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FACULTAD DE INGENIERIA U-N-A-M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

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

Division de Educacién Continua, otorgan una constancia de asistencia a

quienes cumplan con loa requisitos establecidos para cada curso.

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

tengan un mfnimo de 80% de asistencias.

Pedimos a los asistentes recoger su constancia el dia de la clausura. Estas se
retendran por el periodo de un afio, pasado este tiempo la DECFl no se hara

rosponsable de este documento.

Se recomienda a los asistentes participar activamente con sus ideas y
experiencias, pues los cursos que ofrece la Divisién estan Planeados para que
los profesores expongan una tesis, pero sobre todo, para que coordinen las

opiniones de todos los interasados, constituyendo verdaderos seminarios.

Es muy importante que todos los asistentes llenen y entreguen su hoja de
inscripcion al inicio del curso, informacién que serviré i)ara integrar un

directorio de asistentes, que se entregara oportunamente.

Con el objeto de mejorar los servicios que la Divisién de Educaciéon Continua
ofrece, al final del curso "deberan entregar la evaluacién a través de un

cuestionario disefiado para emitir juicios anénimos.

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

sean mas fehacientes sus apreciaciones,

Atentamente
Division de Educacién Continua.
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Teléfonos: 5512-8935 55125121 56521-7335 5521-1887  Fax 55100573 5521-4021 AL 25




P AILA DI

CALLE FILOMENQ MATA

&

w

o S

| o ! ol

I N I ey O

Z5 AUDITORIO —J E_ﬁ:%g Eﬂ S

H BQ L—g_:-:— i w

| | | = l ~4| 2
]

) 0 ! ql 8

! —d

§ < \ . HE
o \ l

() & / I
n / ||
I h y
il " - I l
] o
i E" | @ . B @ ! '
a—) g " = g . ==
CALLE TACUBA CALLE TACUBA

PLANTA BAJA | MEZZANINNE



PALACIO DE MINERIA

GUIA DE LOCALIZACION

1. ACCESO

2. BIBLIOTECA HISTORICA

3. LIBRERIA UNAM

4. CENTRO DE INFORMACION Y DOCUMENTACION
"ING. BRUNO MASCANZONI"

5. PROGRAMA DE APOYO A LA TITULACION

6. OFICINAS GENERALES

CALLE FILOMENO MATA

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA

CALLEJON DE LA CONDESA

8. SALA DE DESCANSO

SANITARIOS

Guf.nhoEIACADEMlAI T

EXRECTORES INGENIERIA

-

* AULAS

— e —

CALLE TACUBA

DIVISION DE EDUCACION CONTINUA

DIVISION DE EDUCACION’ CONTINUA
FACULTAD DE INGENIERIA U.N.AM.
CURSOS ABIERTOS




; © - e ) q. K ‘J.‘ R . ‘Q vy ) v T - " " R ..‘ :.- a . .
P LA T TTTT R S AT mat Comnes TTIRTT §! wmoe!

s =

EACULTAD DE INGENIERIA U_N.A_M.
DIVISION DE EDUCACION CONTINUA

“Tres décadas de orgullosa excelencia” 1971 - 2001

CURSOS ABIERTOS

SAP — 2000 PARA ANALISIS Y DISENO
ESTRUCTURAL

TEMA

INSTRUCTIVO PARA LA UTILIZACION DEL PROGRAMA
DE CMPUTADORA SAP 2000

EXPOSITOR: ING. FERNANDO MONROY MIRANDA
PALACIO DE MINERIA
SEPTIEMBRE DEL 2001

!

Palacio ge Lansis Zalle cz Tacuha S Brimer piso Deieg. Cuauhtemoc 05000 México, D F APDO. Postal M-2285
lawerIngs IRIRSGES 55125121 £521-7335 5521.1987 Fax 55100573 55214021 AL 25 '



UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
- " 'FACULTAD DE INGENIERIA

(STRUCTURAL ANALYSIS PROGRAM
Andlisis y Disetio Integrado de Estructuras por el Método sle Elementos
Finitog)

INSTRUCTIVO PARA LA UTILIZACION DEL
PROGRAMA DE COMPUTAD%RA SAP 2000
FERNANDO MONRCOT MIRANDA

DIVISION DE INGENIERIA CIVIL, TOPOGRAFICA Y GEODESICA
DEPARTAMENTO DE ESTRUCTURAS



UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
FACULTAD DE INGENIERIA

INSTRUCTIVO PARA LA UTILIZACION DEL
PROGRAMA DE COMPUTADORA SAP 2000

Andlisis y Diseflo Integrado de Estructuras por el Método de Elementos
Finitos

FERNANDO MONROY MIRANDA

DIViSION DE INGENIERIA CIVIL, TOPOGRAFICA Y GEODESICA
DEPARTAMENTO DE ESTRUCTURAS
LABORATORIO DE COMPUTO ESTRUCTURAL.



PROLOGO

La serie de programas SAP son quiza los programas mas conocidos, probados y utilizados en
el campo de la Ingenieria Estructural, particularmente en el Analisis Estructural, desde las primeras
versiones SOLIDSAP, SAP 3, SAP IV, etc, hasta la mis reciente SAP 2000, han sido utilizadas por
un gran nimero de ingenieros en nuestro pais y en muchas partes del mundo, cuenta con respaldo y—
soporte técnico al que tiene derecho el usuario autorizado asi como a los manuales respectivos. -

Por lo anterior, desde hace algunos afios el Departamento de Estructuras de la Division de
Ingenieria Civil Topografica y Geodesia del la Facultad de Ingenieria de la UNAM considerd
conveniente impartir una serie de cursos para ensefiar a manejar el programa, para ello el contar con
un instructivo que permita introducir al usuario de una manera facil al programa facilitara el objetivo
anterior, por lo que se sugiere que el lector asista a los cursos que organiza del Departamento de
Estructuras o la Divisidén de Educacién Continua de la FI de la UNAM.

En este instructivo se describen algunos de los principales elementos que intervienen en el
uso del programa de computadora para Anilisis y Disefio Estructural SAP-2000, cuya principal
utilizacion serd para los alumnos de la materia “Disefio Estructural” de la carrera de Ingeniero Civil
que se imparte en la Facultad de Ingenieria 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 Disefio de Estructuras utilizando el programa SAP-2000,

Se recomienda que si algunos de los elementos no son descritos ampliamente se consulten los
manuales respectivos o la ayuda en linea incluida en el programa y se observen los ejemplos que se
desarrollan al final del instructivo. Se supone que el usuario esta familiarizado con la nomenclatura y
terminologia utilizada en el Analisis y Disefio Estructural y que cuenta con conocimientos basicos de
computacion en {o que respecta a manejo de tnformacién (archivos) y ejecucion de programas en
ambiente Windows 95, 98.

El autor agradece al Ing. Miguel Angel Rodriguez Vega, Jefe del Departamento de
Estructuras el apoyo para el desarrollo de este tipo de actividades, por las facilidades otorgadas para
la realizacidn de este trabajo asi como la revision del presente mstructivo.

FERNANDO MONROY MIRANDA
Cd. Universitaria, Marzo del 2000
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Capitudo | B El prograna SAP2000

ELPROGRAMA || CAPITULO
SAP 2000 ' I

1.1 INTRODUCCION

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

Tomando en cuenta lo anterior, SAP 2000 es el resultado de un trabajo desarrollado en los
Estados Unidos de Norteamérica cuyo principal objetivo fue desarrollar un programa para Analisis y
Disefio de Estructuras en donde el usuario tenga gran versatilidad en el manejo del mismo a través de
una interaccion directa en la mayor parte de la ejecucion de los médulos que componen el programa y
junto con la sencillez y facilidad de uso son algunas de sus principales caracteristicas.

El Sistema SAP 2000 es un programa escrito para computadoras personales IBM o
compatibles mediante el cual puede realizarse el Analisis y Disefio de Estructuras bajo uno o varios
sistemas de carga formados por un conjunto de fuerzas estaticas y/o dinamicas aplicadas a la
estructura,

SAP 2000 fue desarrollado bajo la hipdtesis de que la estructura esta formada por barras
prismaticas (aunque también maneja cierto tipc de barras de seccion vaniable) de eje recto,
considerando también la posibilidad de modelar elementos placa y solido (Elementos finitos)

Consta basicamente de una serie de menus (Véase Figura 1) que se despliegan en la pantaila a!
inicio del programa y por lo general después de terminada la ejecucion de cada una de las opciones,
con ellas, el usuario puede introducir y/o modificar datos, o bien aimacenarios para su procesamiento
posterior, analizar la estructura, ver resultados en la pantalla o imprimirios, ver resultados de disefio,
etc

stievo para la nilizacion d2) progruna SAP 2060, FI UNAM T Mooy 5



Caprulo 1 . El prograna SAP2000

Figura 1.1 SAP 2000, menu principal.

Una de las principales caracteristicas del programa es la interaccion que se puede establecer
entre éste y el usuario, y debido al nimero de opciones que el usuario puede activar, se requiere
aprender su lenguaje especifico para poder utilizarlo, ya que, el usuario puede seleccionar varias
opciones y la ejecucion de cada una de ellas genera otras mas, SAP 2000 es'un programa ortentado
a eventos (seleccionar un elemento con el raton, elegir una opcion, activar/desactivar sucesos, etc.)} y
no siempre solicita textualmente los elementos (datos) que se vayan requiriendo para la
ejecucidn completa de ese modulo, por otro lado ademas es necesario saber las convenciones de
signos empleadas, los sistemas de referencia utilizados asi como algunas recomendaciones para su
uso, eéstas y algunas caracteristicas mas son descritas en los capitulos posteriores.

En el capitulo 2 se dan las recomendaciones necesarias para facilitar la preparacion e
introduccion de datos, en el capitulo 2 se comentan los médulos que componen el programa, el
capitulo 4 describe el madulo para crear la estructura, en el capitulo 5 se presenta el modulo de

analisis, en el capitulo 6 se presentan las opciones para ver resultados del Analisis y Diseiio, en el
capitulo 7 se describen algunas opciones adicionales o complementarias, el capitulo 8 contiene
algunos ejemplos con la correspondiente interpretacion de los resultados obtenidos por ei programa
SAP 2000, por ultimo en el capitulo 9 se incluyen algunos comentarios y sugerencias finales.

listinctvo para [a utlisacion des programa SAP 2000, FTUNAM F Mooy 6



Captulo 2 Recomendacaonss para e uso del programa SAP2000

RECOMENDACIONES | CAPITULO
PARA EL USO DEL
. PROGRAMA

2.1 INTRODUCCION

El programa SAP 2000 posee una interfase grafica como una opcion que le permite al usuario
modelar, analizar, disefiar y desplegar tanto datos como resultados de una estructura, una vez que se
cuenta con los datos de geometria, propiedades de los materiales de los cuales estan hechos los
elementos estructurales asi como las cargas y desde luego un completo y correcto entendimiento del
problema, se esta en condiciones de utilizar el programa, para ello habra necesidad de modelar a los
elementos anteriores, una vez definido el modelo que se utilizara para esos elementos se introducira
el modelo completo utilizando por ejemplo la interfase grafica.

La estructura idealizada estara formada por:

» Elementos barra (FRAME) usados para representar a las vigas, columnas, diagonales, etc.

o Elementos placa (SHELL) usados para representar muros, losas, rampas, etc

o Eiementos sélidos (SOLID) usados para modelar estructuras continuas tridimenstonales.

o Nudos (JOINTS) que representan la conexion entre los elementos barra, placa y sdlido.

e Propiedades fisicas y elasticas de los materiales

e Apoyos y resortes que representan las restricciones de desplazamiento del nudo.

o (Cargas (concentradas, uniformes, etc ) que representan a las acciones (peso propio,
viento, sismo, ocupacion, etc.),

2.1 PASO 1. TIPO DE ESTRUCTURA
SAP 2000 permite manejar a la estructura en un sistema coordenado tridimenstonal, sin
embargo, antes de realizar el analisis se pueden seleccionar determinados grados de lhibertad (ver

figura 2 1) y asi aunque la estruciura este referida a un sistema tridimensional se pueden analizar:

Marcos y vigas en un plano vertical
Reticulas {en un planc horizontal)

Desde luego se permite modelar y analizar Armaduras y marcos tridimensionales.

fnstnizhiva pare 13 wbistacion del programy SAP 1000, Fl UNAM F o Muopaoy 7



Captulo 2
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Figura 2.1. Seleccion de grados de libertad de acuerdo al tipo de estructura

Para el caso de las estructuras tipo armadura solo se considerara el efecto axial en el analisis.

En las estructuras planas se consideran cortante y axial en el plano de la estructura y flexion
perpendicular a ese plano.

El tipo reticula permite analizar estructuras con acciones perpendiculares a su plano
considerando flexion en el plano, torsion y cortante

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

2.2 PASO 2. DEFINICION DE LA GEOMETRIA

Antes de iniciar ia ejecucion del programa SAP 2000 es conveniente como segundo paso
definir completamente la geometria del modelo. La estructura real se idealizara mediante una serie de
elementos estructurales conectados entre si, los cuales, de acuerdo a sus caracteristicas se podran
modelar como elementos barra {trabes, columnas, diagonales), elementos placa (losas, muros) o
clementos sohdos tridimensionales (elementos contnuos), estos elementos estaran unidos en puntos

Instructivo par la wibizacion der progranz SAP 2000, FY UNAM F Mooy 8



Captulo 2 Retornandaciones pana el uso del prograna SAP2000

" comunes (nudos), algunos nudos estaran completamente o parcialmente restringidos (apoyos), en uno

o varios grados de libertad.

La definicion de los elementos (barra, placa, sélido, etc.) se logra localizando sus nudos
extremos (incidencias) en un sistema coordenado cartesiano proporcionando las coordenadas de esos
nudos

No es necesario numerar en ningin orden a los nudos que forman parte de la estructura ya
que el programa los numera. Es conveniente localizar nudos en donde se tenga cambio de
propiedades geométricas o elasticas, recordando que el elemento barra requiere de dos nudos para
localizarlo, el elemento placa 3 ¢ 4 y el sélido comunmente 8 nudos.

Como se vera posteriormente el editor grafico permite mtroducir la geometria de la estructura
de una manera bastante sencilla y directa, ya que con la ayuda del “raton” (dispositivo tipo puntero o
mouse) simple y sencillamente por ejemplo haciendo clic en las coordenadas de los puntos extremos
de la barra automaticamente se definen sus incidencias asi como las coordenadas de esos nudos.

2.3 PASO 3. DEFINICION DE LAS PROPIEDADES GEOMETRICAS DE LOS
ELEMENTOS

SAP 2000 permite mancjar una gran variedad de formas predefinidas para la seccidn

_transversal de las barras que componen la estructura (ver figura 2.2), como por ejemplo

Secciones [, canal, T, angulos,"angulos dobles, cajon, tubos, etc.
Secciones rectangulares, circulares.

Secciones cualquiera (proporcionando sus propiedades)
Seccion no prismaticas (propiedades variables).

1

Figura 2.2. Algunas formas para la seccion transversal de las barras

{na*aucty 0 para fa ualracion del programa SAP 2650, Fi UNab! F Movroy 5]



Capitiia 2 Recomerwlaaones pars o uso del progruma SAP2000

Una vez elegida la forma de la seccion transversal sera necesario introducir los datos relativos
a tas dimensiones (tamaiio) de la forraa seleccionada (ver figura 2.3).
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Figura 2.3. Dimensiones de una forma de seccion transversal especifica.

Para los elementos barra prismaticos (general) de una estructura tridimensional se requiere

proporcionar las siguientes propiedades referidas a ejes locales, centroidales y principales de la barra
(ver figura 2.4).
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Figura 2.4 Caracteristicas del tipo de seccion transversal “general”
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Capitulo 2 Recomendaciones para cf uso del programs SAPI00G

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

Tipo de estructura " Propiedad requerida
TRUSS AX
PLANE CAX IZ oY
FLOOR IX,1ZoIY
SPACE AX IX, 1Y, I1Z

Tabla 2.1 Prcpiedades geométricas minimas requei'idas.

El programa SAP 2000 permute asignar las propiedades de los elementos barra de acuerdo a una tabla

de perfiles de acero estandar ( P. ej. tabla AISC, ver figura 2.5) o tomarlas de una tabla definida por
el usuaric.
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Figura 2.5, forma y propiedades geométricas tomadas de una tabia de perfiles.
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Capitulo 2 Retomendationes para el uso dl programa SAP2000

Para el caso de los elementos placa serd necesario proporcionar el espesor de la placa y

seleccionar el tipo de trabajo de esta (“Shell”, “Membrane” o “Plate”, ver figura 2.6), para el solido

no es necesario proporcionar propiedades geomeétricas, solo constantes elasticas.
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Figura 2.6, Datos para los elementos placa.

2.4 PASO 4. DEFINICION DE LAS PROPIEDADES ELASTICAS DE LOS
MATERIALES

Para realizar el analisis se requiere tener definidas las constantes del maternal del cual estan o
estaran hechos los elementos (barra, placa, solido) como son E (Moédulo elastico), y v (relacion de
Poisson). Para incluir el peso propio es necesario proporcionar el peso volumétrico, si se desea
ernplear alguna opcién de analisis diiidmico entonces es necesario proporcionar la masa por unidad de
longitud (en un modelo de masas distribuidas), masas en los nudos (modelo de masas concentradas),
s1 quiere que se considere efectos de temperatura serd necesario especificar el coeficiente hineal de

dilatacion térmica (ver figura 2.7},

Instructiv e pag la stz del programa SAP 2000, B2 UNAM I Moy
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Capule 2 : Recamendsciones pan &l use ded progruna SAP2000

Figura 2.7. Datos para las propiedades de un material.

2.5 PASO S. TIPOS DE FUERZAS Y COMBINACIONES

Es necesario tener completamente identificados comunmente los sistemas o conjuntos de
fuerzas (condiciones de carga) bajo los que se realizara el analisis ( P. ). peso propio, carga viva,
sismo, viento, etc.) y para cada condicién de carga las caracteristicas de las fuerzas (tipo, magnitud,
direccidn, etc.) que forman parte de ese sistema de fuerzas.

Por ejemplo una condicién de carga puede ser la carga muerta que puede estar formada por
efemplo por; fuerzas uniformes en algunas barras simulando el peso de los muros divisorios, fuerzas
concentradas simulando el peso de tanques, etc.

Otra condicton de carga puede ser el sismo, que por ejemplo pudiera ser representado por una
serte de fuerzas estaticas (sismo estatico) aplicadas en determinados nudos.

Una condicion mas puede ser la carga viva, idealizada como una fuerza por unidad de area
actuando en una determinada zona de la estructura (P. ] azotea, entrepiso, escaleras, etc.).

Los sistemas de carga independientes pueden ser utilizados para formar sistemas de carga
dependientes es decir combtnaciones, si lo anterior se desea, €s necesario saber de antemano el
nimero de combinaciones a incluir en el anahsis y para cada combinacién las condiciones de carga
que se Incluiran asi como su participacion respectiva (factor de carga), por ejemplo teniendo como -
marco al Reglamento de Construcciones para el D.F. pensando en una estructura del grupo A,
localizada en el D F. una combinacion es 1.5 de la carga muerta + 1.5 de la carga viva maxima, por
. lo que el factor de carga (o de participacion) de las condiciones anteriores (i y 2) es 1.5, siendo I y
2 tas condiciones de carga respectivas.

Linstructive para la idwacion ael programa SAP 2000, I LNA Mooy 13



Capitulo 2 . Recomendaciones para el uso del programa SAP200
2.6 PASO 6. ELECCION DEL TIPO DE ANALISIS Y RESULTADOS

SAP 2000 permite realizar un analisis elastico lineal de ler. orden, también se pueden incluir
efectos P-A o bien un andlisis dinamico, por lo anterior habrd que decidir sobre el tipo de analisis a
efectuar por el programa.

En cuanto a los resultados que el programa puede proporcionar, sera necesario saber cuales
se requeriran, por ejemplo: desplazamientos, elementos mecanicos, graficas y disefio, y de que
elementos se requieren; por ejemplo: de algunos o de todos los nudos, de algunos o de todas las~
barras, graficas de la deformada, de algiin marco o de toda la estructura, etc., lo anterior se ‘tendra
que definir para una, aigunas o todas las condiciones de carga y/o combinaciones. Si el usuario no
selecciona o define los elementos (nudos, barras, etc.), condiciones y/o combinaciones la impresion la
_ realiza para todos los elementos y todos los sistemas de fuerzas existentes.

2.7 PASO 7. DISENO DE ELEMENTOS

SAP 2000 permite diseiar elementos de acero y concreto por lo que sera necesario definir un
codigo o especificaciones a utilizar (ACL, AISC, LRFD, ASSTHO, etc.) y proporcionar ios valores
de los parametros a utilizar (f’c, fy, etc.), asi como especificar los elementos que se disefiardn y el
criterio a seguir para su disefio (viga, columna, etc.).

AsEucly o Para L widacien del proptanig SA8 2500, T'TUNAM b Monroy 14
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DESCRIPCION | CAPITULO |
GENERAL 3

|
|

3.1 INTRODUCCION

Una vez que se ha modelado la estructura (previo al uso del programa), es decir, seleccionada

la forma de la seccidn transversal de las barras, definidas las caracteristicas fisicas y mecanicas de los
materiales estructurales, especificados los sistemas de fuerzas (definidas cada una de las fuerzas que
componen a cada sistema o condicion de carga y combinaciones) bajo las cuales se analizara el
modelo estructural, seleccionado el tipo de analisis asi como el tipo de resultados, entonces se esta en
condiciones de introducir los datos antes mencionados utilizando la interface grafica que ofrece el
programa con la cual es posible: '

Manejar (Definir, mover, copiar, borrar) elementos estructurales (barra, placa, etc.).

Definir Tipos de apoyo (fijo ¢ con grados de libertad, resortes).

Definir y asignar propiedades geométricas a los elementos barra de acuerdo a una tabla de
perfiles estandar (AISC por ejemplo} o usar secciones prismaticas (circular, rectangular, Te,
etc.), también es posible la utilizacion de secciones no prismaticas o de seccion variable.

Defir el espesor de los elementos placa,

Definir y asignar propiedades a uno o varios elementos o grupo de elementos (barra, placas),
las propiedades pueden ser densidad, modulo elastico, relacion de Poisson, coeficiente de
dilatacton térmica, etc. Asi como defimir la posicidon de la seccion dentro de la estructura
(posicidn de ejes locales con respecto a los globales). Algunas de las propiedades se tienen
predefinidas para ctertos materiales (acero y concreto) o se pueden introducir valores
particulares.

Es posible seleccionar barras para liberarlos de algunos elementos mecénicos en sus extremos,
también se pueden definir diafragmas rigidos.

Desde luego se permite introducir fuerzas estaticas aplicadas a los nudos, desplazamientos
prescritos ef ellos, en el caso de barras se puede incluir el peso propio, fuerzas uniformes;
concentradas, con variacion lineal, de prestfuerzo y debidas a incrementos de temperatura, a
ajustes en la fongitud inicial de los elementos y algunas otras.

Ademas de las fuerzas de tipo estatico, se puede incluir cargas variables (moviles), de acuerdo
a AASHTO ( H520, HS15, H20, HI5, ctc.), o al URC, o bien especificadas por el usuaro
Una buena variedad de fuerzas dinamicas (fuerza-iempo o aceleracion-tiempo) pueden
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incluirse como sistemas de fuerzas, especificadas de acuerdo a sus caracteristicas dinamicas
(amplitud y frecuencia), definiendo el lapso de tiempo de actuacion de la fuerza.

Una vez introducida la geometria, propiedades y fuerzas que actuan sobre la estructura, SAP
2000 permite la realizacion del Analisis operando sobre el conteudo del archivo que se ha
seleccionado o definido previamente el cual desde luego debe contener los datos de la estructura en
estudio, el modulo de analisis interpreta cada una de las ordenes o definiciones indicadas en el archivo
de datos en el orden en que se encuentran, el contenido del archivo de datos e instrucciones puede
introducirse manualmente via algin editor previo a la ejecucion de SAP 2000 o bien mediante la
instruccion Save al estar creando la estructura a través del editor grafico caracteristico del programa,
ambas opciones se describiran posteriormente.

Después de ejecutada la opcion de analisis, SAP 2000 genera archivos conteniendo los
resultados de Ia fase de analisis, si este concluye satisfactoriamente se desplegara la configuracién
deformada de la-estructura. Enseguida se podran seleccionar opciones y elementos para que de ellos
se muestren en el monitor los resultados numéricos y graficos obtenidos por el programa como
resultado dei analisis.

3.2 EJECUCION DEL PROGRAMA, MENU DE OPCIONES

Para iniciar el programa se puede hacer doble clic en el icono del programa o bien desde el
menu de inicto hacer clic en la carpeta programas SAP 2000 educacional (version educativa) o SAP
2000 NonLinear (version profesional), enseguida se ejecuta el programa presentandose la imagen
mostrada en la figura 3.1, una vez haciendo clic en la caja OK de la ventana en la parte central (“7ip
of the day™) desaparece esta dejando lugar a la ventana principal del programa SAP 2000.

En el “renglon” superior de esta ventana se encuentra en su extremo izquierdo el nombre del
programa (SAP2000) seguido del nombre de archivo en donde se almacenaréan los datos o de donde
han sido tomados, en el extremo derecho se encuentran los iconos de minimizar, restaurar la ventana
y cerrarla (una forma de finalizar la ejecucion del programa es haciendo clic en este icono), debajo de
lo anterior se localiza la barra de menu conteniendo las opciones que el programa tiene disponibles
(File, Edut, View, etc) las cuales se describiran posteriormente, debajo de esas opciones se
encuentran una serie de iconos que realizan acciones de uso frecuente (seleccionar elementos,
cambnuar alguna opcion de preseniacion, elegir algan tipo de resultado, etc.), se recomienco al lector
consultar las tablas que se presentan al final de este trabajo en donde se describe cada uno de esos
iconos (incluyendo los de la barra flotante que también forma parte de la ventana de SAP 2600). -

Debajo de los iconos esta el area de presentacion (con fondo negro) en la que se muestra
graficamente el modelo de la estructura por analizar ast como diversa informacion en forma de
ventanas que seran desplegadas por el programa después de que el usuario seleccione alguna de las
opciones disponibles de SAP 2000,

"Por ultimo, en la parte inferior debajo de la barra flotante de iconos se muestra informacidn
acerca de las caracteristicas del area de dibujo {vista o plano de presentacion, coordenadas de algin
nudo, etc.) y un poco a la derecha esta el cuadro de seleccidn de unidades en las que se introduciré la
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informacién, antes de este cuadro se muestra informacion dcerca del estado que guarda--alguna
instruccion o del programa.

V Did you know thal...
Using SetLimis and Show Selections Only

options: both from the View menu. can
reduce the number of elements that are
wisible on the screen,

Figura 3.1 Iniciando el programa SAP 2000

En la version 6.1 del programa SAP 2000 se pueden seleccionar varias opciones, las que se
describen a continuacion pueden ser las de uso mas frecuente.

. - -

3.3 El menu File

EL menu File (ver figura 3.2) permite entre otras opclones manejar la informacton de alguna
estructura contenida en un archivo, esa informacion pudo haberse generado previamente a la
glecucion del programa o duilante su uso, las opciones de este mena permiten:

New Model Iniciar un problema nuevo.
New Model from template Iniciar un problema nuevo, seleccionando una geometria
tipica de algunas formas estructurales como las mostradas en la

figura 3.3

Open... Abrir un archivo existente con datos de alguna estructura.

Instructivo pars la utizacion del programa SAF 7000, F{ UNAM F. Morgoy 16
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Save
Save As

Import

Export

Print...

Exit

Guarda los datos de la estructura.
Guarda los datos de la estructura en otro archivo.

Permite ingresar los datos de un archivo generado con
AutoCad, o bien para SAP90.

Proporciona la flexibilidad de poder enviar los datos de la
estructura existente a una archivo para SAP2000 con extension
S2K el cual puede ser modificado por ciertos procesadores de
texto (p.ej. WordPad) y poder ser utilizade nuevamente por
SAP2000, o bien enviarlos a un archivo DXF y poder ser
interpretado por AutoCad por ejemplo.

Nos permite configurar caracteristicas de impresion, imprimir el
contenido del area de dibujo asi como una lista de datos y

resultados.

Cerrar el programa y regresar a Windows.

. C\Mrs documm!os\cww ﬂpmﬂ\g np}oiBDB

L0is dowmmioa\cuzra cap:m{m\a}emplaf) 0B
o X.Mss docmneﬁtoqicmso smﬁ%}empk&ﬁbﬂ"
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Figura 3.2 Modulos princtpales del menu File.

Figura 3.3. Geometrias predefimidas en la opcion New Model from Template

Existen dentro de este menu otras opciones de uso no muy frecuente. Al iniciar SAP 2000 se
recomienda seleccionar las unidades en las que se van a introducir los datos de la estructura a
analizar, por ejemplo st estas fueron ton-m (toneladas y metros) los valores de las fuerzas uniformes
se deben de proporcionar en ton/m, de las inercias en m*, para el moduio elastico en ton/m’, etc., es
dectr los valores deben ser consistentes.

3.3 El menu Edit

EL ment Edit (ver figura 3.4) permite desde introducir y hacer cambios a ia geometria del
modelo hasta suprimir algunos de sus elementos muchas de las opciones contenidas en este mena
operan en conjunto con las del menu Select (ver siguiente seccion), las opciones de este menu
permiten:

Cut Suprimir los elementos seleccionados, guardandolos en la memona
temporai.

Copy Copiar sin borrar los elementos seleccionados a la memoria temporal,

Paste Insertar fos elementos conienidos en la memoria temporal especificando

nuevas posiciones.

Delete Suprimir los elementos seleccionados.

lnstruets o para L uthzacion del programa SAP 2000, FI UNAM F Moruay 1 S
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Merge Joints Juntar los nudos que tengan una separacién menor que un cierto valor
(dejando uno solo y suprimiendo los demas es decir los nudos
duplicados).

Move Mueve los nudos seleccionados especificando el incremento en sus
coordenadas, moviendo también los elementos que estén conectados a
esos nudos.

Replicate Realiza una copia (réplica) de los elementos seleccionados

especificando el incremento en las coordenadas de sus nudos extremos.

Divide frames Divide a las barras seleccionadas en un nimero especificado por el
usuario.
Join frames Junta varias barras seleccionadas en una sola (operacion inversa de

Divide frames).

Change Labels Cambia la numeracion de los elementos seleccionados (renumera).

: ?@wc;,f )

| ShowDigrites L

Figura 3.4. Opciones del menu Edit.

3.4 El mena View

EL menu View (ver figura 3.5) permite cambiar la presentacion del area de dibujo de la
estructura, algunas opctones que resultan de uso cotidiano son

{nstructve para la utdizacien ded prograzna SAP 2060, FI UNAM F. Mouoy 19
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Figura 3.5. Opciones del menu View.

Set Elements Permite seleccionar la informacién a ser incluida dentro del area de
dibujo (numeracién de nudos, barras, gjes, etc.), ver figura 3.6

histructivo pasa la vebizacdn del pregrama SAP 2000, FI UNAM F Monray 20



Capitulo 3 Deacnpaadn General

x%vﬁcs\w&u\\wm\xww%\n‘ o
s 3 S

SR 3

]
i

phites N R SRR
3 R A
Y SN 5 PP r&ié\
oy o o’ X
S e
Eo NN 3 AT +
RN & 3 R TR
FRRIER e N
RS DERREN
RRE aats 3 %{ 3
3 s 3 R
R TR
‘5’3\"*‘\? RS e 6’1‘3&5,\ S o]
S A
AR ; It
Ses SRR S
& o 3
o '}‘fbi‘;_f" T
3

R
SN
S

oy

R

o “*‘w\“\%*‘iﬁ‘f;@%
Eduov.

R

Show Grid Permite Activar (mostrar) o desactivar la malla auxiliar para dibujo de

elementos. )
Show Axes Dibuja o suprime los ejes globales de la estructura.

Sc deja al lector que pruebe el efecto de las otras opciones, las caracteristicas de algunas de
ellas se veran posteriormente en el desarrollo paso a paso de algun ejemplo.

3.5 El mend Define

El menu Define (ver figura 3.7) permite especificar propiedades de los materiales
(Materials ., ), caracteristicas geoméiricas como forma, dimensiones, material, etc. para las barras del
modelo (Frame Sections..) y algunas caracteristicas para los. elementos placa (Shell Sections...).
También permite definir caracteristicas generales de las condiciones de carga estatica como su titulo
o identificacidn, el tipo de carga (de acuerdo a su origen) y si se incluira el peso propio en la
condicion de carga. .

En este mena se podra seleccionar o introducir un espectro de respuesta asi como funciones
de excitacion para analisis dindmico, también se podran definir las combinaciones de carga (Load
Combinations...) seleccionando las condiciones de carga que se incluiran en cada combinacion con
sus respectivos factores de carga

Instryctivo paza lo wbivacion del programa SAP 2000, F1UNAM F Monrey 21
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Figura 3.7. Opciones del menu Define.

3.5 El menu Draw

Algunas de las opciones del meni Draw (ver figura 3.8) permiten dibujar esquematicamente a
los elementos barra, placa, etc. con los que se ird construyendo el modelo estructural por analizar,
algunas opciones de uso frecuente son:

Edit Grid

Draw Frame Element

[nstructvo para by utidiracion del programa SAP 2000, FI UNAM

Permite adicionar, modificar, suprimir, etc. las lineas que forman
Ia malla auxiliar para dibujo de elementos.

Permite iniciar el dibujo {con la ayuda del raton) de elementos
barra, después de seleccicnar esta opcién se hace clic izquierdo
del raton en el nudo donde inicia la barra (en caso de que este
rio halla sido creado se hace clic en sus coordenadas), tuego se
desplaza el puntero (sin arrastrar) hacia el nudo final de la
barra haciendo clic izquierdo en el nudo con lo que queda
especificada esa barra (se recomienda utilizar la malla auxiliar
cambiando la separacion de las lineas .de la malla para que
algunas de las intersecciones de esas lineas coincidan con la
mayoria de los nudos de la estructura), la secuencia de dibujo de

I Monroy 2 ?
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barras se puede interrumpir con un doble clic del.botén derecho
en cualquier parte del area_de dibujo (con lo que es posible
dibujar barras en otras posiciones), para terminar el dibujo de
barras se hace clic en el icono de puntero de la barra flotante de
iconos, posteriormente se puede dibujar mas barras volviendo a
- seleccionar esta opcion, lo anterior se puede hacer tantas veces
cOmo se requiera. i

Draw Shell Ele_men't Permite iniciar el dibujo (con la ayuda del ratén) de elementos
placa, funciona de manera muy similar a la opcién anterior solo
que en este caso se seleccionaran tres o cuatro nudos
dependiendo del tipo de elemento finito que se-quiera dibujar, la

seleccion de nudos se hara en sentido horario o antihorano.

Quick Draw Frame Element y Quick Draw Shell Element permiten el dibujo de barras y
placas respectivamente con un solo clic izquierdo cerca de alguna de las lineas de la malla
auxiliar (para el caso de barras) y en algin punto dentro de un area delimitada por lineas de la
malla auxiliar de dibujo (para el dibujo de placas), se deja al lector la practica con estas
opciones antes de abordar los ejemplos que se presentan en el capitulo correspondiente.

R ¢ - o

CYEFane @ YS0] 5T
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3.6 El menu Select I s S

Algunas de las opciones del mend Select (ver figura 3.9) nos permitiran seleccionar elementos
ya existentes dentro del modelo, la seleccion de elementos es necesaria para poder asignar (ver menu
Assign) algunas caracteristicas a los mismos, por ejemplo si se seleccionan barras se les'podra asignar
secciones, cargas, etc. las siguientes son algunas opciones que resultan de uso frecuente:”

Pointer/Window Permite seleccionar a los elementos que quedan contenidos

dentro de un area rectangular que se definehaciendo clic
izquierdo en una de las esquinas del area y arrastrando el
puntero del ratén hasta la esquina opuesta y soltando el botén
del raton en esa esquina, los elementos seleccionados cambian
su aspecto de linea continua a linea interrumpida (punteada).

Intersecting Line Con esta opcion se seleccionan a aquellos elementos que son
intersectados por una linea que se define haciendo clic 1zquierdo
en uno de los extremos de la misma y arrastrando el puntero del
raton hasta el otro extremo de la linea y soltandolo ahi mismo.

Las otras opciones de Select permiten seleccionar elementos que tienen alguna caracteristica
en comun. |

©HZFlane @ YR

- st

Figura 3.9. Algunas opciones del menu Select.
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El meni Select dispone de las mismas opciones para excluir elementos ya seleccionados, lo
anterior se realiza con la opcion Unselect, otra manera de quitar elementos de la seleccion es
haciendo clic en el icono de flecha de la barra flotante de iconos y luego hacer clic en cada uno de
los elementos que han sido previamente seleccionados y que se quieren excluir, inclusive si se hace
clic en un elemento no seleccionado este se selecciona y viceversa -

3.7 El menu Assign

Una vez seleccionados algunos elementos (nudos, barras, etc.) podemos asignarles alguna
caracteristica propia del elemento (restricciones, fuerzas, secciones, etc.), el menu Assign (ver figura
5.10) junto con sus opciones nos permitiran realizar esa actividad, enseguida una breve descripcion
de algunas opciones del ment assign.

Joint Permite asignar a los nudos seleccionados restricciones o
apoyos (restraints), asignar el mismo desplazamiento
(constraints), asignar resortes (springs), etc.

Joint Static Loads | Con esta opcidn se asignan a los nudos seleccionados fuerzas
(Forces) o desplazamientos prescritos (Displacements).

Frame Permite asignar a las barras seleccionadas propiedades
(Sections), liberarlas de algun elemento mecanico (Releases),
especificar sus ejes locales (Local Axes), etc.

Frame Static Loads Con esta opcion se asignan fuerzas estaticas de gravedad
{Gravity), puntuales y/o uniformes (Point and Uniform), con
variacion  lineal (Trapezoidal), efectos de temperatura
(Temperature), y efectos de presfuerzo (Prestress).

Listructive para ls utibzacion del progama SAP 2602, #1 UNAM I' Mawoy
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Figura 3.10. Algunas opciones del meni Assign.
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3.8 El mend Analyze. o e E e

P L PP .

",

El mend -Analyze (ver figura 3.11) permite séleccionar algunas opciones de analisis (Set
Options...), o bien se puede solicitar que el programa SAP 2000 realice el analisis (Run) con los
resultados desplegados en una ventana normal o bien en una ventana minimizada (Run Minimized),
se recomienda guardar el archivo de trabajo antes de solicitar el analisis (inclusive guardarlo en disco
flexible y luego_en el disco duro).

Figura 3.11 Opciones en el menu Analyze.

Las opciones de Set Options... (ver figura 3.12) permiten seleccionar los grados de libertad
activos (Available DOFs) dependiendo del tipo de estructura que se analizara, sera necesario
dentificar y seleccionar haciendo clic en los cuadros respectivos del area correspondiente (un cuadro
en blanco significa que ese grado de libertad no esta activo), otra mancra de seleccionar los grados de
libertad es utilizando la opcion de seleccionado rapido (Fast DOFs), lo anterior se realiza haciendo
clic en alguna de las figuras que corresponda a nuestra estructura, la seleccion inadecuada de los
grados de libertad puede generar resultados incorrectos o estructura inestable (division entre cero)
durante la fasc de analisis.

st un 2 para 13 sitshizacion del prograimas SAP 2000, F1UNAR F Mooy 260 » A
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Figura 3.12. Opciones de Set Options... del meni Analyze.

Al final de la caja de seleccion se puede indicar que se realice un Analisis Dinamico (Dynamic
Analysis), que se incluyan efectos P-A (Include P-Delta) y que se generen archivos de salida
(Generate Qutput), para estas ultimas opciones es conveniente indicar algunos parametros y
seleccionar algunas opctones especificas.

Cuando se selecciona la opcion de Andlisis (Run), y algunos resultados del proceso se van

. desplegando en la pantalla (ventana) quedando al final algo similar a lo que se muestra en la figura
3,13, :

Instructivo para la utlzaci, n del prograima SAP 2000, FLUNAM F honroy 27



Figura 3.13. Ventana al finalizar el analisis.

Al hacer clic en el boton OK de la ventana que se muestra al final del analisis, se despliega en
el area de dibujo la configuracion deformada de la estructura para determinada condicién de carga, en
esta parte del programa se podran seleccionar los resultados del analisis por ejemplo desplazamientos
de los nudos, reacciones, elementos mecanicos, diagramas de elementos mecanicos, configuraciones
deformadas, etc.

3.9 El menu Display

Este men permite solicitarle al programa que muestre la geometria no deformada del modelo
{Show Undeformed Shape), las cargas en los nudos (Show Loads), en las barras, en los elementos
placa o no mostrarlas.

Mediante la opcidn Show Input Tables (ver figura 3.14) se solicita al programa que muestre
en una ventana conteniendo una iista con los datos numéricos de la geometria en lo que respecta a
nudos (coordenadas, restricciones, etc.), barras (incidencias, tipo de seccion, etc.) y cargas (en los
nudos, en las barras y en las placas), produciendo una salida parecida a la de la figura 3.15, la tabla
mostrada puede imprimirse o grabarse en un archivo.

lnstructs o parg s vulizacon del programa SAP 2000, FI UNAM T Mooy 28



1 -3.00000 0. 00000 0. 00000 11101 0.000
~3.00000 0. 00300 ¢.0000U0 C0g¢00oUV 0.00¢
~32.00000 0. 00000 £.00000 000 o0
‘35001 : i B 1200000 Q; B e
f ~3.00000 0.00000 - 16, 00000 0 Q000
6 ~-3.000Q0C 0. 00000 20.00000 0000900
7 -3.0000% 0. 00000 24.00000 00 000D
8 -3.,00000 0. 00000 2R, 00000 00000 O
o ~3.00000 0. 00000 32.80000 000000
i0 -3.00G00 0.00009 36. 00000 0000090

Figura 3.15. Salida tipica a partir de Show Input tables del ment Display.

Mediante la cpcion Show Deformed Shape y después de seleccionar la condicion de carga,
SAP 2000 niuestra la configuracion deformada correspondiente (ver figura 3.16).

Instustive para | ubizacion del prograzna SAF 1500, i UivA b Monroy 2()
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Figura 3.16. Salida tipica a partir de Show Deformed Shape del mena Display

L.a opcion Show Element Forces/Stresses y dependiendo de la seleccion que se haga SAP
2000 puede mostrar elementos mecanicos, esfuerzos, reacciones, etc. produciendo una salida similar
a la que se muestra en la figura 3 17,
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Figura 3.17. Salida obtenida con Show Element Forces/Stresses del menu Display

3.10 El menu Design

EL ment: Design (ver figura 3.18) permite seleccionar algunas opciones de disefio, realizar el
disefio (verificacidn) de elementos con la posibilidad de optimizar secciones, con la caracteristica de

producir salidas similares a las mostradas en las figuras 3.19 y 3.20 de entre otras.
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Figura 3.19. Algunos resultados del meni Design
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Figura 3.20. Algunos resultados del ment Design.
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Figura 3.21. Algunos resultados del menu Design.
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3.11 Los meniis Options y Help™ = == -o=5u w2k 0 | -

El ment Options (ver figura 3.22) permite por asi decirlo controlar el tipo y caracteristicas de
la informacion que serd mostrada en las diferentes arcas de presentacion (colores, nimero de
ventanas, etc.).

En este punto podemos mencionar que una vez que se realiza el analists SAP 2000 “bloquea”
al modelo no permitiendo realizarle ninguna modificacién por lo que solo es posible manejar los
resuitados (ver valores numeéricos, graficas, imprimirlos, etc.), para desbloquear al modelo y poder
hacerle cambios se selecciona la opcidon Lock Model con esto ahora los resultados ya no estan

disporubles para poder tener acceso a ellos una vez realizados los cambxos sera necesano solicitar
nuevamente la realizacion del analisis. -

ol
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Figura 3.21. Opciones en el mend Options y desbloqueo del modelo

Se deja al lector que pruebe el efecto de las otras opciones del mena Options asi como las del

mend Help, las caracteristicas de algunas de ellas se veran posteriormente en el desarrollo de algunos
gjemplos:

Instructivo para la utidizacon del prograina SAP 2000, FI UNAM F Mooy
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Cagaulo 4

GENERACION DE
LA ESTRUCTURA

4.1 INTRODUCCION

En SAP 2000 la generacion de la estructura se entiende como la ubicacion con respecto a un
sistema de coordenadas (global) de los elementos barra, placa y solido, la asignacion de propiedades
geomeétricas y eldsticas a los elementos ya localizados, la introduccion de apoyos, la definicion y
asignacion de fuerzas a los nudos, barras y placas, la seleccion del tipo de analisis y resultados, por
tltimo, el dimensionamiento o revision de elementos.

