 72. lf thc tnput wtdth ts 
more than 72, thc output musl be pnnted on widcr papcr. on .1 

pl"intcr capablc of handling up to 11M chal"actcrs. 11 should be 

remcmbcrcd that a narrowcr mput wtdth rcsult!!. in fastcr hnc 
scannmg and therefol"c incrcases thc spccd of cxcculion. Thc 

program can crcatc output usmg ¡wo diffcrcnt output widths · 72 
(dcfault) and 118. Thc 72-character wtdth may be used for display 
on most CRTs and for prtnllng on 8-112" wide papcr. The 118-

charactcr width may be usc:d for pnnting o o 1 1" wide papcr. 

Notes 

This 1s a customit.ation factlity that may be uscd to improvc: thc 

prc:sentation quality of thc run do,umenls. 

.,, -

1 

.::a 

1~ 1--r-
1 

\8$:il 
l...L.. 
~ 
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5_5 Set Command Specitication 

Su s~c1ions 

5 18 and 53 

Purpose 
. 1 h cr 10 sel various general specifications 

Th1s command al ows t e us 
for thc Jnalysts/dcstgn run. 

General formal: 

NL ;, 
CONNECTIVITY i2 
OISPLACEMENT i3 

ECHO {::F} 

whcrc. 
\1axtmum numhcr of pnmary load ..:asco; t~Ll 

l¡ ;;; . b r mcmbcr~ (or clcmcnls) cunncctcd lO a 
1:!::: Maxtmum num er o 

JOIDI. h 
11 ble displacament for anv JUIDI IR t e ¡

3 
= \1ax1mum a owa · 

!!olrUCIUTC. 

oescription 
. . 1 · le j.nalysis run if thc uscr 

Thc SET ~L command ts uscd IR a mu up 
wants to add more pnmary load cases after onc analysts has bcen 

pcrformcd. Spcctfically. for those cxamplcs. wh¡ch use~:~ 
CHA:'IIGE or RESTO RE command. if thc user wants lO a . more 

pnmary load cases. the NL valuc should be sct lO lhclt~~x:~:~ble 
mbcr Wlth thc SET NL command. Thc program wt e 

nu · f · lO be added latcr. 
to sct asidc addiliunal core space for tn ormauon . 

h h. mmand should be prpvtdcd befare any JO!Dl, 
!'lote 1 at t 1s co h Id 1 be 
mcmbcr or load spcclfications. Thc valuc for 1¡ s ou no 
grcatcr Lhan the maximum number of primary load cases. 

The SET CONNECTlVlTY command may also be llSed to specify 
. mbcr of mcmbcrs (or clcmcnt~) thal may be 

thc max1mum nu . 
coooected toa joint. Thc; defallll valuc IS sct to lb IR the program. 
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lf it ts nccessary to connect more than 16 mcmbers (or clemcnts) lo 
a joint, thc SET COnnc..:tivity option may be uset.l. This command 

s.hould be posiuoncd bcforc the JÜINT COORDINA TE 

spcc1fications. 

Thc SET DISPLACEMENT commant.lts uscd to spcctfy thc 
limuing valuc of displacemcnl for use in convergencc check!. of 

dtsplaccmcnls whcrcvcr apphcablc s~ch as a NOÑ-LINEAR 

ANAL YSIS. This command should be placcd bciorc thc JOINT 

COORDINA TE spccification. 

Thc SET ECHO ON cummand will actívate and thc SET ECHO 
OFF command will deactivate thc ccho1ng of tnput lile commands 
in thc oulput file. In thc abscn~.:c of thc SET ECHO ..:ommand. input 

lile ¡;ommands w11l be cchocd back lO thc oulput file. 

By dcfault, thc Y -axas 1~ thc vcnical axt!l. Howcvcr. th&: SET Z UP 
¡;ommand may be uscd to modcl situations whcrc Z-axts rcprcscnts 
thc vertical .u:is (dm:cuon uf grav11y load) uf thc suucturc. Thh 
suuation may ansc tf thc tnpul gcomctry l!l crcatcd through \O me 
CAD soflwarc. Note that this command will affcct thc defauh 
BETA :mglc spccification. Howcvcr. BETA can he ~el toa ccrtain 

value for all mcmbers parallcl to a panicular global a:r.is by usmg 
thc MEMBER X (or Y or Z) typc of hsting. For addlltonal 

mformation, sec the CONSTANTs <ipcctficallon CSccttun 5..~6). 

Notes 

Thc SET Z UP Command t.lircctly mOucnccs thc values of thc 

foltowing input: 

1) JOINT COORDINA TE 
2) Input for the PERFORM ROTATION Command 

3) BETA ANGLE 

S<cuooS lt41 

Thc following fealUrcs uf STAAD cannot be uscd with the SET Z 

UP command: 

1) Wind Load Gcneration 
2) Floor Load Gcncr:uion 
3) Au10mattc Gcncrauon of Spnng Suppor~s for Mat Foundations 
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- 6 Separator Command ''\ 

c-cuon 

. ,, 

1 

Purpoae 

Th1~ command may be uscd to spcc1fy the desired scparator 
charactcr that can be uscd 10 scparate muhtplc !mes of data on a 
sanglc linc of 1nput. 

General formal; 

illARATOR a 1 

Descriplion 

Thc ~Cmlcolon (;) is thc Jcfault chara~o:tcr wh1ch funct 1ons .:as thc 
scparator for muh•plc hnc data un une lmc. Howcvcr. 1h1s 

scparator charactcr can be changcd by thc SEPARATOR command 
to any charactcr a 1, othcr !han thc comma or astcnsk. 

No tea 

Comma (,J or astcrisk ( •) may not be u sed as a s,cpcrator charactcr 
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5.7 Page New Command 

Purpase 

This ~.:ommaml may be uscd Lo tnstruct thc program tu start a ncw 

pagc of nutput. 

General format: 

Description 

Wi1h th1s .:ommand. a new pagc of ou1put can be startcd. Th1s 

command prov1dcs 1hc !lcxlbllity, thc uscr nccds, to Jcs1gn the 

outpul formal. 

Notes 

Thc prcscntation quality of thc ouaput documcnt may he 1mproved 

by using this command prupcrly . 
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5.8 Paf¡ 

ST AAO Commancfa and lnpu1 lnstnlctiOfll 

.ength/Eject Command 

Purpoae 

Thcsc commands may be used to spccify lhc pagc lcngrh of 1hc 
output and the desircd pagc ejec1 cbaractcr. 

General format: 

{
LENGTH i } 

~CT a1 

Thc pagc lcngth in ST.\AD outpul 1s ba~cd on .a dcfauh valuc uf 60 
lincs . Howcvcr, thc uscr may changc 1hc pagc lcngth to any 
numbcr i (numbcr of hncs pcr pagc) dcsircd. 

Deocrlptlon 

Standard pagc CJCCI charactcr (C~TRL L for PCs and 1 for 
Mlm/MfrmJ •s cmbeddcd m thc STAAD program. Thc PAGE 

EJECT command wilh thc input of thc charactcr a
1 

will ahcr thc 
dcfauh pagc CJCCI charac1cr in thc program. A blank charactcr wlll 
supprcss pagc CJCCtion. 

. .¡ 
>. 
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5.9 Ignore Specifications 

Purpoae 

This commclnd allows the uscr to providc membcr lists m a 

convcnicnt way wilhout tnggertng error mess.ages penainmg lo 
non·e:ustent member numbers. 

General format: 

IGNORE LIST 

DescriptiOn 

IGNORE LIST may be uscd 1f the uscr wants thc program to ignore 
any nonc~r.lstent mcmber that may be indudc::d m a mcmher list 
spct:tficauon. For example, for thc sake of Slmphctty. a list of 
members may be spcc¡ficd as MEMB 3 TO -W whcrc membcrs 10 
.1nd 11 Jo nut cx1~1. ,\n c::rror mc'i~<~gc can be avmdcd ln th1~ 
'i1tuat10n by provu..ling thc IGNORE LIST .;ommand anywhcrc m 
thc bcginnmg uf mput. A warnmg mc~sagc. howcvcr .. wlll appcar 
for cach nonc,.istcnt mcmbcr. 
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10 No Design Specification 

Purpaae 

This comm~nd allows.thc user 10 declare 1ha1 no dcsign opcrallons 
wtll be pcrlormcd dunng the run. Thc mcmory rcscrvell for dc

3
ign 

wtll be rcleascd lo accomodatc largc? analysis jobs. 

General formal: 

!.lifUT HQQESIGN 

Deacription 

STAA? always assumcs that al sorne pomt in thc input, thc u!oer 

ma~ Wtsh to pcrform dcstgn for sacel or concrete mcmbers. Thcsc 
dcstgn proccsscs rcquirc more computcr mcmorv. lf mcmory 
ava1~abiliLy 1s a problcm. thc abovc command m.ay be uscd 

10 
chmtnatc extra mcmory rcqu¡rcmeDis. 

:• JI 
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5.11 Joint Coordinates Specification 

Purpaae 

Thcsc commands allow thc user to specify and gcncratc the 
coordinatcs of Lhc JOINTs of thc structurc. Thc JOINT 
COORDINA TES command mtuatcs thc spcctficauon of the 

coordinatcs. The REPEAT and REPEAT ALL commands allow 
casy gcneratton of coordinatcs ustng rcpellllvc patterns. 

General formal: 

,¡Q[NT. COORDINA TES (CYLINDRICAL (REVERSE)) (NOCHECK) band·spec 

i,, x,, y,, z,, ( i2, x2, Y2• Z2, i3) 
B.EPEAT n, xi1, yi1, zi1, (xi2, yi2, zi2, ... , x:i 0, yi 0 , zi 0 ) 

B.EPEAT !Ll n, xi1, yi1, zl1, (xi2, yi2, zi2, ... , xi 0 , yi 0 , zi 0 ) 

band·spec = (NOREDUCE BAND) 

See Secuon 

1 5.1 

~OCHECK; Do nol pcrform check for mulliplc "itructurcs or 

orphan JOIRIS. 

Description 

Thc ~.:ommand JOINT COORDINA TES spccifics a C3tlcslan Coordinatc 
Systcm lSCC Figure :!.2). Jomts are dcfincd usmg thc global X. Y and Z 
'oordina1cs. Thc command JOINT COORDINA TES CYLINDRICAL 
~pccifics a Cylindrical Coordinatc Systcm (scc Figure 2.3). Joints are 
dcfincd usmg the r, O and z coordinatcs. JOINT COORDINA TES 
CYLINDRICAL REVERSE spectfies a Re verse Cylindrical Coordinate 

systcm (scc Figure 2.4). Joints are defincd usmg thc r. y and 9 
~.:oonlinalcs. NO REDUCE BAND causes thc progr:un to cxccutc without 

pcrfonning a bandwidth reducuon. 

Example 

JOINT COORDINA TES NOREDUCE BAND 
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.<EPEAT command causes thc prcvious line of mput to be 
repea~cd 'n' numbcr of times with specificd coordinaae incrcments. 
Thc REPEAT ALL command functions similar to thc REPEAT 
command cxccpt that H rcpcats all prcviously spec1fied mput hack 
Lo lhe most rcccnt REPEAT ALL command, or all jomt data ¡f no 
prev10us REPEAT ALL command has been g1ven. (When u::.mg the 

. REPEAT and REPEAT ALL commands, Joint numbcring must be 
consccutive and should bcgin wilh 1\) 

Thc joint numbcr for which thc coordina1cs are 

provu.lcd. Any intcgcr number (five digil max.) is 
pcrmittcd. 

X¡. Yt and l¡::: x. y & z (R, a & z ror cylindrical or R. y & 9 for 

cyhndncal re verse) coordinatcs of 1hc JOIRI. 

For PlA~E analyscs .t: 1 •s J.R opuonal data ucm whcn definmg 
mput for mdiv1dual j01ms . .t: 1 ts always rcqutrcd for joinl 
gcneration. Thc followmg J.rc uscd only 1f joints :~re to be 
gcneraaed. 

i1 = Thc sccond joinl numbcr to whach thc jomt 
coordina1es are gcncratcd. 

x2, y2, and .c2 = X, Y & Z ( R, O&. Z for cylindrical or R. Y & 8 for 

cylindncal revcrsc) coordinares of thc jomt 1
2

. 

Jomt numbcr incrcmcnt by whtch the generatcd 

JUÍRIS wtll be mcrcmcntcd. Defaults to 1 ¡f left out. 

n = ~umbcr uf umes rcpcat as lo be carricd out. Note 

that ''n" cannot cx,ccd 91i in any une smgle 
RE PEA T command. 

xik, yik & tik = X, Y & Z (R, 8 & Z (R, Y & 81) coordinatc 
increments for k th rcpeat. 

Thc X, Y and Z (R, 8 & Z (R, Y & 8J) coordina1es will be cqually 
spaecd betwcen i 1 and i2. 

1 .. 
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 6 50.25 0.0 8.5 

S.Ctioa S 1149 

In this cxample, X y z coordmates of joints 1 lo 6 are _provt_dcd. 

!'lote thal the joints betwccn 3 & 6 wtlt be gcncratcd Wllh J.Oints 

11 d from 3 lo 6 Hence J. otnt ..t will ha ve coordtnatcs of cqua y spacc · • . ., 
:!0 . .!5 0.0 8.5 and joml 5 will havc 'oordtnates of 35._5 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 

H he "0 JUIRI coordinatcs of a ten story 3 X -'·ha~ stru,ture ere. t ...... 1 ..t 
l d Thc REPEAT command rcpcats thc first mput me 

J.fC genera e - ., 1· 
ltmes. mcremcnting cach Z coordinatc by 15. Thus. the llrst- mes 

are suflicient lo creatc a "Ooor'' of twcnty JOIRLS. 

1 o. o. o. ; 2 15. o. o. ; 3 311. o. o. ; 4 45. o. o. 
5 o. o. 15. ; 6 15. o. 15. ; 7 311. o. 15. ; 6 45. o. 15. 

17 o. ¡¡:-60. ; 18 15. eL 60. .i 19 311. o. 60. ; 20 45. o. 60. 
_¡ !. . . ... , . • 

. . h 20 
Tb RE PEA T ALL command repcats alt previous data ( l.e. t e 

e d' b IOca'h jQmt ·noor") ten u mes, incremenling thc y coor mate y 
umc. Thas creates the 200 remammg JOtnts of thc stru(;[urc: 
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Example 3 

21 0.0 10.0 0.0 ; 22 15.0 10.0 0.0 ; •. , 
40 45.0 10.0 60.0 ; 41 o. o 20.0 0.0 ; ··" ; 
200 45.0 80.0 80.0 ; 201 0.0 100.0 0.0 ; ... 
218 30.0 100.0 60.0 ; 220 45.0 100.0 60;0 

The following cxamplcs lllustrate various uses of the REPEAT 
command. 

REPEAT 10 5. lO. 5. 

Thc abovc REPEAT cummand wall rcpc:u thc last inputlinc 10 
times using the samc sct of mcrcmcnts (i.c. x .:: 5 .. y .:: 1 0., L = 5.) 

REPEAT 3 2. 10. 5. 3. 15, 3. 5. 20. 3. 

The abovc REPEAT command will repcat lhc last input linc thrce 
times. Each rcpcat opcration will use a diffcrcnt mcrcmcnt ~ct. 

REPEAT 10 O. 12. O. 15•0 O. 10. O. 9•0 

Thc abovc REPEAT command will rcpeatthc last input linc 1 O 
umes; six times using x, y and 1. incrcments of 0., 12. andO., and 
fourt1mcs using incrcmcnts ofO., 10. andO. Each x, y and t. value 

of O reprcscnts no changc from thc previous incrcmca1. To crcate 
thc 2nd lhrough 6th rcpcau, ti ve sets of 0., O. and O. ( 1 5*0) are 
supplicd. The sevcn1h rcpcat is done with increments of 0., 10. and 

O. Tbc 8th through 10th rcpeats are done wnb the same incrcmcnts 

as 7, and is repreSented as 9•0. 

li' 
• 1 

Secuon 5 151 

Notes 

The PRINT JOINT COORDINA TE command may be uscd 1o verify 

the JOint coordinatcs provtded or gencratcd by REPEAT and 

REPEAT ALL commands. 

Also, use thc Posl Processing factlity to verify geomctry 

graphtcally. 
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5.12 Memcer lncidences Specification 

s~e SCCIIOn 

5.1 

.,, 

Purpoae 

· Thu sct of commands 1s uscd lo spcctfy MEMBERs by dcfinmg 

connectivity bctween JOJNTs. REPEAT and REPÉAT ALL 
' commands are ava¡lablc to facilitatc gcncration of repetí uve 

pauerns. 

Thc membcr/clcmcnt mcldcnccs mu)t be dcfincd such th:u 1hc 
.modcl dcvclopcd rcprcscnts onc smglc struc1urc only. not two or 
more scpar:uc structurcs. STA AO lllo capablc uf Lich!Clmg muJt1plc 
slructurcs au1oma1u:ally. 

General tormat: 

M.&.M.BER ~IDENCES 
i t' i2, i3, ( i4, is, ie ) 
fiEPEAT n, m,, j, 
B.EPEAT ALL n, m,, j, 

Deocriplion 

Thc REPEAT commamJ cauli.CS lhc prcv10us linc 1lf mpu1 10 he 
rcpea1cd 'n' numbcr of u mes wuh o;pcctficd mcmbcr .mll Jlllnt 
mt:rcmcnts. Thc REPE.-\ T ALL comm.md fun~.:uon) \tmzlar 10 1hc 
~EPEAT command cl:ccpt lhat il rcpcats all prcvzou~ly ~pcc 1 1ie-d 
mpul back. 10 thc mos1 rcccnt REPEA T ALL command orto thc 
bcginmng of thc spccJfication if no prcv10us REPEAT ALL 
command has bccn ISSucd. (When us1ng REPEAT and REPEAT 
ALL commands, mcmbcr numbcring musl be consccutivc). 

il = Mcmber numbcr for which incidcnccs .are prov1dcd. ,\ny 
intcgcr numbcr fmaximum six digus) i:t pcrmincd. 

i:! = Start joinl numbcr. 
i1 = End joint numhcr. 

1 

! .. 

:a 1 .• , ni 

li 1 

. ·: 
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The following data are uscd for memhcr gencralion only: 

,, = Sccond mc~bcr number 10 whtch mcmbcrs wlll be 

gcneratcd. . , = Mcmber numbcr mcremcn1 for general ion . 

'• = Jomt numbcr incrcmcnl which will be addcd 10 1he incidcnl 

JOinu. (i5 and i6 wtll dcfault to 1 1f lcftout.J 

n = :"Jumber of times rcpeat IS 10 be ~lrncd out. 

m, = Mcmbcr numbcr mcrcmcnl 

¡, = Jomt numbcr incrcmcnt 

Example 

IIEMBER INCIDENCES 
1 1 2 
2 5 1 5 
1 11 13 13 2 3 

In th1s I!Xamplc, mcmbcr 1 gocs from JUIDI 1 10 !. ~tembcr 2 ts 
conncctcd bctwccn JOIRI~ 5 and 7. Mcmbcr numbcrs from 3 10 5 
w1ll be gcncratcd wuh a mcmbcr numbcr tncrcmcnt •>f 1 and J. Jtllnl 
numbcr mcrcmcnl 1 (by dcfaullJ. Thal is. mcmbcr 3 gncs from ó to 
R. mcmbcr -4 from 7 10 9. mcmbcr 5 from !'t 10 10. Simtlarly. m thc 

nextlinc. mcmbcr 9 will be from l-4lo lb. 11 from 17 tu \9 and 13 

from :!0 to :!2. 

Addilional example 

IIEMBER JNCJDENCES 
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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This examplc creatcs the 510 mcmbcrs of a ten ~tory J X ~-bay 
structure (thls 15 a continuauon of the cxample stancd IR Sccuon 
5 12). Thc first inputlinc ~:reates thc twcnty columns of thc first 
nuor: 

1 1 21 ; 2 2 22 ; 3 3 23 ; ... ;~ 19 19 39 ; 20 20 40 

Thc two commands (~1 11 12 23 J.nd REPEAT -l 3 ~)~:reate 15 

mcmbcrs which are thc ~econd noor "nonr'' hcams runnmg. for 

cxamplc, an thc cast-wc~t dtrccuon: 

21 21 22; 22 22 23; 23 23 24 
24 25 26; 25 26 27; 2& 27 28 

33 37 38; 34 38 39; 35 39 40 

Thc ncxt two ~:ummands (36 ~1 :!5 JI) JntJ REPE.\T 3 ~ ~~ funcuon 
'i1m1lar to thc previou, two commands, bul hcrc crcatt: thc \t) 

sccond noor "Ooor" bcams running in thc noflh . .;uulh dtrecuun. 

36 21 25; 37 22 26; 38 23 27; 39 24 28 
40"25 29; 41 26 30; 42 27 31; 43 28 32 

48 33 37; 49 34 38; 50 35 39; 51 36 40 

The prcced1ng commands ha ve crcaacd a single !loor unat uf both 

beams and columns, a total of S 1 mcmbcrs. The REPEAT ALL now 
rcpeats thu unil nmc Ltmcs, gcneraung 459 new mcmbcrs and úmshmg 
thc ten story structurc. Thc membcr numbcr is mcremcnted by 51 (lhe 

numbcr of mcmbcrs in a repeaung unu) and thc joint numbcr ts 

mcrcmcnlcd by 20, (tbc numbcr of JOmts on ooc noor}. 
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Notes 

Thc PRINT MEMBER lNFO command may be uscd to vcrify thc 
mcmbcr incidcnccs prov1ded or gcncratcd by REPEAT .1nd 

RE PEA T ALL commands. 

A.lso. use thc Post Processmg fac!lity to venfy gcomcuy 

graphically. 
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Purpoae 

This sct of commands 1s uscd to spccify ELEMENTs by dcfining 
thc connecuvity bctwccn JOINTs. REPEAT and REPEAT ALL 

commands are availablc to facililatógcncration of rcpetittvc 
' pancrns. 1 

The clemenl incidenccs must be defincd such that the model 

dcvcloped rcprcscnts onc single structurc only, not two or more 
scparate structurcs. STAAD is capablc of dctcctmg muhiplc 
slructurcs aulomatically. 

Plate 1 Shel! Efement !ncidences 

General format 

Ji!.&MENT J..M.!;.IDENCES (llliJiLL) 

i,, 13, l3, i4, (15), ( IQ 16, 17, 16) 

B.EPEAT n, e,. l; 
fiEPEAT ALL n, e,, j¡ 

Deacrlption 

ELEMENT INCIDENCES SHELL must be providcd tmmcdtatcly 

aflcr MEMBER INCIDEN CES (if any) are spcoified. Tbc REPEAT 

command causes lhc prcvious line of inpul to be rcpcated 'n' 
numbcr of umes with spcctficd elemcnl and joint increments. Thc 

REPEAT ALL command funclions s&milar to thc REPEAT 

c~mmand, cxccpt Lhat iL repcats all prcviously specificd input back. 

to tbc most rece ni REPEA T ALL command; or to the beginnmg of 

thc specification if no prcvious REPEAT ALL command bad beco 
issucd. 

-

! • SeatoaS lt57 
., = Element number (any number up to su digils). ff 

MEMBER JNCIOENCE is provided, this number must 
not coincide wilh any MEMBER number. 

i2 .. .i!i = Clockwise or countcrclockwise joint numbers wh1ch 

rcpresent the elcment connectivity. Note that i!i is not 

ncedcd for triangular (3 noded) elcmcnts. 

Thc followmg data is ncedcd 1f elements are to be generatcd: 

i6 = Last elcmcnt number to wh1ch elements are generatcd. 

17 = Elcment numbcr incrcmcnt by which clcmcnts are gcnerated. 

Defaults to 1 1f omiucd. 
JR = Jomt numbcr mcrcment wh&ch will be addcd to incidcnt jomts. 

Dcfauhs to 1 if omutcd. 

Thc following data is nceded if REPEAT or REPEAT .-\LL 

~ommands are uscd to gcncrate clements: 

n = Sumber of times rcpcat is 10 be carned oul. 
1!

1 
= Elcmcnt numbcr 1ncrcmcnt. 

j
1 

= Jomt number mcrcmcnl. 

·Example 

ELEMENT INCIDENCE 
1 1 2 7 6 
2 3 4 8 
3 8 9 11 10 TO 8 
9 1 3 7 TO 14 

Notes 

The PRINT ELEMENT INFO comman<j may be used to verify lhe 

elcment incidenccs providcd or generatcd by REPEAT and 

REPEAT ALL commands. 

Also, use tbc Post Proccssing facility to verify geomctry 

graphically . 
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Salid Element lncidences 

General formal 

Thc clcmcnt incidencc!Jo ior salid clcmcnts are to be idcnt¡ficd u!Jomg 

thc cxpress1on SOLJD 10 dist•ngu¡~n thcm from PLATE/SHELL 
clcmcnts. \ 

illMENT llifiDENCES 2Qh1D 

a§.f.EAT n, e., j1 

REPEAT ALL n, e, j1 

Oeseription 

ELEME!'IIT INCIDESCES SOLIO must be prov¡dcd 1mmcdiatdy 

aftcr MEMBER INCJDENCES (¡f Jnyl are c;pcc¡ticd a~ wcll a~ 

aflcrlhc ELE:v!ENT INCIDENCES SIIELL 11f •nyJ. 

¡, 

i: 

'" 
'" 
•n 
n 

e, 

j, 

.. '• 
Elemcnt numhcr 

:= Jomt numhcrs of 1hc sol id ~Jcmcnt 
Last clcmcnl numbcr 10 he gcncrah:d 

== Elcmcnt numbcr mcrcmcnt 

== J01n1 numbcr mc:rcmcnl 

::: · Numbcr of t1mcs REPEA T 1s to be ..:amcd oul 

:; Elcmcnl numbcr incrcmcnt 

~ Jomt numbcr incrcmcnt 

Sp•:c¡fy thc four nades of any of 1hc faces of thc sol id ele mena IR a 

L:ountcr-dock.wJsc dircr.:uon as vicwcd from thc outsadc of the 

element and then go to the oppo~itl.! facc and ')pccify thc four nades 

of that face 10 thc samc d1rcction u!Jcd whdc spcc1fying thc nudcs 

of thc tin1 facc . 

-
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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 

• 1 
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.mt Mesh Generation . 

Purpoae 

This sc1 of cammands is used lo gencr~uc linilc dcmcnt mcshcs. 
Thc pracedure invoh·es thc definu10n of super-clcmcnts wh11.:h are 
subscqucntly div1dcd imo smallcr .:lc~cnts. 

Description 

Th1s is the iecond method for the gencration oi clemena incidences. 
Jf the user nl!cds lo div1dc a b1g clcment mto a numbcr of small 
clemcnts, he may use th1:. faclliay whu:h generales the jo101 
numbers and JOint c:oordmatcs. thc dcmcm numbcrs . .md the 

clcmcn1 incidcnccs automatu:ally. Csc uf this fcaturc ..:onsi::.ts of 
two paru: 

l. Definittun of thc supcr-dcmcnt boundary p01nts: A ~upcr­
dcmcnt may be dcfincd by ..:uhcr--' boundary puinls ur !t 
houndary pnints (:.ce hgurc un ncxt pagcJ. :\ buunt.Jary puam 

IS dcnotct.J by a un14w.: alphabct 1 A-Z tn uppcr e: a :~oc l)r a-1. 10 

lowcr f.:Jsc) and ils f.:orrc~ponding ~:oordmatc:~.. Hcncc, .m y ~ or 

a of lhc 52 charactcn may be u~cd lo define thc .. upcr-clcmcnt 
boundary. lf -l poi m~ :uc uscd tu define thc ,upcr-clcmcnt. cac:h 
:.1dc of thc "upcr·elcmcnl wall be assumed to havc a .. tr;ught 

cdgc connecung thc 2 p01n1:~. dctinmg that ~•de. lf a pouus are 
u:.ed, cach s1de will he a smo01h curve ~:annccung thc 3 pomts 
Jcfinmg that side. 

Gcneratiun of sub·clcmcnts: define the super·clcmcm ustng 

boundary pomts (.a ur Has cxplamcd abovcJ Jnd 1pcctfy the 
total numbcr of sub-clcmcnts rcquired. 

~~ 
1 

:IIFI 
·llf=m 
:•¡ 1 

:1~ :a 
••• ! :11 
:.;:. 

:: 
¡wJ DI 

• t8fa 
.;~-~:: 

·; .... ~-
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General Formal: 

whcre 

DEFINE MESH 
A¡ X¡ Y¡ Z¡ { CYL } (•o•Yo,Zo)) 

RCYL 
A¡ X¡ Y¡<¡ 

GENERA TE {
{QUAORILATERAL) } 

ELEMENT 
- !f!!ANGULAR 

M§H A1 A¡ ••... n1 (n2) 
MESH Am A0 ..... n3 (n4 ) 

= .-\lphabcts .\ - Z ur alphabcts a· t. That 1s max 52. 
Coordinates for boundary point ,\,. 

lf CYL or RCYL 1S defincd. ahovc coordmatcs will be 
tn cvllndncal ur revcrsc cylindnc:al cuordinatcs systcm.' 

Opt;onal cuordina1cs 'u· )', 1 and /
0 

will he thc ..::m~sian 
cnurdmatc" lor thc nngm ni thc ~:yhndn..:al ..:uurdinatcs. 
Dcfauhs to O. O. O if not prov1ded.. 

•\.A1.Ak .. =A reclangular super-dement detincd by four or eight 
houndary pomts. 

: ~umbcr of clcmcnts along thc sute A, A
1 

uf the supcr­
dcmenl. 1 Should not c:u:ccd .:!0). 

~umbcr of clcmcnts Jlong thc suJc A
1 

A k uf thc ~upcr­
dcmcnt tShould OOII!XCCCd. 20). 

lf 0 ., 15 ommcd. that ts, only n1 is provtded. thcn n1 wlll mdicate 

thc ;otal number of clcments withm thc supcr-elcmcnt. In this case, 
n 1 must be thc squarc uf an intcger. 

Notes 

All coordinatcs are in current umt systcrñ. While using this facility 
.thc uscr has lo kccp lhc following points m mmd: 

1) All supcr-c:lcmcnls must be 4-nodcd or 8-nudcd. Gcncratcd 

clcmcnts for 4-noded super-clements wlll retain thc stra1ghl· 
linc cdgCs of thc ~upcr-clcmcnts, whtlc jo1nts uf clcmcnls 

16 
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gcncratcd from g-nodcd supcr-clcmcnts wlll lic on a curvcd 
tnjeciOr}'. 

1 
1 
1 
1 
! 

! ' ' 
' 1 1 

1 
; 

' 
1 

' 

\ ''~f! ! ¡n 

~--~ ¡¡ 1 -:-j . ·"._ :.__ :--------r=..-· 
"~· 

li1J/t ttttiTflkd }flr ol 

.¡.,.u.¡UJ ~~~r rlt,.,lll 
.WrJh (tttrrutrd fur o1 

.'1 rtoJrd 1~prr drlf1rnl 

2) 2 supcr·clcmcnl5 whích ha ve a common buundary must ha ve 

thc samc number of dcmcnts ..1long thc1r ¡;ommon houmJary. 

)) Scqucncc of supcr-dcmcnts- ~ESH commands define thc 

supcr-c:lcmcnts. Thc scqucncc of thts ~ESH ..:ommand \hould 
be such that once onc IS dcfincd, thc ncll supcr·clcmcnts 
should be thc oncs conncctcd to this. Thcrcforc. for 

convcntcncc. thc first supcr-clcmcnt should be thc onc wh¡ch is 
conncctcd by thc largcst numbcr of supcr-clcmcnts. In thc 
cumple :¡,hown hcrc for thc tank. thc hottom ~iupcr·clcmcnt ts 
spccificd first. 

_.) This command must he uscd aflcr thc MEMBER INCIDENCE 

& ELEMENT INCIDENCE sccuun and bclurc thc MHIBER 
PROPERTIES & ELEMENT PROPERTIES scction. Thc 
clcmcnts that are crcatcd intcrnally are numbcrcd scqucnually 
w11h an mcrcmcnt of onc starting from thc last mcmbcr/clcmcnt 
numbcr plus onc. Slmilarly thc Jddlltonal joints acatcd 

intcrnally are numbcrcd scqucnually wtth an m..:rcmcnt of one 

starling from thc last Joinl oumbcr plus onc. 1t is advtsablc that 

uscrs kccp the joint numbcrs and mc-mbcr/clcmcnt numbcrs in a 
scquence witb an iocrcmcnt of onc staning from ;me. 

.-
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5) lf thcrc are mcmbcrs cmbracing a supcr-elemcnt which is 
bcing mcshcd. thc uscrs will ha ve to takc carc of thc rcqutrcd 

addittons/modificatíons ín Lhc MEMBER INCIDENCE sccuon 

thcmsclvc!l. sincc a fcw more ncw jomts might appear on thc 

CXI!!.Iing ..:ommun bnundary as a rc~ult of mcshing thc supcr­

clcmcnt. Scc thc followmg hgurc: 

L l 
! 1 1 

i i 
¡ 

' 
" 

'\'otc lf ;a mcmbcr .:u"~ ho:twc:c:n pu1nts \ ;and B. tho: •no:r <nust brc::ak.up 

th11 mcmbc:r mio -' p:arts Mcmbcn. wtll not !le mcshcd ;&utom~l1c:ally 

óJ Thc o;uh-clcmcnt'i wlll h;~.vc thc 'iJmc Jirc~.:t10n !Ciodwtsc ur 
,\nu-dndwisc) .1s thc 'iupcr-clcmcnts. For .1 'iupcr-clcmcnt 
houndcd by four ptHnls A, B. C ..1nd D. tf ,\BCD. BCDA etc. 

are 1n clock.wlsc dirc..:uon. CBAD or DCB,\ etc :uc '" anti­
dock. wic¡¡c dac~.:tion. lf thc parucular supcr-clcmcnt ts dcnotcd 
a!l. .\BCD . .J!Ithc \Uh·dcmcnb en 11 wi\1 ha ve .1 ~lm:kwtsc 
dcmcnt cn..:uJcncc m thts c~amplc. 

7) Elcmcnt mcidencc~ l>f thc gcncratcd sub-clcmcnts may be 
obtamcd by provid1ng the command 'PRI~T ELE~ENT 
l="'iFOR~A TION' aflcr Lhc 'MESH .. .' command m thc input file 

~~ lfthe STAAD mput file contams ~.:ommands for JOINT 

COORDI:-IATES. MEMBER INCIDE:-;CES. ELE~ENT 

JNCIDE:-ICES and ~ESH GENERATION. they should he 

spccificd in thc following arder: 
STAAD.SPACE 

UNIT KJP FEET 

JOJNT COORDINA TES 

MEMBER INCIDENCES 



,. 
[~:e -u-.. -,--
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ELEMENT INCIDENCES 

DEFINE MESH 

GENERA TE ELEMENT 

Example 

Thc following scction uf mput ¡Jiustratcs thc use of MESH 

GENERATION facility, thc uscr may ~.:ampare th1s wnh thc 
gcomctry_mputs for ExJ.mplc Prob. :'-rlo. 10m thc STAAD cxamplc 
manual: 

1 ' ~ .. . 1 

.~, 
~ 

., 

.,¡ 

STAAD SPACE TANK STRUCTURE WITH 
" MESH GENERATION 
UNIT FEET KIPS 
DEFINE MESH 
A O O O; B O 20 O ; C 20 20 O 
O 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 ADCB 16 
MESH HEFG 16 
MESH DHGC 16 

1 

II:FI 
.1 •. 

11;=3 
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TyptcJI gener.:llcd Quad and Triangular clcmcnts: 

·. í i í 117 
\ l i } 1, 
'q±jf 
¡ 11 • 

f,pr~ al ~tntraud 
{)lUid rft-IIU 

f1p11al (tntrtlltd 

Trrlllllflll.Jr tlttiVnU 
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5.15 Aedefinition of Joint and Member 
Numbers 

Purpose 

This command may be u~cd 10 rccJcfinc JOINT and MEMBER 

numbcrs. Ongmal JOINT and MEMBER numbcrs are subs1itu1cd 

by new numbers. 

General Format: 

~ST 
{~=:~~~ } ¡11, 1, illRT 
IfiANGE 

·,r 

whcrc. f1 and f1 are lwo rangc valucs of t, y, or 1. and i is 1hc ncw 

stanmg numbcr. 

· Description 

Joint and mcmbcr numbcrs can be rcdclincd in STAAD through thc 
use of lhc SUBSTITUTE command. A.ftcr a ncw ,ct of numbcrs are 

ass1gncd, input and out pul valucs will be tn acconJancc w¡th 1hc 

ncw numbcring schcmc. Thc uscr can dc~ign numbcnng schcmcs 
lhal will rcsuh m Simple input spcc¡ficauon as wcll as casy 
mlcrprctauon of rcsulls. For cumple, all joinls m lirsl noor of a 
building may be rcnumbcrcd as 101. 102 .... , all sccond noor j01ms 

may be rcnumbcred as 201. 202 ..... ,etc. 

Example 

.·. 
UNIT FT · ·' .,, 
SUBST JOINT YR 9.99 10.0 START 101 
SUBST COLUMN START 901 

. - .: ..... "" ~-
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Joims wuh Y conrdan:ltcs ranging from 9.99 tu 10ft will ha ve a 
new numbcr starting from 101. Columns will be rcnumbered 

starung wuh the new number 90 l. 

Note 

Meaningful rcspecification of JOINT and :-AEMBER numbcrs may 

sigmficantly improvc case of inacrprctalion of rcsuhs. 
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-.16 Listing of Members by Specification of 
GROUPS 

·,; 

This command allows the uscr to spcc1fy a group of membcrs/joints 

and savc thc mfonnation using a 'group-n.amc'. Thc 'group-name' 

m.ay be subscqucntly uscd in the inplJ.4 lile inftcad of o1 

mcmbcr/joint hsl lo spcc1fy othcr aunbutcs. ;J'h1s cxtrcmcly use fui 

lcature allows avoiding of muluplc spccifications of thc samc 

mcmbcr/joint lisa. Following IS 1he general formal rcqu1rcd for lhc 

GROUP command. 

General format: 

illRT ~UP QSEINITION 

(GEOMETRY) 
_(group-name) joinl·liat 

OR 

JOINT 
_(group-name) joint·liat 

MEMBER 
_(group-name) member·liat 

ELEMENT 
_(group-nama) element·liat 

SOUD 
_(group-name) aolid elemenl·liat 

END GROUP DEFINITION 

. , 
•• 1 

i •• 

• • 

• 
•• 1 
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whcrc, 

group-namc :: an alpha-numcric namc spcciticd by the uscr to 

idcntify thc group. Thc group-name must start wuh 

the ·_· (underscorc) characaer and is limitcd to cight 

characters. 

mcmbcr-lisll:: the hst of mcmbcrs/joints bclonging to 1hc group. 

Joim-hst 

Notes 

1) The GROUP defimuon musl start with thc START GROUP 
DEFINITION command and cnd w1th thc END command. 

:!) More than onc GROUP namc may be specilied w1thm 1hc same 

definit1on spccification . 
3) Thc words JOINT. ),IEMBER. ELEMENT and SOL!D may be 

prov1dcd 1f thc uscr w1shes to idcnllfy thc group name and hsts wuh 
thosc o;pcc1fic 11cms. Howcvcr. if thc group namc and list is mcrcly a 

rncans of grouping togclhcr more than onc aypc of sllUctural 
componcm undcr a smglc heading, lhc word GEOMETRY may be 

provalct.l. In 1hc abscncc of any of thosc livc words 'GEOMETRY. 
JOI~T. ),IEMBER. ELEMENT ur SOLIO l. thc list os assumcd to be 

tha1 fur GEOMETRY . 
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Example 

START GROUP DEFINITION 
_ TRUSS 1 TO 20 25 35 
_BEAU 40 TO 50 
END 
MEUBER PROPERTIES 
_ TRUSS TA LD l40304 \ 
_BEAU TA ST W12X26 

Example 

START GROUP DEFINITION 
JOINT 
_TAGA 1 TO 10 
MEUBER .. , 
_TAG8.40 TO 50 
GEOMETRY 
_TAGC 101 TO 135 
END . 

UEUBER PROPERTIES 
_TAGB TA LD L40304 
·_TAGC TA ST W12X26 

STAAO CuiTUJWKb and lnpullns!nKtiooa 

·-=-1 
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5.17 Rotation of Structure Geometry 

Purpose 

Th1s command may be uscd to rotatc an e:~isting structure gcometry 
about thc global axcs. 

General format: 

. J! 
fSBFORM ROTATION ~ 

whcrc, d1, d~, d3 are thc rotations (in degrees) about thc X, Y and 
Z global axcs rcspcctivcly. Artcr thc Joint Coordinatcs and Member 
lncidcnces are spcclricd, this command can be used 10 rotate the 
structurc gcomctry by any dcs1rcd anglc about any global axis. The 
rotatcd configuration is uscd ror analysis and Jcs1gn. While 
"pec¡[ytng this command, note that the scnsc of thc rotation should 
conform to thc nght hand rule. 

Oeacription 

Th1s command can be uscd lo rotatc thc gcomctric shapc through 
any dcsncd anglc about any global ax1s. The rotatcd conftgurauon 
can be uscd for analys1s and dcs1gn. 

Example 

PERFORU ROTATION X 20 Z ·15 

Note 

This command should be providcd immcdiatcly rollowing member 
IRCtdences 1[ therc are only members and after elemcnt inc1dcnces 
ir therc are mcmbcn and elcments. 
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5.18 Ir. 

ST AAD Cornmuds &nd lnpu1 lnstructiOIU 

, ve/Delete Specification 

Purpose 

This set of commands may be uscd to tcmpuranly INACTIV ATE or 
pcrmancntly DELETE spcctlicd JOINTs or MEMBERs. 

General formal: 

!fiACTIVE 

QID,ETE 

Deacription 

' 

!!!S.MBERS 

{
!!!S.MBERS 

.IQINTS 

member~list 

member·liat} 

joint-liat 

These commands can be uscd lo spccafy that ¡;crtam JOmts or 

mcmbcrs be dcaclivatcd or complctcly dclclcd from a structurc. 

Thc IN ACTIVE command makcs thc mcmbcrs tcmporanly tnactivc; 
thc uscr must rc-actavatc thcm dunng thc latcr part of thc tnput for 

furthcr proccssi~g. Thc DELETE command wtll complctcly dclctc 

lhc mcmbcrs from thc structurc; thc uscr cannot rc-activate thcm. 
Thesc commands must be providcd immcdioucly aftcr all 
mcmbcr/clcmcnt inctdcnccs are provuJcd. 

Notes 

a) Thc DELETE MEMBER command wtll .automatically I.Jclctc all 

joints associated wtth delctcd members, provuJcd thc JOmts are 

no1 connccaed by any oahcr active membcrs or clcmcms. 

b) This command wtll also dclctc all thc joiniS which wcrc not 

connccted Lo thc structurc in thc IÍrSl place. For cxamplc, such 
joinas muy ha ve bccn gcncra1cd for case of input of jomt 

coordinaacs and werc inaended to be deletcd. Hcncc, tf a 

DELETE MEMBER command is used. a DELETE JOINT 
command should not be uscd. 

e) The DELETE MEMBER command is applicable for delelion of 
mcmbcrs as well as clcmcnls. lf thc list of mcmbers to be 

dcleted cxtcnds bcyond onc linc, 11 should be continucd on to 

-
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thc ncxt linc by providmg a blank spacc followcd by a hyphcn 

(. J at thc cnd of thc curre ni linc. 