La forma de iniciar el programa SAP 2000 ha sido descrita. con anterioridad {ver inciso 3.2
del capitulo anterior), enseguida se recomienda elegir las unidades en que se introduciran los datos
haciendo clic en la pestaha que se encuentra a la derecha del cuadro de unidades y seleccionandolas
de la caja que muestra el programa (ver figura 4.1).

Figura 4.1 Selcccion de unidades.
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SAP 2000 ofrece vanas alternativas para introducir la topologia de la estructura, aqui
empezaremos por una de las mas comunes que es introduciendo elemento por elemento, para ello se
recomienda auxiliarnos de la malla (grid) que el programa nos proporciona por lo que se tendra que
ajustar la separacion de las lineas que forman esa malla, seleccionemos New Model del menud File,
enseguida el programa mostrard un cuadro en donde se especificaran las caracteristicas de la malla
como el nimero de espacios en cada direccion ast como su separacion los cuales se pueden modificar
introduciendo valores particulares en los cuadros en fondo blanco haciendo clic en el que se quiera
modificar (ver figura 4.2)

Figura 4.2 Ventana para definir las caracteristicas de la malla auxiliar.

Una vez que se ha hecho clic en el botdn OK el programa muestra la malla resultante en el
area de dibujo (con fondo negro) dividiéndola en 2 cuadros mostrando en ellos una vista diferente de
la malla (3 D v en el plano X-Y en Z=10.5), también puede observarse los ejes coordenados globales
(ver figura 4.3).
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Figura 4.3 Imagen tipica después de definir las caracteristicas de la malla auxiliar.

Cada una de esas ventanas tiene en su extremo superior derecho los botones de minimizar,
ventana completa y cerrar, el nimero y tipo de ventanas a mostrarse en la pantalla puede
seleccionarse a través de 1a opcion Windows del menu Options.

De las ventanas que se muestran, la ventana activa o en la que se muestran los resultados de
los comandos que se elijan es aquella cuya barra de titulo esta en color (generalmente diferente del
gr1s), se activa una ventana haciendo clic en su interior.

La malla ast creada tiene separacidon constante entre las lineas de una misma direccidn, existen
varias maneras de cambiar la separacion entre cada linea de [a malla, una de ellas es, después de
seleccionar una vista en planta hacer dos clics seguidos en una de las lineas de la malla (con el botdn
izquierdo del raton), enseguidz se mostrard una ventana conteniendo informacion acerca de la
posicion de esas lineas con la opcion de seleccionar la direccion de las lineas de la malla asi como
adicionar, mover y borrar lineas.

Haciendo clic en el cuadro en blanco e introduciendo el valor de la nueva posicion de fa linea
y despues de hacer clic en la opcion Add grid line se ha introducido una nueva iinea a la malla. Para
modificar el valor de una linea se selecciona de la caja en gris haciendo clic izquierdo en la linea a
medificar con lo cual sc muestra en la caja en blanco y haciendo clic en esa caja se puede cambiar su
valor, para que el cambio resuite efectivo después de modificar el valor de la caja en blanco se
necesita hacer clic en el boton Move, las demés opciones complementan la modificacion de la malia
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Caputule 4 ) Genencson de L Estructura

(ver figura 4.4). Desde luego que para que todos los cambios produzcan efecto es necesario hdcer
clic en el botén OK. ST

.

Figura 4.4 Modificacion de la separacidn individual entre las lineas de la malla.

Otra manera para que se muestre el cuadro de la figura 4.4 es seleccionando Edit Grid del
menu Draw, otro comando que resulta atil es la opcidon Show Grid del ment View con el cual se
suprime o activa la aparicidn de la malla en area de dibujo.

Los datos de la estructura que se vayan introduciendo son almacenados en memoria volatil
{RAM) por tal motivo se recomienda que con cierta frecuencia se graben en el disco duro (o en disco
flexible), para ello se puede utilizar 1a opcidn Save o Save As del menu File, el programa asignara al
nombre del archivo proporcionado por el usuario la extensién .SDB.

Ahora podemos introducir todos los elementos gue componen a la estructura, a continuacion
se presenta una breve descripcion logica de las opciones de uso comuin asi como de los comandos
que nos permitiran la generacidn de la estructura en el orden mencionado al inicio de este capitulo,
varios de los comandos fueron descritos en el capitulo anterior. :

4.2 DESCRIPCION GENERAL

La parte del proceso de modelacion que consume mas recursos (tiempo y esfuerzo) es la que
concierne a la introduccién de elementos (barra, placa, etc.), es por ello que el uso eficiente de los
comandos del meni Draw y en combinacion con algunos otros nos permitird la generacion de la
topologia (forma) de la estructura lo mas pronio posible, como recomendaciones generales, se
pueden mencionar las que se indican en los parrafos siguientes,

Iatneadivo para 1a athzacion de piogramna SAP 2000, FI UNAM ¥ Monsoy 3 7
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'

Procurar iniciar la geometria de la estructura a partir de alguna de las predefinidas que trae la
libreria del programa (vigas, marcos, etc.), enseguida realizar los cambios necesarios para ajustar esa
geometria a ia del modelo por analizar (adicionando o borrando algunos elementos, cambiandolos de
posicion, copiandolos, etc.) o

Para ia definicion de elementos (barra, placa, etc.) auxiliarse de la malla (grid) cambiando la
separacion de las lineas de la malla para que sus intersecciones definan la mayor cantidad de
coordenadas de los nudos de nuestro modelo procurando que con la nueva separacion de las lineas de
la malla los elementos resultantes tengan las caracteristicas (dimensiones e inclinacidn) deseadas con
lo que el usos de las opciones de dibujo rapido de elementos (con un solo clic, en lugar de dos clics)
traera algun ahorro y facilidad de creacion o modificacion del modelo.

Las caracteristicas a ser mostradas en la pantalla (numeracién, ejes locales, etc.) de los
elementos que se van adicionando al modelo (nudos, bharras, placas, etc.) pueden ser controladas
mediante ia opcion Set Elements del meni View {ver figura 4.5). La informacién mostrada puede ser
de utilidad, también es conveniente recordar que las caracteristicas de algun elemento (nudo, barra,
placa, etc.) pueden desplegarse seleccionandolo (clic izquierdo) y luego haciendo clic derecho,
algunos de los elementos en la caja. mostrada pueden ser modificados (ver figura 4.6).

& w)

XTPEeBYD |

R tilcio] +HESAPI000 - (Uninledy

.

Figura 4.5 Seleccion de informacion a desplegarse en el area presentacion del modelo.
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Figura 4.6 Caracteristicas del elemento barra seleccionado (la informacién en el cuadro en blanco
puede ser modificada directamente).

4.3 GENERACION DE LA GEOMETRIA

Una de las maneras de crear el archivo de datos o de modificar su contenido, es a traveés del
editor grafico cuyas opciones estan contenidas principalmente en el meni Draw (ver figura 4.7),
algunas de ellas se describen a continuacion,

Draw Frame Element permite adicionar un nuevo elemento barra, para ello se hace clic
primero en el punto extremo de la barra y luego en el opuesto.

Draw Shell Element permite adicionar un nuevo elemento placa, haciendo clic en los puntos
extremos (vértices) sucesivos del elemento empezando por cualquiera de ellos se define la geometria
de este elemento.

Quick Draw Frame element permite adicionar un elemento barra haciendo un solo clic en
una linea de la malla auxiliar de dibuje que este delimitada por otras dos perpendiculares a la primera,
esas lineas definen los limites del elemento, si se hace clic en cualquier punto de la zona delimitada
por cuatro lineas de la malla o por cuatro nudos se adicionan dos elementos barra diagonales.

Quick Draw Shell element adiciona un nuevo elemento shell haciendo un solo clic en
cualquier punto de la zona delimitada por cuatro lineas de la malia.

Cominmente al seleccionar alguna de las opciones anteriores fa forma del cursor cambia a una
flecha vertical vacia hacia arriba, para cancelar o terminar la opcion se hace clic en el primer icono de

la barra flotante con lo que el cursor cambia a flecha inclinada llena.
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E X2 Plane 3. ¥

Figura 4.7 Opciones del men(i Draw.

Con objeto de completar el modelo o realizar los cambios que se deseen, una vez que se han
ubicado elementos, cuando sea posible se recomienda generar algunos otros realizando copias, giros,
etc. de uno o varios de los que ya se tienen definidos.

Para tal efecto varias opciones se encuentran en el ment Edit (ver figura 4.8), pero para
poder utilizar algunas de ellas es necesario seleccionar elementos (por ejemplo los que se van a
copiar), para ello existen disponibles varias formas de seleccionar elementos, la mas sencilla es hacer
clic en el elemento a seleccionar (nudo o barra), el elemento seleccionado se muestra con linea
discontinua, se puede anular la seleccion haciendo clic en un elemento seleccionado, también se
pueden seleccionar elementos que queden totalmente contenidos en una ventana rectangular creada
haciendo clic en uno de los vértices de la ventana y arrastrando el raton hasta el vértice opuesto de la
misma y soltando ahi, otras opciones de seleccion se encuentran en la opcidn Select del ment con el
mismo nombre, desde luego que las acciones anteriores se pueden aplicar en repetidas ocasiones €
inclusive combinar varias maneras de seleccionar y excluir (Unselect) elementos para lograr un
resultado deseado.

Hecha la seleccion de algunos elementos (también puede ser uno o todos) se pueden llevar a
cabo ciertas acciones con cllos dando como resultado posibles cambios a esos elementos y en general
al modelo o estructura por analizar, cuando el efecto final no es ¢l esperado se recomienda cancelar la
accion, para ello se hace clic en ¢l icono (Un Do) que esta casi per debajo del mena View.
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Cagpuiudo 4

Generncidn de la Estnactun

S
SRR 3

\Q"(\ :

Figura 4.8 Opciones del menu Edit.
Cut y Delete Elimina los elementos seleccionados.

Copy copia los elementos  seleccionados a una memoria  temporal
permitiendo ser insertados posteriormente, los elementos que actualmente se encuentran
seleccionados no se suprimen, cuando se aplica nuevamente la opcion Copy a una nueva
seleccion, los elementos seleccionados anteriormente (si es que los habia) se eliminan de la
memoria temporal quedando los actualmente seleccionados.

Paste inserta los elementos que se almacenaron previamente en la memoria temporal mediante
la opcion Copy, al seleccionar esta opcidon se presenta una ventana en donde se puede
especificar un incremento a todas las coordenadas de los nudos y a los nudos extremos de los.
elementos guardados previamente con la opcion Copy (ver figura 4.9).
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Figura 4.9 Opcion Paste del menu Edit.

Move Una vez seleccionados algunos nudos este comando permite cambiar las coordenadas
de los nudos seleccionados desplazandolos hacia nuevas posiciones obtenidas a partir de sus
coordenadas actuales y de ia informacion que elwusuario proporcione en la ventana que se
despliega cuando se elige esta opcion (ver figura 4.10).
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S

Move Selected Paints - -

Figura 4.10 Informacion complementaria de la opcion Move del menu Edit.

Replicate Una de las opciones mas poderosas con la que se pueden realizar varios efectos es
la opcidn Replicate del menu Edit, dentro de esta opcidn a su vez se encuentran disponibies
otras 3, Linear, Radial y Mirror.

La opcion Linear permite realizar varias copias de los elementos seleccionados, esas copias
se pueden realizar en cualquiera de las direcciones x, y o z, por ejemplo si las copias se
quieren realizar en direccion x se especifica un valor de x diferente de cero en la caja
respectiva y cero en las demas (ver figura 4.11), desde luego se pueden cspecificar valores
diferentes de cero con el efecto correspondiente, la opcion Radial permite realizar copias en
direccion radial (angular) especificando el eje alrededor del cual se van a hacer las coplas asi
como el incremento en grados y el nimero de estas.

Instructivo paa l4 utthzacion del programa SAP 2000, F L UNAM F Mouroy 43



TS AILER
:. u\'\“

\m«:

Figura 4.11 Efecto de Linear en la opcion Replicate del ment Edit.

La opcion Mirror permite realizar una copia tipo espejo de los elementos
seleccionados especificando la posicion del espejo mediante la seleccion de un plano (xy, yz o
xz) y la distancia del origen a la posicion del espejo (ver figura 4.12), esta opcion resulta muy
atil cuando se tiene una estructura simétrica ya que se introduce una parte de la misma y se
genera la otra (parte simétrica) mediante la opcidon Mirror -
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Figura 4.12 Efecto al seleccionar Mirror de la opcion Replicate en el ment Edit.
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4.4 DEFINICION Y ASIGNACION-DE MATERIALES =~ ~====efm=io. . . 1.

En el men Define en la opcién Materials se podran especificar las caracteristicas de los
materiales del cual estaran formados los elementos estructurales, en este meni se pueden especificar
materiales tales como concreto, acerc y otros; después de seleccionar esta opcion aparece el cuadro
que se muestra en la figura 4.13, en donde como puede observarse mediante la opcion Medify/Show
Materials, s mostraran con la posibiliaad de modificar algunas caracteristicas del material que
interviene para el analisis y el disefio de elementos (ver figura 4.14).
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Figura<.14 Ventana Modifi/Show Material de la opcion Define Materials.

Add New material permite definir un nuevo material, se tendra que especificar desde el
nombre {Material Name), formado por un conjunto de hasta ocho caracteres el cual hara referencia
a este material, se tendran que p:oporcionar por lo menos los datos que se muestran en el cuadro
analisis Property Data, sobre todo el modulo elastico y la relacion de Poisson, en el caso de que se
requiera considerar el peso propio en alguna condicion de carga se tendra que proporcionar el peso

Instrucuve para 13 ublwacion del programa SAP 2030, F1 UNAN 1 Monrey
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por unidad de volumen, si se va a solicitar alguna opcién de anilisis dinamico en donde se quiera
considerar a la masa de la estructura repartida a lo largo de sus elementos sera necesario
proporcionar el valor de la masa por unidad de volumen, en el caso de que se requiera considerar el
efecto de temperatura es necesario proporcionar el cggf_icieme de expansion térmica (ver figura
4.15). . - T

S M
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Figura 4.15 Opcion Add New material de Define Materials

Se pueden definir varios materiales dependiendo de los que se requieran para especificar a
los elementos en la estructura, la opcion Materials del mend Define también permitira eliminar
algun material de los que se muestran en el cuadro Materials con excepcion de los materiales
Conc y Steel, para ello solo se hace clic en el nombre del material a eliminar y tuego en el boton
Delete Material.

4.6 DEFINICION Y ASIGNACION DE PROPIEDADES GEOMETRICAS

En el mend Define también se encuentra presente la opcion para definir caracteristicas de las
secciones transversales (Frame Sections) de los elementos que estan presentes en la estructura por
analizar. En la ventana correspondiente (ver figura 4.16), se tiene la opcion Import para seleccionar
las propiedades de una base de datos con extension PRO, la version educativa del programa
SAP2000 proporciona los archivos Aisc.Pro, Cisc.Pro v Sections.Pro de los dos primeros se
pueden seleccionar algunas formas comunes, esos archivos se encuentran en la carpeta SAP2000e.

También se pueden definir las propiedades a partir de formas comunes mediante la opcion

Add, otras opciones que tambiél, se encuentran disponibles permiten modificar (Modify/Show
Scction) o eliminar alguna propiedad {Delete Section),
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Figura 4.16 Opciones en Define Frame Sections del menl Define.

En la opcion Add se tendra que seleccionar la forma de la seccion (rectangular, circular, tee,
general, etc., ver figura 4.17).
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Figura 4.17 Seleccion de una forma predeterminada.

Una vez seleccionada la forma habra que proporcionar algunas de las dimensiones de la

misma con las cuales el programa cbtiene de manera automatica ias propiedades geométricas de la
forma definida (ver figura 4.18)
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Figura 4.18 Especificacion de las dimensiones de Ia forma de una seccion transversal seleccionada.

El nombre de la seccion se puede cambiar modificando el contenido del cuadro en blanco
(Section Name), este nombre se utilizara para referencias posteriores (asignar esta seccion
transversal a uno o mas elementos del modelo). Las caracteristicas a modificar se presentan en el
cuadro Dimensions, del cuadro Material se debera seleccionar el material (los matenales se
definieron previamente, ver parrafos anteriores) del cual esta o estara formada esa seccion
transversal. Una vez proporcionadas las dimensiones de la forma de la seccion transversal se pueden
mostrar sus propiedades geométricas (area, momentos de inercia, etc.) seleccionando la opcion
Section Properties del cuadro Properties, se¢ pueden modificar (aumentar o disminuir en cierta
proporcion) algunas de esas propiedades modificando el factor correspondiente a la propiedad que
se quiera modificar (el factor que se especifica es con respecto a la unidad) para ello habra que
seleccionar el boton Maodification Factors del cuadro Properties y modificar el contenido del
cuadro en blanco que corresponda a la propiedad que se quiere modificar.

Una vez definidas las distintas secciones de los diversos elementos estructurales habra que
indicar la seccion transversal que corresponda al o a los elementos estructurales (la forma de la
estructura va se ha generado). primero se seleccionan los elementos que tiene una misma seccion
transversal, para ello se puede utilizar algin método de seleccion de la opcion Select del mend con
el mismo nombre, enseguida seleccionar Sectiens de la opcion Frame en el mend Assign, con lo
que aparece la ventana que se muestra en la figura 4.16, por ltimo, en esa ventana se tendra que
seleccionar el nembre de la seccion (la cual se definié previamente) del cuadro Frame Sections,
despues de hacer clic en el boton OK se asigna a los elementos seleccionados las caracteristicas
especificadas en la seccion transversal seleccionada. La operacién anterior se repetira tantas veces
ComQ sea Necesario para asignar sccciones a todos los elementos que componen al modelo.

4.6 CONDICIONES DE FRONTERA, TIPOS DE APOYO
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Para especificar los tipos de apoyo o condiciones de frontera de la elastica de la estructura
primero se seleccionan aquellos nudos que tengan las mismas restricciones de desplazamiento, esto
se hace con algunas de las opciones aplicables del menu Select y después seleccionar Restraints de
la opcion Joint del mend Assign (ver figura 4.19), desplegandose 12 ventana que se muestra en la
fipura 4.20, en ella se habra de indicar el tipo de restriccion que tendrin los nudos que se han
seleccionado previamente, a menos que se modifiquen las direcciones 1, 2 y 3, corresponden a las
direcciones globales X, Y y Z respectivamente, se puede seleccionar algin tipo de apoyo particular
de uso comun haciendo clic en alguno de ellos en el cuadro Fast Restraints. La operacion anterior
se puede aplicar en repetidas ocasiones para especificar completamente todos los nudos restringidos
que tiene el modelo. --
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Fig. 4.19 Seleccion de restricciones.

Para cambiar las restricciones de algin nudo se requiere seleccionarlo y asignarle las nuevas
restricciones, si se desea que ese nudo tenga posibilidad de desplazamiento lineal y angular en todas
las direcciones habra que dejar en blanco todos los cuadros del marco Restrainsts in Local
Directions o bien hacer clic en €l icono con un punto negro del marco Fast Restraints.

instructivo prra la utilizacion del peograma AP 2000, FI UNAM F Monroy 50



Capetulo 4 - Genoracaim de I Estrectura

4.7 ASIGNACION DE FUERZAS Y COMBINACIONES

Para introducir diversos tipos de fuerza estatica al modelo, primero habra que definir
condiciones de carga estatica, para ello sc selecciona la opcion Static Load Cases del meni Define
mostrandose la ventana de la figura 4.20, en ella se puede adicionar una nueva (Add New Load),
modificar caracteristicas de una que existe (Change Load), o suprimir una condicion de carga
(Delete Load), resulta logico que al mencs se debe proporcionar una condicion de carga.

El nombre de la condicion se especifica en el cuadro en blanco debajo de Load y si se quiere
considerar el peso propio en esa condicion de carga se debe de proporcionar el valor de 1 en el
cuadro en blanco debajo de Self Weight Multiplier, una vez que se han introducido los datos
anteriores se puede seleccionar Add... para definir una nueva condicidon-de carga o bien Change...
para cambiar los datos de la condicion de carga seleccionada (con fondo oscuro) por los datos de los
cuadros en blanco. :

Para modificar el nombre y el multiplicador del peso propio ademas de introducir el nuevo
valor en los cuadros en blanco habrd que seleccionar la condicién que se quiera modificar haciendo
clic sobre ella, con lo que el fondo de la condicion selecctonada cambia a obscuro y después hacer
clic en el boton Change Load se realizan los cambios indicados ya que hasta que se ha hecho clic
en este boton quedan registrados esos cambios es decir no basta modificar el contenido de las cajas
en blanco. '

Define Static'Load Case’ Names

[ changetoad

:-:.31‘ N
i %
T

St [ oubeiens

Fig, 4.20 Definicion de condiciones de carga estatica.

Para la asignacion de fuerzas y o momentos a los inudos habra que seleccionar aquellos nudos
que tengan las misinas fuerzas y después seleccionar Forces de la opcion Joint Static Loads en el
ment Asign (ver figura 4.21)
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Fig. 4.21 Opcidn para asignar fuerzas a los nudos previamente seleccionados.

Enseguida se despliega la ventana mostrada en la figura 4.22, en ella se habra de seleccionar
del marco Load Case Name la condicion en que se incluiran las fuerzas que se estin especificando
(por omision aparece LOADI), er el cuadro correspondiente a ia direccion de la fuerza y o
momento que actuara sobre los nudos seleccionados se introduciran los valores respectivos (en el
marco Loads}, tambi€n se encuentran disponibles las opciones:

Add To Existing Loads (seleccionada por omision), la cual adicionard a las fuerzas
existentes en los nudos seleccionados las nuzvas fuerzas que se estan especificando, es
decir si los nudos ya tenian fuerzas se les adicionaran las nuevas fuerzas cuyos valores se
han introducido en los cuadros en blanco.

Replace Existing Loads permitira eliminar las fuerzas existentes en los nudos
seleccionados remplazandolas por las que se estan especificando en el marco Loads.

Delete Existing Loads suprimira las fuerzas existentes en los nudos seleccionados,
independientemente de los valores que se estan especificando en el marco Loads.
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Fig. 4.22 Especificacion de fuerzas en los nudos.

Para definir y asignar fuerzas a las barras primero se seleccionan las barras a las cuales se les
asignaran las mismas fuerzas, después se selecciona el tipo de fuerza (uniforme, concentrada,
variacion lineal, etc.) de la opcion Frame Static Loads del menu Assign (ver figura 4.23).

Por ejemplo para cargas puntuales y o uniformes en las barras se muestra la ventana de la
figura 4.24, en donde se selecciona el nombre de la condicion a donde se incluiran las fuerzas que se
estan especificando, asi como el tipo de carga (fuerza o momento) asi como ia direccion en que
actuaran y la opcion a utilizar (Add..., Replace... y Delete...}. En los cuadros en blanco del marco
Point Loads se especifica el valor de las cargas concentradas asi como la posicion de cada una de
ellas con respecto a la longitud del elemento, es dectr si el valor de Distance es 0.5 indica que la
carga esta aplicada a ta mitad del elemento, en el cuadro en blanco del marco Uniform Load se
proporciona el valor correspondiente a la carga uniforme que actuara sobre el elemento. Pueden
especificarse simultaneamente cargas concentradas y uniformes c sélo algun tipo de los anteriores.
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Fig. 4.23 Opcion para introducir fuerzas en las barras.
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Fig. 4.24 Definicion de fuerzas uniformes y/o concentradas en las barras.
Una vez que se especifican las fuerzas y se hace clic en el boton OK se ejecuta la opcion
seleccionada, en ¢l caso de que esta sea adicionar o remplazar cargas, estas se muestran con sus
caracteristicas en el area de dibujo de la pantalla.

Definidas las condiciones de carga se pueden realizar combinaciones de las anteriores, es
decir condiciones de cargas dependientes, para ello se selecciona la opcion Load Combinations del
menu Define mostrandose la ventana de la figura 4.25, con la posibilidad de adicionar, modificar y
suprimir combinaciones de carga estas opciones se muestran en el marco Combinations las
combinaciones que se tengan definidas hasta el momento
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Fig. 4.25 Ventana para especificar y modificar combinaciones.

La opcion para adicionar una nueva combinacion despliega la ventana que se muestra en la
figura 4.26, ahi se especificard el nombre, tipo y algin titulo para la combinacion. Para definir las
condiciones de carga que participaran en la combinacion que se especifica, asi como su respectivo
factor de participacion (con relacior. a la unidad, 1=100%) se selecciona el nombre y se modifica el
valor en el cuadro en blanco debajo de Scale Factor en el marco Define Combination y después se
hace clic en cualquiera de los botones Add, Modify, o Delete.

Fig. 4.26 Especificacion de las caracteristicas de una combinacior.
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Cuando se han especificado los datos de la combinacion se hace clic en el boton OK.

Una vez que se han definido combinaciones se puede modificar sus caracteristicas con la
opcion Modify/Show Combo o bien suprimir alguna combinacion con la opcion Delete Combo,
cualquiera de estas opciones se selecciona haciendo clic sobre ella en el marco Combinations. Se
pueden especificar tantas combinaciones como el problema de Anilisis lo requiera.

4.8 OPCIONES DE ANALISIS SELECCION DE RESULTADOS

Una vez que se han especificado completamente las caracteristicas geométricas, elasticas,
condiciones de frontera y 'fuerzas se esta en posibilidades de que el programa SAP2000 realice el
Analisis Estructural del modelo, sin embargo es conveniente especificar algunas opciones de
Analisis, para ello se selecciona la opcion Set Options del menil Analyze, desplegandose la ventana
que se muestra en la figura 4.27.
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Figura 4.27 Seleccion de opciones de Analisis.

En elia se pueden seleccionar las componentes de desplazamiento independientes o grados
de libertad que se consideraran para ei analisis, SAP2000 permite analizar estructuras en un espacio
tridimensional por lo que cada nudo tiene la posibilidad de desplazarse lineal y angularmente en tres
direcciones ortogonales, es decir en general posee 6 grados de libertad (a menos que se indique otra
aliernativa).
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Si la estructura esta contenida en un plano es conveniente indicar los grados de libertad que
no intervienen en el Analisis con objeto de eliminar la posibilidad de inestabilidad en direccion
perpendicular al plano de la estructura, disminuyendo ademas el tiempo de ejecucion del Analisis, lo
anterior se realiza desactivando grados de libertad en el marco Available DOFs o bien permitiendo
que el programa lo realice dependiendo del tipo de estructura que se selecciona haciendo clic en
alguno de los iconos que se muestran en el marco Fast DOFs y que corresponda con las
caracteristicas de la estructura que se vaya a analizar.

En la parte inferior de la ventana se muestran las opciones de Analisis Dinamico y efectos P-
Delta, también se pueden seleccionar resultados que han de almacenarse en el archivo de salida
(nombre.OUT), en el tltimo renglon se muestra en un cuadro en blanco el valor de la memoria
reservada para la solucion del problema, este valor debera aumentarse en caso de que no sea
suficiente cuando se muestre el mensaje correspondiente durante el proceso de Analisis

La seleccion de resultados del Analisis se puede realizar haciendo clic en el cuadro en blanco
a la izquierda de Generate Output (ver figura 4.27) y después de hacer clic en el boton Select
Output Options se muestra la ventana de la figura 4.28.
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Figura 4.28 Seleccion de combinaciones de carga y tipos de resultados a incluirse en el archivo de
salida. -
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En ella habra que indicar los resultados que se incluiran en el archivo de salida haciendo clic
en los cuadros en bianco y seleccionando para cada uno de esos resultados las condiciones de carga
de los cuales se requieren los resultados seleccionados, lo antenor se logra haciendo clic en el boton
Select/Show Loads correspondiente, con lo que se presentara una ventana mostrando las
condiciones y combinaciones de Anilisis que se han especificado para la estructura por analizar, en
esa nueva ventana se deberan seleccionar las condiciones de carga para las que se requieren los
resultados seleccionados, la condicion o combinacién de carga seleccionada se muestra con fondo
oscuro, se puede seleccionar mas de una combinacion de carga arrastrando el raton en el cuadro de
seleccion.

Es necesario que se seleccione al menos una condicion o combinacion de carga para que los

resultados se encuentren disponibles en el archivo de salida ya que de no hacerlo los resuitados no se
almacenaran (ver figura 4.28).
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5.1 ANALISIS DEL MODELO

Una vez que se han especificado las opciones de Analisis se puede solicitar la ejecucion del
mismo, seleccionando la opcion Run del meni Analyze con io que el analisis se efectia y los
resultados de esta fase se-muestran en la ventana de la figura 5.1, en su extremo derecho se observa
una barra de desplazamiento vertical que permite ver el contenido de la pantalla, al final de esta se
muestra el boton OK haciendo clic en él se despliega en la mayoria de los casos la configuracion
deformada de la estructura para la primera condicion de carga con lo que se esta en posibilidades de
tener acceso a varias opciones dei meni Display las cuales nos mostraran de manera grafica y
numeérica algunos resultados del Anélisis (desplazamientos, elementos mecanicos, etc.).

R, - —par
W BLEDIENTY SAVEL
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RISOR OF . PRAME ZLT JRVED

Figura 5.1 Ventana después de seleccionar la opcion Run del menu Analyze

3.2 VERIFICACION DE ALGUNOS ELEMENTOS DEL PROCESO DE ANALISIS

Después de que el Analisis ha concluido se generan una serie de archivos con el mismo
nombre que el archivo de datos pero con extension diferente, algunos de los que se generan y que
pueden ser de utilidad son:

El archivo nembre. LOG (ver figura 5.2), el cual contiene informacion de la fase de Analisis
(memoria disponiblc, namero de ecuaciones de equilibrio formadas, caracteristicas de la matriz de
rigideces, balance de errores relativos y diversa inforinacion de saiida).
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El archivo nombre.$2k contiene los datos de la estructura a analizar como son: geometria,
materiales, secciones, cargas, combinaciones, etc., tal y como se generaron por ejemplo mediante €]
editor grafico del programa SAP2000, se puede recurnir a este archivo en el caso de que el archivo
nombre.SDB sufra algin cambio que lo imposibilite para ser procesado por SAP2000.- -~~~

_ pruaba.LOG - WordPad - B
SAsthivn - Tdwitn-Tar 5 neenads Fodnind iAyade

PROGRAM SAP200C - VIRSION Li.10 TILE: PR 4. LOG
EDYCAT IONAL VCRYION - COMMIRCIAL USLC FROMIBITID

rLcia AN ALYY13 PHALSICL 2000/ 05/0) 14:32:40
HEMORY AVAILABLE TOR DATA (DYTT3) . 1000009 .

JOINTYT CLEMINST TORRATIOEX 14:53: 09
NUMBLR OT JOINT CLIMENTI rojgd - H

FUMBLR OF 3JPRING LLDMCNTS TOMMLD = »

TRAHELE ELLIKENT TFORKATION 14.53: a9
MPLR 0T TRAMC CLIMENTY TORMED - 14

I QU AT ION SPLVTIOXN ! 14:33: 30

TOTAL NuMBLR OF LOQVILIPRIUM LOQUVAT 10KY
APPROX THATL *LTTECTIVI® DAND WiDTH

WRIDLR O LQUATION ITORAGT BLOCKY 1
HACIMUM BLOCK 3IZE (NUMBLR OT TERMS) 143

- 0
-
-
=
JIZL OT 3ITIITEEIZ CILL (BYTLY) - 1ze
-
=
-
-

NmBLR of LOUATIORY TO JOLuE . Q

WUHBLE OF JTATIC LOAD CAJLS 5

NWBLR O ACCELIRATION LOADS 7

NMMBLR T EONL LELAR.DEFORMAT ION LOADY [ .

JoI1xT VT PVT 14:53:51
TeLeP AL TrokhcE DalL apcCl REL AT IVE LRRORDY

FLRCLAT TORCE AND HOMERT 'IRROR AT THL ORIGIN, I CLODAL CTOORDIBATLY

LOAD = re Tz .+ L2 N Nz

coxnl 7.32L-15 . 000000 . 000000 -20000D 1.10C-14 .000000

0¥ .000000 -00nago -000000 .000000 .2009000 000000

CoND 2 2.78C-13 -000000 .000000 .000000 1.1iE-14 - 99u000

CodD4 .000000 -900000 - - [-1] - 900000

LOADL $.30L-1% - 909000 7.05E-1% .0000D0 4.77C- 14 -900000
Comz HAL/HID Ix [ 4 T2 MI ny nz

coMBl 7.52L-16 . 000000 -000008 .000000 Ll.10K-14 .000000

coMD L 7.520-18 .000000 .Googo0 .002000 1.105-14 200000 g
CLIHIRT JOLIX¥T-TORCE CVUTPUT 14;: 53 81 H
WUMBLR I TRMI LLIMCLFTI JAVDD - 14
'R AMCL LLEMINT evTIPUT 14:53:352
NUMBIR OF TRAMC CLIMINTY JAUVLD = 14
AN ALY LD COMPLITTE 000/ 03/0L 14:33:32

Figura 5.2 Contenido tipico del archtvo nombre. LOG

El archivo nombre. EKO contiene una imagen o resultado del procesamiento de los datos
contenidos en el archivo nombre. SDB generado mediante el editor grafico del programa SAP2000,
este archivo (nombre. EKQO), contiene textos que indican las caracteristicas de los datos procesados
por ejemplo. hay un titulo y encabezado para las coordenadas de los nudos seguido de éstas, es
decir se despliega informacion respectiva para cada bloque de datos asi como los valores
respectivos, unicamente se incluyen en este archivo los datos procesados.

En ¢l caso de que se hayan seieccionado resuitados para ser impresos €stos se encuentran en
el archivo nombre QUT.

Es conveniente verificar aigunas caracteristicas particulares del problema que se resolvio,
por ejemplo que coincida el numerc iotal de grados de libertad que la estructura tiene con el nimero
de ccuaciones de equilibric que el programa formo y resoivio, también es conveniente verificar el
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nimero de elementos barra, placa, etc. qEisel ‘programa procesé..Desde luego es conveniente
verificar que todos los datos del problema fueron procesados por el médulo de Anilisis, para todo lo
anterior se recurre a revisar el contenido de los archivos mencionados en los parrafos anteriores,
para tener acceso al contenido de esos archivos se puede recurrir a varios programas o procesadores
de texto (por ejemplo Edit, Word Pad, Word, etc)) — '
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SELECCIONE
INTERPRETACION
DE RESULTADOS

6.1 INTRODUCCION

Una vez que el Analisis se gjecuta sin que se hayan generado errores durante el mismo y
después de hacer clic en el boton OK de la ventana que se muestra en la opcion Run del menu
Analyze, se pueden seleccionar varias opciones del meni Display que nos pertuitiran ver los
diversos resultados tanto de manera grifica como numérica, por ejemplo Show Deformed Shape
nos mostrara la configuracion deformada de la estructura para alguna condicién de carga, Show
Element Forces/Stresses nos mostrara el diagrama de elementos mecanicos, como puede verse en
la figura 6.1, se encuentran disponibles algunas otras opciones para despliegue de resultados.

“Right Chek on

21D

B Wt JE

Figura C.1 Opciones en el menu Display
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Para ello como se indico en el parrafo anterior se selecciona la opcion Show Deformed
Shape del meni Display mostrindose la ventana de la figura 6.2, en esa ventana se selecciona del
marco Load (parte superior de la ventana) la condicion de carga de la cual se quiere ver la estructura
deformada; en el marco Secaling se presentan dos opciones_ para-la escala que se utilizara al
desplegar la configuracion deformada en caso de que se seleccione Scale Factor se presentara’el
factor de escala que se utilizara para tal fin, este factor mostrado en la caja en blanco puede ser
modificado por el usuario, otras dos opciones se encuentran en el extremo inferior izquierdo de esa
ventana, la primera de ellas es decir Wire Shadow mostrara ademas de la configuracion deformada
la no deformada, la ultima opcion que es Cubic Curve, en caso de estar activada mostrara la
configuracion deformada ajustando una curva a esa configuracion, en caso contraria.solo se dlbUJara
la configuracion deformada con lineas rectas.

Figura 6.2 Seleccioa de parametros para despliegue de la configuracion deformada.

Una vez mostrada la configuracion deformada de la estructura se puede seleccionar algun
nudo (p. ej. haciendo clic izquierdo) y después hacer clic derecho en el nudo seleccionado con lo
cual se presentara una ventana conteniendo ei valor de los desplazamientos de ese nudo (ver figura
6.3) '
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Figura 6.3 Valores del desplazamiento de un nudo seleccionado.

6.3 VER LOS DIAGRAMAS DE ELEMENTOS MECANICOS

Como se ha mencionado, SAP2000 permite mostrar graficamente los valores de algun -
elemento mecanico para determinada condicion de carga, para ello se selecciona Frames de la
opcion Show Element Forces/Stresses en el menu Display presentando la ventana de la figura 6.4.

En el marco Load se selecciona la condicion de carga y en Component se selecciona el tipo
de elemento mecanico, las opciones en el marco Scaling producen el mismo efecto al caso de la
configuracion deformada, las opciones que se encuentran al finai de la veniana nos permiten
seleccionar si se desea un diagrama “ileno” y sin desplieguc de valores del elemento mecanico o con
valores en el diagrama
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Figura 6.4 Seleccion de parametros para despliegue de diagramas de elementos mecanicos.

Una vez mostrado el diagrama se puede seleccionar algun elemento barra haciendo clic sobre
el y después de hacer clic derecho sobre el mismo se presenta una ventana mostrando e! diagrama
del elemento seleccionado, asi como el valor del elemento mecanico en una seccion transversal
situada a la distancia que se muestra en ¢l cuadro en blanco (ver figura 6.5), desplazando el puntero
del ratén a lo largo def eje del eiemento dentro de la ventana desplegada se muestra tanto la posicion
de la seccidn transversal como el valor respectivo del elemento mecanico, el contenido del cuadro
puede ser modificado por el usuario cesplegandose instantaneamente el valor del elemento mecanico
que corresponda a la seccion cuya posicion se especifico en el cuadro en blanco.
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Figura 6,5 Diagrama de un elemento mecanico de una barra seleccionada.

6.4 VER LOS RESULTADOS DE DISENO

Algunas opciones de disefio se encuentran disponibles en el menu Design una vez realizado
el Analisis se pueden tener acceso a ellas.

Como primer paso se seleccionara el tipo de disefio y caracteristicas a utilizar, por ejemplo
en el.caso de disefio de concreto se tendran que especificar algunas caracteristicas de refuerzo lo
cual se debera de hacer en Modify/Show Section de la opcion Define Frame Sections en el menu
Define, seleccionando en la ventana que se despliega el boton Reinforcement para enseguida
especificar el tipo de elemento (columna o viga), ia configuracion de! refuerzo y las caracteristicas
de éste (ver figura 6.6)
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Figura 6.6 Caracteristicas para disefio de un elemento.

Como segundo paso se debera especificar las combinaciones de carga que se utilizaran para
verificar el diseno activando la que se quiera para ser usada en el disefio, esto se puede hacer en Add
o Modify/Show Combo en la opcion Load Combinations del mena Define (ver figura 6.7).
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Figura 6.7 Especificacion de combinaciones de carga para disefio.

Una vez realizado el Analisis, como tercer paso se seleccionaran las combinaciones de
disefio para ello utiliza la opcion Select Design Combos del mend Design (ver figura 6.8).
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Figura 6.8 Algunas opciones del menu Design.
Como cuarto paso se seleccionai la opcion Start Design... del menG Design (ver figura 6.8)

con lo que se desplegaran algunos resultados del disefio, seleccionado una barra y después de hacer
clic derecho sobre la misma se muestra una ventana similar a la de la figura 6.9.
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Figura 6.9 Resultados de disefio de un elemento seleccionado.

De ella se puede seleccionar el botdn Details mostrandose informacion mas detallada acerca
de las caracteristicas de disefio del elemento, se puede mostrar informacion diversa de la ventana
arrastrando el mouse (botédn izquierdo hacia alguna zona especifica de la ventana, ver figura 6.10)
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Figura 6.10 Detalle de los resultados de disefio de un elemento seleccionado.

6.4 OTRAS CARACTERISTICAS

El despliegue de reacciones puede ser seleccionado mediante Joints de la opcion Show
Element... del ment Display mostrandose la ventana de la figura 6.11, en donde se podra
seleccionar la condicion de carga, después de hacer clic en OK se muestran las reacciones

comrespondientes a la condicion de carga seleccionada (ver figura 6.11).
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_ Figura 6.11 Ventana para la seleccion de reacciones.

Estan disponibles en el men Display algunas otras caracteristicas relacionadas con el
Analisis Dinamico como el dibujo de formas modales, espectros de respuesta y andlisis de la
respuesta en el tiempo y otras mas.

Los resultados del Analisis se pueden almacenar en un archivo a manera de tablas para ello
se selecciona la opcion Set Qutput Table Mode del menu Display mostrandose una ventana en
donde se seleccionaran las condiciones de carga de los resultados que se incluiran, después de hacer
clic en el boton OK se pasa a una ventana con de titulo Analysis Qutput Tables (ver figura 6.12)
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Figura 6.12 Seleccion de condiciones y para la generacion de resultados en forma tabular.
En esa ventana se podra seleccionar algin nudo o elemento después de hacer clic derecho en

un nudo seleccionado, se desplegara una ventana conteniendo tanto los desplazamientos como las
reacciones del nudo para las condiciones de carga seleccicnadas (ver figura 6.13).
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Figura 6.13 Ventana de resultados de un nudo seleccionado.

Si el elemento sobre el que se hace clic es una barra entonces la ventana que se despliega
contiene los efementos mecaniccs de las condiciones de carga seleccionadas (ver figura 6.14).
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Figura 6.14 Ventana de resultados de una barra seleccionada

Tanto en la ventana de resultados de nudos como de barras en el extremo superior izquierdo
de esta se encuentra la opcion File, que permite el aimacenamiento de los resultados contenidos en
la tabla mostrada en un arciuvo, para ello después de hace clic en File, habra que proporcionar en el
cuadro en blanco el nombre del archivo y hacer clic en el boton guardar (ver figura 6.15).
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Instiuctive para la ublizacedts del peogeana SAP 2000 Fi UNAM

F Monroy

717




. oo a m e ER TR T e e

OPCIONES . R .. CAPITULO
- - ADICIONALES § 7

7.1 INTRODUCCION

SAP2000 posee varias caracteristicas, con algunas de ellas se pueden modelar por ejemplo
muros y losas mediante elementos Shell, las opciones abarcan desde la definicion de materiales
dibujo de elementos, definicidn de caracteristicas geométricas del elemento (Shell Sections) asi
como la asignacion de las caracteristicas anteriores ademas de las fuerzas (uniformes, presion, etc.) a
este tipo de elementos. La estructura y secuencia es muy parecida a la utilizada para los elementos
barra, se recomienda consultar la ayuda en linea, los temas relacionados en los manuales o bien ver
los ejemplos en la carpeta de ejemplos o en el disco.

En cuanto al elemento finito solido; este no se puede generar utilizando el editor grafico de la
version estudiantil (version 6.1 0 6 13), por lo que su definicién y demas caracteristicas se tendran
que realizar mediante una serie de instrucciones que se adicionaran al archivo de datos mediante un
editor, la misma recomendacion hecha en el parrafo anterior es aplicable a este caso.

Una gran variedad de opciones para Analisis Dinamico esta incluida en el programa
SAP2000, para usar alguna de ellas se recomienda consultar los ejemplos que acompaiian al
presente instructivo o que se encusntran en el diskete, o bien los que se encuentran en el manual
respectivo

También existe la posibilidad de Anélisis de estructuras de puentes obteniendo mediante el
programa por ejemplo: lineas de influencia, envolventes de elementos mecanicos, etc, lo anterior
para varias condictones de carga incluyendo uno o varios carriles con cargas vehiculares tipo o
definidas por el usuario, la recomendacion del parrafo anterior es igualmente aplicable.

Se recomienda consultar al autor ya que se encuentra en proceso un instructivo similar al
presente para los fines mencionados en los parrafos anteriores.

7.2 VER EL ARCHIVO DE ENTRADA

Durante una sesion con el programa SAP2000 las opciones Save y Save as del menu File
permiten almacenar en un archivo con extension SDB los datos de la estructura que se han
introducido, al archivo asi creado sélo se podra acceder (para fines de este programa) mediante la
opcion Open del mismo mend, sin embargo los datos pueden ser almacenados en un archivo que
pueda modificarse y ser reconocido por el programa SAP2000 para ello se selecciona
SAP2000.82K de la opcion Export ¢n el niead File (ver figura 7.1).
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Figura 7.1 Almacenamiento de datos para poder realizar cambios al archivo.

El archivo extension S2K puede ser modificado con la ayuda de algin editor (por ejemplo
Edit, WordPad, etc.), el archivo resultante de la modificacion debera ser almacenado sin ninglin
caracter de control especial que se almacene en el mismo archivo, y con la misma extension, si se
usan algunos editores o procesadores de palabras se debera tener especial cuidado de lo anterior, en
caso de uso de esos procesadores se recomienda hacer varias copias de respaldo con objeto de no
perder los cambios ‘efectuados. T

Una vez realizados los cambios, el contenido del archivo extension S2K modificado podra
ser procesado por SAP2000, para elio se selecciona SAP2000.S2K de la opcion Import en el menu
File, para ambas opciones (Export e Import) sera neceszario proporcionar el nombre del archivo en
¢l cuadro en blanco correspondiente de ia ventana como la que se muestra en la figura 7.2.
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Figura 7.2 Ventana en la opcidon Export SAP2000.S2K.

7.3 VER EL ARCHIVO DE SALIDA

El contenido del archivo de resultados nombre. OUT indicado mediante Generate Qutput en
la opcion Analysis Options del meni Analyze se genera después de ejecutar la opcion Run del
menu del mismo nombre, el archivo asi generado puede ser consultado mediante cualquier editor o
procesador de palabras e inclusive por algunas hojas de calculo, para ello se seleccionara la opcion
abrir (Load u Open) dei programa que se vaya a utilizar con ese fin y especificar el nombre del
archivo desde luego con extension QUT (ver figura 7.3).
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Figura 7.3 Acceso al archivo nombre.OUT mediante el programa WordPad.

7.4 RELACION CON AUTOCAD

La geometria de la estructura puede ser generada por AutoCAD realizando el dibujo de las
barras (lincas) en una capa (Layer) de nombre Sap_frames (ver figura 7.4).

La geometria asi generada se debera exportar a un archivo extensidn dxf como se muestra en
ta figura 7.5
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Para recuperar la informacion de un archivo dxf, se selecciona .dxf de la opcion Import en
el menu File ( ver figura 7.6).
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Figura 7.6 Importando datos de un archivo .dxf{.

Desplegandose enseguida la ventana que se muestra en la figura 7.7, en donde se debera
especificar el nombre del archivo cuya extension es dxf después de hacer clic en abrir se seleccionan
de la ventana que se muestra en la figura 7.8 la direccion global y las unidades
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Capatulo & Ejemplos e interpretacion de Resstados

EJEMPLOSE
INTERPRETACION
DE RESULTADOS

8.1 INTRODUCCION

Durante la imparticion del curso para uso y manejo del programa SAP2000 tanto en la
Division de Ingenieria Civil, Topografica y Geodésica como en la Division de Educacién Continta
de la Facultad de Ingenieria de la UNAM, se han desarrollado varios ejemplos tipicos para el
analisis de formas estructurales comunes (vigas continuas, marcos, armaduras, etc.) permitiendo al
asisten.e practicar el uso de los comandos basicos tratados en los capitulos anteriores asi como de
algunos otros que no se han descrito o mencionado en este instructivo, por lo que seria conveniente
que el lector interesado tuviera la oportunidad de asistir a alguno de esos cursos con objeto de
despejar algunas dudas, desarroliar una mejor habilidad en el manejo del programa y adquirir una
mejor comprension de algunas de las opciones de Analisis asi como de sus ventajas y limitaciones,

A continuacion se presentan los listados (datos, resultados numéricos y graficas) de algunos’
de fos ejemplos que se han desarroliado durante los cursos que ha impartido el autor, los datos y
resultados de otros mas (incluyendo los que se listan a continuacion) se encuentran en el disco que
acompeaila al presente instructivo, se sugiere que el interesado los consulte ya sea directamente
(mediante algun editor) o procese los archivos de datos a través del programa SAP2000.
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COMENTARIOS
FINALES

9.1 COMENTARIOS FINALES

Después de dar una primera vision hasta cierto punto con poca profundidad en algunos

aspectos ya que se pretende que el presente instructivo inicie al lector interesado de una manera
clara, rapida y sencilla en el uso de SAP2000 pero a su vez lo motive para que explore y profundice
en otras opciones que estan disponibles en el programa, los comentarios finales tienen por objeto
eliminar algunas posibilidades de ertcr en los datos proporcionados al programa asi como mejorar la
interpretacion de resultados, estos son: '

Verificar la geometria y caracteristicas de los matenales, para ello se sugiere almacenar
los datos en un archivo con extension 82K y revisarlos con algun editor con objeto de
detectar posibles errores en las caractenstlcas de los materiales y dimensiones de los
elementos.

Verificar las condiciones y combinaciones de carga bajo las cuales se realizara el
analisis del modelo, lo anterior con objeto de detectar pesibles omisiones o duplicidad
de cargas (por ejemplo peso propio).

Verificar los grados de libertad y las condiciones de apoyo o restriccion de los nudos
especificados en el archivo de datos los cuales deberan ser acordes con el niimero de
ecuaciones que se forman y resuelven.

Una vez realizado el Analisis se deberan de verificar ¢ interpretar los resultados, el
equilibrio se debera satisfacer en todo momento, se recomienda que manualmente se
verifique este, por lo menos de manera global (suma de fuerzas externas y reacciones),
sin .embargo no esta por demas verificar el equiltbno de algunos elementos de la
estructura de manera aislada (nudos y barras), por ejemplo verificando el equitibrio de
algun entrepiso (suma de cortantes en las columnas de entrepiso con el cortante externo
en la misma direccion)

Se debera verificar la forma de los diagramas de elementos mecanicos la cual tendrd
que corresponder con el tipo de cargas, por ejemplo, si en una barra existe carga
uniforme el diagrama de cortantes debera presentar variacion lineal y el de momentos
variacton parabolica.

La configuracion deformada que la estructura presente para alguna condicién de carga
debera ser consistente con las condiciones de apoyo del modeio analizado asi como con
las caracteristicas de las fuerzas contenidas en esa condicion.
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Capetuio 9 - | Comentanos Fris

- Cuando sea posible se tratara de relacionar los resultados obtenidos con el programa
con los que resulten de la aplicacion de algin método aproximado, por ejemplo para
cargas laterales en un marco se puede utilizar alguno de los métodos aproximados como
el del factor o el de Bowman. —

'nstrucuva pars a uth?acion del programia SAP 1000 F Mowoy
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DISCLAIMER

CONSIDERABLE TIME, EFFORT AND #XPENSE HAVE GONE INTO THE
DLVED OPMENT ANTD DOCUMENTATION OF SAP2000 THE PROGRAM HAS

BEEN THORGUGHLY TESTED AND USED. IN USING THE PROGRAM,

HOWEVER, THE USER ACCEPTS AND UNDERSTANDS THAT NO WARRANTY
Iv ENPRESSED OR IMPLIED BY THE DEVEIOPERS OR THE DISTRIBUTORS
ONTTHE ACCURACY OR THE RELIABILITY OF THE PROGRAM,

FHE USER MUST EXPLICITLY UNDERSTAND THE ASSUMP-TIONS OF THE,‘;
PROGEAM AND MUST INDEPENDENTLY VERITY THE RESULTS. i
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Ldue b geometna de 1z malla ¥ presione o) botdn OF para cerrar la plantilla

Sugcrencia Firghzoda la edicidn de la malla, se puede hacer click con el
butdn derecho del mouse sobre las columnas para verificar si éstas
trenen la longitud apropiadc Esta es una manera muy practica de
obtener informacidn sobre cualgrier nudo o elemento de ln
estruciurg,

Edicién de Apoyos

El signicnte paso es el cambio de los apoyos de 1a estructura de la opcidn por defecto que
corresponie a nudos artieulados, a la opeian de nudos rigidos que tenemaos en gsic caso,

38

]

Seleccione el icono Pointer Tool de i barra de herramientas Notante.

Muarque un drea recrangular que abary e los Ues nudos eax La base de la estruciura.

Sugerencia: Se puede observar la barro de estado pare ver el niimero y
tipo de elerientos que han sido seleccionados

Selecctone el icono Assign Joint Restralnts de la barra de herramientas flotante para
asignar empotramienic cn los apoyos de la estructura Sc pucden asignar también ouas
caracteristicas de los nudos desde el m2nd Assign.

Definicion de Ia Seccidn Transversal de los Elementos

ra

S:lewaicae pnmeramente todas 14s secciones transversales que van a emplearse en el p'dru'co
Desde € mend Define seleccione la opzidn Frame Sections Lucgo impornie los perfiles de
2cerg moswados en la Figura -1

Nota: Se puede seleccioner mds de una secclén e la ver de la lista Section
Selection. Para ello presions la tecla Ctrl mientras se efectiia la
seleccidn.

Bajo 1 mend Select mncontrard varias formas de seleccionar nudos y elementos. Pama este
problema son Gtiles Tos modos de seleccida PointerAYindow e Intersecting Line.

Una vez seleccionados Yos elementos del pértico deseados, se podrdn asignar las secciones de
acero corespaondientes a través del botdn Assipn Frame Sections que estd ubicado en la bama
de herramienias flotante

4 SAP2000 Gula de Aprendizap

Asignacion de Cargas
Define Static Load Case Names

Sel'Waight
Tyne Mulpher

s~ A

OLAr E

Figura 1-2 Plantilla con lcs nombres de las condiciones de carga estitica

I Elprimer pasoal ingresar 1as carpas es definir !as condiciones de carga estdtica,
Para ello ingrese al meni Define y seleccione fa opcidn Static Load Cases

¢ DEAD puede usarse para las cargas verticales por peso propio de las vigas,
manteniendo el indicador Self Weight Multiplier con ¢l valor 1, SAP2000 agregard
el peso propio de las vigas

2. Defina una condicidn de carga lateral estética llamada EQ para Ja carga de sismo.
Asigne esta carga lateral como una carga del tipo QUAKE. Esto permitird a)
programa efectuar automiticamente las combinaciones de carga 2 ser empleadas por
¢l médulo de disefio del SAP2000. Ademds asigne al pardmetro Self Welght
Multipller ¢l valor cero.

3. Las cargas verticales mostradas en la Figura -1 pueden asignarse a las vigas
seleccionando todas las vigas utilizando ¢ botdn Assign Frame Span Loads de la
barra de herramientas flotante.

4. Las cargas Jaterales estdticas necesitan ingresarse seleccionando individualments
cada nudo y empleanda ¢l botén Assign Joint Loads .

Imponante: Asegirese de que esté afadiends las cargas a la condicién de
carga correspondiente.’

SAP2000 Guia de Aprendizaje



Ejempio | Fdntico Bidimensional con Cargs Esdtica

Creacion de Diafragmas de Pico

Crear diafragmas de piso y espearficar la maa del piso s6lo en la diroecidn X son téenicas
comuinmente usadas para reducir el tamaiio de! problema Por otro lado, al afiadir diafragmas el
comportamiento del moedelo w2 asemeja af de un edificio con diafragmas rpydos.

I Repua los s1guienies pasos para cada piso
¢ Sceleccione todos Jos nudos del piso
*  Entre al meni Assign y seleccione la opeién Jolnt ... Constralnts.
¢+ Seleccione Add Diaphragm del la cija de oi:)cioncs.

+ Enlsplanulla Diaphragm Consiralnt ingrese un nombre para ¢l diafragma del
primer piso En este caso usaremos el nombre DIATL,

¢+ Sciccmione 1a opeidn Z-axds constraint. Ecta opcidn define un diafragma
perpendicular al eje-Z.

+ Presione el botén OK
s Presione ¢l botén GK para finalizar l1 operacién,

*  Repua estos pasos para los demds pisus usando diferentes nombres #n cada uno

2 La masa de tocos los pisos &s la misma Luego seleccione un nude en cada piso.

tad

Cambic las unidades en que se van a ingresac los datos & Kip-in, puesto que la masa indicada
en la Figura 1-1 estd dada en esas unidades,

4 Del menu Assign seleccione la opeidn Joint -.. Masses

¢ Ingrese la masa de cada piso en la direccadn del eje coordenado local 1 (que en éste
caso coincide con Ja direccidn ded Eje Global X ).

s Todos los demds valores son cero

5§ Retorue las unidades a Kip-fi,

Propiedades de los Materiales

For dlimo, antes de efecruar ¢t andbsis de la estructura, deberemnos verificar que la asignacidn de las
propiedades de les marcriales es la corecta

1. Desde el mend Define seleccione kLt opeiér, Materfals.

2 Enlaplanilla Materals seleccione STEEL y presione el botén MODIFY/SHOW
MATERIAL

6 SAPD00 Gula ds Aprendizaje
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Ejemplo | Périco Bidimensional con Cargs Extdtica

« Enla plantilla Materlal Property Data verifique que las propiedades del material
sean las correctas Recuerde que los valores son reportados en las unidades con las
que sc este trabajando en este momento

Efectuando el Analisis

Una vez que los datos han sido ingresados, es tiempo para correr el modelo y revisar los resultados,

1. Grabe el modelo.

2. Especifique los pardmerros para ¢l andlisis seleccionando la opcidn Analyze del mend
Set Options

+ Enla plantilla Analysis Optlons seleccione Plane Frame Analysls para reducir ¢l
tamaiia del problema ¥ por tanto reducis el tiempo de cdlculo.

¢ Presione el botdn OK para aceptar los cambios realizadas.

3. Scleccione la opeién Run del mend Analyze para proceder al andlisis la estructura.

Nota: Una vez concluido el andlicis Ud, podrd revisar los resuliados
completas en la pantalla antes de presionar el botén OK. Esta serd tu
primera verificacidn para ver si existe clgiin problema en el modelo.

Usando los Resultados

Verificacién de los Resullados

Una vez que se ha analizado el modelo se debe venficar s los resultados son comrectos v que sus
valeres son del arden y magnitud a los esperados.

Verificacién del Modelo:

1. Verifique que el cortante total en |a base es igual a |a carga lateral 1otal para la condicién
de carga EQ.

*  Seleccione e grupo de elementos del pértico que estdn ubicados en el primer nivel
asi como los nudos en |a base de {a estructura.

¢ Desde el mend Asslgn seleccione Group Names.

*  Asigne a estc grupo de elementos un nombre representativo por ejemplo BASE
SHEAR i

»  Seleccione ¢l botén ADD NEW GROUP NAME y presione el botén OK. 7.

+ En ¢l mend Display seleccione la opcidn Show Group Joint Force Sums y elija ¢l
grupo previamente creado.

SAP2000 Gufa de Aprendinaje 7



Ejemplo | Péruco Bidimensional con Carga Estitica

2 Observe la deformada de la estructura y cree una animacién de la musma bajo cargas
serticales y laterales para asegrwarse de que el comportamiento del modelo ¢s ¢l esperado.

Ingrese al mend Display y seleccione Show Deformed Shape y seleccione |2
condicién de cazga en Ja que este interesade. También seteccione la opeidn Wire
Shadow, asi podri ver la geometria no-deformada de la estructura al mismo tiempo.
Vealas Figuras 1-3 y 1-4 para las formas deformadas de la estructura, Haga clich
con el botdn derecho del mouse sobre coalquier nedo para observar los
desplazanuenios y rotaciones correspondientes,

Genere una antmacién de la deformada presionando el botén START ANIMATION
ubicado en la parte inferior de |a barra de estado (Para esto se necesita que se
encucnlre activa una venlana contenicndo la deformada de la estructura), La
animacidn asf creada puede salvarse como una archive * AVI para verse después
desde el mend File. (Vea la Ayuda En-linea bajo ¢l flem “Export an AV file".} ! ,F
f

Intente esto ; Presione los botones + y - ubicados junto al botdn Animate
yvealo que le sucede a la deformada de le estructura,

Presione el botén STOP ANIMATION cuando haya terminade de observar la
animacién.

5 Tos procedunier(os antes descrilos muesoan que 1a informacidn ingresada sparenta ser corecta,
podemos cnionees avanzar hacia procedimientos rnds avanzados de revisién de los resultados,

8 SAP0C0 Gula de Aprenditaje

Ejemplo | Pértico Bidimensicnal con Carga Estdtica
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Figura 1- Delormada de [a Estructura pars Cergas

Figure 14 Deformada de ts Estructura pars Cargas
Verticzles Laterates

Comportamlento Estructural

En muchas ocasiones se deses verificar si la estructira se encusnin dentro de determinados Limites

de comportamiento, tales como ranges de esfuerzo especificados por algin cédigo de disedo.
SAP2000 hace todas estas verificaciones automiticamente cuando los elementos son disefiados.

(Las opci
ejemplas)

ones de disefio del SAP2000 sardn discutidas con mayor detalle en los siguienies

1. Los elementos estructurales pueden disefarse desde ol mend Design y seleccionandola
opcidn Start Destgn/Check of Structure.

Los etementos del pértico mostrardn en este momento colores que representan el
nivel del esfuerzo en cada elemento. Asimismo en la pante inferior de cada clemento
se mucstra un valor numérico representative del nivel de esfuerzo presente en el
elemento. Un valor 1 por ejemnplo significa 100% esforzado.

SAF2000 Guls de Apreadinje 9



Ejemplo | Péetico Bidimenslonal con Carga Esltlca

e Paratener mds informacitn sobre el diseiio de los elementos entre al mend Design y
seleccione la opeién Display Design Info.

Se puede taminén ver la informacitn del disef.o de cada elemento, o inclusive asignar
secciones transversales altemativas, haciendo click con el botdn derecho del mouse sobre un
elemento

*  De1d ventana que se muestre se pucde seleccionar el botén DETAILS para apreciar
nformacidn detallada de la seccidn bajo cada una de las combinaciones de carga
empleadas en el disefio.

¢ También se pucde rediseiiar ¢l elemento después de cambiar sus pardmetros de
disefa, longitud efectiva, facior K o propiedades a la seccidn, presionando ct
botén REDESIGN.

Si se ha seleccionado una nueva seccitn la cunl se quiere utilizar en el disefio final de 1a
estructura, dnicamenie ingrese al mend Design y seleccione la opcidn Update Analysis
Sections para reanalizar la estructura con las nuevas secciones seleccionadas.

Nota: Puede ser necesario el uso del botén Refresh Window de la barra de
kerramientas para actualizar In informacién en la ventana activa
luego de haber efectuadu cambins en los pardmetros de diseiio

Observando e Imprimiendo Resultados

LI%]

=]

A menudo s¢ necesita disponer de una copia impresa de los resuliados de Jos andlisis obtenidos con
¢l SAP2000 Existen diferentes formas de obtenerlos:

Se pueden elegir los resultados que nos interesan con la opeidn Generate Output ubicada en
la ptantilla Analysls Options, El bot6n Select Output Optlons que aparece permitird
scleccionar cuantos y cuales de los resultados queremos imprimir  Estos resultados son

escritos en un archivo de teato con el mismo nombre de nuestro archivo de datos, pero con la
extension * QUT.

Los datos ingresados asf como la mayor pane de los resultados generados también pueden
verse 2 pariir del ment Display .

[esde ¢l mena Flle se pued: oplar por imprimir ya sea Grdficos , Tablas con los Datos
Ingresados 6 Tablas con los Resultados del Andlisis y Diseiio de elementos.

Sugerencia: Si existens elementos 6 nudos seleccionados ol momento de
generar la impresién de resultados, dnicamente se imprimird la
irformocidn correspondiente a dichos elementos. De lo contrario, la
impresidn se penerard para todos los elementos y nudos del modelo,

E! andlisis efectuado por el SAP2000 genera fdos archivos de salida. El archivo filename EKO
que incluye toda la informacién empleada en ¢l andlisis: y el archivo filenanie OUT, que

SAIM0D00 Gula de Aprend: zaje

Ejemplo 1 Péetico Bidimensional con Carga Estitica

contiene los resultados del andlisis as{como los resultados especfﬁcamcme lelwdonados en
¢l mend Analyze ...Set Options, C

Recuerde: Es un buen hdbito generar la salida pnmmxmem aun -
archivo de texto antes de enviarlo directamente a la impresora, Esto |
nos permite revisar previament: la informacidn usando cualquier
editor de textos, sin tener que hacer frente a enormes pilas de papel

Comentarios Finales

Comoa habré pedrdo abservar, SAP2000 ¢s una podercsa herramienta para el andlisis esucnoral que
puede usarse en una gran variedad de problemas Sin embargo, s muy impoctante entender los
principios de ingenieria sobre los cuales este programa ha sido creado,

La mayorfa de los trabajos en ingenieria s¢ inician con sencitlos anteproyectos para posteriorments
madurar en complejos proyectos de andlisis/diserio. Esto hace que sea muy importante decidir desde
un inicio las heramientas apropiadas de forma tal que no sea necesario cambiar de peogramas a I
mitad de un proyecto SAP2000 trata de satisfacer la mayor pante de tas necesidades que un
disefiador puede tener durante ¢f desarrollo de un proyecto.

Las caracteristicas que SAP2000 ofrece en el proceso de disefio incluyen:

» La capacidad de disefiar pequedics & grandes proyectos sin necesidad de aprender a usar un
nUEvE programa

¢ Lacapacidad de disehar efementos de concreto y acere en un mismo programa.

* Algoritmos de cdleulo répides que permiten al usuario dedicar mayor Bermnpo en la modelacion
del problema y optimizacién del disefio de elernentos estructurales.

* Lahabilidad para modificar y mejorar el disdio ficilmente.

s Existen probablemente tantas formas de modelar una estuctura como ingenieros existen. Sin
embargo, puede encontrar driles algunas de las siguientes ideas ;

* Comience con un modelo bdsico de la estructura y trate de entenderlo antes de afadir mds
detalles Serd mis sencillo corregir problemas en el sistema estructural adoptade cuzndo el
modele es ain simple

*  Asepiirese de que la estructura pueda construirse y que s¢ comportard en la manera en que la
hemos modelado Si no puede ser conswruida en esa forma, es necesario entender el cl‘u:m det
proceso constructivo ¢n ¢l componamiento final de 1a eswuctura.

¢ Documente detalladamente su discfio incluyendo informacién sobre las considersciones
asumidas, dreas que deban revisarse e incluso sotxe informacitn que atn es requerida, Pare elio
use ¢l editor de textos User Comments and Session Log que sc encuentra dentro ‘del mend
File. Este editor de teatos incorporado en ¢l programa, le permitied que dichas anctaciones y
comentarics formen parte del modelo.

SAF2000 Guis de Aptencimie 11



. Ejemplo | Pdrtico Bidimentional con Carga Estitica ) .

+  Experimente con sislemas estruchurales ahiernativos. SAP2000 ha sido disefiado para efectuar
cdleulos munéricos rpidamente, permitieno wiilizar mayoe Gempo en el mejorumiento de
nucsts o5 disefios

*  Asicoao hay un Hempo asignado para la reasidn general al final de un royecto, no hay razéa
por la que no deba haber un iempo pam revisar el proyecto desde sus inicios

12 SAF2000 Gula de Aprendizsie 1

EJEMPLO 2

Pértico Bidimensional con
Carga de un Espectro de Respuesta

Descripcion

Este ejemplo es una continuacidn del Ejemplo 1. En esta seccitn mostraremos como incorporer un
Espectro de Respuesta en ¢l andlisis de un pdrtico bidimensional. La base para definir ¢l Espectro de
Respuesta serd el espectro del cadigo UBC9452 e} cual esta incluido en el SAP2000,

Aspectos Significativos del Modelo y del SAP2000

¢  Uso del comando Help para obtener instrucciones sobwe las opeiones del SAP2000,
* Incarparacitn de una carga provenients de un Espectro de Respucsta..
s Adecuar la escala d21 Espectro de Respuesta pers su uso en el diseio,

SAP2000 Gula de Apreadizafa 11



Ejempla 7 PPorttco Hidimensional con cargy de un Lipeciro de Respuesta

Definiendo el Espectro de Respuesta

Un Especyo de Respuesta es 1a mdxima respiesta de un sisterma excitado en su base por wna
funcién aceleracidn-iempo. Esta funcidn se ¢xjresa en témines de la frecuencia nanual de [a
estructura y del amartiguamiento del sistema |l Espectro de Respuesta del cédigo UBC9452 que
vamos a emplear en este ejemplo es suministrado con SAP2000 y no es necesario definirlo por
scparado 51 bubiess |a necesidad de delinir un Espectro de Respuesta distinto, se puede usar la
avuda en Enea para obtener instrucciones que inthean paso a paso coma efectuar esia tarea.

Ayuda En-linea

Recucerde: Podrd utilitar alguno de los métodos siguizntes para obtener
wnformacion sobre cualquiera ae las funciones del SAP2000

1 Del meni Help seleceione Search for Help on. o

2 Cun el plantlia Index scleccionada:

e Enel Area | escriba 'Define . Ud. vera en ¢l Area 2 una lista de todos los tépicos
disponibles que comiencen con la palabra ‘define’. Uno de esos tépicos es "Define
Response Spectrum Functions', que ¢s el tdpico del cual necesitamos obtener ayuda.
ilaga deble click en la linea can la frase *Define Response Spectrum Functions'
para que ¢l programa muestre la informacidn comrespondiente,

3 Aliemativamente, seleccione el indicador 1-ind para buscar una palabra clave en cualesquiera
de los 16picos disponibles en la Ayuda En-linea.

*  Siesla primera vez que usa la opcion Find de 1a Ayuda En-linea del SAP2000,
aparecerd una plantilla denominada Vind Setup Wizard,

¢ Presione el botdn NEXT para aceptar el eriterio para construir Ja base de datos de
busqueda,

¢ Presione el botdn FINISH para construir 1a base de datos.
¢ Enel Area | escriba 'Response Specirum’

* Enel Area 3 encontrard nuevamente la opcidn ‘Define Response Spectrum
Funcuens' la cual puede seleccionar-c para obrtener 12 informacidn de ayuda
correspondiente. .

Notw Se puede encontrar mayor informacidn sobre el uto de la Ayuda
En-linea, en la documentacidn ¢ Windows, También puede ejecutar
elarchivo WINHELP32. HHLP ubicado en CAWINDOWS\HELP,

Definiendo d Espectro de Respuesta

I Siel modela esta protegido {locked), use el botén Lock/Undock Model para remover la
proteccidn y poder efectuar cambios en ¢l modelo

t4 SAP2000 Gula de Aprend:zaje

Ejemplo 2 Pértico Bidimensional can carga deun Espectro de Respuesta

2
3
4.
5

Ajuste las unidades a Kip-ft. ..
Ingrese al mend Define y scleccione Ja opeidn Response S'pecm:m Case. -
Presione el botdn ADD NEW SPECTRA en la plantilla Response Spectra
En la plantilla Response $pectrum Case Data:

*  Especifique e emortiguamiento asociado al Espectro de Respuesta colocando en la
casilla Damping cl valor, para nuestro caso: 0.05 (5 %)

s Seleccione UBC9452 para la direccitn U1, asf como un factor de escala 32.28/sec?
en la casilta Scale Factor. Este factor de escala es usado por ¢l Especmo de
Respucsta debido a que et espectro UBC9452 esia normalizado al valor de la
aceleracién de la gravedad g .

¢  Elresto de Jos valores por defecto son aceptables.

o Presione ¢l botén OK para aceptar los cambios hechos en 'arnba.! plantillas.

Efectuando el Analisis

Una vez que se han realizado las modificaciones, ¢s tiempo de analizar el models y echar una
mirada a los resultados del Espectro de Respuesta.

1.
2.

Grabe ¢l mudelo,
En el mend Analyze seleccione la opcién Set Options.
¢ Marque lacasilla Dynamic Analysls,

¢ Presione el botdn SET DYNAMIC PARAMETERS y modifique el ndmero de
modos de vibracién a ser considerados en el andlisis en la opcién Number of
Modes. Para nuestro caso 7, El resto de valores por defecto son aceptables.

*  Presione ¢l botén GK en ambas plantillas para aceptar los cambios,

Nota: ¥e debe decidir cuantos modos de vibracidn deben considerarse en
el andlisis para obtener resultados adecuados. Para ello hay muchos
criterios q tomar en cuenta, pero para und esfruciura sencilla como
la que estamos analivando puede considerarse satisfactorio un
nuniero de modos igual al numero de pisos.

Seleccione la opcién Run Minimized del mend Analyze para analizar la estructure.

Nowa: La opeidn Run Minimired es sumamente iitil cuando se tienen modelos
grandes que requieren mayor tiempo para Ser analizados. Esta opeidn permite
al SAP2000 correr en un segundo plano, permitiendo continuar trabajando
con otros programas, Otra ventaja de esta opeldn es que nos brinda un botdn
para cancelar la ejecucidn del andlisis en caso necesario.

SAP2000 Gula de Aprendinaje 15



\ Ejemplo 2 Pédice Bidimenysional con cargs de ug Espectzo de Respuesta N . Ejemple 2 P3nice Bidimensional con carga d¢ un Espectro de Reypuesta .

Verificacion de los Resultados

b, Verifique si las formnas rnodales y perfodces de vibracidn son los esperados.

CiMode 1 Period 1.53888 st =1 FI Il Ei Mode 2 Period 0.47/8 sec.. MIEIE}

/ |

+  Del meni Display seleccione la opciSn Show Mode Shape y elija ¢l modo en que
esta interesado  Pude también seleccionar la opcidn Wire Shadow para ver al
mismo tiempe la forma no-deformads de la estructura. Observe las Figuras 2-) ala
2.4y note que ¢l nidmero de medo ) perfodo de vibracién correspondiente estdn
indicados en el ttulo de Iz ventana

Nota: Se puede apreciar los modos de vibracidn subsecuentes presionando
los botones + y —, prdximos al botén START ANIMATION.

2. Esutil ver el cortante en la base producid por ¢l andlisis del Espectro de Respuesta,

*  Usando el grupo BASE SHEAR que fue definido en el Ejemplo | observe ¢l
coriante en la base de la estouctura debido al Espectro de Respuesta Se puede
apreciar que este cortante es considetablemente mayor que el debido a a condicidn
de carga estdtica.

3 Se puede verificar el desplazamiento de un nudo debido al Espectro de Respuesta. Figura 2.1 Forms Modal y Perfodo de Vibracién | Figure 2-2 Forma Modal y Perfodo ds Vibeacidn 2

i

¢ Del meni Display sel-ccione Shuw Deformed Shape.

¢ Enlaplantilla Deformed Snape seleccione la condicién de carga para el andlisis EiMode 3 Periad 0.2681 sec- HIEIET EiMade 4 Period 0.1/84 sec. MEIE

especiral J
¢ Presione ¢l botén OK, I ‘

* Haga click con el botén derecho del mouse sobre un nudo del nivel superior de la
estructura para ver su correspendiente desplazamiento en la direccién global X.

4. Verifique !a panticipacidn de la masa de ln estructura para ver si sc ha incluido el en la
solucién del problema ¢l nimero de modos suficiente. Para ello se debe revisar ¢l archivo
de iexto filename OUT empleando un editar de textos como ¢l WordPad de Windows.

+  Minimice el programa SAP2000,

+ Inicie ef programa WordPad o cuslquier otro editar de textos.

. Lin WordPad abra ¢l archivo filename. OUT. Donde filename es el nombre del '
erchivo usado al grabar este ejemplo.

+ Busque la seccidn dtulada MODAL PARTICIPATING M ASS RATIOS como se . Flgura 2-3 Forma Madsl y Parloda de Yibracién 3 Figura 24 Forma Mode! y Perfodo da Vibracidn 4
muestra en la Figura 2-5.

+ Bajola columna CUMULATIVE SUM encontrard que los Modos de Vibracion
I al 7 incluyen el 100% de la participacidn de masa. Lo cual significa que los 7
modos empleados en el andlisis fueron suficientes.
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Ejemplo 2 Pdrtico Bidimensional con carga de un Espectro de Respuesta

HILDARL FARTICIPARTIHNG H AT S RATIOS

M IoE PERPICD INDIVIDUAL MODE {FERCE HT} CUMULATIVE 5tM (PERCENT)

v uy Uz e uy¢ vz
H 1.38815) 19.c1%9 0.0000 §.000G 79,6359 0.000¢ D.0000
2 D 4179312 11.5151 0.0000 0.GJ00 91.2120 r.o0ao 0.0000
3 0.266126 4.30:3 ¢ 00g0 & C0Q9 §95.5144 0.0000 0.000Q,
4 0.178:19% 2.1229 0.0000 g.rO0O 91.6313 0.0000 0.0000
5 0.133678 1 4077 0.00600 g.cooo 99.0350 0.0000 0.ooap
[ L.107637 0.8%32 0.coo00 0.0000 99 1043 4.8000 0.0000
1 G 090778 0.2947 0.c000 0 Qoo 100.0000 0.3000 0.00a0

Figura 2.5 Bloque da Participacidn da Is Masa del erchivo da salide

Modificando la Escala del Espectro ¢2 Respuesta

Algunos cédigos de disefio permiten modificar fa escala dew Espectro de Respuesta de 1aanera que
cl cortante en la base del andlisis espectral sea igual al cortante en la basc del andbsis empliando
curgas sismreas estiticas

En este santido para obtener ¢l nueve factar de escala para el Espectro de Respuesta tenemos que ;

1 Dividir el Cortante en la Base producido por Ja Carga Sismica Estética por el Cortante
en la Base obtenido del Andlisis Espectral, y multiplicar dicho ndmero por 32,2 ft/sep’
para obiener el nuevo facior de escala del Especiro de Respuesta,

2 Substuwis el nuevo factor de escala en el Espectro de Respuesta,

3. Efectuar nuevamente et andlisis para obtener las nuevas fuerzas en los elementos bajo la
accidn del Espectro de Respuesia escalado i

12 $AP2000 Gula de Aprendizaje

Ejemplo 2 Pértico Bidimensional con carga de un Espectro de Respuesta

Comentarios Finales

Un andlisis empleando ¢l Espectro de Respuesta introduce un nivel de complejidad ﬁ;nycr, que
requicre que ¢l ingenicro verifique cuidadosamente los resultados, y tenga muy presente las
consideraciones hiechas al gear el modelo. Algunos de los aspecios a considarar durante un andlisis

espectral son:
¢ Entender completamente ¢l comportamiento estdtico del modelo antes de efectuar un
andlisis dindmico.

+ Tener un conocimiento cabal y racional de los aspectos involucrados al escalar los
resultados del andlisis dindmico para obtener un corante en 1a base similar al que se
obtiene al efectuar un anéhsis por cargas sismicas estéticas,

e La ventaja de la mayor rapidez del Andlisis Espectral en comparacion con el Anflists de
Historia en ¢l Tiempo es en muchos casos sustancial. En ¢l disefio, ¢l espectro de
fespuesta puede incluso proveer aun mayores ventajas debido a que no sc deben efectuar
verificaciones para diferentes intervalos de tiempo. Sin embargo, es necesario tener
presente las limitaciones del Andlisis Espectral frente al mayor refinamiento quc s¢
obtiene a efectuar un Andlisis d2 Historia en &l Tiempo.
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Figura 31 Acelerograma de entrada del Slema de El Centro 1940 { Hsac?)

Descripcion
Este cjemplo continua e] andlisis del pértico bidimensional visto en Jos Ejemplos 1 y 2, ¢ v 1 '
afiadiendo ¢n este caso una carga de sismo eupecificada con un acelerograma en la base de la DEferCIOn de] Concepto HiStOI’ia en el Tlem p0
estructura El registro de aceleraciones a utilizarse se muestra en la Figura 3-1 y corresponde a . . . .
1a companente N-§ del sismo ocurrido en E| Centro en 1940. Los resultados del andlisis de El téamino Historia en el Tiempo define un registro de accleraciones del terreno & determinados
historia en el tiempo sc wiilizardn para generar un Espectro de Respuesta que lucgo se intervalos de ticmpo pam una excilacidn sfsmica espectfica cn una dureccidn derérminada FI
emplears paca reanalizar Ia estructura a manera de comparacita. registro es usualmente normalizado y en consecuencia necesita multiplicarse por la aceleracidn de la
) gravedad 6 por algun otro factor correspondiente.
Aspectos Significativos del Modelo y del SAP2000 - ' Desde el mend Define seeccione Time istory Functlons.
) ) 2, Seleccione el botdn ADD FUNCTION FROM FILE.
Respuesta de histaria en el nempo de una excitacitn en labase. . ; '
L +  Presione el boton Open File y seleccione el archivo ELCENTRO ubicedo en el
. Grificas d» los resultadon del andlisis dz Histaria en ¢l Tiempa o T : subdirectorioc EXAMPLES del directorio SAP2000.
s rdficas de un Espectro de Respuesta a partir de Jos resultados de 1a Histaria en el Tiempo. ¢ Cambie ¢l nombre de 12 funcidn a ELCENTRO para que sea ficil de reconecer,
¢ Impanacidn del Espectro de respuesta para su uso en ¢l andlisis. s  El formato de este archivo es de tres pares de columnas de datos por renglén, El
primer par de datos la primera columna de cada par es el tiempo y la segunda es la
aceleracidn.

+ Ingrese 3 Puntos por Linea,
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Ejempio . Pénico Bidimensional Andlivis de Hiroria ca el Tiempo

¢ Seleccione la opcién Time and Function Values (en archivo de datos).
¢+ Presione ¢l botén OK.
«  Presione el botén OK para aceptar los datos ingresados.

3 Del mend Define seieccione la opcidn Time History Cases para definir tos pardmetros
especificos para el andlisis d¢ Historia en ¢l Tiempo de nuestro medelo

¢ Seleccione ¢l botdén ADD NEW HISTORY.

«  Para adicionar amortiguamiento al sisterma presione ¢l botén MODIFY/SHOW
MODAL DAMPING, ingeese 005 (5%) para todos los modos y presione OK.

s lagrese en el ftem Number of Output Time Steps el valor 500.

s Ingrese 002 (sec) en el item Output Time Step Slzes. Estos pardmetros nos dardn
10 segundos del registro sismico para el andlisis de historia en el tiempo.

¢ DelaLista Analysis Type seleccione 1a epcién Linear,
» Enelirea Load Assignment :
- ¢+ Scleccione ACCDIRI para <] pardmetro Load
¢ Feleccione ta opcidn ELCENTRO para ¢l pardmetzo Functlon

¢ Paracl pardmeuo Scale Function ingrese {2 aceleracidn de la gravedad que
¢s de 386 4 infsec’ si wabaja en Kip-in 0 32.2 f'sec® si trabaja en Kip-fi.

¢+ Para los pardmetros Arrbval Time y Angle asigne valor cero.

+ Presione ¢l botén ADD para ayTegar esta carga al modelo, y presione et
batén OK para aceptar 1os datos que acaba de ingresar.

s  Presione el botdn OK en ambas plantiltas para aceptar las adiciones al modelo.

De esta menera hemes ingresadoe toda la informacién que necesitamos para efectuar ¢l Andlisis de
thistoria en el Tiempo

Nota: Por lo general es una buena idea correr el modelo cada ver que se
hace un cambio 6 adicién importante al modelo. Esto permite
deteciar errores y ahorra tiempo en el disefio final
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Ejemplod Pértico Bidimensional Andlnis de Historia eo ¢ Tiempo, *

Efectuando el Analisis

I. Grabe et modelo.

2. Ajusie los parmetros para cl andlisis seleccionando Analyze del mend Set Options.

¢ Verifique que los parimetros en Dynamlc Analysis son los mismos del Ejémi:io i

3. Seleccione en el mend Analyze la opcidn Run para analizar la estructura,
Usando los Resultados

Verificacién de los Resuttados

Una vez que ha corrido el modelo se deben verificar que los resuliados obtenidos sean del orden y
magnirud a lo esperado.

1. Verifique el Cortante en [a Base producido en ¢l Anélisis de Historia en ¢l Tismpo.
¢ Desde el mend Display seleccione [a opcién Show Time History Traces.

# De la plantilla Time History Display Deflnitlon presione ¢! botén DEFINE
FUNCTIONS

+ En la plantilla Time History Functlons seleccione Add Base Functions y marque
solamente la opcidn Base Shear X.

+ Presione OK para regresar a Iz plantilla Time History Display Deflnition.
¢+ Adicione la funcién Base Shear X 2 la lista Plot Functlons.

o Presione el botén DISPLAY para ver una grifica del cortante en 12 bass en la
direccién global X como funcién del tiempo. Veala Figura 3-2,

Nota: También se puede generar la grdfica del cortante en la base
seleccionando Add Group Summation Forces en lugar de Add Base
Functions y seleccionando el grupo de elementos BASE SHEAR
definido en el Efemplo 1.

2. También se puede verificar ¢1 desplazamiento de un nudo ante una excitacién de Historia
en ¢ Tiempo, para ello:

¢ Escoja un nudo y desde ¢l mend Display seleccione la opeidn Show Time History
Traces.
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Ljemplo 3 Péruco Bimensional Andlisis de Historia ea el Tiernpo . Ejemplo3 Pértico Didimensional Andlisis de Historia ea el Ticm;‘)a

¢ Prestone ¢l botéa DEFINE FUNCTIONS de la plantitla Thne JHistory :_3

Functiuns Scleccione ¢l nombre del nudode Ja lista y presione ¢l batéa Fu
MODIFY/SHOW TH FUNCTION P

+ Enla plantlia Time History Jont Function seleccione DISPL para el pardmetro
Vector Type y UX para el pardmzuo Vector Direction.

i e ] LD
L

+ Presione ¢l boién QK para acepta: los cambios.
"

+ Presione los botunes OK para regresar a la plantilla Time History Display
Definition

+ Adada el audo de la lista LIst of Functions a la lista Plet Functions y remnueva de
¢sta dltima la funcidn Base Sheur X

1R

o Presione ¢l bowdn DISPLAY para ver ¢l desplazamiento del nudo con respecto al
nempo Vea Figura 3-3

« 5S¢ puede 1ambién definir una funcién nodal directamente en la plantilla Time
History Display Definition $in haber seleccionado presiamente el nudo.

« En laplantilla Time History Display Definition presione el botdn DEFINE
FUNC MONS v en la plantilla Time History Functions scleccione ia opcidn Add
Joint DispsiForces.

T

+ Enlaplantilla Time History Joini Funetion ingrese ¢l nombre del nude (ID).

¢ S:leccione Vector Type y Vector Directlon. Vi
L

EECFIY L
o w81

+ Presione los botones QK para regresar a la plantilla Time History Disptay :
Definition en donde encontrard 1a nueva funcién nodal en el recuadro List of 1%

Functions.

Figura 3-1 Historla en e Tiempo del Desplazsmlento del Nivel Suparior = In

Creacion de un Espectro de Respuesta

Lo pritmero que se tiene que hacer en este punto es evear un Especro de Respuesta a pantir de 10s
.rcsullad.os del Andlisis de Historia en ¢l Tiempo Los daios generados de esta forma deben
imprimirse en archivo de texto para poder editadarse en un formato que pueda ser leido par ¢l
SAP2000.
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Fiemplad Péitico Bidimensional Asdlisis de Histona en ¢} Tiempo

Gréaficas del Espectro de Respuesta

I Seleccions un nudo en la base de la estructura

2 Del mend Display seleccione la opcidn Show Response Spectrum Curves. Esta opcidn
aparece solamente cuando se ha seleccionado un nude.

3. Enlaplantilta Response Spectrum Generatlon encontrard ¢l nombre del nudo que fue
seleccionado

Bajc ¢l ftem Define asigne ¢l valor X para el pardmeno Vector Direction.

Bajo el ftem Axes selecctone Period para el parimetro Abscissa y PSA
(Seudoaceleracitn Espectral ) para ¢l pardmetro Ordinate.

Bajo ei ftem Options séleccione Arithmetle tanlo para Abscissa como para o
Ordinate Para ¢l pardmetro Ordinate asigne el factor de escala /g (g=32 2 fi/sec?)
es decir, 0 03106 sec™/ft 51 las unidades en que se trabaja son kip-ft.

Nota: El factor de escals es usado para normalizar el Especirg de
Respuesta El registro para el andlisis de historia en el tiempo que se
utilizd para generar el Espectro de Respuesta estaba normalitado a la
aceleracidn de la gravedad (g) por Io que necesitamos dividir el
espectro por la misma cantidad para obtener valores normalizados,

Bajo el ftem Period seleccione para las frecuencias los parimetros Default y
Structural. Estos pardmetros son usados en {a generacidn del Espectro de Respuesta,
fas frecuencias del tipo Default son una serie de frecuencias predeterminadas que
son tipicamente de interés en las eswucturas; las frecuencias del upo Structural son
las frecuencias naturales de la estructura, '

Bajo el ftem Damping mantenga el valor del amortiguamiento de 0.05 para !
pardinetro Damping Value Corno se ha asumido que {a estructura tiene 5% de
amoniguariento no serd necesanio emplear otros valores para el amortiguamiento
del sistema.