Example 

INACTIVE 
DELETE 

MEMBERS 
MEMBERS 

57 TO 10 
29 TO 34 43 

d) Thc IN ACTIVE MEMBER command cannot be uscd in 

Stluations whcrc inactivating a mcmbcr rcsulls in JOIDIS 

bccomtng unconncctcd in spacc. 
e) Thc IN ACTIVE MEMBER command should no1 be uscd if thc 

MEMBER TE~SION command is uscd. 

n Thc INACTIVatcd mcmbcrs may be rcstorcd for furthcr 
proccsscs (such asan analysis or design for a 2114 sctof load 

cases) by using thc CHA~GE command. Sce Scctton 5.37 and 
Enmplc -' for mure anformauon. 

!P Thc DELETE ~E~BER cummand ~hould he uscd to Jcletc 

clcmcnts wo. Spcctfy the command as DELETE ~EMBER j 

whcrc J ts thc clcmcnl numbcr of thc clcmcnt you wtsh to 

dclcte. In thc c'tamplc shown abovc. ~9 to 34 and -U are 

clemcnt numbcrs. 

h) Loads that ha\ e hccn dcfincd un membcrs dcdarcd .1s 

I~ACTIVE mcmbcrs wtll not he consuJcrclÍ m thc .malys1s. 

This apphcs lu SELFWEIGHT, MEMBER LOADS. 
PRESTRESS and POSTSTRESS LOADS. TEMPERATURE 
LOADs. cte. 
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5.19 User Steel Table Specification 

Purpoae 

STAAD allows thc uscr lo crcatc and use cusiOmitcd Stccl Scclion 

Tablc (s) for Propcny spccification, Codc checking and ~cmbcr 
Sclcction. This sct of ~.:ommands ma; be uscd to ere ale thc tablee~) 
and prov1de ncccssary dala. 

General formal: 

whcrc, 
i 1 :; 

START .!,!gR TABLE 
TABLE i 1 (10 ) 

seclion·type 
section-name 
property·opec 
ENO 

tablc numbcr e 1 to 20). During 1hc analys1s 
proccss, the data in cach uscr prov1dcd tablc 1s 
storcd tn a corrcsponding file wuh an exlcn~ton 
.UO'!. Fo.- cumple, thc data o( thc 5th tablc 1s 
slorcd in .VOS. Thc first pan of 1hc mput file namc 
IS thc liamc as thal uf thc STAAD mpul file. Thc~c 
files are localcd in !he samc work10g dircctorv as 
thc input file. Hcncc, thcy may latcr he uscd ~~ 
cxtcmal uscr providcd tablcs for other mput files. 
cxtcrnal ftlc name contaJning thc scct1on namc amJ 
corrcspund1ng propcrucs. 

a stcel scclion namc mcludmg: WIDE FLA~GE. 

CHANNEL, ANGLE, DOUBlE A!•IGLE, TEE, 
PIPE, TUBE, GENERAL, ISECTION & 
PRISMA TIC. 

scction-name:; Any uscr dcs•gnated sccuon namc, wuhm 12 
charactcrs. First thrcc charactcrs o( Ptpcs and 

Tubes must be PIP and TUB respectivcly. Only 
alphanumcric charactcrs and digus are alloWcd for 

defining ~cction namcs. (Biank spaccs, astcnsks. 
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quesuon marks. colon, semi-colon cte. are not 

pcrm1ttCd.) 
property-spcc :; Properties for the scction. The rcquircments are 

diffcrcnt for each scction type as follows. Note that 
shcar .1rcas A Y and AZ must be prov¡Jct..l to cnsure 
propcr shear stress or shear strength calculations 

dunng destgn. 

Oescription 

Thc default length units for propcrucs are inch (for 
Amcncan vers10nl and cm lfo.- othcr vers10ns). 
Howcver. the uscr may spec1fy thc dcsircd lcngth 
unu by using thc UNIT command as thc first 
command in thc table (scc cxamplc following this 

t..lcscription). 

Followmg 'iCCIIon typcs are ava¡Jablc undcr th1s option. 

Wide Flange 

1) AX :; Cross scctiun arca 
:!.) D = Dcpth of thc 'icctwn 
3) TW = Thic kncss ,,f wcb 

-1) WF:; Width of thc llangc 

5) TF :; Thu:kncss uf llange 
6) IZ :; ~omcnt uf mema about local l.·ax1s (usually strong axis) 
7) JY :; Mumcnt of mcrtia about local y-axiS 

8) IX = Tors&onal constant 
9) A Y = Shcar arca in local y-axis. lf 1.cro, shcar deformauon 1s 

ignorcd in thc analysis. 
10) AZ:; S ame as above except in localz-ax¡s. 
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STAAD CommandJ and lnpul lnstrucuons 

Channel 

1) AX, 2) D. 3) TW 4) WF S) TF 
10) AY, JI) AZ , ' 'b) IZ, 7) IY, 8) IX, 9) CZ, 

Angle 

IJ D, 2) WF, 3)TF, 4) R. S) AY, 6) AZ 

R = radius of '"Y'"' b . . o 1on a ou¡ pnnc1pal all.is sh 
AISC manual • own as r(Z·Z) m thc 

Double Angle 

11 D. 2) WF 3) TF 
JO) AZ , , 4) SP, S) IZ, 6¡ IY, 7) IX, g¡ CY. 9) AY 

• 1 

..., .... 5 1177 

ill 
1) AX, 2) D. 3) WF, 4) TF. S) TW, 6) IZ, 7\ IY, 8) IX, 9) CY. 

JO)AY,II)AZ 

1 

1) 00 = Oulcr d1amctcr 

!) ID= lnncr diamctcr 
l)AY,4J,\Z 

Tu be 

. 
y 

1 

z 

1 ¡ AX, 2) D. 3) WF. 4) TF. SI JZ, 6) IY. 7) IX. 8) ,\Y. 9) AZ 

General 

The followmg cross-s.cctaonal propcrucs should be uscd for 1h1s 
scction-typc. !'lote 1hat lhis facality allows thc uscr to spccify a 

bUJh·up or unconvcntional Stccl Scction. 

1) AX = Cross scction arca. 
2) D = Dcpth of thc secuon. . 
3) TD = Thickncss associatcd wu"h scction clcment parallcllo 

dcpth (usually wcb). To be uscd to check 

dcpth/thickncss ratio. 

4) 8 = Width of thc sccuon. 
5) TB = Th1ckncss associatcd' with scclion elcmcnt parallcl to 

nangc. To be uscd 10 check width/thickncss ratio. 
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6) 

7) 
8) 
9) 
10) 

1 1) 

12) 

1 ]) 

1~1 

15) 

16) 

~otc: 

IZ 

IY 

IX 

sz 
SY 

AY 

AZ 

PZ 
py 

HSS 

DEE 

ST AAD Commands md lnptn bmrucuom 

= Momcnt uf tncnia about local L·.txis. 

= Momcnt uf incrua .Jbout local y-..¡xas . 
= Torstonal Consaam. 

= Sccuon modulus abou1 local l.·axts. 

= Sccuon modulus aboi.H local y-axts. 

= Shcar arca for shear parallcl 10 local y-axts. 

= Shear arca for shear parallcl to local 1.-a:us. 

= Plasttc modulus about toca! t-axt~. 

= Pla~IIC mudulus about local y-axts. 

=.Warpmg constant for latcraltorsional buckltng 
calculatiuns. 

= Dcpth of wcb. For rollcll !i.CCttons. distancc bctwccn 
fillcts !i.hould be provtdcd. 

Propcrucs PZ, PY. HSS and DEE must be provtdcd for codc 

chccking/mcmbcr o¡clcctton pcr plasttC anli IJm11 Slatc ha~cd 
codcs (AISC LRFD. British. Frcnch, German and 

Scandinavtan calles). For c;ot.lcs bascd on J.ilowablc strc~s 
dcsign (AJSC-ASD. AASHTO. lnt.lian cot.lcs), 1.cro valuc~ 
may be provtded for thesc propcrtacs. 

lsection 

ThlS scction typc may be ultcd lo ltpct.:ify a gcncralJJ.cd 

1-shapcd scclton. Thc cross-sccuunal propcrttcs rc4u~rcll are hlttcd 

bclow. ~otc th:uthis faciluy can be uuli1.cd to spcctf} tapcrcll 1-
l>hapcs. 

1) D.WW = Depth of scctton at start nade. 
21 TWW = Thickncss of wcb. 
JI DWWI = Dcpth of scctton at cnt.l nade. 
~) OFF = Width of top Oange. 
5) TFF = Thtckness of top Oangc. 
6) OFFI = Widlh of bouom nange. 
7) TFFI = Thickness of bouom flangc. 
8) AYF = Shc:ar arca for shcar parallcl to Y -ax1s. 
9) AZF = Shear arca for shear parallcl to Z-uis. 
10) XIF = Torsional constant. 

1 ,._. 
i .. 

:t .. , 

,: .. ,. 
1 ( : 
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BFF 

TIF I 

IJWW I D t~==J I "'"" 
~OTE: 

1) DWW should ncvcr be lcss than OWW1. Thc uscr should 

provu.lc thc mcmbcr incidenccs accordingly. 

:!} Thc uscr is allowcd thc following options for the valucs AYF. 

AZF and XI F. 

a) lf posll1ve va.lucs are prov1dcd. 1hcy are uscd dircctly by 

thc progra.m. 
b) lf l.cro ts provtdcd. thc progra.m ca.lculatcs thc propcrltcs 

ustng thc following formula. 

A YF = D x TWW (whcrc O =Deplh a.t scctton undcr 

constdcrationl 

AZF = 0.66 ((OFF x TFF) • (OFFI x TFFI )) 

XIF = 1/3 ((OFF x TFF') • (OE!j: x TWW3) + !OFFI x 
TFFI 3)) 

(whcrc DEE = Depth of wcb of scctton) 

e) ff ncgative valucs are providedi. they are applied as factors 

on the corrcsponding valuc(s) calculatcd by thc program 

ustng the a.bovc formu13. Thc factor applicd is always thc 

a.bsolutc of thc value providcd, i.c. if the user prov1des thc 

value of XIF as -1.3. thcn the program will multiply thc 

value of XIF, calculatcd by the abovc formula, hy a factor 

of 1 3. 
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ST AAD Commands and lnpu.l lnslrUctioas -

Prismatic 

The property-spec for the PRISMA TIC scction-type 1s as follows -

1) AX= Cross-section arca 
2) IZ = Moment of mcrtia about thc locall-aJtiS 
3) IY = Moment of inertia about tfl..c local y-axts 
4) IX = Torsional constant ! 
5) AY= Shcar arca for )hcar parallel to local y-axis. 
6) AZ = Shear arca for shear parallcl to local l-axts. 
7) YO= Oepth of the scction in thc dircction of thc local y-axis. 
8) ZD = Ocpth of thc scction in thc dirccuon of thc locall·axis. 

Example 

START USER TABLE 
TAB4' 1 

'· 

UNIT INCHES 1 .. 

WIDE FLANGE 
W14.X3D ., 
8.85 13.84 .27 8.73 .385 291. 1!!.8 .38 o q 
W21X5D 
14.7 20.83 .38 8.53 .535 984 24.9 1.14 7.92 D 
W14X1D9 
32. '14.32 .525 14.805 .88 1240 447 7.12 7.52 o 
TABLE 2 
UNIT INCHES 
ANGLES 1 ¡:· 
L25255 
2.5 2,5 0.3125 .489 o o 
L40404 
4. 4.•.25 .795 o·o 

, EJ4Q ... ~~:-~ ._).~'{'J"~l·· : 

• Note that thcse section-names must be providcd in asccndiog 
order by weight. since the member-sclection process uses thcsc 
tables and thc iieration starts from thc top. Thc abovc cxamplc 
can also be input as follows: 

' ' 

START USER TABLE 
TABLE 1 TFILE1 
TABLE 2 TFILE2 
END 

""'"""' ltst 

Whcrc TFILE 1 and TFILE2 are namcs of files which must be 
created pnor to running STAAD, and where the file TFILE 1 will 
contain thc following: 

UNIT INCHES 
WIDE FLANGE 
W14X3D 
8.85 13.84 .27 8.73 .385 291. 19.6 .38 o o 
W21X50 
14.7 20.83 .38 8.53 .535 984 24.9 1.14 7.92 o 
W14X109 
32. 14.32 0.525 14.805 .88 1240 447 7.12 7.52 o 

and the file TFILE2 will contain: 

UNIT INCHES 
ANGLES 
L25255 
2.5 2.5 .3125 .489 o o 
L40404 
4. 4 . .25 .795 O D 

Notes 
/ 

The User-Provided Steel Table(s) may be crcatcd and mamtained 
as separare file(s). The same files may be uscd for all models using 
sections from these tables. Thcse files should reside in the same 
direc1ory whcrc tbe input file is located. 
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tion!i 

a.20 Member Property Specification 

Purpose 

This sct of commands may be uscd fur ~pccificauon of scc.:twn 

propcrlics fur framc membcrs. 

G.eneral formal: 

AUSTRALIAN 
CANADIAN 
&YBOPEAN 

fdSMBER f.!!.QPERTIES 
ffigNCH 
!I!!QIAN 
AMERICAN 
§BITISH 
GERMAN 
,!AfANESE 

member-liat f.B.J.SMA TIC property-apec j
i!IlLE type-apec table-name ) , 

(additional-apec) 

T APERED argument-liat 
UPTABLE i 1 section-name 
~IGN prollle-apec 

AMERICA!'J, BRITISH. EUROPEA!\~ (..:te.) option willln~lruc.:t 1hc 

program to piclc. up propcrucs from thc appropnatc stccl tablc Thc 
dcfauh dcpcnds on thc country of dJslribution. 

Deactlption 

This command anuiatcs thc spccifica&ion of MEMBER 
PROPERTY. Following are thc vanous options avatlablc: 
a) Spcc¡ficalion from built·in ~tccltablcs. (Scction 5_19.1} 
b) Spccification of pnsmatic propcrucs. (Scclion 5.19.2) 

e) Spccification of tapercd mcmbcrs. (Sccuon 5.19.3) 

d) Spcc¡fication from user prov•dcd table. (Sccuon 5.19.4) 

e) Spccllicalion by ASSIGNing a prolilc. (Sccuon 5.19.5) 

/ 

1 • 
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Each spcclfication 15 Jcscribcd in detall in thc following scctions. 
Examplcs are availablc 1n Scclion 5.20.6. 
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ST AAD Commands and lnputlnsllUCbOIIS 

Specifying Properties from Steel Table 

Purpoae 

Thc followmg ¡;ommamb are uscd for ~pccafying 'iCt:tion proPcnics 

from buih-m stcel tablc(~)_ 

General formal: 

type-apec . table·name additional·apec. 

type-apec = 

ST spccifics s1nglc ~cct10n from thc standard buiii-IR tahlcs. 
RA spcctfic~ ~1nglc .mglc w11h rcvcr~c Y -Z o~x.c' c ... cc Sccttnn 

1.5.~). 

O spcc1fics doublc channcl. 
LO spccifics long lcg, bat:k to back. doublc anglc. 
SO spcc1fics short lcg, back lo back. doublc anglc. 

T spcc1rics tcc ~cction cut from 1 shapcd bcams. 
CM spccifics compositc sccuon, avallable with 1 shapcd bcams. 

TC spccafics bcams w11h 10p covcr platc. 

BC spccifics bcams with bottom covcr pla1e. 

TB spcc1fics beams wtth top and bonom cover platcs. 

I'!Jblc·name = Tablc scction namc likc W8X18. C15X33 cte. 
Thc documentalion on stccl desigo pcr md1vidual country codes 

conaains informauon rcgarding thcir stccl scclion spcc1fication 
al so. For dctails on spccifymg scctJOns from thc r\mcncan stccl 

tablcs, scc Scction 2.2.1 of this manual. 

1 .. 

ill 
lE! 

11' 
1.11 

lfl 

• 1 

s .... St'C/11111 

1 ;;- ~ 

• 

additional-spec = 

SP 
WP 
TH 
WT 
DT 
00 
ID 
CT 
FC 

Sccuon j Itas 

SP f1= This sct dcscnbcs the spacmg tf1J bctwccn anglcs or 
channels if doublc anglcs or doublc channcls are uscd. r1 

dcfauhs to 0.0 if not givcn. 
WP f:!= Width (f~) oi thc covcr platc 1f a co\CT platc is uscd wnh 1 

'>hapcd c¡c.;uons. 
TH f1= ThlcknC!!o'> (f3J of platcs or tubcs. 
WTf~= Wtdth tf~) oituhcs. whcrc TCBE is thc tablc-namc. 

DT fs= Dcpth (fs) of tuhc~. 
OD fb= Outstdc diamctcr ( ftl) of p1pc~. whcrc PIPE 1~ thc tablc· 

na me. 
ID f7= lnsidc dtamctcr tf7) nf ptpcs. 
CT f

11
= Concrete thtckncss (f8) for ..:ompositc scctions. 

FC fq= ComprcssJvc -.trcngth (f11 J of thc ..:oncrctc for compositc 

\CCtltlnS. 

Example 

Scc Sccuon 5.20.6 
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. Notes 

Áll valucs f1_9 must be supplicd in currcnt units. 

Sorne tmportant points 10 nole in thc case of the composuc sccuon 

are: 

1) Thc wit.hh of the concrete slab ts lt.ssumed to be the wtdth uf 

thc top tlangc of thc stcel sccuon + 16 u mes lhc 1hickncss of 

1hc slab. 
.:!} In arder lo calculate lhc sectton propcrties of lhc cross-scction, 

the modular ratio is calcula1ed assumtng lhat: 
Es; Modulus oí clasticity oí stccl = !9000 K:ii. 

Ec= Modulus of elasucity of concrete = 1 802.5JFC K3i 
whcrc FC (in Ksi) is dcfincd carlicr. 

·~ --.. 
; 

5.20.2 
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Prismatic Property Specification 

Purpooe 

The folluwing commands are uscd lo spccify seciJon properllcs for 
pnsmatic cross-sections. 

General format: 

For thc PRISMA TIC 'ipccafication. propenics are providcd dircc1ly 

as iollows: 

Al( 1, 
IX 12 
iY 1, 

__ .. _ -g 1, 

llf o¡ .. property-spec = AY ls 
g lo 
YO 1¡ 
ZO la 
YB lg 

,.,",. .... , ........ 
ZB 1,. 

AX r, Cross sccttonal arca of thc mcmbcr. lf ummcd, thc 

arca is calculatcd from thc YO and ZD d1mcnsions. 

IX f' ; T ors10nal co'nstant. 

IY f J ; Momcnt of tncrtla about local y-axis. 
IZ r, ; Momcnt uf incr11a abuut localz·axis (usually majar). 
AY r, ; Effccttvc shcar arca in local y-axts. 
AZ r. ; Effcctivc shcar arca an local z-axis. 

YO f¡ ; Dcpth of thc member in local y dircction. 
(Diametcr uf scclion for circular mcmbcrs) 

ZD r, ; Dcpth of thc membcr in loc~l z dircction. If ZD is not 
provtdcd and YO ts provtdcd, the sccuon wtll be 

assumed Lo be clfcular. 

YB r. ; Dcpth uf stcm for T-sccuon. 

ZB r,. ; Width of stcm for T-sccuon or bottom width for 

TRAPEZOIDAL secuon. 
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5.20.3 Tapered Member Specification 

Sect1on 

l. 1.4 

• ·: 
·j 

Purpose 

Thc followmg commanlis ;~re used 10 spccafy scclllln propenacs for 
lapcrcd 1-shapcs. 

General formal: 

whcrc, 

f¡ :::: Dcp1h of SCCIIOR .U lil.lrt nod.c. 
f ~ = Thackncss of wcb 
f1 = Dcpth of sccuon JI cnd nodc. 
f~ = Width uf top nangc. 
f5 = Thackncss of top llangc. 

. rtJ·::; Wadth of bouom llangc. Ocfaulls lo f.¡ if lcfl OUI. 

f7 = Thu:kncss of bo11om nangc. Dcfauils lO f5 h:ft UUI 

Example 

UEIIBER 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 ~urrcnt u01ts. 

2. f 1 (Depth of section a~ :Han nade) should always be grcatcr 
1han f1 (Dcpth of sccuon at cnd nade). The uscr sbould prov1de 
the mcmbcr incidcnccs accordingly. 

., 

·: 

,. li;_g 
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5.20.4 Property Specification from User Provided 
Table 

s .... Sf'LfiUII 

1' 7, J 

Purpose 

Thc followmg commands are uscd to spcctfy scction propcrtacs 
from a prcviously crca1cd USER-PROVIDED STEEL TABLE. 

General format: 

member-lisl UPTABLE 11 seclion-name 

UPTABLE stands for uscr-pro\ladcd tablc 

11 = tablc numbcr as spcctficd prcviously ( 1 to -1.) 

scction-namc = scction namc as 'ipccaficd m thc 1ablc . 
t Rcfcr to Scct1un 5.19) 

Example 

Scc Sccuon 5.20.6 
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o.20.5 Assign Profile Specification 

S't! St>ctwn 
'j 

.,¡ 

Puipoae 

Thc ASSIGN command may be uscd lo mstruct thc program to 

assign a suuablc stccl -,cct!On lo a f~mc mcmber bascd on thc 

prolilc-~opcc shown bclow. 

General formal: 

profile·spec = ¡illM l ~UMN 

CHANNEL 
~LE (DOUBLE) 

Example 

Scc Scct1on 5 20.6 

Notes 

Sccuons are always eh osen from thc rclcvant built-IR stccl tablc. 
To find out thc dc1atls uf thc sccuons that are cho!l.Cn. thc command 
PRINT MEMBER PROPERTJES shouhJ be provu.Jcd Jftcr 

spccificauon of all memher propcrllcs. 

Wi 1 E 

5.20.6 Examples of Member Property 
Specification 

Sccuoo 5 191 

Th1s o;cclton illustratcs thc various opuons avaalablc for MEMBER 
PROPERTY spcc1fic:uwn 

Example 

UNIT INCHES 
MEIIBER PROPERTIES 
1 TO 5 TABLE ST W8X31 
9 10 TABLE LD L40304 SP 0.25 
12 TO 15 PRISMA TIC AX 10.0 IZ 1520.0 
17 18 TA ST PIPE OD 2.5 ID 1.75 
20 TO 25 TA ST TUBE DT 12. WT 8. TH 0.5 
27 29 32 TO 40 -
42 PR AX 5. IZ 400. IY 33. IX 0.2 YD 9. ZD 3. 
43 TO 47 UPT 1 W10X49 
50 51 UPT 2 L40404 
52 TO 55 ASSIGN COLUMN 
56 TA TC W12X26 WP 4.0 TH 0.3 
57 TA CM W14X34 CT 5.0 FC 3.0 

This cumple shows cach type of mcmbcr propcrty mput. ~cmbcrs 
1 to 5 are w1dc Oangcs sclccted from thc AJSC tables: 9 and JO are 
doublc angles sclcctcd from the AISC tablcs; 12 Lo 15 are pnsmatic 
members wllh no shear defonnauon: 17 and 18 are pipe scctions~ 

20 lo 25 are tubc scctwns; 27, 29, 32 to .tO, and 42 are prismauc 
mcmbcrs with shear deformaüon; 43 to 47 are wtde Oanges 
~clectcd from thc user tnput rabie numbqr 1; 50 and 51 are single 

anglcs from thc user tnpul lablc number 2~ 52 through 55 are 
destgnalcd as COL UMN membcrs using thc ASSlGN ~pecification. 

Thc program will ass1gn a su1tablc 1-scction from thc steel tablc for 

cach mcmbcr. 

Membcr 56 is a widcOange "!112X26 with a 4.0 in. widc covcr plate 

of thickncss 0.3 inchcs at the top. Mcmber 57 is a composuc 
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,n wuh a ~;oncrctc slab thid..nc~s of 5.0 im:hcs .u thc top of a 
wtdc flangc W l4X34. Thc comprc~stvc strcngth 'of thc com:rctc 10 

thc slab is 3.0 k si. 

.. 

•: 1 

.. ,.. . 
.1. ~· ·.- ~-::~· 

5.21 Element Property Specification 

'ia 

.'ic'~'/IUI1 /.0 

Purpose 

Thts sct of commands may be uscd to specify propcrtics of platc 
finltc clcmcnls. 

L'nlikc mcmbcrs and platc/shcll clcmcnts. no propcnics :.uc 
rcqutrcd for solid clcmcnts. Howcvcr, constants such J.s modulus of 
dasucuy .. md Potssun'o¡ ratio are to be specllicd. 

General Format: 

~MENT fRQPERTY 

element·liat I!!JCKNESS 11 (1 0, 13, f,) 

f 1 = Th•ckness ot the element. 

1., .. 11 = Thtcknesses al other nades olthe element. 11 
different from f 1 

Oescription 

Ekmcnts ol u01fnrm thu:k.ncss m.ay be modclcd us~ng thi ... 
..:ommand. :"'ote that the valuc of thc tht..:k.ness must be provided IR 

currcnt untts. 

Example 

UNrr INCH 
ELEMENT PROPERTY · · . 
1 TO 8 14 18 TH 0.25 
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:.22 Member/Eiement Releases 

. ,, 

STAAD allows specifit.:ation of rclcascs of degrccs uf frcedom for 
frame mcmbers and platc clcmcnts. Scction 5.22.1 describes 

MEMBER rclcase opuons and Scc110n 5.22.2 dcscnbes ELEMENT 

rclcasc options. 

1 .. Sccuon5 195 

5.22.1 Member Release Specification 

Purpose 

ThiS sct of commands may be uscd to fully rclcasc specific degrccs 
of frcedom al thc cmJs of framc mcmbers. Thcy mayal so be uscd 10 
describe a modc of auachmcm whcrc thc mcmbcr cnd tS conncclcd 

lo the joant for spccific dcgrccs of frccdom through thc mcans of 

springs. 

General format: 

MEMBER RELEASES 

member··Ust -- } {

START] 

END J 

·r~K~ ~ 
FZ 13 

~ 
--.!...§ 

z 16 

whcrc FX through YIZ and KFX lhrough KMZ rcprcscnt forcc-x. 
through mnmcnt-.t dcgrccs of frccdom m thc mcmbcr local axcs and 
f1 through f6 are \pnng .:unstant!o fur thc!oc Jcgrccs ,Jf frccdom lf 
FX through MZ ts uscd. it <;tgntfics J. fuil rclcasc for that d.o.f. and 

if KFX through KMZ is uscd. it \tgnifics a ipring anachmcnt 

Example 

MEMBER RELEASE . 
1 3 TO 9 11 12. START KFX 1000.0. MY.M.Z 
110 1113 TO 18 END MZ KMX 200.0 

1~ the abo ve cumple, for mcmbers 1, 3 to 9. 1 1 and 12. thc 
momcots about thc local Y and Z axcs are rcleascd at thetr start 

joints (as specioed in MEMBER INCIOENCES). Furthcr, 1hcsc 
membcrs are anachcd to the1r START joint along thcir local x axis 

1hrough a spnng whuse st1ffncss ts 1000.0 units of forcc/lcngth . 
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.:mbcrs 1, 1 O, 11 and 13 to 18, thc momcnt about the local z 
axis is rclcascd at thcir cnd joint. Al so, thc members are auached 

to thc1r END JOint about thcir local x axis through a momcnt-spring 
whosc stiffncss 15 200.0 unils of forcc-length/Dcgrce. Note that 

mcmbers 1 and 11 are rclcascd al both stan and t:nd JOIDIS. though 
not nccessarily in the samc degrccs of frecdom. 

Partial :\1oment Release 

Momen1s .u thc end of a membcr may be rcleased panially. Th1s 
facility may be used lo model parual fixlly of .:onnections. Thc 
followtng format may be u~cd to pro vide a par11al moment rclcase. 
N ole thalth•~ facllity 1s prov1dcd undcr thc ~EMBER RELEAS E 

opt1on and ts in addiuun tu thc existmg RELEAS E capabtlllic~. 

General Format: 

MEMBER RELEASE 

member-list {

START] 

ooJ .!!f r, 

whcrc r, = rclcasc factor 

The momcnt rclatcd stiffncss co-effi.:tcnt w11l be muluplicd by a 
factor of ( 1 :r,) at thc spcci ficd cnd. 

Example 

IIEIIBER RELEASE 
15 TÓ'25 START IIP o:a 

: .·. . 

Thc abo ve RELEAS E command will apply a factor of O. 75 on thc 

momcnt rclatcd sttffness co-efficicnts at START of mcmbcrs 15 w 
25. 

.. 
1 ... - ... , lt!l7 

Notes 

1t is imporcant to note that the faclor f1 indicates a reduction in the 
suffeness corresponding to the rotatmnal degrces of frecdom MX, 

MY and MZ. In other words, the uscr should not cxpect the 

moment un thc membcr to reduce by a factor of f1 . 1t may be 
nccessary for the uscr to perform a fcw trials in arder to arnve at 
thc nght valuc of f 1 whtch rcsults 10 the desired rcducuon in 
momcnt. 

Also. note that START and END is based on thc MEMBER 
INCIDE~CE specificat1on. 

At any end or the member, for any particular DOF, full, 
partial and spring release cannot be applied 
simullaneously. Only une out or the lhree is permitted. 
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".22.2 Element Release Specification 

Su 
,. 'C/IOtl f.& 

·,r 

Purpoae 

Thts set of commands may be uscd to rclcasc ')pccificd dcgrccs uf 
frccdoms at thc cnd of platc finitc clc"mcnts. 

General Formal: 

~MENT RELEASE 

element·liat 

whcre the keywords JI. J!. J3 and J.l signify juints in thc arder of 
the spccification of thc clcmcnl tnctdcncc. for cxamplc'), tf thc 

mcidcnccs of thc clcmcm were defincd as 35 ~1 76 63. J 1 
rcprcscnts 35, J! reprcscnts 42. J3 rcprcscnts 7tJ. amJ J~ rcprcscnts 
63. Picase note that clcmcnt rcleasc'i at multtplc JOtms .,;annut be 

spccified tn a :.tnglc hnc. Those mu\1 he -.pcctficd "cparatd:-o .1s 
shown below. 

FX through MZ reprcscnts forccsJmomcnts lo be rclcascd pcr local 
axts systcm. 

Example 

Correct Usage 

EU:IIENT REL.EASE 
10 T!) 50 J1 IIX IIY 
10 TO 50 J2 IIX IIY 
10 TO 50 J311Y 
10TO 50 J4 IIY 

lncorrcct Usagc 

ELEIIENT PE' EASE 
10 TO 50 J1 J211X IIY 
10 TO 50 J3 .J4 IIY 

So:clion 5 199 

Notes 

All releascs are m the lo~al axis systcm. 

a 
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5.23 Member Truss/Cable!Tension/Compression 
Specification 

: ~ 

STAAD allows frame mcmbers to be dcs1gnatcd a~ TRUSS 
mcmbcrs, CABLE mcmbcrs and TE:olSION/COMPRESSION-unly 

mcmbers. Sections 5.23.1 through 5.~3.3 descnbc thcse 

spcclficauons. 

""'"""' lzot 

5.23.1 Member Truss Specification 

Srt! Srcuan.J 

1 'iomJ 1./0 

Purpose 

Th1s command may be uscd to modcl a specified set uf mcmbcrs as 

TRUSS mcmbcrs. 

Oescription 

Thas ~pccaficauon may be uscd to spccify TRt.:SS typc mcmbcrs in 
a PLA~E. S PACE or FLOOR structurc. Thc TRUSS mcmbcrs are 
.:apable of ,arrying only axial forccs. Typically, bracang membcrs 

1n J. PL\:"lE or S PACE fra.mc w11l be of this naturc 

General formal: 

!!§!BER TRUSS 
member·list 

Note thatthis command is supcrlluous whcn a TRL.:SS type 

\tructurc h.ts alrcady bccn spcc1ficd. 

Example 

IIEioiB TRUSS 
1 TO 8 10 12 14 15 

N otea 

The TRUSS mcmber has only one degree of frccdom·thc axial 
dcformation. h IS nut cquivalcnt to a framc member wuh momcnt 

rcleases al both ends. 
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5.23.2 Member Cable Specification 

Sa St'clwns 

;, 1 /0. 

~-

This command may be used to modcl a spectficd set of mcmbcrs as 
CABLE mcmbcrs. 

Deacription 

The CABLE members. IR addilion to clastic a:ual deformauon. are 
also capablc of accommodating the cffcct of mitial tens10n. 
Theoreucal discuss10ns of CABLE mcmbers are presentcd 10 
Secuon 1 of thts manual. 

General format: 

Example 

MS!!BER CABLE 

member-liat IS.!I.SION f 1 

whcrc f 1= lniual Tcns1on 10 cable mcmbcr 
(in currcnt untls) 

MEMB CABLE 
20 TO 25 TENSION 15.5 

Notes 

Thc TENSION spccificd in thc CABLE member is applied on the 
structure as an externa! load as well as ts used to modify the 

stiffncss of the mcmber. Scc Scction 1.10 for dcta11s. 

·,( -----

S«tioo 5 103 

5.23.3 Member Tension/Compression Specification 

St'e St'Ctwn 

1 9 

Purpose 

Thts command may be uscd Lo dcsignatc .:crtain mcmbcrs as 
Tcnston·only or Comprcss10n-only membcrs. 

General Formal: 

.M,gf!BER TENSION 
member • lisl 

.MEMBER kQMPRESSION 
member - list 

Description 

Tcnsion-only memhcrs are truss mcmbers that are capahle of 
carrying tcnsalc forccs only. Thus, they are automaucally 

macttvatcd for load cases that are capablc of caustng comprcss10n 
on them. 

Comprcssion-only mcmbcrs are truss mcmbcrs that J.TC capablc uf 

carrymg comprcsstvc forccs only. Thus. thcy are automatically 
inactivatcd for load ca!)CS that are capablc uf caustng tcnsion nn 
thcm_ 

Thc proccdure for analysis of Tcns10n-only or Compression-only 
mcmbers requires itcralions for cvcry load case and thercforc may 
be quue in volved. Thc uscr may al so consadcr usmg thc IN ACTIVE 

specilication if 1he solutaon time bccomcs unac:ceptably hagh. 

ll is very important to rccogmtc that thc tnpul data must be 
provided in such a way 'that only one primary load case 1s prov1dcd 

for cacb PERFORM ANAL YSIS command. Also, the SET NL and 

CHANGE commaods musl be uscd lo con ve y to STAAD that 

multiple analyses and multiplc structural conditions are involvcd. 
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IIEIIBER TENSION 
25 TO 30 35 36 

Eumple 

IIEIIBER COIIPRESSION 
43 57 88 102 145 

Example 

IIEIIBER TENSION 
12 17 18 TO 37 85 
IIEIIBER COIIPRESSION 
5 13 48 TO 53 87 

N otea 

ST AAO Cornrnandt and lnpu1 lnslJUCuons 

1 1 Loads lhat ha ve bccn dcfincd on mcmbcrs dcda.rcd a:, 

:o.IE:'.IBER TE:"'SION or :o.IEMBER COMPRESSI0:-1 w1ll he 
a.clivc cvcn whcn lhc mcmbcr bccomcs IN ACTIVE ,Junng thc 

proccss of analysis. ThJS applics tu SELFWEIGHT. MBIBER 
LOADS, PRESTRESS &. POSTSTRESS LOADS. 
TEMPERA TU RE LOAD. ele. 

~) A mcmbcr dcclarcd as a. TES S ION only membcr ora 

COMPRESSION only mcmbcr will carry axial forccs only. 1t 
will nol carry momcnts or shcar forccs. In olhcr words, 11 1s a 
~russ mcmbcr. 

3) Thc MEMBER TENSION and MEMBER COMPRESSION 

commands should no1 be spcciCicd if thc INACTIVE MEMBER 
command is spccificd. 

4) Thc following is thc general scqucncc of commands in thc 

input file if thc MEMBER TENSION or MEMBER 

COMPRESSION commanc.J is uscd. Th1s cumple b for lhc 

.. 

+ • 
:;:L~-. 

. 

So;tnJO !! 1105 
MEMBER TEN S ION command. Similar rules are applica.ble 

for thc MEMBER COMPRESSION command. The dots 

mdicalc other input doua items. 

STAAD ••• 
SET NL .. . 
UNITS .. . 
JOINT COORDINA TES 

MEMBER INCIDENCES 

ELEIIENT INCIDENCES 

CONSTANTS 

MEIIBER PROPERTY 

~LEMENT PROPERTY 

SUPPORTS 

IIEMBER TENSION 

LOAD1 

PERFORM ANAL YSIS 
CHANGE 
IIEMBER 'fENSION 

LOAD2 

PERFORII ANAL YSIS 
CHANGE 
IIEMBER TENSION 

LOAD3 
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PERFORU ANAL YSIS 
CHANGE.·. 
UEUBER TENSION 

LOAD4 

PERFORU ANAL YSIS 
CHANGE 
UEUBER TENSION 

LOAD5 

LOAD COUBINATION 1 

LOAD COUBINATION 7 

PERFORU ANAL YSIS 
. CHANGE ... ' 

LOAD LIST ALL 
PRINT ••• 
PRINT ••• 
PARAUETER 

CHECK CODE ••• 
SELECT UEUBER ••• 
FINISH ' 

STA. AO Commands and lnpul lnstnu::uons 

a) Sce Scction 5.5 for explanation of thc SET NL command. 
Thc numbcr that follows lhts command ts thc total number 
of primary load cases in thc file. 

Secuon 5 

b) Thc principie used in 1hc analysis is the following. 

• Thc program reads the list of membcrs dcclarcd as 
MEMBER TENSION. 

• The analysis ts pcrformed for 1he enurc structurc and 
thc mcmbcr forces are computed. 

• For thc mcmbers dcclarcd as ~EMBER TE~SION. the 
program chccks thc axial force lo dctcrmmc whethcr 11 
is tcnsilc or comprcsstve. If 11 is comprcssivc. thc 
mcmbcr ts "sw1tchcd off' from thc structurc. 

• Thc :lnalysts 15 pcrformcd :1gam wuhout thc swuchcd 
off mcmbcrs. 

e) In 1hc cxamplc shown. only onc LOAD case is spccificd 
pcr ANALYSIS. This is bccausc. a mcmbcr ,.·hich 1S 

undcr tcnsion for one load case may be m comprcssion for 
anothcr load case. The stll'fncss matru for an .:analysts can 
account for thc structural ~.:onditton of only tlnc of thcsc 
two load cases. 

d) ~otc lhatthc ME~BER TE~SION command :1nd i1s 
.accompanymg list of mcmbcrs ts provtdcd aftcr cach 
{cxccpt thc last) CHA~GE command. Th1s 1s bccausc. 
cach CHA~GE command stgntfics that the pre\ IDUS 

\IE~BER TE='lSION cummand 1s Jcfunctthcrcby 
ncccssataung thc spccllicalwn of thc ME~BER TENSION 
o.;ommand again. 

e) Thc ~EMBER TE~SION o.;ommand should nm be uscd •f 
thc following load ..:ases are prcscnt . Response Spcctrum 
load case, Time History Load case, UBC Load case, 
Movmg Load case. 
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5.24 Element Plane Stress and Ignore lnplane 
Rotation Specification 

)uuon 1.6 

Purpoaa 

; 

Thesc commands allow !he uscr to modcl!hc followang conJI\10R~ 
·an pla1e clcmcnts 

a) PLAN E STRESS ..:onduion 

b) IGNORang !he in-planc rotation 

Generat Format: 

Descriplion 

Thc PLAN E STRESS spccdic.:uion allows !he uscr 10 modcl 
ljCiccacd elcmcnts for PL\:'\IE STRESS .1Ct1on only. 

S&milarly, the IGNORE 1:'\IPLANE ROT.\TlON ..:nmmand ..:au')c~ 
!he program lo ignore "in-planc rolallon'' :.ctiOR'lo. Thc ST,\:\0 
platc clcment formulaliun mdudcs 1his &mportanl ;acuon 
automatically. 

} 

Howc:--cr, it may be noted that sorne clcmcnt formulauons agnorc 
this action by dcfault. Thas uscr may utilitc this opuon to compare 
ST AAD rcsults with soluuons from thcsc programs. 

-

.. 
Example 

ELEMENT PLANE STRESS 
1 TO 10 15 20 25 35 
ELEMENT IGNORE 
30 50 TO 55 

ScaiooS 1209 
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).25 Member Offset Specification 

r 

S ·s~cuon 

·,( 

Purpose 

This command may be uscd lo modcl thc offset condilion3 l!xtsting 

at thc cnds uf framc mcmbcrs. 

General formal: 

MfM_BER Q.E.ESETS 

member-liat {illRT} 
END 

Oeacri~tion 

-· 

f¡. f~, antJ f] ¡;urrcspond lO 

thc dislancc, mcasurcd m 

thc global ¡;oordinatc 

-,ysrcm, from thc joant 
¡START orE~ O as 

spcctficd) to thc I!CDtrm_d 
of th¡; srarllng or cnding 
pomt of thc mcmbcrs 

l~>lcd. :.tEMBER OFFSET 
¡;ommaml ¡;an be uscd ior 

any mcmbcr whusc startmg ur cndmg p01m ts not ¡;uncurrcm Wllh 
thc gt ven tnddcnt jo m t. Thts command cnablcs thc u3cr to aL:count 

for the sccondary forccs whtch are mduccd duc 10 thc ccccnlricny 
of thc mcmbcr. Mcmbcr offscts cao be spccificd 10 any dirccuon, 
including thc dircction whtch may cot.ncadc with thc local x·axis of 

thc mcmbcr. 

wp in the diagram rcfcrs to the locallon of thc ccntrotd of thc 

starnng or cnding pomt of the mcmber. 

Example 

IIEMBER OFFSET 
1 START 7.0 
1 END -8.0 0.0 
2 END -8.0 -9.0 

Notes 
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¡) lf a MEMBER LOAD (scc :o.IEMBER LOAD spCClficalion) is 
applicd on a mcmhcr for whach ME~BER OFFSETS ha ve bccn 

spccaficd, thc location of thc load is mcasurcd not from thc 
coordinatcs of thc starung JOIRL lnstcad. ti ts mcasurcd from 

thc offset location of thc startmg joinl. 
:!) ST.-\RT and E~D is based on thc uscr's ~pccification of 

~E~BER l~ClDE~CE for thc particular mcmbcr. 
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5.26 Constant Specification 

Su Secrton 
. 5.J 

Purpoae 

This command may be uscd to specify the material properucs 
·(Modulus uf Elasticuy, Poisson's r~10, Dcnsaty and Cu-effi~.:Jcnt of 
linear c"pansion) of thc members and clements. In additiun, thts 
command may also be uscd to spectfy thc membcr orienaauon 
!BETA anglc or REFERENCE poi ni). 

General formal: 

E 

POISSON 

DENSITY 

ALPHA 

BETA 

11 
{=BER memb/elem·list} 

.MSMBER memb/elem-list 

spectfics Young·s Modulus. This valuc must be 
providcd :u thc first 1tcm in thc Constants list. 

spectfics Poisson's Ratio. This valuc is used for 
calculouing thc Shcar 

Modulus(G=O.SxE/( 1 +POISSON)) . 

spectfics wcight density. 

Co-cffictent of thcrmal expansion. 

specifies mcmbcr r01atioa anglc in degrees 
(sce Scction 2). 