Presione el botén DISPLLAY cuando se halla terminado,

4. Ahora Ud. podrd apreciar la grafica del Espectro de Respussta para el sismo de El
Ceniro para un amortiguamicnto de 5% Ver Figura 3-4.
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Figura 3-4 Espectro de Respuests del Anilisis de Historln en ol Tampo

3. Enla plantilia Response Spectrum Curves seleccione la opcidn Print Tables to
Filc. Esta opcidn generard un archivo que tiene dos columnas de datos. La primers
de ellas es el perfodo, ¥ |a segunda es su correspondiente Seudoacelaracidn (PSA).

¢ Grabe el archivo con el nombre RS-ELCEN.TXT

Edicidn de Tablas.

El siguiente paso consiste en hacer alpunas pequedas modificaciones al archivo de texto RS-
ELCEN TXT para que tenga un formato que pueda ser leido por ¢l SAP2000. Esto s debe # que
cuando el archive original es creado se le agrega informacién aclaratoria que permite al usuario
interpretar y entender ficilmente su contenido, Esta informacidn exra debx removerse,

Con un editor de textos como WORDPAD o NOTEPAD abra ¢! archivo RS-
ELCEN TXT.

Seleccione todo el texto que se muestra resaliado en 1a Figura 3-5 y remuévalo.
Grabe el archivo RS-ELCEN.TXT como un archivo de texto ¢on e} mismo nombre,

Ahora que ei archivo tiene tan solo Jas columnas con tos perfodos y sus
comespondicntes Seudoacceleraciones, podrd scr lefdo directamente por el SAP2000
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54P2000 vi. 06 File: TUTORTIALL
Hey 19, 1993 12:36

SPECTRUN DATA

. JOIRY L9
- Dicection , XT
Factor *', ©.03
Uidening , DY

Pseudo Spegtral Accelerationy va Time

,DAIPDIG
: 0.0500
0.230)

J1.0BA6E-QL
0.0157 1.,265£7L-0t
Q 0400 3.1138E-01
0.D455 3,I217E-01
0.0500 1,2z05L-01
0.055% 3,109&E-01
0.0c06 J.4265E£-01
0 0657 3.,7431E-01L

Figurs *-5 Archivo de satida con el Espectra de Raspuer's generado

Fjernplo 3 Péniico Bidimensiona! Andlisis de Hisiona en ¢l Tiempo.

Lectura de los Datos del Espectro

Ahira que se bienen datos en un formato que e SAP2000 puede leer, necesitarnos indicar af
programa la ubicacidn del archivo asf como la forma en que éste contiene la informacidn.

| Sielmodelo esta protegido presione el botén Lock! Unlock Model en la barra de
herramienias. Al hacer esto se remueve la proteccidn sobre el modelo y nos permitir

realizar |as modificaciones.

(2]

Del ment Deflne seleccione Response Spectrum Functions.

3 Enlaplantilla Response Spectrum Functions presione el batdn Add Function from File.

Asigne al espectro el nombre RSELCEN
Presione el batén Open File y seleccione ¢l archivo RS-ELCEN.TXT en Pick Flle.

Mantenga el pardmetro Number Of Polnts Per Line ¢n el valor 1 puesto que
tinicainente hay un par de datos por renglén para definir el Espectro de Respuesta.

Seleccione 1a opci6n Perfod and Acceleratlon Values,

Presione el botdn OK para cerar las plantllas.
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Ejcmplo 2

4.
5.

Pénico Bidimensional Anshsis de Historia en el Ticmpo,

Del meni Define seleccione Ru.pomc Spectmm Casu

RERTRY t w i

En la plantilla Response Spectrum presione el botdn ADD NEW SPECTRA
*  Asigneal pardmewo Moda) Damping el valor 005, . - - -

+

*  Encl drea Input Response Spectra seieccione RSELCEN para la d.u'ectldn Uy
asignele ¢l factor de escala 32.2 fusec?,

*  Los demis valores por defecto son aceptables,

*  Presione ¢! botdn OK para cerrar las plantillas,

Efectuando el Anilisis

Ut;a vez gue se han hecho las modificaciones es tiempo de correr ¢l modelo y revisar les resultades
obtenidos

1.
2.

Grabe el modelo.

Seleccione Run Minimized del mend Analyze para analizar la estructura,
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Ejemplo 3 Pénico Bidimensional Andlisis de Histona cn e! Tiempo,

Revisando los Resultados i}

Lo pnmero que debe bacerse es la revisidn de ba ndxima deflexidn en la parte supaior de la
estructura asi como el cortante en la base tanto para el andlisis espectral como para cl andlisis de
Thistona er ¢l Tiempo 1.2 comparacion de estos resultados nos permitrd ver que tan tndn funciona
i metectologia previamente descrita. Al final dc esta seccidn encontrard los resultados del andlisis
por cargas sismcas estdticas, del andhisis espectyal y del andlisis de histona en ¢l liempo .

Oellexiones de acuerdo al Andlisis Espectral
I Delmend Display seleccione Display Deformed Shape.

*  Enluplaniilla Defornred Shape seleccione 1a condicidn de carga para el andlisis
espectral.

«  Presiong ¢l botdén CK.

2

Haga rhch con el botén derecho del mouse sobre un prudo ubicado en el nivel superior
puara ver su desplazamiento en la direccidn del eje global X

Corante en la Base en el Andlisis Espectral

Usando el grupo BASE SHEAR que fue creado en el Ejemple 1, observe los valores del cortante en
la base ae la estructura debido al Andlisis Espestral.

Defllexion y Cortante en la Base en el Andlisis de Historla en el Tiempo

I Usando el método descrito en Ja primera parte de esia guia grafique la deflexin en el nivel
superior de la estruchura,

Ahora remueva ese pudo de la lista Ploi Functions y en su lugar grafique la funcidn Base
Shear A ubicada en List of Functions de la planilla History Display Definitions.

"~

Ejemplo3 Pénico Bidimensional Anilisis de Historia ea el Tiempo.

Comentarios Finales

Carga Lateral Estdtica | Espectro de Historla enel
Respuesta Tlempo
Max Deflexién 1.65in 5.5in 58in
Max Corante en | 72 5 Kips 302 Kips 325 Kips
_|a Base

Tabla 3-1 Comparaclén de fos Rasultados del Andlisis de Cargas Laterales -
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.

Como habrd podido apreciar el Andlisis de Historia en el Tiempe involucra un mayor ﬁémpo de
cémputo que el Andlisis cen Espectro de Respuesta Dybe observarse sin embargo que ambos °
métodos de andhisis brindan resultados sinulares En este sentido es sumamente importante que el
ingenicro entiendlt bas ventajas y timitaciones de eada método para poder utilizarles de la manera
mds adecuada y efectiva,
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EJEMPLO 4

"

Disefio en Acero de un
Pértico Bidimensional

Descripcion

Este ejemplo es un introduccisn al uso de las poderosas herramientas que posee ef SAP2000 para ¢l
diseno de una estructura una vez concluido su andlisis estructural Se dard énfasis en esta parte a
médulos de diseho en acero einpleando crino ejemplo la estructura analizada en el Ejemplo 1.

Aspectos Importante del Modelo y del SAP2000

Creacidn de zonas rigidas en los elementos,
¢ Scleccion Automdtica de grupos ' -
» Cambio de propiedades en ¢lementos !
*  Designacién de elementos por grupos
¢ Inclusitn de] efecto P-Delta en cl andlisis
¢ Visualizacidn de los resultados

s Auto Seleccién de secciones
i
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Ejempie4 [sedocn Acero deun Pdrtico Bldimenuonal

Creando el Modelo en el SAP2000

Lis positle emplear ¢i modelo desarroliado en el Ejemplo | efocruando pequedias modificaciones.

Materiales

i.0 primeze gue se debe hacer es especificar las propiedades de los mateniales

1

2

3

Verihique que las unidad:s estén en Kip-in.

Entze ol ment Define y s=leccicae la opcion Materials.

Elyja STEEL para ¢l pardmetro Material y presione el botén MODIFY/SHOW MATERIAL
Esporifique ¢ Esfuerzo de Fluencia ajustando el pardmetro Sleel Yield Stress fy en 36 Ksi.

Especifique b Médulo de Elastiaidad ajustando el pardmero Modulus of Elasticity E en
29,500 Ksi

Presione tos botones OK para acepiar los carnbics y cerrar 1as plantillas

Cargas

En ¢l cjemplo | sc asignd el peso propio de la esmuctura asf como ima serie de cargas
concentradas y distribuidas a 1a condicién de carga DEAD. (Vea Figura 4-2 para 1a nueva lista
Static Loads Case). En este cjemplo asignaremos una condicidn de carga para la carga viva y
otra para ¢i peso propio de los clementos Es una buena préctica inclurr una condicidn de carga
para ¢l peso propio de la esmictura con el fin de seguir de cerca ¢l procese de optimizacién
estructzal Las cargas son separadas en caiga fhuerta, carga viva y carga transversal de sismo
de tal manera que el SAP2000 pueda generzr automiticamente las combinaciones de carga.

o Parael caso de carga DEAD especifique el valor del multiplicador Self Welght
Muluiplier en cero.

»  Agiegar una condicidn de carga para el peso propio y ndmbrela SELF, asfgnele el
tipo DEAD como pardmetro a Type y sjuste el multiplicador Self Welght
Multlplier en 1.

»  Agregar otra condicitn de carga estética Hamada LIVE y asfgnele el tipo LIVE como
pardmetro a Type.

Afada las musmas cargas correspondientss 8 la carga DEAD a ta condicitn de carga LIVE.
Esto significa que cada viga de la estructura tiene cargas idénticas para cargs mueria y viva.
(Puede revisar el ejempto 1 para ver las insinucciones de como ingresar las una cargas)
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Static Load Case Names¥: .
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Figura 4-2 - Condiclones de Carga Estitica

Definiendo un Grupo de Auto-Seleccidn

La opcidn de Auto-Seleccidn del SAP2C00 es una forma muy efectiva de diseflar estructuras, Al
definir un grupo de secciones denominado grupo de Auto-Seleccitn, el programa puede disafar
cada elemento del pdetico escogiendo de entre las secciones especificadas en ese grupo. Por ejemplo
st pucde definir un grupo de Auto-Seleccidn denominado COLUMNS con inicamente perfiles
W, y oro grupo llamado BEAM con perfiles W24, E) programa de esta manera disciiard las
secctones tipo COLUMNS empleando solamente secciones W4 y  las secciones tipo BEAM
empleando dnicamente secciones tipo W24,

Lo primero que debemos hacer es definir un grupo de Auto-Seleccitn que incluya @nicaments
secciones tipo columna. Esencialmente lo que estamos haciendo en esta ¢tapa es darle al programa
una lista de secciones de enwre las cuales puede elegir 2l momento de disefiar los elementos del
pértico E!l programa por su pante seleccionard la seccién mas eficiente de entre ese grupo.

Una vez se haya concluido el disefio peeliminar s momento de refinario, para ello log grupos
BEAM y COLUMN serin reemplazados por secciones optimizadas elegidas de entre el grupo de
Auto-Seleccidn, Este proceso asignard a los elementos secciones que serdn empleadas tanto en ¢l
andlisis como en el diseilo, esto hard mucho més ficil ¢l cambio de secciones que necesiten ser
modificadas,

Notz: La opeidn dt Auto-Seleccldn funciona solo en pérticos de azero.
1. Desde el mend Define y seleccione la opcidn Frame Secdons.

2. lImpate & lo plantilla Frame Sections todas las secciones de acero mpmdjau entre
Widx6! y W14x283.

¢ Scleccione en la caja de didlogo 1a opeidn IMPORT YWIDE FLANGE,
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= Busque y seleccione la seccidn Wi4x283

«  Manteniendo presionada la tecla SHIFT haga click con el botdn izquierdo del mouse
sobre W14x61 y presione el botén GE - Esta operacién permite selecgionar todas las
secciones caue la seccién W14x283 y la seccidn Wldx6l.

Borre de plantilia Frame Sections cualquier scecion que pudiera estar duplicada,

Recuerde- No es posible borrar una seccidn que este en uso. De esta
manera el programa asegura que todos los elementos tHenen asignada
secciones existentes.

Desde Ia planiitla Frame Section afada una seccidn Auto Select. Esta seccidn se ubicard en 1a

. Ejemplo 4 DNsedo en Acero de ua Pdrtico Bidimenslonal,

6. Finalmente, selecciones todos los elementos verticales del pdmoo 'y asfgnele Ia st 'Bpo

\

(50

COLUMN. Luego scleccione todos los elementos horizantales y asignele la sccmdanpbBEAhL g
(Vea el clemplo 1 para las instrucciones de como asignar secciones a los elementos del p&ﬂéo).- i

Nota; Se puede por supuesto seleccionar una seccidn espelfica i&nro‘j;;ra
el disefio como para el andlisis en lugar de emplear la opeidn de %
Auto-Seleccion. Para ello simplemente se necesita asignar a los . -
elementos del pértico una seccidn de acero adecuadn y disefiorlade " """
acuerdo a lo descrito en el ejemplo 1. Esta seccidn puede ser ya sea
una seccidn definida por el usuario o bien una seccidn elegida de
entre las secciones predeterminadas.

parte inferior de 1a lista Add.

. Caml;ic el nombre en Auto Sectjon Name a COLUMN.

Efectuando el Analisis

«  Delalista Auto Selections elija y remueva usando el botén Remove todas las Una vez que se han ingreiado los datos es tiempo de correr el modelo y revisar los resultados,
seeciones exceptuando los perfiles W14, Esto significa que todos los elementos que

tengan una scecidn tipo COLUMN scidn disefiados empleando alguno de los perfiles ). Gr?bd ¢l modelo.
W14 de entre I lists Auto Selections (Vea Figura 4-3). 2. Asigne los pardmewros para el diseio entrando al mend Analyze y seleccionanda la

apcién Set Gptions
Auta Selpclipn Sections

- * Enlsplntiliz Aralysls Options seleccione el tipo de andlisis Plane Frafne pare

- reducir <1 tamadio de 1a solucidn y en consecuencia reducis el tiempo de andlisis,
Avto Section Huwe

} ‘

{ Chooue Epcunes™;

e Marque fa opcidn Include P-Delta,

¢ Presione el botdn SET P-DELTA PARAMETERS para.ajuslu los pardmerros de)
anilisis. :

'
H

¢ Asigne 2a Maximum Iterations &) valor 10.

+ Incluya las condiciones de carga muerta DEAD y SELF, en 1a combinacidn P-
Delta, ambas can factores de carga iguala |,

+ Incluya la condicién de carga LIVE con un factor de carga I.

Nota: Los factores de carga a emplearse deben ser los correspondientes a
las comblnaciones de carga que se usen en ¢l diseo de la estructura
¥ que produzcan los mdximos efectos en la mitma. Deben Incluirse
edemds el efecto de las cargas laterales.

Figura 4-3 Definiendo ol grupo de Auto-Seleccién COLUMN

¢ Elresto de valores por defecto es aceptable,

5. Sigulendo lasinstrucciones dadas en los pasos 2 al 4: + Presione los botones OK para aceptar los cambios y cerrar las plantillas,

+  Lmporte 1odas las seccinnes entre la W24x55 y la W24x162. 3. Enweal mend Analyze y seleccione la opcién Run para analizar In estructura.

*  Asigne un grupo de Auto-Seleccion denominado BEAM con perfiles W24
tnicamente
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Ejemplo 4 Drscbio en Acere de un Périco Bidimensicasl

Nota: Debido a gue hemos asignado grupos de secclones y no secclones
especificas para nuestro disedio, el SAP2000 elegird las propiedades
de las secciones mdt convenientes para generar la matriz de rigidet y
efectuar el andlisis estructural Una vez que se ha efectuado el primer
andlisis y disefia, se puede instruir al programa para realizar el
andlisis con las propiedades de ias seeciones designadas.

Diseno de Secciones

Una vez que se ha efectuado el andlisis y revisado sus resultados, se podrdn establecer los
pardmetros necesarios para ¢l diseiio en acero de |a estructura.

Selecclon del Codigo de Disefio i

La informacién resultante del andlisis es empleada para efectuar una verificacién de las secciones
empleando un cédigo de diseio

1. Desde el inend Optlons seleccione Preferences

2 Enlaplantilla Preferences, bajo ¢l {tem Steel seleccione el cédige de disefio que desee
emp'ear. En este caso se empleard el cédigo AISC-ASD-89.

«  Emplee el mismo archivo Section Propertles file que fue usado para importar las
sccciones de acero.

Combinaciones de Carga y Disefio

Agshn Q-olwlm Opvors - ti-h: .

Pl {2t ,.;;mes

;o..u...o. Bt

} 1
-'.f_.'.nl -

PR

! EGeledt Oinign Ggmbos 11 5 113
. ,\nﬂobchnﬁmnbnmbm."

.”:',

LR LT W, R

Figura 4-5 Opuonel en et Mend de Disefio

Una vez que se ha seleccionado ¢f cidigo a utilizar en el disefio de los elementos se deben verificar
ias combinaciones de carga a emplearse.
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1. Primeramente, en el mcmi Dﬁtgn ascgﬁr&qucmsta Ia conu-asd\am el‘
Esto le indjca al SAP2000 que dch. efectuarse un disefio de scoc:mcs en acer'o 5T

2. En ctmeni Design clua la opqén Sclet't Deslg:n Combos

seleccionando las combinaciones y presionando el botdn SHOW.

*  5i#xisten otras combinaciones de carga que desee incluir en el diQﬂo. pﬁéd.:z o
agregarlas usando para ello la opcién Select Design Combos det mend Define.

3. Inice el Disci/Revisién de la estructura desde el meni Deslgn seleccionando el fiem Start
Design/Check of Structure. .

s Cadauno de los elementos serd diseilado empleando 1a seccidn mis eficiente de
entre 1as correspondiente a su grupo de Auto-Scleccidn

» EISAP2000 mostrard aulométicamente el porcentaje del nivel de esf\:erms e:lllenle
en cada clemento con relacién al miximo esfucrzo admisible.

¢ Para mayor comodidad el programa asignard colores a cada uno de los elementos, los
cuales nuestran el nivel de esfuerzo presente en cada miembro usando una escals
grdfica de colores/esfuerzos ubicada en Ja parte inferior de 1a ventana.

Nota: Si desea verificar el diseno de un nimero determinado de
#lemantos, podrd realizarlo simplemente con seleccionarlos y afezuiar
a opclén Start Design/Check of Structure,

Revisidn de los Resultados y Redisefio

Una vez efectuado el Disefis/Revisitn es tiempo de verificar si los resultados son icm-ecttx
SAP2000 brinda al usuario una seric de herramientas para ¢llo.

1. Haga click con el bot6n derecho del mouse sobre cualquier elemento para ver los
resultados de su disefio. El elemento que haya sido seleccionado parpadeard para su faciy
identificacidn,

2. Enlaplaniilia Steel Stress Check Informatlon encontrard una lista de las
combinaciones de carga empleadas para verificas la seccién en varios puntos a lo large
del elemento. (Vea Figura 4-5)

+  Una de las combinaciones de carga estard resaltada cuando abra esta plantilla. Esta
¢5 12 combinacidn que conrrola el disefio del etemento.

¢ Junto a cada combinacidn de carga hay un indicador de 1a ubicacidn a lo largo del
elemento donde fue efectuada la verificacién, seguida por la relacida de esfuerzo
para la interaccidn de momento y cortante.
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b
Sugcrencia : Se puede cambiar el niimero de puntos a lo largo del

” Ejemplo 4 Disetio en Aceto de un Pértico Bidimeasloal . Exemplo 4 Discflo en Acero de un Pértico Bidmensional ~ -

elemento en los cuales las fuerias de seccidn son reportadas. Fara : fas - .
A . . .. . : ’ RETPTRX T I S )
ello seleccione los elementos y desde el memid Assign elija la opcidn ;:Smm oo _-__,.-5:;-"“‘ I ::*n"it'.‘“ -'._‘:
Frame Output Segments para cambiar el mimero de segmenios. Es iy ree | ST 1o mariie oedd——
necesario ejecutar nuevamente el andlisis del modelo para obtener B[ BETLT 3ew 03 R ATNITE = 8 Gar . nan
n,| #sn: LALLM LTG R BT T R WL 1
los resultados CrlopSRE 0 400 - 0 W e
' i N [ TR TN T
3. Seleccionanda cualesquiera de las combinaciones de carga y presionando el botén Detalls s¢ ¥ LT = L
mostrardn los resultados del andlisis para ese elemento asi como las ecuaciones que gobieman :
<u diseiio de acuerdo al c6iga empleado. {(Ver Figura 4-6) \5
1
4. Al presionar el botdn ReDesign se presentars la plantilla Element Overwrlte Assignments. ]
En esta plantilla se puede clegir de entre varias opciones: :

Nota: Si se efectiian cambics en la plantilla Element Overwrite Figurs 45 Verificacién de Esfuerzos en lay secclones da Acsro para las Comblnaciones ds

Assignmenis empleando el botdn ReDesign, serd necesario presionar Carga Especificadas
el botdn Refresh Window de la barra de herramientas para ver los

resultados del disefio actualizados en [a ventana activa .

s Scleccionar otra seccidn para ver el cambio en los esfuerzos en et elemento. E] Stecd Simss Checd Information AISCASOS) Wi
s
Nota: En el moda Auto-Seleccidn, esta seceidn puede emplearse para ' -
ensamblar una nueva mai-iy de rigider si se elige la opcidn “Update . SIEFL BECTION CHIER  klpodn vales - o . :
Analysis Sections'. Esto tiltimo se llevard acabo una vez que se CLOMENE JYPE  Moment Nesasting™ CLASSIFICATION Talasle —t
ejecute nuevamente ¢l Diseno/Revision. A 10 8
STAY[OM 10 JdN.eee - - ° -
. . T =
s Clasificar los elementos por tipo Moment Resisting Element o Brace. . :::::m‘ :: ::::;" . e
*  Sobrescribir los factores de disedio 1ales como longitud efectiva y la relacidn de ' ;'2_’;, "',':_;s.; o T T T P
lengutud no amustrada, s 2201000 N TR TR ]
. . ey _ . L P _— - h e e e
» Elija la opcién Overwrite Allowable Stresses para sobrescribir los esfuerzos TERESS CHECH FORCKE & povENTs
. . w N ’ B -1 I (] ' .
admisibies empleados en el diseiie Je a s2ccidn. SOV T TS X YOI T TR 1Y _“,g!.r::__ . ,_-.u:: e e e
s Cuando halla terminado de modilicar los parémetros de disefio presione ¢] botén OK. TIHESE CHECT MATIE 1T 0T = 5008 s L0700 B .. . AU
Nota: Al camblar la Informacidn de la plantilla ReDesign, el SAP2000 ARIEL TORCLE MIATIALVORENT BESIER  (OEIOUGY e b
automdticamente recalculard los esfuertos de disefio de acuerdo ala P oL waa O - : c e
nueva informacidn y actualivard la informacién en la plantilla Steel - T T e e
Stress Check Information. Para mds instrucclones sobre como o on a0 mn; MLLISSLE  ALLOWILE FACIOR FACTON Facioh Facton . j k‘ :
acma.liz.ar lr:';: secciones para ¢l andlisis refiérase a la sccelén “Re- ) oS A S e e Ry IR L T
AM“mndo * . . _Suan DE!IGN-__’ N !
. ' . . i P {17 ] SREAR P9~ 7T TTT TRt T mme s sem esss e s
5. Para usar la seccidn elegida en el Re-Disefio en e] sigulente endlisis estructural, es necesario - —BE Shtar ™ STALSS  LLowenle i o
eatrar al ment Design y seleccionar 12 opcitn Update Analysis Sections. Esta opcién i tnean I T —
reemplaza las secciones empleadas inicialmente para formar ta matriz de rigidez de la e —
estructura, por las nuevas secciones ddndonos mayor precisidn en los cdlculos. Figura 4§ Informacién detallada de! disedo an acero de un elsments tipa viga
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Ejemplo4 DiseBo en Acero de un Pértico Bidimeadonal

También se pucden obsei var los resultado del disefio de manera grifica en la pantalla, Para
eilo ingrese a} mend Design y seleccione 1a opeién Display Design Info Los resultados se
mostrardn en forma graficz en la parte inferion derecha de los elementos del pértico.

Nota: Las secciones empleadas en el andlisis estructural son mostradas en
la parte superior itquierda de cada elemento. Por otra parte, toda la
informacidn correspondiente al disefio de los elementos €5 mostrada
en la parte inferior derecha de los mismos.

i Display Deign lesuhs - °

Figure &7 Piantitia de salida resultados

Se pucden tmprimir los resultados del disefio ingresando al mend Flle y seleccionando la
opcidn Print Design Tables. Para imprimur tos resultades de un ndmero limitado de
clementos, prirneramente selecaiénelos y enseguida efectiie la opcidn Irint Deslgn Tables,

Edicion de las Propiedades de la Secclén

En la Figura 4-1 podrd observar que las vigas el pdrtico tienen cargas concentradas ubicadas a los
termio del claro. S1 asumimos que dichas cargias son wansinitidas por ooros miembros, entonces
podemnos considerar que las vigas tienen soporte lateral en los puntos de carga. El modelo tal como
ha sido creado no toma en cuenta est2 becho, por lo que las vigas estin sobredimensionadas, Para
disefiar las vigas muds eficientemente se¢ deben editar sus propiedades de disefio.

Seleccione todas las vigas de la estructura. Para ello pueds usar el modo de seleccidn Intersecting
Line Select Mode

Desde el mend Design escoja la opcién ReDefine Element Deslgn Data,

+ Enlaplantlla Element Overwrile Asslgnments seleccione el fltem Unbraced
Length Ratio, L22 vy asignele ¢l valor 0 33, Esto introduce un soporte Jateral a las
vigas a cada 1/3 del claro (ariostramiento contra el pandeo en ¢l eje local 1-2), en
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Ejemplo4 Disedio en Acero de un Pértico Bldimensicnal.

extremos, (Vea Figura 4-8)

e Presione ¢ bot6n OK luego de ingresas I nucva lnformacidn El smooo' :
automdticamente efectuard el Discho/Revisin del modc]o nctuahudo -7

-

3. Podr4 apreciar ahora que las dimensiones de las secciones de las wgls son mcnml T

Sugerenciar Se puede conocer el peso de la astructura obtenlends Ia suma
de cargas nodales de los elementos del grupo BASE SHEAR. Esta es
una manera rdpida de ver si los cambios efectuados producen una
estructura mds eficiente. También se puede obtener el peso total de ln
estructura empleando el archivo filename EKO.

Element Overwride Assignmentss .

{ Elasant Section 3
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Figura 4-8 Plantila de sobre-escritura de pardmetros de disefio de elemantos tipo viga

Re-Analizando

El primer andlisis empled propiedades de seccidn aproximadas para genera la matriz de rigidez de ta
estructura. Es por ello que el modelo se debe reanalizar 2 manera de un proceso iterativo para
aseguramos que el andlisis toma en cuenta las propiedades y secciones actualizadas de los
elementos.

SAP2000 Gufa de Aprendinje 43



, Epmplod Disetaen Acero de un Pénico Budimensional
|V =

I Una vez que se halla tenmenade de modificar las secciones estructurales que se van a
cmplear, ingrese al mend Design y elija 12 opeida Update Analysis Sections [ucgo
clectis nuevamente ¢f anilisis cmpleando las Gliimas propiedades de seecidn

1 Lleve aeabo nucvamente el diseio de los elementos paca ver si hay cambios.

3 Una vez que se encuentre satisfecho con las secciones clegidas, ingrese al mend Deslgn y
elija la opeibn Reptuce Auto w/ Oplimal Sections. Esta opcidn asigna las sccciones
definitivas ya szan las dptimas o bien aquellas seleccionadas por ef usuario tanto para el
andlisis coma para el disciio, y reeinplaza las propiedades dc seceibn preliminares
tormadas de los grupes de auto scleccion BEAM y COLUMN.

Disefio de acuerdo al LRFD

Lo metodologia empleada por el LRFD es esenciaimente la misma que usa el ASD. Sin embargo las
combinaciones de carga asi como la ecvaciones de verificacin de los elementos son cfectuadas
empleando ¢l cédige LRFD, por lo que los resuliados e informacién resulante es disunta. Para
efectuar el Discio/Revision de acuerdo al cédigo LRFD, es necesario cambiar algunos pardmetros
de entrada.

1 Ingrese los nuevos factores de carga para el andlisis P-Delta.
2 Seleccione de la plantilla Preferences el codigo de disefio en acero AISC-LRFDS).

3 Redisedie las secoiones de aceqo

Opciones Avanzauas

Definlcidn de Grupos de Elementos para el Diseiio

Ngmuvu:spuwdcmcaummﬂmqrimudisduelmmmmnpaﬁm
Esta opcién permite diseiiar todos los elementos de un grupo usando tnicamente una seccidn. La
ventaja de este método de disefio es que reduce el ridmero de secciones diferentes a emplearse. Por
ejemplo s¢ pueden agrupar las columnas o fas vigas de dos o tres pisos det pdnico dentro de un
mismo grupo de disfio, pamnitiéndonos usay una sola seccidn para dicho conjunto de elementos.

1. Reasigne las secciones del 6po Auto-Selectidn alos elementas del pértico.
Agrupe los elementos del 3a piso hacia abajo en un grupo denominado BOTTOM.
Agrupe los elementos entre los pisos 3y 3 enun grupo tamado MIDDLE.

Eal ol

Asigne \os elementos restante al grupo TOP.
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5. FEfechie nuevamente ! andlisis del madelo.

6. En el mend Design seleccione la opaidn Select Desipn Group En esta pane se Iei'mdic; l.!l '
programa que se disefie un grupo de elementes empleando la seccion mds ligera que satisfaga
Yos requerimientos y esfuerzos adimisibles en todos loy elementos. 2

s Incluya enla hista Design Groups los grupos de elementos TOP, MIDDLE y
BOTTOM Al hacer esto indicamos que estos grupos scrdn diseiiados con 1a seccidn
mi. eficiente de las secciones del grupo Auto-Scleccidn,

Nota: §i no hay grupos en la lista “Design Group list", cada uno de los
elementos de la estructura serdn disenados individualmente.

»  Cuando presione ¢l boidn OK | El SAP2000 automdticamente disefiard las secciones
de acero y mostrar4 los resultados en la venlana activa :

7. Compare los resultados del diseio anteriormente efecruado con el diseio por grupos para ver
como afectz este hecho en las seccianes seleccionadas.

Zonas Rigldas

ia esguctura que hemos venido estudiando, ha sido anahzada y disefiada considerando que los
elementos s eatienden completamente de nudo a nudo, sin temar en cuenta las dimensiones propias
de las secciones ransversales de los elementos. Si bien es cierto que €511 no es una mala
consideracién, ¢l SAP2000 pamite efectuar andlisis aun mds precisos miediante la introduccién de
zonas rigidas en ¢l modelo. [ as 20nas rigidas definen una regifn en la conexién entre viga y
columna, en la cual los elementes no sufren deformaciones par flexidn, Se genara asf esencislmente
una zena rigida en la conexidn. Esta drea pueds ser tan grande como el usuario especifique, pero
usuzlmente se considera igual al peralic del miembra (o una fraccidn dek mismo) al que se esta
Ilegando en ese nudo

1. Seleccione todos los elementos del pértico.
2. Del mend Assign seleccione 1a opeion Frame.., End Offsets.

o Ena plantilla End Offset seleccione la opcién Update Lengths From Current
Connectivity. Esia opcidn hace que el programa calcule automdticamente Jas
dimensiones de las zonas rigidas a considerarss en cada nudo.

e Ingrese el valor 1 para Rigid Zone Factor. Esto significa que el 100% de la
“longitud potencial” de zona rigida deberd considerarse en el andlisis.

¢ Presione el batdo OK.

3. Si s especifica Is opcidn Element Shrink de la plantilla Set Elements, y s observa en la
pantalla activa, se poded apreciar una serie de Vineas en cada nudo que indican la asignaritn de
zonas rigidas en los elementes. :
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- Ejemplo 4 Discde en Accro de un Pértico Bidimenslonal

Recuerde : Se necesita restablecer [a opclén End Offsets cada vez que las
secciones de los elementos sean modificadas.

Nota- Los momeniosy cortantes en las vigas y columnpas van & ger
hiperamente diferentes en aquellos casos en los que no se toman en
cuenta las zonas rigidas. Esto se debe a que la introduccidn de las
mismas reduce la longitud flexible de los elementos.

Comentarios Finales

L4 herrarmientas de disedio dei §AP2000 son muy vriles en el disefio de estructuras aparticadas. Sin

emintrgo hay algunos puntcs que sc deben tener presentes

1 Ascgirese que touda ba informacién de disefio sea correcta. Los valores por defecto que
usa el programa no son necesariamente los correctos {p ej. K y Longitudes no
Amnastradas de los clementos). Se puede usar la plantilla Display Deslgn Results para
ver esta informacion en los elementos del pdrico De manera conveniente, es posible
apreciar el andlisis de las secciones al mismo lempo que la informacién del diseiio.

[£*]

el

3 Venhgue los resultados del diselo en puntos claves, para esegurarse que los resulados
del discho gnardan relacion cen los resultados esperados,

Venifique que los factores de carga en el andlisis P-Delta son los correctos,
Rediseiie Ja estructura toda vez que efectie cambios en el modelo. Esto permite ver si [as

secciones empleadas son aun aceprables,

6 Emplee grupos de elementos para determinar el peso total de 12 estructura. (Revise el
Ejempla | para tener instrucciones de como efectuar este paso )

7 Emplee grupos de elementns en el disedio para reducir el nimero de las diferentes

secciones a utilizarse en la estructura,

8, Elarchivo filename EKO contiene la informacién del peso total de cada uno de las
secciones (perfiles) empleadas en el disefio. Esta informacidn nos permile estimar costos

de una manera preliminar.
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Verifigue que las combinaciones de carga de disefio que ¢l programa ha proporcionado
scan las corectas y adecuadas para el tipo de estructura en particular que se este
analizando, Sin no 1o =on, afizda las combinaciones de carga que desea utilizar en el

Apendice A . Lo ‘/-\; .a-':‘I
' ~ T
. . - 3
Apéndice A -Descripcidn de los Iconos de la Barra de Herramientas ;
lecono  Nombre del Conurol Permite 7 b
i@ New Modcl Iniciar un nusve modclo !
.@ Opcn *.SDB file  Abrir un archivo existente dcl SAP2000
[@ | swebead '__‘G‘“*’_“_’f_‘_’“,‘"‘“" wio
Undo Deshacer el dlumo cambio.
e e — .- e e
! . Redo . chcnc el ul :mo Dcshaccr
i@ P Refresh Window | Regenera 12 veniana acuva con informacién
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I@ | Lock/Unlock Model i PTD[:SL ¢l modelo zontra camblos de datos.
IG " Run A.nalys:s T | ‘Efectéa el .-\nélm, ST
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Co ] mouse, o
Rcsmrc Full View Rcstaura la vis'a total dcl modelo,
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= D L b ]
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! —— . ]
(= Pan Mueve dinde ican arc 12 estructura en cualguier
U W _dieccion.
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Pointer Tool

Select All
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(_iea.r Sclc.cuon

-Sr:-t'hu‘c'rs:cung Line Select Modc

Rcshapc Element

b

Add Special Jmm
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Draw Frame Element

Draw Shell Element
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Quick Draw Sh:ll Elcmcnl

Assign Joint Rcsrraims
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]

+
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« SAP2000 Tetoriad Mannal B}



. - _. et g : Py b, - .
C Tieniers TR _Tai'!W'H!!H!t i T ol L ¥ b e

FACULTAD DE INGENIERIiA UNAM
DIVISION DE EDUCACION CONTINUA

Yomunmy e T

“Tres décadas de orgullosa excelencia" 1971 - 2001

CURSOS ABIERTOS

SAP 2000 PARA ANALISIS Y DISENO
ESTRUCTURAL

TEMA

SAP2000 WEB TUTORIAL 1
DETAILED TUTORIAL INCLUDING PUSHOVER ANALYSIS

EXPOSITOR: ING. FERNANDO MONROY MIRANDA
PALACIO DE MINERIA
OCTUBRE DE 2001

Palaco de Mineria, Calle de Tacuba No 5. Pnmer piso, Delegocion Cuauhtémoc, CP 06000, Col Centro, México DF,
APDO Postol M-2285 e Tels 55714021 al 24, 5623.2910 y 5623.2971 ® Fax 5510 0572



SAP2000°

Integrated
Finite Elements Analysis
and
Design of Structures

SAP2000 Web Tutorial 1

DETAILED TUTORIAL INCLUDING
PUSHOVER ANALYSIS

—— = — = A
= = — [}
Issue Date: June 1998
Computers and Structures, Inc. Revision Number « 0
Berkeley, California, USA Revision Date: N/A



COPYRIGHT

The computer program SAP2000 and all associated documentation are proprietary
and copyrighted products. Worldwide rights of ownership rest with Computers
and Structures, Inc. Unlicensed use of the program or reproduction of the
documentation in any form, without prior written authorization from Computers
and Structures, Inc., is explicitly prohibited.

Further information may be obtained from:

Computers and Structures, Inc
1995 University Avenue
Berkeley, California 94704 USA

tel: (510) 845-2177
fax: {510) 845-4096
e-mail: supporti@csiberkeley.com
web: www.csiberkeley.com

® Copyright Computers and Structures, Inc., 1978-1997,

The CSI Logo 15 a registered trademark of Computers and Structures, Inc.
SAP2000 is a registered rademark of Computers and Structures, Inc,
Windows is a registered trademark of Microsoft Corporation,



Table Of Contents

A, INIFOAUCTIOR e stissstiscstssasiisssssssnsssssnssssnssastasnarassssnsssssssssasessusssssnarssassesssssasans 1
B. Description of Building Model ....cccocceieersniensrncorsncsinsissnssssnnissarssassnsssesmssssssssnosssasssasss 3
C. Tutorial Part 1 - Creating, Analyzing and Designing the Basic Model ....................... 8
la. Setting up the model geometry starting from a template..........ccoovvinivniccicicnnnnn, 8
1b. Setting up the model geometry starting from scratch, including restraints............... 18
2. Relabeling joint, frame and shell elements...............cooe....e. et eerr e r e raaaeearrenanes 28
3. Defining material ProPerties ......c.civveiiiiiirirrieeeee e resire s ses st se s e ne e 30
4. Defining frame SECHIONS ..cvovereeuieii et et ae et e e e e e nre s e nren s 32
5. Defining shell SECtiOns........ccvcvvevireiviieniiiiie s e 34
6. ASSIZIINGE GIOUPS.... ..o iviereiiiieeeeiireeieseeeraressirneeesireerearssaseassssssnansneresansnsessensssorsnanss 35
7. ASSIZNiNg frame SECHIONS ...evevuveieeieercreeeieererreaeeteenre e ssrenresresseestest e e enanarestereenes 4]
8. AsSIZNING SNEIl SECLIONS .ecvieiiriievireis et erte et et b s sane e s eae e e ereae s 47
9. Assigning frame end releases......coocvieiviiririeirir e s 48
10. Defining Static 10ad CASES ........ccviveereeiriceeieenrieee e e e sessne s essa st e e es e ss b s 51
11. Assigning frame Static 10adS ......cccccuieervivriiiiiiee e e e ceere e v re s et 53
12. Assigning shell static 10adS.......ccooiiiiiiiiiii et 61
13. Assigning JOINt Static l0AAS .....ocvveiieeiiiirrrer e e eere et ernrsrr e s e s e ere s e e e 63
14, ASSIZNING JOIME ITIASSES «ovveeverrieeuriereeesrrsssenesinrensrressssasssreoasrrsssnsessssasssssmmsnsenressssnanss 67
15. Assigning diaphragm CONSITAINLS ......c.covveviurerieeirrerirreseeseeieeessreesarenessseseeeesrrnsnen 70
16. Static and dynamic analysis (not PUSHOVET) .........cceeeiieiniiirrerrese et e ear e ereiens 71
17. Reviewing MOde ShaPES ....ccccerireerrniirircrincrrrestr e ree s steeria e er e ar e e e e sreeanen 74
18. Reviewing deformed shapes............cccoeeieiiininiinscecire st 75
19. Reviewing element forces and StrESSES ......ccocvviuirieireieesiirriirree et nneerae e e 77
20. Performing a steel design stress Check ......coovvonieeiciinecreccccr e e 81
D. Tutorial Part 2 - Pushover ANalysis......uiccrsnersascsossesssssasassesssssesssassesssarasasssasasssen 86
1. Defining hinge properties (PUSHOVET).......cueiiiiiiiiiei e 86
2. Assigning hinge properties (PUSROVET)......c.ccouiiiicierieeienririere et 90
3. Viewing generated hinge properties (PUSHOVET) ......ccccoiviieiiiniieneneiine e 94
4. Defining StatiC PUSHOVET CASES .......ccceeiveriieieeiresieeeceesinreeeieeeesaresssaeeeraneseassecaneesenns 98
5. Running the pushoVer analysis..........ccceceeeeiiicrrinieseceeren s seeeenesesenes s e 105
6. Displaying the pushover deformed shape and the sequence of hinge formation.....106
7. Displaying frame element forces at each step of the pushover.........cc.cccoceerrvrennae. 110
8. Displaying the pushover and capacity Spectrum CUrVeS ..........c.cccevvereveeverccreveeennn. 112
E. Final COMMENLS........ciiiersiseressssissssienncsssssssssisnesssessssssasonessnsesnasssesssstasanesnaasasessasnn 123



DISCLAIMER

CONSIDERABLE TIME, EFFORT AND EXPENSE HAVE GONE INTO THE
DEVELOPMENT AND DOCUMENTATION OF SAP2000. THE PROGRAM HAS
BEEN THOROUGHLY TESTED AND USED. IN USING THE PROGRAM,
HOWEVER, THE USER ACCEPTS AND UNDERSTANDS THAT NO WARRANTY
IS EXPRESSED OR IMPLIED BY THE DEVELOPERS OR THE DISTRIBUTORS
ON THE ACCURACY OR THE RELIABILITY OF THE PROGRAM.

THE USER MUST EXPLICITLY UNDERSTAND THE ASSUMPTIONS OF THE
PROGRAM AND MUST INDEPENDENTLY VERIFY THE RESULTS.



A. Introduction

This tutorial is quite detailed. It is intended to introduce and demonstrate many of the capabilites
of SAP2000. Because we are trying to demonstrate as many different capabilities as reasonable,
the example problem is not necessarily created and the results ar¢ not necessarily reviewed in the
most efficient and expedient manner. Often with computer programs, what is efficient for one
person may not be the best method for the next person. It is assumed that once introduced to the
SAP2000 capabilities and methods in this tutorial, users will decide which methods work best for
them in their particular circumstances. Following is an outline of this tutorial (see the Table of
Contents for a more complete outline):

A. Introduction
B. Description of Building Model
- C. Tutorial Part 1 - Creating and Analyzing the Basic Model
D. Tutonal Part 2 - Pushover Analysis
E. Discussion of Additional Pushover Cases

If you are not interested in the pushover portion of the tutorial, you can skip parts D and E.

If you are only interested in the pushover tutorial, then you can read parts A and B, skip part C,
and then open the already created model (without the pushover data) named Sapwb01c.sdb,
which 1s supplied with this tutorial, and start with Step D.

Note: You must have SAP2000 Version 6.20 or later to read files Sapwb0Ic.sdb and
Sapwb0id.sdb. These files are not compatible with earlier versions of SAP2000.

Finally, if you are not interested in working through the tutorial at this time, but want to see the
results of the pushover analysis, then you can read parts A and B, skip part C and the first five
steps of part D, and then open the already created model (with the pushover data) named
Sapwb01d.sdb, which is supplied with this tutorial. You should then run the linear static and
dynamic analysis by clicking Run on the Analyze menu. Next select Run Static Pushover from
the Analysis menu to perform the pushover analysis. The results are now ready for viewing. See
steps 6, 7 and 8 in part D for information on viewing results. See part E for additional discussion
of results. Note that for real problems (as contrasted with tutorial problems) you should always
run and review the results of a basic static analysis (and maybe also dynamic analysis, at least for
mode shapes) to verify that your model is behaving as you intend.

SAP2000 has extensive online help that can help answer many of your questions. One of the

most useful ways to access the online help is to press the F1 key on the keyboard from within
most dialog boxes. Pressing the F1 key will bring up context sensitive help pertaining to the
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dialog box that is open. You may find it useful to use this option throughout this tutorial to get
more information.