Note : Single angle secuons are oriented according 
10 thcir principal ucs by defauh. ([ ilts necessary 
to orienl thcm such lhat thcir lcgs are parallcl to 
thc global axcs, thc BETA spccification must be 

Example 

Sccuoo s lzu 
used. STAAD offers the following addiuonal 
spccificaaions for this purpose : 

BETA ANGLE 
BETA RANGLE 

8oth of thc abovc options will rcsult in an 
orientation with the lcgs parallel 10 thc global axis. 
Thc 'ANGLE' option rotales the scction through the 
anglc "theta" (wherc "thcta" = angle bctwccn the 
pnncipal axis system and thc global a;us systcm). 
The 'RANGLE' option rotales thc section through 
an angle equal 10 (180 · ~thcta"). Both aplions will 
work the same way for cqual angles. For uncqual 
angles, thc right opuon musa be uscd bascd on thc 

, rcqu1rcd aricntauo_n. 

Valuc of thc corresponding constants. For E, 
POJSSON and DENSITY. maten al names can be 

provtdcd instead of f1• Appropnatc valucs w~ll be 
automaucally assigned. Currcnt hst of matenal 

namcs me ludes STEEL. CONCRETE & 
ALUMINUM. 

Global X. Y. and Z coordinatcs for thc rcfcrcncc 
point, from whid thc BETA angle ..:iln be 

calculatcd by the progrilm. 

CONSTANTS 
· E 29000.0 ALL

1 
· 1 

BETA 45.0 IIEIIB 5 7 TO a 
DENSITY STEEL IIEIIB 14 TO 29 
BETA 90 IIEIIB X 

' . ' 

Note that the last command in thc abo ve. cumple will sct BETA as 
90° for aJI mcmbcrs parallclto thc X-ax1s. 
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N otea 

1) The valuc for E must always be givcn first in the Constants Jist. 
2) · All numc:rical valucs must be providcd in thc currcnl unus. 
3) h is not nc¡;:cssary nor posstble to spcdfy thc units or 

tempcr:uure or ALPHA. Thc uscr musl ensure that thc valuc 
provtdcd for ALPHA is consistcnt in tcrms of unus Wllh thc 
valuc providcd for tcmpcrature (scc ScctJOn 5.32.6). 

4) ·lfthe POJSSON RATIO ts not spc"ctficd,thc: program will use a 
ddault valuc of 0.0. 

•: • 
•;a 
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5.27 Support Specifications 

STAAD support spc¡;:ifications may be cllhcr parallcl or mclincd to 
thc global axcs. Spectficauon of supports parallcl 10 the global 
axcs ts dcscnbcd tn Scction 5.27.1 Spcdfi¡;:auon of mclined 

'iUpports ts descnbcd in Scctton 5.27.2. 
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;.27.1 Global Support Specification 

Purpoae 

Th1s sct of commands may be uscd lo spcc1fy thc SUPPORT 
conditions for supports parallcl 10 thl\global axcs. 

General formal: 

~PORTS 

jaint·llst { f!M::D (J!!li release-spac(spring·opec.]) } 

releaae·spec = li l 
!E! 
m 

. ¡m 
sprlng·spec = KMX 

Deacrlptlan 

KMV 
KMZ 

PINNED suppon is a support which has translational, but no 

rOlallonal rcstraints. In o1hcr words, thc suppon has no moment 
car~ying capacuy. A I:IXED support has botb tran5lational and 
rotauonal n:straints. A FIXED support can be releascd in thc: global 
directions as describcd in relcasc-spc:c (FX for force- X through MZ 
for momc:nt-Z). Also, a fixcd support can ha ve spnng constants as 
dcscnbcd in spnng-spec (translational spring in global X-uis as 
KFX lhrough rotational spring in global Z-ax1s as KMZ). 

Corrcsponding spring constants are f1 through f6. Note lhatthe 

\ 
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rotational spring constants are always per dcgrc:e of rotation. No 
more lhan five releascs may be provided. If both rclcasc 

spec1ficauons and spnng spccifications are to be supplicd for 1he 
same support joint. rclcasc spccifications must come first. 

Example 

SUPPORTS 
1 TO 4 7 PINNED 
S 6 FIXED BUT FX MZ 
8 9 FIXED BUT MZ KFX 50.0 KFV 75. 
18 21 FIXED ·' 
27 .FIXED BUT KFY 125.!1 

In this cxample, joints 1 to .t. and joint 7 are pinncd. No moments 
are carricd by thosc supports. Joints 5 and 6 are fix.cd for all DOF 
c:tecpl in force- X and moment-Z. J01n1s 8 and 9 are fix.cd for all 
DOF C.'(CCpl momcnt-Z and havc springs in thc global X and Y 
d1rcctions with corrcsponding spnng consaants of 50 and 75 units 
rcspcctively. Joints 18 and 21 are fi.'(cd for all lranslational and 
rotalional dcgrccs of frcedom. Al joint 27, all thc DOF are lix.cd 

I.!.'(Ccpl the FY DOF whcrc it has J sprmg wuh 125 units spring 
constant. 

Notes 

1) Uscrs are urged to rcfcr to Scction 5.38 for mformauon on 
spectficauon of SUPPORTS along with the CHANGE 
command spec1fications. 

2) Spnng constants mus1 be prov1dcd m the currcnt unus. 
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lnclined Support Specification 

Purpoae 

Thcse ~ommands may be uscd 10 spcctfy supports that are tndincd 
with rcspc~l lo lhc global axcs. 

General Formal: 

il.lfPORT 

joinHist !tfi<LINED t1 t2 r3 {
flliNED 

f!XED (IDli ......,_.apee [apring-apec.]) } 

SrctiOfl 1./ J 

~hcre f¡, f;!• f) are ~OOrdinalCS ofthc ''rcfCfCRCC pom('' OCCC!)53fY 
Jor the .. lnclincd Support Axts Sysh.:m·· (scc bclowJ. 

~ole thc relcasc-spc..: and spnng-spcc are 1hc "llame as m thc 
prc ... ious "liCL:IIun (5.17.1J. Howc ... cr. picase nuh: that FX through 
~Z and KFX through KMZ rcfcr lo forccs/momcms Jnd spnng 
..:ons1anu in thc .. lnclancd Support Axt~ Systcm · (se e bclow 1. 

(~',, 

~l : 
~ ' -;--·---,/, / ., 

aa.....:-·t. t .• 

~n anclincd support should not be dcfincd ata JOIOI lo whach a 
finatc elcmcnt is conncctcd. 

1 
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lnclined Support Axis Svstem 

Thc INCLINED SUPPORT spcctfication is bascd on thc ''lnclincd 
Support axis systcm". Thc local t-axts of thts systcm is dcfined by 
assummg the inclincd support joint as thc ongin and JOÍntng il with 
J. "rcfcrcncc pomt" wllh CO·OrdinatCS off¡. f:! and f3 ISCC ligurc) 
mcasurcd from thc mclincd support jointm thc global L:Oordinatc 

systcm. 

Thc Y and Z axcs of thc inclincd support axis systcm ha ve thc samc 

uncntauon as thc local Y and Z axcs of an imagmary mcmbcr 
whosc BETA ANGLE ts 1.cro and whosc incJdcnccs are dcfincd 
from thc mchncd sup¡)ort jotnt to thc rcfcrcncc potnt. t.:scrs may 
rcfcr to scction 1.5.3 of thts manual for more tnformaiJOR on thcsc 

conccpts. 

Example 

S.UPPORT 
4 INCLINED 1.0 ·1.0 0.0 FIXED BUT FY MX MY MZ 
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5.27.3 Automatic Spring Support Generator for 
Foundations 

STAAD has a facilily for automauc gcneratton of spnng supports 
to modcl footings and foundauon mats Tht!t l:Ommand is spc~.:ll"icd 
undcr thc SUPPORT command. 

General Format: 

~PORT 

{
FOOTING 11 (12)} {X } 

joint-liat -- DIRECTION l ~GRADE 13 
Sl.ASTIC MAL ¡ 

whcre 

fl. f2 = Lcngth and width of thc fooung. lf f2 ts not givcn. thc 
fooung is .a!l!lumcd to be a squarc wilh !!.idcs fl 

O = Soil sub-grade modulus in forcclarcallcngth units 
X.Y.Z = Globat dircction in which soil spnngs are to be 

gcneratcd 

Tbe FOOTING option : lf you want to !!opcctfy thc tnnucncc arca 
of a joint yoursclf and ha ve STAAD stmply muluply thc arca yo u 
specified by thc sub-grade modulus. use thc FOOTlNG option. 

Situations whcrc this may be appropriatc are such as whcn a sprcad 

footing is locatcd bencath a joint whcrc you want to spccify a 

spring supporl. Picase note thal it is absolutely impcrative that you 
providc fl (and f2 if ils a non-square footing) tf you choosc thc 
FOOTING oplion. 

Tbe ELASTIC MAT oplion: lfyou wan11o have STAAO 
calculatc tbe innucnce arca ror the joint (instcad of you specifying 

an arca yoursciO and use lhat area along wuh the sub-grade 
modulus lo dctennine thc spring stiffncss valuc. use thc MAT 
oplion. Situations wherc this may be appropriate are such as whco a 
·slab is oa sot1 and carries the weight of thc slfucture above. You 

' .. 
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may ha ve modclcd the entirc slab as finite elements and wish lo 
gcnerate spring supports at the nades of the elements. Note that the 
word ELASTIC is optional. 

The DIRECTION option : The kcyword DIRECTION is followcd 

by one of the alphabets X. Y or Z which indicatc the direction of 

rcststancc of thc spring supports. 

The SUBGRAOE oplion: The keyword SUBGRADE IS followed 

by the valuc of the subgrade reaction. Picase note the value should 
be provtdcd m the current unit systcm sagmfied by thc most reccnt 

UNIT statcment prior Lo the SUPPORT command. 

Example 

SUPPORTS 
1 TO 126 ELASTIC IIAT DIREC Y SUBG 200. 

The abovc command inslructs STAAD to intcrnally gcncratc 
!!.Upports for all nodcs 1 through 126 wtth el01sllc springs. STAAD 
first cakulatcs the tnlluencc arca perpendicular Lo thc global Y 
axts of each node and thcn multiplics the corrcsponding inlluence 
.uca by thc soal subgradc modulus of :!00 O to calculatc the spring 

l:Onslant lo be apphed lo thc node. 
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~1.4 Multi-linear Spring Support Specification 

When soil is modcled as spring supports, the varying rcsistance u 
offers to externa! loa'ds can be modelcd using this facilily, such as 
whcn.its beha\lior in tension d1ffcrs from i1s bchavior in 
compression. 

General formal: 

MJ!b TJUNEAR mJNGS 

joint-Uat SPRJNGS d, s1 d, a, ...... d
0 

a. 

Wbcrc (di s1) pairs rcprcsent displaccmenl and spring conslant pairs. 

Example 

UNJT KIP INCH 
SUPPOAT 
1 PINNED ; 2 4 FIXED BUT KFY 40.0 
.IIULTJUNEAA SPAINGS • 

. 2 4 SPRIJI!GS -o.5 40.0 0.0 50.0 0.5 85.0 

Load-Displaccment charactenstics of soil can be reprcscntcd by a 
mulu-lincar cune. Slope of th1s curve WJII rcprcscnt thc spring 
charactenslic of thc s01J al diffcrcnt displaccmenl values. A typical 
spring ¡;haracteristu; uf soil may be rcprescntcd as thc stcp curve as 
show in bclow. In thc abo\le example thc mulu-Jincar spring 
command spccifies soil spring at Joints 2 and 4. 

l 
. . , 

1 
40 Kip/in 

1 

Sccu011S l1J 

Spring Constanl 

65 Kipiin 

1 
50 Kipiin 

1 

¡ 1 Displacemen 

' 
' 

§] ~ ' 
' 

Thc multt-lincar sprmg cummand Wllltnggcr a multiplc analysis 
ami c~nvcrgcncc chcd cydc. Thc cyclc wdl contmuc tillthc 
•iUpport displaccmcnts computcd m thc prC\IJous analys1s cyclc J.rc 
e lose cnough wlth thc support dlsplaccmcnts computct.l m thc 
currcnt analysis cyclc. 
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.28 Mas'~ .. .jlave Specification 

Su Secuora 

Purpose 

This set of commands may be uscd 10 modcl ngtd links through the 
sp.ccificauon of MASTER and SLA '(E JOmts. 

General formal: 

~VE ~TER j ,IQJNT jainl·apec 

. jaint·opec = ljoint·llat ) 

[
l!BANGE l li!AHGE 11,12 
¡f!ANGE 

Deacrlption 

Thc mastcr/slavc opuon provtdcd m STAAD allows thc uscr lo 
· modcl ngtd hnks m thc system. Thc suppon spcctficauons must be 

providcd befare th1s command is uscd. Noticc: that instcad of 
providing a jomt list for thc slavcd JUinlS, a rangc of coordinalc 
valucs (in global systemJ may be used. AIJ jomt coord1natcs wtlhm 
a spccificd rangc are assumed to be slavcd jomts. No finlle 
clcmcnts may be connccted lo lhc slavcd JOints. Thc joint list or 
coordinate range spccaficd for slavcd JOIRIS may mcludc ahc master 
JOint. Fx, Fy cte. are thc d~tccllons in which thcy are slaved to the 
master. lf all dirccuons are providcd. thc JOints are rigidly 
connected. Thc following cxamplcs tllustrate thc use of this option. 

.. 
Mrrl 

. .. 
«4:..4!"~~:' 

Example 

SLAVE FX MZ MASTER 9 JOINT 1 TO 15 • 
17 19 20 
SLAVE FX FY MASTER 37 JOINT YR 19.9 20.1 

The SLA VE RIGID specification may be uscd to modcl a rigid 
diaphragm dircctly. All degrccs of frccdom will be taken into 
consideration for slaving and thc ngtd body rolation wtll be 
automatically consadcrcd. 

Example 

SLAVE RIGID MASTER 22 JOINTS 10 TO 45 
SLAVE RIGID MASTER 70 JOIN YR 25.5 27.5 

Notes 

Propcr stiffness conncction is ncccssary bctwccn thc master and thc 
slavcd joints for th1s typc of moc.Jeling. 
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', 
_J Draw Specifications 

Purpaae 

This sct of commands may be uscd to gcncratc pnntcr plots ol 
structure geomctry and rcsuhs as pan oL thc output. 

Descriptlon 

Bcsidcs mteraclivc graphu.:s. STAAD has fcatures to providc 
~ommands to piOl ~tructural gcomctry, analysts rcsulls .:te. a~ pan 
olthc STAAD uutput file. 

~otc th:u the~c output lile~ t.A:"--L liJes¡ "hould be pnntcd only 
through thc Prinl Ourpur uption ol thc mam menu of STAAD. 
Plots can also be displaycd by the View Ourpul opuon tJf thc :nam 
mcnu uf STAAO. 

Plots .uc of htgh-rcsoluuon and most ol thc 8/9/:!-l pm dot matru 
omd lascr pnntcrs are. supponcd. 

Thc DRAW ~ommand IS u~cd 10 crca11.: th..: plots m thc output. fhc 
followtng ts thc formal os' thc DRAW ..:ommand. 

• i.l 

• ISOMETRIC 
ROTATE rotate-spec 
SECTION section-spec 
ZOOM f1 
SHIFT x y 
JOINT 
MEMBER 
SUPPORT 
PROPERTY 
SHAPE 
HIDDEN • LINE • REMOVED 
SHRINK f2 
LOAD In 
DFDRAW In 
MODRAW sn 
SCDRAW In 
MSDRAW In force-spec 
BMDRAW In force-apee 
ENVELOP force-apee 
SCALE f3 
VALUE 
STRESS CONTOUR In 

Secuon 5 

(LIST liat-spec) 

rotate-spec : {~ ;: } 
~ za 

seclion-spec= m} 

. .. ".~ .. \E~ l 
r' = Zoom factor by which structurc is to be rcduccd or 

cnlargcd. A valuc lcss than 1 O IS for rcductiun and 

grcau:r than 1.0 is to enlargc. 

f' = Shnnk factor by which mcmbcr/clcmcnts be shrinkcd. 

Value vancs from 0.1 to 0.9. ; 

f J = Scalc factor by which dcncctcd shapcs to be 
mu\liphcd. Sormally all 'il.::lics are Jutomatlcally 

computed. Howcver, thc uscr may changc this by thts 

~.:ommand. 

'-Y = x and y sh1ft values based un structurc coordmates. 

In = Load numbcr tu be cons1dcred 
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= Modc·shapcs number to be displaycd. 
xa,ya,.t:a = X, Y and Z anglcs by which the structurc is to be 

rotated. 

r¡.r:! ::: Maxtmum and mtnimum valucs defining thc rangc in 
thc direction perpendicular lo the spccificd sccuon 
planc. 

Notes " 

1) Followmg command3 may be uscd anywhcrc in thc mput. 

ISOMETRIC ::: Draw isomclnc view. 
ROTA TE 

. SECTION 
ZOOM 
SHIFT 
JOINT 
MEMBER 
SUPPORT 

PROPERTY 
SHAPE 

HIDE 

SHRINK 
LOAD 

= Rmatc as spccificd in rouuc·spec . 
= Draw sccuon as spccificd in section·spec. 
::: Draw with a .wom factor of valuc f 1. 
= Shifl thc suucture to thc spcc1ftcd .\, y valucs. 
= Display JOÍnl numbcrs. 
= D1splay mcmber numbcrs. 
::: Display \Upport icons. 
::: Otsplay propcrty names. 
::: Display thc shapc of thc mcmber propeny wuh 

propcr BETA anglc orientauon. 
== Removc hiddcn lines whcn clcmcnts are prcscnt. 
== Shrink all mcmber/clcmcnts by thc factor off.,. 
=Display load icons. Obv10usly. th15 command ~an 

be uscd only aftcr Lhc loadings are prov1dcd. 

2) Following commands are related to rcsulls and should be uscd 
only aftcr the PERFORM ANAL YSIS command. 

DFDRAW == Draw dencctcd shape. 
MODRAW = Draw modc shape. 
SCDRAW == Draw sc::ction displaccmcna. 

MSDRAW == Display forcc/moment diagram on the cnttre structurc 
for specified In (load number). 

B.MDRAW == Display force/moment diagram for mdepcndent 

mcmbers as lisled in LIST. No more than 2 member 
lists are allowed. Use multiple DRAW commands to 
dtsplay forcc/moment diagrams for independent 
mcmben. 

.. 

' • 

So<uons 1m 
ENVELOP ::: Samc as MSDRAW excepl worst of all active load 

S CALE 
cases. 

== Scalc factor by whtch dcnccted shapc::s to be 
muhiplicd. 

V ALUE ::: Display values of Forcc/Moments, displacemcnts. 
STRESS-CONTOUR =Draw strcss-contour for finite elements. 

Only the con tour for lhc Absolute muimum pnncipal 
stress can be ploued. 

Example 

DRAW ISOIIETRIC IIEIIBER SUPPORT PROPERTY 
DRAW SHAPE SUPPORT 
DRAW SECTION XY 14.9 15.1 
DRAW ROTA TE X -20 Y 30 Z 20 HIDE 
DRAW ISOIIET IISDRAW 2 IIZ VALUE 
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Cut-Off Frequency or Mode Shapes 

Purpoae 

Thc5e command5 are u~cd in conjuncuon wuh dynamic analy!l.l'i. 

Thcy may be uscd to spcc1fy thc h1ghcst frcqucncy or thc numbcr 
uf mode shapcs that nccd to be cons1dcrcd. [ 

General Format: 

k1!I (OFF) 

Whcrc, 

J ffi&QUENCY 11 } 

~E SHAPEi1 

f¡ = Highc51 frcqucncy lcyclc/sec) to be con51dcrcd fur d)'namic 
analysis. 

'1 = Numbcr of modc shapcs to be cons1dcrcd for dynam1c Jnalysis. 

lf thc cut off frcqucncy command 15 not prov1dcd thc ..:u1 off 

frcqucncy Wlil dcfaulltO J 08 .;ps. (f thc CUI off modc iba pe 

command 15 not prov1dcd. the lirst thrcc mude~ will he 

calculatcd. Thcsc .;ommands ,nould be prov1dcd pnor tu thc 
loading ipcc¡ficatwns. 

Sccuon S 

5.31 Definition of Load Systems 

Su 
Sr~·11o11 1 17 

Purpoae 

This scct10n dcscnbes thc spccificauons ncccssary for dcfining 

variuus load systcms for automatil.: gcnerauon of ~oving load5, 

l!BC Scismic loads and W1nd loatJ5. In addüion, thi5 icclion also 

Jcscnbcs thc spccificauon of Time History load for Time History 

analys1s. 

Oeecription 

STAAD has buth-in algonthms tu gcncratc movmg loads. lateral 

~cismiC loads lpcr thc L'nifurm Building CodcJ. and wi~d loads un 

..1 suucturc. Csc of thc load gcncration facility .;ons1sts llf two 

parts: 

1 J Dclin1110n of thc load ;¡ystcmiSI 

! l G~n~rauon of pnmary lo.td cases usmg prcviously dcfincd 

JuacJ systcmhl 

Oefinuwn uf 1hc loall -,yo;¡cm('¡J mu'>l be prov1dcd hcforc any 

pnm.ar~ ln.ad ..:.ase is -.pcc1ficd. Th1'i ->ccliun dco;cnbcs th~ 

-,pcc:ifi\:altun of load o;yc;tem(s). lnfurmauon on huw to gcncratc 

pnmary load \:3SC5 us1ng thc dcfincd load 'i)"itcm(s) is JVallablc m 

Sccuon 5 3:!.1:!. 

131 
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i.31.1 Definition of Moving Load System 

)"u s~clion 

l J2' 1:! 

Purpose 

Th1s set of commands may be uscd 10 define the muving load 
system; \ 

General formal: 

QS.EINE M.Ql!ING !.QAO(f!.bE file·name) 

{

l.QAD 11,12, • .10 ~TANCE 
!YfEj 

load-name (1) 

IMQTHw)} 

Note that thc ~OVING LOAD systcm may be dclincd in two 
poss1blc ways • dircctly within thc input file or using an externa! 

lile. 

The FILE option should be uscd only IR the second case whcn thc 
data is lo be rcad from an externa) lile. Thc rilenamc should be 

limited to 16 characters. 

Mo-vmg Loads can be gcneratcd for framc members only. Thcy 
will not be gcncratcd for finitc elcmcnts. 

Define Moving Load within input rile 

Use abe first TYPE specJfication. 

TYPE j .I.QAD 11,12, ••• 1. Q!li.TANCE d1,d2,d(n·ll 
(l!'l!Q.TH w) 

Where. 

J 
r, 

= moving load systcm type numbcr. (integer) 
= value of conc. ¡•h load 

d1 = distance bctwcen the (i+l)1h load and tbe ¡tb load ia lhe 

direction of movemcnt 

• i 

. j?;~_;. 
_..,_,_, __ 

""""" s lm 
w = spacing betwcen loads perpendicular to the direction of 

movement. 1f lcft out, one dimensiOnal loading is assumed. 

Define Moving Load using an externa! file 

Use the second TYPE specification. 

TYPE j load:name (f) 

Where, 

load-name 
and r = 

ls the name of Lhe moving load systcm 
Opuonal muluplymg factor to scale up or down the 
valuc of the loads. (dcfauh = 1.0) 

Followmg 1S a typ1cal file cont.atnmg the data. 

CS200 
50. 80. 90. 1 OO. 
7. 7. 9. 
6.5 

ltl 

. namc of load system (load-namc) 
loads 
distancc bctwccn loads 
Wldth 

Ktl "'' '"" 

•s[ 10 I 1u I ''" I 
Note lhat scvcralload systems may be rcpcated withtn thc same 

me. 

All loads and distanccs are in current unit system. 

The STAAD moving load gencrator ass~mcs: 

1) Allloads are acting in the negative global vertical (Y or Z) 
dircclion. The user is adviscd to sct up 1he structure model 

accordingly. 
2) Resultant direction or movement is delermincd from the X, Y 

and Z incrcments of movcments as providcd by tbe uscr . 
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Reference Load 

Thc fir!a specificd conccntratcd load IR thc moving load systcm is 

dcsignatcd as the rcfcrcncc load. Whlic gcncrating subsequcnt 
primary load cases, thc muial postt1on of thc load systcm and thc 
dircclion of movcmcm are dcfined wtth respect te thc: rcfercm:c 
load localion. Al so nmc that. whcn !llolectmg thc refcrencc load 
locatiOR, thc value of thc width must be posuivc 1R thc apphcablc 

glObal X or Z dircction. Thc followang ligurcs tllustrate the ¡;onccpl 
of rcferencc load. 

rcJCn:ncc ['llltnl 

r--------.x \ X 

' <. 

,u !CIIOII 

11.; 

1\ 

n:lcrcm:c puim 

JI 

., 
z 1\ 

Specihing standard AASHTO loadings 

' General format: 

I!fEi 

wherc. 

lHS201 HS15 . 
H20 
H15 

( f) 

= moving load sys1em type no. (integer). 

(VI) 

f :; op1ional multiplying factor (dcfault = 1.0) 

Secbon S %35 

vs = variable spacing as dcfined by AASHTO. for HS senes 
trucks (dcfault = 14ft.) 

Example 

UNIT KIP FEET 
DEFINE MOVING LOAD 
TYPE 1 LOAD 10.0 20.0 15.0 DISTANCE 5.0 7.5 WIDTH 8.0 
TYPE 2 LOAD 20.0 20.0 DISTANCE 10.0 WIDTH 7.5 
TYPE 3 HS20 0.80 22.0 

Notes 

All loads and distanccs must be providcd 1n thc currcnl unit systcm. 

Example 

Whcn data ts prov1dcd Lhrough an externa! lile callcd MOVLOAD 

Del! In lnpl!l file 

UNIT KIP FEET 
DEFINE MOVING LOAD FILE MOVLOAD 
TYPE 1 AXL TYP1 
TYPE 2 AXLTYP2 1.25 

Deg In extemsl !!le MOVLOAD 

AXLTYP1 
10 20 15 
5.07.5 
6.0 · .. 
AXLTYP2. 
2020 

., . 

~~5 :~j .:,:···~~; .. ~~~;~:·_ ~·:1;"]".·.~.': 
. :e·.~~ .. >:'(¡ <..hot;·.':, :·~ .t! 

l 
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5.31.2 Definition of UBC Load 

Su St>etiuns 

'7_2 and 

11.11 

Purpose 

Th1s set of commands may be used tu define thc parametcrs for 

generauon of UBC-typc cquavalenl ~atic lateral loads for ~c1sm¡c 
analysis. 

Deacriplian 

Thc STAAD scismac load gcncralor assumcs that thc lateral loads 
wall be excrtcd in X and Z dlrcclionllo and Y will be thc duccuon of 
thc gravily loads. Thus. for .a buildmg modcl. Y .uis will be 
pcrpcndi~.:ular to thc Jloors and pomt upward (all Y coordina1cs 
po:~.iuvc). Thc uscr is adv1s..:d to sct up thc modcl accordingly. 

Total lateral lloCJSmu; force or base shear 1s au10mauc:llly cakulatcd 
by STAAD using thc appropnate UBC cquauon(s). 

V= ¡uo w (par UBC 1994) ( 1) 
Aw 

V= ZIKCSW (per UBC 1985) (2) 

:-.lOlc: 

1) All symbols and nolations are pcr UBC 

}) Base shcar V may be calculated by STAAO using either 1hc 

1994 proccdurc (equation 1) or thc 198S proccdurc (cquauon 
2}. Thc uscr should use the appropnatc "ubc-spcc" (sce 

General Format below) to instruct thc program accordingly. 

STAAD/ISOS utilizes thc following procedure to gcneratc 1he 
lateral scism¡c loads. 

l. U ser provides seismic zone co·efficient and desircd "ubc-spcc" 
(1985 of 1994) through thc DEFINE UBC LOAD command. 

2. Program calculates the structure period T. 

.. 

.w; 1 

Sc<uoa S ID7 

J. Program calculatcs C from appropriatc UBC equ31ion(s) 

uUiittng T. . . 
.J. Program calculatcs V from appropriate equalJon(s). W 15 

oblamcd from SELFWEIGHT. JOINT WEIGHT(sl and 
ME:vtBER WEIGHT(S) provided by the user through the 

DEFINE UBC LOAD command. 
5. Thc total lateral scJsmJc load (base shear) is thcn distnbuted by 

thc program among diffcrcnt lcvcls of thc structure per UBC 

proccdurcs. 

General tormat: 

QgfiNE UBC (~!DENTAL) LOAD 

~E 11 

SELFWEIGHT 

ubc-spec 

rotNT WEIGHT 
jainl·lisl WEIGHT W 

MEMBEA Yt§GHT 

mem-list 

ubc~spec = 
lar UBC 1994 

• {K 16 } 
ubc·spec = 1 11 
lar UBC 1985 lli lo) 

where. 

f l = 
r, = 

. f) = 
r, = 
f S = 
r, = 
¡7 = 

scismic zonc coefficient (0.2. p.3 cte.} 

importancc factor . 
. ¡r. · R "or lateral load in X-direcuon numencal CO·C ¡ICICDl w 1' , . 

numerical co-effictent Rw for lateral load in Z-darecuons 

si te co-efficicnt for soil charactcristics 

horit.ontal force factor 

1mportancc fa~.:tor 
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snc ~.:haractcristic pcnod (Rcfcrrcd 10 as Ts m the UBC 
code). Dcfault valuc is 0.5. 
opllonal CT 11alue lo calculale altcrnauve penad pcr 

mclhod A of CBC. 
Penad of s1ruc1ure (m scconds) m 1he X· dtrection. 
Period of slructure (in seconds) in thc Z· direction. 

joint we1ght hsocaated with list 

' 
!.lli[ = spectfies a umformly dtslnbuted load wuh a valuc l)f v1 

s1art1ng ata da~tance of v1 (from 1hc slan of thc mcmbcr) 
and cnding at J dislancc of v3 (from thc starl of thc 

membcr). lf v 1 and v1 are omutcd. thc load is assumcd lo 
cover the enurc lcngth of 1he mcmber 

mt! = spec1fics a conccntr:ucd force wi1h a valuc uf v ~ apphcd al 
a distancc of v5 (from thc Slólrl of thc mcmbcr). lf v 5 as 

omittcd. thc load is allsumcd to act at the ccntcr llf 1hc 

mcmbcr. 

N otea 

1) lf thc opuon ACCIDENTAL is uscd, the accadcntal torsu>n wall 
be calculatcd per L:BC .,pccifications. Thc value of the 
accadcntaltorsaon as bascd on thc "ccntcr t1f malls'" for ca~.:h 
Jcvcl. Thc "'¡;cntcr uf malls"' as calcul,ucd frnm thc 

SELFWEIGHT. JOJNT WEJGHTs •nd :o.!HtBER WEJGHT; 
spci:i ficd by thc u ser. 

2) In '"ubc-<ipcc" for 1985 r..:odc, sper..:afication ofTS is opuonal.lf 
TS is spccaficd, rcsonance co-efficacnt S as dctcrmincd from the 
building pcriod T and user provided TS usmg UBC equauons. 
lf TS is not spec1licd. thc dcfauh value of 0.5 ts assumcd. 

)J By provuiang cuhcr PX or PZ or both, you may overndc thc 

pcriod calculalcd by ST AAD and the uscr dcfined valuc will 
then be used for thc base shear calculalion. lf you do not define 

PX or PZ, thc penad wall be calculaled by thc program. 

4) Somc of thc items m thc output for the UBC analysis are 
cxplained below. 

Sccuon 5 D9 

CALC 1 USED PERIOD 

Thc CALC PERIOD ts the period calculated usmg thc 
Rayleigh method (Mcthod 8 as per UBC codc). For UBC 
an the ll·dircction, 1he USED PERlO O is PX. For the UBC 
tn thc l.·dircction, 1hc lJSED PERlO O as PZ. lf PX and PZ 
are not providcd. then the uscd penad is 1he samc as the 
calculatcd penad for thal direction. The uscd penad is the 

onc substitutcd into lhe critica! cquation of thc UBC code 

to calculatc the value of C. 

C, C-ALT 

According to thc UBC codc. C in Eq. 34~2 has to be 

cah:ulatcd as pcr a penad calculatcd by mc1hod 8 anda 
penad calculatcd by Method A. Thc former is rcprcscnted 

m thc outpul as C. Thc lattcr is mulltplicd by 0.8 (80%) 

and thc rcsulling valuc as rcprcscntcd as C-AL T. 

5) In thc .1nalysas for CBC loads. allthc iupports ofthc structurc 

ha..-c to be al thc same lcvcl and have to be atibe lowcst 

clevation lc\lcl of thc structurc. 

Example 

Sce ScctiOR 5 3:!.12 undcr GcncratiOn ,J( ese Sc!SffiiC Load. 

5.31-3 Colombian Seismic Load 

Purpoae 
The purpose of 1h1s command is 10 define and gcnerale stal!c 
equivalent seasmic loads as pcr Colombian spc~ificauons ustng a 
-static equivalen! approach similar to !hose outhncd by use. 
Dependtng on thas definiuon, equa\lalcnt lalcralloads wt!l be 
gcncratcd in X or Z direction(s). 
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.ptian 

Thc ST AAD seismic load gcncrator assumes that thc lateral loads 
w¡IJ be cxcrtcd 10 X and Z dirccuons. Y w¡JI be thc directwn uf 
gravuy loads. Thus, for a butlding modcl, thc Y a:us will be 
perpendicular to thc Ooors and pomt upward ( all Y coordinatcs 
posuivc). The uscr is adviscd to sct up thc modcl according/y 

Melhadalagy : 

Scismic tone coefficrent and paramctcr valucs Jrc supplied by the 
U!t~r through the DEFINE COLOMIBAN LOAD command. 

Program c.:alculatcs thc natural penad of bu1ldmg T uuiJLmg dau!tc 
16211.2.2 oi UBC 199~ 

Design spcctral coefficrent ( Sa) is calculatcd utihtmg T as. 

S a 

se e 

whcrc, 

A a 
S 
1 

= 
= 
= 

= 

= 
= 
= 

Aa 1 Cl.O ..- 5.0 TJ whcn. U::; T S O.J scc 
.!.5 Aa 1 whcn. 0.3 < T S 0.-JII S m ~ce 
1.2 r\a S I/ T whcn. O .J8 S < T s :!.-l S tn 

.\a I/ 2 whcn, 2.4 S <: f 

Scbmic Rislc. raclor luscr input) 
Sud Sitc CociTictcnt (u~er mput) 
Cucffictcnt ur lmponancc 1 u~cr mput 1 

Base Shear, Vs ts calculatcd as 

Vs = W "Sa 
Where, 

w = Total wcighl on thc structure 

Total lateral sctsmtc load, Vs is distnbutcd by the program among 
diffcrcntlevels as, 

Fx = Cvx "Vs 

Whcre, 
Cvx :; ( Wx "hxK) /.tni=l ( Wx "hxK ) 

~ -~J.l!~:~; . , ... 

Where. 

Wx 

hx 
K 

= 
= 
= 

Weight at the particular leve! 
Hcight of that particular leve! 
1.0 whcn, T S 0.5 scc 

Sccuoa 5 Jz.~¡ 

O. 75 + 0.5 • T whcn, 0.5 < T S 2.5 sec 
= 2.0 when, 2.5 < T 

General Formal 

DEFINE COLOMBIA:-! LOAD 
ZONE n ubc·spec 
SELFWEIGHT 
JQ!NT WEIGHT 
Jomt·list WEIGHT w 

\1E:\1BER WEIGHT 
-- M~m-list (UNI .••• ) 

ubc·spec = (1 12, S 0) 

Whcrc. fl, f2 andO are Sctsmtc Rtsk factor. S01l Suc Cocffictcnt 
J.nd Cocffictcnt of lmponancc. 

General formal 10 providc ColombiJ.n Sci~mu: load 1n Jny load 

LOAD• 
COLMBIAN LOAD 1 X/Y/Z) 10 

wherc ¡ and f are thc load case numbcr and iactor lo muluply 
horitontal scasmic load rcspecuvely. 

Examples 

DEFINE CDLDIIBIAN LOAD 
ZONE 0.38 1 1.0 .s 1.5 

. JOINT WEIGHT 
51 58 83 100 WEIGHT 1440 
-101.108143 150 WEIGHT 1000 
151 158 183 200 WEIGHT 720 

1 
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LOAD 1 ( SEISIIIC LOAD IN X 
DIRECTION) 
COLOIIBIAN LOAD X 

ST AAD Commands and lnpcu lnsuuc:uons 

.31.4 Japanese Seismic Load 

Purpoae 

Thc purposc of this command is to define and gcncratc stauc 
equivalcnt scasmic loads as per Japancsc spccaficat10ns usang .1 

stouic equivalcnt approach similar to those outlincd by UBC. 
Dcpcnding on thas dcfinlllon, cquivalcnt latcralloads wall be 
gcncratcd in X or Z dirc~.:tion(s). 

Description 

Thc STAAD scasmic load gcncralor assumes that thc lateral Joads 
will be cxcned in X and Z dircctions and Y wsll be thc duccuun uf 
gravuy load!> Thus, for a building mude l. Y JXI!io w1ll be 
perpendicular ID thc 0oors and poant upward ( all Y c.::oordmatcs 
posuive). Thc uscr IS adv1scd 10 sct up thc modcl accordmgly. 

Melhodalogy : 

Scism1c to'nc cocfficicnt .md paramctcr valucs .trc supphcd hy thc 
uscr through thc DEFI~E AIJ LOAD ~.:ommand. 

Progr.am calculales lhe natural penad uf building T uuliLing thc 
following cquation 

T 

wherc, 

h 
a 

= 

= 
= 

h ( 0.02 • 0.01 a) 

heighl of building 
ratio of stccl pan 

Dcsigo spcctral coefficient ( Rt) is calculaacd utiliting T and Te 
as follows 

.,, -

R, = 
= 
= 

1.0 
1 - 0.2 ( Tff, - 1 )' 
1.6TJT 

SccuonS 143 

when T<Tc 
when T,~T~2T, 

when 2T, ~ T 

a¡ is calculatcd from the wcight providcd by abe user in Define AIJ 

Load command. 

Seismic cocfficicnl or noor Ci is calculatcd usmg appropriate 

equauons 

Ci = Z R1 Ai Co 

Whcrc, 
z = t.Onc factor 

Ca = normal ..::ocrfic¡cnt of shear íorcc 

:\1 = 1 • l 1 1 ,Jaa - ai ) 2T/l 1- JT 1 

The total lateral sc•sm1c load 1S d!strlbutcd by thc program among 

differcnt levcls. 

General Format 

DEFINE m LOAD 
ZONE O ubc-rpec 
SELFWEIGHT 
JQ!NT WEIGHT 
Jomr-lisr WEIGHT w 

:\IJEMBER WEIGHT 
-- Mem-lisr (UNI ·--1 

ubc-spec = (1 f2, CO 13, TC r4) 

Where, fl, 11., Oand f4 are Zone factor. Rauo of Stccl Part, Normal 
cocfficicnl of shcar force and Valuc ncodcd for calculation .of Rt. 

General formal 10 prov1de Japanese Seism•c load m any load case: 

LOADi 
All LOAD {X/YfZ} 10 



""" l 
Where, i and f are load case number and factor to muhiply 
horizontal seismic load respective( y. 

Exampla 

DEFINE AU LOAD 
ZONE 0.8 1 0.0 CO 0.2 TC 8.6 
JOINT WEIGHT 
51 56 93 100 WEIGHT 1440 
101106 143 150 WEIGHT 1000 
151156 193 200 WEIGHT 720 
LOAD 1 ( SEISMIC LOAD IN X) 
AU LOAD X ., . 

Sc<uoas lus 

5.31.5 Definition of Wind Load 

Purpose 

Thts ~ct nf commands may be uscd to define thc paramctcrs for 

aulOm:uic gcncr:UIUR of wind loads on thc itructurc. 

General Format: 

whcrc. 

J; 

DEFINE WIND J.QAD 
TYPE j 
INTENSITY p1 p2 p3 ..• Pn liS!GHT h1 h2 h3 ... h 0 

EXPOSURE 

EXPOSURE 

EXPOSURE 

{
e1 ,¡Q[NT joint-list} 

81 YRANGE 11 12 

-do-

wmd load systcm typc number flntcgcr J 

p1.p1.p1 .. pD wmd intcnsitics (prc~surc:~oJ 1n force/arca. Up 10 5 
diffcrcnt mtcnsitics can be dcfincd m thc mput file. 

h1,h 1,h 1 ... h 11 
corrcsponding hc1ghts in global vertical dircction up 

to which thc abovc intcnsitics occur. 

joint·list 

r, and r! 

exposurc factors. A valuc of 1.0 mcans that thc wind 

force IS applicd on thc full mllucm;c arca associatcd 

wnh thc jomt(s). 

Joint hst associatcd wilh ,exposurc factor 

global vertical coordinatc valucs to spectfy vertical 

rangc for cxposurc factor. 

If the command EXPOSURE is not spcctficd, the exposure factor is 

choscn as 1.0. 
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Oescription 

AJI loads and heights are in current unll system. In the list of 
mtensalles, the first value of intensuy acts from the ground leve( up 
to the first heaght. Thc sccond mtensuy (p2) acts in the Global 
vertical dircction betwecn thc rirst two heighlS lh 1 and h1) Jnd ~o 
on. Thc program assumcs that the ground leve) has thc lowcst 
gl~bal v.crtical coordanate. \ 

E:tposurc factor (e) is thc fracuon of thc mOucnce arca assocaatcd 
with the joint(s) on whtch thc load acts. Total load on a panicular 
joml is calculatcd as follows. 

Joint load= (Exposure Factor) X (lnOucncc ArcaJ X (Wind lntcnsuy) 
The uposurc factor may be o¡pccificd by a joam·lhl or by gtvang a 
vertical rangc wuhm whu::h all jomts will ha ve thc 'iamc cxposurc. 
lf c:tposurc factor is not ... pcctficd. 11 defaulls to 1 O m which case 
the enlirc innucncc arca assoctatcd with thc j01nthl w11l be 
consadcrcd. 

For PLANE FRAMES, mOucncc arca fur cach JOint as cakulatcd 
~:onsadcnng unil widlh 1 1 mch) pcrpcndi,;ular to thc plane of thc 
structurc. Sote that thc uscr can accommodatc thc actual wuJth by 
incorporallng u tn thc Exposurc f¡¡;tor as follows. 

Exposurc. factor (U ser Specificd): CFracuon of mtlucncc arca) X 
fmflucncc w1dlh for JOIOI) 

Note& 

All intcnsitics. hcights and rangcs must be pro\'tdcd m the currcnt 
unü system. 

Sa:bon 5 147 

5.31.6 Definition of Time History Load 

S"• S,cuoru 

1 IR.J cJnd 

5 J2.1U 1 

where 

fu¡ o:tioo rspec = 

Purpose 

This sct of commands may be uscd to define paramctcrs for Time 

H1story loading on thc structurc. 

General format: 

' 

QS..EINE TIME l!!JiTORY Ull•l 

{~ELERATION } (SAVE) 
TYPE i 
- FORCE 

!~,E:,DI~nP2 .... '• Pn l 
lrunction·spec 

ARRIVAL I!.!!E 
a 1 •2 83 ....... Bn 

(DAMPING d) 

::;; solutlon time stcp used in the step·by-;tcp 
mtegrauon of the uncOupled cquations. The 
dcfault value of OT is determincd as follows-
a) 1f thc highest mude to be included in thc 

response has a frcquency largcr than 60 cps. 