If you require further technical assistance concerning this tutorial, or other aspects of SAP2000,
you can contact CSI by phone at (510) 845-2177, or by e-mail at support@csiberkeley.com.
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B. Description of Building Model

The example problem for this tutorial is a steel-frame building two bays wide by two bays deep,
and two stories high. The plans and elevation in Figure B-1 show the basic dimensions and
member sizes for the model. The building has a moment frame lateral force-resisting system in
the X-direction and a braced frame lateral force-resisting system in the Y-direction. All steel s
Fy =36 ksi. The second floor is concrete over metal deck, and is assumed to be a rigid
diaphragm in the model. The roof deck has no concrete, so it is not modeled as rigid.
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Figure B-1: Example Building Plans and Braced Frame Elevation

SAP2000 Web Tutorial 1



Figure B-2 shows perspective views of the computer model that include joint labels and frame
element labels. Figure B-3 includes plan views of the computer model with frame element
labels. Note that the infill beams are not specifically included in the computer model. These
figures may be useful for reference when you are working through the tutorial.
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Perspective View Showing Joint Labels
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Perspective View Showing Frame Element Labels

Figure B-2: Views of Computer Mode| Showing Joint and Frame Element Labels
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Figure B-3: Plan Views of Computer Model Showing Frame Element Labels
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The following assumptions are used for dead and live loads:

Roof: DL = 40 psf

LL =20 psf

Second Floor: DL = 80 psf
LL = 50 psf

Perimeter Wall: DL = 20 psf

These loads are assumed to include the self-weight of the structural elements. Figure B-4 shows
the beam span loads that are applied to each beam in the SAP2000 model.

Roof Beams 39, 40, 51, 52 Second Floor Beams 14, 15, 24, 25

0.40 kif DL 0.72 KIf DL
0.12 kif LL 0.30KIfLL

33T T8} %;iiigg;;%
A A

Roof Beams 41/44, 42, 47/50, 49 Second Floor Beams 16, 18, 21. 23
576k DL 11.52k DL
7.
016 kirpL > KL . 024 klfDLl 20k LL

Roof Beams 45, 46 Second Floor Beams 19, 20
048 kIf DL 0.96 kIf DL
0.24 kIfLL 0.60KIfLL

SRR EEENEER
A A | AT

Roof Beams 43, 48 Second Floor Beams 17, 22
11.52k DL 23.04k DL
576 k LL 1440k LL

FAN AN A A

Figure B-4: Beam Span Loads Used In SAP2000 Mode]

SAP2000 Web Tutorial 1 6



For this model, all mass is input at the joints. Table B-1 defines the joint masses used in the
model. The bottom portion of the table defines the masses, the top portion of the table defines
which joints are referred to as the center, corner and edge joints. Note that no mass 1s assigned
to joints 22 and 26 at the roof level. These are the joints at the top of the chevron braces.

Joint Labels at Center, Edge and Corner Joints

Level Center Joint Edge Joints Corner Joints
Roof 24 20, 23, 25, 28 19,21, 27, 29
Second 14 11,13, 15, 17 10, 12, 16, I8

Joint Masses at Center, Edge and Corner Joints (k-sec’ / ft)

Level Center Joint Edge Joints Corner Joints
Roof 0.72 0.48 0.30
Second 1.45 0.90 0.55

Table B-1: Joint Masses Used In Computer Model

The lateral earthquake loads are assumed to be 17 kips (0.0074ksf) at the roof level and 16 Kips
at the second level for the X-direction (roment frame direction), and 26 kips (0.0113 ksf) at the
roof level and 23 kips at.the second level for the Y-direction (braced frame direction). These
forces are assigned as shell static uniform loads at the roof level and as joint loads at the second
level. The second level forces are broken down into joint loads as shown in Table B-2.

Joint Loads at Center, Edge and Corner Joints (k) For Second Level

Earthquake Center Joint Edge Joints Corner Joints

. Direction 14 11, 13, 15, 17 10, 12, 16, 18
EQX 2.67 2.00 1.33
EQY 3.83 2.88 1.92

Table B-2: Joint Forces Used In Computer Model For Static Earthquake Loading At Second
Floor Level In X and Y Direction
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C. Tutorial Part 1 - Creating, Analyzing and Designing the Basic Model

This tutorial steps through setting up the model geometry both from a built-in template (step 1a),
and from scratch (step 1b). It is not necessary to do both of these steps, in order to complete the
tutorial; one or the other is sufficient. However, it may be helpful to see the process and
techniques used in completing both steps. We recommend that to obtain additional information
during the course of this tutorial you refer liberally to the online help available in SAP2000 by
pressing the F1 key from within almost any dialog box to obtain context-sensitive help.

Step 1a: Setting Up the Model Geometry From a Template

1. Click the drop down box in the status bar to change the units to kip-ft. [kt -]

2. From the File menu select New Model from Template.... This displays the Model
Templates dialog box.

3. Inthis dialog box:

o Click on the Space Frame template. @ " This will display the Space Frame
dialog box (see Figure C-1). ' e
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Figure C-1: Space Frame Dialog Box
» In this dialog box:

v" Change the Number of Bays along X to 2.
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v Check the Restraints box if it is not already checked.
v' Check the Gridlines box if it is not already checked.
v Accept the remainder of the default values.

v Click the OK button.

. The screen will refresh and display a 3-D and a 2-D (XY Plane @ Z=24) view of the model
in vertically tiled adjoining windows.
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el lxl= FzlE]e (@ @l ]Elals]-

3
f

Figure C-2: Initial Screen From Space Frame Template

. Note that the default restraints provided when the Restraints box is checked in the Space
Frame dialog box are pinned supports.

. Click in the window labeled X-Y Plane (@ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the yz 2D View button ¥? I on the main toolbar to change the view to an elevation in
the YZ plane. Note that the title of the window reads YZ Plane @ X=24. This same title
also occurs on the left-hand side of the status bar at the bottom of the SAP2000 window.

. Click the roof level beam on the left side of the elevation to select it. From the Edit menu,
click Divide Frames... to display the Divide Selected Frames dialog box.
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9. Accept the default values in this dialog box and click the OK button. The roof beam 1s
divided into two beams, thus providing a node for the top of the chevron brace.

10. Click the Draw Frame Element button *\b on the side toolbar, or select Draw Frame
Element from the Draw menu. The profrantis now in Draw Mode.

Note: If vou hold the pointer over a toolbar button for a few seconds, a text box
including the name of the button will appear.

11. Make sure that the Snap to Joints and Grid Points button ,?'. on the side tool bar is
depressed. Place the mouse pointer on the joint labeled “A” in Figure C-3 and click on the
left mouse button. Note that when the mouse pointer is near the joint, it snaps to the joint,
and a text box that says “Grid Intersection” appears. This is the effect of the Snap to Joints
and Grid Points feature.

Note: Other snap options included in SAP2000 include Snap to Midpoints and Ends,
Snap to Element Intersections, Snap to Perpendicular, and Snap to Lines and Edges.
The buttons for these features are located on the side toolbar just below the Snap to
Joints and Grid Points button. Note that all of the snap features can also be
accessed through the Snap To... option on the Draw menu. For more information on
the snap capabilities of SAP2000, refer to the topic titled Snap Tools in the SAP2000
online help. Click on the Help menu and select the Search for Help on... option to
access the online help in SAP2000.
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Figure C-3: Joint Labels For Drawing Chevron Brace
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12. Place the mouse pointer near the joint labeled “B” in Figure C-3 and note that in this case the

Snap To option text box just says “Point” because the joint does not occur at a grid
intersection. Click on the left mouse button to draw the chevron brace element.

Note: If you wanted to, at this point vou could just click on point C in Figure C-3 to
draw the second brace element. [f we were to do that, the start point for the brace
would be at the top (point B) and the bottom point would be at the bottom (point C).
Though not necessarily a problem, this would be inconsistent with how we input the
first brace. In this example we will opt for consistency.

Note: If you wanted to, at this point you could move the mouse pointer into the 3D View
window, and select the second joint for the next frame element there. Trv moving the
mouse pointer over the 3D View window, but for this example don't actually click 10
define the second frame member.

13. Press the Enter key on the keyboard to stop drawing the second frame member. Note that the

Draw Frame Element button is still depressed, i.e., the program is still in Draw Mode and
ready to draw another frame element.

14. Click on the joint labeled “C” and then the joint labeled “B” in Figure C-3, and then press the

Enter key on the keyboard to draw the second chevron brace member.

15. Click the Quick Draw Frame Element button % on the side toolbar. Then click in the
area labeled “D” in Figure C-3 to enter the X-braces. The model now appears as shown in
Figure C-4.

Note: The X-braces could also have been entered using the same technique that was
emploved for the chevron braces.

Note: Both the Draw Frame Element and the Quick Draw Frame Element options are
also available on the Draw menu.

Note: The Quick Draw Frame Element option works two different ways. You can click
on a grid segment to quickly draw a single frame element between the two adjacent
perpendicular grid lines. Alternatively, you can click in a space bounded by four grid
lines ro quickly draw a cross brace as was done here.

16 Click the Down One Gridline buttonl O I on the main toolbar twice to display the YZ
elevation at X=-24. Note the window title changes to Y-Z Plane @ X=-24. The mode!
appears as shown in Figure C-5.

17. We will use a different method to locate these chevron braces. Click the Snap to Midpoints

and Ends button _i‘_l to activate this snapping option. Click the Draw Frame Element
button . |on the side toolbar, or select Draw Frame Element from the Draw menu. The
program s now in Draw Mode.
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18. Place the mouse pointer on the joint labeled “A” in Figure C-5 and click on the left mouse
button.

19. Move the mouse pointer over to the center of the beam element at the point labeled “B” in
Figure C-5. When the Snap To feature text box appears saying “Midpoint” click the left
mouse button to input the brace element. Then press the Enter key on the keyboard.

20. Click the Snap to Midpoints and Ends buttonl 4 to deactivate this snapping option.

21. Click on the joint labeied “C” and then the joint labeled “B” in Figure C-5, and then press the

Enter key on the keyboard to draw the second chevron brace member.

22. Click the Quick Draw Frame Element button \- on the side toolbar. Then click in the
area labeled “D” in Figure C-5 to enter the X-brates.

23. Click the Pointer button * h l to exit Draw Mode and enter Select Mode.

24. Click the roof beam at the top of the braced frame to select it. Also click the joint at the top
of the chevron brace (center of braced frame roof beam) to select it.

25. From the Edit menu select Divide Frames... to display the Divide Selected Frames dialog
box.

26. In this dialog box: -
¢ Select the Break At Intersections With Selected Frames and Joints option.
e Click the OK button.
Note: This completes inputting of the frame element geometry. Now we will input shell
element geometry. We will use shell elements to model the roof diaphragm. We will

demonstrate three different options for inputting the shell elements.

27. Click the xy 2D View button' i I on the main toolbar to change the view to a plan in the
XY plane. Note that the title of the window reads XY Plane @ Z=24.

28. Click the Quick Draw Rectangular Shell Element button [<] I on the side toolbar (or select

Quick Draw Rectangular Shell Element from the Draw menu).

29. Click in the area labeled “A” in Figure C-6 to input the first shell element. Note that a quick

Shell element 1s drawn by clicking in a grid space, bounded by four grid lines.

30. Note that just the outline of the shell element is shown. Sometimes when working with shell

elements it is easier if you can view the shell element filled in. Click the Set Elements

SAP2000 Web Tutoriai 1
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buttonl_@] on the main toolbar (or select Set Elements... from the View menu). This
displays the Set Elements Dialog box.

31. Check the box labeled Fill Elements and ciick the OK button to display the shell elements
filled.

32. Click in the area labeled “B” in Figure C-6 to input a second shell element. Note that this
element will be reshaped in a subsequent step.

33. Click the Draw Rectangular Shell Element button. [] Ion the side toolbar (or select Draw
Rectangular Shell Element from the Draw menu). Make sure that the Snap to Joints and

Grid Points button III on the side tool bar is selected (depressed).
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Figure C-6; Shell Element Input

34. Click on the point labeled “C” in Figure C-6 and then click the point labeled “D” to input the
next shell element. Note that a rectangular Shell element is drawn by clicking to define two
corners that are diagonally opposite of each other,

35. Click the Draw Quadrilateral Shell Element button : @ on the side toolbar (or select
Draw Quad Shell Element from the Draw menu).

36. Click on the points labeled “E”, “F”, “G” and “H” in Figure C-6, in that order, to draw a
quadrilateral shell element.
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37. Click on the points labeled “H”. “G™, *“C™ and “H" in Figure C-6. in that order. to draw a
trtangular shell element.

Noie: Shell elements may be either four-sided, or three-sided. In general, four-sided
elements are recommended.

38. Click the Reshaper button _'ﬁ_ on the side toolbar (or select Reshape Element from the
Draw menu).

39. Click once on the shell element in the lower right-hand corner (drawn in item 29 in the arca
labeled “B” in Figure C-6) to highlight it. Note that member end handles appear on the shell
element as shown in Figure C-7.
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Figure C-7: Reshape Shell Element

40. Click on the point labeled “A” in Figure C-7, and while holding down the lefi mouse button,
drag the member end handle to point “B™.

41. Click the Refresh Window button ﬁ’ on the main toolbar (or select Refresh Window
from the View menu) to see the results of reshaping the element.

42. .Click the Draw Quadrilateral Shell Element button_g_ on the side toolbar {or select
Draw Quad Shell Element from the Draw menu). Then click on the points labeled “C”,
“A”, “B” and “C” in Figure C-7, in that order, to draw a triangular shell element.

43, Click the Pointer button [} l to exit Draw Mode and enter Select Mode.
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44, Now we will return the shell element view to unfilled elements. Click the Set Elements
button Iﬁl on the main toolbar (or select Set Elements... from the View menu). This
displays the Set Elements Dialog box.

45, Uncheck the box labeled Fiil Elements and click the OK button to display the shell elements
‘ not filled. The display should appear as shown in Figure C-8.
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Figure C-8: Model With All Geometry Input

46. From the File menu choose Save and input a new name to save your file.
Note: Jtis a good idea to save vour file often.
This completes the input of the model geometry. Now you can do one of the following:

* If you started the mode! from a template, and do not want to try starting the model from
scratch, then skip to Step 2.

If you started the mode! from a template and now want to try starting it from scratch, then
continue on to Step 1b.

If you started the model from scratch, and do not want to try starting the model from a
template, then skip to Step 2.

SAP2000 Web Tutorial 1
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* If you started the model from scratch, and now want to try starting it from a template,
then return to the beginning of Step la. |

* [f you want to stop working on the tutorial for now, and close SAP2000, make sure that
you have saved your file as outlined in item 46, and then from the File menu select Exit.
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Step 1b: Setting Up the Model Geometrv From Scratch

This tutonal steps through setting up the model geometry both from a built-in template (step 1a),
and from scratch (step 1b). It is not necessary to do both of these steps in order to complete the
tutorial; one or the other is sufficient. However, each of them has some unigue information.

1. Click the drop down box in the status bar to change the units to kip-ft. Trip -]

2. From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

[T TS| 3. In this dialog box:

Catozian | Cyindical |
e Select the Cartesian tab.
Systom Name IGLGE.L'..
- Numbes of Grid Spaces———— e Set the Number of Grid Spaces in X direction to 2.
X dwection f2
Yaewon [ e Set the Number of Grid Spaces in Y direction to 4.
oot P ¢ Set the Number of Grid Spaces in Z direction to 2.
[ Grid Spacing
Kdeecton {24 » Set the Grid Spacing in the X direction to 24,
Ydwecton |12
Zdecion  [id o Set the Grid Spacing in the Y direction to 12.
¢ Set the Grid Spacing in the Z direction to 12.
ok ] cancel |
¢ Click the OK button to accept the grid definition.

4. The screen will refresh and display a 3-D and a 2-D (XY Plane @ Z=24) view in vertically-
tiled adjoining windows.

5. Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

6. Click the Quick Draw Frame Element button ®= |on the side toolbar (or select Quick
Draw Frame Element from the Frame menu).

Note: If you hold the pointer over a toolbar button for a few seconds, a text box
including the name of the button will appear.

7. Inthe window labeled X-Y Plane @ Z=24, to enter a beam element click on a grid line. The
Quick Draw Frame Element tool will then create a beam element on that grid line spanning
between the closest perpendicular grid lines on either side of the point where you clicked.

*
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Thus click the ten locations designated by an O in Figure C-9 to draw some of the roof level
beams. :
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Figure C-9: Quick Drawine Roof Level Beams
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Figure C-10: Drawing Remaining Roof Level Beams
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10.

11.

12.

13.

14,

15.

SAP2000 Web Tutorial 1

Note: [f you miss slightly when clicking on a grid line, the program may assume yvou were
attempting 1o input two diagonal braces in the bay bounded by the grid lines. If this
happens, simply click the Undo button | on the main toolbar twice, or select Undo
Frame Add from the Edit menu twice. -

Click the Draw Frame Element button ‘\; on the side toolbar. The program is now in
Draw Mode. —

Make sure that the Snap to Joints and Grid Points button F. on the side tool bar is
depressed. Place the mouse pointer on the joint labeled *“A” in Figure C-10 and click on the
left mouse button. Note that when the mouse pointer is near the joint, it snaps to the joint,
and a text box that says “Grid Intersection” appears. This is the effect of the Snap to Joints
and Grid Points feature.

Note: Other snap options included in SAP2000 include Snap to Midpoints and Ends,
Snap to Element Intersections, Snap to Perpendicular, and Snap to Lines and Edges.
The buttons for these features are located on the side toolbar just below the Snap to
Joints and Grid Points button. Note that all of the snap features can also be
accessed through the Snap To... option on the Draw menu. For more information on
the snap capabilities of SAP2000, refer to the topic titled Snap Tools in the SAP2000
online help. Click on the Help menu and select the Search for Help on... option to
access the SAP2000 online help.

Place the mouse pointer near the joint labeled “B” in Figure C-10 and Click on the left mouse
button to draw the roof beam element.

Note: We couldn’t use the Quick Draw Frame Element tool to draw this beam because
the beam crosses a grid line.

By default the program is now ready to draw another frame element starting from point “B”.
Press the Enter key on the keyboard to stop from drawing the second frame member at this
location.

Place the mouse potinter on the joint labeled “C” in Figure C-10 and click on the left mouse
button. Click in sequence on joints “D” and “E” and then press the Enter key to draw the
next two roof beams.

We will now edit the grid lines so that we can use the Quick Draw Frame Element tool to
enter the last roof beam that will span from point “F” to point “G” in Figure C-10.

From the Draw menu select Edit Grid.... This displays the Modify Grid Lines dialog box.
In this dialog box:

* Click the Y option in the Direction area.

20



= . Highlight -12 in the Y Location list box and click the Delete Grid Line button.
= Highlight 12 in the Y Location list box and click the Delete Grid Line button.

s Click the OK butten.

16. Click the Quick Draw Frame Element button “\ on the side toolbar (or select Quick
Draw Frame Element from the Frame menu).”

17. Click on the grid line between points “F” and “G” in Figure C-10 to enter the last roof beam.
The model now appears as shown in Figure C-11.
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Figure C-11: Modél After All Roof Level Beams Have Been Drawn

18. Select all of the roof level frame elements and joints in the X-Y Plane @ Z=24 by
“windowing.” To do this:

s Click the Pointer button E} ' on the side toolbar to activate the Select Mode.
¢ Move the pointer above and to the left of the frame elements and Joints.

e (Click and hold the left mouse button.

e  While holding, move the pointer below and to the right of the frame elements and joints.
A “rubber-band” window will show the region selected.
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* Release the left mouse button to select ali elements in this window.
19. From the Edit menu, choose Copy.
20. From the Edit menu, choose Paste. This will display the Paste Coordinates dialog box.
21. In this dialog box input 0 for Delta X, 0 for Delta Y and -12 for Delta Z.
22. Click the OK button and the geometry for the roof level is copied to the second level.
23. Click the Down One Gridline button |i}_, on the main toolbar to display the plan view at

the second floor level, Z=12. Note the window title changes to X-Y Plane @ Z=12. The
model now appears as shown in Figure C-12.
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re C-12: Model After All Roof Level Beams Copied To Second Level

Note: The second level beams at the braced frames do not need a joint at the center to
receive a brace. Thus we will delete the center joints.

24. Click the second level beams labeled “A” and “B” in Figure C-12 to select them.

25. From the Edit menu select Join Frames to combine these two elements into a single element
and rermove unused joints left over from the joining process.
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26. Click anywhere on the combined frame member to select it. Note that the entire member 1s
highlighted thus verifying that the members have been joined.

27. Click the Clear Selection button ! on the side toolbar (or select Clear Selection from the
Select menu) to deselect the beam.

28. Click the second level beams labeled “C” and “D” in Figure C-12 to select them. From the
Edit menu select Join Frames to combine these two elements into a single element.

29. Click in the window labeled X-Y Plane @ Z=12 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

30. Click the yz 2D View button i] on the main toolbar to change the view to an elevation in
the YZ plane. Note that the title of the window reads YZ Plane @ X=24. This same title
also occurs on the left-hand side of the status bar at the bottom of the SAP2000 window. The
model appears as shown in Figure C-13.
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Figure C-13: Y-Z Elevation

31. Click the Draw Frame Element button = | on the side toolbar. The program is now in
Draw Mode. —

32. Make sure that the Snap to Joints and Grid Points button I T':" .| on the side tool bar is
depressed. Place the mouse pointer on the joint labeled “A” in Figure C-13 and click on the

left mouse button. Note that when the mouse pointer is near the joint, it snaps to the joint,
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33.

34.

35.

36.

37.

38.

and a text box that says “Grid Intersection” appears This is the effect of the Snap to Joints
and Grid Points feature.

Place the mouse pointer near the joint labeled “B” in Figure C-13 and note that in this case
the Snap To option text box just says “Point™ because the joint does not occur at a grid
intersection. Click on the left mouse button to draw the chevron brace element.

Note: If you wanted to, at this point you could just click on point C in Figure C-12 to
draw the second brace element. If we were to do that, the start point for the brace
would be at the top (point B) and the bottom point would be at the bottom (point C).
Though not necessarily a problem, this would be inconsistent with how we input the
first brace. In this example we will opt for consistency.

Note: If you wanted to, at this point you could move the mouse pointer into the 3D View
window, and select the second joint for the next frame element. Trv moving the
mouse pointer over the 3D View window, but for this example don’t actually click to
define the second frame member.

Press the Enter key on the keyboard to stop drawing the second frame member. Note that the

Draw Frame Element button is still depressed, i.e., the program is stili in Draw Mode and
ready to draw another frame element.

Click on the joint labeled “C” and then the joint labeled “B” in Figure C-13, and then press
the Enter key on the keyboard to draw the second chevron brace member. :

Click the Quick Draw Frame Element button - \I on the side toolbar. Then click in the
area labeled “D” in Figure C-13 to enter the X-braces.

Note: The Quick Draw Frame Element option works two different ways. You can click
on a grid segment to quickly draw a quick single frame element between the two
adjacent perpendicular grid lines. Alternatively, you can click in a space bounded. by
Jour grid lines to draw a cross brace as was done here.

Note: The X-braces could also have been entered using the same technique that was
employed for the chevron braces.

Note: Both the Draw Frame Element and the Quick Draw Frame Element options are
also available on the Draw menu.

Click the Down One Gridline button | " | on the main toolbar twice to display the
elevation view at X=-24. Note the window title changes to Y-Z Plane @ X=-24.

Repeat steps 32 through 36 to draw the second set of braces. Note that the second set of
braces occurs on the right-hand side of the elevation. The model now appears as shown in
Figure C-14.
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Figure C-14: Model After Braces Have Been Drawn

39. Now we will draw the columns. Click the six column grid line locations designated with an
O in Figure C-14 to define the first line of columns.

40. Click the Pointer button %‘ I to exit Draw Mode and enter Select Mode. Click onthe six
columns just entered to select them.

Note: A message on the left-hand side of the status bar at the bottom of the SAP2000
window tells you how many of each type of element are currently selected.

41. From the Edit menu, choose Replicate. This will display the Replicate dialog box.

42. In this dialog box select the Linear tab, input 24 for X, 0 for Y and 0 for Z. Input 2 for the
number,

43. Click the OK button and the geometry for the columns will be replicated twice at a 24-foot
spacing. i :

Note: In addition to linear replication, the Replicate option also allows radial
replication and mirroring. Refer to the topic replicate in the online help for more
information. The online help can be accessed by clicking on the Help menu and
selecting the Search for Help on... option or you can access it by pressing the F1 key
on the keyboard when the Replicate dialog box is open.
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44,

45.

46.

47.

48.

49,

50.

51

52.

53.

54,

55,
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Now we will apply the base restraints. Click in the window labeled Y-Z Plane @ X=-24 to
make sure it is active. Note when the window is active, its title bar will be highlighted.

From the View menu select Set 2D View.... This will display the Set 2D View dialog box.
Make sure the X-Y plane option button is selected and enter 0 in the Z = edit box.

Click the OK button, and the window will now display the X-Y Plane @ Z=0.

Select all of the joints in the X-Y Plane @ Z=0 by “windowing.” To do this:

¢ (lick the Pointer button _Q;I on the side toolbar left side of the screen.

* Move the pointer above and to the left of the support joints.

e Chck and hold the left mouse button.

* While holding, move the pointer below and to the right of the support joints. A “rubber-
band” window will show the region selected.

» Release the left mouse button to select all elements (joints) in this window.

From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

¢ C(Click the pinned base fast restraint button ‘él to set all translational degrees of
freedom (U1, U2 and U3) as restrained.

o Click the OK button
Click in the window labeled 3-D View to make sure it is active.

Click the Refresh Window button J l on the main toolbar (or select Refresh Window
from the View menu) to see the restraints in the 3-D View window.

Click in the plan view window currently labeled Joint Restraints to make sure it is active.

Click the Show Undeformed Shape button .} I to reset the view and to return the window
label to X-Y Plane @ Z=0.

Click the Up One Gridline buttonj ot I on the main toolbar twice to display the elevation
view at Z=24.

26



56. To finish defining the model geometry, complete items 25 through 46 in Step la, i.e., the
previous step. When finished, return to this point,

This completes the input of the model geometry from scratch. Now you can do one of the
following:

» If you started the model from scratch, and do not want to try starting the model from a
template, then go on to Step 2.

* Ifyou started the model from scratch, and now want to try starting it from a template,
then return to the beginning of Step 1a.

= If you want to stop working on the tutorial for now, and close SAP2000, make sure that

you have saved your file as outlined in item 46 of Step 1a, and then from the File menu
select Exit. ‘

SAP2000 Web Tutorial 1
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Step 2: Relabeling Joint, Frame and Shell Elements

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

Click the Set Elements buttonlgﬂl‘ on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box:

¢ In the Joints area check the Labels box.
¢ In the Frames area check the Labels box.
e Inthe Shell‘s area check the Labels box.
¢ (Click the OK button.

Note: We are turning on the element labels so that we can see the effect of the element
relabeling. It is not necessary to turn on element labels in order to relabel them.

. From the Select menu choose Select, and then All from the submenu. All elements in the
model (joints, frame elements and shell elements) are selected.

. From the Edit menu choose Change Labels to display the Relabel Selected Items dialog
box.

. In this dialog box:

Retabet Sotsctes tems ]
¢ Press the F1 key to display the context- “Chnnga L_épel Initialization =
sensittve online help for this dialog o Prafix Nu,f,’gg,; : |nmma,';{“_
box. Joint | I 0 P

*  When finished reading the online help, Fame | .t
click the “X” in the top right-hand - U A
corner of the Help window, or select - BRI "
Exit from the File menu on the Help © [Select Elements) | [ Relabel Ordar =k
window to close it. A T I e T &
¥ Frames -° )
* Inthe Change Label Initializationarea | % Shels .- |-| :Second [¥ <}z
of the dialog box type 1 in the Next . e

Number edit boxes for Joint, Frame and ~ : s
Shell elements. - PK ] . lcmm' ] :

-
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e Accept the rest of the default values in the dialog box.
* Click the OK button to make the changes.

Note: It is not typically necessary to renumber the elements. It is done here to
illustrate the process, and to make sure all tutorial users have the same
numbering system, whether they started the model from a template, or from
scratch, since we will refer to joint and frame elements by their labels later in this
tutorial.

Note: Joint, Frame and Shell element labels can be given alphanumeric prefixes.
These prefixes can be input in the Prefix edit boxes on the Relabel Selected Items
dialog box.

Note: It is not necessary to select all elements to relabel. You could select only a few
elements, of any type, and relabel only the selected elements.

7. Click the Set Elements button ’_Sﬂij on the main toolbar {or select Set Elements... from the

View menu). This displays the Set Elements Dialog box.
8. In this dialog box:

¢ In the Joints area ﬁncheck the Labels box.

e In the Frames areia;‘uncheck the Labels box.

e In the Shells area uncheck the Labels box.

o (Click the QK button.

9. Click the Save Model burtonl g Ion the main toolbar, or select Save from the File menu to

save the file.

This completes relabeling the joint, frame and shell elements.

SAP2000 Web Tutorial }
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Step 3: Defining Material Properties

In this tutorial we will use default material properties, except that we will not use the self-weight
and self mass. In this step we will first review the default material properties (items 1 through
14) and then we will change the material properties to set the self-weight and self mass to zero
(items 15 through 21).

1. From the Define menu choose Materials.... This displays the Define Materials dialog box.

2. Highlight CONC in the Materials area and click the Modify/Show Material button. This
will display the Material Property Data dialog box.

Note: To add a new material property, click the Add New Material button.
3. Note the material properties shown, and notice that they are in units of kips and feet.

4. Click the Cancel button to exit the Material Property Data dialog box without making any
changes.

5. Click-the Cancel button to exit the Define Materials dialog box without making any changes.
6. Click the drop down box in the status bar to change the units to kip-in. [Kign '”

7. From the Define menu choose Materials.... This again displays the Define Materials dialog
box.

8. Highlight CONC in the Materials area, if it is not already highlighted, and click the
Modify/Show Material button. This displays the Material Property Data dialog box for the
material named CONC.

9. Note the material properties shown, and notice that they are in units of kips and inches.

10. Click the Cancel button to exit the Define Materials dialog box without making any changes.

11. Highlight STEEL in the Materials area and click the Modify/Show Material button. This
will dispiay the Material Property Data dialog box.

12. Note the material properties shown, and notice that they are in units of kips and inches.

13. Click the Cancel button twice to exit the Material Property Data dialog box and the Define
Materials dialog box without making any changes.

14. Click the drop down box in the status bar to change the units back to kip-ft. [kip |E'v'|=

15. From the Define menu choose Materials.... This displays the Define Materials dialog box.
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16.

17.

18.

19.

20.

21.

Highlight CONC in the Materials area and click the Modify/Show Material button. This
will display the Material Property Data dialog box.

In this dialog box:

e Inthe Analysis Property Data area type 0 in the Mass Per Unit Volume edit box.

¢ In the Analysis Property Data area type 0 in the Weight Per Unit Volume edit box.
¢ Click the OK button.

Highlight STEEL in the Materials area and click the Modify/Show Material button. This
will display the Material Property Data dialog box.

In this dialog box:

s In the Analysis Property Data area type 0 in the Mass Per Unit Volume edit box.

¢ In the Analysis Property Data area type 0 in the Weight PEr Uﬁit Volume edit box.
¢ Click the OK button.

Click the OK button to close the Define Materials dialog box.

Click the Save Model buttonl E |0n the main toolbar, or seiect Save from the File menu to

save the file.

This completes the review and definition of material properties.
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Step 4: Defining Frame Sections

We will use nine different wide flange sections (W24X62, W24X55, W21X44, W18X40,
WI18X35, W16X26, W14X132, W8XS58 and W8X31) and two different structural tube sections
(TS5X5X1/4 and TS4X4X1/4) for this model. We will use the structural sections data file
provided with SAP2000. The file is called SECTIONS.PRO and resides in the same directory as
SAP2000.

1. From the Define menu choose Frame Sections.... This will display the Define Frame
Sections dialog box.

2. In this dialog box:
e Click on the Import drop-down box.
e Click on Import I/Wide Flange. This will display the Section Property File dialog box.
¢ In this dialog box:

v" Locate the SECTIONS.PRO data file. It is typically located in the directory where
you installted SAP2000.

v" Open the SECTIONS.PRO data file by highlighting it and clicking on the Open
button or by double clicking on the file name.

v This will display a dialog box that includes a scrolling list box showing all the I/wide
flange sections available in the data file. The title bar of this box displays the full

path to the data file.
<\sap2000mseciiomspro |

EAP 5

Note: In a SAP2000 session you only have to locate ' TR
Sechon Typs; mmf:_r.

and open the SECTIONS.PRO data file once. You have
the option to select another data file at any time by
choosing Preferences in the Options menu and
selecting the Steel tab.

v In the list box;

» Use the Scroll buttons to locate the W24X62 .
frame section. Click once on this section to t
highlight it. v

» Use the Scroll buttons to locate the W24X55
frame section. While holding down the Ctrl key
on the keyboard, click once on this section to
highlight it and add it to the selection.
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Note: Frame sections may be selected one at a time or they may be selected
in groups as shown in this example. To select multiple frame sections that
are next to each other, hold down the Shift key and click on the first and
last frame element in the group. To select multiple frame sections that are
not next to each other, hold down the Ctrl key and click each section vou
want to select, as is done here.

Y

Use the Scroll buttons to locate the W21X44, W18X40, W18X35, W16X26,
W14X132, W8X58 and W8X31 frame sections. While holding down the Ctrl key
on the keyboard, click once on each section to highlight it and add it to the
selection.

Click the OK button. This will display the I/Wide Flange Section dialog box
which shows a schematic view of the last selected section (W8X31), section
dimensions, and STEEL as the default material type.

AT

v" Click the OK button. This will close the I/Wide Flange Section dialog box and return
to the Define Frame Sections dialog box. Notice that in the dialog box the labels of
the selected frame elements are added to the default section name (FSEC1) in the

‘Frame Section area.

¢ Click on the Import drop-down box.

o (Click on Import Box/Tube. This will display a scrolling list box showing all the box/tube
sections available in the data file.

¢ In this dialog box:

v Use the Scroll buttons to locate the TS5X5X1/4 frame section. Click once on this
section to highlight it.

v" Use the Scroll buttons to locate the TS4X4X1/4 frame section. While holding down
the Ctrl key on the keyboard, click once on this section to highlight it and add it to the
selection.

v" Click the OK button. This will display the Box/Tube Section dialog box that shows a
schematic view of the last selected section (TS4X4X1/4), section dimensions, and
STEEL as the default material type.

¢ Click the OK button. This will close the Box/Tube Section dialog box and return to the

Define Frame Sections dialog box. Notice that in the dialog box the labels of the selected

frame elements are added to the previously defined frame sections.

3. Click the OK button to close the Define Frame Sections dialog box.

This completes the definition of frame sections.
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Step 5: Defining Shell Sections

We will use one shell section property in the model to mode! the roof diaphragm. We will
assume the roof diaphragm to be equivaient to a 1" thick concrete diaphragm. This is not a
recommended way to approximate a metal deck diaphragm, it is just a simple and expedient
method to use for this example.

1. From the Define menu choose Shell Sections.... This will display the Define Shell Sections
dialog box.

2. In this dialog box:
o Click the Add New Section button. This will display the Shell Sections dialog box.
e In this dialog box:
v Type ROOF in the Section Name edit box.
v" Accept the default material CONC.
v' In the thickness area type 0.0833 in both the Membrane and Bending edit boxes.
v In the Type area, select the Membrane option.
Note: In general we recommend using the Shell type option for shell elements.
v" Click the OK button,
3. Click the OK button to close the Define Shell Sections dialog box.

4. Click the Save Model button I n I on the main toolbar, or select Save from the File menu
to save the file. .

This completes the definition of shell sections,

SAP2000 Web Tutorial 1 34



Step 6: Assigning Groups

Groups can be a powerful too! for selecting elements for both asstignments and display. In this
step we will create nine groups, as shown in the table below:

Group Name Description
ROOF All roof level joints, frame elements and shell elements
2ND All second level joints, frame elements and shell elements

COLS All column elements

FRCOLS All moment frame columns

BRCOLS All braced frame columns

BRACEI All braces between the first and second level

BRACE2 All braces between the second level and the roof level

FRMGIRD All moment frame girders '

BASE All bottom level columns and support joints

Note: By default the program creates a group named ALL which includes all elements in
the model (joint elements included).

1. Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

2. Click the Pointer button '} | on the side toolbar and select all of the elements in the X-Y
Plane @ Z=24 by “windowing.”

Note: To add more joints and/or elements to an already assigned group, first select the
group, then select more joints and/or elements, and finally assign them to the group.

Group assignment always replaces the existing elements in that group.

3. From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

4, In this dialog box:
» Type ROOF in the edit box at the top of the Groups area.
¢ Click the Add New Group Name button to define a group named ROOF.

Note: A common error is to forget to click the Add New Group Name button before
pressing the OK button.

» Click the OK button to assign the selected elements to the group named ROOF.

5. Click the Down One Gridline button | ¢ {on the main toolbar to display the plan view at
Z=12. Note the window title changes to X-Y Plane @ Z=12.
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10.

11.

12.

Select ali of the elements in the X-Y Plane @ Z=12 by “‘windowing.”

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box. '

In this dialog box:
e Type 2ND in the edit box at the top of the Groups area.
s Click the Add New Group Name button to define a group named 2ND.
s Click the OK button to assign the selected elements to the group named 2ND.
Click on the xz buttonl_-;e;l on the main toolbar to view an elevation in the X-Z plane. Note
the title of the window is probably X-Z Plane @ Y=24; it depends on the sequence of steps
you followed in creating the model. If the window title is not X-Z Plane @ Y=24, click the
Up One Gridline button ilon the main toolbar or the Down One Gridline buttonLo_l on
the main toolbar until the title of the window is X-Z Plane @ Y=24.
Click on the six column elements in this view to select them.
Note: SAP2000 will display the number and type of elements you have selected on the
left-hand side of the status bar at the bottom of the SAP2000 window.

deselect all elements at once, then click the Clear Selection button [dl|on the side
toolbar, or choose Clear Selection from the Select menu.

Note: You can click again on a single selected element to deselect it. If you want to

Click the Down One Gridline button |i] on the main toolbar to display the elevation at
Y=0. Note the window title changes to X-Z Plane @ Y=0.

Select the bottom level columns by intersection. To do this:

Click the Pointer button _R | on the side toolbar.

e Click the Set Intersecting Line Select Mode button M ]on the side toolbar.
¢ Move the pointer to the left of the columns you want to select.

s Click and hold the left mouse button.

¢ While holding, move the pointer to the right of the members you want to select. A
“rubber band” will show the intersecting line.

» Release the left mouse button to select all members that intersect this line.

SAP2000 Web Tutorial 1
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13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23,

24,

Click the Set Intersecting Line Select Mode button again and select the top level columns.

Click the Down One Gridline button| ¢ |on the main toolbar to display the elevation at Y=-
24. Note the window title changes to X-Z Plane @ Y=-24.

Use the Intersecting Line mode to select the six column elements in this elevation. There
should now be a total of 18 frame elements selected. You can confirm this by looking on the

left-hand side of the status bar at the bottom of the SAP2000 window.

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

¢ Type COLS in the edit box at the top of the Groups area.

* Click the Add New Group Name button to define a group named COLS.

e (Click the OK button to assign the selected elements to the group named COLS.

Now we will assign the moment frame columns to a group. Click on the lefi-hand column
and the center column (4 elements total) to select them.

Click the Up One Gridline button -¢ | on the main toolbar twice to display the elevation at
Y=24. Note the window title changes to X-Z Plane @ Y=24.

Click on the right-hand column and the center column (4 elements total) to se]ect them.
There should now be eight frame elements selected.

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

e Type FRCOLS in the edit box at the top of the Groups area.

o Click the Add New Group Name button to define a group named FRCOLS.

¢ Click the OK button to assign the selected elements to the group named FRCOLS.

Now we will assign the braced frame columns to a group. Click on the yz button| ¥2| on the
main toolbar to view an elevation in the Y-Z plane. If necessary, click the Up One

Gridline button ﬁ_l on the main toolbar until the title of the window is Y-Z Plane @ X=24.

Click on the four column elements at the braced frame to select them.
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25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Click the Down One Gridline button| % |on the main toolbar twice to display the elevation
at X=-24.

Click on the four column elements at the braced frame to select them. There should now be
eight frame elements selected.

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

¢ Type BRCOLS in the edit box at the top of the Groups area.

¢ C(Click the Add New Group Name button to define a group named BRCOLS.

¢ Click the OK button to assign the selected elements to the group named BRCOLS.

Now we will assign the bottom level braced frame braces to a group. Click on two bottom
level braces to select them:

Click the Up One Gridline button % | on the main toolbar twice to display the elevation at
X=24.

Click on two bottom level braces to select them. There should now be four frame elements
selected.

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

¢ Type BRACEI in the edit box at the top of the Groups area.

¢ Click the Add New Group Name button to define a group named BRACEI.

¢ Click the OK button to assign the selected elements to the group named BRACEIL.

Now we will assign the top level braced frame braces to a group. Click on two top level
braces to select them.

Click the Down One Gridline button| & | on the main toolbar twice to display the elevation
at X=-24. '

Click on two top level braces to select them. There should now be four frame elements
selected. -
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37.

38.

39.

40.

4].

42

43.

44,

45.

46.

47,

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

* Type BRACE?2 in the edit box at the top of the Groups area.

e Click the Add New Group Name button to define a group named BRACE2.

» Click the OK button to assign the selected elements to the group named BRACE2.

Now we will assign the moment frame girders to a group. Click on the xz button{=| on the
main toolbar to view an elevation in the X-Z plane. Note the title of the window is X-Z

Plane @ Y=24.

Click on the roof level and second level beam on the right side of this elevation to select
them.

Click the Down One Gridline button| ¢ | on the main toolbar twice to display the elevation -
at Y=-24,

Click on the roof level and second level beam on the left side of this elevation to select them. )
There should now be four frame elements selected.

From the Assign meﬂh choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:

e Type FRMGIRD in the edit box at the top of the Groups area.

» Click the Add New Group Name button to define a group named FRMGIRD.

¢ Click the OK button to assign the selected elements to the group named FRMGIRD.
Finally we will assign the lower level columns, braces and the base joints to a group. This
group can be used in the Group Joint Force Sum option-(on the Display menu) to display the
base shear. Click the Perspective Toggle buttonl ﬁl on the main toolbar. A perspective

view of the X-Z elevation is displayed.

Click the Set Intersecting Line Select Mode button E and select all of the bottom level
columns. Note that in doing so you will also select the bottom level braces.

Click on the xy buttonl 1| on the main toolbar to view an elevation in the X-Y plane. Note
the title of the window is X-Y Plane @ Y=12.
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48. Click the Down One Gridline button| ¢ | on the main toolbar to display the plan at Z=0.

49, Select all of the joints at this level by “windowing”. There should now be 9 joints and 13
frame elements selected. '

50. From the Assign menu choose Group Name.... This will dispiay the Assign Group dialog
box,

51. In this dialog box:
e Type BASE in the edit box at the top of the Groups area.
¢ Click the Add New Group Name button to define a group named BASE.
e Click the OK button to assign the selected elements to the group named BASE.

Note: The BASE group will be useful for determining base shears, overturning moments,
total vertical loads.

52. Click the Save Model button]g] on the main toolbar, or select Save from the File menu to
save the file, :

This completes the assignment of groups.
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Step 7: Assiening Frame Sections

Refer to Figure B-1 for the beam, column and brace element sections.

1. Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

2. Click the Set Elements buttonlsﬂj on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

3. Inthis dialog box:
¢ In the Frames area check the Labels box.
» In the Shells area check the Hide box.
e Click the OK button.

4. Click in'the window labeled X-Y Plane @ Z=0 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

5. Click the Up One Gridline buttonil on the main toolbar twice to display the roof level
plan at Z=24,

6. Click the Set Elements button]gg_]] on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

7. Inthis dialog box:
¢ In the Frames area check the Labels box.
e Inthe S-hells area check the Hide box.
¢ Click the OK button.

8. In the window labeled X-Y Plane @ Z=24, click on frame elements 40, 45, 46 and 51 to
select them.

Note: You can refer to Figures B-2 and B-3, as well as the screen, to identify the frame
element numbers.

9. From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

SAP2000 Web Tutorial 1 41



Bl SAP 2000 - pashiy |- 1O] x]
Fio Edl Yww Doine Diwr Sowct Asegn A0t Dwoky Desgn Dooow bep

Mﬂj;’!ﬂ_*lpplﬁlﬁlﬁla Hl'l‘l”l“[?_&lﬂ'i’i’ -|I|—‘|5!“—15[_Q’

m EL 30 Viem MEE||E X Y Honc 2 2=24 L~ 18] x]
X : ——
. |
<
[~ S
—D— ‘ U
=2 )
il b 3
i A ’
~ i
[r )] - !‘
45 o AR !
— ¥ —
B =
i
32' & b .
] |
] 5
kil 49 ﬁ‘
X7 Plons @ 2=24 P S — i *’EWEE’_ = =

10.

11.

12.

13.

14.

15.

16.

17.

Figure C-15; Frame Element Labels

In the Frame Sections area click on the W16X26 name once to highlight it and then click the
OK button. This assigns the W16X26 property to the selected frame elements. Note the
other frame elements have the default FSECI assigned.

Click the Show Undeformed Shape button o ' to clear the display of the assigned sections
so that you can see the frame element labels again.

In the plan view, click on frame elements 41, 42, 44, 47, 49 and 50 to select them.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

In the Frame Sections area click on the W18X35 name once to highlight it and then click the
OK button.

Click the Show Undeformed Shape button 0 I to clear the display of the assigned sections
so that you can see the frame element labels again.

In the plan view, click on frame elements 43 and 48 to select them.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31
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In the Frame Sections area click on the W21X44 name once to highlight it and then click the
OK button.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name FRMGIRD once to highlight it and then click the OK button.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

In the Frame Sections area click on the W24X55 name once to highlight it and then click the
OK button.

Click the Show Undeformed Shape button o | to clear the display of the assigned sections
s0 that you can see the frame element labels again,

Click in the window labeled X-Y Plane @ Z=24 to make sure 1t is active.

Click the Down One Gridline button| & | on the main toolbar to display the second floor plan ‘
at Z=12.

From the Select menu select Select and then Labels from the submenu. This will display the
Select by Labels dialog box.

Click the Element Type drop-down box and select Frame.
* Click the Element Type drop-down box and select Frame.

* Type 15 in the Start Label edit box, 24 in the End Label edit box and 9 in the Increment
edit box. '

s (Click the OK button.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

In the Frame Sections area click on the W16X26 name once to highlight it and then click the
OK button.

In the plan view, click on frame elements 16, 18, 19, 20, 21 and 23 to select them.

From the Assign menu select Frame and then Sections... from the submenu. This will
dispiay the Define Frame Sections dialog box.
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32.

33.

34.
35.
36.
3.7'
38.

39.

40.

4]1.

42

43,

45.

46.
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In the Frame Sections area click on the W18X40 name once to highlight it and then click the
OK button.

In the plan view, click on frame elements 17 and 22 to select them.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

In the Frame Sections area click on the W24X62 name once to highlight it and then click the
OK button.

From the Assign menu select Clear Display of Assigns to clear the display of frame assigns
from the plan view.

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box:
s In the Frames area uncheck the Labels box.
» (lick the OK button.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name BRACEI once to highlight it and then click the OK button.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

In the Frame Sections area click on the TS5X5X1/4 name once to highlight it and then click
the OK button.

. From the Select menu select Select and then Groups... from the submenu. This will display

the Select Groups dialog box.
Click on the group name BRACE2 once to highlight it and then click the OK button.

From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.



47. In the Frame Sections area click on the TS4X4X1/4 name once to highlight it and then click
the OK button.

48. From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

49. Click on the group name FRCOLS once to highlight it and then click the OK button.

50. From the Assign menu select Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.

51. In the Frame Sections area click on the W14X132 name once to highlight it and then click
the OK button.

52. From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

53. Click on the group name BRCOLS once to highlight it and then click the OK button.

54. From the Assign menu select Frame and then Sections.,. from the submenu. This will
display the Define Frame Sections dialog box. :

55. In the Frame Sections area click on the W8X58 name once to highlight it and then click the
OK button.

56. From the Select menu.select Select and then Groups... from the submenu. This will display
the Select Groups dialog box. -

N

57. Click on the group name COLS once to highlight it and then click the OK button.

58. From the Select menu select Deselect and then Groups... from the submenu. This will
display the Select Groups dialog box.

59. In this dialog box:
e Click on the group name FRCOLS once to select (highlight) it.

e Hold down the Ctrl‘key on the keyboard and click on the BRCOLS group name once to
highlight it and add it to the selection.

e (Click the OK button.

60. From the Assign menu seiect Frame and then Sections... from the submenu. This will
display the Define Frame Sections dialog box.
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61. In the Frame Sections area click on the W8X31 name once to highlight it and then click the
OK button.

62. From the Assign menu select Clear Display of Assigns to clear the display of frame assigns
from the 3-D view.

63. Click the Save Model buttonLE] on the main toolbar, or select Save from the File menu to
save the file.

This completes the assignment of frame section properties.
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Step 8: Assigning Shell Sections

1.

10.

11.

12.

13.

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar wili be highlighted.

Click the Set Elements button on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box:
e In the Shells area uncheck the Hide box.
e (Click the OK button.

Click in the window labeled X-Y Plane @ Z=12 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the Set Elements buttonlEJ on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box:
e In the Shells area uncheck the Hide box.
s (Click the OK button.

Click the Up One Gridline button .ﬂ on the main toolbar to display the roof level plan at
=24.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name ROOF once to highlight it and then click the OK button.

From the Assign menu select Shell and then Sections...- from the submenu. This will display
the Define Shell Sections dialog box.

In the Shell Sections area click on the ROOF name once to highlight it and then click the OK
button.

From the Assign menu select Clear Display of Assigns to clear the display of shell assigns
from the plan view. .

Click the Save Model button]g] on the main toolbar to save the file.

This completes the assignment of shell section properties.
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Step 9: Asgigning Frame End Releases

We will release the M3 and M2 moment at the ends of all non-moment frame girders, and release
M3, M2 and torsional moment at the ends of all braces.

1.

10.

Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name ROOF once to highlight it, then, holding down the Ctrl key, click
on the Group Named 2ND to add it to the selection. Click the OK button.

From the Select menu select Deselect and then Groups... from the submenu. This will
display the Select Groups dialog box.

Click on the group name FRMGIRD once to highlight it and then click the OK button.

From the Assign menu select Frame and then Releases... from the submenu. This will
display the Frame Releases dialog box.

Note: The end releases will be applied incorrectly to the roof beams at the braced frames as
a result of this selection. We will fix that in items 8 through 18.

In this dialog box:
» Check the Start and End boxes for Moment M22 (Minor) and Moment M33 (Major).
»  Click the OK button to apply the releases.

Note that releases are applied at the center of the braced frame roof beams. This is not
correct since the braced frame roof beams are continuous over the top of the chevron brace.

Click the Set Elements buttonlgl on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box. .

In this dialog box check the Local Axes box and the Labels box in the Frames area and click
the OK button. The local axes arrows appear as shown in Figure C-16.
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Figure C-16: Frame Element Local Axes Arrows

Note: The local axes arrows are color-coded red, white and blue. The red arrow is always
local axis 1, the white arrow is always local axis 2, and the blue arrow is always local
axes 3. In the plan view, local axis 2 is pointing straight up and thus we can not see that
arrow.

Note: For frame elements, local axis | always points along the longitudinal axis of the
member from the start joint to the end joint. Thus we can use the local axes to tell which
end is the start end for any frame element.

11. Click on frame elements 41 and 47 to select them. Note that for these elements, moments
will be released at the start end only.

12. From the Assign menu select Frame and then Releases... from the submenu. This will
display the Frame Releases dialog box.

13. In this dialog box:
a  Check the Start box for Moment M22 (Minor) and Moment M33 (Major).
s (Click the OK button to apply the releases.

14. Click on frame elements 44 and 50 to select them. Note that for these elements, moments
will be released at the end joint only.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

From the Assign menu select Frame and then Releases... from the submenu. This will
display the Frame Releases dialog box.

In this dialdg box:

* Check the End box for Moment M22 (Minor) and Moment M33 (Major).

» Click the OK button to apply the releases.

Tﬁe member end releases have now been corrected. Click the Set Elements button IE] on
the main toolbar (or select Set Elements... from the View menu). This displays the Set

Elements Dialog box.

In this dialog box uncheck the Local Axes box and the Labels box in the Frames area and
click the OK button.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name BRACEI! once to highlight it, then, holding down the Ctrl key, click
on the Group Named BRACE?2 to add it to the selection. Click the OK button.

From the Assign menu select Frame and then Releases... from the submenu. This will
display the Frame Releases dialog box.

In this dialog box:

* Check the Start and End boxes for Moment M22 (Minor), Moment M33 (Major) and the
Start box for Torsion.

Note: You can apply a torsional release at one end of the frame element or the other, but not
both simultaneously. If you applied a torsion release to both ends, the frame element
would be free to spin about its longitudinal axis, and thus the structure would be
unstable.

= Click the OK button to apply the releases.

From the Assign menu select Clear Display of Assigns to clear the display of frame releases
from the plan view.

24. Click the Save Model button | @] on the main toolbar, or select Save from the File menu to

save the file.

This completes the assignment of frame element end releases.
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Step 10: Defining Static Load Cases

We will define five static load cases. They are dead load, live load, earthquake in the X-
direction, earthquake in the Y-direction and a load pattern to be used in the pushover analysis.

1. From the Define menu select Static Load Cases.... This will display the Define Static Load
Case Names dialog box.

2. In this dialog box:

Type DL in the Load edit box.

Select Dead from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Click the Change Lead button.

Note: In this example, if we had wanted the program to automatically include the self-

weight of the structural members, we would have specified a non zero weight per unit

volume in the Material data, and we would have pur a self-weight multiplier of 1 on

the DL load case only.
Type LL in the Load edit box.

Select Live from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Click the Add New Load button.
Type EQX in the Load edit box.

Select Quake from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Click the Add New Load button.
Type EQY in the Load edit box.

Select Quake from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Click the Add New Load button.
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o Type PUSHPAT in the Load edit box.
e Select OTHER from the Type drop-down box.
o Type 0 in the Self Weight Multiplier edit box.
e (Click the Add New Load button.

3. Click the OK button.

4. Click the Save Model button]g] on the main toolbar, or select Save from the File menu to
save the file.

This completes the definition of static load cases.
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Step 11: Assigning Frame Static Loads

Note that the beam span loading is indicated in Figure B-4.

1.

10.

Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the Set Elements butt0n| on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box check the Labels box in the Frames area, check the Hide box in the Shells
area and click the OK button.

Click the Perspective Toggle buttonl id'_l on the main toolbar. A perspective view of the X-
Y plan is displayed.

From the View menu select Set Limits.... This displays the Set limits dialog box.

In this dialog box type 23 in the Min edit box in the Set Z-Axis Limits area and click the OK
button to change the limits such that only the roof beam elements show.

Select roof beams 39, 40, 51 and 52 by clicking on them.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:
= Select DL from the Load Case Name drop-down box.

* Inthe Load Type and Direction area, select the Forces option, and select Global Z from
the drop-down Direction box.

* In the Options area, select the Add to Existing Loads option.
*  In the Uniform Load area, type -0.40, or just type -.4.

Note: Take care to make sure you enter the minus sign with the load. The load is input in
the global Z direction, thus the minus sign indicates a downward load.

» Click the OK button to apply the Joad.

Click the Restore Previous Selection button (ps] lon the side toolbar (or select Get
Previous Selection from the Select menu).
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. From the Assign menu select Frame Static Loads... and then Point and Uniform... from

the submenu. This will display the Point and Uniform Span Loads dialog box.

11

12. In this dialog box:

v Select LL from the Load Case Name drop-down box.
* In the Uniform Load area, type -.12. Don’t forget the minus sign.
*  (lick the OK button to apply the load.

13. Select roof beams 41, 42, 44, 47, 49 and 50 by clicking on them.

14. From the Assign menu select Frame'Static Loads... and then Point and Uniform... from

the submenu. This will display the Point and Uniform Span Loads dialog box.
15. In this dialog box:
» Select DL from the Load Case Name drop-down box.
= Inthe Uniform Load area, type -.16.

* (lick the OK button to apply the load.

Note: The point load for beams 41/44 and 47/50 can either be input as a joint load, or as a
beam span load at the end of a beam. We will input it as a beam span load.

16. Select roof beams 41 and 47 by clicking on them.

17. From the Assign menu select Frame Static Loads... and then Point and Uniform... from

the submenu. This will display the Point and Uniform Span Loads dialog box.

18. In this dialog box:

Existing Loads option. Pml Ln-d-1 ;:::_:,:"._'it;-'-::1.:?;__.. 5 ; G
) T U L
* Inthe Point Loads area there are four sets | L™ [57 @ " | jo_

Select DL from the Load Case Name
drop-down box.

In the Options area, select the Add to

of Distance and Load boxes labeled 1
through 4. In the first set of boxes input 1
in the Distance box and -5.76 in the Load
box. Make sure the Relative Distance
From End I option is selected.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

* [n the Uniform Load area, type 0.

*  Click the OK button to apply the load.

Click the Restore Previous Selection button Es:[ Lon the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu seiect Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

« Select LL from the Load Case Name drop-down box.

s Inthe Point Loads area type 1 in the first Distance box and -2.88 in the first Loaa box.
» (lick the OK button to apply the load.

Select roof beams 42 and 49 by clicking on them.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will.display the Point and Uniform Span Loads dialog box.

In this dialog box:

* Select DL from the Load Case Name drop-down box.

* Inthe Point Loads area type .5 in the first Distance box and -5.76 in the first Load box.
* (Click the OK button to apply the load.

Click the Restore Previous Selection button [ps]|on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:
* Select LL from the Load Case Name drop-down box.
» In the Point Loads area type -2.88 in the first Load box.

» Click the OK button to apply the load.
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28. Select roof beams 45 and 46 by clicking on them.

29. From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

30. In this dialog box:
» Select DL from the Load Case Name drop-down box.
* In the Point Loads area type 0 in the first Distance box and 0 in the first Load box.
* In the Uniform Load area, type -.48.
= Click the OK button to apply the load.
Note: Because of the perspective view, you will not see this load after it is applied. To see it,
click the 3-D View button. 3d| To return to the perspective view, click the xy 2-D View

button Il] and then click the Perspective Toggle button. l g]

31. Click the Restore Previous Selection button ! on the side toolbar (or select Get
Previous Selection from the Select menu).

32. From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

33. In this dialog box:
» Select LL from the Load Case Name drop-down box.
* In the Uniform Load area, type -.24.
» (Click the OK button to apply the load.

34. Select roof beams 43 and 48 by clicking on them.

35. From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

36. In this dialog box:
s Select DL from the Load Case Name drop-down box.
* In the Point Loads area type .5 in the first Distance box and -11.52 in the first Load box.

* In the Uniform Load area, type 0.
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= Click the OK button to apply the load.

37. Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu).

38. From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

39. In this dialog box:
s Select LL from the Load Case Name drop-down box.
* In the Point Loads area type -5.76 in the first Loaﬁ box.
* Click the OK button to apply the load.
40. From the View menu select Set Limits.... This displays the Set limits dialog box.
41. In this dialog box type 11 in the Min edit box and 13 in the Max edit box in the Set Z-Axis

Limits area and click the OK button to change the limits such that only the second floor
beam elements show.
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Figure C-17: 3-D View With Limits Set To Show Second Level
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42.

43,

45.

46.

47.

48.

49.

30.

5L

Click on the 3-D View button 3d| to change the view to a three dimensional view. See
Figure C-17.

Select second level beams 14, 15, 24 and 25 by clicking on them.

. From the Assign menu select Frame Static Loads... and then Point and Uniform... from

the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

* Select DL from the Load Case Name drop-down box.

* Inthe Point Loads area type 0 in the first Distance box and 0 in the.ﬁrst Load box.
* In the Uniform Load area, type -.72.

* Click the OK button to apply the load.

Click the Restore Previous Selection button [ps] | on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

* Select LL from the Load Case Name drop-down box.

* Inthe Uniform Load area, type -.3.

*  (lick the OK button to apply the load.

Select second level beams 16, 18, 21 and 23 by clicking on them.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

* Select DL from the Load Case Name drop-down box:.

* In the Point Loads area type .5 in the first Distance box and -11.52 in the first Load box.

* Inthe Uniform Load area, type -.24.

*  Click the OK button to apply the load.
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52.

53.

54.

55.

56.

57.

58.

59.

60.

Click the Restore Previous Selection button [ps) i on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

Select LL from the Load Case Name drop-down box.

In the Point Loads area type -7.2 in the first Load box.

In the Uniform Load area, type 0.

Click the OK button to apply the load.
Select second level beams 19 and 20 by clicking on them.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

Select DL from the Load Case Name drop-down box.

In the Point Loads area type 0 in the first Distance box and 0 in the first Load box.

In the Uniform Load area, type -.96.

Click the OK button to apply the load.

Click the Restore Previous Selection button ’ on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:
s Select LL from the Load Case Name drop-down box.
= In the Uniform Load area, type -0.6.

»  Click the OK button to apply the load.
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61.

62.

63.

64.

66.

67.

68.

69.

70.

71.

Select second level beams 17 and 22 by clicking on them.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu. This will display the Point and Uniform Span Loads dialog box.
In this dialog box:

* Select DL from the Load Case Name drop-down box.

* In the Point Loads area type 0.5 in the first Distance box and -23.04 in the first Load box.
* In the Uniform Load area, type 0.

* (lick the OK button to apply the load.

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu).

. From the Assign menu select Frame Static Loads... and then Point and Uniform... from

the submenu. This will display the Point and Uniform Span Loads dialog box.

In this dialog box:

» Select LL from the Load Case Name drop-down box.

* Inthe Point Loads area type -14.4 in the first Load box.

» (lick the OK button to apply the load.

From the View menu seject Set Limits.... This displays the Set limits dialog box.

In this dialog box click the Show All button in the Set Z-Axis Limits area and click the OK
button to change the limits such that the entire model is displayed.

From the Assign menu select Clear Display of Assigns to clear the display of beam span
loading. Note that the frame element labels remain because they were turned on using the
Set Elements command.

Click the xy 2-D View button| « | on the main toolbar to return to a plan view. Note the the
window title 1s X-Y Plane @ Z=24.

Click the Save Model button ]_g] on the main toolbar, or select Save from the File menu to
save the file.

This completes the assignment of frame static loads.
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Step 12: Assigning Shell Static Loads

The roof ievel lateral earthquake loads are assigned as shell static loads.

1.

Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements. .. from the
View menu). This displays the Set Elements Dialog box.

In this dialog box uncheck the Hide box in the Shells area and click the OK button.

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name ROOF once to highlight it then click the OK button.

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu.
This will display the Shell Uniform Loads dialog box.

In this dialog box:
» Select EQX from the Load Case Name drop-down box.

* In the Uniform Load area type .0074 in the Load box and select Global X from the drop-
down Dir box.

» Select Add To Existing Loads in the Options area.
* Click the OK button to apply the load.

Click the Restore Previous Selection button {pg] l on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu.
This will display the Shell Uniform Loads dialog box.

10. In this dialog box:

" Select EQY from the Load Case Name drop-down box.

* In the Uniform Load area type .0113 in the Load box and select Giobal Y from the drop-
down Dir box. '

» (Click the OK button to apply the load.
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11. Click the drop down box in the status bar to change the units to 1b-fi. [l ~] Observe
that the shell load shown on the screen is now 11.30 instead of 0.01. Sometimes it is
convenient to change units when viewing input loads and output resuits.

12. Click the drop down box in the status bar to change the units back to kip-ft. [kip-t -]

13. From the Assign menu select Clear Display of Assigns to clear the display of shell loading.

14. Click the Save Model button]_gl on the main toolbar to save the file.

This completes the assignment of shell static loads.
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Step 13: Assiening Joint Static Loads

The second level lateral earthquake loads (load cases EQX and EQY) are assigned as joint static
loads. Also the static load pattern to be used in the pushover analysis, PUSHPAT is assigned as
joint static loads.

Note the static load pattern for the pushover analysis could be any combination of joint,
frame and shell loading.

1. Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

2. Click the Down One Gridline button| ¢ | on the main toolbar to display the second floor plan
at Z=12. ,

3. Click the Set Elements buttonl@l on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

4. In this dialog box uncheck the Labels box in the Frames area, check the Labels box in the
Joints area and click the OK button. Note we are leaving the Restraints box in the Joints area
checked.

5. Click joint 14 to select it.

6. From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box. a

7. In this dialog box:
= Select EQX from the Load Case Name drop-down box.
* In the Options area, select the Add to Existing Loads option.
* Inthe Loads area type 2.67 in the Force Global X edit box.
* Click the OK button to apply the load.

8. Click the Restore Previous Selection button [pg) [on the side toolbar (or select Get
Previous Selection from the Select menu).

9. From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box.

10. In this dialog box:

» Select EQY from the Load Case Name drop-down box. '
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In the Loads area type 0 in the Force Global X edit box.
In the Loads area type 3.83 in the Force Global Y edit box.

Click the OK button to apply the load.

11. Click on joints 11, 13, 15 and 17 to select them.

12. From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box.

13. In this dialog box:

4. Click the Restore Previous Selection button
Previous Selection from the Select menu).

Seiect EQX from the Load Case Name drop-down box.
In the Options area, select the Add to Existing Loads option.
In the Loads area type 2 in the Force Global X edit box.
In the Loads area type 0 in the Force Global Y edit box.

Click the OK button to apply the load.

l on the side toolbar (or select Get

15. From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box.

16. In this dialog box:

Select EQY from the Load Case Name drop-down box.
In the Loads area type 0 in the Force Global X edit box.
In the Loads area type 2.88 in the Force Global Y edit box.

Click the OK button to apply the load.

17. Click on joints 10, 12, 16 and 18 to select them,

18. From the Assign menu select Joint Static Loads... and then Forces
This will display the Joint Forces dialog box.

19. In this dialog box:
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20.

21.

22.

23.

24.

25.

26.

= Select EQX from the Load Case Name drop-down box.
* In the Options area, select the Add to Existing Loads option.
* Inthe Loads area type 1.33 in the Force Global X edit box.

= In the Loads area type 0 in the Force Global Y edit box.

Click the OK button to apply the load.

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu). ’

From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joimnt Forces dialog box.

In this dialog box:

Select EQY from the Load Case Name drop-down box.

In the Loads area type 0 in the Force Global X edit box.

In the Loads area type 1.92 in the Force Global Y edit box.

Click the OK button to apply the load.

We will now define the PUSHPAT load pattern that will be used in the pushover analysis. It
will be a triangular distribution of load over the height of the building. From the Select menu
select Select and then Groups... from the submenu. This will display the Select Groups
dialog box.

Note: Our purpose here is to input an inverted triangular loading pattern over the height of
the building. Thus we will put I kip loads at 9 second level joints (9 kips total) and 2 kip
loads at 9 roof level joints (18 kips total). We could assign the 9 kips at the second level
and 18 kips at the roof level to the joints on a tributary area basis, or some other basis,
but we will not consider any such refinement in this example.

Click on the group name 2ND and then click the OK button.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box.

In this dialog box:

» Select PUSHPAT from the Load Case Name drop-down box.
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27.

28.

29.

30.

31

32.

33.

34.

* Inthe Loads area type 1 in the Force Global X edit box.
* Inthe Loads area type 0 in the Force Global Y edit box.
* Click the OK button to apply the load.

Click the Up One Gridline button:il on the main toolbar to display the roof level plan at
=24

From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

Click on the group name ROOF and then click the OK button.
Click on joints 22 and 26 to deselect them.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu.
This will display the Joint Forces dialog box. ‘

In this dialog box:

* Select PUSHPAT from the Load Case Name drop-down box.

* Inthe Loads area type 2 in the Force Global X edit box.

*  Click the OK button to apply the load.

From the Assign menu select Clear Display of Assigns to clear the display of joint loads.
Note that the joint element labels remain because they were turned on using the Set Elements

command.

Click the Save Model buttonlg_l on the main toolbar, or select Save from the File menu to
save the file.

This completes the assignment of joint static loads.
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Step 14: Assigning Joint Masses

We will add joint masses consistent with those shown in Table B-1.

1.

Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

Click joint 24 to select it.

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

In this dialog box:

= Type .72 in the Direction 1 edit box in the Masses in Local Directions area.
» Type .72 in the Direction 2 edit box in the Masses in Local Directions area.
* Inthe Options area, select the Add to Existing Masses option.

® Click the OK button to apply the mass.

Note: If we wanted to obtain vertical direction mode shapes we should include a Direction 3
mass as well.

Click joints 20, 23, 25 and 28 to select them,

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

In this dialog box:

* Type .48 in both the Direction 1 edit box and the Direction 2 edit box in the Masses in
Local Directions area.

* (Click the OK button to apply the mass.
Click joints 19, 21, 27 and 29 to select them.

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

10. In this dialog box:
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Local Directions area.
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1.

12.

13.

14.

I5.

I6.

17.

18.

19.

20.

21.
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* Click the OK button to apply the mass.

Click the Down One Gridline buttonli] on the main toolbar to display the second floor plan
at Z=12. :

Click joint 14 to select it.

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

In this dialog box:

*  Type 1.45 in both the Direction 1 edit box and the Direction 2 edit box in the Masses in
Local Directions area.

* Click the OK button to apply the mass.
Click joints 11, 13, 15 and 17 to select them.

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

In this dialog box:

» Type .9 in both the Direction 1 edit box and the Direction 2 edit box in the Masses in
Local Directions area.

» Click the OK button to apply the mass.
Click joints 10, 12, 16 and 18 to select them.

From the Assign menu select Joint and then Masses... from the submenu. This will display
the Joint Masses dialog box.

In this dialog box:

* Type .55 in both the Direction 1 edit box and the Direction 2 edit box in the Masses in
Local Directions area.

* Click the OK button to apply the mass.
From the Assign menu select Clear Display of Assigns to clear the display of joint masses.

Note that the joint element labels remain because they were turned on using the Set Elements
command.



22. Click the Set Elements button I_E;I on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

23. In this dialog box uncheck the Labels box in the Joints area and click the OK button. This
will turn off the display of joint labels.

24, Click the Save Model button { G| on the main toolbar, or select Save from the File menu to
save the file.

This completes the assignment of joint masses.
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Step 15: Assigning Diaphragm Constraints

We will assign a diaphragm constraint at the second level to simulate a rigid diaphragm.

1. Click in the window labeled X-Y Plane @ Z=12 to make sure it is active. Note when the
window is active, its title bar will be highlighted.

2. Select all elements at the second level by “windowing”.

3. From the Assign menu choose Joint, and then Constraints...from the submenu. This will
display the Constraints dialog box.

4. In this dialog box:

o Inthe Click To area, click the drop-down box and select Add Diaphragm. This will
display the Diaphragm Constraint dialog box.

¢ In this dialog box:
v" Type 2NDDIA in the Constraint Name edit box.
v" Select the Z Axis option in the Constraint Axis area.
v" Click the OK button,

¢ Click the OK button to exit the Constraints dialog box and assign the second floor level
diaphragm constraint. ’

Note: The joints change colors indicating the constraint has been assigned.

5. From the Assign menu select Clear Display of Assigns to clear the display of joint
constraints.

6. Click the Save Model button ]E] on the main toolbar, or select Save from the File menu to
save the file.

This completes the assigning of diaphragm constraints.

SAP2000 Web Tutorial ¥

70



Step 16: Static and Dvnamic Analvsis (Not Pushover)

In this step we will set the analysis options for the static and dynamic analysis (not pushover)
and run the analysis.

1. From the Analyze menu select Set Options.... This will display the Analysis Options dialog
box.

2. Inthis dialog box:

Check the Dynamic Analysis check box.

Click on the Set Dynamic Parameters button. This will display the Dynamic Analysis
Parameters dialog box.

In this dialog box:

v' Type 6 in the Number Of Modes edit box

v In the Type of Analysis area select the Eigenvectors option.
v Accept the other default values in the dialog box.

v" Click the OK button.

Check the Generate Output check box.

Note: The Generate Output option creates output that will be stored in the *.out file
where * represents your SAP2000 filename.

Click on the Set Output Options button. This will display the Seiect Output Results
dialog box.

In this dialog box:
v Check the Displacements check box

v Click on the Seiect/Show Loads button adjacent to the Disp]aéements check box.
This displays the Select Output dialog box.

¥ Click on the EQX load case to highlight it. Hold down the control key and click on
the EQY load case to add it to the selection.

v Click the OK button to close the Select Output dialog box.
v" Click the OK button to close the Select Output Results dialog box.

Click the OK button again to exit the Analysis Options dialog box:
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Note: It Is important to note that when displacements or force are specified to be
printed in the *.out files using the Generate Qutput option, data for each and
every joint or element is printed. You have no control over this. For larger
problems this can lead to very large and unwieldy output files. See the notes at
the ends of steps 18 and 19 for information on other printing options.

Note: If you are running a large model, you may want/need to increase the memory
allocated to SAP2000 above the default 2000 Kb. You can do this in the Analvsis options
dialog box.

3. Chick the Run Analysis button __n»] on the main toolbar.

Note: You can also click the Analyze menu and select Run or select Run Minimized to run
the analysis. Run minimized will perform the execution in the background, i.e., it will
allow you to minimize SAP2000 while the analysis is being carried out. It also provides
a Cancel button that allows you to stop a run that is in progress.

4. A window is opened in which various phases of analysis are progressively reported. When
the analysis is complete the screen will display as shown in Figure C-18.
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Figure C-18: Screen Message When Analysis Is Complete

SAP2000 Web Tutorial 1 2



5. Use the scroll bar to review the analysis messages and check for any error or warning
messages (there should be none).

Note: The information in the scrolling analysis window can also be found in the *.log file,
where the * represents your filename.

6. Click the OK button in the Analysis window to close it. Note that the 3-D window now
shows the first mode shape.

This completes the static and dynamic analysis.
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Step 17: Reviewing Mode Shapes

In this step we will review the mode shapes.

1.

8.

Note that the first mode shape is currently displayed in the 3-D View window. Click on this
window to make sure it is active. Note when the 'window is active, its title bar will be
highlighted.

Click the Display Mode Shape button || on the main toolbar, (or select Show Mode
Shape... from the Display menu). The Mode Shape dialog box appears.

In this dialog box:

Set the mode number to | in the Mode Number area.

Set the scale factor to 1 in the Scale Factor area.

Select (i.e., check) the Wire Shadow and Cubic Curve options in the Options area.

Click the OK button to redisplay the first mode.

Click the Start Animation button |  Stenanmaion |, located in the status bar at the bottom
of the SAP2000 window, to animate the mode shape.

Click the Right Arrow buttonA[;b l, located in the status bar at the bottom of the screen, to
view the next mode shape.

Note: When viewing mode shapes, the right and left arrow butions, located in the status
bar at the bottom of the screen, provide an easy way to view the next (right arrow), or
previous (left arrow) mode shape. ‘

Using the Right Arrow button, review modes 2 through 6. Note that mode 1 is
predominantly in the X-direction; we will use this information when creating pushover load
cases.

Note: Additional information on mode shapes including modal periods and frequencies,
modal participation factors and modal participating mass ratios can be found in the
*OUT file.

After viewing mode 6, click the Stop Animation button , located n the status
bar at the bottom of the SAP2000 window, to stop the mode shape animation.

Click the Show Undeformed Shape button _c_),to clear the display of mode shapes.

This completes the review of displaying mode shapes.

SAP2000 Web Tutorial 1

74



Step 18: Reviewing Deformed Shapes

In this step we will demonstrate methods for reviewing the deformed shapes and displacements.

1.

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

Click the Display Static Deformed Shape button’ A | (or select Show Deformed Shape...
from the Display menu). The Deformed Shape dialog box appears.

In this dialog box:

¢ Select the EQX Load Case from the Load drop-down box.

¢ Select the Auto scaling option in the Scaling area.

e Check both the Wire Shadow and the Cubic curve boxes in the Options area.

» Click the OK button to display the deformed chape.

Click the Start Animation button [ Sertanmaton |, located in the status bar at the bottom
of the SAP2000 window, to animate the deformed shape.

Click the Stop Animation button|  [Stop Animetion! |, located in the status bar at the bottom of
the SAP2000 window, to stop the deformed shape animation.

Click the Right Arrow button]iﬂ . located in the status bar at the bottom of the screen, to
view the next deformed shape, based on the EQY static load.

Note: When viewing deformed shapes, the right and left arrow buttons, located in the
status bar at the bottom of the screen, provide an easy way to view the next (right
arrow), or previous (left arrow) deformed shape. You can easily cycle through all of
the load cases in this manner.

Right click on any joint in the 3-D view to bring up a dialog box with displacements for all
six degrees of freedom (UX, UY, UZ, RX, RY, RZ) for that joint. When done viewing these
displacements, right click another joint, or left click anywhere to close the dialog box.

From the Display menu select Set Output Table Mode... to display the Select Output
dialog box. '

All of the load cases in the Select Output dialog box should be selected (higlighted). If they
are not, click on each one while holding down the Ctrl key to select them. Click the OK

button to accept this selection.

Note: [f we wanted to, we could select only one, or a few load cases, instead of all of them.
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10. Right click any joint to get a table of displacements for the joint. Note you can print this
table by selecting Print from its associated File menu. When done viewing this table click
the “X” in the upper right-hand comer to close it.

Note: You can also right click a frame element or a shell element to get a table of forces for
that element.

Note: You can also print joint displacements from the graphic interface without
having to first view them in a table. With this method you can control the elements for
which the output is provided (printed). After the analysis has been run, select all of
the joints for which you want displacement output. (Note that if you don't select any
elements, then this feature will give you output for all elements.) Then select Print
Output Tables... from the File menu. Fill in the resulting Print Output Tables dialog
box, remembering to select the load cases for which you want output, and click the
OK button. Note that with the Print Output Tables feature you have the option of
printing to the printer or to a file. If you print to a file, an ASCII file is created which
you can review in a text editor or word processor.

I1. Click the Show Undeformed Shape button g_]to clear the display of deformed shapes.

This completes the review of deformed shapes and displacements. .

SAP2000 Web Tutorial 1 76



Step 19: Reviewing Forces and Stresses

In this step we will demonstrate methods for reviewing the forces and stresses in frame and sheli
elements.

1.

Click in the window labeled 3-D View to make sure it is actlve Note when the window 18
active, its title bar will be highlighted.

Click the Member Force Diagram for Frames buttonl F | , (or select Show Element
Forces/Stresses from the Display menu and then select Frames... from the submenu). The
Member Force Diagram for Frames dialog box appears.

In this dialog box:

e Select the EQX Load Case from the Load drop-down box.

Select the Moment 3-3 option in the Component area.

Select the Auto scaling option in the Scaling area.

Check the Fill Diagram box.

Click the OK button to display the moment diagrams as filled shapes.

Right click on any element to display a dialog box that allows you to see the moment at any

point along the element. When done viewing, right click on another element or left click -
anywhere to close the dialog box.

Click the Member Force Diagram for Frames buttonl ) 3 l , again (or select Show Element
Forces/Stresses from the Display menu and then select Frames... from the submenu). The
Member Force Diagram for Frames dialog box appears.

In this dialog box:

¢ Uncheck the Fill Diagram box.

e Check the Show Values on Diagram box.

¢ (Click the OK button to display the moment diagrams with critical values shown.

Right click on any element to display a dialog box that allows you to see the moment at any

point along the element. When done viewing, right click on another element or left click
anywhere to close the dialog box.
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10.

11.

12.

13.

14,

15.

16.

17.

Click the Element Force/Stress Contours for Shells button S ! , (or select Show Element
Forces/Stresses from the Display menu and then select Shells... from the submenu). The
Element Force Stress/Contours for Shells dialog box appears.

In this dialog box:

® Select the EQX Load Case from the Load drop-down box.

» Select the Forces option button.

e Select the F12 component by checking its box.

e Accept the rest of the default values.

o Click the OK button to display the shell element forces.

Suppose we now want to see the Y-direction force transferred from the roof diaphragm to
joints 19, 23, 26 and 27 in static load case EQY. To do this we will use the Group Joint
Force Sum feature. Click in the window labeled X-Y Plane @ Z=12 to make sure it is active.

Note when the window is active, its title bar will be highlighted.

Click the Up One Gridline button ﬂ on the main toolbar to display the roof level plan at
=24,

Click the Set Elements button'EJ on the main toolbar (or select Set Elements... from the.
View menu). This displays the Set Elements Dialog box.

In this dialog box check the Labels box in the Joints area, uncheck the Hide box in the Shells
area if it 1s checked, check the Labels box in the Shells area and click the OK button. This
will turn on the display of joint labels and shell labels.

Click on joints 19, 23, 26 and 27 and on shells 2, 4 and 6.

From the Assign menu choose Group Name.... This will display the Assign Group dialog
box.

In this dialog box:
¢ Type ROOFSHR in the edit box at the top of the Groups area.
¢ Click the Add New Group Name button to define a group named ROOFSHR.
¢ Click the OK button to assign the selected elements to the group named ROOFSHR.

From the Display menu select Set Output Table Mode... to display the Seiect Output
dialog box.
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18.

19.

20.

21.

23.

24.

25.

26.

All of the load cases in the Select Output dialog box should be selected (higlighted). If they
are not, then click on each one while holding down the Ctrl key to select them. Click the OK
button to accept this selection.

Note: If we wanted to, we could select only one, or a few load cases, instead of all of them.

From the Display menu select Show Group Joint Force Sums... to display the Select
Groups dialog box.

In that dialog box click on the ROOFSHR group to highlight it and click the OK button.
Note: We could select more than one group at this time if we wanted to.

The gr(;up joint force sum for the ROOFSHR group is displayed for each load case. The Y-
direction force transferred from the roof diaphragm to joints 19, 23, 26 and 27 in static load
case EQY is the FY force for load EQY.

Note: We can use groups to define section cuts through shell elements (and frame elements)
at any location and then use the Group Joint Force Sum feature to see the forces acting
at that section cut. To do this, imagine a section cut through the structure. The section
cut may be through the entire structure or through a portion of the structure. Select all of
the elements that the section cut passes through, and select all of the joints connected to
those elements on one side of the section cut. Note you must select both the shell and/or
Sframe elements and the joints. Define a group that includes all of the selected items. Use
the Show Group Joint Force Sum option on the Display menu to show the forces at the
section cut.

. We can display the base shear using the BASE group we previously defined. From the

Display menu select Show Group Joint Force Sums... to display the Select Groups dialog
box. In that dialog box click on the BASE group to highlight it and click the OK button.

Click the Set Elements buttonl_@] on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box uncheck the Labels box in the Joints area, uncheck the Labels box in the
Shells area and click the OK button. This will turn off the display of joint labels and shell
labels.

We can display output tables of element forces on the screen.

From the Display menu select Set Output Table Mode... to display the Select Output
dialog box.
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27. In the Select Qutput dialog box click on the EQX Load Case to highlight it and then hold
down Citrl key and click on the EQY Load Case to highlight it. Click the OK button to
accept this selection.

28. Right click any frame or shell element to get a table of forces for that element.
Note: You can also right click a joint to get a table of joint displacements.

Note: You can also print frame and shell element forces from the graphic interface
without having to first view them in a table. With this method you can control the
elements for which the output is provided (printed). After the analvsis has been run,
select all of the frame and/or shell elements for which you want force output. (Note
that if you don''t select any elements, then this feature will give you output for all
elements.) Then select Print OQutput Tables... from the File menu. Fill in the
resulting Print Output Tables dialog box, remembering to select the load cases for
which you want output, and click the OK button. Note that with the Print Qutput
Tables feature you have the option of printing to the printer or to a file. If you print
to a file, an ASCII file is created which you can review in a text editor or word
processor. ’

This completes the review of forces and stresses.
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Step 20: Performing a Steel Design Stress Check

Now we will perform a steel design stress check.

1.

2.

From the Options menu, click Preferences... to display the Preferences dialog box.
In this dialog box:
« Select the Steel tab.

» Click the Steel Design Code drop-down box to review the available options. Select the
AISC-ASDE9 option.

*  (Click the OK button to close the Preferences dialog box.

Click on the Design menu. Note that the Steel Design option on the menu is checked
indicating a steel design will be done.

Note: Either the Steel Design or Concrete Design option can be checked on the Design
menu, but not both at the same time.

On the Design menu choose Select Design Combos. The Design Load Combinations
Selection dialog box is displayed.

Note: SAP2000 automatically creates appropriate load combinations for the selected design
code. For this model, using AISC-ASD89, these ten default load combinations will
include DL, DL + LL, DL + LL + EQX, DL + LL- EQX, DL + LL + EQY, DL + LL -
EQY, DL +EQX, DL - EQX, DL + EQY and DL - EQY.

. Inthis dialog box:

s Click on the DSTL! combination in the Design Combos box to highlight it.
8 Click the Show button to review the combination.

Note: Clicking the Remove button when a Design Combo is highlighted will remove that
combination from the Design Combo box and put it in the List of Combos box. Only
the design combinations in the Design Combo box are in, the design stress check.

Note: You can also add your own combinations to the design combinations. To define a
new load combination, click Load Combinations... on the Define menu. To add the
new load combination to the design list, highlight the new load combination name,
that will be in the List of Combos box in the Design Load Combinations Selection
dialog box, and click the Add button.

= Review the other combinations in a similar manner.
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*  Press the OK button twice to close all dialog boxes.

6. Click in the window labeled 3-D View to make sure it is active.

7.

10.

Click the Set Elements buttonl_@_l on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box check the Hide box in the Shells area and click the OK button. This will
turn off the display of shells.

On the Design menu choose Start Design/Check of Structure. The design check of the
structure proceeds.

When the design is complete, the member stress ratios are displayed on the structure as
shown in Figure C-19. Note that many of the beam stress ratios are quite high. This has
occurred because by default SAP2000 assumes that the beams are unsupported for their full
length. For simplicity we will assume that the unsupported length for all beams is two feet,
except for the roof beam at the braced frasme where it is one foot. This makes an unbraced
length ratio of 0.0833 for all beams. We will make this change and rerun the design.

Note: The assumption that the unsupported length for all beams is 2 feet may not be
realistic in a real building.
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Figure C-19: Initial Member Stress Ratios
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11. From the Select menu select Select and then Groups... from the submenu. This will display
the Select Groups dialog box.

12. Click on the group name ROOF once to highlight it, then, holding down the Ctrl key, click
on the group named 2ND to add it to the selection. Click the OK button.

13. On the Design menu choose Redefine Element Design Data. The Element Overwrite
Assignments dialog box is displayed.

14. In this dialog box:

= Inthe Assignment Options area check the box labeled Unbraced Length Ratio (Minor,
LTB) and then type .0833 in the Unbraced Length Ratio (Minor, LTB) edit box.

» Click the OK button to close the Preferences dialog box.

15. On the Design menu choose Start Design/Check of Structure. The second design check of
the structure proceeds.

16. When the design is complete, the member stress ratios are displayed on the structure as
shown in Figure C-20.
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Figure C-20: Final Member Stress Ratios
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17. Right click on any member to bring up the Steel Stress Check Information dialog box for that
member. This dialog box shows details of the interaction ratio for each design load
combination at each design station along the element.

18 To get additional detail on any item in this dialog box, highiight the item and click the
Details button. A detailed form with design information, similar to that shown in Figure C-
21 will appear. Note you can print this form by clicking the associated File menu and
selecting Print. Click the “X” in the upper right-hand comer of this detailed form to close it.

Note: If this form is too big to fully fit on your screen, you may have to increase your screen
resolution. Typically, it should fit if your resolution is 800 x 600 and vou use small fonts
or 1024 x 768 and you use large fonts.

H Steel Stress Check Information AISC-ASDSY .  x]
File o - : - : - . .

STEEL SECTION CHECK  Units: Kip-ft =

e = - - =]

Frame ID: 14 Station Loc: 24.080 Section ID: W24#X55 o
Element Type: Moment Resisting Classification: Compact

L=24.000
A=0,113 i22:0.601 i33:0.065 N : -
$22:0.005 $33:0.066 r22:0.112 r33:0.76) =

E=4176000.000 fy=5184.000
- P-M33-M22 Demand/Capacity Ratio is ©.477 = ©.060 + 0.477 + G.600

S$TRESS CHECK FORCES & MOMENTS

P M33 M22 u2 C Y3
_Combo _ DSTL3 _  0.000  -144.323 0.000  20.638 0.000
AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H2-1)
fa Fa Ft
Stress Allowable Rllowable
Axial 0.0068 2855.653 3110.460
fb Fb Fe Cm X L Cb

Stress Allowable Allowable Factor Factor Factor Factor
Major Bending 2177.078 3421 440 21604 .658 1.080 1.000 1.000 1.000

Minor Bending 0.000  3888.006 67114.541 1.000 1.680 0.083
SHERR DESIGN
- fu FU Stress
' . Stress Allowable Ratio
' Major Shear 319.208  2073.600  ©.115
__Minor_Shear _9.000_ 2073600 ©.000

Figure C-21: Detailed Steel Stress Check Information

19. Clicking on the Redesign button will take you to the Element Overwrite Assignments dialog
box discussed in item 13.

20. Click the OK button to close the Steel Stress Check Information dialog box.
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21. Now we will confirm the unbraced length ratios that were used. From the Design menu,
select Display Design Info... to display the Display Design Results dialog box.