DT = 0.0016scc. 
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b) lf thc highcsl mode (Nf th mude) has a 

frcquency less than 60 cps, OT: I/ 10th thc 
penad of lhe Nfth mode. 

= type number of time varying load (integcr). Up to 

6 types may be providcd. ACCELERATION 
indicatcs thal the ttme varymg load typc is a 

ground motion. FOR'CE indtcaacs ahat it is J 

forcmg function. 

:. Thc savc option rcsuhs in thc ~reaaion uf a file 
(input file name wuh a .. Tim" ~:ucnsion) 
comaining the hi~1ory of 1he displaccmcnts tJf 
cvery nade of the strucaure at ,:very time stcp. 
Syntu. TYPE 1 FORCE SAVE 

t1 p1 1:! P:! ... :. valucs oftime(s_cc.) and corrcsponding force 
(currcnt force unit) or accclcration (currcm lcngth 
unilJscc-1) dcpending on whcth~r thc time varying 
load ts a forcmg funcaion ora ground molton. If 
thc dala is spccificd through thc input file. up to 
299 p:urs can be providcd for e.;ach typc m thc 

asccnding valuc of ume. More than onc hnc may 
be used tf ncccssary. However. if thc data •~ 
provtdcd through an cxaernal file. an unlimucd 

numbcr of time-force pairs may be spcctficd. 
a1 a2, a3 ... an :. Valuc~ uf thc vanous possiblc arn..,alttmc~ 

(scconds) of thc vanous dynamtt.: load typcs. 

Arnvalli~c is thc ume at whtt.:h a load typc 

begins to act ata JOtDl (forcing function) or at thc 
base of thc structurc (ground motion). The samc 

load typc may bavc different arnval ume:s for 

different joints and hence all 1hosc valaes musa be 

specilicd herc. Tbe arrival times and the time­
force pairs for·the load types are used to crcatc 

lhc load vcclor needed for cach time step of the 

analysis. Refcr to Scction S.32.10.2 for 

informauon on input spccification for application 

of t.bc forcing function andlor ground mouon 
loads. Up lo 99 arrivallime vaJucs may be 
spccificd. 

d 

s..:u .. s 1149 
=Modal damping rauo. Dcfaull value is 0.05. Only 

one modal dampmg rauo can be uscd for the 

cntirc structure. 
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Note that the "function-spec" opuon may be used to specify 
harmonac loads. 8oth '"sme'' and "cosane" harmon1c funcuons may 
be specified. The program wtll automatically cakulate the 
harmontc load time bistory based on thc followmg spcctficauons -

f1 Ampliwde of motion tn currcnt unlls. 
f., · lf FREQUENCY. thcn cyclic frc~cncy (cyclcs 1 sec.) 

lf RPM. thcn rc:voluuons pc:r m1nutc. 
f1 Phase ..\ngle in degrccs, default =:O 
f..a No. of cycles of loat.hng. 
f5 time stcp of \oadin·g. dcfault =: une tcnth of thc pcriod 

corrcsponding to thc rrcquency of thc: harmon1c loading. 

Example 

UNIT FT 
DERNE TIME HISTORY 
TYPE 1 FORCE 
o.o 1.0 1.0 \.2 2.0 1.8 3.0 2.2 
4.0 2.8 5.0 2.8 
TYPE 2 ACCELERATION 
o.o 2.5 0.5 2.7 1.0 3.2 1.5 3.8 
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 
DAIIPING 0.075 

N otea 

Thc 'READ fn' command ts to be provtdcd on¡y if thc history of thc 

time varying load ts lo be read from an euemal file. fn is the file 

name. Thc data m thc: cxtcrnal file must be providcd as onc u me­
force pair pcr lineas shown 10 thc: followtng cumple. 

Data in Input file 

UNIT KIP FEET 
DEFINE TIME HISTORY 
TYPE 1 FORCE 
READTHFILE 
ARRIVAL TIME 
0.0 
DAIIPING 0.075 

Data in lhe Externalllle ""THFILE" 

0.0 1.0 
1.0 1.2 
2.0 1.8 
3.0 2.2 
4.0 2.8 
5.0 2.8 

Example for Harmonic Loading Generator 

UNIT KIP 
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DEFINE TIME HISTORY .. : ·; 
TYPE 1 FORCE .. ,; 

"Followlng linea lor Hermonlc Laedlng Generatar :;~1 
FUNCTION SINE ·.,¡:·~ 
AIIPLITUDE 6.2831 FREQUENCY 60 CYCLES 100 STEP o.o:fj 
ARRIVAL TIME ::r>;i 
~o M 
DAIIPING 0.075 

1 
::_:~ 
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Ta define more than one sinusoidal load, the input spec1ficat10n ¡5 
as follows : 

DEANE TIME H!STORY ·.- ! , ' · 
TYPE1FORCE ·,¡.~:• .. ,,:·· 
FUNCTION SINE __ l'• · · 
AMPLITUDE 1.825 RPM10784JLCYCLES 1000 
TYPE 2 FORCE . · . -~ . , . 
FUNCTION SINE · 
AMPLITUDE T.511 RPMII184.0 CYCLES 1000 
TYP¡¡ 3 FORCE .-

FUNCTION Slfi'ª, ...... .. "' ·-· 
AMPI.fTUDE 1.488 RPM 1785.0 CYCLES ·1000 
ARRIVAL TIME 
0.0 0.0013887 0.0084034 .¡_ '·"' 
DAIÍPING 0.04 . ' • 

Note 

... 

Thc response (displaccmcnts, forccs etc.) will contain thc 
conuibulion of only lbosc modcs whosc frcqucncy is lcss tban or 
cqual to 60 cps. Contnbulion of modes with frcqucncy grcater than 
60 ~ps is not considercd. 

· ... 
:~· ~ 

' ... 
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5.32 Loading Specifications 

Purpose 

This scction describes lhc various loading options availablc in 
ST AAD. Thc followang command may be uscd to imt•atc a new 
load case. 

General formal: 

LOADING i 1 (any load tille) 

i 1 :;;: any uniquc inleger numbcr (uplo fivc digits) Lo identify thc 
load case. Th1s numbcr need n~t be sequenlial with thc 
prcvaous load numbcr. 

The LOADING command init1a1cs a new load case. Under this 
hcading, Jll Jifrcrcm loads rclatcd. to th1s loading numbcr can be 
mput. Thcsc differcnt kmds of laads are dcscribcd bclaw. 
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-·32-1 Joint Load Specification 

·~ ..ltCttOII 

'ó. 1 

Purpoaa 

Thts set of commands may be used Lo spcctfy JOJNT loads on th 
structure. e 

' General formal: 

joint-liat 

FX, F~ and FZ spccify a force in Lhc correspondmg global 
~ICCCIIOD. 

MX. MY •nd MZ spc ·r 
. . Cl y a moment m the corresponding global 

darccuon. 

r,. f2 ... f6 are lhc valucs of the loads. 

Example 

JOINTLOAD 
3 TO 7 8 11 FY ·17.2 UZ 180.0 
5 8-.FX 15.1 
12 UX. 180.0 FZ 8.3 

Notes 

Joa~~ nu~bers may be repeated wherc loads are mcant to be 
addllJvc m thcjoint. 

1 
. .,. 
• 
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5.32.2 Member Load Specification 

Purpoaa 

ThiS set of commands may be used 10 specify MEMBER loads on 
framc mcmbcrs. 

General format: 

MEMBER LOAD 

member-ilat lUNI or UMOM 
CON or CMOM 
LIN 
TRAP 

directior>-spec 
dlrection-spec 
local-apee 
direction·spec 

directior>-spec = loca~spec = {i } 

l..: NI or UMOM spcciftcs a umformly dismbutcd loador momcnl 
wuh a valuc of f 1, al a distancc of f 2 from thc 
starL of Lhc mcmbcr Lo thc slart of the load, and a 
disLancc of f1 from thc stan of the mcmber LO the 
end of the load. The load is assumed 10 cover thc 
full mcmber length if f2 and f3 are omiucd. 

CON or CMOM spccifics a com:cntraled force or moment with a 
value of fs applicd al J distance of r6 from the 
start of thc member. r6 will default to half thc 
mcmbcr lcngth 1f omittcd. 
Perpendicular d1stancc from thc mcmbcr shcar 
ccnter to thc planc of loading. The vaJuc as 
posllive io thc general direction of tbe parallcl (or 
closc lo parallcl) local uis. 
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TRAP 

ST AAO Commands .md lnpul lnstrucÚODI 

spec1fics a hnearly dccreasing or increasing, ora 
tnaogular load. lf thc load is hnearly increasing 
Or dccreasing then f7 is the vaJue al the Slart of 
the member and fa is the valuc at the end. Jf the 
load 1s tnangular, then f7 and fa are input as lcro 
and f9 IS the value of the load IR the middle of the 
mcmber. 

spec1fies a trapcloidal hncarly varying load which 
may act ovcr the full or parual lcngth of a member 
and m a local, global or projcctcd direcuon. The 
s1arung load valuc is given by f10 and the cnding 
load value by f11 . The loadiog localion is g1ven by 
f12. thc loading starting pomt, and f13, thc 
stopping point. 8oth are mcasurcd from the starl 
of lhe mcmber. lf f 12 and f11 are no1 given, thc 
load is assumed 10 cover lhc full mcmbcr lcngth. 

X, Y, & Z 10 thc direcuon-spcc and local-spcc spccafy thc dircction 
of thc load in thc local (mcmbcr) t, y and l·atcs. 

GX, GY, & GZ 10 thc direcuon-spcc spccify thc dircction of thc 
load in the global X, Y. and Z-ucs. 

PX, PY and PZ may be uscd ¡f thc load 15 to be along thc projcctcd 
lcng1h of thc mcmbcr in lhc corrcspondmg global dircction. Load 
start and cnd distanccs are mcasurcd along thc mcmbcr lcngth and 
nol thc prOJCctcd lcngth. 

No tea 

Specilication of global ucs is not pcrmissiblc for thc linear load 
!LIN option). 

If thc mcmbcr bcing Joadcd has offset distanccs (sce MEMBER 
OFFSET spccification), thc location of thc load is mcasured not 
from thc coordinatcs of thc starling nade but from thc offset 
distancc. 

Trapezoidalloads are convcrtcd into uniform loads plus sevcral 
concernratcd loads. 

..~v~. 
•, .,. 

Example 

IIEMBER LOAD 
819 CON GY ·2.35 5.827 
88 TO 72 UNI GX -G.088 3.17 10.0 
186 TRAP GY -G.24 -o.35 0.0 7.86 
3212 LIN X -5.431 -3.335 
41016 UNI PZ -o.075 
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..i.32.3 Element Load Specification 

Purpoae 

Thu command may be used to spccify various 1ypcs af ELEMENT 

LOAOS on lhe pla1e elemcnts. 

' 
General formal: 

lliMENT J,Q,AD 

f&SSURE {~ } f, (x, y, •2 Y2) 

element-list 

{~} . ¡, 

'" 
Deacrlption 

·' 
Thc PRESSURE oplron should be uscd whcn a L'SIFORM pre~surc 
nccds 10 be spccrficd. Thc uniform PRESSURE m>~y be provu.lcd on 
1he en1ire clcmcnt oran uscr spc:cificd portian of rhc clcmenr 

(defincd by x 1, y1 and '~· y1 • scc dcscrrpuon bclow).lf x 1, y 1 and 
x:!, Yl are not providcd. 1hc prcssurc is applicd on thc cntirc 

clcmcnl. ffcinly x1, y1 15 provided.lhc load is Jssumcd as a 
conc~ntralcd load applicd althc spccificd poim. 

!'/oac thaa thc PRESSURE may be providcd eilhcr m GLOBAL 
(GX, GY. GZ) dircc1ions or in local Z dircction fnormalto !he 

clcmcnt). lf thc GLOBAL direcuon is omiued, 1hc applicd .loading 

is assumcd to be in thc local Z dirc:ction. 

GX,GY,GZ 

! 

Global dircction spccificaüon for prcssurc denotes 

global X, Y, or Z dircction rcspeclivély. 

• ¡ 

s~~ s~crw, f 1 

1 6 

·~ tli 

'(,', 

Unillmnl~ l.oadct.l 
\r~a 
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EJc:ment prcssurc (force/squarc of len.gl.h) or 
conccntratcd loatJ (force). ~ole that 1¡ 15 ~ssumetJ 

d · f and y are om1Ucd. as 3 conccntralcd loa 1 ':! :! 

Co-ordinalc points in local co-ordm~IC systc~ 
(centcr nade JS ongml dcfimng 

1 .... a~ \ 

l'nlli>Oftl\ \'.lf\IRI;; 

,., .. -u , r rlP '• 

thc rectangular arca on which 

thc pressurc is applied . 

The TRAP opuon should be 
u~cd whcn a lincarly ~·arying 
prcssurc nccds to be .;pccifi.cd. 
Thc variauon musl be provlded 

u ver thc cn1irc ciernen l. 

X ar Y 
Olrcction of vanation of clcmcnt prcssurc. . . 

· · d 1hallhC vanauon Thc TRAP XJY opuon m !Cales 

r, 
r, 

d . . thc local X or IR lhC local y 
of thc Trapcz01 IS m . 
dircction. Thc load always acts in ¡he local z axis. 

Pressurc intensity at slart. 

Prcssure intcnsity at cnd 

Note: b . 'bascd on posilivc dircctions 
·start .. and '"end" dcfincd a ove ts l. 
of the local X or Y axis. · f.the 

2. While the X or y indilca~s th~ rd~:::',¡:~h:rl:~:~a~odnir:ction. 
tnpezOidal load, lhc oa use 
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pie 

LOAD4 
ELEUENT LOAD 
1 7 TO 10 PR 2.5 

ST AA0 Commands :md Input fnllniCUOilS 

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 

__ . ..,..,. 
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5.32.4 Area Load/Fioor Load Specification 

Su Suuon 
1.16.1 

Purpose 

Thcsc L:ommands may be u~cd 10 spcc•fy AREA LOADs ur FLOOR 
LOADs on a saructurc. Thc AREA LOAD may be uscd for 
modcling onc-way distnbut10n and thc FLOOR LOAD may be uscd 
for modcling two-way distnbuuun. 

General lormatlor AREA LOAD: 

ABJiA LOAD 

member·llst A.b.QAD 11 

f 1 = The valuc of the arca load tunll wcight ovcr squarc lcngth 

unll). Thts load always ac1s J.long the pos1ttvc locJ.I y-axis. 
For thc mcmbcrs of a FLOOR analys1s. th1s ,,hrcc(lon w1ll 
coincide with global vertical J.xis 10 mo\t L:ascs. 
(for dctailcd dcscription. rcfcr 10 Scction l.) 

Example 

AREA LOAD 
2 4 TO 8 ALOAD -.250 
12 1& ALOAD -.500 

Note 

Arca load should not be specificd on mcmbers dcclarcd as 

MEMBER CABLE. MEMBER TRUSS ?r !IIEMBER TE:'ISION. 
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General Formal lar FLOOR LOAD: 

EbQOR ~O 

YRANGE t, f2 FLOAD 13 (lffi.ANGE 14 15 
ZRANGE t6 17) 

N otea 

Global vertical coordinate valucs to spccify vert¡cal rangc. 

The Ooor load wlll be calculated for aJI members lymg in 

the global horilOntal planc within thc )pectfied global 

vertical rangc. 

Thc value of thc nuor load t unit wcight tlvcr squarc length 

unJL). This loaJ . .llways acts parallclto Lhe global vertical 

axis. A postttvc valuc SJgntfies thatLhc load is actmg in 

thc posiuvc global Y dircclion. A ncgauvc valuc mdicaLes 

a load in thc ncgallvc global Y dirccuon. 

Global X or Z cuordioatc values to define Lhc comer pomas 

of thc arca on which thc spectficd noor load (f1J acts. lf 

nol specificd, thc noor load w11l be calculatcd for JJI 
mcmbcrs in all lloors wuhm thc spectfied global vcrtacal 

rangc. 

1) Thc saructurc has to be modclcd ¡n such a way that thc global 

vertical axis rcmains perpendicular to thc noor planchl. 

2) For thc FLOOR LOAD specification. a two-way distnbuuon of 

thc load is considcrcd. For the AREA LOAD specaficauon, a 

anc-way action is canstdcrcd. 

3) FLOOR LOAD from a slab is dastnbutcd on thc adjommg 

mcmbcrs as trapcloidal and triangular loads dcpcnding on thc 

lcngtb of thc sidcs•as shown in thc diagram. lntcmally. thcsc 

loads are convcrted Lo muhiplc poi ni loads. 

Membcrs 1 and 2 gct full trapezoidal 

-~: "/ 
.>-----------<, 

"L{< ',, 

and triangular loads rcspcclivcly. 

Mcmbers 3 and -' gct partiallrapclOadal 

loads and 5 and 6 gct partial lriangular 

load . 

• 
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-l) Thc load pcr unit arca may not vary for a particular panel and it 
as assumcd to be continuous and without hales. 

5) The FLOOR LOAD facility ts nol avatlable if the SET Z UP 

command is used (Scc Section 5.5.) 

Thc load distnbuuon paucrn dcpcnds upon Lhc shapc of thc panel. 
lf Lhc panel is Rccaangular, thc distnbuuon wall be Trapezoidal and 
tnangular as explamcd in thc following diagram. 

z 

' -· 
6 

..,_ ______________ ...,.. 
' ' 

,··' .......... 
' ' ' ' ' ' 

6 

For a panel wh1ch is not rectangular, thc distribuuon ts dcscribcd 

ín followmg diagram. 

First, abe CG of thc polygon is calculatcd. Thcn, each carne~ is 
canncctcd to thc CG Lo form tnanglcs as shown. For each mangle. 
a vcnical tinc is drawn from thc CG t~lhe opposite sade. H th~ 
poinl of interscction of thc vertical linc and the sade falls outstdc 
thc trianglc, the arca of that tnangle will be calc.ulatcd and a.n 
cqu1valenl unífonn distribuLcd load w11l be apphcd on that stdc. 
Othcrwisc a triangular load will be applicd on thc s1dc. 
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---------- 1 ·.'-. __ ___, Tnangular 

S 

Example 

The Input tor FLOOR LOAD la explalnad through en 
aumple. 

Let ua conalder lhe tollowlng tloor plan at y= 12'. 

2 
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lt the enllre !loor h .. a load ot 0.25 (forcelunlt area}, 
then the Input wlll be aa tollowa: 

LOAD2 
FLOOR LOAD 
YR 12.0 12.0 FLOAD -0.25 

lf In lhe above example, panel A haa a load ot 0.25 and 
panela 8 and e have a load ot 0.5, than the Input wlll 
be aa followa: 
Note lhe uaage ot XRANGE, YRANGE and ZRANGE 
apecltlcallona. 

LOAD2 
FLOOR LOAD 
YR 11.9 12.1 FLOAD -0.25 XR 0.0 11.0 ZR 0.0 16.0 
YR 11.912.1 FLOAD -0.5 XR 11.0 21.0 ZR 0.018.0 
LOAD3 

The program lnternally ldentltlea the panela (ahown aa 
A, B and e In the figure). The floor loada are 
dlatrlbulild aa trapezoidal and triangular loada •• 
ehown by dotted linea In the figure. The negallve elgn 
for the load elgnlllea that 11 la applled In the downward 
global Y dlrectlon. 
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5.32.5 Prestress Load Specification 

~~~ Sect1on 

1 / 5 

Purpoaa 

This command may be uscd to specify PREST,RESS loads on 
mcmbers of the structurc. "} 1 

General Format: 

~BER 

member-llat 

J fl!SSTRESS } 

~TSTRESS 
. {§ 

EQBCE 11 ~ 

' 

f1 = Prc:strcssing force. Thts valuc is posiuvc m thc d•rcction of 
thc local x-axis. 

ES = spccifics ccccntncily of tbc prc~trcss force at thc: start of 
thc mcmbcr ata distancc f2 from thc ccntroid. 

EM = spectftcs cccentncity of tbe prcstrcss force at tbc mid·po1nt 
of thc mcmber ata distance f1 from the ccntr01d. 

EE = spcctftcs ccccntriclly of thc prc~trcss force at thc cnd of 
thc mcmbcr al a d1stancc f4 from thc CCnlTOid. 

Deacrlptlon 

Thc first optton, (MEMBER PRESTRESS LOAD). cons1dcrs thc 
cffcct of tbc prcstn:ssing force dunng its application. Tbus, 

transverse shear geoeratcd at the ends of thc mcmbcr(s) subJc~:;t to 
the prcstressmg force is transfcrred to thc adjacent mcmbcrs. 

The second option. (MEMBER POSTSTRESS LOAD). considers 
thc cffect of the cxisting prestress load after the prcstrcssing 

opcration. Thus, transvcrsc shcar atthc cnds of thc mcmbcr(s) 

subject to tbc prcstressing force is no1 transfencd to tbc adjacent 
members. 

', 
} 

Example 

MEiotBER PRESTRESS " 
2 TO 7 11 FORCE 50.0 
lotEMBER POSTSTRESS 
8 FORCE 30.0 ES 3.0 Elot -6.0 EE 3.0 

Sccuoa .S 2/j7 

In 1hc ftrst cxamplc. a prcstrcsstng force of 50 ktps is applicd 
through thc ccntroid (i.c. no ccccntncity) of mcmbcrs :!lo 7 and 
11. In 1hc sccond cumple, a poststrcssing force of 30 ktps ts 

o:~.pplicd wuh an ccccntricity of 3 1nchcs at thc start, -6.0 mchcs at 
lhc middlc, and 3.0 at thc cnd of mcmbcr 8 . 

Onc of 1hc limtta110ns tn usmg this command ts that undcr any onc 
load case, on any givcn mcmbcr. a prcstrcss or poststrcss load may 
be applicd only once. lf tbc givcn mcmbcr carnes mulllplc 'itrcsscd 
cables or has a PRESTRESS and POSTSTRESS load ..:ondition. 
iuch a suualion will ha ve 10 be spccifíed through multlplc load 
cases for that mcmbcr. Scc cxamplc below. 

lncorrect input 

LOAO 1 
lotEiotBER PRESTRESS 
6 7 FORCE 100 ES 2 Elot ·3 EE 2 
6 FORCE 150 ES 3 Elot -6 EE 3 
PERFORiot AHAL Y SIS 

Corree! Input 

LOAD1 
lotEIIBER PRESTRESS 

·a 7 FORCE 100 ES 2 EM -3 EE 2 
LOAD2 
IIEIIBER PRESTRESS 
B FORCE 150 ES 3 Ell -6 EE 3 
LOAD COIIB :S 
11.021.0 
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,iiFORM ANALYSIS 

Examples for Modeling Techniques 

Thc followmg examplcs describe thc partaal mpul data ror thc 
members and cable pro files shown bclow. 

Example 1 

:;:: -----------------

JOINTCOORD 
1 o o; 2 10 o 
MEMB INCI 
1 1 2 

UNIT INCH 
LOAD 1 
MEMBER POSTSTRESS 
1 FORCE 100 ES 3 EU -3 EE 3 
PERFORU ANAL YSIS 

-

¡ 

Example 2 Sornan S 1269 

·~ --------r,-------~' 
/m 

JOINTCOORD 
100;2200 
MEMB INCI 
1 1 2 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 
1 FORCE 100 ES ·3 EU ·3 EE ·3 
PERFORU ANAL YSIS 
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Example 3 
' 

-r:;---=t-- -??f· 
l--'" ... ¡. ., ., ' ! '·.--¡ 

JOINTCOORD 
1 o o ; 2 5 o ; 3 15 o o ¡ 4 20 o 
MEMB INCI 
,112;223;334 

UNIT INCH 
LOAD 1' 
PRESTRESS LOAD 
1 FORCE 100 ES 3 EM O EE ·3 
2 FORCE 10G ES -3 EM -3 EE ·3 
3 FORCE 100 ES -3 EM O EE 3 
PERFORM ANALYSIS 

) 

Example 4 

1-------- " " 

JOINTCOORD 
1 o o ; 2 10 o ; 3 20 o o 
MEMB INCI 
112;223 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 
f FORCE 100 ES 3 EM O EE ·3 
2 FORCE 100 ES ·3 Ell O EE 3 
PERFORM ANAL Y SIS 

Sec:tion S %71 
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JOINTCOORD 
100;2100;32000 
IIEIIB INCI 
112;223 

UNIT INCH 
LOAD 1 
PRESTRESS LOAD 
1 FORCE 100 ES 3 Ell -3 EE 3 
2 FORCE 100 ES 3 Ell -3 EE 3 
PERFORII ANALYSIS 

ST AAD Commands and lnpul lnsli'UCIJOIU 

W]iii 
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5.32.6 Temperature Load Specification for 
Members and Elements 

~ .. t' Sf'CIW1t 

1 /().6 

Purpose 

This command may be uscd to spcctfy TEMPERATt:RE loads or 
'ilrain Joads on mcmbers and clcmcnts. 

General formal: 

TEMPERATURE LOAD 

{

TEMP 
memb/elem-list -­

STRAIN 

f 1 = Thc changc in tcmpcraturc whtch will cause u:ial clongauon in 

!he :ncmbcr'i or uniform volumc cxp:ms10n in dcmcn1s. Thc 
lcmpcraiUrc unit is thc samc .15 1hc unit choscn for thc 
cocifictcnl of thcrmal cxpansion ALPHA undcr the 
CO:"-lSTANT t.:ommand. 

r~ = Thc JcmpcraiUrc diffcrcntl3l from lhc 10p lO lhc bouom of lhe 

mcmbcr t)f clcmcnl tT10p Uulac~·Tbouom ... r~.~cJ- lf r~ 1S OffilliCd, 
no bcnding will be considcrcd. 

r3 = lnitial axial clongalton (?J/.,hrtnkagc (·)m mcmbcr duc to 
misfit. cte. in lcngth unu. 

Example 

TEIIP LOAD. 
·1 TO 9 15 17 TEIIP 70.0 
18 TO 23 TEIIP 90.0 66.0 
8 TO 13 STRAIN 0.45E-4 
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Note 

h is not ncccssary nor poss1blc to spcc1fy thc unus for tempcr:uurc 
or ~or ALPHA. Thc uscr must ensurc thatthc valuc provuJcll for 

ALPHA IS consistcnt in tcrms of units with thc value prov1dcd for 
thc tcmpcraturc load. (scc Scction 5.26) 

' 

... 
Scction S 275 

5.32.7 Fixed-End Load Specification 

1 ló.J 

Purpose 

This command may be uscd to spccify FIXED-END loads on 

mcmbcrs of thc structurc. 

General format: 

FIXED ( END ) LOAD 

member~list f 1, f2, ..... r,2 

r
1 

•• r, ;: Forcc-:t. shcar-y. shcar-1., tors1on. momcnt-y. momcnt-1. 
tall in local ..:oordinatcs) atthc 'ilart uf thc mcmber. 

r
7 

f!! = Samc as abuvc cxccpt althc cnt.l of thc mcmbcr 
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1;.32.8 Support Displacement Load Specification 

Su Sauo" 
16 7 

Purpoae 

Tlus command may be uscd to spc~;afy SlJPPORT 

DISPLACEMENT load on supports of thc structurc. 

General formal: 

5..!J.fPORT ~PLACEMENT ( LOAD ) 

aupport joinl·lial ¡¡ t, 

With thts ..:ommand. thc suppon di~pla&.:cmcnl ~~ mudclcd .¡,:, .¡ load. 
~ole that displaccmcnt cannOl be spcclllcd in ;a l.hrcct10n sn whi&.:h 
thc suppon is rclcascd. 

FX. FY. FZ spccafy translauonal dt::aplaccmcnts m global X. Y. Jnd 

Z dircclion::a rcspccttvcly. MX, MY. MZ ipccll"y rolauunal 
displaccmcnls tn global X, Y, and Z dircct10n::a. 

f1 :; Valuc of thc corrcspunding displaccmcnt. For translaltunal 
d•splaccmcnls, thc unat as in thc currc:ntly o;pcctricd lcngth 

' unil. whilc for rmational dasplaccmcnts the unll is always tn 

dc:grces. 

... 

-: ... 

Example 

UNIT INCHES 
SUPPORT DISPL 
5 TO 1113 FY ·0.25 
19 21 TO 25 MX 15.0 

Section S 177 

In this cxample, thc JOints of thc rirst suppon list w1l1 be d1splaccd 
by 0.25 inch in thc ncgativc global Y direct10n. Thc JOIRIS of thc 
sccond suppon list wlll be rotatcd by 1 S dcgrccs about thc global 
X-a:us. 

NoteS 

Support displaccmcnts can be applicd tn upto .t load cases only. 

Thc support d•splaccmcnt load should not be apphcd lln a structurc 
whu.:h ..:um;unllo fina te dcmcnts. 
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5.32.9 Selfweight Load Specification 

Purpose 

This command may be uscd Lo calculatc and apply 1hc 
SELFWEJGHT of the structurc for a11alys1s.l . ' 

General format: 

lliFWEIGHT r, 

This command 15 uscd if 1hc sclf-wc1ght of !he struciUrc 1s tu be 
..:uns1dcrcd. Thc sclf·wc¡ghl of cvcry JCIIVC mcmbcr 1s ..:alculalcd 

and applicd as a umformly dastributed mcmhcr load. 

X, Y, & Z rcprcscntlhe global dircclltln in whíl.:h the sclfwcight 

acts. 

r, = The factor lO be uscd 10 muluply thc selfwe•ght 

Thas command may Jlso be uscd wllhout any dirccuon Jnd factor 
~pecification. Thus, 1f 'peclficd as .. SELFWEIGHT", loads wdl he 
o~pplicd in 1he ncga1ivc gluhal Y dircct10n witb a fac10r ol unny 

No tés 

Dcnslly must be provu.led for calcuiJllon of thc .,c~f wc1gh1. 

Thc selfwe•ghl of Jinllc clcmcms ts con verted to jomt loads JI abe 
conncctcd nades and is not uscd as an clcmcnl prcssun: load. 

Secuon S 179 

5_32_1 0 Dynamic Loading Specification 

Purpose 

The command spccific:uion ncedcd to pcrform rcspon~c 'ipe~trum 

1 • ,·,me hn,tory analvsls ts c:tplamcd in thc lollowmg ana ys1s anu · • 
'icctions. 
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.;.32.1 0.1 Response Spectrum Specification 

Purpose 

This command may be uscd to spccify and apply thc RESPONSE 

SPECTRUM loadmg fur dynam1c analysas. 
\ 

· General Formal: 

{~} ~ ~LE!~ UUYdPf~ 

Whcrc, f1 ... r1 are thc factors for mput spc:ctrum 1o be: apphcd m 
X. Y & Z direc1iuns. Any une 11r all dirc..:uons ..:an he in pul. 
Ducctions not prov1dcd. wlil dclault 10 lera. 

Whcrc, r .. :; Scalc fa~.:tor by Whlch lhc response spc~trum ·~ 
modificd. Dclauhs 10 1.0 1f not spccificd. 

Whcrc, f5 :: Oampmg Factor. Dcfauh valuc IS 0.05 (5% Jamp1ng). 

Th1!1o valuc IS nc..:cssary for thc CQC ~lcthud only. 

Whcrc, ACC ur DIS 'itand!!o for A..:cclcrauun o.H 0Boplaccmcnl. 

Whcrc, PI, VI; P2, V:!; ... ; Pn, Vn:: Valucs af pcnods (scc) and 
corrcsponding accclcration (currcnt lcngth unitlsccl) or 

displaccmcnt lcurrcnt lcngth unit) as thc case may be. 

More than onc linc may be uscd 1f ncccssary. Use of 
hyphcns (-) at thc cnd of thc linc ts not pcrmiucd 1o 

conlinuc data 10 thc ncxt hnc. Spcctrum pa1rs should be 
providcd m asccnding valuc uf penad, with a max1mum of 

99 'ipcctrum pairs. 

... 

.f¡; ·. 

Sf!f! Sf!CtiOIIS 

1.18.1, 510, 

lllld 5.14 

S.Cuoa S l28t 
Description 

Note that if SPECTRUM SRSS is uscd, modal combmalions are 
done according to SRSS (squarc root of s~mmation of squarcs) 
method. Otherwisc, thc CQC (complete quadratic combinauon) 
mcthod is used. 

Th1s t.:ommand should appcar as part of a loading specJfication. lf it 
ts thc first occurrcncc, it should be accompanied by thc load data to 
be uscd for frequcncy a.nd modc shape calculations. Addiuonal 
occurrcnccs nccd no addiuonal information. Maximum response 
spectrum load cases allowed in onc run is -l. 

Rcsulls of frcquency and modc shape calculations ma.y va.ry 
significamly dcpending upon thc mass modeling. All acuvc masscs 
should be modclcd as loads. All masscs that are ca.pable of moving 
should be modclcd as loads, a.pplicd in all possiblc dircctions of 
movcmcnt. In response spcctrum a.nalys1s, all masscs that are 
capablc af moving in 1hc dircctiun of thc <>pcctrum mu!>l be 

prov1dcd as loads actmg in that dircct10n. An tlluslrauon of mass 
modeling ts availablc, w11h explanatory comments. in Examplc 
Problcm No.ll. 

Example 

LOAD 2 SPECTRUII 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 1 
SPECTRUII 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 .• 0.55 ; 2.0 0.43 
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Multiple Response Spectra 

'! Lbcre ts more than onc response spectrum defincd m th.: 1nput 

lile, lbe load data should accompany lhc first ~el of spcclrum dala 

only. In thc subscqucnt load cases. only the spcclra ~houltJ be 
t!cfined. Scc CJtamplc bclow. 

, 

LOAD 1 SPECTRUM 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 
SPECTRUM 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 ; 1.8 0.55 ; 2.0 0.43 
• 
LOAD 2 SPECTRUM IN Y·DIRECTION 
SPECTRUM SRSS Y 1.0 ACC SCALE 32.2 
0.20, 0.1 ; 0.40 0.15 ; 0.60 0.33 ; 0.80 0.45 ; 1.00 0.48 
1.20 0.51 ; 1.4 0.63 ; 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 
utu.s; 1.4 o.85; 1.6 o.87; 1.8 o.~; 2.0 o.43 

5.32.10.2 

1 /,'l J. and 

5 JI-# 

Application of Time Varying Load for 
Response History Analysis 

Purpose 

Secuon 5 liJ 

This 'iCI of commands may be uscd to modcl Time History loat.hng 

on thc structurc for Response Time History analysts. ~ate that both 

nudalumc ht~tones and ground mouon time htstoncs may be 

provtdcd. 

General tormat: 

joint lis! l!l 
!i.B.Q.UND M.QIION {!} 

Whcrc ¡
1 

= typc numbcr of time varymg load tscc Scction 5.31 -1) 

1 = arnvalttmc numbcr tsce Scct1un S 31 .¡¡¡¡ntcgcr). 

;bis is the sequcnual number of the arrival lime in thc list 

cxplamcd in sccuon 5.31 A. Thus thc arn"al 11me numbcr 

of a 3 ts 3 and of a0 is n. 

:"'Jote that euhcr TIME LOADor GROUND ~OTION or both may 

he spcc
1
ficd under one load case. More than onc load case for u me 

htstory analysis is nol pcrmllled. 
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l 

LOAD 1 
SELFWEIGHT X 1.0 
SELFWEIGHT Y 1.0 
SELFWEIGHT Z 1.0 
iiEMBER 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 IIOTION X 2 1 

ST AAD Commands and lnpu1 lnstrucuons 

In the abovc cxamplc. thc pcrmancnt masscs in thc nructurc are 
provadcd in thc form of ""sclfwctght"' and ""mcmbcr loads"" for 

obtaining thc modc shapc::. and frcqucncacs. Thc rcst of thc data is 
ahc input for applicauon of thc time varymg loads on 1hc ~lru\.7turc 

Forcang funcuon typc 1 is applicd at JOints 2 anli J starllng Jt 

amvallimc numbcr 3. CArrivaltimc numbcr J as 1.8 scconlis tn 

cumple shown in scction 5.31.4). Samalarly. forcang funcuon aype 

1 is applied at JOinu 5 :mtJ 7 staning at :~.rrivalumc numbcr 6 I~A 
~cconds). A ground mouon (lypc 2) .u;:ts on the 'itrUcture in thc ,. 

di.rcction starting al arnval time numbcr 1 10.0 '-Cconds). 

5.32.11 Repeat Load Specification 

Purpose 

This command is uscd to crcatc a primary load t.::asc using 

combmatwns of prcvwusly dclincd primary load cases. 

General lormat: 

REPEAT J.QAD 

whcrc. 

•1. 11 ... in= pnmary load case numbcrs 

r,. f::! ... fn = corrcspondang factors 

Descriplion 

""""" ' l:zas 

This command may be uscd to crcatc a primary load t.::asc using 

t.::ombanatwns of prcviously dcfincd primary load case! s ). The 
REPEAT load diffcr'i from thc load COMBI:'IIATlOS t.::ommand 
(Scction S )5) 10 l'o\O ways: 

1) A REPEAT LOAD 1s trcated as a new pnmary load. Therefore, 

a P-Ocha analys&s w1ll rcnccl corrcct $econdary effccts. 

(LOAD COMBI:'IIATIONS. on thc othcr hand, algcbra1cally 

combanc the effects of previously dcfined pnmary Joadmgs 

cvaluatcd indepcndently). 

2) (n addition to prev10usly defincd pr}mary loads. thc user can 

aJso add new loading conditions. 

J) Thc REPEAT LOAD option is availablc w11h load cases with 

JOINT LOADS and MEMBER LOADS con1aining U NI. 

UMOM and CON specifications only. lt is not avaalable for 

MEMBER LOADS w11h LIN and TRAP specaficauons. lt can 
al so be uscd on load cases w11h ELEMENT PRESSL!RE loads 
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(wtlhout the TRAP -,pccafication). SUPPORT 

DISPLACEMENTS LOAD, TEMPERATURE LOAD on 

mcmbcrs or clemcnu. RESPONSE SPECTRUM LOAD and 
TIME HOSTORY LOAD should not be uscd tn REPEAT 
LOAD. h as also not avaalablc for loads gcncratcd usmg thc 
program's load gcncrataon facilittcs 'iuch as UBC LOAD 

Gcncration, WINO LOAD Gcncrataon, MOVING LOAD 
· Generalion, etc. 

Example 

LOAD 1 DL + LL 
BELFWEIGHT Y ·1.4 
IIEIIBER LOAD 
1 TO 7 UNIFORII Y ·3.5 
LOAD 2 DL + LL + WL. 
REPEAT LOAD 
1 1.10 

5) The max1mum numbcr of load .:ases that .:an he .:ombmcd usmg 
a REPEAT LOAD <ommand 1S 14. 

-
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5.32.12 Generation of Loads 

S a 
Sectwns 
J J 7 and 

5.J 1.1 

Purpose 

Thts command ts uscd to gcncratc Moving Loads, UBC Scismtc 

loads and Wind LnaLI5 using prcvtously spccified load Jcfinuions. 

Pnmarv load cases may be gcncratcd usmg prcviously defincd load 
'iystcm~. The followmg 'iccuons dcscnbc gcncration of moving 
loads. t.:BC scismac loads and Wind Loads. 

Generation or \loving Loads 

Prc·dcrincd moving load 'iystcm typcs may be uscd to gcncralc the 
dcstrcd numbcr nf pnmary load .;a.,cs. cach rcprcscnung a 

particular positton of thc movmg load systcm on thc 'itructurc. Thts 
proccdurc will stmul:uc thc movcmcnt of a vchiclc IR 3 ipcctficd 
Jircctwn on 3 spccJficLi planc tln the ,true~urc. 

General formal: 

whcre. 
n 

LOAD GS!!.ERATION n (ADD LOAD i) 

' {XINC 
j x1 y1 z1 YINC 

¡¡[:!C {
YRANGE} 

( r) 
ZRANGE 

:total no. or primary load cases to be gencratcd. 
= load case no. ror thc prcv10usly dcftned load case to be 

added to 1hc gcncrated loads. 
: type no. of previously deft~ed load sys1cm. 
= 1.. y and z coordinates (global) of the innial position of 

the refcrence load. 
= 1.. y or L e global) incrcmcnts of positton of load system 

10 be uscd for gencration of subsequen1 load cases. 

= (Optional) defines scction of the suucture along glo~al 

ven1cal dircctt~n lo carry moving load. Thts r valuc ts 
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added to thc refercnce vcrttcal coordinate (y1 or t
1
)in 

the posJIJVC global vertJcal direct10n. The moving load 
WJJI be c:ucrnally distnbuted among ail membcrs 
within the vertical rangc thus generated. r always 
-.hould be a positive numbcr. In olhcr words, the 

program always !Qoks for mcmbers lytng m the rangc 
Y 1 and Y 1 ... ABS(r) Dr 2 1 and Z 1+ABS(r). 

' 
Thc ADD LOAD spcctfication may be used to add .1 prcvwusly 
dcfined load case 10 all thc load ca~cs gcncra1cd by thc LOAD 

GENERATION command. In thc c:tamplc bclow. thc 
SELFWEIGHT spectficd in load case 1 is addcd 10 all thc 
gcnc:ralcd load cases. 

Sequential load case numbcrs will he assigncd ID thc series nf 
gcneratcd primary load cases. Numbcring wlll bcgm al onc plus the 
immcdia1e prcvtous load case numbcr. Allow for 1hcsc whcn 
specifying load cases after load ca~c gcncrat1on. 

N otea 

Primary load cases can he gcneralcd from MDvmg Load systems .for 
framc membcrs only. Thas fca1ure doc~ nol work on finuc 
clements. 

Example 

LOAD 1 DL ONL Y 
SEt..FWEIGHT 
LOAD GENERATION 20 AOD LOAD t 
TYPE 1 O. $. -10. XI 1 O. 
TYPE ~ O. ui,.10. Zl 15. 
LOAD iz2 UVE.LOAD ON 'PAVEIIENT 
IIEIIB- LOAD .".,. 
10 TO 20 30 TO. 40 UNI. GY -5.0 

. LOA~;); J:OIIBINATION 31 . -.. 
10,0.75 22 0.75.,. . ,,.,.., 
PERI'ORII ANALYSIS •-·'· 

/ .. 

···jll 

Sa Sl!ctwns 

1172anJ 

5 JI 2 
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Generation or UBC Seismic Load 

Built-in algorithms will automatically distribute the base shear 

among appropriate lcvcls and thc roof pcr UBC spec1fications. The 
followmg general formal shDuld be uscd ID gcncratc l.JBC load in a 
parllcular dircction. 

General Format: 

LOAD i 

UBC LOAD a} (1) 

whcre 1 :::: load case number 

= factor to be used to mulliply the UBC Load 
(dc[ault = 1.0) 

Example 

ÓEFINE UBC LOAD 
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-DIRECTION 
UBC LOAD X 
JOINT LOAD •,- .. 
5 25 30 FY -17.5 
LOAD 2 UBC IN Z-DIRECTION · 
UBCLOADZ 
LOAD 3 DEAD LOAD ;: · 
SELFWEIGHT. ·::'··· 
LOAD COMBINATION 4

1
'• 

1 0.75 2 0.75 3 1.0 ·. <;. . ' . 

' .. 

: ' 
•· ' . .... 
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In !he abo ve example, nolice that the first two load cases are UBC 
load cases. Thcy are spcc1lied bcfore any othc:r load cases. 

Notes 

1) The UBC load cases shbuld be provided as the first sct uf 

load cases. Non·UBC primary load case spcc1fied bcfnrc a 
UBC load case 1s not aeccptablc. Addiuonal loads such .IS 

ME~BER LOADS and 101:-IT LOADS may be spcc¡ficd 
along wilh the L:BC load undcr abe same load case. 

lncorrect usage 

LOAD 1 
SELFWEIGHT Y -1 
LOAD2 
JOINT LOAD 
3FX45 
LOAD3 
UBC LOAD X 1.2 
JOINT LOAD 
3 "'-4.5 
LOAD4 
UBC LOAD Z 1.2 
UEUBER LOAD 
3 UNI GY -4.5 
PERFORM ANALYSIS 

. .' 

Correct uaage 

LOAD,.·, 

UBC LOAD X t.2. · 
JOINT LOAD i;o' .. 
3 FY·':t:s :: .. ·~~#t:-:' 
LOAD2 .. ,,,, .... . .. ........ ..~ ..... ~; 
UBt: !-~AD Z t~:·.k 
UEUBER LOAD·< •. 

:·. r-; 

3 UNI GY ·4.5 
LOAD 3 
SELFWEIGHT Y ·1 
LOAD4 
JOINT LOAD 
3 FX 45 
PERFORM ANALYSIS 

Secuon S 291 

2) A JI load cases involving t.;BC Load gcncraaion must be 
prov1ded befare the A.~ALYSIS spccafic;uion. In othcr 
words. multiplc analyscs m whlch thc use load gencration 

1s pcrformcd 10 thc separatc analyses IS not pcrmlttcd. 

lncorrect ueage 

LOAD 1 
UBC LOAD X 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3 FY -4.5 
PDELTA ANALYSIS 
LOAD 2 
UBC LOAD Z 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3 FY -4.5 
PDELTA ANAL Y SIS 

Correct usage 

LOAD 1 
UBC LOAD X 1.2 
SELFWEIGHT Y ·1 
JOINT LOAD 
3 FY -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 AAD Commands and lnptu lnslJUctions 

3) REPEAT LOAD spcctfic3.11on cannot be uscd for load cases 

mvolvmg UBC load gcnerauon. For enmple. 

lncorrect usage 

~) 

LOAD 1 
UBC LOAD X 1.0 
LOAD2 
SELFWEIGHT Y '1 
LOAD3 
REPEAT LOAD 
11.421.2 
PDELTA ANALYSIS 

lf L'BC load gcncration is pcrformcd for thc X and thc z 
dircctions, thc command for 1hc X dirccuon mus1 precede 1hc 
command for thc Z direcuon. 

lncorrect uaage 

1 

LOAD 1 
UBC LOAD Z 1.2 
SELFWEIGHT Y· 1 
LOAD2 .... : 

UBC LOAD X l.2 
SELFwEIGHT Y ·-1 

P?~~l,A AN~~r.SIS . 

--

... 
• 1 

Ri 1 

•· 1 

• 1 

Ri • 

Su 
Set.:tioru 

1./l.Jand 

5.1/.J 

Secuon S 

Correct usage 

LOAD 1 
UBC LOAD X 1.2 
SELFWEIGHT Y ·1 
LOAD2 
UBC LOAD Z 1.2 
SELFWEIGHT Y ·1 
PDELTA ANALYSIS 

Generation of Wind Load 

Thc bu11t-in wind load gcncration fac!lily can be uscd to calculatc 

thc wmd loads bascd on thc paramc1crs Jclincd m Sct.:tion 5.3 1.3. 

Thc followmg general formal should be uscd to pcrform thc wind 
load general ion. 

General Formal: 

LOAD 

WIND LOAD (1) {1} 
Whcrc 

Load case numbcr 
X or Z Dircction of wind in global axis system. 

j Type number of prev1ously defined sys1ems 

f Thc factor to be uscd 10 muluply the wmd load. Ncgativc 

signs maybe uscd 10 ind1catc opposite dircction of wind 

(defaull=I.O) 

1293 
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Example 

DEFINE WIND LOAD 
TYPE 1 

INTENSITY 0.1 0.12 HEIGHT 1 OO 200 
EXP 0.6 JOI 1 TO 25 BY 7 29 TO 37 
TYPE 2 

INT 0.1 0.12 HEIGHT 100 sbO 
EXP 0.3 YR O 500 
LOAD 1 
SELF Y ·1.0 
LOAD2 

WIND LOAD Z 1.2 TYPE 2 
LOAD 3 

WIND LOAD X TYPE 1 

BY 4 22 23 

1::;; 

a 
1 ¡¡-¡ 

1 JI 
1 = 
1 f_, 

1 t~1 

1 Cl 

1 Q 

1 1:1 

1 Cl 
l! ;) 

•: a 

5.33 

1 18 J 
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Natural Frequency Specification 

Purpose 

This cummand may be uscd tu r.:ah:ulatc thc natural frcqucncy of 

thc 'ilructurc for v¡bratJon corrc<;ponding to lhc gcncraiL.hrcction ol 
Jcllcction gcncr:ncd hy thc luaJ ..:a!.c wh1ch precedes th1s 

..:ommand. Thus. thl'i l:ommand typ1cally fnl\ows a load ..:ase. 

General format: 

CALCULATE NATURAL (FREQUENCY) 

Oescription 

This command ts ipct:lficd J.ftcr ..tll tHhcr load 'ipcctfi¡;atiuns of any 
pr1mary load case for wh1ch thc natural frcqucncy JS cakulatcd. 

rhl'i natural frcqucncy CJ.h:ulatlun ,, hascd ''" thc Rayh:¡gh 

ttcrauon mcthud. lf .1 full-scalc o:Jgcn,ulutJon 1S rcqu1rcd. thc 

."1.QD,\L C,\LCt:LATION commant.J I'>CC m::·u <>Cctlonl may be 

uo;cd. Sote that an c•gcn .. olutiOn ¡e¡ J.utomattcJIIy pcrformcd if a 
RES POS SE SPECTRL.:~ 1s -;pcctficd m any load case. 

Example 

LOADING 1 DEAD ANO LIVE LOAD 
AREA LOAD 
1 TO 23 ALOAD ·200.0 
CALCULATE NATURAL FREQ 
LOADING 2 WIND LOAD 

In thts cuniple. the natural frcqucncy for load case 1 wtll be 
¡;alculatct..l. fhe output will prot..lu~c thc valuc ol' thc natural 
frcquency 1n cycles per c¡ccond lepo; l. the maximum deflcction 
along with the global direction Jnd thc jmnt numbcr whcrc it 
o~curs. 
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Notes 

This command is based on Rayle•gh method of iterauon. Thc 
frcquency calculatcd es ti mates frcqucncy for the mode h h s apc t at 
corresponds to the staric dcnected shape gencratcd by the loads 
the load case. m ~1 

il· 

•: 
lE~ 

1-

• f 

11 

1 

" 
• 
• 
1 
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5.34 Modal Calculation Command 

Su s,clionr 

5 J 1 and 

~ 18.) 

Purpose 

Th1s ~..:ommand may he uscd Lo ubtam a full scalc ~.:igcnsnlulion to 

calculatc rclcvant frcqucnCICS .md modc shapcs. 

General Formal: 

MODAL (CALCULATION REQUESTED) 

Thts ..:ommand ts typ•cally uscd in a load case after allloads are 
-;pcc•f•cd. Thc lnad-. wlll be trc:Hcd as masscs for c¡gc~'iolutions. 
S talle Jtsplaccmcnts .md forccs wtll be calculatcd for thc load case. 

Thts comrnand must only be uscd for onc load case. and can-not be 

uscd m conjunction with a response spectrum analysis t<tcc 
Vcrificatwn Prohlcm So. ! fnr .¡amplc tmplcmcntauon). 

Notes 

Thc cigcnc;oluuon mitiaacd by thts command willtrcat lhc loads 
c;pcctficd 1n thc load case as masscs. Thc uscr ts ad'liscd to c;pccify 

1hc loads kccpmg thts in m1nd. 
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5.35 Load Combination Specification 

' : ·,f 

Purpose 

This camman~ may be uscd to combmc thc results of thc analysJs. 
Thc cambmauon may be algebraJc. SRSS and a ¡;ombmauon uf 
bOlh. 

General formal: 

LOAD COMBINATION ~S} ¡a, 

= load combmation number ( any mtcger smallcr than 
100000 lhatls nol the same as any prevJOusly dclincd 

pnmary load case number.) 
3 1 = Any tille for Lhe load combmaiJOR. 

lt• '1 ·-- represcnts the load case numbcrs which are lo be 
combincd. 

fl, f:! ... rcprcsents carrcsponding faCIOTS lO be applicd lO loadtngs. 

fsRSS = opuonal factor 10 be a.pplicd as a. muluplymg (.:actor un thc 
combancd rcsuh uf lhc SRSS load combmauon bcc 

cumples bclow 1. 

Notes 

1) 

2) 

In thc LOAD COMBINATION SRSS optton. if the m•nus 

stgn ~recedes any load case no .• thcn thatload case wtll be 

combmed algebratcally with the SRSS combinauon of thc 
res l. 

The tOial numbcr of combmation load cases cannol cxcced 

ISO. 

Section 5 299 

Oescription 

Rcsults from analyscs may be combtned both algcbratcally and 
using thc SRSS (Square Root of Summation of Squarcs) mcthod. 
Thc combinatton schcme may be mixed if requircd. For cxample, in 

1hc same load combinatton case. results from load cases may be 
¡;ombmcd in the SRSS manner and then combincd algcbraically 

w11h othcr load cases. Rcfcr to thc followmg cxamplcs for 

lllusu:uion -

Example 

Scvcral combinat10n .:xamplcs are providcd to tllustratc, the 

poss1ble combinatwn schcmes · 

Simple .\lgcbnic and SRSS Combinations 

LOAD COMBINATION 7 DL+LL+WL 
1 0.75 2 0.75 3 1.33 
LOAD COMBINATION SRSS 8 DL..SEISMIC 

. 1 1.0 2 0.4 3 0.4 

Thc firc;t ítem abovc (LOAD COMBINATION 7) tllustrates a 

'iimplc algcbraic combtnation. The sccond item (lOAD 
COMBINATION M) tllustratcs apure SRSS load combination wuh 
a dcfauh SRSS factor of l. The followtng ~.:omb•nation scheme will 

be used -

where v = the combincd valuc and Ll - L3 = valucs Crom load cases 

1.2 and 3. 

No1c that since a SRSS factor is not provided. thc default value of 

1.0 is bemg uscd. 
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Algebraic & SRSS Combinalion in lhe Same load Combinalion 
Case 

Example 1 

. ,,.'!. 
LOAD COUBINATION SRSS 9 
·1 0.15 2 1.3 3 2.42 0.75. \ 

The combinauon formula wilJ be as follows . 

V= 0.75 X Ll • 0.75-/1.3 X U'. 2.42 X LJ' 

where v = Combincd value 
L2 & L3 = values from load cases 2 & 3. 

In the abovc specification. note that a mmus sign precedes load 
ca.sc l. Thus, Load 1 is combined algebraically with the resull 
obtaincd fmm combining load cases 2 and 3 in the SRSS manner. 
Note that thc SRSS factor of O. 15 is applied on thc SRSS 
combination of 2 and 3. 

Example 2 

'· .. ·· .... ' 

LOAD COUBINATION SRSS 1 O 
·1 0.75 ·2 0.572 3 1.2 4 t.7 0.63 

Herc, both load cases 1 and 2 are combmed algcbnucally with the 
SRSS combmation of load cases 3 and 4. Note tbe SRSS factor of 
0.75 .. The combinatioo formula w1ll be as follows. 

V= 0.75 X Ll + 0.572 X L2. 0.63/ 1.2 X LJ' + 1.7 X L4' 

Note a 

1) This option combines the resuhs of tbe anaJysis in abe specJtied 
manner. lt does not analyzc tbe structure for thc combincd 
loading. 

SecuonS 301 

2) [f the secondary effccts of combined load cases is to be 
obtaincd through a PDEL TA ANAL YSIS, the LOAD 
COMBINATION command 1s inappropriate for the purpose. 
See the REPEAT LOAD command (section 5.32.11) for details . 

3) (na load combinalion spec1fication, a value of O (zero) as a 
load Factor is not permitted. In other words, a spec1fication 
such as 

LOAD COUB 7 
1 1.35 2 0.0 3 1.2 4 0.0 5 1.7 

is not permllled. What happens IS that duc to the way thc 
program processcs thc data. as soon as il cncountcrs a 0.0, it 
stops rca~ing the data at thc 0.0 and docs not rcad any funher. 
Thus, in thc above loading case, the rcsults wall consist only of 
forces duc to load 1 muluplied by a factor of 1.35. The 
contnbulion from 1.2 •load 3 and 1.7 •load S will nol be 
thcre because the program simply did not rcad those data. 

6) All combination load cases must be providcd immcdiately after 
thc last prímary load case. 

7) The maximum number of load cases thal can be combined using 
a LOAD COMBINATION command is JO. 
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Calculation of Problem Statistics 

Purpose 

This command may b d f b . 
e use oto tamtng run statislics lik . 

spacc rcqutrcd, band·wtdth info etc. e storage 

' General format: 

fBINT fBQBLEM JilATISTICS 

Descriplion 

This command provides an cstimate of the hard dtsk 
to run a file befare actually running it. ft is pantc 1 ''tace rcqutrcd 
recommendcd f PC u ar Y 

or users runntng a largc problcm Th' . 
should be uscd ·u 1 f . · ts i.:Ommand 
the PERFORM J s a ter thc loadtng specificauons and in place of 

ANAL Y SIS command. 

5.37 

1.18 

Secuon 5 

Analysis Specification 

Purpose 

STAAD analysis options includc linear static analysis, P-Dclta (or 
sccond arder a.nalysis), Nonlincar analysts, and scveraltypes of 
Dynamic analysis. 

This command is used to spccify thc analysis rcquest. ln addition, 
this command may be used to rcqucst various analysts rclatcd data 
likc load info, statics check info, mode shapcs etc. 

General formal: 

JfERFORM } 
tONLINEAR (n) ~YSIS (f!'!INT 

LOAD DATA 
STATICS QJSCK 
STATICS LOAD 
MODE ~PES 
BOTH 
A 

PDELTA lnl ANALYSIS ~VERGE (m)) (f!'!INT l.QAQ Qé!A) 

Whcre n = no. of ttcrauons dcsircd (dcfauh valuc of n = 1 ). 

This command directs the program to perform the analysis which 
includes: 

a) Cbecking whether all inrormation is provided for the analysis; 
b) Forming tbe joint stiffness matrix; 
e) Cbccking the stab1lity of thc structurc: 
d) Solving simullaneous equations. and 
e) Computing the member forccs and displacements. 
f) lf P-Delta analysis is specificd. forees and dlsplacements are 

recalculaacd. taking into consideration the P-Ocha efrect. 
g) Non· linear analysis willlakc the geomt~ric non-linCarlty as 

wcll as lhc P-Ocha dfccts in10 accouat (sec Section 1.18.2.2) . 

303 



r uon.5 

ST AAD Cammands .md Input lnstructians 

h) lf a RESPONSE SPECTRUM 1s <ipectfied withm a load ¡;ase or 
the MODAL CALCULATION command 1s used, dtnam¡c 
analys1s is performcd. 

1) In each of the '"n'' itcrations of the PDEL TA analysis, thc load 

vector will be modificd to !nclude the secondary effc..:t 

gcncratcd by the dtsplaccmcnts caused by the prcvaous 

analysJS. " 

Thcre are two options to carry out P-Ocha analysis. 

1} Whcn thc CONVERGE command ts nol spectJied: The member 
end forces are cvaluatcd by itcrating ·'n" 11mcs. The dcfault 
value of "n" is 1 (onc). 

2) When the CONVERGE command IS •ncludcd: Thc membcr cnd 
forccs are evalua1ed hy perfonning a convcrgcncc check on thc 
joinl displaccmcnts In cach step, the displaccmcnts are 
comparcd w1th thosc of thc prcvious 1terauon m ordcr to check 
whclhcr convcrgence is auaincd. In case .. m" •s specificd. thc 
analysis will stop aftcr that i1eratiun cven if convcrgcncc has 
not becn achicvcd. lf convergencc 1s achu:vcd 10 lcss th.1n ··m" 
iterations, the analy\ts •s terminatcd. 

Example 

Fo1Jow10gs are sorne c.ump_lc on use of thc command for P-Dclta 
analysis. 

PDELTA ANALYSIS 
PDELTA S ANALYSIS 
P9_ELTA ANALYSIS CONVERGE 
PDELTA ANALYSIS CONVERGE S 

l -· 

1! .• 

.. ·' -­..... ~ ... 

Sa:tion .5 JOS 

Without one of thesc analysis commands, no analysis w¡JI be 
pcrformed. Thcsc ANAL YSIS commands can be repeated if 

multiple analyses are needed at diffcrcnt phascs. 

Note that a PDEL TA ANAL YSIS will correctly retlcct thc 

sccondary cffccts of a combinatton of load cases only 1f they are 
defincd using thc REPEAT LOAD 'ipccification (Scction 5.32.11). 

Sccondary effects w!ll not be evaluated corree ti y for LOAD 

COMBINA TIONS. 

lf the PRINT LOAD DATA command is specilicd. thc program 

will pnnt an interpretation of all thc load data. 

PRINT STATICS CHECK will pro vide a o;.ummauon of the applied 
loads and support reactions as wcll as a summation of moments of 

the loads and reacuons taken around thc ongin. 

PRINT STATICS LOAD prints cvcrythmg thal PRINT STATICS 
CHECK docs, plus 11 prints a summauon of .111 1ntcrnal and 
externa! forces al cach jomt (generales volum&nous outpul). 

PRINT MODE S HA PES princs modc shape values at the Joints for 

all calculated modc shapes. 

PRINT 80TH is equivalen! lo PRINT LOAD DATA plus PRINT 

STA TICS CHECK. 

PRINT ALL is equivalen! lo PRINT LOAD DATA plus PRINT 

STATICS LOAD. 
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N olea 

STAAD allows muft¡plc analyscs 1n thc samc run. Mulliplc 
analyscs may be uscd for thc following purposcs: 

1) Succcssivc analys1s and dcsign cyclcs in thc same run rc~ult 10 

opttmizcd dcsign. STAAD's hvc rclational databasc 
automaucally updatcs changcs tn mcmbcr cross-scctional ~oti.Cs. 
Thus thc en tire proccss iS automb.tcc.J. 

Refer to Example 1 m the Gcumg Staned & Examples manual 
for dctailed ¡lfustralton. 

2) Muluplc analyscs may be used for load-dcpcndcnt structurcs. 
For cumple, structurcs with bracing mcmbcrs are analyl'cd m 
severa! stcps. Thc bracing mcmhcr.s are assumcd to takc 

Tcnsion load only. Thus, lhcy nced lo be acuvatcd and 

inactivatcd bascd on thc dircction of lateral loadmg. 

The cntire proccss can be modelcd in one STAAD run usmg 
multtple PERFORM A~Al YSIS commands. Thc STA.\D run 
databasc automatically kccps track of rcsulrs fur dtifcrcnt runs 
and is capablc of gcncrallng a dcstgn bascd on load 
combinat10ns provtdcd. 

Refcr tu Example-' tn thc Gcwng Startcd &. Examplcs manual 
for dctallcd ¡lfustratlun. 

3) The user mayal so use Mulliplc Analyscs 10 mude! changc '" 
olhcr characleriSiics likc SUPPORTS. RELEASES. SECTJON 
PROPERTIES ele. 

.l) MUhiplc Analyscs may require use of addilional commands likc 

the SET ~l command and the CHANGE command. 

5) PDEL TA effects are computed; for frame membcrs only. They 

are nol calculaled for linue elements or sol id dcments. 

) 
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5.38 Change Specification 

Purpose 

This command is uscd to rcset thc stiffness matnx. Typícally, this 

command 1s uscd when muluplc analyses are requtred in the same 

run. 

General format: 

CHANGE 

This command indicatcs that input. which will change thc sliffness 
matrix. w1!1 follow. This command should only be uscd when an 
analysis has airead y bccn pcrformcd. The CHANGE command does 

the following: 

a) 'iets the "iliffne'iS malrix 10 tero. 
b) makes members active if lhey had bccn madc inactive by a 

prevaous IN ACTIVE command. and · 
e) allows thc rcspccification of the suppons wHh another 

St:PPORT command which causes thc old suppons to be 

1
gnored. The SL'PPORT spccificat¡on must be such that thc 
numbcr of ··rch:ascs" bcfore thc CHANGE mus! be grcaacr ahan 
or cqual to thc number of Mrclcascs" aftcr thc CHA~GE. Also. 

thc <iupports must he o¡pccified 10 the same arder befare and 

aftcr 1he CHA!'IGE command. 

Example 

Before CHANGE 

. 1 PINNED 
. 2 RxED BUT Fx MY MZ 
:3 fiXED BUT'i=x MX MY IIZ 

Afler CHANGE 



o ,, 

... ~ SI!C/101'1 

1 PINNED 
2 FIXED 
3 FIXED BUT FX IIZ 

ST AAD Commands and Input lnstrucuons 

Thc CHANGE command is not ncccs)a'ry whcn only mcmbcr 
properties are rcvised to pcrform a ncw analysis. This IS typically 
the case in wh1ch thc user has askcd for a member sclcctio~ and 
thcn uses thc PERFORM ANALYSIS ~o:ommand to reanalyLe thc 
structurc ba)ed on the ncw membcr propcrtics . 

Notes 

1) Ir ncw load cases are spccificd afler the CHANGE command 
such as m a structure wherc the IN ACTIVE MEMBER 
¡;ommand 1s used, thc uscr nccds to define thc total numbcr of 
pnmary load cases usang the SET ~L option (sec Sccuon 5.5 
and Examplc 4 ). 

:!) ~uluple Anal y ses usmg thc CHA~GE command should not be 
perforlncd if lhe inpul file contams load cases mvolvmg UBC 
Analys1s. Response Spcctrum Analys1s, Time History Analys1s. 
Wind Load Gencration or Movtng LL>ad GencraliOR. 

- ·.;:, .. 
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5.39 Load List Specification 

Purpose 

Th1s command allows specification of a sct of active load cases. 
Allload cases madc active by th1s command remain acuvc until a· 
new load list is spccificd. 

General formal: 

LOAD !Jl!T 

Oeacriptíon 

Thu command is uscd to activate thc load ¡;ases lislcd m this 
command ant.l, in a .,cnsc, deacuvatc all othcr load cases no1 listed 
m th1s command. In othcr words. thc loads listed are uscd for 
pnnung out pul and 1n design for pcrform1ng the spcc1ficd 
calculatJons. Nole that, whcn PERFORM :\~ALYSIS ~ommand is 
uscd. thc program macrnally uses all load cases, regardless of 
LOAD LIST command, cxccpt aflcr a CHA:-¡GE or RESTORE. 
command. In thcse two cases. thc LOAD UST command allows the 
program to pcrform analys1s only on thosc loads in thc lisl. lf thc 
LOAD LIST command 1S nevcr uscd, thc program will assume all 

load cases to be active. 

Example 

LOAD LIST ALL 
PRINT IIEIIBER FORCES , • "l 
LOAD LIST 1 3 • . .. , 
PRINT SUPPORT REACTIONS 
CHECK CODE ALL , . 

~ '1 .. "'-? ·~ " .... ''·· • ' •. ). : .. 



/ Secuon 5 

~ . . ,, 

ST AAD Commands and lnpu lnsuuctions 

In thts example, member forces wlll be printed for allload cases 
whereas loading 1 and 3 will be used for printing support rca..:uo,ns 
and code-chccking of all mcmbcrs. 

Notes 

~he ~DAD LIST command ma}' be uscd for mulllplc analy~cs 
SIIUaliOns when an analysis needs to ~e performcd w1th a sclcctcd 
set of load cases only. Picase note that all load cases are 
auiOmaltcally active befare a CHANGE or RESTO RE command ¡5 
u sed. 

Section:S 311 

5.40 Section Specification 

Sa St'ctloru 

1.19.2,1llld 

l./Y 4 

Purpose 

Th1s command as uscd to spectfy sections aJong thc length of frame 
mcmber for which forces and momcnts are rcquired. 

General formal: 

{

MÉM,BER memb-list } 
~ION 11,12 ••• 15 

( All) 

Oescription 

This command spec1fies thc scctions, in tcnns of fractional mcmbcr 
lengtbs. at which thc forccs and momcnls are considcred for funher 
processtng. 

f1, f2 ... f5 :; Secuon (in tcrms of the fraclion of the mcmbcr length) 
providcd for the membcrs. Max1mum numbcr of sccuons is 5, ' 
1ncluding onc at thc slart and onc at lhe cnd. In other words, no 
more than thrcc mtcrmcdiatc secttons are pcrmissiblc per 
SECTION command. 

Example 

SECTION 0.0 0.5 t .O IIEIIB 1 2 
. SECTION 0.25 0.75 IIEIIB 3 TO 7 
SECTION Ó.S' MElla 1,~,. :••. :: ; 

.. ~ ' 

In this examplc. first the members 1 an- 2 are set to section values 
of 0.0. 0.5, and 1.0, i.e. atlhe start, mid potnt and end. Thc 
membcrs 3 to 7 are spccificd by thc next SECTION command 

where sectioas 0.25 ¡nd 0.75 are set. 

In the next SECTION command, member 8 has its sec1ion specificd 