22, In this dialog box:
= Select the Design Input option.
* In the design input drop-down box select Unbraced L_ratios.

= Click the OK button to display the unsupported length ratios. They are displayed as
Major Unbraced Length Ratio, Minor Unbraced Length Ratio.

23. If you wanted to print a picture of the model with the unbraced length ratios displayed you
could do so by selecting Print Graphics from the File menu now.

24. If you wanted to print design information to the printer, or to a file, you could do so by
selecting Print Design Tables... from the File menu and completing the resulting dialog
box. Note that if you select members prior to entering this dialog box, you have the option of
printing output for the selected members only.

25. Click the Show Undeformed Shape button g_lto clear the display of unsupported length
ratios. ,

26. Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box. ’

27. In this dialog box uncheck the Hide box in the Shells area and click the OK button. This will
turn the display of shells back on.

The completes the review of performing a steel design stress check. This also completes Part |
of this tutorial. :
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D. Tutorial Part 2 — Pushover Analvsis

This portion of the tutorial explores the pushover analysis capabilities of SAP2000. It is
assumed that you have basic knowledge of the pushover concept, and that you are familiar with
the ATC-40 and FEMA-273 documents.

If you did not complete part C of the tutorial, and thus create the basic model, then you should
open the file named Sapwb01c.sdb that was supplied with this tutorial. Note that in a typical
analysis you should have, at the very least, run and reviewed the results of a static analysis to
verify the behavior of your model prior to running a pushover anatysis.

SAP2000 has extensive online help for the pushover analysis. Press F1 from within a pushover
related dialog box to get context sensitive help related to the dialog box. To see all of the help
items related to pushover analysis, select Search For Help On... from the Help menu, select the
Index Tab, highlight the Pushover index entry and click the Display button.

Step 1: Defining Hinge Properties (Pushover)

In this tutorial we will use the default hinge properties, so it is not necessary to define any new
properties. In this step we will review the process of viewing already defined hinge properties,
and will discuss the process of defining new hinge properties. This step can be skipped if you do
not want to review the hinge properties.

Background: There are three types of hinge properties in SAP2000. They are default
hinge properties, user-defined hinge properties and generated hinge properties. Only
default hinge properties and user-defined hinge properties can be assigned to frame
elements. When these hinge properties are assigned to a frame element, the program
automatically creates a different generated hinge property for each and every hinge.

Default hinge properties can not be modified. They also can not be viewed because
the default properties are section dependent. The default properties can not be fully
“defined by the program until the section that they apply to is identified. Thus to see
the effect of the default properties, the default property should be assigned to a frame
element, and then the resulting generated hinge property should be viewed. The
built-in default hinge properties are typically based on FEMA-273 and/or ATC-40

criteria. .

User-defined hinge properties can be either be based on default properties or they
can be fully user-defined. When user-defined properties are based on default
properties, the hinge properties can not be viewed because, again, the default
properties are section dependent. When user-defined properties are not based on
default properties, then the properties can be viewed and modified.

The generated hinge properties are used in the analysis. They can be viewed, but

they can not be modified. Generated hinge properties have an automatic naming
convention of LabellH#, where Label is the frame element label, H stands for hinge,
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and # represents the hinge number. The program starts with hinge number | and
increments the hinge number by one for each consecutive hinge applied to the frame
element. For example if a frame element label is F23, the generated hinge property
name for the second hinge applied 1o the frame element is F23H2.

The main reason for the differentiation between defined properties (in this context,
defined means both default and user-defined) and generated properties is that
typically the hinge properties are section dependent. Thus it would be necessary to
define a different set of hinge properties for each different frame section type in the
model. This could potentially mean that a very large number of hinge properties
would need to be defined by the user. To simplify this process, the concept of default
properties is used in SAP2000. When default properties are used, the program
combines its built-in default criteria with the defined section properties for each
element to generate the final hinge properties. The net effect of this is that you do
significantly less work defining the hinge properties because you don’t have to define
each and every hinge.

. From the Define menu choose Hinge Properties.... This will display the Define Frame
Hinge Properties dialog box.

. Note there are four default hinge properties defined. They are Default-M3, Default-P,
Default-PMM, and Default-V2. Highlight the Default-M3 property. Note that the
Modify/Show Property button is inactive because you can not view or modify default hinge
properties.

. Check the Show Generated Props check box. If there were generated hinge properties they
would now appear in the Defined Hinge props list box. However, since we haven’t yet
assigned any hinge properties, the program hasn’t generated any, and thus none appear in the
list box.

. Highlight the Default-V2 hinge property and click on the Define New Property button. The
Frame Hinge Property Data dialog box appears.

Note: When you highlight a property in the Defined Hinge Props area of the Define
Frame Hinge Properties dialog box, and then click the Define New Property button,
the new property will default to being the same as the highlighted property.
. Note that the Hinge Type is Shear V2, and that the associated Default check box is checked.
. Type USER in the Property Name edit box.

. Click on the Default check box to uncheck it, and then click the Modify/Show For V2
button. This displays the Frame Hinge Property Data For USER dialog box.

. In this dialog box:
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¢ In the Force-Displacement spreadsheet and diagram area:

v" Note that the symmetric check box is checked and that the hinge property force-
displacement diagram is symmetric. Inthe diagram, the axes are shown in red. The
horizontal axis is displacement and the vertical axis is force.

Note: When the symmetric check box is / \
checked, the upper portion (points
B-, C-, D- and E-) of the input
spreadsheet for the hinge force-
displacement properties is gray.
You can not edit these values; they
are automatically picked up from
symmetry with points B, C, D and E.

v" Change the Force/Yield value for point ]
C from 1.25 to 1.5 by typing 1.5 into the Displacement
appropriate spreadsheet cell and then
clicking in any other spreadsheet cell.

v' Note the change in shape of the force-displacement diagram. The diagram is scaled
to fit within the plot area.

v Note that the Force/Yield value for point C- has changed also from -1.25 to -1.5.

v" Uncheck the symmetric check box by clicking it. Note that points B- through E- are
no longer gray. Also note that in the Acceptance Criteria area, the Negative column
is no longer gray.

v" Change the Force/Yield value for point C- from -1.5 to -2 and click in another
spreadsheet cell. Again note the change in shape of the force-displacement diagram.

¢ In the Scaling area note that the Calculate Yield Force and Calculate Yield Displacement
check boxes are checked by default. This means that the program will automatically
calculate these values. We could, for example, overwrite the yield force by unchecking
the Calculate Yield Force check box and typing in an appropriate value in the Yield
Moment edit box. For this tutorial we will accept the default and have the program
calculate the yield values.

* In the Acceptance Criteria area we will also accept the default values. Note that since the
Symmetric box is not checked both Positive and Negative values are input. If the
Symmetric box was checked, only Positive values would be input (the Negative column
would be gray and inactive).

Note: The acceptance criteria are input as the ratio of displacement over yield
displacement, similar to the force-displacement spreadsheet.
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¢ Inthe Type area select the Force-Displacement option. This controls whether the data in
the spreadsheet and the acceptance criteria are interpreted by the program as force-
displacement or stress-strain. The stress-strain option is only available for axial and shear
hinges {uncoupled).

Note: When the Type option is set to stress-strain, a hinge length must be input. The
hinge length can be input as an absolute length or a relative length. The relative
length is relative to the clear length of the frame element between rigid end
offsets. If the stress-strain option is chosen, the program internally transforms the
data into a force-displacement format for analvsis. The force is calculated as the
stress times the frame member axial area (CA) for axial hinges and the stress
times the frame member shear area (GAy) for shear hinges. The displacement is
calculated as the strain times the hinge length (€L).

» (lick the OK button three times to accept the USER hinge property definition.
e We will now delete the USER hinge property since we are not going to use it.

¢ From the Define menu choose Hinge Properties.... This will display the Define Frame
Hinge Properties dialog box.

s Highlight the USER hinge property and click on the Delete Property button. Click the
Yes button when the program asks if it is OK to delete Frame Hinge USER from list.

¢ Click the OK button to accept the change in hinge properties and exit the Define Frame
Hinge Properties dialog box.

Note: If you click the Cancel button the property will not be deleted.

This completes the review of defining hinge properties.
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Step 2: Assigning Hinge Properties (Pushover)

We will assign Default-PMM hinges to each end of the moment frame columns and the braced
frame columns. We will assign Default-M3 hinges to each end of the moment frame beams. We
will assign Default-P to the center of each brace.

1.

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

From the Select menu choose Select, and then Groups...from the submenu. This will
display the Select Groups dialog box.

Highlight the group named FRCOLS by clicking on it.

Hold down the CTRL key and highlight the group named BRCOLS by clicking on 1t to add it
to the selection.

Click the OK button to select all of the elements in the FRCOLS and BRCOLS groups.

From the Assign menu choose Frame, and then Hinges (Pushover)... from the submenu.
This will display the Frame Hinges (Pushover) dialog box.

In this dialog box:

e Select Default-PMM in

the Hinge Property AP T T S e
d (Ernme Hinge Data™ - ;- - =-. . % ¢
rOp-dOWTl box. R N SN LU U SR
o “. Hinga Property * Relative Distanca_ . -
" |DetautM3 - o

» Type 0 in the Relative
Distance edit box.

Note: Relative
distance is
measured from the
I-end of the beam,
and is based on the
clear length
between rigid end
offsets. 4 “0"
relative distance
indicates the hinge
is at the I-end of the beam. A 1" relative distance indicates the hinge is at the j-
end of the beam. Hinges may be located anywhere along the length of the beam.

e Click the Add button to add a PMM hinge at the I-end (relative distance equals 0) end of
the beam.
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* Type 1 in the Relative Distance edit box.

¢ Click the Add button to add a PMM hinge at the J-end (relative distance equals 1) end of
the beam.

e Click the OK button to assign the hinge properties. The mode! now appears as shown in

Figure D-1.

Five Edit Yiew [Defne Drew ZJelec Asogn agalyre Dispiay Design Qpvons  Hetp
Olwi@] ] 2] ] RI#|2|O|0|B x|v|=|rls| im| +]+]| OlajeiT|F|s|a]
[T}_ H 3-D View =] EI[IES X-Y-Plane @ Z=24 W wtntd L Ristal Whed Telslhai I R R
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. |
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= | |
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— y
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H]
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g
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3D View | lk'p‘ﬂ ﬂ

Figure D-1: Model After Assigning Default-PMM Hinges To Columns

Note: Generated hinge properties have an automatic naming convention of Label H#, where
Label is the frame element label, H stands for hinge, and # represents the hinge number.
The program starts with hinge number 1 and increments the hinge number by one for
each consecutive hinge applied to the frame element. For example if a frame element
label is F23, the generated hinge property name for the second hinge applied to the
frame element is F23HZ2. These are the numbers shown on the screen. The item in
parenthesis next to the hinge number is the defined hinge that the generated properties
are based on. On the screen the Default-P, Default-V2, Default-V3, and Default-PMM
are shortened to P, V2, V3 and PMM.

8. From the Select menu choose Select, and then Groups... from the submenu. This will
display the Select Groups dialog box.

9. Highlight the group named FRMGIRD by clicking on it and click the OK button.
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10. From the Assign menu choose Frame, and then Hinges (Pushover)... from the submenu.
This will display the Frame Hinges (Pushover) dialog box.

11. In this dialog box:

Select Default-M3 in the Hinge Property drop-down box.
Type 0 in the Relative Distance edit box.

Click the Add button.

Type 1 in the Relative Distance edit box.

Click the Add button.

Click the OK button to assign the hinge properties.

12. From the Select menu choose Select, and then Groups...from the submenu. This will
display the Select Groups dialog box.

13. Highlight the group named BRACE] by clicking on it.

14. Hold down the CTRL key and highlight the group named BRACE2 by clicking on it to add 1t
to the selection.

15. Click the OK button to select all of the elements in the BRACE1 and BRACE2 groups.

16. From the Assign menu choose Frame, and then Hinges (Pushover)... from the submenu.
This will display the Frame Hinges (Pushover) dialog box.

17. In this dialog box:

Select Default-P in the Hinge Property drop-down box.
Type .5 in the Relative Distance edit box.

Click the Add button to add a P hinge at the center (relative distance equals 0.5) of the
beam. :

Click the OK button to assign the hinge properties.

18. From the Assign menu select Clear Display of Assigns to clear the display of hinge
assignments.
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19. Click the Save Model button]_g_l on the main toolbar, or select Save from the File menu to
save the file. '

This completes the assigning of pushover hinge properties.
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Step 3: Viewing Generated Hinge Properties (Pushover)

This section will demonstrate the process to view generated hinge properties. This step can be
skipped if you do not want to view generated hinge properties.

1.

Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

Click the Set Elements buttontﬁj on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

In this dialog box check the Rel / Hinge box in the Frames area and click the OK button.
This will turn the display of hinges on.

Note that the hinge at the top of column element 1 is labeled IH2. (Column element 1 1s a
lower level column located at X=-24 fi, Y=-24 fi.) We will view the properties for this PMM
hinge.

Note: In the hinge label 1H2, the 1 indicates the hinge is applied to frame element 1, the
H indicates it is a pushover hinge, and the 2 indicates it is the second hinge applied to
that frame element. This is an automatic naming convention used by the program for
generated hinges.

From the Define menu choose Hinge Properties.... This will display the Define Frame
Hinge Properties dialog box.

Check the Show Generated Props check box. The generated hinge properties now appear in
the Defined Hinge props list box.

In the All Hinge Props area, click on the hinge labeled 1H2 to highlight it and then click the
Modify/Show Property button. This will display the Frame Hinge Property Data dialog
box.

Note that since this is a default PMM hinge, the P-M2-M3 box is checked, but it is gray and
inactive. The program also automatically checks the Axial P, Moment M2 and Moment M3
boxes. All of these boxes are gray and inactive since the user can only view generated hinge
properties not change them.

Click the Modify/Show For PMM button to display the Frame Hinge Property Data For
1H2 dialog box (see Figure D-2).

10. In this dialog box:
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¢ You can not edit any of the values because this is a generated hinge.

o The spreadsheet is filled with M/My and 8/8y values.
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Figure D-2: Frame Hinge Property Data For Generated Pushover Hinge 1H2
.o The default hinge properties are symmetric.

e In the scaling area the Yield Rotation is filled in and the Yield Moment is gray and
inactive. TheYield Rotation was calculated by the program based on the associated
frame section property. The Yield Moment is inactive because this is a PMM hinge and
there is no single yield moment, there is a yield (interaction) surface instead. If this were
just a moment hinge then there would be a value in the Yield Moment box.

e The acceptance criteria are 8/8y values.

e Click the Define/Show Interaction button to display the Frame Hinge Interaction
Surface dialog box. In this dialog box which is mostly inactive because you are viewing
a generated hinge property, note:
¥v" The User Definition option is used.

v" The Doubly Symmetric About M2 and M3 check box is checked.

v"  Five curves are used to define the interaction surface.
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Note: The Number of Curves edit box indicates the number of equally spaced P-M
curves that will be used to define the interaction surface. If the Doubly Symmetric
About M2 and M3 box is checked, then the curves are equally spaced between 0
and 90 degrees. If the Doubly Symmetric About M2 and M3 box is not checked,
then the curves are equally spaced between 0 and 360 degrees.

=Y Input cansecutive
curves In a

M3 counterclockwise
directon, ie , from
+M2 to +M3.

M2
First curve input 1s P-M2

Construction of
User-Defined Interaction Surface

v Click the Define/Show Surface button to display the Interaction Surface Definition
dialog box.

v" In this dialog box:

» The spreadsheet shows normalized values of axial load, P, and moment, M.
There is one P column and five M columns corresponding to the number entered
in the Number of Curves edit box in the previous dialog box. Use the scroll bars
to see the other M columns.

Note: The axial load is normalized by the maximum axial load value. The
moments are normalized by the maximum moment value for all of the moment
curves. Thus the maximum value in the spreadsheet for both axial load and
moment is 1.

» The diagram shows the P versus M curves. Click in an M column in the
spreadsheet to see that particular P versus M curve. The M curve at Angle 0
corresponds to +M2 bending. The M curve at Angle 90 corresponds to +M3
bending.

> In the scaling area, the scale factors for both axial load, P, and moment, M, are
shown. Note that the M scale factor applies to all of the M curves.

Note: Since both P and M are normalized to 1, the P and M scale factors are the
maximum values of P and M, respectively.

I'1. Click the Cancel button five (5) times to exit all of the Hinge Property dialog boxes.
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12. Click the Set Elements button| & | on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box. In this dialog box uncheck the Rel/
Hinge box in the Frames area and click the OK button to turn off the display of hinges.

This completes the viewing of generated hinge properties.
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Step 4: Defining Static Pushover Cases

For this tutorial example we will define six static pushover cases. The first will apply the gravity
load to the structure, and the other five will apply different distributions of lateral load to the
structure.

1. From the Define menu choose Static Pushover Cases.... This will display the Define Static
Pushover Cases dialog box.

2. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.

3. Inthis dialog box:

Type GRAV in the Pushover Case Name edit box.

In the Options Area select the Push To Load Level Defined By Pattern option button.

Note: Typically the Push To Load Level Defined By Pattern option is used to apply
gravity load, and the Push To Displacement Of option is used to apply. lateral
pushes.

In the Load Pattern do the fo]loﬁing:

v" Select DL from the Load drop-down box.

v" Type 1 in the Scale Factor edit box.

v’ Click the Add button.

v" Select LL from the Load drop-down box.

v Type 0.25 in the Scale Factor edit box.

v" Click the Add button.

Accept all of the other default values. Note that the default Control Joint, joint 19, occurs
at the roof. The dialog box appears as shown in Figure D-3.

Click the OK button to complete this pushover case definition.

Note: There are five control parameters in the right-hand side of the Options area.

These parameters are used to control the pushover analysis. For most analyses the
default values are sufficient.

The Minimum Saved Steps and Maximum Saved Steps provide control over the
number of points actually saved in the pushover analysis. The default values are
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Figure D-3: Static Pushover Case Data Dialog Box

adequate in most cases. If the minimum number of steps saved is too small, you may
not have enough points to adequately represent the pushover curve. If the minimum
and maximum number of saved steps is too large, then the analysis may consume a
considerable amount of disk space, and it may take an excessive amount of time to
display results.

The program automatically determines the spacing of pushover steps to be saved as
Sfollows. The maximum step length is equal to total force goal or total displacement
goal divided by the specified Minimum Saved Steps. The program starts by saving
steps at this increment. If a significant event occurs at a step length less than this
increment, then the program will save the step too and pick up with the maximum
increment from there. For example, suppose the Minimum Saved Steps and
Maximum Saved Steps are set at 20 and 30 respectively, and the pushover is to be to
a displacement of 10 inches. The maximum increment of saved steps will be 10 /20 =
0.5 inches. Thus, data is saved at 0.5, 1, 1.5, 2, 2.5 inches. Suppose that a significant
event occurs at 2.7 inches. Then data is also saved at 2.7 inches, and continues on
from there being saved at 3.2, 3.7, 4.2, 4.7,5.2,5.7,6.2,6.7,7.2, 7.7, 8.2, 8.7, 9.2, 9.7
and 10.0 inches.
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The Maximum Saved Steps controls the number of significant events for which data
will be saved. The program will always reach the force or displacement goal within
the specified number of maximum saved steps, however, in doing so it could have to
skip saving steps at later events. For example, suppose the Minimum Saved Steps is
set to 20, the Maximum Saved Steps is set to 21, and the pushover is to be to a
displacement of 10 inches. The maximum increment of saved steps will be 10/20 =
0.5 inches. Thus, data is saved at 0.5, 1, 1.5, 2, 2.5 inches. Suppose that a significant
event occurs at 2.7 inches. Then data is also saved at 2.7 inches, and continues on
Jrom there being saved at 3.2 and 3.7 inches. Suppose another significant event
occurs at 3.9 inches. The program will not save the data at 3.9 inches because if it
did it would not be able to limit the maximum increment to 0.5 inches and still get
through the full pushover in no more than 21 steps. Note that if a second significant
event occurred at 4.1 inches rather than 3.9 inches, then the program would be able
to save the step and still meet the specified criteria for maximum increment and
maximum number of steps.

The Maximum Failed Steps is used, if necessary, to declare failure (i.e., non-
convergence) in a run before it reaches the specified force or displacement goal. The
program may be unable to converge on a step when catastrophic failure occurs in the
structure. There may also be instances where it is unable to converge on a step due
to numerical sensitivity in the solution. The Maximum Failed Steps is a cumulative
counter through the entire analysis. If the Maximum Failed Steps is reached, the
analysis stops.

The Event Force Tolerance and the Event Deformation Tolerance are ratios that are
used to determine when an event actually occurs for a hinge. Consider the figure that
shows the location of

wo hinges on their Assume hinge 2 is at this point

. on its force-displacement curve
Jforce-displacement
Assume hinge 1 is at this point

plots. Hinge 1 has
reached an event 4\ / on its force-displacement curve

location. For hinge 2,
if both the Event Force B <
Force tolerance

Tolerance and the —"4 .

. Displacement tolerance
Event Displacement
Tolerance are met, D E
then the hinge is within
event tolerance and it
too will be treated as
part of the event. In
the figure, if the Force Tolerance divided by the Yield Force is less than the Event
Force Tolerance specified in the Static Pushover Case Data, and the Displacement
Tolerance divided by the horizontal distance from B to C is less than the
Displacement Event Tolerance specified in the Static Pushover Case Data, then hinge
2 will be treated as part of the event. When determining the Force Tolerance Ratio,

Force

Yield force

e
-

Displacement
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the denominator is always the yield force. When determining the Displacement
Tolerance Ratio, the denominator is the horizontal length of the portion of the force-
displacement curve that the hinge is currently on. In the figure, hinge 2 is on the B-C
portion of the curve, thus we used the B-C horizontal length in the denominator of the
Displacement Tolerance Ratio.
4. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
5. Inthis dialog box:
e Accept the default Pushover Case Name, PUSH2.

¢ In the Options area, select GRAV from the Start From Previous Pushover drop-down
box.

e Inthe Options area, check the Include P-Delta box if it is not already checked.-
e In the Options area, accept the Push to Displacement Of value of 0.96 feet.

Note: The Push To Displacement Of value defaults to 0.04 times the Z coordinate of
the highest joint.in the model. Note that this mayv lead to very large displacements
if the base of the model is not at Z=0. You can change this value, if necessary, by
typing a new value in the edit box.

» Accept all of the other default values in the Options Area.
e |n t}}e Load Pattern do the following:

v Select PUSHPAT from the Load drop-down box.

v Type 1 in the Scale Factor edit box.

v" Click the Add button.

¢ Click the OK button to complete this pushover case definition.
6. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
7. Inthis dialog box:

o Accept the default Pushover Case Name, PUSH3.

« In the Options area, select GRAV from the Start From Previous Pushover drop-down
box.

» In the Options area, check the Include P-Delta box if it is not aiready checked.
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e Accept all of the other default values in the Options Area.
¢ Inthe Load Pattern do the following:
v Select acc dir X from the Load drop-down box.
v" Type 1 in the Scale Factor edit box.
v" Click the Add button.
e Click the OK button to complete this pushover case definition.
8.- Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
9. In this dialog box: |
s Accept the default Pushover Case Name, PUSH4.
o In the Options Area do the following:
v 'Type .5 in the Push To Displacement Of edit box.
v" Select U2 from the Control Direction drop-down box.
v’ Select GRAYV from the Start From Previous Pushover drop-down box.
v Accept all of the other default values in the Options Area.
o Inthe Load Pattern do the following:
v Select acc dir Y from the Load drop-down box.
v" Type 1 in the Scale Factor edit box.
v" Click the Add button.
¢ Click the OK button to complete this pushover case definition.
10. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
11. In this dialog box: |

e Accept the default Pushover Case Name, PUSHS.
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e In the Options area, select GRAV from the Start From Previous Pushover drop-down
box.

» In the Options area, check the Include P-Delta box.
e Accept all of the other default values in the Options Area.
¢ In the Load Pattern do the following:
v Select MODE from the Load drop-down box.
v Type 1 in the Scale Factor edit box.
v Click the Add button. The Select Mode Number dialog box appears.

v" Type in 1 for the mode number (corresponding to the first mode in the X-direction),
and click the OK button.

» Click the OK button to complete this pushover case definition.
12. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
13. In this dialog box:

¢ Accept the default Pushover Case Name, PUSH6.

¢ Inthe Options area, select GRAV from the Start From Previous Pushover drop-down
box.

¢ In the Options area, check the Include P-Delta box.
e Accept all of the other default values in the Options Area.
* Inthe Load Pattern do the following:

v Select acc dir X from the Load drop-down box.

v Type 1 in the Scale Factor edit box.

v" Click the Add button.

v ‘ Select acc dir Y from the Load drop-down box.

v Type 1 in the Scale Factor edit box.

v" Click the Add button.
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e (lick the OK button to complete this pushover case definition.

14. Click the OK button to exit the Define Static pushover Cases dialog box.
15. Click the Save Model button ]_H_l on the main toolbar.

This completes the definition of static pushover cases.
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Step 5: Running the Pushover Analysis

1. On the Analyze menu select Run Static Pushover.

Note: To run a pushover analysis, you must first have pushover hinges and pushover load
cases defined, at least a static analysis run, and, if steel members with Auto sections, or
concrete members whose reinforcing is to be designed by the program are included, vou
must have run the design portion of the program.

2. A window is opened in which various phases of analysis are progressively reported. When
the analysis is complete the screen will display as shown m Figure D-4.

Note: Most of the information in the scrolling analysis window is appended to the *.log file
that was created when the original analysis was run.

Analysis Compiete

B
TIME FOR INITIALIZING ANALYSIS = D.13
TIME FOR CONTROLLING ANALYS3IS = 0.77
TIME FOR FCORMING STIFFNESS MATRIX = g.93
TIME FOR SOLVING STIFFNEIS MATRIX = 8.63
TIME FOR CALCULATING DISPLACEMENTS = D.0%9
TIME FOR CALCULATING APPLIED LCADS = 0.10
TIME FOR DETERMINING EVENTS = 0.07
TIME FOR UPDATING S3TATE = 0.50
T70OTAL TIME PFOR THIS ANALYSIS = 11.22

"PUSHOVER ANALYSIS COM 1998/06/02  15:54:17 LIl

Figure D-4: Screen Message When Pushover Analysis Is Complete

3. Use the scroll bar to review the analysis messages and check for any error or warning
messages (there should be none).

Note: One of the items you will see in the scrolling window is labeled Analysis Complete. As
each pushover load case is running you will see the value continually changing. It is a
measure of what percent of your force or displacement goal you have reached. When the
Analysis Complete reaches 1, you have reached vour goal. Note that the analysis may
not to reach its goal (i.e., an Analysis complete of 1} because the structure
catastropically fails eariier or because of numerical sensitivities.

4. Click the OK button in the Analysis window to close it.

This completes running the pushover analysis.
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Step 6: Displaving the Pushover Deformed Shape and the Sequence of Pushover Hinge
Formation )

1. From the Options menu select Windows and the select One from the submenu. The display
changes to one window.

Note:- With this option you can select to have from one to four windows on the screen at the
same time. Each of the windows can be showing a completely different view.

2. Click the 3-D View button ﬂl on the main toolbar to show the default 3-D view.

3. Click the Set Elements buttonl EIJ on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box. In this dialog box check the Hide
box in the Shells area and click the OK button. This will turn off the display of shell

elements.

4. Click the Display Static Deformed Shape button| A, or from the Display menu select
- Show Deformed Shape... to display the Deformed Shape dialog box.

5. In this dialog box:
» Select Push2 Static Push'from the Load drop-down box.
¢ Select Auto in the Scaling area.
¢ Check both the Wire Shadow and the Cubic Curve options in the Options area.
e Click the OK button.

6. The deformed shape will appear. Note that the title of the window includes the information
“Deformed Shape (PUSH2 — Step 0)”. Thus we are currently viewing the deformed shape at
the start of the pushover. Since the PUSH2 pushover was started from the GRAV pushover,
we are also viewing the deformed shape at the end of the GRAV pushover.

Note: Recall that the PUSH?2 pushover load case is the PUSHPAT static load pattern.

7. Right click on any second level or roof level joint to see the displacement for that joint. The
displacements will be very small, as is expected when only the gravity load is applied.

8. Click the Right Arrow button[miﬂ located on the right-hand side of the status bar at the
bottom of the screen to view the deformed shape of the next step (Step 1) in the pushover.

Note: When viewing the pushover deformed shape and sequence of hinge formation, the
right and left arrow buttons, located in the status bar at the bottom of the screen,
provide an easy way to view the deformed shape for the next (right arrow), or
previous (left arrow) pushover step.
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9. Note that the title of the window includes the information “Deformed Shape (PUSH2 — Step
1)”, and the building moves slightly in the X-direction. You can again right-click on any
joint to see its displacement. You can click the Left Arrow buttonl & [toreturn to Step 0 of
the pushover.

10. Continue clicking the Right Arrow button| = | A
until the first colored hinges appear. The first c
colored hinges should appear in Step 4, as B
Nustrated in Figure D-5. The color of the hinges
indicates the state of the hinge, i.e, where it is
along its force displacement curve. The legend for
the hinge colors is included at the bottom of the
screen. The points B, 10, LS, CP, C, D and E are

io s ©F

Force
]
(e

illustrated in the figure. When hinges first appear, A >
they are at point B on the force-displacement Displacement
curve.
SAPZ000 - push) - [Detormed Shape (PUSHZ - Stap 4y} [CT5] %]
¥, Ele Edt Yiew Define Draw Seloct Assign Afohze Display Design  Optons  Help =leix]

pli@] 1] 2]]8 o] 212288 W| 2lw|=|x|er] lw] ¢(+] Olalelyirisim]

e I s T RN C TARFREN e

Rught Click on any joint for displocemeant velues

o R
o - " [[ewnanmaed e | = fon -

Figure D-5; First Pushover Hinge Yielding
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11. Continue clicking the Right Arrow button|® Jto step through the sequence of hinge
formation in the pushover to the last step. Note how the colors of the hinges change as the

pushover proceeds.

Note: To change the color coding for the hinges, From the Options Point | Color Box
menu, select Colors, and then select the Qutput tab. The color- B Rox 2
coding for the pushover hinge state is controlled by the colors in 10 Box 3
the area labeled Contours. There are ten contour colors; these LS Box 4
contour colors also are used in displaying stress contours for shell CP| Box5
elements. Assume the color in the top box, next to the label C Box 6
“Min”, is designated “Box 1", and the color in the bottom box, D Box 7
next to the label “"Max"”, is deszgnated ‘Box 10". Then the color E Box 8

coding for pushover hinge states is as defined in the table.

12. At the last pushover step right click one of the roof level joints to see its displacement. It will
be about 0.96 feet which is consistent with the displacement goal for the PUSH2 pushover
load case.

13. Click the Start Animation button| StatAnmaton |, located in the status bar at the bottom
of the SAP2000 window, to animate the deformed shape at the last step. When done vxewmg
the animation, click the Stop Animation button.| Iswop Anmetiod | S

Note: In this instance, the animation is only for the particular load step, not for the
entire pushover. The purpose of the animation is to make the behavior at that
particular load step more apparent. You can create a video of the entire pushover
using the Create Video... option on the File menu, however, this option will not be
available in the SAP2000 6.20 Beta version.

14. Click the Display Static Deformed Shape buttonlﬂ , or from the Display menu select
Show Deformed Shape... to display the Deformed Shape dialog box.

15. In this dialog box:

¢ Select Push4 Static Push from the Load drop-down box. Recall this is the uniform
acceleration in the Y-direction.

¢ (Click the OK button.

16. Click the Right Arrow button | = l to step through the entire sequence of hinge formation in
the pushover. You will note that through the sequence of steps the deformation reverses
directions several times. The reason for this is dicussed in the note below.

Note: When a hinge reaches point C on its force-displacement curve (see figure below),
that hinge must begin to drop load. Within the program, the way load is dropped
Jrom a hinge that has reached point C is that the pushover force (base shear) is
reduced until the force in that hinge is consistent with the force at point D. As the
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force is dropped, all elements unload, and the A

displacement is reduced. Once the yielded hinge c
reaches the Point D force level, the pushover B

force (base shear) is again increased and the © o Ls cp
displacement begins to increase again. This © D £
behavior is apparent when displaying the £

deformed shapes and force diagrams (moment,
shear, etc.) for each step of the pushover, when
viewing a video created for the pushover, and
when displaying the force-displacement plot of
the pushover.

Displacement

17. Click the Show Undeformed Shape button g]to clear the display of deformed shape for
the pushover.

18. Click the Set Elements button ‘é.j on the main toolbar (or select Set Elements... from the
View menu). This displays the Set Elements Dialog box.

19. In this dialog box:

s Uncheck the Shrink Elements box in the options area (if it is checked).

¢ (lick the OK button.

This completes the review of the pushover deformed shape and the sequence of pushover hinge
formation. You may want to step through the deformed shapes for the other pushover load cases
before proceeding on to the next step.

SAP2000 Web Tutorial I 109



Step 7: Displaving Frame Element Forces at Each Step of the Pushover

1. Click the Member Force Diagram for Frames button| F |, or from the Display menu select
Show Element Forces/Stresses, and then Frames... to display the Member Force Diagram
for Frames dialog box.

2. Inthis dialog box:

F2 SAP?a0N - pushDl B
Fite Eail Yiew Defre Daw Salect Assgn Agelyze Dsplay Design Qprons  Heip

olelg) ] 2118 i 21|8|sl 0l sislelrlel Bial +l+] Olalsizlrls|m]

EH Moment 3-3 Diagram (PUSH2 - Siep 0) [_[Ofx]

Select Push? Static Push from the Load drop-down box. Recall this is the PUSHPAT
static load pattern.

In the Component area select the Moment 3-3 option.
In the Scaling area select the Auto option.

Check the Fill Diagram box. Note if the Show Values on Diagram box is checked, you
will have to uncheck it before you can check the Fill Diagram box.

Note: The frame element forces for each step of the pushover can be displaved either
with the filled diagram or with the values shown on the diagram.

Click the OK button. The display appears as shown in Figure D-6.

Reght Click on any Freme Elemantior detmied degrem ~- . ° Lo : . s } Y lx‘.p.ﬂ -7]‘

Figure D-6: Pushover Forces (M3-3) at Step 0
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3. Note that the title of the window includes the information “Moment 3-3 Diagram (PUSH2 ~
Step 0)”. Thus we are currently viewing the M33 moments at the start of the pushover.
Since the PUSH2 pushover was started from the GRAV pushover, we are also viewing the
M33 moments at the end of the GRAV pushover.

4. Note you can right click on any frame element for a detailed diagram. When done viewing a
detailed diagram, right click on another element to view its detailed diagram, or left click
anywhere to finish viewing detailed diagrams.

5. Click the Right Arrow button| % ]located on the right-hand side of the status bar at the
bottom of the screen to view the M-33 diagram at the next step (Step 1) of the pushover.

Note: When viewing the pushover forces, the right and left arrow buttons, located in the
status bar at the bottom of the screen, provide an easy way to view the forces for the
next (right arrow), or previous (left arrow) pushover step.

6. Continue clicking the Right Arrow buttonliﬂto step through the moment diagrams for
each step of the pushover. You can right click an element at any step for a detailed diagram.

7. Click the Show Undeformed Shape button gjto clear the display of element forces for the
pushover.

This completes the review of the frame element forces at each step of the pushover. You may

want to step through the element forces for other force components and for other pushover load
cases before proceeding on to the next step.
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Step 8: Displaving Pushover and Capacitv Spectrum Curves

1.

From the Display menu select Show Static Pushover Curve... to display the Pushover
Curve dialog box.

Note: If this dialog box does not fully fit on vour screen then you may want to increase the
resolution of your screen. The dialog box should fully fit on the screen if vour resolution
is 800 x 600 with small fonts, or 1024 x 768 with large fonts.

If no plot is visible in the plot area, then click the Display button at the bottom of the form.

Note: [If at any time the plot area display is not visible in the Pushover curve dialog box,
click the Display button.

. For practice, press the F1 key on the keyboard to see context sensitive on-line help pertaining

to this dialog box.

When finished with the online help click the “X” in the upper right-hand corner of the Help
window to close it, or choose Exit from the File menu on the Help window.

Notice that in the Plot Type area, the Base Shear vs Control Displacement option is selected: "

Note: The base shear that is plotted in the Base Shear vs Control Displacement plot is the
resultant base shear. The displacement plotted is the displacement in the control
direction (not resultant) at the control joint.

The dialog box currently appears as shown in Figure D-7. Note the following:

e The Demand Spectrum area and the Damping Parameters area are gray and inactive.
These areas will become active when the Capacity Spectrum option is chosen in the Plot
Type area.

o There are four boxes just below the plot area. These boxes are the Cursor Location, the
Performance Point (V, D), the Performance Point (Sa, Sd), the Performance Point (Teff,
Beff). When the Base Shear vs Control Displacement option is chosen in the Plot Type
area, only the Cursor Location box is active. Place the cursor (mouse pointer) anywhere
over the plot and the coordinates of the pointer will appear in the Cursor Location box.
The Performance Point boxes are only filled in when the Capacity Spectrum option is
chosen in the Plot Type area.

o If we wanted to include some notes with any printed graphic output, we could type those
notes in the Additional Notes For printed Output edit box.
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Figure D-7: Pushover Curve For Pushover Load Case PUSH2

7. Suppose we want to change the color of the base shear versus displacement curve from the

default green color to blue. To do this click on the green color box in the Plot Type area to
open the Color dialog box.

8. In this dialog box:
* Click on one of the blue colored boxes.
¢ Click the OK button to change the color.
e If necessary, click the Display button to redisplay the plot.
9. To change the curve color back to the default green, click the Reset Default Colors button.

10. Now we will override the axis labels and range. The axis labels and range will appear on the

screen and on any graphic output. Click the Override Axis Labels/Range button. The
Override Axis Labels and Range dialog box appears.
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11. Inthis dialog box:
o In the Horizontal Range area type 2 in the Max edit box.
o Inthe Axis Labels area type Control Joint Displacement in the Horizontal edit box.
o Inthe Axis Labels area type Resultant Base Shear in the Vertical edit box.
¢ (lick the OK button to change the axis labels and range.

12, Now we will reset the default axis labels and range. Click the Override Axis Labels/Range
button. The Override Axis Labels and Range dialog box appears.

13. In this dialog box:
¢ Click the Reset Defaults button,
o (Click the OK button.

14. Select PUSH3 from the Static Pushover Case drop-down box. The plot cﬁanges to that for
PUSH3. Recall that PUSH3 is the uniform acceleration in the X-direction..

Note: If at any time you want to check and see the definition of a pushover load case click
the Done button to close the Pushover Curve dialog box. Then, from the Define menu
select Static Pushover Cases..., and when the Define Static Pushover Cases dialog box
appears, select the pushover case you are interested in, and click the Modify/Show
Pushover button.

15. Review the base shear versus control displacement curves for the other pushover load cases.
16 Select PUSH2 from the Static Pushover Case drop-down box.

17. Select the Capacity Spectrum option in the Plot Type area. As shown in Figure D-8, the plot
changes and the Demand Spectrum area and the Damping Parameters area are now active.

Note: When the capacity spectrum option is chosen, the pushover curve is displayed in
ADRS (Acceleration-Displacement Response Spectrum) format. Refer to ATC-40 for a
discussion of this format which is essentially a plot of spectral acceleration versus
spectral displacement. In SAP2000, the force-displacement pushover curve is converted
to the ADRS format by converting the resultant base shear to a spectral acceleration , Sa,
and the control displacement in the control direction to a spectral displacement, Sd,
generally based on equations 8-1 thru 8-4 in ATC-40.
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Figure D-8: Capacity spectrum For Pushover Load Case PUSH2

18. In the Demand Spectrum area note the following:

o The Seismic Coefficient Ca and the Seismic Coefficient Cv both default to 0.4. Each of
these values can be changed by typing a new value the appropriate edit box. These
values control the shape of the 5% damped spectrum. Refer to ATC-40, Chapter 4, for a
discussion of, and appropriate values for, Ca and Cv.

¢ The Show Family of Demand Spectra check box is checked indicating that the family of
demand spectra, with up to four different damping ratios, is shown on the plot. The color
box adjacent to the Show Family of Demand Spectra check box is red (by default)
indicating that the family of demand spectra is shown in red. You can change the color
by clicking on the color box.

s There are four edit boxes labeled Damping Ratios. The numbers entered in these boxes
are 0.05, 0.1, 0.15 and 0.2. These are the default damping ratios for the family of demand
spectra. You can change any of these values by typing a new value in the appropriate
edit box. The damping values do not have to be input in order. If you leave a Damping
Ratio box blarnk, or enter a zero (0), then that curve will not be plotted.
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Note: The damping ratios must be between 0 and 1. A value of 5% of critical
damping should be entered as 0.05, not 5.

s The Show Single Demand Spectrum (Variable Damping) check box is checked indicating
that the single demand spectrum is shown on the plot. The color box adjacent to the
Show Family of Demand Spectra check box is yellow (by default) indicating that the
single demand spectrum is shown in yellow. You can change the color by clicking on the
color box.

Note: The single demand spectrum (variable damping) curve is constructed by doing
the following for each point on the ADRS pushover curve:

1. Draw a radial line Radial line has constant period
through thep oint Point on single demand spectrum
on the ADRS N (variable damping) associated with
pushover curve. arbitrary point on pushover curve
This is a line of S Pushover curve
constant period. a Demand spectrum plotted at same

damping level as associated with
arbitrary point on pushover curve

2. Calculate the
damping
associated with the

Arbitrary point on pushover curve

\
- /
point on the curve Sd T~ Damping based on area under pushover
based on the area curve up to arbitrary point

under the curve up
to that point.

3. Construct the demand spectrum, plotting it for the same damping level as
associated with the point on the pushover curve.

4. The intersection point of the radial line and the associated demand
spectrum represents a point on the Single Demand Spectrum (Variable
Damping) curve. ’

This method is similar to the method called Procedure B in Chapter 8 of ATC-40
except it does not make the simplifving assumption that the post yield stiffness
remains constant. It is essentially the method referred to as “exact” in the
discussion of the method called Procedure C in Chapter 8 of ATC-40.

e The Show Constant period Lines At check box is checked indicating that up to four
different constant period lines are shown on the plot. The color box adjacent to the Show
Constant period Lines At check box is gray (by default) indicating that the constant
period lines are shown in gray. You can change the color by clicking on the color box.
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Note: In the ADRS format, lines of constant period show up as straight lines
radiating from the origin.

e There are four edit boxes associated with the Show Constant period Lines At check box.
The numbers entered in these boxes are 0.5, 1, 1.5 and 2. These are the default periods
for the lines of constant period. You can change any of these values by typing a new
value in the appropriate edit box. The periods do not have to be input in order. If you
leave a Period box blank, or enter a zero (0), then that line will not be plotted.

19. In the Damping Parameters area note the following:

e The Inherent + Additional Damping box defaults to 0.05. This value can be changed by
typing a new value in the edit box.

Note: To help you understand what value to input in the Inherent + Additional
Damping box, refer to ATC-40 equation 8-8. The By term in this equation is
automatically included by the SAP2000 analysis method. The 5% inherent viscous
damping term can be specified in the Inherent/Additional Damping edit box as
0.05. If there is additional viscous damping provided in the structure, perhaps by
viscous dampers that are not specifically included in the model, then this damping
should also be included in the Inherent/Additional Damping edit box. Thus if the
damping inherent in the structure is assumed to be 5% of critical damping, and
dampers which provide an additional 7% of critical damping are assumed to be
added to the structure (although they are not actually in the model), then the
value input in the Inherent/Additional Damping edit box should be 0.12, since
0.05 + 0.07 = 0.12. '

If dampers modeled with NLLink elements are included in the model, then for the
pushover analysis, the program treats them as linear elements. Their stiffness is
based on the linear effective stiffness (KE) and the damping is based on the linear
effective damping coefficient (CE). The program uses the linear effective
damping coefficient for the damper, together with the effective period to calculate
damping which is internally added to the specified Inherent/Additional Damping
term.

o There are four Structural Behavior Type options: A, B, C and User. Structural Behavior
type B, which should be currently selected, is the default. Structural Behavior Types A,
B and C, which define a kappa (x) factor that reduces the assumed damping, are taken
directly from ATC-40. The User option allows input of other values of kappa (x).

Note: Refer to ATC-40 Section 8.2.2.1.1 for a discussion of structural behavior types.
The structural behavior type is used to specify a kappa (&) factor (see Figure 8-15
in ATC-40) that modifies (reduces) the calculated area of the hysteresis loops to
account for assumed pinching of the loops.
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20.