at 0.6. The remaindcr of the members wilJ bave no scctions 
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provided for them. lf no section value IS g1ven for any member. it 
dcfaults to 0.0 and 1.0 (i.c. start and end). For example, the start 
and end forces of the members will be used for design. if no scction 
is spcc1ficd. As mentioncd carlier, no more than thrce intcrmedJate 
sections are allowed per SECTION command. However, if more 
than three imermediate scctionS are in volved, thcy can be cummed 
by repeatmg the SECTION comman<\ aftcr completing the rcqu1rcd 
caJcuJations. The following cumple w11J clanfy. 

Example 

: •·:· ¡. • • ~,1 

SECTION 0.2 0.4 0.5 .ALL 
PAINT SECTION FOACES 
SECTION 0.8 O. 75 0.8 ALL 
PAINT SECTION FOACES 

In this cumple, first forccs at 3 intcrmcdiatc scctions (namcly 0.2, 
O 4 and 0.5) are printcd and 1hcn forccs al an addltlonal J scct1ons 
(namely 0.6, 0.7S and 0.9) are pnntcd. This g1ves thc uscr 1hc 
scction forces at more aban three intcrmcdiate sccuons. 

N otea 

1) The SECTION command just spccifics the scclions. L:sc thc 
PRINT SECTlON FORCES command aflcr this command to 
print out thc forces and momcnts al 1hc speclllcd scctions. 

2) This is a sccondary analysis command. Note that thc ilOalysis 
must be pcrformed bcfore this command may be used. 

'" -<:--~1~"'·~·9 --_ 
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5.41 Print Specifications 

Purpose 

This command is used to direct the program lo print vafious 
modchng mformat10n and analysis results. STAAD offers a number 
of vcrsaLilc print commands thal can be used lo cuslomJZe Lhc 
ouLput. 

General format for data related prlnt commanda: 

,!Q!NT &QQADINATES 
MEMBEA INFORIIATION 
SJ.!iMENT ]MEOAIIATION ~10 
MJi!!BEA ff!QPERTIES 
MATERIAL PAQPERTIES 
~POAT llifOAIIATION 
or 
A 

¡:~
1 

llst of llama] 
i.e. jainta, 
members 

General formal lo printlocallon of cg: 

General formal lo prlnt analyala reaulta: 

fBINT 

(,IQ!NT} Q§PLACEMENTS 
(lgMBEA) .EQBCES 
M!ALYSIS fi§ULTS 
(lgMBEA) ~ION .EQBCES 
(lgMBEA) ll!IESSES 
illiiENT (,IQ!NT} llf!ESSES (AT 11 l:zl 
~ENT (,IQ!NT} Sf!f'SSES ~O 

E lii:IUES 

Uat-spec = {~ Ílst of llema-jolnta, } 
members or elementa 

Ust­
apec 
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General format to print aupport reactiona: 

e.!l!NT SUPPORT !!§!CTIONS 

General formal lo print entire steel table: 

e.!l!NT OOIRE (TABLE) 

Deacription 

Noae that thc list of ilems are oot applicablc for PRINT 

ANAL YSIS RESUl TS, PRINT SUPPORT REACTIONS, and 
PRINT MODE SHAPES command. 

Thc PRINT JOINT COORDINA TES command pnniS all 
mterpretcd coordinalcs of joiniS. 

Thc PRINT MEMBER INFORMATION command pnnos all 

mcmber information, including mcmbcr lengtb, mcmbcr incidcnces 
bcla anglcs. whcther or not a mcmbcr ts a truss mcmbcr and thc ' 
mcmbcr rclcasc condi1ions at start and cnd of thc mcmbcr 
( 1 =relcased, O = not rclcascd). 

Th~ PRINT ELEMENT INFORMA TI ON command pnniS all 
mctdcnt JOtnts, elcmcotlhtckncsscs, and Poisson rallos for 
Pla~cJShcll clcmcnts. Thc PRINT ELEMENT INFORMATION 
SOLIO command prinu stmilar infonnatton for Solld elcmcnts. 

Thc PRINT MEMBER PROPERTIES command priniS all mcmber 
pro~cnies includinc cross sectional arca, momcnts of 1acnia. and 
secuoa moduJi in both ues. Unirs for the propenics are always 

INCH or CM (depeadin& on FPS or METRIC) regardless of 1he 
unu specificd in UNIT command .. 

Thc followiog dcs•gnuion is used for mcmber propcrty oamcs: 

AX - Cross scction uca 
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A Y Arca used to compute shear deformallon in local Y -axis 
AZ 
IZ 
IY 

IX 
SY 
sz 

Arca used lo compute shcar deformation m local Z·a:us 
Momcnt of lnertia about thc local Z-axis 

Moment of lncrtia about the local Y -axis 
Torsional constant 
Smallest scctJon modulus about the local Y -axis 
Smallcst seclion modulus about the local Z-aJ.as 

Thc PRINT MATERIAl PROPERTIES command prínrs all 
matcnal properucs for thc membcrs, including E (modulus of 
clasticlly), G (shcar modulus). weight dcnsaty and cocfficicnt of 

thermal cxpansion (alpha) for framc members. This command is 

ava•lablc for mcmbcrs only. 

The PRJNT SUPPORT INFORMATION command pnniS all 
'§Upport information rcgarding thcir fixity. rclcascs and ~pring 
conslant v3Jues. 1f any. Thc LIST oplion 1s not availablc for this 

command .. 

Thc PRINT ALL command is cquivalcntto last fivc pnnl 
commands combmcd. Thas command pnnts JOinl coordinatcs, 
mcmbcr information, mcmbcr propcrtJcs, material propcrt1cs and 
support informalion, in thal arder. 

Thc PRINT CG command prints oul thc coordinates of thc ccnacr 
of gravuy of thc structurc. Only thc sclfwcight of thc slructurc 15 

uscd to calculatc thc C.G. Uscr dcfincd JOIOI loads, membcr loads 
cte. are not considcred in the calculalion of C.G. 

The PRINT (JOINT) DISPlACEMENTS command prinls join1 

displaccmcnts in a tabulatcd form. The displaccmcnts for all six 

dircctions will be printed for all sp~cificd load cases. Thc lcngth 

unil for lhe displaccmcnu is always INJ=H or CM (dcpending on 

FPS or METRIC unil) rcgardless of lhe uaíl specified in UNIT 

command. 

Thc PRINT (MEMBER) FORCES commaad pnnls member forces 
(i.c. Aaial force (AXIAL), Shear force in local Y and Z ucs 

(SHEAR· Y and SHEAR·Z), Torsional Momen1 (TORSION), 
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Momc:nts about local Y and Z axes (MOM·Y and MOM-Z)) in a 

labulatcd form for the listed members, for all spccified load cases. 

PRINT ANAL YSIS RESUL TS command is equivalent to the last 
threc commands combaned. With 1his command, the joint 

displacements, support rcaclioñs and member forces, in that order, 
are prinled. 

The PR!NT (MEMBER) SECT!ON FORCES command pnnts 
member forces at the tntermediate scctions spec¡fied with a 
previously input SECTION command. The pnnung is done m a 
tabulalcd form, by member. for all spccificd load cases. 

Thc PRINT (MEMBER) STRESSES command 1abulates member 
streucs at lhe starl joint. cnd join1 .md .di spccificd intermcdialc 
sections. Thesc strcsscs include axial (i.c. aJ.ial force ovcr thc 
ar~,:a). bending-y (i.c. momenc-y over section modulus in local y-
31.15), bcnding-z (i.c. momcnr-z ovcr section modulus in local l· 
uis), shcar strc:sscs in both local y and l dircctions (FY/AY and 

FZJAZ) and combincd (absolute combinauon of axial, bending-y 
and bcnding-z) Slresses. · 

For PRISMA TIC sections, if A Y and/or AZ is not providcd, the 
full cross-scctional area fAX) will be considered in shcar stress 
calculalions. 

For TAPERED sccuons. the valucs of A Y and .-\Z are thosc for the 
location whcrc the stress IS printed. Hcnce if thc stress is pnntcd 
at the locaaion 0.0, the A Y at AZ are based on the dimensions of 
the membcr al thc slart nodc. 

AY =Total depth • Th1ckncss of web. 

AZ = 213 arca of both flanges put rogcther. 

The PR!NT ELEMENT STRESSES command mu>l be used to print 
stresscs (FX. FY. FXY. QX. QY)._ moments per unit width (MX. 
MY. MXY) and principal stresses (SMAX. SMIN. TMAX) for 
pl.atc/shell clcmcnts. Typically, thc stresscs a.nd moments per unil 

w1dth at lhc centroid will be priatcd. The Von Mises stresses 
(VONT: VONB) as well as tbe ansle (ANGLE) defininsthe 
oncntauon of the principal planes ue also preated. 

-
,, 
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The variables Lhat appcar m the out puL are thc following. Sce 
Figure 1.13 in Section 1 of this Rcfcrc:nce Manual for more 

informauon regarding tl.ese vanables. 

QX = Shear stress on the local X face in the Z direcuon 

QY = Shear stress on the local Y face m thc Z direction 
MX = Momcnt pcr umt width about the local X face 
MY 
MXY 
FX 
FY 
FXY 
VONT 
VONB 
SMAX 
S MIN 
TMAX 
ANGLE 

= Moment per unit width aboutthe local Y face 

= Torsional Moment per uni1 w1dth in the local X-Y plane 
= Axial stress m the local X dirccuon 
= Axial stress in thc local Y direction 
= Shcar stress in thc local XY planc 
= Von Mises stress on thc top surfacc of thc elcmenl 
= Van Mises stress on thc bottom surface of thc element 

= ~nimum in-plane Pnncipal stress 
= Mínimum 1n-plane Principal stress 
= Maximum an-plane Shear stress 
= Anglc whach detc:nmncs dircction of maximum principal 

stress with rcspcct to local X axas 

lf the JOINT option is used, forccs and momcnts at the nodal 
points are also printcd out in addilion to the centroid of the 

element. 

The AT option may be used to print clcment forccs at any specificd 
pomt wuhin tbe element. The AT oplion must be accompanied by 
r1 and f2. Note that f1 and f2 are local X a.nd Y coordinates (in 
current units) of lhe point wbcre the stresses and moments are 
required. For detailed description of the local coordinate system of 

the elements, refer to Section 1.6 of this manual. 

The PR!NT ELEMENT (JO!NT) STRESS SOLIO command 
enables printing of strcsses at thc cent« of lhe SOLIO elcmcnts. 

The variables that appear in thc output are tbe followios;. 

Normal Stresses 
Shear Strcs~s 
Pnncipal St~esses 
Von Mises Suenes 

: SXX. SYY and SZZ 
: SXY. SYZ and SZX 
: S l. 52 and SJ. 
:SE 
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: 6 direction casines are pnnted fallowtng 
thc expression OC, .corrcsponding lo the 
first two pnncipal stress dirccttnns. 

The JOJNT option w1ll pnnt out the strcsses at the nades of the 

salid elements. 

The PRINT MODE SHAPES comm~nd prints JOIRt displaccmcnts 

for 111 calculatcd modes. 

The PRINT SUPPORT REACTIONS command prints suppon 
reactions m a tabulated form. by support, for all spc:cificd load 
cases. Tbc LIST optton 1S not ava&lable for thts command. 

The PRJNT ENTIRE TABLE command may he uscd to obtatn a 

print-out of the contcnrs of the stccl tablc from wh1ch mcmbcr 
propcnies are being rcad. Tht~ command must be provtded 

following thc specsficauon of all mcmbcr propewes. 

Example 

PERFORII ANALYSIS 
PRINT ELEIIENT JOINT FORCES 
PRINT ELEIIENT FOACES AT 0.5 0.5 LIST 1 TO 10 
PRINT SUPPORT REACTIONS 
PRINT JOINT DISPLACEIIENTS LIST 1 TO 50 
PRI!IIT IIEIIBER FORCES LIST 101 TO 124 . . . :. .. . ; . ' . . 

Not• 

1) Tbc ou1pu1 gcoeratcd by Lbcsc commands are bascd on the 

currea1 unit syslcm. The uscr may wish to venfy thc currenl 

unil systcm and cbangc it if necc:ssary. 

2) Resuhs may be prinled for all jomlslmcmbcrslclc:mcnts or 

bucd on a spcc•fied list. 

/ 
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5.42 Print Section Displacement 

··~ 

Purpoae 

Thts command is used to calculate and print displaccmcnts at 
'icctions (intcrmediate points) of frame members. Thas providcs tbc 
user wuh dcflection data bctween the JOIDts. 

General format: 

e!!!NT ~ON (MM) QISPL (t!gCT 11 ~E •1 {

l!IQfRINT 

~memb-IIR } 

t 

l' ' 1 

r ... 

Oescription 

'-·~·""" ¡•,, .. M ... 

-~ 

ll~-

Th1s command prints displaccmcnts 
al intcrmediate pornts between two 
jOints of a membcr. These 
displaccmcniS are m global 
cnordinale dircctions fsec ligurc). lf 

lhc MAX command is used. lhe 
program prints only the m.alimum 
local displacemcnts among all load 
cases. 

lh.P.N 

' ....... ~ ... 
' ' -

1 = numbcr of secuons to be takcn. Defauhs to 12 if SSECT is not 
used and also if SA VE is used. 

a = File name wherc displaccment values can be storcd and used 

by STAADPL graphics program. lf NOPRINT command os 

uscd in conjunction with SA VE copJmand, the program writcs 
thc data to file only and does not pnat thcm in ou1put. The PC 

version docs not need a nlenamc and if one is provided, it will 

be 1gnored. 
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Example 

PRINT SECTION DISPL SAVE 
PRINT SECTION MAX DISP 

STAAD C.mvtwl(b and lnpu1 lnstrucnont 

SECTION DISPLACEMENTS are mcasurcd in GLOBAL 
COORDINA TES. The values are me~surcd (rom 1he ongmal 
(undeflected) posuion to the deflccted posilion. See figure abovc. 

The muimum local displacement is also pnnled. First: the Jocauon 
IS dctermmed and lhen thc value is measured from 1his Joc:J.L10n to 
lhe linc jommg uart and end jotnts of the deflected membcr. 

1) The section displa~:cmcnt values are availablc in Global 
Coordmatcs. Thc undcJlcctcd position is uscd as thc datum for 

. calculaung thc dcflcctions. 

2) Th1s LS a sccondary analysis command. An analysis mus1 be 
performcd beforc th1s command may be uscd. 

-

i 

:t 

. '"· 
' -. 

~ .,:;_ ' 
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5.43 Print Force Envelope Specification 

s~, Suuo" 
1 19 5 

Purpoae 

This command is uscd to calculatc and print force/moment 
envclopcs for framc mcmbers. Th1s command is not availablc for 
finite clemcnts. 

General format: 

f!llNT ffQf!CE } 

~FORCE ENVELOPE ~CTION i) llat-ap. 

{~~.} llat-spec = \Clalzl 

Description 

Whcre 1 is thc numbcr of cqually spaccd sections lo be considercd 
in printing maximum and mínimum force envelopes. lf 1hc 
NSECTION t command is om1Ucd, i will dcfault lo 1.:!. 
MAXFORCE command produ.:cs maximum/minimum force valucs 
only of all ~cct10ns, whcrcas thc FORCE command pnnts 
mu.imumimammum force valucs at cvcry o¡ecllon as well as thc 
maJJmtn force valucs of all secuons. The force eomponents includc 
FY. MZ, FZ. and ~Y. Nolc 1ha11hc SECTION command (as 
described in scction 5A0) does not define thc numbe~ of sections 
for force cnvelopes. For the sign convcntion of force values, refcr 
to Scction 2.19. 
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Example 

. -, 

PRINT FORCE ENV 
PRINT IIAXF ENV NS 15 · 

ST AAO Cornmands and lnpullnslruclions 

PRINT FORCE ENV NS 4 LIST 3 TO 15 

N otea 
' 

This ¡~ a sccondary analys¡s commamJ and should be uscd aftcr 
analys1s spcc1fication. 

\ 

-· ,. 
a¡ si 

1 
1 tii 
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5.44 Post Analysis Printer Plot Specifications 

Pnntcr plots of the analysis n:sults may be gcncratcd after thc 
analysts has becn pcrformed. Refer to SccttOn 5.29 for thc various 
commands that can be prov1dcd m the input file aftcr the 
PERFOR!Iol ANAL YSIS command. 
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-

5.45 Post Analysis Graphics Display 

This part describes inpu1 style lo crcate plot files which can be 

accessed by STAADPL for graphacs dhplay on scrcen or pcn 
plouers. 

.. 
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5.45.1 Display Deflected Shapes 

Purpose 

This command crcatcs a file wllh dala contaamng thc joint 
displaccmcnts. Thts file must be crcalcd in thc ST AAD 

analysis/dcsagn run so that thc dcOcctcd shapc may he vicwcd in 
1he Post Proccssang graphics display in a latcr scssion. 

General formal: 

f.!.QT ~PLACEMENT Ell.E 

Oescription 

Th1s command crcatcs thc data rcquucd 10 display thc dctlcclC:d 
o;;hape for any load case al any assoclóllcd '!icalc fac1or. Thc 

dctlcctcd shapes are displayed by drawmg thc displaced positions 
of JOIRIS and connccung thcm Wlth str:ught lincs. 

Notes 

1) lt IS nol ncccssary to ha ve 1h1s l.:ommand in thc ST.\,\0 
analysis run 1f 1hc deflcctcd shape IS vicwcd in 1he ~ame 
scss10n. STAAD's livc ''concurren! da1abasc" ">lores thc 
dasplaccmcnl dala from the latcst analysis run whach.is 

automatically uaililed by thc Post Processang module. 

2) Th1s !S a post·analysis facility. Thus th1s command must be 
uscd aftcr the analysis specification. 
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5.45.2 Display Section Displacements 

·,; 

Purpose 

Th1s command crcatcs a f¡Jc with data contammg thc scct10n 
dJsplacemcnts. Thts file must be crcat~:d in thc STAAD 
analysas/dcs1gn run .. o 1hat the scction displacemcnts may be 
v¡ewed in thc Post Proccssing graphics display in a latcr scss1on. 

General Format: 

fl.QT ~TION fll.E 

Oescription 

L:sing the Scction Displaccmcnt command. thc uscr can dasplay thc 

scction displaccmcnt ror J.ny load ca!)c wuh any Jssociatcd ')cale 
ractor. 

N otea 

1) h is no! ncccssuy 10 ha ve 1h1s ..:ummand 1n thc STAAD 

analys1s run_ tf thc ~>ccuon di)placcmcnt 1s v¡cwcd in thc 'iamc 
scssion. STAAD's livc ~concurrcnt databasc" storcs thc 
displacemcm data rrom 1hc latc!tl anai)'SIS run whach 1s 
automaucally uuhLcd by the Post Processing module. 

!) This is 3 post-analys1s racility. Thus this command must be 

used after thc analys1s specilicat1on. 

5.45.3 Display Bending Moment/Shear Force 
Diagrams 

Purpose 
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This command crcatcs a file W!lh Jata cont¡uning thc bcnding 
momcnt and shcar force valucs. This file must be crcaled 10 the 
STAAD analysis run c;o that 1he bcndmg momcnt and shcar rorcc 
diagrams may be vicwcd 10 thc Post Proccssing graptucs display in 

a latcr scssion. 

General Format: 

PLOT !!.Sf!DING FILE 

Oeacripti~n 

L:smg this command. the uscr can crca1c ncccssary data lO display 
thc momcnt ::~nd shcar raree diagrams ror cathcr onc/two membcrs 

or ail mcmbers ata 11me. 

Notes 

1) lt 1s not neccssary to have this command in thc STAAD 

analysts run ir thc diagrams are vtewcd '" thc '§ame session. 
STAAD's livc .. ~.:oncurrcnt databasc'" storcs the necessary data 
rrom the lalest analysis run whtch is ::~utomatically utilizcd by 

thc Post Proccssing module. 

:!) Thts as a post-analysis racility. Thus thts command must be 

uscd after the analysts spcctl'ication. 
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H5.4 Display Mode Shapes 

Purpose 

This ~ommand crea11:s J file Wilh Jata ~ontaimng thc mude ~ha pes. 

Th1s file must he created m the STAAD analy'iis/des¡gn run ..,,> that 

thc modc ~hapes may be v¡cwcU m thc Post Proccssmg graph1cs 
display m J latcr scs~wn. 

General Format: 

f.bQT MODE FILE 

Deacription 

Usmg this commaml thc U)ICT can .:reate 1hc Jat.1 rc4u1rcd 10 J1splay 

thc modc lhapc for any numbcr 1f rnod..:~ wuh .1 ..:urrc)lpondmg 
.. cale factor. 

N otea 

1 J h is not ncccssary to ha ve th1s ..:ummand 1n thc STA,\ O 

anal y"''~ run tf thc mude 'ihapc"' ..1re vicwed m thc ~ame ~Cl)IIUn. 
STAAD.'i hvc ··cun~.:urrem t.lataha)lc·· storcs thc di!.placcm..:nt 

data from thc latc\t ..analy'il!l run -whil.:h 1s ..tutumatlcally :.JIIIucd 
by thc Po!.t Proces)l,mg module 

~~ Thes IS J post-analy'il!l fac1IUy. Thus thu ~.:ommand must be 
uscd .tft..:r thc analySI!o -.pccaficatiun. 
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5.45.5 Display Stress Contours 

Purpose 

This command crc:lle'i a file with data ~ontaming the_ 'itress valu~s. 

This file must be ..:reatcd in thc STAAD ..tnaly\JSidesq~n run 'iO ~ at 

thc <>trc'is contouror. rnay he v¡c-wed in the p,,.,, Proces'img graph!cs 

Liisplay in a latcr 'iC'i'ilon. 

General Format: 

PLOT STRESS FILE 

Description 

Cslng this ~ummamJ thc uscr ~.:..tn dasplay !he \lre~s ¡;nntuurs for any 

luad ca~c wuh .1 ¡;orrco¡punding .. cale fac10r 

Notes 

1) lt :-. nnt ncccs .. ary to ha ve thls ¡;ommand IR thc ST.\.-\0 

JnaiV'il\ run 1f :he llrCS'i ¡;ontour'i are \l.cwcd m the ">.tmc 

. . ST \ \0.\ live ··cnncurrcnt Liatahasc" 'iiOTC'i the 'itrcss ..c~'>lnn. ' · T d 
dat..t frnm thc Í..atC\1 analylll run whu:h "JuiOmatu:ally utl 1/.e 
by thc Po'il Prncc., ... ng module 

r 1 Thus :hh cnmmand must be ~) Thi'i i'i J poo;t-..analy'iiS ac1 uy. 

used .1fter thc .malysis 'ipccificatiun. 
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i.46 Size Specification 

Purpose 

Th1s command providc\ Jn csuma1c fur rcquircd sccuon propcr11CS 

for a framc mcmbcr ba!>cd un ¡;cnam analys1s rcsuhs and u~cr 

rcqu1rcmcnt~. 

General Format: 

• ¡~~~~CTION 
~E LENGTH 

whcrc. 

BSTRESS 
SSTRESS 

f 1 = ~axm. Jllowablc w1Jth 

''l '• r, 
'• '• 

{~BER member·liat} 

f:! :: .\taxm ... lllnwabla! tl.:nglh/~axm. lot.:al dcilc(IJORJ raun 

f1 = L.:ng1h iur ..:alculaung 1hc abo .. e ra110. 

Dcfauh = aclual mcmhcr lcnglh. 

f ~ = ~axm. Jllowablc hcndmg 'itTC'i'>. 
f'i = ~axm. Jllowablc ~hcar ~trc~s . 

.'Jn1c 1ha1 !he valucs mu~t he prov1dcd m 1hc currcnt URII \~'ilcm. 

Oescription 

Th1s command may he u!ocd to calculalc rcqulfcd ~ccuon propcrucs tor 

a mcmbcr ba"cd un analy\IS rcsults and uscr spccllicd entena!.. Thc 

uscr )pcc¡ficd cmcna!io may includc ~cmbcr WJdlh. Allowablc 

( Lcngth/M,nm. DcncctionJ Ratio. Maxm. allowablc bcnding ~1rcss 

and ~alJmum allowablc ~hcar stress. Any numbcr of thcsc e menas 

may he uscd 'ilmuhancously. Thc ou1put includcs rcquJTcd Scc110n 

~odulus (abuut maJor axlsJ, rcquarcd Shcar Arca (for shcar parallcl to 

mmor ax1sJ. \1axm. momcnt capacuy (about maJor axis). Maxm. shcar 
~apa~uy (for ,h¡;ar parallcl to mrnor axi~J and MaAm. (lcngthllocal 
mum. dcOccuonJ ratio 

l.:t!l 

1:1 11 

1::1 \1 

li Ll 
1 'i 

'i 

Example 

SIZE WID 12 DEFL 300 LEN 240 BSTR 36 ALL 
SIZE DEFL 450 BSTR 42 MEMB 16 TO 25 
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>lote: 
lt may he notcd that siztng wtll be bascd on only thc critcria 

.;pcc¡ficd by thc uscr tn thc rclevant SIZE command. 

In thc first ¡,:xamplc abovc. Sl7.tng wrll be bascd on uscr spccificd 

b dlh )r 1.., Lcngah/Dcllccuon rat1o of 300 (whcrc 
me m cr wt t -· 

Lcngth= :!~0) and max . .lilowablc bcnding s~rcss of 36. 

In thc ,ccnnd cxamplc. stl.ing wlil he bascd on Lcngth/Denccllon 

ratto llf -l50 !whcrc Lcngth= aclual mcmbcr lcngth) and max. 

Jlluwahlc hcnd1n~ ,¡rcvi of ·C. 

Notes 

fhts 15 J pml·anal~"'s facrlily and must be uscd aftcr thc analysJs 

, pe e 1 fi.,; .t!Hl ns. 
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) 

Steel Design Specifications 

Th1s scct10n describes al.l thc spectfications necessary for ')lructural 
steel design. 

Scction 5A7 1 d1scusscs spcc¡fic.:uion of allthe paramctcrs that 

may be uscd to control thc dcsign. Sccttons 5 -H.2 and 5.-t?.J 
describes the CODE CHECKING and MEMBER SELECTION 
opuons respective! y. Mcmher Sclcctton by opllmJL.ation 1s 

discussed m 5.-t?A. STAAO also provtdes facililics for Wdt.i 
Design which are dcscribcd m 5.47.5. 

.--. 

Sccuon S 

5.47.1 Parameter Specifications 

Purpose 

This 'icl of command'i may be uscd 10 spccify thc paramctcrs 
rcqu1rcd for 'ilccl dcsagn. 

General formal: 

PARAMETER 

CODE 

AASHTO 
¡y se 
AUSTRALIAN 
BRITISH 
CANADIAN 
FRENCH 
GERMAN 
INDIA 
JAPAN 
LRFO 
N RWAY 

J parameter·name f1 } 

~FILE a1, (a2, a:¡) 

t:MBER memb-list } 

Oescription 

Paramctcr-namc rdcr<; lo 1hc "PARAMETER ;\IAMEM (S) listcd m 

thc paramctcr tablc cnntamcd tn thc Stc:cl Dcs1gn scction. 

For a list of paramctcrs for AISC Allowablc Strc.u Oes¡gn. see 
Tablc J.l uf this manual. For a list uf Paramcters for AISC LRFO 
Dcsign. scc Tablc J.:!. r=or .;tccl dcs1gn per othcr codcs, rcfcr 10 thc 
rclcvant documcntat1nn. 

f1 ::: Valuc of thc paramctcr. 

333 
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ST AAO CommamJs and lnpu1 ln\lrUCimns 

Thc user ~.:an ..:ontrol thc Jcs1gn through specificatton of propcr 
p.uamctcr. 

The PROFILE paramctcr 1s avaalahlc for the AISC ASO codc only. 
Thc uscr.can ... pcctfy up 10 1hrcc profilcs {a

1
, a:! and a

1
). Prnfilc. :.~s 

Jc~cribcd m T .1blc 3 J. ts thc fil'sl thrcc lcucrs of an AISC )tccl 

tablc na me. c.g W8X. W 1 :!, C 1 O, L:!O cte. Thc PROFlLE 

paramctcr-namc 1s uscd only for mcm¡jer sclcct10n whcrc mcmhcrs 

Jrc sclcctcd frum cach tlf thnsc pro lile names. Thc PROFILE fnr a 

T-~ccuon ts J. W-'ihape .. \lso. thc shapc specificd undcr PROFJLE 

has 10 be thc .. ame as that '>pccificd inilially undcr ~EMBER 

PROPERTJES ~utc that thc PROFILE command can only be uscd 

for thc AMERICA:"/ 'ilccl tahlc. CODE parametcr lcts you choo'ic 
thc typc of ... tccl ..:ode ltl be chcckcd for dcsign. Thc d.cfaull '>tct!l 
..:odc Jcpend.., on thc country nf dtstributwn. 

Example 

PARAMETERS 
CODE AISC 
KY 1.5 MEMB 3 7 TO 11 
NSF 0.75 ALL 
PROFILE W12 W14 MEMB 1 2 23 
RATIO 0.9 ALL 

N ates 

lJ All un1t -.en-.111vc valuc ...... hould be in thc currcnt unit systcm. 

21 For dcfault valucs of thc paramctcrs, rcfcr to thc appropnatc 
paramctcr tablc. 

3 l PRO FILE ..:ommand is availablc with thc American AISC ASO 

codc only ll1s not availablc Wllh the LRFD or AASHTO 
e o des. 

*' 1 
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5.47.2 Code Checking Specification 

s,.~ St'crwrt 

: 5 

Purpose 

Th1s command may be uscd to pcrform lhc CODE CHECKING 
tlpcratwn. 

General format: 

CHECK CODE 
t~~BER memb-lisl } 

Oescription 

fhts command check~ the spccllicd mcmbcrs agaan~t thc 

... pcctficauon of !he dcs1rcd codc. Rcfcr to Sccuon 2 oi this manual 

for dctadcd 1nformauun. 

Notes 

Thc o·utput of thiS command may he controllcd ustng thc TRACK 
paramctcr Three le\'cls of dctatls are .tvaliablc. Rcfcr lo thc 

..1ppropnatc Stcd Oc~ign scction for more mformauon on thc 

fR,\CK paramctc'r. 
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5.47.3 Member Selection Specification 

Purpose 

Thts command may be uscd to pcrform thc ME~BER SELECTION 
opcratton. 

General format: 

lliECT t:tBER memb·lial } 

Oescription 

Th1!) command instruct!!. ST.\AD to ... cJcct spectficd mcmbcrs ba!!.cd 
on thc paramctcr valuc rc!!.trictions ..1nd spcctlicd ~.701.Jc. Thc 

sclcction ts done using lhc rcsults from thc most rcccnt analysl'i 
..tnd ttcracmg un sccuons unlll J. lca!!.t wctght SI/C t!!. nbtamcd. Re ter 
to Scctton 2 for more dc.:tads. 

N otea 

11 Thc nutput of tht'i command may be controllcd usmg thc 

TR.\CK paramctcr. Thrcc lcvcb of dctatb are avad.!blc. 
Rcfcr to thc appropriatc Stccl Dcstgn scctton for more 
infnrmatton .. m thc TR,\CK paramctcr. 

~cmber '>elcctwn can be done only afler J.n analysis has 

becn pcrformcd. Conscqucmly, thc command to pcrform 
the :malysts has lo he spcc1fied befare the SELECT 
~EMBER command can be 'ipcctficd. 
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5.47.4 Member Selection by Optimization 

Purpose 

Thts ~.7nmmand performs membcr '\clcctton using an optimizcd 
tcchntquc bascd On muhtplc analysis/dcstgn iterations. 

General format: 

SELECT OPTIMIZED 

Oescription 

fhc program ... clccts all membcr'i based on a 'ilatc-of-thc-art 
llplimllallon techntquc. This mcthod rcquire'i multtple analy~cs as 
wcll as tlcrauon of ~11.es unlll an ovcrall Slructurc least wcighl is 
obtamcd. Th1s command should he u'icd wuh cauuon ._mee u will 
requtre longer proccs'itng time . 

Notes 

11 The I)Utput of th1s command may be controllcd usmg the 

TR.\CK parametcr. Threc lcvcl'i of dctails are available. Rcfer 
to thc appropnatc Stcel Des1gn 'iCCIIon for more information on 
thc fRACK par3meter. 

!J Thl'i command may require mulllple itcrations involving 
analy'>ts/des•gn cycles and thcrcfore may be time consuming. · 
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ci.47.5 Weld Selection Specification 

·,( 

Purpose 

This command performs selec.t10n of weld s1¿cs for \pccificd 
mcmbcrs. 

General format: 

{AM~~BER memb·list} illECT '!tiD,D ITRUSS) 

Description 

By t~1s command. thc program selecu the weld itlcs of the 

spcc1ficd mcmbcrs at start and cnd. fhc sclccuons are tabulatcd 
wuh allthe neccssary informalion. lf thc TRt;SS command ¡~u sed 
thc program wlll dcs1gn wc/ds for anglc and double .1nglc mcmhcro;. 
auachcd to gussct pi ates wuh thc wdJ .1long thc lcngth of 
mcmbcrs. 

Notes 

:he w~ld SI/C calculatJOn mayal so he controllcd paramctru.:ally 
For mlor~allon on a va¡ Jable paramctcrs. rcfcr to thc .1ppropnatc 
Stccl Dcs1gn 'iCCilon. 

liS 11 
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5.48 Group Specification 

Purpose 

Thts command' may he uscd to group mcmbcrs togcthcr for analysis 
Jnd <;tccl dcstgn. 

General tormat: 

(FIXED GROUP) 
GROUP prop·spec MEMB memb·list (SAME § i1) 

pro~spec = { ~ } 
Oescription 

= Cross-section area 
= Section modulus in local y-axis 
= Section modulua in local z-axia 

rhtS .:ummand ..:nahJc ... thc prngram lO group ipCCJfiCd mcmbCfS 
togcthcr fn~ anal y o;¡ o; hascd on thetr largest propcny o;pccificauon. 
if mcmhcr numhcr i 1 t'i provtdcd in S,\~E :\S command. 1hc 
prugr:::t.m w!ll group thc mcmbcr'i hascd un thc propcrttcs uf i 1• This 
..:ommand 1s usually u~cd J.(ter thc mcmbcr ,clccuon. whcrc thc 
mcmbcr'i t.:an he groupcd for furthcr proccssing. lf !he FIXED 
GROL'P optwn ts U!'lcd. !he spc~;tficd groupmg w1ll be retaancd in 
mcmory by !he progr:::t.m and will he u sed in -.ubo;equcnt mcmbcr 
~clect llpcrattons amJ !he rcsuhs of thc "GROt;Ping~ w•ll nol be 
~ccn unlco;s J. "SELECT \1EMBER" uperation IS pcrformcd. 

Example 1 

GROUP SZ MEMB 1 3 7 TO 12 15 
GROUP MEMB 17 TO 23 27 SAME AS 30 

• 

In this cumple, thc membcrs l. 3, 7 to 12. and 15 are assigncd thc 

samc propcrucs bascd on which nf thcsc mcmbcrs has thc largcst 

scc1ion modulus. ~cmhcrs 17 lo :!3 and 27 are assigncd the samc 
prupcrucs JS mcmbcr 30. rcgardlcss ¡Jf whethcr mcmbcr 30 has a 



cuon 5 

ST AAD Cammands .md Input lnsiJllcUons 

.. mallcr or largcr cross-'\ccuonal :uca. AX is thc dcfauh propcrty 
upon whtCh grouping is bascd. 

Example 2 

FIXED GROUP 
GROUP MEMB 1 TO 5 
SELECT OPTIMIZED 

In thc abovc CAamplc. thc usagc olthc FJXED GROC'P command ts 
dlustratcd. Thc SELECT OPTIMIZED commantltnvolvcs thc 3 

'itagc proccss of 

1 ¡ :IIE:IIBER SELECTION 

~) GROL'Ptng of mcmbcrs 1 TO 5 

Ji .\NALYSIS 

:1 mull1plc numbcr of u meo, until .1 .:nnvcrgcnc:= 10 mcmbcr 

propcrtics tS au;uncd bctwccn adJat.:cnt ~yclcs Thc FIXED GROCP 
.:ummand i-, rcquircd for cxccuuon tlf llcp ~ 10 thc ~yclc. 

Notes 

Th1s .:ommand 1~ typicJIIy uscd Jlti.!r thc: mcmbcr .,clcctwn (or 

furthcr . .maly-,ts Jnd Jcsagn. Thas facdny may be vcry cffcctlvcly 

uuhtcd to dcvclop J practil.:ally oncntcd Jc~agn whcrc scvcr:tl· 

mcmbcrs nccd to be olthc .. ame '>ltc. 

..• 

'· 

5.49 Steel Take Off Specification 

Purpase 

Th1s command may be uscd to ohtam a summary of al! stccl 

'iCCl!ons hcmg uscd along w1th thcir lcngths and wcights. 

General format: 

Sccuon 5 341 

STEEL (MEMBER) TAKE ( Qff) 

Oescription 

rhu • .:ommand provtdcs a complete lisung .tccl 

tablc ~cctinns use~ tn thc 'itructurc. Thc tabulatcd lisung will 

mcludc totallcngth of cach 'iCt.:lion namc and 11s total -.-.cight. Th1s 

.:an be hclpful in cst1maung stccl quantiucs. 

Thc ~IEMBER oplaon lisl cach mcmhcr lcng ..•. : . 

numbcr. profilc·lypc. lcngth and wc1gh1. 

Notes 

Tlus !J.t.:tlily may he vcry cffct:ltvcly u:. 

l!'ilJma1c of thc ... tructurJI 'ilccl quantaty. 

·.1 lhlaan J quJck. 
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: __ so Timber Design Specifications 

This scction describes thc spccificauons requ1rcd for timber 
dcs1gn. Dc1ailcd descnpuon of thc umhcr dcs1gn proccdurc\ l\ 
JV31lable m Scction -l. . 

Scction 4.50.1 describes spccificatiori of parameters for t 1mbcr 
dcsign. Sections 4.50.2 and 4.50.3 dascusses the codc chcck 1ng and 
mcmber sclcction fac!liucs rcspecuvcly. . 

•¡_. 
K-• IM 
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5.50.1 Timber Design Parameter Specifications 

Purpose 

Th1s scl uf command!l may be uscd for spec¡ficauon uf paramctcrs 

for umhcr dcs1gn. 

General Formal: 

PARAMETER 

CODE TIMBER 

parameter·name f 1 {

MEMBER member-llot} 

All 

Oescription 

r, = thc valuc of thc paramctcr. 
~otc thatthc paramctcr-namc rcfcr"i to 1he paramctcrs dcscribcd in 

Scction .t. 

Notes 

1) All valucs must be prnvidcd 10 thc currcnt unll systc_m. 

2) For dcfault valucs of para~ctcr'i, rcfcr to Scction -1. 
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~>.50.2 Code Checking Specification 

!:. 
··f 

Purpose 

fhis command pcrform~ cudc chcck.mg opcratllln un spcc1ficd 

mcmbcrs ba~cd lln thc :\mcrican lnslilutc ol T1mbcr Constructum 
( AITC) codcs. 

General Format: 

Oeacription 

{
MEMBER member·lisl} 

ALL 

Tha command chccks thc -;pcc•ficd mcmbcrs agatnst thc 
rc4ulrcmcnt~ uf !he Amcn¡,;an lnsiiiUIC of T1mbcr (¡>nslrucllnn 
L\ITC) codes. Thc results nf the .:t1dc ..:hccking are \Ummantcd 1n 

.1 tabular format. Examplc~ and dct::uled cxplanatwn~ of thc 1abular 
formal are o~ va¡ Jable in Sct:IIUn 5. 

No les 

fhc liUtput ,)f th1s command may he ..:untrollcd by thc TRACK 

parametcr Two lcvcls of dctails are o~va¡Jablc. Rcfcr to Sccuon 5 
for dctailcd •nformatJon 1Jn !he TR.-\CK paramctcr. 

50 3 Member Selection Specification 5. . 

Purpose 
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This ..:ommamJ pcrforms mcmhcr 'i.CicctJOn opcration on -;pccif~cd 
mcmbcrl hascd on thc American lnstllutc of Timber ConstructJon 

( 1\ITC) Ct>t.lc~. 

General Format: 

{

MEMBER member·lisl} 
ruECT 

ab.b. 

Oescription 

. d ·. v b. u sed 10 pcrform mcmbcr sclcction according fh 1s comman ma_ e 

lU lhe .\ITC cudcs. Thc sclectwn JS hased on t~c resuhs of lh_c 
lates! ;malv~t' o~nd lleratwn~ o~re pcrfurmcd unul the Jea~! wetg.ht 
membcr l~llsfying all thc o~pplicahle ,;;odc rcqutrements IS ohtatncd . 

Paramelers may be uscd to ,;;ontrolthe desagn a~d thc rcsuhs are_ 
o~vatlahk in l tabular formal. Detailcd cxplanaltons of thc 'ielccllon 

procc" and :he out pul .ue avatlahlc tn Scclton 5. 

No les 

Thc out pul uf lhts command may he ¡;ontrollcd by the TRACK 

rwo le veis of dctatls are avaalable. Rcfcr to Sectaon 5 parametcr. 
for dctailcc.J information on the TR¡\CK paramclcr. 
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Concrete Design Specifications 

·~ 

Thts scction dcscnbes thc ~pccilic::uions for concrc1c dcsign. Thc 

concrete dcs1gn procedurc 1mplcmcnted m STAAD cons1sts nf thc 
followmg stcps: 

1) lmttaung thc dcsign. 

2) Spectfymg paramctcrs. 

3) Spcc¡fytng dcs1gn rcqu•rcmcnts . 

.t) Rc4ucstmg quantity takc-ofr. 
5) Tcrm¡naung 1hc ilcs1gn. 

Scct10n 5.51.1 dcscnbcs thc dcs1gn lnltlation ~ommJnd Scction 
5.51.;:! discusscs thc spcc¡ficatiOn of paramcters. Occ;1gn 

rcqu¡rcmcnt spccifica1ions ..1rc Jcscnbcd 5.51.3. Thc CONCRETE 

TAKE OFF command is dc~cnhcd 10 5 51 -l. Finally. thc Jcsq;n 
tcrmmauon command is dc~cnbcd 10 5 j 1.5 

.Sccuon 5 

5.51.1 Design lnitiation 

Purpose 

Th1s command is uscd to initlatc thc concre1e design. 

General formal: 

START CONCRETE DESIGN 

Oescriplion 

Th1s command IOIUatcs thc concrete dcs1gn spec¡fication. With 

this. thc dcsign paramc1crs are aulomatically sct to 1hc dcfault 
valucs (as ~hown on Tablc -l.l ). Without 1his command, nonc of the 

tollowmg concrete dcsign cnmmands wtll be rccogn1zcd. 

Notes 

fht~ command must be prc<ient bcforc any concrete dcstgn 

cnmmand \S uscd 

347 
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5.51.2 Concrete Design-Parameter Specification 

Purposa 

Tbis sct of t.:ommanr.h may be used 10 spe¡;:ify paramcters w control 
1he concrete dcsign. 

General formal: 

~ 
!mJTISH 
CANADIAN 

CODE FRENCH 
. GERMAN 

INDIA 
JAPAN 

LNORWAY 

{
M&MBER memb/elem liat } 

,parameter·name f 1 
(lli) 

Oeacriplion 

Paramctcr-namc refcr"i In thc concrete parametcr'i Jc\Crtbcd m 
T •blc ~.1. 

' 
f1 = tS thc value of thc paramctcr. ~ole that thl~ valuc is always 

tnput m currcnt umb. Thc L::'-IIT command 1!1. also ac~;cptcd 
dunng Jny pha!!.c of t:oncrctc Jcstgn 

Notes 

1) All paramc1cr valuc\ .uc providcd tn thc currcnt unlt systcm . 

.2) For default valucs of paramctcrs, rcfcr to Scction 3. 

.: . --~- "' ;,_., 
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5.51.3 Concrete Design Command 

Purpose 

This .:ommand may be uscd to spcctfy thc type of dcstgn rcquircd. 
\1cmbcr!! may be dc!!.tgncd Js BEAM, COLUMN or ELEMENT. 

General format: 

Q§IGN memb-list 

Description 

\1cmbcrs to be dc~tgncd mus1 he .'ipcctCicd as BEAM. COL UMN or 
ELE~E:'-IT. ~otc th • .u mcmbcr'i. once d.cstgned as bcam. cannot be 
rcdc'>lgncd .as a ..:olumn again. nr VICC versa. 

Notes 

Only platc clcmcnts may be dcstgncd as ELE~ENT. 
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_.51.4 Concrete Take Off Command 

Purpoae 

Th1s comm<~nd may he u:,cd to ohcam an .:su mate uf 1hc ltllal 
volumc u( 1hc ~.:oncrctc. rclnforccmcnt bars uscJ and thc1r 

fC!>pCCliVC WCJgbtS. 

General Formal: 

CONCRETE ~E Qff 

Dettcription 

Th1s ~nmm.~nd ¡;an he '="'ucd tu pnnt thc total \Olumc uf ..:on~.:rctc 
JRd 1hc bar :1umbcrs Jnd thc1r rcspccuvc wc1gh1 fnr 1hc mcmhcrs 

Jcsq¡:ncd. 

SA:I!PLE OLTPUT: 

•••••••••••••• CONCRETE TAKE OFF •••••••••••••• 
!FOR BEAMS ANO COLUMNS OESIGNED ABOVE) 

TOTAL VOLl!ME OF CO!'oi'CRETE H7.j0 Ct:.Ff 

BAR SIZE WEIGHT 
SUMBER (in lbsJ 

4 805.03 
6 91.60 
8 1137.60 
9 653.84 
11 818.67 

............ 
••• TOTAL = 3506.74 

Notes 

Th1s command may be uscd vcry cffccuvcly for qUJck quanllly 

CSIJmaiCS. 

51 5 Concrete Design Terminator 5. . 

Purpose 

Sc:ction S 351 

d 1 he U
scd LO tcrminate the concrete dcsagn. 

Thas comman mus 

General format: 

S1ill.. ~CRETE QfiiGN 

oescription 
Thi' ¡,;ommand tcrminatcs thc concrete dcsign, aftcr whlch normal 

S f.\.\0 ¡,; 0 mmam.Js 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 

END 

Notes 
f h STAAD commands w1il not be 

W¡thoullhl~ ..:ommand. urt cr 

rc¡;ogmn:d. 
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;.52 Foc. .. Design Specifications 

Purpose 

This ~el uf ~ommand!. may be uscd to 'ipecify fotJtlng dc::.tgn 

rcquircmcnt::.. Sccuun::. 5 52.1 through 5 52.-1. dcscnbe thc pro~::c::.s 
of dcs1gn mutallon. p . .uamctcr spcdficat10n, dc::.tgn command and 
dcsign tcrmination. 

Deacription 

This factlity may be u::.cd to dcsign isulatcd footmgs for u ser 

'~<PCctficd 1upport JOÍnts. Once thc ,uppon IS spcctficd, thc program 
autom:uu:ally u.lcnufics thc suppon rcacuoncs¡ J::.suci~ucd with thc 
JOIRI. All actt\'e load .:a:,~s ;:u·c .:hcckcc..l and dcstgn ts pcrformed for 
thc support rcacuonl s 1 th.u rcquire' thc ma:umum footmg <;ti.C. 
Paramcter~ Jrc Jvatlablc tu control thc Jcstgn. Dowcl ban .JOd 

dcvclopmcnt lcngths are Jlso ~alculatcd and includcd in thc Jc'itgn 
output. 

Design Considerations 

Thc STAAD tsolatcd fonung dcstgn 1::. bascd on thc folluw•ng 
~.:onstdcrattuns. 

1 J Thc dcsq~n rcaction load may tncludc conccntratcd load .. md 
bia:ual moments. 

:!) Thc vcrtu.:al rcacttun load ts tncrca::.cd by 10% lo account for 
the sclfwctght of thc fooung. 

3) Footing ::.lab sitc ts rectangular. The ratio bctwccn the length 

and the width of thc 'ilab may be controllcd by thc uscr through 
a paramcter. 

4¡ Opuonal pedestal design is avallable. 

5) Footings ...:annot be dcstgncd at suppons whcrc thc reactton 
causes an uphft on the foo11ngs. 

- -' 
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Design Procedure 

Thc following sequen tia) design proccdure is followed: 

¡) Foottng s1zc ts calculated on thc basis of the load dircctly 

a\·atlablc from the analysis rcsulls (support reactions) and uscr 
<;pecificd Allowablc Soil Pressurc. No factor is used on thc 
suppurt rcactions. 

2) Thc footmg s1ze obtained from 1) and the FACTORED LOAD 
1s uuliJ.cd to calculatc soil rcactions. 

FACfORED LOAD= ACfUAL REACfiON X Paramc1er FFAC 

Sote that thc uscr may providc a dcsired valuc for parametcr 
FFAC. 

J) Fooung Jcpth anc..l rcmforccmcnt c..lctatls ;tre bascd on soll 
rca¡:tions cakulatcd pcr 2) .Jbovc. 

-1) Dowcl bar rcqulrcments and Jcvclopmcnt lcngths are 
cakulatcd ,md reponed in thc nutpul. 

r=olluv.mg paramcters are avatlablc for foottng dcstgn. 

Oesign Parameters 

Parameter Delault Deacription 
N ame Value 

FY 60.000 ps1 Yiek:l strength for 
remforcement steel. 

FC 3,000 PSI Compress•ve Strength of 
Concrete. 

CLEAR 3.0 IR. Clear cover tor stab 
remforcement 

REINF Number 9 bar Mam retnforoement bar size 
for s&ab des.gn. 

EEL\C 1.0 Load factor for concrete 
des¡gn. 

BC 3000 psf Sod beanng capacrty. 

RATIO LO . Ratio berween slab stdes. 
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Design Parameters Cont. 

Parameter 
N ame 

I!MCK 

EMBEDME 
NT 

EEQESTAL 

·,; 

Delault 
Value 

1.0 

Cafculated by 
lhe program 

Calculated by 
the program 

00 

0.0 

"T.\AD C.munamJs a.nd Input lnsuuctions 

Description 

1 O :: onry numencal ourpur •s 
prov1e1ea 

2 O :: numer•cal ourpur and 
skerch provtded 

The mtn depth al lhe loo11ng 
base srac Program cnanges 
thts value ,f requtred tor 
aestgn. 

S•ze ot rhe looung base slab • 
S 1 and S2 correspond ro 
corumn stdes VD and ZD 
respecllve•y Etrher S 1 or S2 
or oorh can be specdtecl. lf one 
•s prov•aea. the arher wlll be 
calcurateo based on AA TIO 1t 
both are crovtdea. RATIO wtll 
be 1gnoreo 

The depth of rhe tootmg base 
trom the suppon po1nt al !he 
column 

O O :::no peaeslal des•gn 
1 O :: pecestal aes•gn Wllh 

pr01;ram catculatmg 
oedestal d1mens•ons. 

X 1 X2 . peaestal des•gn w1th 
user prov•ded peaestal 
dtmens•ons. X 1 and X2 are 
pedestal o•mens•ans 
corresponamg ro slab s•Cles 51 
and 52 respecttvety 

= 1 
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5.52.1 Design lnitiation 

Purpose 

This command musl be used to iniliarc rhe footing dcsagn. 

General Format: 

START EQQTING g§IGN 

Description 

Thts command initiarcs rhc: fooring dcsign 'ipccificauons. Withour 

rhis command. no furthcr fooung dcstgn command wall be 

rccogm;.cd. 

Notes 

:"Jo foonng dcs 1gn spccifi..:ar1on wdl he praccsscd wühoutrhis 

..:ommand. 
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5.52.2 Footing Design Parameter Specification 

Purpose 

Th1s command is u~cd 1o 'P~c1fy par:~mctcrs thal may be u~!.!d. 1u 

control thc fonting dc~•gn. 

General Formal: 

parameter·name f 1 

Oescription 

AMERICAN 
!H!JTISH 
CANADIAN 
FRENCH 
GERMAN 
INDIA 
JAPAN 
NO WAY 

{

.l.Q!NT joint·llat } 

(llil 

P;uametcr-namc rc(cr' to thc par3mctcrs Jcsc:nbcd in Scctwn 55~ 

f1 IS the valuc of thc par:~mctcr :"totc thatllU!i valuc shouiJ be In 

thc curren! un1ts. Thc C!'IIT ..:-ommand IS .¡Jso acccptcd Junng 

any pha~e of fouung Jc~1gn. 

Notes 

1) AII parameter valur.:~ must be prov1dcd in thc current untt 

system. 

2) For defauiL valucs uf paramcters. refer to thc paramctcr tablc IR 

Scction 5.52. 

'! R 

1: a 
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5.52.3 Footing Design Command 

Purpose 

This command must be uscd to cxecutc thc footing dcs1gn. 

General Formal: 

DESIGN FOOTING joint-list 

Description 

fh1s command may be uscd to spccify thc JOIDLS for whu.:h lhe 
fooung ~,Jc~•gns are rcquircd. 

Notes 

Thc ou1pu1 ol th1s ..:ommand rnay Oc ..:on1rollcd hy !he TRACK 

paramctcr !')CC Scc:uun 5.5:!). lfTR,\CK 1s iCt to thc Jcfault valuc 

0 [ 1.0. only numcncal llulput wtll be provuJcd. lf TRACK IS se\ to 

2.0. graphu.:all>utput wtll be provided in .1ddlllon. 
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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 

·,; ---. 

\ 

5.52.4 
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Footing Design Terminator 

Purpose 

Thss command must be uscd to lcrminalc thc footing dcsign. 

General Format: 

END EQQTING ~IGN 

Descriptlon 

Th1s command tcrminatcs thc footing dcsign. 

Notes 

lf thc footing dcs1gn 1s not tcrmenatcd, no furthcr STAAD 

.::ommand wdl he rccngnitcd. 
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Misc-neous Special Commands 

Following are two spccial commands that may be uscd to "antro! 

the prccistun charactcnstics of thc stiffness matnx clcmcnt3 and 

mcmory rcquirements for a particular problcm. 

' .. 
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5.53.1 Precision Command 

Purpose 

Thts "ommand may he uscd 10 control thc prccision dcck.ing 

...:harac.:tcnstic'i of thc 'itructural Hiffncss matru. 

Oescription 

Thc global -mffncs3 malfi:t of .1 corrcctly modclcd ~tructurc is 

;¡Jway'i ..1 symmctnc matnx wuh postttvc clcmcnts on thc main 

diagonal. ~cgat1vc ur vcry 'imall pusittvc dcmcnts are usually a 

rcsult 11f incnrrcct modchng rcsulung in an 111-condilioncd suffncss 

matnx. In STAAD. al! suffncss cncfficicnts numcncally lcss than 

O O 1 .uc ic.Jcnuficd .1s possiblc ~ourccs of 1D3tabtlity and a warning 

mcssagc ts issucd ..:autioning thc U3Cf. In ccrtam spcctal suuations. 

thc~c ... uffnc3s cncfrictcnts may rcprcscnt .1¡;curatc numhcrs. To 
.:ilmmatc thc warmng mcssagc 10 thc3c Clrcum~tanccs. thc 

PRECISION .;ommand may be U'\cd to rcsct tbc valuc agaiRsl wtuch 

thc ..:ocfficH:nts .1rc chc..:kcd. Th1\ command ;hould be posutoncd 

:1car thc hcg~nntng nf thc mput lile. 

General tormat: 

Notes 

PRECISION 11 

whcrc. f 1 :: numbcr .1gamst whtch stiffncss 

coefricJcnts are chcckcd. 

(dcfault = 0.01) 

Thts "ommand should be spcctficd befQre thc JOINT 

COORDINA TES spccificauons. 
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~.53.2 Input Memory Command 

Purpoae 

Thts command may be uscrJ to control thc mcmory rcquircmcnt m 
thc case of a CORE OVERFLOW prq.blcm. 

Oeacription 

This command may be u~..:rJ 10 a CORE OVERFLOW suuauon to 
dccrease mcmory dcmand by thc problcm. A default valuc of 1 6000 

is presct tn thc program r\ numbcr lowcr than ttus may dccrcasc 
mcmory rcqutrcmcnts. Problcms rcqutring more mcmory pos~ably 
can be sol ved using tht~ ~.:ommand. lJ'\e of thts command wtll rcsult 
1n ~Jower l!xccutton. rhu~. ~.:aution 'ihould be cxcrct!led m u11ing thi!! 

command. Jncreasing thc numbcr m.1y rcsult in fastcr exccuuon tf 

rcsources are availablc Tht) command should be placed ncar thc 
bcginning of input. 

General Formal: 

N otea 

!t!.fUT !!§!ORY 11 

whcrc 11 = numbcr rcprescnung memury J.\';ul.Jblc 
¡Jdault= IMJOO for PC vcrstonJ 

1) Tbis cammand should be spccdicd befare thc JOI!'iT 
CQORDIZ'IATES spc~o:tfiCJ.ttons. 

1) Thc valuc of r1 may be spccificd as tero. Thc command I~PUT 

MEMOR Y O wtll rcsult IR mmimum possablc e ore mcmory dcmand 

by thc problcm. Howcvcr, thc uscr is cauuoncd in us use as thu 

wtll reduce the specd of cxeculton. Thus, one should consu.lcr 

using this command only whcn a CORE OVERFLOW mcssage has 

appcarcd and all othcr means of rcducang thc core mcmory dcmand 

havc bccn CJ.hausted. 

Sccuool J6J 

5.54 Save Specification 

Purpoae 

Thas command may be uscd 10 savc run data and analyucal results 

for funhcr processing in a latcr run. 

General tormat: 

Oescription 

.1¡ =~ame of thc file 10 which the analytic;~l rcsults and data will 
be 'iavcr.J. Any name up to twclve charactcrs, stanmg wath an 

.1lphabcuc ~.:haractcr. as acccptcd. 
J., = S ame t)f a sccond lile an whtch thc load dala will be ~a ved. 

- Any namc. r.Jiffcrcnt from thc first up to twclve ~;haractcrs. 

...tJrtmg. wuh Jn Jlphabc.uc .;harJ.ctcr. 15 acceptcd. 

Notes 

¡r the file namcs are n<ll provir.JcrJ. data Wlll be saved tn files callcd 

fE~ 1 Jnd TEM:! rc'\pccuvcly. 
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5.55 Reslure Specification 

Purpose 

This ~ommam.l may be uscd to rc~torc thc run Jata \a ved by thc 
SA VE command. 

General formal: 

D.eecription 

.a 1 anda:! .are thc samc fih:namcs .a:t .;pccalicd an thc SAVE 

~pccilicatwn. Tha:t command is u.:tcd tu restare J. prcvious STAAD 
run whtch was savcd wuh thc SAVE command. lf thc namc.:t J

1 
and 

J:: :uc lcft •>Ut, thc program will J.:tsumc the namcs TEM 1 J.nd 

TEM2 rcspcctivcly. S11 J. run 'iavcd with no filcname .:an h.: 

rcstorcd m thc samc manncr by provtding no filcnamcs wuh thc 
RESTORE .:ommand. 

Example 

STAAD SPACE TITLE 
RESTORE FILE1 FILE2 

Notes 

1 J Th1s command w1ll J.iso rccognlt.C thc Jcfauh ti le namcs 
TE:-.! 1 and TE:O.I2. 

~) OpcratJons mvnlvmg linuc clcmcnts cannot be pcr!.Jrmcd 
wuh thc rcstorcd file. 

... S.Ctioo 5 1 J65 
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5.56 End Aun Specification 

Purpoae 

This command must be uscd lo tcrminate thc STAAD run. 

General formal: 

FINISH 

Oescription 

Thls command should be provtded as the last mpul command. Thls 

tcrmmatcs J. STA.AD run. 
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STARDYNE Advanced Analysis 

Section 6 

6.1 lntroduction 

STAADIPro offcrs twn J.nalys1s ..:ngmcs- STAAD and 
STARDY:-.IE. Thc STAAD analy-;is cng1nc has beco describcd IR 

... cction 1 of thi~ manual. Thc STARDY~E Jnalys1s cnginc is 

J1~cusscd 10 th1s sccl!on. 

STAROY:-.IE wa~ thc fir"'l commcrcJally :.vaJlable finitc elcmcnt 
J.n;:lly-;¡s 'iortwarc for dynamic analys1s J.nd has been 10 use 

1hroughout thc world for ovcr JO ycars. ST:\RDY~E l.Jffcrs thc 
'ilructural Jnalyst ;¡ rcl!Jblc and ¡;as y to use mcthod to sol ve any 

problcm 10 ... talle Jnd dynam1c J.nai~"iiS. 

rh1s \Cclion uf thc manual contains a general dcscriptlOO of thc 
J.nalysJ:!I capabJliucs availablc in STARDY~E. Detailed command 
(ormats and othcr spcc¡fic uscr information 15 the same as in 
STAAD cnginc (scc Sccuon 5). In addit10n, severa! analysis~ 

rclau:d opuons may be spcc1ficd just befare thc Analysis is 
pcrformcd. For c:tplanation of thcsc opuons, picase rcfer to 

Scction 3 of thc ST.\AD Graphu:ul Environmenr manual. 

Thc objcctive of thts scction IS to familiarilc the user with the 

basic pnnc1plcs ¡nvolvcd 10 thc 1mplcmentation of thc various 

analysis capabJiitics. 

367 
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6.2 Input Generation- STARDYNE 

Input is gcncratcd through thc ST AAD/Pro modcl gcncrauon 

faciliucs. Picase rcfcr tu thc STAAD Graphic/Jl Envirot~mcfll 
manual for dctatlcd Jc::.~o:npuun. 

6.3 Types of Structures - ST ARDYNE 

:\ STRLTTURE ..:an he Jcfincd .ts an o~sscmbiJgc of clcmcnts. 
STARDY~E IS ~.:apahlc of analynng !.lructurcs consisltng of bcam 

dcmcnts. platc/shcll clcmcnts, ~ohd clcmcms . .tnd/or malrlx 

clcmcnb . .-\lmu't .10y typc o( 1tructurc ¡,;an oc analylcd hy 
STARDY:-IE. 

i4 Unit Systems - ST ARDYNE 

Thc ST.\RDY!'IE Jnaly'it; may be ..:onductcd 10 any COO!>I::.tcna 

un.form unu 'ystcm. STAROY~E mtcrmcdLJh! output file.,, 1f 
mspcctcd. w1ll be m J ..:unsl!>tcnt un u sy'itcm ..:hmcn tn .tny 

const;tcnt umform untt ,ystcm. ST:\,\0/Pru ;>rov~t.Jcs a .. camlcss 

translatwn to .tnd from thc analy'>tS modules ~u that the u~cr need 

not be t.:om:erned w11h thc untt .,y.,tcm uscd m by thc tran~lawr. 

i.S Structure Geometry and Coordinate 
Systems-STARDYNE 

·,f 

A structurc ts an assemhly oi mdivtdual phy\ical componcnts such 

as bcams. columns. slabs. platcs etc .. In ST ARDYNE, the linitc 

clcmcnt model will consist of thosc physical componcnts bcing 

subdivtdcd into one or more finite clements pcr componen t. 

Typtcally. modcling of thc structure geomeuy consisls of two 
stcps: 

IP 
ll 
1 

'1: 
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A. ldcntificallun a.nc.J descnpuon of nades. 

B. Moc.Jcling of dcmcms through spcctficatian of 

..:nnncctivtty ( i nctdcnccs) bctwcen nades. 
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:'~lote that ~ubdlvtdtng mdivtdual phystcal componcnts. such asan 

1-bcam. mto severa! bcam fimtc clcmcnts may tmprove the 

dynamic response Jnd 'iomcttmcs improve_ static response as wcll. 

So thc uscr 'ihould not think that thcrc must be a one foe 

corrcSpondcncc bctwccn phy'iu.:al componcnts .md thc finite 

dcmcnt~. 

STARDY:'IIE uses twn typcs of conrdinatc systcms to define thc 

... tructurc gcnmctry and luadmg pallcrns. Thc GLOBAL coordinate 

.;¡yc;tcm 1 ~ Jn .ubmary ..:uordtnaac ... ysacm 10 'spacc which 1s utilizcd 

10 'ipcczfy thc ovcrall gcomctry & luading paltcrn of thc structurc 

,\ LOC.\L cnordlnJtc -,yo¡tcm 1s associatcd wilh cach clemcnt and 

1s utili 1 cd tn dcmcnt,lutputnr lm:alload 'ipccaficatian. 

6.5.1 Global Coordinate System 

fhc Convcnuunal Canc,ia.n Coordlnatc Systcm IS uscd ror 

~pcctfi~o:at 10 n of !he .,tructurc gcnmctry. Th1s coordinatc syc;tcm is 

J. rectangular ~oord10atc -;ystcm 1 X. Y. Zl wh1ch follows thc 

orthoeonal nght hand rule Th1s coordinatc ~y'itcm may he uscd to 

Jclln~ thc nodc locatiUn~ and loading d~rccuons. Thc translational 

dcgrccs of rrccdom o~rc dcnotcd by u., u2, UJ and thc rotationa.l 

dcgrccs of frccdom :1rc dcnotcd by u •. Us &. ufl . 

6.5.2 Local Element Coordinate System 

A local coordmatc ,.y .. tcm ts assoc1atcd with cach elcmcnt. Thc 

local , ax1s 1s rrom thc firsl nade to ttre second nade for cach 

dcmcnt typc. A th1rd nodc defines thc planc contaming thc . 

orthogonal local '!axis and its positive dirccuon. Thc localt axas 

15 orthogonal to x and y and posiuvc by the right hand rule. 
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Thc beta an¡;lc mcthud 1>f 'ipccifytng thc bcam dcmcm local 
-.ystcm 1!1. Jclincd m thc Bcam Elcmcnt tapie. 

í ; Finite Element lnformation - ST ARDYNE 

STARDY!'IE includc!io beam, platc/,.hcll, spring, and matnx linuc 
dcmcnts. Thc fcaturc .. of cach is c'plaincd bclow. 

6.6.1 Plate/Shell Element 

rhc Plate/Shcll finitc 1.!/cmcnt is bascd on the hybrid clemcnt 

formulauon. Thc clcmcnt l:an be J-nodcd (triangular) or -'·nodcd 
13--' nodc. J!iooparamctnc. hybruJ. axt!l.ymmctru:. I.;'Omposttc) 

lquadnlatcral). Ir Jll thc four nodc!io of a quadnlatcral clcmcnt Jo 

not he on ,me planc, lll!io : .. uJvtsablc to modcl thcm as lnangular 

cil:mcnts ... Surfa..:c 'itructurcs" ... uch as walls, )labs, platcs Jnd 

,he lis may he mudclcd usmg fin. te dcmcnu. Thc uscr may Jbo 

U!IC thc dcmcnt for PL\:-.IE STRESS action only 

PI ate Geometry .Modcling Considcratioos 
Thc followtng gcomctry rclatcd mudcling rules \hould be kcpttn 
mind whilc us1ng thc pl:uch.hcll clcmcnt: 

1 J Whilc .tssigmng nodcs to .tn dcmcnt in thc input data. u is 

es~cnttal thatthc nodcs be \pcctricd cit~cr dockwtsc ur 
countcr clockw•sc 

~) Elcmcnt aspcct r:uw should nut he cxcc~sivc. Thcy \hould 

be on thc urdcr of J·J. and prcfcrably lc'ss than -':l. 
J.) lndivtdual clcmcnts should not be distoncd. Anglcs 

bctwccn two adJaccnt elcmcnt sides should not be much 

largcr than 90 dcgrccs and ncvcr largcr than 180. 

Plale Elemcnl Load Speciricatioo 
Followtng load spectficauons are avatlablc: 

1) Linear! y varying prcssurc on clemcnt surfacc m local 
dirccttons. 

•,f .----. 
\ 
! 

1 
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2) Tcmpcraturc load duc to uniform incrcasc or decreasc of 

tcmperaturc. 

3) Tcmpcraturc load dueto differcnce in tcmpcrature between 
top and bollom '1oUrfaces of thc clcmcnt. 

~) Al so, Dcn~tty nccds to he prov1dcd if sclfwetght 15 

mdudcd m any load case. 

Triangle Plate Theoretical Basis 

Two typcs uf tnangular pi ates :~re avallablc: 

1 J :\ linear curvaturc compatible tnanglc whtch stmulatcs 

thin platc bchavior (wllhout constdcratlon of transvcrsc 

.;hcar cffccts) for non-sandwich structurcs; 

~) thc "Marun" dcmcnt which stmulatcs thin or thick platc 

bchavltJr 1n J. 'iandwich or homogcncous (solitJ) structure. 

S.tndwtch Cure thtckncss and G for thc transvcrsc shcar 

.1rc .ttJtJittunal mput options. Thc "Marun" platc musa be 
u~ctJ whcn transvcrsc shcar cffccts and/or transvcrsc shcar 

-.1rco;.scs .1rc Jco;.¡rcd m a 3 nodc clcmcnt A Jcn~cr nodal 

mc'ih ~~ Jco;.•rablc w1th thts dcmcm. 

\'isumptions: 
• Lmcar. dasuc, .tnd homogcncous or sandwu;:h. 

• 
• 

• 
• 
• 

• 

Small Jcformatwns 

C .. >nstanl 'ilra1n !linear vana1ion of displaccmcnt) for m-planc 

(boah TYPESJ and "Marttn'' platc bcnding clcmcnt. 

:-.lormal stress (CJ,J is ncglcCtcd. (Thm shcllthcory.) 

!'ola coupltng of tn-planc and bcnding acuon . 

Thc ~..h~placcmcnl of a triangular plate clemcnt is dcfincd by 
thrcc translations and two rotations al cach corner of the plate. 

5 CLJUations (dol) per nodc. 

Orthotropic propcrtacs with axis angle from principal 

dtrccuons to local axcs. 

Quadrilatnal Plate Theoretical Basis 
Sc"cral 1ypcs of quadrilatcral platcs are availablc 

¡) QL'ADB. QUADS A 'itandard 3-4 nodc isoparamctric 

mplanc clcmcnt with '"bubblc" funcuons. 



\ ________ _;S:;T:,.:A.:;R.:;D:::..:.Y;.:N.::Ec_:f_::o:._r ::.ST.:.;A:.:.:_:A.::D::.:IP:_:r.::.o 

!) QUÁDA. A standard 3-4 node ISoparamctri~.: wllh 

"bubblc'' functions or hybrid :uisymmcmc dcmcnt. Thc 

cntirc modcl must cons1st of QL:ADA elements 1f uscd and 

thc modcl i.Jcfined in thc X- Y plane wuh X bcing radial 
(positivc only) and Y bcing longitudinal. 2 DOF pcr nudc. 

3) QUADB. A bcnding platc bascd un 4 linear curvaturc 

compatible trianglcs around a ccntr01dal nodc with 11 Juf 

pcr tnJnglc in bcnding which SI m~ lates thm platc bchavwr 

(wllhout cons•dcrauon uf trans..,crsc shc:ar clfc~.:ts) 

.. 1) QUADS. A hybnd mcthod Mindhn thick platc for bcndmg 

with transvcrsc shcar cncrgy mcludcd. 

5) QUADH. A hybrid mcthod thm platc for in-pl;:mc and 
bcnding. 

6) QUADC and QUADC~. A hybnd mcthod thick platc fur 

in-planc :tnd bcnliing 1>f ~ompo~uc orthotrop1c mulll-ply 

clcments. QUADCM formulation suppresscs thc antcrnal 

kincmauc modcs of Jcfurmations m thc clcmcnl. Thc 

Tsat-Wu fallurc thcory crilcnon ..:an be calculatcd. Up to 

100 laycrs (plys) may he dcfined. 

Assumpljons: 

• Lincar.l!la~ll~.:, orthotrop1c 

• Small dcformataons. 

• ~h1rmal ~trcss 1 a,) as ncglcctcd. 

• :"lo c?uphng of an-planc :.~nd bcnding action. 

• Thc -~ispla~.:cmcnt of J. quadrllatcral platc clcment 1!1 dcfined by 

thrcc translauons and two rotataons JI cach corner uf thc platc. 
5 ¡,;quauons 1dof) pcr nade. 

• Orthotropic propcrucs with axis angle from princ1pal 

dircctions to local axcs. 

Plat~ Elemcnt Local Coordinatc Syst~m 
From n.odc JAlo nade JB IS thc local x-axis wilt1 ongin at JA. 

Thc JC nade lics 1n thc x-y planc and is on the posiuvc y side of 

thc x .uis. Thc locall-axis •~ fuund by the right hand rule from :c. 

and y. 

-

1 ¡ .. 
1'. ti 

••• lJI 

Plane Strain Analysis 
tf thc uscr wi~hcs to use STARDYNE 1n an 1n-planc only, 

isutrupac. planc strain analys1s. the material propcr1ies (~. POISI2, 

ALPHAI) spccificd for thc an-planc trianglcs and quadnlaterals 

must be modificd as follows: 

E, 
E, 

¡t-PR,') 

PR, 
PR =~-'::::-...,­

(1-PR,) 

ALPHA¡ = ALPHAa • ( 1 +- PRa) 

Whcrc: 
E:..t = _.\¡,;tuai \-iudulus uf Elastic1ty 

PRa = r\¡,;tual Poisson''i R.uio . 
.\LPHAa :: Actu:ll Cocffi~icnt of Thcrmal E"pansaon. 

and 
E,. PR,, and .\LPHA

1 
are thc valucs 10 be cntcrcd ID thc maten al 

prnpcny 1ablc fur thc planc stra.in analysis. 

Out pul oC Platc EICmcnt Forces 
Ekmcnl out pub :..trc ava¡lablc at thc followmg locauons: 

:\. Ccntcr nf a he clcmcnt 

B. All ~.:orncr nodcs uf thc clcmcnt. 

following are thc items includcd in thc ELEMENT FORCE output. 

QX,QY 
FX. FY. FXY 
MX. MY. MXY 

Shcar stresscs (Force/ un1t len./unit tbk.) 

Mcmbranc stresses (Foreelunit len./unit thk.) . 

Bcnding momcnts per Únil width (Momcnúunll 

len.) 

X SMIN Pnncipal strcsscs (Forcc/unit arca) SMA , 1 

TMAX Maxim. shear stress (Forcelunil area) 

VONMISES stress (Force/unit arca) = 
SQRT{ 0.5 • !(SI . S2)''2 +(52· 53)*'2 +(53· 51)'*2 1 
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S 1, 52, 53 are pnncipal stresses. 
A:-IGLE Ortcnlatlon of thc pnncipal planc (Degrccs) 

~Oics: 

r\1:1 cl.cmcnt raree output is in thc local coordmatc systcm. 
Pnnc1pal 'ilrC\\Cs (SMr\X & SMIN). thc max1mum shear :,trc~~ 
(T~AX) Jnd thc oncntation of thc p~incipal planc (ANGLE) 

.uc .also prtnlcd for thc top Jnd bouom 'iurfaccs nf thc 

dcments Thc top and 1hc bouom 'iurfaces are dctcrmincd tJn 
thc bas1s of thc dircctJnn of the local t.·.uis. 

.> • ..: Salid Element 

SoluJ clcmcn~s .:nablc thc ,llluuun of ,tructural prohlcms involvmg 
general thrcc J¡mcns•onal ,¡n.: .. !iocs. Thcrc 1s .a e la!!~ ol problcm!lo 

such J!io 'itrcss J¡stnbution Jn ..:oncrctc do~ms. sotl and roe k urata 
whcrc finuc dcmcnt anal y~'' u!l.ang \OIId dcmcnts prov1dcs a 
powcrful tool. 

Solid Elemcnl Thcorctical Busis 

!he .. olid clemcnt u::.ed in ST.\RDY~E ~~ an ctght nodc 

t!>oparamctnc typc IJT opuonally hyhnd typc. Thc t!>oparametru.: 
typc ts 1hc samc .15 •n STA.\ O wuh thc .. uJdillon nf 3 ··hubblc . 

functHJns" lo tmprovc 'ihcar hchavwr. fhc!>C o!lcmcnh ha ve 1hrcc 

tran\lauonal Jcgrcc!l·tJf.frccllom pcr nollc. By collap .. mg vario u!> 

nod..:s togethcr. J.n c1ght nodc sol id clcmcnt can he Jcgcncratcd 10 
an ..:lcment wuh four to sc\'cn nodcs. 

~olid clcment Local Coordina le System 

The local coordinatc systcm uscd in solid ..:lemcnl 15 thc same as 

thc global systcm. howc ... cr .. tresscs may be prescmcd as if JA-JB­
JC nodcs dcfined a local systcm (scc platc local coord1natc 
systcm). 

Solid elemeot Propertics and Constants 

full 3-D orthouopic propcrttcs may be U!lcd. Also, Dcnsuy needs 

to be provtded if sclfweight IS included m any load case. 

Outpul of Sotid Elcmeot Stresses 

·,f 
i 
j 
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Elcmcnt strCs!lcs may he ubta1ncd .u thc ..:cntcr and al the nades of 

thc suhd clcmcnt. Thc 1tcms that .1rc pnntcd are : 

:"Jurmal Strc!lscs: 

Shc:u Stresscs. 

Pnnt.:tpal ,.¡resses: 

Von ~ises )tressc!l: 

DtrCCttOn COSIOes: 

SXX, SYY and SZZ 

SXY. SYZ ""d SZX 
SI.S2andS3 

S~ 

Ó JlfCCIÍOn CO~IRCS are printed: following 

thc ..:'presswn DC. corrcsponding to the 

first two pnncapal stress Jirections . 

Hybrid Element Formulation, Plate or Solid 
iSTARDY'IE) 
In a he clas!>u.:al di!opla~:cmcnt formulation. sample palynomials are 

U'icd tu imcrpulatc nul.ial vanablcs in1crnal to thc clcmenl. For 

c1.amplc. J unll nullal dt!>placcmcm 10 thc ;( Jarcctiun, anduccs 

Jt .. placemcnts t$1.0) 1n thc 'directaun IRS!dc of1h..: clcmcnt. 

From 1hcsc mtcrpulatctJ di!oplaccn:cnt!l thc strams can be found. 

Thcn. us1ng thc material con!ltants. th..: clcmcnt nodal stiffncss 

..:uct'fi..:1ents J.nll ... tres~ matra:es can he cumpULcd. 

In thc hybruJ furmulauun two sets uf tntcrpolauon functions are 

u .. cJ. Thc fir~;t w tntcrpolatc d.a-.plac..:mcnts Jlong thc elcmcnl 
huumlary and thc secanO 10 Jntcrpolatc \trcss ticllls msidc of thc 

dcmcnt. (..Jnsc4ucntly. thcre 1s J rathcr complcx. rclauonshap 

hctwl!cn !he nudal di!opl.u:cmcnts and -.trcsscs ms1de of thc 

dcmcnL STARDY~E t>lfcrs .1 ch01cc hctwccn thc classical 

di!>placemenl and thc hybnd demcnts. Thc QL' ADH hcadcr 

... clccts the hybnd 4uads J.nd CL:BEH sclccts thc hybrid cubcs. 

Hyhrid c:lcmcnts. 1n general. y1cld slightly beucr'accuracy 1f thcy 

J.re unly slightly d1stoncd from rectangular or parallelogram 

;;hapcs. lf thcre are arcas in thc moJel whtirc scvcrely disiOrted 

clcm~nts must be uscd. sclcct thc QL:ADB and CUBEG typcs. 

Thc dass1cal dtsplacemcnt elemcnts converge to the eorrect 

..tn!lwers Mfrom hclow~ Th1s means that as the finuc elcment mesh 

gcts dcnser thc modcl gcts more llexiblc and approacbcs to thc 
~orrcct answcrs (assuming that load~ anJ boundary conditions are 
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unchangcdr Thc hybrid clcmcnts. on thc othcr hand, can converge 

clthcr from abovc or below All of thc finnc clcments m 
ST ARDYNE are convcrgent. 

. 3 Matrix (General Spring) Element 

Matrix clemcnts are direct addillons to th~ Global Stiffness matru 

or ~ass matrix. Thc uscr spccifics thc nade incidcnccs .md thc 
mauu values. 

Matri:r element Local Coordinale System 
Thc local coord1natc !tystcm u::.cd m thc matrix. clcmcnt as thc 'iamc 

as thc global systcm, howcvcr 'itrcsscs may be prc:scntcd as if JA­

JB-JC nodcs dciincd a local iystcm. 

Matrix element Propcrtics and Constanls 
Nonc ncedcd. 

Output o( Salid Elemcnt Stressu 
Elcmcnt forccs may be obtamcd :u thc nades of thc matru 
l!lcmcnt. 

A Beam Element 

Thc bcam clcmcm is assumcd to be stratght 2 nade clcmcnt of 

constant doubly \ymmctric crn'is-scction. Thc be3m IS ~apahlc tlf 

rcsistmg uial force, bcnding mumcnts J.bout thc Lwo pnncipal 

axcs l~óincidcnt wHh thc bcam local ucs). and twisung momcnt 

about the ccntr01dal ax1s. Thc -,liffncss propcrtics for a uniform 

beam clcmcnt are den ved from the diffcrcnLial equauons for bcam 

displaccmcnts in thc cngmecring beam theory. Lateral detlecuon 

is thc s.um of d•splaccment duc to bending strain and thc 

displaccmcnt duc Lo shcaring str3in (computcd usiog cffccuvc 

shc3r arca and G ). 

Thc bcam elcmcnt is rcally thc sum of-' uncouplcd clcmcots. 

ax1al. torsion, shcar & bcnding in 1.-y, and shear & bcndmg in l·l. 

Any combination can be crcatcd vi a membcr releascs. or SCitiDg 

cross-secllon propcrues Lo tero, or TRL:SS, etc. opuons. 

•,; 
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Assumptions 

• Lmcar. dasuc. homugcncous. 

• Small strains and displaccmcnts . 

• Planc scctiuns rcmain planc. 

• No couphng of ax1al. tnrquc and bcnding. 

• Shcar dcformation are mdudcd. 

• Gcomcmc and clastu.: propcrtics constant ..1lung lcngth. 

Beum Local Coordinale Systcm Dcfinilion ~ Thc beam elemenl 
lo~al \)'!l.tcm are spccif1cd thc follow1ng two mcthods: 

STAAO Bcam element Bela .\ngle 

Thc rclation.,h•p hctwccn thc lncal and global ~oordinatc 'iystcm is 

Jcfincd by ... m anglc mcasurcd 1n thc fullowmg ~pcc1ficd way. This 

.anglc will be d.clincd ..1s thc beta (JI) anglc. Whcn thc local x-axis 

• ., parallclto thc global Y ·.u.•s .. as in thc ~ase of a column in a 

,trul:turc. thc lleta anglc 1s thc ..Jnglc thrnugh wh1ch thc local l-axis 
h..1., hccn rotatcd ahout thc lo~ al '(·ilXIS from a posiuun of bcing 

parallcl and 1n thc 'iamc po'iitiVC dirc~t10n of thc global Z-a~ois. 

Whcn thc lo~al '(-ax1s Í!! not parallclto thc global Y-axn. thc beta 

.anglc is thc .Ingle through wh1d thc lul:al cuordinatc systcm has 

he en rotatcd ahnut thc local '-a:uo; from ..1 pmition of havmg thc 

·lile al l·His pa~allcl to thc global X-Z pl..1nc and thc local y-ax.is in 
thc .. ame po,Hivc Lilrcctwn .J) thc global Y JJ.J). 

Beam clemcnt Reference Point 

,\n ahcrnativc to providing thc bcam clcmcnt oncntallon is to 

mput thc coordmatcs of an arbilrary rcfcrcncc point locatcd in thc 

clcmcnt 1.-y planc but n01 un thc axis of thc clemcnt. From the 

lncat10n of thc rcfcrcncc pomt. thc program automat1cally 

t:ah.:ulatcs thc oncntation uf thc clcmcnt x-y planc. 
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• 
•. 4.1 Beam Element Prismatic Properties 

SJ.mc as STAAD :\nalys¡s l!ngtnc. 

i.4.2 Tapered Beam Elements 

Propcrttcs of Iapcrcd bcam l!lcmcnls may he spcc1ficd. G1vcn kcy 

s~cuun dimcnsu1ns. 1hc prngram 1s capablc uf cah:ulatmg eros!!.· 

!ioCCtiOnal propcr11cs whh:h .uc subscqucntly uscd in J.nalysis. 
T J. pe red bcam ..:lcmcnl!t m ay nol ha ve be a m clcmcn1 loads applicd 

l)lhcr than 'tclfwc¡ghl lumpcd JI cnds. 

'· .3 Pipe and Elbow Beam Eléments 

Propcrucs of p1pc. ptpc tcc . .tnd dbuw hcam dcmcnts may be 

-,pccJfJcd. Givcn kcy -.c1:uon Jimcn!lo\OO!io, thc program t!io capabk 
o( ..:alculaung ..:rn-.s'scct¡n.nJ.I propcrtiC!io whu:h J.rc ,ub!iocqucntly 

u!iocd '" Jnalyw,. Pi¡)c tcc .1nd dhow bcJ.m clcmcnt::. may not ha ve 
hcam clcment lnads .1pplicd •llhcr than ,dfwc1ght lumpcd at thc 

cnds • .md cnclo.,cd lu.¡uHJ wctght lumpcd .11 thc ~nd!l. Thc clbow 

may upt1onally . .&llow thc ~akulallon of hcnding llc,lblluy 
m~rca!IC duc to thln wall 1lV4111JIIUn 1 wh1lc ~On)u.Jcnng thc 

opplhlng ciTe~: ,Jf mtcrn-11 prenurc 1 !U he ~umpu1cd. 

'-'+.4 Beam Element End Releases 

~-

ST -\RO Y :-.lE allow'i rclca)C) for bcam clcment cnd !'urce!~ and 

momcnts. Bcam clcmcnts .uc Jssumed tu be ngtdly framcd into 

nades in ;u;cordancc wllh thc 'alructural typc spcctficd. Whcn th1s 

full ngidity 1s no1 applicablc. mdivtdual force componcnts at 

cithcr.cnd of thc elcmcnt ~an be )Ctto lera wlth clcmcnt rclcasc 

statcmcnts. 8:-' 'lopcc1fymg rclca!IC compuncnts, mdl'ndual element 

dcgrccs of frccdom are removed from thc analys1s. Rclcasc 

~.:omponcnts are g¡vcn 10 thc local coortlinatc systcm for cach 

clcmcnt. 

' ' J 

·~· 

···'-11 
! 
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6.6.4.5 Tension - Only Elements 

STARDYNE tlocs not ha ve a ICRS1on only clement. 

6.6.4.6 Cable Elements 

STARDY~E docs not ha ve a cable dement. 

6.6.4.7 Beam Element Offsets 

Sume bcam elemcnts may not he com:urrent wuh the IRCident 

notlcs thcreby aeaung offscts. Th1s offset distance is spccified in 

1erms uf global coordinatc -.ystcm 1 i.c. global X. Y and Z distancc 

from thc incit.Jcnt node1. Sccondary forccs mduccd. duc to this 

,,¡f<;;ct conncct 10n. are takcn 1nto account in analyzmg the strucaure 

:md Jlso to cakulatc thc 1Rlilv1liual !!lcmcnt forces. The new offset 

ccmro1t.J of thc hcam elcmcm can he at thc 'itan or end mcJdences 

.-nt.J the ncw wnrkmg pomt will .1lso be thc oew 'itart or cnd of the 

hcam clcmcnt. Thcrcforc. any rcfcrcncc from thc start or end of 

~hat dcmcm wdl .-lway'l he from thc ocw offset pomts. 

6.7 Rigid System of Nades- STARDYNE 

ST \RDY:-.lE prnv1dcs fnr ngid 'i)''itcms .;¡maJar lo STAAD's 

mastcr/slavc opllon w1th a\1 dcgrecs uf frccdom (F:Il. Fy. Fz. Mx. 
~y ant.J Mll prov1ded a) con!ltramts. Thc nodc:s of a rlgid system 

wdl be assumcd to be ng1dly ~.:onncctcd. Rtgid '>)'Stems are: 
defined using beams wuh thc ng1d bcam propcny specified. 

Thc Rig1d Bcam can be uscd to modcl those clemenls of a 

structure which are very 'illff 1n relation to,lhe total struclUre. Onc 

nr more ng1d hcams form a Rig1d Systcm. 

Thc h1ghes1 numbcred node in cach ng1d system (independent 

not.JcJ wlll remam a part of the clastic structur.al model. Tbe 

rcmammg nades m cach rigtd system (dependen! nades) will nol 

be rcprcsentcd m thc s11ffnc~s matru lor thc elastic modcl. 
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Hnwc':'L., .. any 'itauc load!. .1rc applicd tu thcsc depende ni nades. 

thcy wtll be corrcctly tran!>fcrrcd to thc clasttc modcl. 

In thc nodal cquliibrium dcck. forccs Jnd momcnts wtll appcar .u 
tho'iC nades cont:uncd tn J ngid 'Yslcm. A rrcc-hody Jnalysis nf 

thc ngill systcm wtll indu::uc that thc!oc !orces and momcnts wdl 

he in Halle cqulltbnum wtth thc cxacrnal loads actmg on the riguJ 

systcm. 

'VIaterial Constants- STAROYNE 

Thc matcnal constams are: moduli ofclasttctty (El. E:!. E3): 

wct~~u dcnlltly. Pnt!IJoon's ratto 1 POI S¡.;); cocffictcnts olthcrmal 

cxp.anston (.-\LPHA 1.2.31. G 1 :!. G23. GJ 1, ..:omposttc damping 

coctficicnt. and compo!!>itc dcmcnt faJiurc critcnon .:onstants. ,, 
Wcight dc:nslly •s uscd an llattc analysts whcn selfwcight of thc 

saructure asto be takcn tnlo account and tn ~ynamtc~ to ¡;alculah: 
th..: nudal mas!;C!> .. Pois.son .. rallo (POI S 12) may be U!!CLI to 

.:akulatC thc shcar modulu!l 1 G 1.21. tf G 1.2 I.S lelt blank.. by thc 

formula. 

Gll•O.S <EI/II.POISlli 

CocHidcnts olthermal ..:1pan!ltOD (ALPHA 1..2.3) .uc u!lcd to 

..:akulate thc cxpan!lion uf :n..: dcmcnl!l d h:mpcrat~rc load!! are 

.!pplict.l. The tcmpcraturc un11 for tcmpcraturc load:and .-\LPHA:. 

ha \le to be thc !lame. 

The material con!ltant t.1ircct10ns are J!lsumed to be pnncipal 

t.lirccuons. For bcams thc maten al axc!l .1rc the bcam local axcs. 

Fur )olid clemcnt!l the matcnal :uc!l are thc global ucs. For platc 

clc_fncnts. the material axcs Jrc thc samc as thc loc:al platc ues 

unlcss an axis :anglc ts spcctlict.l for a plate. 

·,1 
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6.9 Supports- STAROYNE 

STARDY~E allows spectficatiOns of supports that are parallel as 

wcll .IS tnclincd lo the global axcs. Each of the possible six nodal 

'upport dirccuons may be rcstraincd or rcleascd. Boundary nade 

,upport dof lucatJons must be spcctlicd in order to impose known 

Jtsplaccmcnts ll thosc locat10ns in a .;tatic analysts. The actual 

Jispla..:cmcnt ts spcc1ftcLI m cach load case mput. 

6.1 O Loads (ST ARDYNE) 

load~ in a 'itructurc can be spccaficd as nade load or tcmpcrature, 

.md clcmcnt lo.td or tcmpcraturc. STARDY:-.lE can al so gcnerate 

thc ,clf-wetghtllf thc 'itructurc ami use itas unaformly distnbulcd 

~lcment loads tn analy'it'i. Any multtplc of th1s 'iclf-weight can 
.tJ..n he o~pplu::LI tn .1ny dc~trcd dlrccttun. 

6.1 O. 1 Node Load 

;o.;udc loads. force\ & momcnts ur tcmpcralure. may be apphed 10 

Jny free nud..: nf J itructurc fhcsc loads act an thc global 

.:onrdtnatc '>Y'>Icm of thc .;tru..:turc. Po~iti\IC forccs act m thc 

[JO'>Itlvc .:oonilnatc darccuon'i. Any numbcr of loads may be 

Jpphcd on .1 '>tnglc nade. m whi..:h ~ase the loads wtll be additt\le 
t>n that nade. 

11 docs not mallcr whtch typc or types of clcmcnts are connccted to 

thc nodc cxccpt that 1f the clcmcnts cannol carry loads in tbat 

dtrcctiun. thc load in thc unsupportcd dtrcction wtll be ignored. 

Loads Jt supports will not conmbutc to dcformations or elemcnt 

rc!lults. 
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u.2 Element Loads 

Beam Element Load 
Thrcc typcs uf loads may he applicd dircctly to bcam clcmcnts m J 

structurc Thcsc loads are umfmmly dastnbulcd loJds, 

com:cmratcd loads. and hncarly varymg loads (including 

trapcwtdal). L:niform load') Jet on !he full ur parual lcngth ol ..1 

bcam clcmenl. Conccntr:ucd loads act .u any intcrmcdiatc, 

)pcctfied poi ni. Linear! y varytng loads acto ver thc full length of 

a bcam clemcnt. Trapclmdallincarly varying loads acto ver thc 

full0r parual lcngth of a bcam dcmcnt. Up 10 10 load 

dcscnpttons may be spec¡ft..:d to act upon .¡ beam clemcm 10 any 

mdcpendcnt loading cond111nn. Bcam dcmcnt loads cJn be 

spccificd in thc .:lcmcnt courd1natc systcm or thc global coordinan: 

systcm. Uniformly distnbutcd clcmcnt loads provtded m the 

global coordinatc systcm may he spcctficd to Jet Jlong thc full1 1r 

pro)cctcd clcmcnt lcngth. Po'illtvc forccs act tn thc positivc 
coordmate dircctions. local llf global. a~ thc case may he. 

Tcmpcraturcs may be spcctlicd 1ln -t pomts of cross-o;cction and .1rc 
a~sumcd comt~tant • .!long thc kngth. Thc Jtfference betwcen thc 
Sp~C!cllicd tcmpcraturc .and thc .amb•cnt 1cmpcraturc wlll cause 

m mal JXtal stram and/nr hcnding 'ilra1n 1n propurttun tu thc 

thcrmal cxpan~ltln cocfficu:ru. alpha. for thc maten al . .md thc 
clcmcnt gcomctry. 

Plate Element Load 
On Platc/Shell clcmcnts, thc typcs uf loadtng that are pcrmisstblc 
are: 

·,f 

IJ Prcssurc loading whtch consists uf loads whu.:h act 

perpendicular to thc 'iurfacc of thc c:lcmcnl. Thc pressurc 

loads can be of uniform intcnsity or trapezotdally varying 

tntcnsity ovcr thc cnurc 'iurfacc of thc clcmcnt. 

:!) Tcmperaturc loads whtch may be constant across thc dcpth 

of thc clcmcnt (causing only in-planc clongation 1 

shortcnmg) or may vary across thc Jcpth of thc clcmcnl 

causing bcnding and clong:uion un lhc ciernen t. The 
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cocffictcnt uf thcrmal expans10n. alpha. for lhe material 
of thc clcment must be prov•dcd for computalion of thcse 

cffccls. Orthotropic propertics pcrm1ttcd. Tempcralurcs 
may vary from nade to nade. 

3) The 'iclf-wcightof thc clements can be applied ustng thc 
SELFWEIGHT loadtng conduion. The dcnsuy uf the 

clcmcnt~ has tu be prov¡dcd for camputauon of the sclf· 

WClght. 

Salid Element Load 
On Sol id clemcnts, thc loading types availablc are prcssure 

v:lfl.J.IIon normal to cach facc. tcmpcraturcs at thc nades, and the 

~clf·wctght usmg thc SELFWEIGHT loading cond1Uan. Thc alpha 

.J.nt.Jinr dcnsuy nf thc clcmcnts has lo be providcd for comput:llion 

of thcsc load~. Thrcc·dimcns10nal orthOlraptc propcrtics 

pcrmtttcd. 

6.1 0.3 Node Temperature Load 

T.:mpcraturc'i may he 'ipcctficd at nades or on elcmcnt Jurfaccs. 

\'odc tcmpcraturcs are tran~fcrrcd lo .:lcmcnt tcmpcraturcs befare 
prncc .. s•ng. Thc o.hffcrcncc hctwccn thc spccaficd tcmpcraturc and 

thc ..tmb1cnl tcmpcraturc will cause tntllal axial ..¡tr;:un and/or 

ncndmg 'itratn lllT bt-ax¡aJ or trl·altal 'itratn for :!d and Jd 

ckmcnts) in proportton to thc thcrmalt:xpansJOn cocffictcnts, 

.1iphas. for lhc material .1nd thc clcmcnl gcomctry. Orthouopic 

material propcnics may be U!!lcd. Thc program calculalcs thc 

.. trJ.IRS (clongauon and shnnkagc) duc to thc tcmpcralure 

Jilfcrcnccs. From this 11 calculatcs thc mduccd forccs in the 

dcmcnt and thc analysis is done accordingly. :-.lodal tcmpcraturcs 

wlll nol induce bcnding matial stratn in bcams or plates. 
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' 
, n 4 Support Displacement Specification 

Displac:c.mcms can be spccilicd at boundary support nodcs in 

spcctficd dtrccuons. Displaccmcnt.:an be tran~lauanal or 

rotauonal. Thc rotalional Ji~plac:cmcnts are in radtans. No1c that 

dtsplaccments .:an he spccificd only in di.rccuons m whu;:h Lhc 

boundary support nade dircct1ons are Jcrincd. 

ST ARDYNE Analysis Capabilities 

(:,¡rrcnlly ~vaalablc analy'.iill capabililics •ncludc 

1 1 S talle Analysas 
Sliffncss ~odcling 
Applicd Load ~odchng 
Stallc Equ.mun Solutinn 

:1 Sccond On.Jcr Stouic :\nalyliiS: 

P-Ocha Analysts 

Stress Suffcncd stauc Jnd cigcnsolution 

Bud.ling 

3• Dynamu: Response Analys•s (Modal): 

~ass ~oJding 

:"latuul Jrcqucncics and mudes analysts 

Response Spcctrum analysts 

Lmca.r Time History :~nalysis 

K..:v fc:aaurc:s of cach typc of analysis are: discussc:d 1n the 
faiÍowing scctions. Detailcd thcorctical treaLmcnu of these 
fc:uurc:l> are a-.aJiablc in ~tando~rd structural cngmecring textbookl>. 

&·: .. 
K-j al 

EfCI 
111 ~ 

11 ~ 

1; 11 
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6.11.1 ST ARDYNE Static Analysis 

STIFFNESS MODELI~G · Thc general solution procedurc 
..:nns1sts ot' formulaung J nodal 'itiffncss matnx from the fimtc~ 

.!lcmcnts 1 bcams. platcs . .1nd solids 1 and performmg on~ or more 
o¡' thc followmg opcraunns· itauc analy<iiS, cigenvalue/eJgenvector 

l!xtracuon .. md dynam1c response analys•s. The static analysis and 
modal cxtral!uon phascs are ba!>cd nn thc "St1ffncss Method" also 

known as thc "D¡splaccmcnt Mcthod". Thc assumptions and 
lnrmulauonl> are cons1stcnt wath "Small Displaccment Theory'" . 

Each linite .:lement contnbutes mffncss 10 the nades to which it is 
..:onncclcd. Ea~.:h dcmcnt typc has JR JSSumcd rorm of 
Jj,placcmcnl in a manncr which sall!-ofics thc force cquilibrium and 
Jt~placcmcnt ..:ompauhduy .u thc nudes. Thc nodal suffness 
matraces ot' thc 1ndividual fimtc clcmcnls are lirst computed and 
thcn translurmcd from thc local dcmcnt .:oordanatc system to the 
,;;lobal cooniinate systcm. Finally. the mllividual suffncsses 

.l!)~t>l.:lated wnh cach nullal pmnt are 'Y"temaucally summed to 
tlhtam thc tutal jgloball ,ul'fne!IS matru l K J. Thts squarc 

-.ymmetnc: matrl't has up tu 6 t:quauuns pcr nodc. 

\ssumption!ll or thc Stírrnc~s .\lcthod 
Ft~r a .::omplctc Jnalys¡.., ot' thc -.tructurc. thc nccessary matnccs are 

gcncratellun tht: basas uf thc fullowtng Jssumptaons: 

1 1 Thc !)tructurc 1S idcalil.ed 1nto Jn asscmbly of beam. platc, 
iolid. spnng, and matrix typc elcmcnts j01ncd togcthc:r attheir 

verilees 1 nodcs). The :¡ssemblage is loadcd anll rcactc:d by 
.::oncentrated loads :~cttng at thc nudcs. Thesc loads may be 

both force!) and momcnt!l wh1ch may act m any spec:itied 

dircction . 
.!J r\.bcam l!lcmcnt IS .1 longuudanal 'itruc:tural clcment havmg a 

I!Onstant. Joubly symmctnc ora hncarly tapered cross section 
along 11s lcngth. Bcam elcments may carry axial forces. shear 
and bcnding in two arbitrary perpendicular planes, and are also 

iUbjeCtCd 10 IOfSIOD. 
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3) A pi ate cierne m 15 a thrcc or four rwdc llat clcmcnt having 
constan\ thtckncss and tlrthotropu; propcrtics; or compos 1tc 
laycrcd propcnics; or may be a:u~ymmctnc. 

~) A -.ohd dcmcnt is a four to ctght nodc thrcc d1mens10nal 

d~mcnt havang umform nrthotroptc propcnics. 
5) A general mauu clcmcnt may be a 'ipring or gcncraacd 

clcmcm ma1nccs ur J.:.~cmblcd stiffnc~s 1 maH matrices from 
J.n c:ucrnal so urce. 

ól Bcams havc 1 to 6 dcgrccs of frccdom (00F) :u cach nade; 

platcs ha\'C 5 DOF: and -.ollds ha ve 3 DOF. Bccausc of th•~ 

mtsmah:h m DOF, thc .:onncctJOn hctwccn sohd clcmems .tnd 
platcs or beam!l nccds .. pcctal modcling. 

7) Thc solvcd •ntcrnal dcmcm forccs .1nd thc applicd c:ucrnal 

loads actang t>n cach nudc Jrc in cquihbrium cxccpt al 
'iuppons. 

1J) Two 1ypc~ of coordina! l.! ... y~lems are used m lhc generallon llf 

lhc rcqum:d malricc\ Jnd Jre rcfcrrcd 10 as local .1nd global 

~ystems. Lm:al coordma1e Jxcs Jre Jssigned 10 l.!ach md1vu.Jual 
elcmcnt and are onc:ntcd -,uch that ~nmputing cifort for 
c:lcment ~uffncss mamccs are gencrahled and mmtmtlcd. Thc 
nodall.':oordmatc 1nput data Jre by Jcfiniuon tn the Global 

l.':oordmatc JXI:!~ ~)'!ttem fhc asl!cmhlcd forccs Jnd llllffnesl! 
ant.l thc .. uJ,.cd displaccmcnls are m thts Global ..::uordinouc 
... y,tcm. 

APPLIED LOAD MODELl:-iG ·Load' m•y be apphcd tn thc 
form llf d1slnbu1cd lu;u..b tiR !he clcmcnt ... urfaces or .1s 

cont.:t:nuatcd lo.u.h .11 thc nudc:!~. dcmcnt thcrmal graL.hcnts, 
prcl!surcs, incrua lsclf-wc¡ght) Joads J.nd •mposcd nodal 

displaccmcnts. Using ~tandard finuc clcmcnt methoO) thc 
loadingS are 3)Semblcd tnto a nodal fon;c vector. 

ST.\ TIC EQt:.\TION SOL!;TION · Dunng a stallc •nalysis. thtS 
mamx cquauon is sol ved: 

IKI•I~I=IPI 

Wherc 

1 K l = thc sllffncss matru 

O 1 = thc rcsulting nodal displaccment vcctors 
P 1 = the applicd nada! force vcctors 

Stauc l.!quauon soluuon uses onc of two mcthods: 
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1) Prccond11iuncd conJugatc grad!Cnt solver ITurboSolvcr). This 
..olvcr l'i much fastcr than mc1hud 2 and uses mw.:h lcss disk. 
Thc TurbuSnlvcr l:l. uscd whcncvcr possible (no inclined 
... uppon~ L\SYSGl. o;.pnng 'iupports. ur ng1d 'iystems 
1 mal!tcr/'ilavc) allowcdl: othcrwJse a 

2) ~od1ficd Gauss. LDL r. vanabh: bandwtdth solver is used. 
Th1s solver IS alway~ uscd 111 thc c¡gensolutwns. 

Considcration o( (K 1 Matrix 8andwidth 
~cthod 2 'LDL n ~~ more dfiCICRI whcn thc cquations are 
rcurdcrcd to ha ve thc non-1cro 1 K] mauu terms forma 
narrow band .1bou1 thc d1ag:onal. STARDY:"'E 

:1utomatically ..:omputcs a nearly opumum nodc ordcr. For 
th1.., 1ypc uf ma1r1 '( fcwcr calculations are rcqu.rcd due to 
thc {Jet that tcrms outl!ldc thc h.1nd J.rc .11l cqual to tero. 

ST.\ROY~E takc'i full advantagc of thc vanablc 
handw1dtb dunng 1hc ... otuuun . 

lndcpcndenl "Disjoint" Structurcs 1 Structural 
lntrgrityl • L:nhkt: STAAD 1wu nr more mdcpcndcnt 
structurcs may be 'iolvcd. Check the ··message file .. for 
disJoint 'itructurc messagcs w 'iec if indcpendent suuctures 
wcrc dctcc1cd. Solvmg mult1plc structurcs m one analysis 

IS nut rccummcndcd and is usually 1he result of a modeling 
cnor. 

~umerical lastability Problcms - fiincularitics: 
lnstab•lil)' problcms can occur due to two primary rcasons. 

1 ¡ ~odcling problcm . Thcrc are a va.riety or 

modc:hng problcms wh1ch can give rise to 
instabthty condlllons. They can be classlficd mlo 
two group~. 
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.lJ Local m~tab1lity · A lo~.:alm&tilbllily 1s a 

cond1t10n whcrc thc fixily conditions al an 

clcmcnt nodc are such as to cause an 
mstah11Lty m thc clcmcnt about onc or more 

dcgrccs nf frccdom. Examplcs oi po)stblc 
local ln!<r.tabllaty are: 

' 
li) Bc:~m Rdcasc: Bcam clcmcnts rcleased JI 

bOlh cnc..ls for any of the following dcgrcc~ 

of lrccdom (FX. FY. FZ and MX) may be 
sub)cctcd to thts problcm. 

(ia) TRLSS or ax1al only bcams havc no 

..:apacny to tram:~fcr shcars or momcnts 
from thc ~upcr'itructurc to thc supports. 

Dcncmhng opon thc load carrymg capacuy 

uf thc TC!<r.Uiting 'itructurc thcrc may be a 

• )OC.Ii IDSiilbllit)' 

(iii)ST.\RDY:-IE pi ates ~o not ha ve Lhc 6" dof 
tr01a11nn about thc normalto thc surfacc 

dircctwnJ at cach nodc. 

:-lOTE l. 
Zcro Stiffnc!<r.S JI a nodc in une or more dirccuon-. 
t\ OK. L1l.1J-. .11 !hose Jtrccuons wlll be tgnorcd 

:-lOTE 2: 
For thc LDL T -.olvcr. ~odc Point Stngularilics J.rc 

corrcclcd 1bu1 nol for 1hc TurboSolvcrJ. Tbis 

'loingularily occurs whcn 1here is a tero Sl1ffncss 

dirc~.:llon o1hcr than a global dirccuon. 

bJ Global rn~tabtlity · Thcse are .::auscd whcn thc 
suppons uf lhe ~tructurc ílfe such lhatthcy 
cannot utTcr any rcs1stance lo mot10n, sliding 

or ovcnurmng or thc structurc in onc or more 
dirccuon~. An cumple is that of a structure 

with all thc suppons rclcascd ror FX. FY or 

FZ. 

Scc1ioa 6 1 319 

~) ~ath prccbion ·A math precis10n error is causcd 
, whcn numcnc.altnslabililles occur in thc matrix 
dccompositinn proccss. When a vcry "surr 
ch:mcnt ~~ adja~.:cnt tu a vcry "ncxiblc" elcment, a 

math prcc.:tstun error may uccur. Rcplace sllff 
clcmcms wtlh a ng1J 'iystcm or anific1ally sorteo 

thc clcmcnl. 

fhc loads and 'ilrcsses tn thc dcmcnts are computcd using lhc 

.:omputcd nudal Jisplaccmcnt vcc1or. 

6.11.2 STAROYNE Second Order Static Analysis 

Stress Based Stiffness Modeling IStarl 

S fAROY:-.iE ..:an compUic addtuonal hcnding sttffncss for bcams 
Jnd plalcs g1vcn thc a:~ tal nr inplanc '\trcsscs. Thcsc ma1riccs are 
l..nnwn .1s g:comctric "ittffnc'i'i matn..:c' j KgJ. Whcn a stress 
·mffcncd rcl:uct! analy~;t~ ¡-; cho<;cn hiJitc. e~gensoluuon. 
huckling. or P-DcllaJ th..:n ..1 .;landard ~tatic analysts is pcrformcd 
tir\1 10 compute thc pi ale & hcam 'itrc..-.cs. From thosc stresscs 

..1nd thc clcmcnt g:cnmctry. thc Jddttlllnal hendmg stiffness is 

.:ompu1cd. Thcn 1he .1naly~" is pcrfnrmcd wnh thc addutonal 

... uffnc~s tndudcJ. 

Buckling analy'c" rcqu1rc L\:-ICZOS ( DY~A~trC cntry) not HQR 
•ln 1hc 'iccnnJ run. Strc" ",¡¡ffcnct.f" natural frcqucnclcS may use 

-:ithcr c¡gcnvaluc mclhod. 

\ll qua<l pl•tc clcmcnts tQL:ADB. QL:ADH. QL:ADS. QUADC) 

includ10g cumpnsitcs can he accommodatcd. ahhough thc 
gcumctric \tilfncss matrn w11l he thc 'iamc .for al11ypcs. All 
mangular platc typcs may al so be accommÓdatcd includiag 3-nodc 

mcmbranc quad pi ates. 

Bcnding only pi ates and/nr hcams, or 'iolid clcmcnts, or mat.rix 
dcmcnts prnducc no 'itrc'i'i ·mffcmng and thcrcforc do nm 
conlnbute to huckling. Po'iHÍ~cly ~lrc'iscd clcmcnls bccomc stiffcr 
and ncgauvcly 'itrcsscd dcmcnts bccomc more ncxiblc. 
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Thc followmg STARDY:"'E fc:.uurcs .. hould not be u~cd, or ~houhJ 

he ..:nn~adcrcd ..:arcfully whcn uscd in slfcss ''suffcncd" or budlin!;: 
:1nalyscs: ASYSG: AXIS A~GLE; Sulid Elcmcms c:1n be uscd but 

no ')trcss mffcnang will rc:-.ull from thcm :.md thcy w&\1 not cm..:r 

m tu .1ny budhng calculauons: tlffsct hcam:,. clbow'), p1pct, :1nd 

pmncd bcams .uc trc:ucd ..1~ ... tJ.ndard 'tr:nght bc.1m:-. ..:onncctcd 

wllh b DOF/nodc :JI cach cnd uf 1hc hc:.~m. 

P-Delta IP-&l or Non linear !Star) 

WHA T: Th1s :s an 1terattve, geometncally non·linear statiC anaJys1s. 
JI 1S ohBn usea as part al an ana/ysis of a bwlding to account far the 
moments 1nduced aher lateral diSplacement of the ongmaJ appl1ed 
torres. 

WHY: Pnmanty used as pan ol an ana~ ola bUIIciJng to account forme 
moments Ulduced alter late tal dJSplaeement ol thB ongmal appl1ed torces. 
WHY STARDYNE. Two opt1ons· (7) updates noae coommates Wlth eacn 
'ter.Jtion: (21 sowe mcrementally 

HOW: Setect ..:mly one sraoc 1oad1ng case lhen se/ecl P-Oelta m~s 
speclfymg wtucn opt¡on. and numi::Jer of ¡ferat¡ons 

~tlll! 1~at thl! .-ull load ..::hl! mu!!r.t he "¡\ved -.¡multJncnu:>~ly tor th1~ 

1~pc tlf JnaJ~.,•~. 1.c. thc :Jtcralload1n~ mu~l be ¡m:.,~.:nt 

.:on~urrcnaly wllh thc n:-rth.:al loadang lur propcr .;uO!!r.ll.h:ratwn ,¡\ 

;he P-Ocha dfcct 

ior J.rc: 

Ülhcr .lnJiy!!r.C~ lhJt 1h1s proccJurc may be u~eJ 

JJ problcm::. wllh lar:;cr Ji!!r.placcmcnts wh1lc thc dcmcnts. .1rc 

undcrg01ng !!r.mall ~tra1n, 

h1 portwns or alllli" thc ">lructure J.fC ncar buddmg orare in1o 

'>lmple post·bud .. lmg lakc !!r.RJP through 

Y•Ju farst o;pcc¡fy 1hc numher or itcrauons or load .. tcp., tdcfault i!> 

-'l." Thcrc is AO check ror 1.!00\ICfgCncc. ~CJ.l, choo~c bctwccn thc 

iollowmg opt1nns: 2a. ORIGINAL · Apply thc fui\ load on cach 

ucra1uJn and Jdd thc dcwrmauon 10 1hc tJOg1nal :wJc .:oordinaiC!ro 

10 U!tC as thc nudc coordmatc!> for thc m::.a llcratJUn. 2b 

Secuon 6 391 
CURRENT ·Sol \le mcrcmemally. Apply thc loads in incrcmcnts 
tapplicd loads di\11dcd by(# of incrcments+l )). Sol \le #-of-

mcrcment limes wuh coordinatcs and deformauons accumulated. 

Thc dclauhs nf -t ltcrallons and onginal coordmatcs (2a). should 

he adcquatc fur P-d effccts 10 bu1ldings. For o1her, more complex 

.maJy.,es. thcn mure itcra110ns and opuon 2b may he ncccssary. 

LJrgc dcformallons could mvalidatc bcam local coordinatc 

J~..:tin111ons and warp platc clcmcnts. Thc local bcam coordinatcs 

:n lhc mtcrmcd1atc incrcmcnts are not movmg wnh thc bcam but 

Jrc ha!r.cd on cuhcr ffiO\IIng nodcs wh1ch probably are not mo\ling 

wuh thc hcam nr on an .1nglc of thc bcam to thc fiJ.cd global axes. 

Dcfnrmcd and displaced pla1cs oftcn hecomc warpcd or distortcd 

whu.:h JcgrJ.dC\ thc accuracy uf lhc dcmcnt. 

!"he '.:urrcn1 · cnordinatc., upuon 1 wh1ch 1s an mere mental load 

wuh updatcd coordanatcs Jftcr cach ltcralaon) should ha ve good 

!mal tÍisplaccmcnts. Thc d!<;placcmcnts. clemcntloads and 

~trc\'iCs, and nudal equ1hhnum check rc<;ults output are thc 

.. umm.J.Ilun tJI 1hc rcsults from cach of thc mcrcmcnlal alcrauons. 

\"h~,.• clcmcnt Jnd nndal.:quilthnum rc'\ults Jre lpproJ.Imatc to 
1nac~uratc dcpcndtng on thc amounl tlf lhsplaccmcnt and rotation. 

lkucr rc~uh .. fnr thc elcmcnt!t wuuld he nbtamcd by apply1ng thc 

\mal t.h:!~placcmcnts a!> a .. talle load case un thc modcl w11h the 
•Jngmal courdinatcs. 

Stress Sliffened Static and Eigensolution (Star) 

WHA T: Thts 1S a load case speclfic analysis. Compression 
stresses m beam and plate elements are used to determine a global 
addtllonal sttlfness matnx ({K g}) to add to the global stilfness matrix 
1n etther a statte or e1gensolution. 
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WHY: Pntnanly used when the tension or compress1on in beam or 
plale e/ements wt/1 contnbute sigmlicantly la those elements 
bending sllffness and lhat the mcrease/decrease m suffness is 
tmponant to the solutJon. 

HOW: Select only one s1a11c loading case lhen selecl Stress 
S/Jffened StatiC ar E1gensolution. Other mpuls are the same as 
norrñal ana/yses. 

Thc static global matrix equation becomes: 

The eigensolution global matrix equauon becomes: 

w' 1 m 1 1 4 1 - 1 K+ Kg 1 1 q 1 =o 

Sucss ~1oliffcncd" natural frcqucncics may use cithcr ..:agcnvaluc 
mcahod. 

Buckling!Star) 

WHA T: Euler buckling calculalion based on a Single s1a11c load 
dlstnb~.ttion. Compress1on stresses in beam and plate elemems are 
used lo determine a giObaJ slablilly matnx ([Kg}) lo use 1n place al a 
mass matnx tn an Blgensolullon. The w2 resulls are the buclcling 
factors. 

WHY: Priman/y used lar stabli1/y anaJys1s al pans al structures or 
mechanical pans. 

HOW: Select onty one sta/JC loading case then Se/ecl buckling 

Thc proccss of -.::ah:ulaling thc systcm buckling fcu.:tor and bucklcd 
shapc in vol ves first solvtng thc static load case for displaccmcots 
and bcam aJ.tal strcsscs and platc inplanc stresscs. From thesc 

stresscs, adduional bcam aod plalc bcndmg ~uffncss can he 

•-1 11 

••_'::: 

Sec:uon 6 1 J9l 

..:umputcd. l Kg[. Thc ,oluuon of thc folluwmg cigenproblc:m wtl1 
rcsuiL in thc amounl thal thc applicd load case would havc to be 
lactorcd IBF) Lo he at thc cnucal Eulcr buckling load. Tbc 
hucklcd shapc is normalitcd 10 a maaimum displacemcnt of onc. 

Tu gct thc actual Jisplaccmcnts ant.l s1rcsscs at thc cntical 
buckltng load, rcpcal thc s.tauc analysts wuh thc ongmal loads 

multtplicd by BF. 

BF 1 Kg 1 1 4 1 - 1 K 1 1 4 1 = o 

Whcrc 

;KgJ 
BF 
1 4 1 

:: thc gcomctric .. urrncss matnx (bandcd symmetnc) 

:: Buckling Fac10r 
:: thc nurmalitcd hucklcd shapc 

Fur huckling analysts. thc Lanctos ctgcnvalucs are crilical 
huckhng fa..:tors. Thc critica! buckltng loads are (all of thc loads 
:hat yo u honc apphct.H time!. 1 thc lint buckhng factor). A posilivc 
huckhng f.t.ctor that 1S le .. ~ than onc mdu.:atcs thc applicd load is 

.!rcatcr than thc buckltng load. A ncgattvc buckhng factor 
:ndh.:atc~ th.t.t thc .t.pplu:d load .:ase JS m thc upposue ducction of 

th¡; load1ng lhat wnuld ..:au3C buckhng 

:--lnt~: that .t.ll luJJ~ .t.re ~UD.\LlÍcrcd to be (a~.:torcd. lf sclf wctght 

1 nd ..:omprC'>.\ItlD .uc Jppltcd. thcn thc budling factor would be for 

hoth thc comprcütun Jnd thc sclf wcight. 

Bud.ling analy'ics rcquirc LA~CZOS. not HQR. 

6.11.3 STARDYNE Dynamic Response Analysis 

Currcntly avaalablc dynam1c analysis capabililics includc soluaion 
of thc free v¡bratton problcm (cLgcnproblcm) ~d scvcral forced 
vlbrat10n c:xcLtauon analys1s typcs: response spcctrum analysis, 
hnca~ time h1story analysis. and stcady <;tate barmonic analysis: aJI 

utihtmg modal supcrposttion mcthods. Thc dynamic response 
rcsults are prcscmcd as structural dcformations (displaccmcnts, 
vclo~.:lttcs, or Jccdcrauon.,¡ Jnd 3) mtcrnal clcmcnt loads ami 

c;trc .. scs. 
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Mass Modeling IStarl 

Thc natural frcqucncics and modc shapcs uf a structurc are thc 

pomary paramctcrs that al fcct thc rc;pnnsc of a )trw.:turc undcr 

Jynam¡.; loading. Thc free v1br:uion problcm is .,olvcd 10 extract 

thc~c valucs. Sincc no cxtcrnal forcing (uncuon is in volved. 1hc 

natural frcqucnctcs amJ mude -,hapc~ .uc Jire~.: a fum.::lions of thc 

sttlTn~;ss .and m.a;s Jistnhuuon in the ... tructurc. R.:)ulls of thc 

frc4ucncy .and modc shapc cakulallon) may vary ~¡gn¡fi.;antly 

dcpcnding upnn thc ma!a) modcling. Tlus vanat10n. m turn. affcct!a 

thc Jynamtc :.~naly'itS rcsuhs. Thu;, Cltrcmc cauuon <ihould be 

c:tcn:t!acd in mass modcling 10 a dynamu; Jnalysts problcm . .-\cuvc 

ma;!acs )hould be modclcd as Jnads. ·\11 massc) that Jrc capablc of 

muvmg 'ihouhJ he mod.clcd J.'lo luads .1ppllcd m .11! ptbsable 

Jirer.::uon!l of muvcmenl. In rc,ponllc ,pcctrum Jn.lJyo¡as. as a barc 

mammum. al! ma.'loscs that .are ..:apablc \lf movmg 111 thc ,,hrcctiUn uf 

thl! 'ipectrum. must be provu.kd as loads a..:t1ng in :hat dirc..:uun. 

1t 1!1 'itrongly rccommcndcd that unit ,eJf wcaght be .1pplicd m the 

X. Y. :tnd Z d~rccuons m :til ST.\RDY~E Elgcnprohlernldynamac 

analyscs evcn for 2·0 framc!!o or 'itructures loadcd 1n une or twn 
gluhal dm:ctiun'i. This wlll gcncrale :wdal ma!l!ll!~ h.t"'ed un 

den:.1ty and l!icmcna volumc.'lo. ,.\:.m ST.\AD thc .alldllaunal ma.'lo"'C~ 

at a· p01nt can be spccaficd J!l furccs. 

GlY..\:'11 SlPPORT DOF 
lf thc HQRJI·Guyan &:agcn.'looluuon mcahud l.'lo ..:hos~n. thcn you 

should sclcct ... o me mass dof ( Guyan Juf) to be relamed m the 

&:agcn.'loolimon. The o1hcr mass dof w¡JI be stallcally rcdistnbutcd 

(transformcd) 10 add to thc selectcd mass dof rcsulung in a full 

ma!ios ma~nx (non ·c..hagonal l. Thh m&:thod tS dircctl y analogous 10 

thc stauc condcnsation of sttffncss at tntcrior nades to suffncss at 

boundary nades uscd in substructures or tn sorne linitc clcmcnts. 

Na 'llliffncss is last or changed but thc kmctic energy of thc mass 

as modaficd. Hawcvcr if S rcasonably dasmbutcd Guyan dof are 

cho!~cn. thcn !"'l/ 2 of the lowcsl eigenvalucs will be accuratc. 

Thas· procedure is only used by cngmcer'i who know how to use 

Guyan dof to climinatc unwamcd localu:ed modcs. 

l:_:_¡w 

Sc:claon 6 395 

Damping Modeling !Starl 

In Jhl! modal dynamic response mcthud, damptng !S cntercd as a 

Jampmg rat1u (as a fracuon uf criucal dampmg; 5% damping is 

t:ntcrcd as .05) for each cigenvaluc/mode uscd in the response .. 

\n ahcrnallvc tu the user specify1ng :t value for &:ach modc is thc 

l:Omposltc modal damptng mcthod uf .assigning dampmg far cach 

mot.ie. Th1s method 1s bascd on the canccpt uf diffcrcnl matenals 

havmg diffcrcnt Jamp1ng ratios and that a particular mode's 

damping raiJo 'ihould bl! .:1 wcaghtcd Jverage of 1he stram energics 

• Jampmg uf thc matenals uscli. 

Solution of the Eigenproblem (Starl 

fhc ..:¡genproblcm 1S ,ulvcd for ~trul:lurc frequem:1cs and mude 

,hapes con~•dcrtng a mass maari-' lumped at thc nodes (Sce ~ass 

\1udcling ahuvc). ~as,cs at all aclave d.o.f. may be canstdcred. 

.\ny -.tructural madcl wh1..:h cunsas1s uf a staffncss mamx anll !'1 
ma.'lo'i de greco; uf frcedom cunta¡n~ :"11 normal mudes of vabrauon. 

Eal:h nurm.al mntJc uccur'i al a 'ipec1fic frcqucn..::-.r uf vtbrallon 

'...nown as a n.atural frcqucncy lor cigcnvaluc). At thesc 

; rcqucncac .... thl! nodal dl'~placcmcnt'>. known as the modc shape (or 

,:¡gcnvccton. usc:lllalc from po'iittvc 10 ncgati\'C about 0.0 The 

Jdvamagc uf modal methuds :trc that nnly 4 small numbcr of 1hc 

lnw frcqucncy mudes are neccssary to obtaan good dynamic 

response re,uhs. 

Thc proceso; nf l:alculaung thc system ctgcnvalues and 

..:¡gcnvcctor\ ¡, known as ~udal Extracuon .and IS perfarmcd by 

'iolvmg lhe ..:qualton: 

'' 
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) 

~- {1): 1 m l 1 q l · 1 K 1 1 q 1 =u 

Whcrc 

1m 1 = thc ma~~ matru (as!l.umcc.J to be dtagonal. 1.c .• no ma~s 

cnupling) 

"' 
= thc natural frcqucncics (cq:;cnvaluc!!.) 

1 q 1 = thc nurma\i¡cd mude !!.hapc~ {eigcnvce10r\) 

Frequcncy IIIZ) = Oll'2rt 

Two 'iOiution mcthods are avallable: the Lane1.os ("Lan ChOs") 

method (recommcnded) and thc HQRli·Guyan method 

Plca~c note that vanous norñcnclalUrc IS uscd lo rcfer to the 
normal mude!!. ol vtbrauon. (Eigenvaluc. Natural Frequcncy, 
Modal Frcqucncy and Eigcnvcctor, Gcncraliled Coordmatc, Modc 

Shapc. Modal Vector, Normal Mudes, Normahtcd Mude Shape. 

GENF.RALIZED WEIGIIT ANO GENERALIZED MASS 
Each cigcnvc~;tor {ql has an asso~;~atcd gcncraliL.cd mas~ dcfincd 

by 

Gcncralitcd Mass (GM) =1 q ¡T l M JI q 1 

Gcncrali1ed Weight (GW) = GM • g 

PARTICIPATION FACTORS- A paruc•pation fac10r (Qi) is 

computcd for ea~;h cigcnvector for cach of thc threc global (Xi) 

tran~lational directiom.. N is the number of nodcs. 

i<q.,)(w~o~) 
Q, " GW 

MOllAL WEIGIITS - Thc summation of modal wcights for all 

mmlc!!. in a gtvcn dircction is cqual to thc Base Shcar whieh would 
resuh from a une g base accclcration. Thc modal wc1ght for each 

mode = (GW)(Q.Z). Thc !l.Um of thc modal wcight~ for the 

computed modes may be compared to the total weight 
structure (thal has not been lumped at supports). Thc 1.. .nce is 
the amount of mass missing from a dynamic, base cxcitat10n, 

modal response analysis. U too much is missing, then rcrun thc 

eigensolution asking for a grcater number of modcs or rcad about 

how to employ the Missing Mass Correction mcthod. 

Lanczos Mcthod and Free·Frce Structures • An unrcstraincd, 

free-free model has zero eigcnvalues that may be sol ved in 
LANCZOS. However you must know that zero cigcnvalucs are 

expectcd and select the Free-Free option. lntcrnally thc program 

wtll compute a shift frequency, ooJ, which will be used to creatc a 

matrix, (K
1

J, to be added to the stiffness matrix,(K\. prior to thc 

e•gcnsolution (IK
1

) = ooJ(M)). The eigenvcctors of thc shiftcd 
eigenproblem are exactly the same and thc frcqucncics are shiftcd 
by w2 from that of the actual eigcnproblem. So wc simply add w2 
to each computed frequency and we ha ve complctcd an othcrwisc 
unsolvablc singular cigenproblcm. lf, howevcr, a singularity ts 

still dctected during decomposition, it is an indication that thcrc is 

a ponion of the structure without mass that is free to movc 
statically rclattve to the rest of thc structurc. Such a ~tructurc 
could not be sol ved statieally cithcr. For examplc. a ficc-frce 
beam which has Area, 12 and 13 properties, but has masscs in only 

thc transvcrsc directions docs not have mass in thc axial dircction 

and conscqucntly will be singular in that direction. Thc remcdy 

would be to sct Arca=O.O or restrain the axial dircction, sinee 

without mass, no axial modes can exist. 

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

,_ .. ,.,.· 
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ti.11.3.1 STARDYNE Response Spectrum Analysis 
(Dynre4) 

WHAT: Approximate modal analysis which computes the "Modal 
Responses" due toa given directional, base excttation, response 
spectrl;Jm. Each mode's response toa gtven exc1tation d1rection are 
then combmed, usmg one of the many methods available, to form 
the total response for that mput directton. /f there ts more than one 
directton of mput, the total responses of each direct1on are then 
combmed by the SRSS method. 

WHY: Pr1manly used for seismic structural engmeering of 
buildmgs. 
WHY STARDYNE: supports "missmg mass·~ multiple base 
exct1atlon; distributed force exc¡tation; the SRSS, CQC, Gupta, 
Double Sum, NRL, Ten Percent, closely spaced group, etc. 
methods. In addition, a more realist1c method is available: weighted 
average of COC (or Gupta) at low frequencies (-3Hz) and algebraic 
sum at higher frequenctes (-20Hz). 

HOW: First perform the Mass Modeling step carefully, noting that a 
revised node!element model with addittonal mtd-span nades with 
masses may g¡ve better dynam1c and element results. Next, dectde 
1f Miss1ng Mass modes are lo be computed. Then select the 
number of etgenmodes and/or frequency range reqwred. Next, 
perform the eigensolution and ensure that the deslfed frequenc1es 
were computad. Now you are ready for the Response Spectrum 
Analys1s Step. 

Rc!oponsc Spcctrum Analys1s allow!J thc uscr lo analyt.c thc 
fC!oponsc of multi-dcgrcc-of-frecdom linear elastic structurc 
modcls !JUbjcr.:tcd to an arbitranly oricnted foundation shock 
response spectrum input. You may entcr Response Spcctra versus 
Frcqucncy tables or selcct sorne rallo or the avcragcd response 
!opectra !ohapes computed from thc 1940 El Centro. 1934 El Centro, 
1949 Olympia, and 1952 Taft carthquakes for any of the direcuons 
of mouon. 
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For any supplied response spectrum (accclcration or velocity or 
displaccment vs. frequency) the following may be calculated: nade 
displaccment, vclocity, and accclcration; clcmcnt forccs and 
stresses, and support reactions. Results of the response 'ipCctrum 
analysis may be combined with thc resuhs of thc statie analysts tu 
pcrform subsequent design. To account for rcversib1h1y nr 
seismic activity, load combinations can be crcatcd to include 
cithcr thc positive or negattve contribution or setsmic resuhs. 

The Response Spectrum Analysis appendix. contatns: a complete 
mathcmatieal dcscription of the 20 modal combination mcthods; a 
deseription or the U ser furnishcd raree or multi-basc cxcitation 
analysis procedurcs; and the spectra ror thc NRC SSE S are 
Shutdown Earthquake. 

6.11.3.2 STARDYNE Linea~ Time History Response 
Analysis (Dynre1) 

WHA T: Modal dynamic analys1s which computes the ''Modal 
Responses" versus time due to torces andlor ground motions that 
may vaty with ttme. Each uncoupled mode S time history responses 
are summed to torm the total structure response versus time. 

WHY: Usad for any time varying force·motion analys1s including 
seismic, torced vtbration, etc. 
WHY 5TARDYNE: supporls "'missing mass"; multip/e base 
excitation; solution method may be more accurate for high 
frequency input torces like earthquakes, whole structure response 
at speclfic ltmes using nodal torces (F = Ma.) rather than 
d1splacement, select times for whole structure response based on 
times that specific stresses or displacements reach peak vafues. 



·.ccuon b 

STAH.IJ ).' NE_IUI S'L\AUII'I u 

HUW: First perlorm the Mass Modeling step careful/y, noting lhat 
a rev1sed nodelelement model Wllh add1tional mid-span nades wtth 
masses may give better dynamic and efement resuJls. Next, dec1de 
11 Missing Mass modas are lo be computad. Then select the 
number of eigenmodes andlor frequency ranga reqwred. Next, 
perlorm the eigensofution and ensure that the desired frequenctes 
were computad. Now you are ready for the Lmear T1me History 

Anafysis Step. 

STARDYNE ha!!thc t:apabilily to pcrform a linear modal response 

hi!!tory analysis un a ~truclUre subjet:ted to time varying forcing 
funt:tiOn loads at the nades; ground mouon at its base; initial 
displat:ements and vclucitics; and multiplc base accclcraltons. 
Output ~.:on~ists uf nodal da!!placements, velocllies, accelcrations. 
clement loads and stre!lses (Picase scc the Non-Linear Modal 
T1me History Re!!ponsc Analysis af you nced to modcl s1mple 
nonhncarities with your analysis. Thcrc is also a "direct. 
integrauon" method time h1story method if you ha ve a spcdalit.cd 

problcm rcquiring thal method\. 

Thc Linear Time History analysis is pcrformed using thc modal 
supcrposition mcthod. Hence, a\lthe acuve masses should be 
includcd 

10 
the dctcrminalion of thc mode shapcs and frcqucncies. 

Plca!le refcr to the scction above on "mass modeling" for 

additional information on this top1c. 

In thc mode supcrposition method, it is assumed that the structural 
respon!le can be obtained from "p" modes (usually the lowcst 
frcqucn

9 
modes). Thc equihbrium cquations are writtcn as: 

(1) 

Equation ( 1) reduces tu "p" ~eparatc unt:oupled equauons of 

thc form: 

(2) 
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wherc ~ is the modal damping ratio and W thc natural frcquency 

for the i th modc. 

Thcsc uncouplcd modal equations of motion are sol ved by the 
LaPlace transform method from one solution-time-point to thc ncxt 
solution-time-point (this is nota numcrical intcgration mcthod like 
the Wilson • 8 mcthod). There is a solution-time-point at each 
time that any load curve changes slope as well as at the requcstcd 
outputtimes. With the assumption that the load curves are linear 
bctwcen solution-time-points this method is cxact and stable. 
Unlike in STAAD. this mcthod does not require an integration 
time step for solution accuracy but docs need the user to specafy a 
sufficicnt number of outputtimes to allow linear X- Y plots to 
rcasonably show the peak.s and shape of thc response curves. 
Therc is no advantage in having thousands of outputtimc pomts 

howcver. 

Output eonsists of "rclative" and "absolute" nodal displacements, 
velocitics, aecclerations. elcment loads and strcsses. For sclccted 
elemcnt stress loeations and/or sclected node-dircction 
displaccments or accelerations, that response value may be 
displayed as a function of time. "Relativc" response is (for thc 
case of base ground motion) the nodal response relative to thc base 
motion (basieally the elastie part of the response). 

Thc user may also select times (and/or ha ve the program select 
peak times) at which the response of the complete structure is 
computed. The results and displays that are then made possiblc 
are similar to those in a static solution. The user may sclcct to use 
cithcr nodal forces (F = Ma) (rccommcndcd mctbod) or 
displaccments al the selccted times for the calculation of elcment 

forccs and stresses and the support reactions. 

Lcss frequently used features including: cnforced nodal motions, 
individual modal results, large mass and relati ve motion mcthods 

"----------==---------------------
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lor mulu-ba!lc cxcitauon; are dcscrihcd m the Linear Time Hi!ltory 
..tppCndix. 

1.11.3.3 STARDYNE Steady State Harmonic 
Frequency Response Analysis (Dynre2) 

WHA T: Modal analys1s wh1ch computes the "Modal Responses~ 
dueto a given dlfBCtlonal, base exc1tation or d1stributed torces w1th 
thelf magnitude varying over the selected frequency range. Each 
forcmg direct1on can be out of phase with the other directions by a 
phase lag angfe. Each mode's response 1s computad and then 
summed lo form the total response for each frequency. 

WHY: Used to understand the response of a structure to a broad 
range of frequencies. Could be used as a bas1s to tune a structure 
to minim1ze response or to mod1fy the frequency of the torces to 
av01d resonance. 
WHY STARDYNE: supports "missing mass"; mult1ple base 
excllat1on, more accurate and stra1ghtforward than a sine wave 
input to a tune history analysis. 

HOW: First perlorm /he Mass Modeling step carefully, nolmg that a 
rev1sed node/element model w1th additional mid·span nades with 
masses may give better dynamic and element results. Next decide 
if Missing Mass modas are to be computad. Then select th~ 
number of eigenmodes andlor frequency range reqwred. Next, 
perform the e1genso/ution and ensure that the desired frequenctes 
were computed. Now you are ready for the Steady State Harmonic 
Frequency Response Analys1s. 

Stcady statc harmonic frcqucncy response to stcady statc 
'sinusoidal dynamic loadings usmg thc modal supcrposition 
mcthoJ. This i!l a "sine swccp" approach whcre Lhc response 1s 
calculatcd for thc gtvcn Joadings applied ata scqucncc of 
frcqucnclCS Natural! y, for hghtly dampcd slructurcs, the 
respon!lc!l w11l peak aL thc natural (modal) frcqucncic~ uf the 
structurc. 

r fl 

.... 
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Input forcing functions may be in the form of distributcd forccs, 
base cxcitations (displacements. vclocilies or accelerations) and 
unit sinusoidal excitations (displacemcnts, vclocities, accelcratiOns 
or Corees) al specified nades. Output consists of "rclativc" and 
"absolute" nodal responses and elementloads and strcsscs versus 
frequency (X-Y plot displays of sclected nodc responses or 
clement forccsfstresses). The response of the complete struclUrc at 
particular point in thc ovcrall cycle may be computcd as wcll. Thc 
results and displays that are then made possible are similar to 

those in a static solution. 

The use of Frequency spacing crileria and output frcquency input 
to improve the quality of the resulls versus frequency grnphs and 
the probability of identifying the peak response frequenc1cs is 
described in the Harmonic response appendix. 

6.11.3.4 STARDYNE Missing Mass Method 

Correctlon Modes .. In structural dynamic analysis by modal 
supcrposition it is sometimes necessary to have a mcthnd to 
account for the static effects of those higher frequcncy modcs 
which were not calculated in the eigenvalue analysis and thcreforc 
will be omitted from the response solution. These omittcd h1gher 
frequcncy modes should have natural frequencies well above the 
range of dynamic input so they would act in a static manner. 

The missing mode approach exactly accounts for the static effcct 
of all missing modes and w111 exactly calculate the corrcct rcsulls 
in aH modal dynamic response programs as long as the missing 
mass modes are truly well above the forcing frequency rangc. 

Thc missing mass method described here is forcing function 
specific. That is, there is one additional missmg mass mode for 
each different (does not have the same spatial distribution pattern 
of force; proportional forcing functions are not differcnt) forcing 
function of interest. The method is quite simple. First, thc uscr 
calculates as many modes as desired. Then, in the same analysis, a 
stat!c analysis of each forcing function is calculated. Each Static 
displacement is orthogonahzed to the computed modcs to 
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1
m me thc mtssing mass modc (thal pan uf thc stallc 

,.laccmcnt thatcannot he reprellcntcd by thc computcd modcs) 
for this forcmg function. 

Thcn, run thc dynamtc analysis by !i.Clceting all real computcd 
m~d~!o and dcstrcd damping as usual whtle also selccting which 
mts<>mg mass mudes are assoctatcd with cach forcing funct 1on. 
Note that lhc millsing mas<> modes are not normalit.cd to onc as 
would be thc case for an eigenmodc llhapc. 

Additional details of the Missing Mass method are in thc Mtssing 
· Mass appcndix. 

MISSING MASS API'ENDIX 

"OYNAMIC" and 11STATIC" Missing Mass Methods. Thc 
"dynamic" mcthod uses a pseudo dynamtc modc approach. Thc 
missing mass modc is givcn nn eigcnvaluc. Then the gcncraht.ed 
weight and panieipation faetors are computcd from the missing 
mass mude shapc. Depcnding on thc cigcnvalue/ forcing functton/ 
spectra/ damping gtvcn, thc dynamtc response ts computcd for this 
modc as if it wcrc an ctgcnmodc. Thcsc modcs may be 

· dynamteally amplified as wcll as stattcally amplificd. In sorne 
cases thc "dynamic" mcthod improvcs thc dynamic portian of thc 
response but should not be a substitutc for including cnough 
ctgcnmodcs to describe thc dynamic aecclerat10n and vclocitY 
response to the input forcing functions. Thc "dynamic" mcthod 1s 
not documcntcd in thc litcraturc so it is not known whcthcr thc 
mcthod always has thc cffcct of improving t~c dynamtc response. 

The pnmary func\lon of missing mass modcs shou\d be to dcscnbc 
thc additional dctailcd static dcformalion and strcsscs of thc 
omtttcd cigcnmodcs (i.c. modcs that would ha ve no dynamtc 
response lo thc forcing functions). Thc missing mass modcs 
usually provtdc a localizcd but somctimcs significant improvcmcnt 
in displaccmcnts, elcmcnt forccs and strcsscs; usually ncar thc 
supports. 
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In the classic "static" missing masa meahod thc extra s 
residual vectors may only be amplified statically. In th. .1od 
only displacements. element rarees and suesses are ehangcd. This 
mcthod is well documcntcd in the litcrature and docs (in the time 
history solutions) exactly supply the missing stallc "mass" cffcct 
that thc lower cigenmodes selected do not supply. 

Time History Response (Dynrel )- The missing mass modes can 
be refcreneed by any of the first 300 forcing functions. A missmg 
mass mode number may be refcrrcd to by more than one forcing 
function. Howcvcr each forcing function may only rcfcr lo onc 
missing mass mode. The "dynamic" missing mass method is thc 

defauh mcthod. 

Steady State Harmonic Frequency Response (0ynre2) - This 
program only uses the "dynamic" missing mass method. 

Response Spedrum Response (Dynre4)- Thc "dynamic" missing 
mass method will be used as the default. Thc Missing mass 
method will generally improve the Response spectrum solution. 
Howcver (unlike time history solutions) it wi11 not gtve thc same 
deformations and element results as a modal solution usmg al! of 
the possiblc eigcnmodes. The Missing mass method should not be 
used with U ser Furnished Force or Multi-base Input. 

tf you are running only l global shock direction with onc missing 
mass mode and while using the "dynamic" missing mass method: 
then there is no need 10 indicate that the mode is a missing mass 

mode. 

In the "static" method the spectra will be chosen at thc ZPA 
frequency. In CQC, DBLSUM, or GUPTA. the coupling of thc 
missing modes to other modes and to themselves is ignorcd. 

For thc "static" method or for muhiplc shock directions it is 
necessary to seleet each missing mass mode separately and to 
indicate which directions the missing mass modc is fl2!. 10 be used 
(e.g. for X direction shock mode: IMX=O ,IMY=l ,IMZ=I). 
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Altcrnauvcly a new opt10n allow., you tu ~ct IMX:=2 and lea ve 
IMY=IMZ= blank. 

For multiple -'>hock direetions. the RSS=I4 tu 20 combination 
method~ -'>hould work properly wnh the muhiple mis~mg mass 
mudes. 

For RSS= 1 to 5, only une direction is uscd by takmg thc mdicated 
vector sum of thc base shocks befare thc modal combina11ons. For 

mis~tng mass, picase run your stallc 1 g run in thc samc non-global 
dirc~:ttun to crcate thc une mtsstng mass mode. Then sclcct al! thc 
mudes wtthout dcclanng any modc to be a mtssmg mass modc. 

For RSS:6 lo 13, multtple indcpendcnt shock dircctions should be 
pos~ihle. However RSS=2 to 13 are untested and thercfore not 
rec()mmended for use wilh missing mass mudes. 

6.12 References (STARDYNE) 

Thc ha .. ic theory of thc Finite Element Mcthod is presented in 
many tcxtbooks. Thc following publicly available doeumcnts 

. describe many of thc tcchnical aspccts of the STARDYNE finite 
clements. 

• Bcam elemcnl 

Przcmicniccki, J. S. Theory or Matrix Structnral Ana!y~;is. 
McGraw-Hill, Ncw York, USA, 1968. 

• Triangular Plate 

Ciough, R. W. and Tochcr, J. L. ~lnite E':;ent S!i[[ness 
Matrices [or the Analnis or P!a_e Bendj_. Conferencc on 
Matrix Mcthods m Structural Mechanics, Wnght Pattcrson, AFB, 
1965 (thin plato) 

Martín: H. C. Stirrness Matrix foro Triangular Sandwich 

Elemcnt in Dending. JPL No. 32-1158, Jet Propulsion Laboratory, 
Pa!oadcna, Cahfornia, Octobcr, 1967 (lhtck platc and sandwich 
optton) 

' i 
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Quadrllaterai.(QUA~B) C A A Refined Ouadrllateral 

Clough, R. W · a;d Ft~•P:~al~sia. of Plate Btndine. AD 703-685, flnite Element J!r e . 
d. f thc 2nd Confercnce on Matnx Methods In Procee tngs o . 

Structural Mechanics, 1968 (tbm plate) 

• Solid Hcsahedroo . . Ell' 
h d S Technigues o( Fmde Elements. • IS lrons, B. and A ma • · -

Horwood, Susscx, UK, 1980. 

R L Doherty w. P., and Ghaboussi, T. 
Wilson, E: L., Tayl;r, . e~~ Models~ Numerical and Computcr 
lncompahble Disp_acem . 43 57 ed S Fcnvcs. ct al., 
Mcthods tn Structural Mecha~ICS, ~p ~ b; m~d~ more nexib\c by 
Academic Press, 1973. (8-no e cu e e~ , 
thc incompatible modes-· 'bubble funcUons ). 

f d p J Wilson, E.L. A Non·Conrorming 
Taylor, R. L., Bcrcs ;r ·, · .. , lnternational Journal of Numcrical 

Element ror St~ess . na ~~~\976 (makes an clcmcnt with 
Mcthods in Eng1neenng, • 
incompatible mudes to pass thc patch test). 

d H brid Quadrilateral Plate 
• Hybrid Cubc an Y . 1 nd Computer Methods in . T H H Hybrid Models. Numenca a . 
Ptan, . . . . 58 78 ed S Fenves, ct al., Academic Structural Mechamcs, PP - ' · · 
Press, 1973. 

h d S Technioues of Finite Elcmenl!!. lrons, B. andA ma • . 15) 
Horwood, Susscx, UK, 1980 (Chapter . 

Ellis 

. H b . d Membranes. Solids and PI ates. Systcm L01kkancn, M. y_rt e rr · 
Devclopment Corporation, Santa Momea, a t orma. 

• Pipin~ p e Vessel Codc, Section 111., 1971. ASME Botlcr and rcssur 
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' mmended Overall Reading 
CÜOk, R.O .• ct.al. Conccp!s and Apnlications o[ Einhc Elcmcnt 

An~IY>!S. John Wilcy, 1989, Third Edltion. 

-Bathc, K.-J.. Finttc Elcmcnt Proccdurcs jn Enginccring Analysis. 

Prcnticc-Hall. 1982 

Hughc~. T. J. R. Thc Finnc Elcmcnt Mcthod. Prcnlicc-Hall, 1987. 

i 
ZJcnklcwicJ., O.C Thc Finitc Elcmcnt Mcthod. McGraw-Hill, 

1977, Thud Edilion. 
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