21

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

The performance point in Sa, Sd coordinates is shown in the Performance Point (Sa, Sd) box
below the plot. The units for Sa are always g; the current units for Sd are feet. Note you
could also estimate the value of the performance point by holding the mouse pointer over the
performance point (intersection of the ADRS pushover curve and the single demand
spectrum (variable damping)) and reading the value in the Cursor Location box.

Note: The location of the mouse pointer is specified in the Cursor Location box as
(Horizontal axis location, Vertical Axis location). Thus when looking at the
Performance Point using the mouse pointer, you will read (5d, Sa), which is
switched from how it is specified in the Performance Point (Sa, 8d) box.

In the Demand Spectrum area, type .6 into the Seismic Coefficient Cv edit box. Click the
mouse somewhere on the pushover curve dialog box outside of the Seismic Coefficient Cv
edit box to enter the change. Note how both the plot and the Performance Point information
below the plot change. Note that the performance point in Sa, Sd coordinates changes.

Type .4 into the Seismic Coefficient Cv edit box. Click the mouse on the plot to enter the
change.

Uncheck the Show Family of Demand Spectra box. The family of demand spectra are
removed from the plot.

Check the Show Family of Demand Spectra box to show the family of demand spectra again.

In the Damping Ratios edit boxes, type .3 in the last box. Click the mouse on the plot to
enter the change. Note that the lowest demand spectra got even lower when we increased the
damping ratio from 0.2 to 0.3.

Type .2 in the last Damping Ratios edit box and click the mouse on the plot to return the
form to its original state.

In the Damping Ratios edit boxes, delete the value in the second edit box and click the mouse
on the plot to enter the change. Note that only three demand spectra now appear on the plot,
one with 5% damping, one with 15% damping and one with 20% damping.

Type .1 in the second Damping Ratios edit box and click the mouse on the plot to retum the
form to its original state.

Uncheck the Show Single Demand Spectrum (Variable Damping) box. The single demand
spectrum is removed from the plot.

Check the Show Single Demand Spectrum (Variable Damping) box to show the single
demand spectrum again.

Uncheck the Show Constant Period Lines At box. The constant period lines are removed
from the plot.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Check the Show Constant Period Lines At box to show the period lines again.

In the fourth (and last) edit box below the Show Constant Period Lines At check box, type 3.
Click the mouse on the plot to enter the change. Note that the last period line became flatter.

Type 2 in the fourth edit box below the Show Constant Period Lines At check box and click
the mouse on the plot to return the form to its original state,

In the Damping Parameters area, type .2 in the Inherent + Additional Damping edit box.
Click the mouse on the plot to enter the change. The relative location of the single demand
spectrum (variable damping) curve changes and the performance point location changes.

Type 0.05 in the Inherent + Additional Damping edit box and click the mouse on the plot to
return the form to its original state.

In the Damping Parameters area, click the Structural Behavior Type A option and observe
the change in the relative location of the single demand spectrum (variable damping) curve
and the performance point.

Click the Structural Behavior Type C option again observing the change in the relative
location of the single demand spectrum (variable damping) curve and the performance point.

Click the Structural Behavior Type - User option, and note that the adjacent Modify/Show
button becomes available. Click the Modify/Show button to display the Override Structural
Behavior Type dialog box.

In this dialog box: A Refer to ATC-40
. Section 8.2.2.1.1
¢ Inthe Point 1 area type 20 in the Beta , plirstsegment o and Figure 813
Sub Zero edit box and type .6 in the g c‘C"’i'ofsf_,
- Kappa Factor edit box. E Point I < Third segment
=]
. . n
e In the Point 2 area type 45 In the Beta & Point 2
Sub Zero edit box and type .6 in the %
Kappa Factor edit box.
>
e Click the OK button and observe the BetaSubZero, B,

change in the relative location of the
single demand spectrum (variable damping) curve and the performance point.

Click the Structural Behavior Type B option to return the form to its original state.

From the File menu at the top of the Pushover Curve dialog box select Display Tables. A
table stmilar to that shown in Figure D-9 appears.
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HPUSHOVER CAPACITY/DEMAND COMPARISON B

Fila S T . - ) R
step Toff Beff . sd(Cc) . sa(o). sd(p) sa(D) ALPHA - . Pr
0 0.756 0.050 4.002E-04 0.000 0.247 0,529 1.000 1,000 =
1 0.756 0.046 0.039 0. 0863 0.252 0. 541 0.955 17246
2 0.756 0.049 0.078 0.167 0.248 0.532 0.955 1.241
3 0.756 0.050 0,116 0.250 0.247 0.530 0.955 1.240
4 0.756 0.050 0.150 0.321 0.247 0.530 0.955 1.239
5 0.792 0.083 0.168 0.368 0.226 0.441 0.953 1.241
6 0.796 0.086 0.193 0.374 0.225 0.435 0.953 1.242
7 0.839 0.117 9.231 c.403 0.216 0.376  0.952 1.244
B8 0.B75 0.136 0.269 0.432 0.215 0.344 0.951 1.246
9 0.902 C.145 ©.303 0.4517 ¢.216 0.326 0.950 1.248
10 0.931 0.161 0.331 0.469 0.215 0.305 0.948 1.252
11 0.932 0.161 0.332 0.4569 0.715 0.305 0.947 1.252
12 0.976 0.187 0.368 0.474 ©.214 0.276 0.5943 1.260
13 1.018 0.208 0.4204 0.478 0.214 0.254 0.940 1.266
14 1.058 0.223 0.440 0.483 0.217 0.238 0.936 1.270 —
15 1.095 0.233 0.477 0.487 0.221 0.226 0.934 1.274
16 1.133 0.240 0.513 0.491 0.225 0.215 0.931 1.278 -
17 1.167 0.247 0,549 0. 895 ¢.230 0.207 0.929 1.281
18 1.201 0.252 0.586 0.498 0.234 0.199 0.927 1.283 |

Figure D-9: Table For Capacity Spectrum

43. In this table note the following:
e Step identifies the step number in the pushover curve.
o Teff is the effective period at the associated step.
s [effis the effective damping at the associated step.
e Sd(C) and Sa(C) define a point on the ADRS capacity curve for the associated step.

e Sd(D) and Sa(D) define a point on the single demand spectrum (variable damping) curve
for the associated step. '

e Alpha is the factor used in converting the base shear to spectral acceleration at the
associated step.

s PF*¢ is the factor used in converting the displacement to spectral displacement at the
associated step.

e To print this table, click on the File menu at the top of the table and select either Print
Tables, to print to a printer, or Print Tables To File..., to print the table to a file.

44, Click the “X” in the upper right-hand corner of the table to close it.

45. Select the Base Shear vs Control Displacement option in the Plot Type area.
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46. From the File menu at the top of the Pushover Curve dialog box select Display Tables. A
table similar to that shown in Figure D-10 appears.

[HPUSHOVER CURVE _  _____&|
Fie - ' . L. . T "
Step Displacemont Base Shmar -'". A-B B-10 IO-LS LS-CP CP-C C-D D-E >E TOTAL
° 4.002E-04 ¢.0000 40 0 0 9 0 o 0 o 48 |-
1 0.0404 26.3708 T3 ) 0 0 0 o 0 ° 48
2 0.0964 56.7417 4B 0 ° 0 0 0 0 o a8
3 0.1443 85 .1127 48 o ° ° 0 0 o 0 48
4 0.1856 109. 4811 46 2 0 o o ) o o 48
5 0.2336 125.1036 46 2 o 0 0 0 0 o ag
6 0.2398 127.1146 44 4 o 0 0 0 0 o 48
7 0.2878 136.8057 'Y 4 0 ° 0 0 o 0 48
8 0.3358 146. 4968 44 4 0 o 0 o 0 ° a8
9 0.3780 154.9516 4z 4 2 ) 0 0 ° LT
10 0.4148 158.5392 a1 .5 2 0 0 0 o o 48
11 0.4154 158.5750 40 6 2 0 0 0 0 ° a8
12 0.4634 159. 4686 40 4 4 ° 0 ) ° ©c 48
13 0.5114 160.3621 40 4 4 ) 0 0 0 0 4
14 0.5594 161.2557 40 4 4 0 ) 0 o ° a8
15 0.6074 162.1492 40 2 & 0 0 o o 0 48
16 0.6354 163.0428 a0 0 8 0 0 0 0 o a8
17 0.7034 163.9364 40 o 8 o 0 o 0 o a8
18 0.7514 162.8299 40 o 8 0 0 0 0 °o 48
19 9.7994 165.7235 40 o 8 0 0 0 ° o 48 —
20 0.@474 166.6170 40 o a o 0 0 ° o a8
21 0.8954 167.5106 40 o 6 2 0 ) o 0 . |

Figure D-10; Table For Pushover Curve

47. In this table note the following:

e Step identifies the step number in the pushover curve.

¢ Displacement and Base Shear define a point on

the pushover curve for the associated step.

* A-B, B-10, IO-LS, LS-CP, CP-C, C-D, D-E, >E
all identify the total number of hinges within
each of these ranges on their associated force-

displacement curves.

¢ TOTAL is the total number of pushover hinges

in the structure.

¢ To print this table, click on the File menu at the top of the table and select either Print
Tables, to print to a printer, or Print Tables To File..., to print the table to a file.

Force

A

10

LS cp

Displacement

48. You can also print graphic plots of the pushover curve and/or capacity spectrum curve as

follows:
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* Set up the plot on the screen (either in Base Shear vs Control Displacement, or in
Capacity Spectrum format) as you want to print it.

e [f you want to change the axis labels or the axis range, click the Override Axis
Labels/Range button and make the desired changes.

* If you want to have additional notes printed on the gfaphics plot, type those notes in the
Additional Notes For Printed Output edit box.

e To print the graphics, select Print Graphics from the File menu at the top of the
Pushover Curve dialog box.

Note: Another technique that can be used is to create a screen plot of the entire
dialog box which you can then print from another program such as FPaint,
Microsoft Word for Windows, or any other program that supports graphics.

To create the screen plot, press the Alt and Print Screen keys on your kevboard.
This will send a copy of the active window to the clipboard. (Note that if vou just
press the Print Screen key, without the Alt key, you will send a picture of the
entire screen to the clipboard ) Open your other program that supports graphics
and paste the picture into that program. Usually the command to paste the
picture is called Paste, and it can be found on a menu called Edit. Once you have
pasted the picture into a file created in your program that supports graphics, vou
can print from there.

49. Click the “X” in the upper right-hand corner of the table to close it.
50. Click the Done button to close the Pushover Curve dialog box.

This completes the review of displaying the pushover and capacity spectrum curves.
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E. Final Comments

This tutorial, together with the SAP2000 online help pro{!ides extensive documentation of all of
the pushover analysis features available in SAP2000. It is intended that you can use this tutorial
as a continuing reference for SAP2000 pushover analyses.

As previously noted, you can obtain context-sensitive online help from within any pushover
dialog box by pressing the F1 key while that dialog box is open. The names of each of the basic
pushover analysis topics covered in the online help are listed below.

Nonlinear Static Pushover Analysis
Define Frame Hinge Properties
Frame Hinge Property Data

Frame Hinge Property Data For XXX
Frame Hinge Interaction Surface
Interaction Surface Definition
Define Static Pushover Cases
Static Pushover Case Data

Assign Frame Hinges (Pusho-er)
Pushover Curve

Override Axis Labels And Range
Override Structural Behavior Type

The Nonlinear Static Pushover Analysis topic gives an overview of the SAP2000 pushover
analysis capabilities. The other topics provide context-sensitive help for dialog boxes of the
same name.

Finally, it is emphasized that the SAP2000 documentation for the pushover is not intended to,
and does not, document the pushover analysis method, but rather is intended to document the
pushover analysis capabilities of SAP2000. For information regarding the pushover analysis
method you should refer to the ATC-40 and FEMA-273 documents which are referenced below.

ATC, 1996
Seismic Evaluation and Retrofit of Concrete Buildings, Volume 1, ATC-40 Report, Applied
Technology Council, Redwood City, California,

FEMA, 1997 '

NEHRP Guidelines for the Seismic Rehabilitation of Buildings, Developed by the Building
Seismic Safety Council for the Federal Emergency Management Agency (Report No. FEMA
273), Washington, D.C.
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DISCLAIMER

CONSIDERABLE TIME, EFFORT AND EXPENSE HAVE GONE INTO THE
DEVELOPMENT AND DOCUMENTATION OF SAP2000. THE PROGRAM HAS
BEEN THOROUGHLY TESTED AND USED. IN USING THE PROGRAM,
HOWEVER, THE USER ACCEPTS AND UNDERSTANDS THAT NO WARRANTY
IS EXPRESSED OR IMPLIED BY THE DEVELOPERS OR THE DISTRIBUTORS
ON THE ACCURACY OR THE RELIABILITY OF THE PROGRAM.

THE USER MUST EXPLICITLY UNDERSTAND THE ASSUMPTIONS OF THE
PROGRAM AND MUST INDEPENDENTLY VERIFY THE RESULTS.



Introduction

This is a quick tutorial that introduces some of the pushover analysis features available in
SAP2000. For a more detailed pushover analysis tutorial refer to the SAP2000 Web Tutorial 1.
The basic mode! used in this tutorial, Sapwb02.sdb, is developed from scratch in SAP2000 Web
Tutorial 1.

SAP2000 has extensive online help for the pushover analysis. Press F1 from within a pushover
related dialog box to get context sensitive help related to the dialog box. To see all of the help
items related to pushover analysis, select Search For Help On... from the Help menu, select the
Index Tab, highlight the Pushover index entry and click the Display button.

To begin this tutorial, open the file named Sapweb02.sdb using the Open... command from the
File menu.

Note: It may be helpful to save the file with a different name so that you retain a copy of
the original file. You can do this by selecting Save As... from the File menu.

Step 1: Assignind Hinge Properties {Pushover)

We will assign Default-PMM hinges to each end of the moment frame columns and the braced
frame columns. We will assign Default-M3 hinges to each end of the moment frame beams. We
will assign Default-P to the center of each brace.

1. Click in the window labeled 3-D View to make sure it is active. Note when the window is
active, its title bar will be highlighted.

2. From the Select menu choose Select, and then Groups...from the submenu. This will
display the Select Groups dialog box.

3. Highlight the group named FRCOLS (frame columns) by clicking on it.

4. Hold down the CTRL key and highlight the group named BRCOLS (braced frame columns)
by clicking on it to add it to the selection.

5. Click the OK button to select all of the AR

Frame Hinge Dnln

elements in the FRCOLS and BRCOLS  HingePropory | PaleivaDusance <© 1
groups. Poamsiy — I e

6. From the Assign menu choose Frame, and
then Hinges (Pushover)... from the submenu.
This will display the Frame nges (Pushover)
dialog box.

7. In this dialog box:




» Select Default-PMM in the Hinge Property drop-down box.
e Type 0 in the Relative Distance edit box.

Note: Relative distance is measured from the I-end of the frame element, and is based
on the clear length between rigid end offsets. A “0" relative distance indicates the
hinge is at the I-end of the frame element. A “1" relative distance indicates the
hinge is at the j-end of the frame element. Hinges may be located anywhere along
the length of the frame element.

o (Click the Add button to add a PMM hinge at the I-end (relative distance equals 0) end of
the frame element.

e Type 1 in the Relative Distance edit box.

e Click the Add button to add a PMM hinge at the J-end (relative distance equals 1) end of
the frame element.

o Click the OK button to assign the hinge properties. The model now appears as shown in

Figure 1.

Eile Edn ij Lefine Drew Selact Assign  Apsyre stpluy Demgn Qmom ];lai . . .
plslEl of«| 21[F | 2198|0189 2} 0] <]|x ] B2m] +]4] OIJ¢|JIFISLJ _

H 3-D View !ﬂﬂlﬂx?ﬂum-@zdﬂuw B3

—4 -

.
i
’
/
- 4
—

L ]
Sy
o

“=lt)xl= Tzl L) o)) |-_+31

1 4
|

_}_DV“ AN T e ¢ e e e [ T e

" Figure 1: Model After Assigning Default-PMM Hinges To Columns

8. From the Select menu choose Select, and then Grﬁups...ﬁ’om the submenu. This will
display the Select Groups dialog box.




9. Highlight the group named FRMGIRD by clicking on it and click the OK button.

10. From the Assign menu choose Frame, and then Hinges (Pushover)... from the submenu.
This will display the Frame Hinges (Pushover) dialog box.

11. In this dialog box:
e Select Default-M3 in the Hinge Property drop-down box.
¢ Type 0 in the Relative Distance edit box.
e Click the Add. button.
e Type 1 in the Relative Distance edit box.
s Click the Add button.
o Click the: OK button to assign the hinge properties.

12. From the Select menu choose Select, and then Groups...from the submenu. This will
display the Select Groups dialog box.

13. Highlight the group named BRACE! by clicking on it.

14. Hold down the CTRL key and highlight the group named BRACE2 by clicking on it to add it
to the selection. .

15. Click the OK button to select all of the elements in the BRACE! and BRACE?2 groups.

16. From the Assign menu choose Frame, and then Hinges (Pushover)...from the submenu.
This will display the Frame Hinges (Pushover) dialog box.

17. In this dialog box:
s Select Default-P in the Hinge Property drop-down box.
¢ Type .5 in the Relative Distance edit box.

¢ Click the Add button to add a P hinge at the center (relative distance equals 0.5) of the
beam.

» Click the OK button to assign the hinge properties.

18. From the Assign menu select Clear Display of Assigns to clear the display of hinge
assignments



19. Click the Save Model button]EJ on the main toolbar, or select Save from the File menu to
save the file.

This completes the assigning of pushover hinge properties.

Step 2: Defining Static Pushover Cases

For this tutorial example we will define two static pushover cases. The first will apply the
gravity load to the structure, and the other wiil apply lateral load to the structure.

1. From the Define menu choose Static Pushover Cases.... This will again display the Define
Static Pushover Cases dialog box.

2. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
3. In this dialog box:
e Type GRAYV in the Pushover Case Name edit box. -

e Inthe Options Area select the Push To Load Level Defined By Pattern option button.
Note: Typically the Push To Load Level Defined By Pattern option is used to apply
gravity load, and the Push To Displacement Of option is used to apply lateral
pushes.
e In the Load Pattern do the following:
v" Select DL from the Load drop-down box.
v Type 1 in the Scale Factor edit box.
v" Click the Add button,
v" Select LL from the Load drop-down box.
v Type 0.25 in the Scale Factor edit box.

v" Click the Add button.

¢ Accept all of the other default values. Note that the default Control Joint, joint 19, occurs
at the roof. The dialog box appears as shown in Figure 2.

e (lick the OK button to complete this pushover case definition.
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Figure 2: Static Pushover Case Data Dialog Box

Click the Add New Pushover button to display the Static Pushover Case Data dialog box.
In this dialog box:
e Accept the default Pushover Case Name, PUSH2.

» In the Options area, select GRAV from the Start From Previous Pushover drop-down
box.

e In the Options area, check the Include P-Delta box if it is not already checked.
* Accept all of the other default values in the Options Area.
* In the Load Pattern do the following:

v Select PUSHPAT from the Load drop-down box.

Note: PUSHPAT is a previously defined static load case that applies an inverted
triangular pattern of load over the height of the structure.



v" Type 1 in the Scale Factor edit box.

v Click the Add button.

Click the OK button to complete this pushover case definition.

6. Click the Add New Pushover button to display the Static Pushover Case Data dialog box.

7. In this dialog box:

Accept the default Pushover Case Name, PUSH3.
In the Options area, select U2 from the Control Direction drop-down box.

In the Options area, select GRAV from the Start From Previous Pushover drop-down
box.

In the Options area, check the Include P-Delta box if it 1s not already checked.
Accept all of the other default values in the Options Area.

In the Load Pattern do the following:

v" Select acc dir Y from the Load drop-down box.

Note: The acc diry load pattern provides a uniform acceleration in the Y
direction, that is, a lateral load that is proportional to the mass.

v" Type 1 in the Scale Factor edit box.

v" Click the Add button.

Click the OK button to complete this pushover case definition.

8. Click the OK button to exit the Define Static pushover Cases dialog box.

9. Click the Save Model button@] on the main toolbar.

This completes the definition of static pushover cases.

Step 3: Running The Pushover Analvsis

1. On the Analyze menu select Run Static Pushover. (In SAP2000 Version 6.20 Beta, you will
need to run the static analysis first using the Run option on the Analyze menu.)



Note: To run a pushover analysis, you must first have pushover hinges and pushover load
cases defined, at least a static analysis run, and, if steel members with Auto sections, or
concrete members whose reinforcing is to be designed by the program are included, you
must have run the design portion of the program.

2. A window is opened in which various phases of analysis are progressively reported. When
the analysis is complete the screen will display as shown in Figure 3.
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Figure 3: Screen Message When Pushover Analvsis Is Complete

3. Use the scroll bar to review the analysis messages and check for any error or warning
messages (there should be none).

4. Click the OK button in the Analysis window to close it.

This completes running the pushover analysis.

Step 4: Displaving the Pushover Deformed Shape and the Sequence of Pushover Hinge
Formation -

1. From the Options menu select Windows and the select One, from the submenu. The display
changes to one window.

Note: With this option you can select to have from one to four windows on the screen at the
same time. Each of the windows can be showing a completely different view.

2. Click the Show Undeformed Shape button g]to clear the display of the first mode shape.



10.

. Click the Set Elements buttonIE’ on the main toolbar (or select Set Elements... from the

View menu). This displays the Set Elements Dialog box. In this dialog box check the Hide
box in the Shells area and click the OK button. This will turn off the display of shell
elements.

Click the Display Static Deformed Shape button|4 |, or from the Display menu select
Show Deformed Shape... to display the Deformed Shape dialog box.

In this dialog box:

¢ Select Push2 Static Push from the Load drop-down box.

o Select Auto in the Scaling area.

e Check both the Wire Shadow and the Cubic Curve options in the Options area.
¢ Click the OK button.

The deformed shape will appear. Note that the title of the window includes the information
“Deformed Shape (PUSH2 — Step 0)”. Thus we are currently viewing the deformed shape at
the start of the pushover. Since the PUSH2 pushover was started from the GRAV pushover,
we are also viewing the deformed shape at the end of the GRAV pushover.

Right click on any second level or roof level joint to see the displacement for that joint. The
displacements will be very small, as is expected when only the gravity load is applied.

Click the Right Arrow button[-im; located on the right-hand side of the status bar at the
bottom of the screen to view the deformed shape of the next step (Step 1) in the pushover.

Note: When viewing the pushover deformed shape and sequence of hinge formation, the
right and left arrow buttons, located in the status bar at the bottom of the screen,
provide an easy way to view the deformed shape for the next (right arrow), or
previous (left arrow) pushover step.

Note that the title of the window includes the information “Deformed Shape (PUSH2 — Step
1), and the building moves slightly in the X-direction. You can again right-click on any
joint to see its displacement. You can click the Left Arrow buttonl}i’ to return to Step 0 of
the pushover. -

Continue clicking the Right Arrow buttonlil A
until the first colored hinges appear. The first c
colored hinges should appear in Step 4, as B

illustrated in Figure 4. The color of the hinges
indicates the state of the hinge, i.e, where it is
along its force displacement curve. The legend for
the hinge colors is included at the bottom of the

0o LS cp

Force
=)
=

Displacement



screen. The points B, 10, LS, CP, C. D and E are illustrated in the figure. When hinges first
appear, they are at point B on the force-displacement curve.
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Figure 4. First Pu.aover Hinge Yielding

11. Continue clicking the Right Arrow button l_-i_] to step through the sequence of hinge
formation in the pushover to the last step. Note how the colors of the hinges change as the
pushover proceeds.

Note: To change the color coding for the hinges, From the Options Point |Color Box
menu, select Colors, and then select the Output tab. The color- B Box 2
coding for the pushover hinge state is controlled by the colors in 10 Box 3
the area labeled Contours. There are ten contour colors; these LS | Box4
contour colors also are used in displaying stress contours for shell CP| Box5
elements. Assume the color in the top box, next to the label - C Box 6
“Min”, is designated “Box 1", and the color in the bottom box, D Box 7
next to the label “Max ", is designated “Box 10”. Then the color E Box 8

coding for pushover hinge states is as defined in the table.

12. Click the Display Static Deformed Shape button| A |, or from the Display menu select
Show Deformed Shape... to display the Deformed Shape dialog box.



13. In this dialog box:

Select Push3 Static Push from the Load drop-down box.

Click the OK button.

14, Click the Right Arrow butt0n|il to step through the sequence of hinge formation

15. Click the Show Undeformed Shape button g]to clear the display of deformed shape for
the pushover.

This completes the review of the pushover deformed shape and the sequence of pushover hinge
formation.

Step 5: Displavine Frame Element Forces at Each Step of the Pushover

l.

Click the Member Force Diagram for Frames button| F |, or from the Display menu select
Show Element Forces/Stresses, and then Frames... to display the Member Force Diagram
for Frames dialog box.

In this dialog box:

Select Push2 Static Push from the Load drop-down box.
In the Component area select the Moment 3-3 option.
In the Scaling area select the Auto option.

Check the Fill Diagram box. Note if the Show Values on Diagram box is checked, you
will have to uncheck it before you can check the Fill Diagram box.

Note: The frame element forces for each step of the pushover can be display;zd either
with the filled diagram or with the values shown on the diagram.

Click the OK button. The display appears as shown in Figure 5.

Click the Right Arrow buttonlf = ﬂ located on the right-hand side of the status bar at the
bottom of the screen to view the M-33 diagram at the next step (Step 1) of the pushover.

Note: When viewing the pushover forces, the right and left arrow buttons, located in the

status bar at the bottom of the screen, provide an easy way to view the forces for the
next (right arrow), or previous (left arrow) pushover step.
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Figure 5: Pushover Forces (M3-3) at Step 0

Continue clicking the Right Arrow button{j_ﬂto step through the moment diagrams for
each step of the pushover. You can right click an element at any step for a detailed diagram.

. In this dialog box:

o Select Push3 Static Push from the Load drop-down box.

e In the Component area select the Axial Force option.

¢ Click the OK button,

Click the Right Arrow butfon[ij to step through the axial force diagrams for the pushover.

Click the Show Undeformed Shape button _]to clear the display of element forces for the
pushover.

This completes the review of the frame element forces at each step of the pushover.

Step 6: Displaving Pushover and Capacity Spectrum Curves

1.

From the Display menu select Show Static Pushover Curve... to display the Pushover
Curve dialog box.



Note: If this dialog box does not fully fit on your screen then you may want to increase the
resolution of your screen. The dialog box should fully fit on the screen if your resolution
is 800 x 600 with small fonts, or 1024 x 768 with large fonts.

2. Ifno plot is visible in the plot area, then click the Display button at the bottom of the form.

Note: If at any time the plot area display is not visible in the Pushover curve dialog box,
click the Display button.

3. Notice that in the Plot Type area, the Base Shear vs Control Displacement option is selected.
Note: The base shear that is plotted in the Base Shear vs Control Displacement plot is the
resultant base shear. The displacement plotted is the displacement in the control

direction (not resultant) at the control joint,

4. Currently we are looking at the pushover curve for the PUSH2 pushover load case. The
dialog box appears as shown in Figure 6.

PUSHOV'ER CUFtVE CASE PUSH?2

Eia "‘ :
e . Displacemant
oe. = : 7 :
.2 : T N A N
160. | ; i i ' T [
= | : I |
160. - 1 ' /M-_i i i
: . . t i
140, = [ / : E : 7
H i N ' |
mE S
i
LA F
Bz /0 o o i |
wi/e o v T
Ay 4o TR
[ P -nll,nlr]ull|||l|||nl|;||l|||u|||||t|||||||n|[‘
L T UIIJ 020 030 040 050 UGIJ U?U UBIJ IJSU ‘IL'IIJ
b - . >l 7 Shawgm le Dernandeec*rum‘
b QJrSDrLOCﬂﬂDn o - ,-_'_:-._-a_..‘,',_._‘_--:-... .‘.J_:_::i-g“'.".;.‘:‘ 1\.: I’('\‘fg IBDkﬂl"ﬁfifﬂg)"‘
: PsrfumanmP'ulm(VD) - Wl W
; Perfon'nnnaa Polm (Sa.Sd)
D Parfnnnunumnt(TefLBem ;
OvamdeAmLubalsznnga'J#.ﬁ%. Wﬁ_ il ,,_.—-.: UL,
. . L - --\r\.clﬂ DOM I b

sl

Figure 6: Pushover Curve For Pushover Load Case PUSH2
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EIB - I . ‘,:_‘ . R e . ."‘u o ’.'_E-,
' Step Displacemsnt Base Shear A-p E-10 IO-LS LS-CP CP-C C-D D-E. DE TOTAL..

0 4. 002E- 04 0. 0000 48 0 0 0 [ 3 ] 0 48 |e
1 0.0384 28,3708 48 0 0 0 0 ° ° ° 48

2 0.0964 56.7417 4@ ] 0 0 0 0 0 ) 4B

3 0.1444 B5.1127 48 ) 0 0 0 0o o 0 48

4 0.1856 109. 4821 45 2 0 o o 0 ° 0 48

5 0.2336 125.1036 46 2 ] ° 0 0 ] ] 48

6 0.2398 127.1146 44 4 o 0 0 o 0 ] 4B

7 0.2878 136.8057 44 4 0 0 0 o 0 o a8

8 0.3358 146.4968 44 4 0 0 0 ¢ ) ° 48

9 0.3780 154.9516 42 4 2 ° 0 0 ] o 48

10 6.4148 158.5392 51 5 2 0 0 0 o 0 4B
1 0.4154 158, 5750 40 [ 2 0 o ° o o a8
12 0.4634 159. 4686 40 4 4 ° 0 0 ] 0 48
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14 0.5594 161.2557 40 4 4 0 o 0 o o 4B
15 0.6074 162.1492 40 2 6 0 [\ 0 0 o 4B

16 0.6554 163.0428 40 0 ] o 0 0 o ] 48

17 6.7034 163.9364 40 o g 0 0 0 o 0 a8
18 0.7514 164.8299 40 0 8 ° 0 o 0 o ;]

19 0.7994 165.7235 40 0 8 0 0 0 0 o 448 —
20 ©.B474 166.617¢ 40 o 8 0 0 0 0 o 49

21 0.8954 167.5106 40 o 6 2 ° o o o 48 -]

Figure 7. Table For Pushover Curve

¢ Step identifies the step number in the pushover curve.

table shown in Figure 9 appears.

5.
table shown in Figure 7 appears.
6. In this table note the following:

¢ Displacement and Base Shear define a point on
the pushover curve for the associated step.

e A-B, B-IO, 10-LS, LS-CP, CP-C, C-D, D-E, >E
all identify the total number of hinges within
each of these ranges on their associated force-
displacement curves.

o TOTAL is the total number of pushover hinges
in the structure.

7.
8.
9.

Force

LS cp

From the File menu at'the top of the Pushover Curve dialog box select Display Tables. The

Click the “X” in the upper right-hand corner of the table to close it. ‘

Displacement

Select the Capacity Spectrum option in the Plot Type area. As shown in Figure 8, the plot
changes and the Demand Spectrum area and the Damping Parameters area are now active.

A4

From the File menu at the top of the Pushover Curve dialog box select Display Tables. The

13
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Figure 8: Capacity spectrum For Pushover Load Case PUSH2
EPUSHOVER CAPACITY!DEMAND COMPARISON ] <)

Step . :ratjf Beff© | $d(C) " sa(p) . 1240 B
[1] 0.7586 0.050 4.002E~-0Q4 0,000 0.247 0.529 1.000 1,000 ia
1 0.756 0.046 Q.039 0.0B83 0.252 0.541 0,955 1.246
2 0.756 0.049 0.078 0.167 0.248 0.532 0.955 1.241
3 0.756 0.050 0.116 0.250 -0.247 0.530 0.955 1.240
4 0.756 0.050 0.150 0,321 0.247 0.530 0.955 1.239
5 0.792 0.083 0.188 0.368 0.226 0.441 0.953 1,241
6 0.796 0.086 0.193 0.374 0.225 0.435 0.953 1.242
7 0.839 0.117 0.231 0.403 0.216 0.376 0.952 1.244
8 0.B75 0.136 0.269 0.432 0.215 0.344 0.951 1.246
9 0.902 0.145 0,303 0.457 0.216 0.326 0.950 1.248
10 0.931 0.161 0.331 0.4569 0.215 0.305 0.948 1.252
11 0.932 0.161 ©.332 ] 46? 0.215 0.305 0.547 1.252
12 0.9768 0.187 0. 368 0.474 0.214 0.276 0.943 1.260
13 i1.018 0.208 0.404 0.478B 0.214 0.254 0.940 1.266
14 1.058 0.223 0.840 0.483 0.217 0.238 0.936 1.270 —
15 1.096 0.233 0.477 0.487 0.221 0.226 0.934 1.274
16 1.133 0.240 0.513 0.491 0.225 0,215 0.931 1.278
17 1.167 0.247 0.549 0.495 0,230 0.207 0.92% 1.281
18 1.201 0.252 0.586 0.498 0.234 0,199 0,927 1.283 |

Figure 9: Table For Capacitv Spectrum
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10. Click the “X" in the upper right-hand corner of the table to close it.

11. Select Push3 from the Static Pushover Case drop-down box to view the capacity spectrum for
the Push3 pushover load case.

11. Click the Done button to close the Pushover Curve dialog box.
This completes the review of displaving the pushover and capacity spectrum curves, and it

completes this tutorial. If you want further information on the SAP2000 pushover analysis
features, then refer to the SAP2000 Web Tutorial 1 and to the online help.
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SRIDGE AMALYSIS

'

UNLIWITED CAPACITY
SOLID ELEMENTS
TIME HISTORY

BRIDGE ANALYSIS

SAP2000 PLUS ELEMENTS

SAP2000 Plus extends the capabilities of the standard version with
unlimited capacity and additional cnalytical capabilities

PLANE Element

= 3 to @ nodes plane stress cr plane strain element

» Orthotropic matenal properhes

» Grennty, thermal, surface pressure and pressure gradient loading

ASCOLID Element

» 3 to 9 nodes coasymmetric element

» Orthotropic material propertes .

» Grannty, thermal, surface pressure and pressure gradient loading

SOLID Element .

» Three dimensional 8 nede brick element

» Anmsotropic matenal properhes

* Gravity. thermal, surface pressure and pressure grachent loading

Dynamic Time History Analysis

» Ground acceleration excitaton

« Multiple base exatation

* Load forong funchons

» Tramsient or steady-state

* Multiple time history cases

* Sequental hustery cases

* Time history Windows AV file

+ Graphuc displays of nodal and element time hustery records

* Funchons vs me or funchon vs functon displays

* Generabon of response spectrum curves for any joint acceleration
component

* Results can be combined with other loads for enveloping or step by
step steel and concrete design

Bridge Analysis

*» Moving lead analysis

* Generaton of influence hines emd forces envelopes

» AASHTO vehicle loads

* User-defined truck, lane and train loads

* Deterrmination of maxamum cnd rmummurn displacements and reactions

* Capable of handing cornplex lane geometnes

» Automatically calculaies all possible permutations of traffic loads

+ Provides comrespondence between response components

* Results can be combmed with other loads for enveloping ar
corresponding components for steet and concrete desgn

4t




THE MOST POWERFUL
IS NOW ALSO THE
MOST FRIENDLY

THE STANDARD ELEMENTS

The 2D and 3D Beam cnd Truss Element

* Multiple non-pnsmatc segments over element length

+ Point, uniferm and trapezowdal loading i eny direction
« Ternperature emd thermad gradient loading

* Prestress loading

* Automated end offset evaluchon

* Moment and shedr relecses

* Built-n steel sechons

The 3D Shell Element

v Generql quadniateral or manguler element

» Orthotropic matenals

* Six degrees of freedom per yomt

¢ Shell, plate or membreme achon

» Thuck shell ophon

» Grawity, uniform, pressure, tempercature and thermal gradient loading

The Spring Element

* Joint to ground (support) sprng

¢« Global cnd skewed spnngs

v Coupled éx6 user-dehined spring stiffness option (for foundahon modeling)

Anglytical Options
« Stahc amd/or dynarmic response spectrum analysis
* Pdelta analysis with erther stahe or dynamuc analysis
*+ Blocked achve ¢olumn equerhen solver
* Automnated fast profile optmization
' Generalzed jomt constrant ophons includmg:
ngid bodies, diaphragms, rods and welds
» Appled force emd applied displacement Joading
1 Gravity, pressure and thermal loading
« Bgen cnatysis with an accelercted subspace iteration algorithm
* Ritz analyss for fast predormunant mode evaluction
v Mullipie response spectrum cases In single run
* Modal combinaton by the SRSS, the CQC or the GMC (Gupta) method
hmaidiooatasslihivnitidutdatiidnisndttiid el D i~ o * Drechonal combinatons by the ABS or the SRSS method
s Stabe and dynarme respense combinahons and envelopes

Analysis Qutput Display Cptions

* 3D perspechve graphical displays of undeformed and
deformed struchural geometnes

* Stahc deformed shapes and mode shapes

' Loading diagrenms

* Bending moment and shear force chagremms

» Stress contours

* Arumcrhion of deformed shapes and mode shapes

» Anirnated stress contours

* Multiple windows displaymg different porameters

1. * Instentaneous graphical and tabulated output detants for

‘ specific joint or elermnent with right button click

* Strhic and dynamue load combinations and envelopes

Steel and Concrete Design

* Fully mteractve and graphical steel and concrete farne member deagn
* AISC (ASD and LRFD). AC], British and Eurocodes

« Design for state and dynamic leads

* Duchie and non-ductle design

*« Member-grouping for design envelopes

» Detailed onscreen design infermation with nght button click

s Steel member selechon and optirnzertion

» Biaxial moment-cocaal load column interachon cicgrams
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SAFE Problem 1

Irregular Flat Slab

Concrete Slab Properties

£ = 4000 ksi, Poissons Ratio = 0.2, Unit Weight = 150 pcf
f'c = 4 ksi, fy = 60 ksi

Assume default cover for reinforcing steel

Concrete Columns and Wall Properties
E = 4000 ksi, Poissons Ratto = 0.2, Height =12’

Slab Uniform Loading
Dead Load: Slab self weight plus 50 psf superimposed DL

Live Load: 100 psf typical, 250 psf between column lines 3, 5, E and F

To Do

Review the elastic and cracked slab vertical displacements under
unfactored DL + LL loading. Review the factored M,, slab moments (1.4DL
+ 1.7LL). Review the calculated X-strip reinforcing for ACI 318-95.

12" thick concrete wall bejow

' Edge of 10" fhick concretg
Siay

118" x 18" cohcrete colum]
below, typical

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution,



SAFE Problem 1 Solution

1. Click the drop down box in the status bar to change the units to kip-fi. e ]
2. From the File menu select New Model.... This displays the Grid Definition dialog box.
3. Inthis dialog box:
s (Click the Edit Grid button to display the Define X Grid dialog box.
e Inthis dialog box:
» In the Display area verify that the X Grid option is selected.
» In the Display Grid As area verify that the Ordinates option is selected.

» Fill in the Grid ID and Coordinate spreadsheet columns as shown in Figure 1-1.

Define X Grid -
Edt View , - . L S i
Gnd ID | Coodinate [« " Grid Line 8 7
! A ook [ & PimaryLine
2 B S S - |,. € Secondary Line
3 C B X 17_ s A ..
4 D 25 S I Visble
3 F 3 o el
7 S—— .
8 . Ressi to Default Color |
3 2 —— !
B N BubbleSee 15,
12 . [ Display Grid a2 T
: 1 & Oidnates © Sp Ly
14 o *"-'"'-j' (' U’E‘dinates e Sw Cancel - { ’
E i T e e T

Figure 1-1: X Grid Definition

> In the Display select the Y Grid option. Note that the title of the dialog box
changes to Define Y Grid.

» Fill in the Grid ID and Coordinate spreadsheet columns as shown in Figure 1-2.

> Click the OK button to complete the grid definition. The screen will refresh and
display two views of the model (grid lines at this point) in vertically tiled adjoining
windows. The left-hand window is a structural layer plan view in the X-Y plane
and the right-hand window is a structural layer 3-D view.
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Figure 1-2: Y Grid Definition

Note: In SAFE information can be viewed on three different layers. They are the
Structural Layer, X-Design Strip Layer and Y-Design Strip Layer. The Structural
Layer includes information about siab geometry, loads and boundary conditions. The
X-Design Strip Layer is used to define the extent of the X-direction design strips. The
Y-Design Strip Layer is used to define the extent of the Y-direction design strips. You
can select the layer to be shown from the View menu.

Click in the window titled Structural Layer Plan View to make sure it is active. The
window is active when its title bar is highlighted.

Verify that the Snap To Points button F:T on the side toolbar is depressed thus enabling
this snapping option.

Note: You could also verify that the Snap To Points option is active by clicking the Draw
menu, selecting Snap To and verifving that there is a check mark next to Points on the
submenu. If the check mark exists then the option is active. lf the check mark is not
there, then click points and then check mark will appear indicating that the option is
now active. This menu item is like a toggle switch. You can click on it to turn it on and
off. The check mark tells you whether it is on (checked) or off (not checked).

Click the Draw Quadrilateral Area Object button _CZ] on the side toolbar (or select Draw
Quadrilateral Area Object from the Draw menu). Note that you are now in Draw mode
and that the shape of the mouse pointer has changed.

Note: There are two distinct modes in SAFE: Select mode and Draw Mode. Select mode,
the default mode, is used for assigning properties and loads and for display of
assignments and results. Draw mode is used to draw geometry. The mouse pointer is
different depending on which mode you are in. In Select mode the mouse pointer looks



10.

11

like this iy . In Draw mode the mouse pointer looks like this . You can always iell
which mode vou are in by looking at the appearance of the mouse pointer. You enter
draw mode whenever you select one of the drawing tools either on the side toolbar or
on the Draw menu. Clicking the Pointer button M on the side toolbar will switch you
from the Draw mode back to Select mode.

Background: SAFE models are made up of area objects, line objects and point objects.
Area objects are used to define slabs, uniformly distributed loads and soil (uniformly
distributed) supports. Line objects are used to define beams, line loads and wall
supports. Point objects are used to define point loads and column (point) supports. To
create a SAFE model you draw these three types of objects (area, line and point) and
assign appropriate definitions to them.

We will define the slab (not including the openings that will be addressed later) using three
area objects. Draw the first area object by single clicking on grid intersections B-5, F-5
and E-3 and then double clicking on the fourth and final grid intersection at A-3.

Note: When you place the pointer near one of the grid intersections a dot will appear on
the grid intersection with a title box that says “Grid Intersection”. This indicates that
you are within the tolerance of the Snap To Point feature and that if you click the
mouse you will snap to the grid intersection. You can control the tolerance for
snapping by selecting the Options menu, clicking Preferences..., selecting the
Dimensions Tab and setting the Screen Snap To Tolerance.

Note: Double clicking on the last grid intersection completes the area object. Area objects
can either be three-sided (triangle) or four-sided (quadrilateral). If you double click on
the third point you will get a three-sided area object. Double clicking on the fourth
point gives a four-sided area object. Instead of double clicking on the last point you
can single click on the last point and then press the Enter key on the kevboard to
complete the area object. This method works on both three-sided and four-sided area
objects.

Draw a second area object by single clicking on grid intersections A-3, C-3 and C-1 and
then pressing the Enter key on the keyboard.

Draw a third area object by single clicking on grid intersections C-3 and D-3 and then
double clicking on the third and final grid intersection at C-2.

Click the Draw Line Object button \' on the side toolbar (or select Draw Line Object
from the Draw menu).

Draw a line object by clicking on grid intersection C-3 and then double clicking on grid
intersection D-4 to complete the line object. This line object will be used to define the wall
support.

Note: We could also single click on grid intersection D-4 and then press the Enter key on
the keyboard to complete the line object.



12.  Click the Draw Point Object button__| on the side toolbar (or select Draw Point Object
from the Draw menu).

13. Draw a point object by double clicking on grid intersection D-5. This point object will be
used to define a column support. The model appears as shown in Figure 1-3.

Note: We could also single click on grid intersection D-5 and then press the Enter key on
the keyboard to complete the point object.

Note: It is not necessary to draw point objects for the other five columns because those
point objects already exist. They were created when the area objects defining the slab
were drawn. When area objects are drawn, point objects are automatically created at
the corners of the area object. Similarly, when line objects are drawn point objects are
automatically created at the ends of the line object.

If you do not define a point object as either a support or a load then the program will
ignore that object when the analvsis is run. Thus you need not worry about any
extraneous point objects that may have been created by the program at the corners of
area objects or ends of line objects.
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Figure 1-3: Model After Step 13



14. Now we will draw the slab opening between column lines C and D. Click the Quick Draw
Rectangular Area Object button [-] on the side toolbar (or select Quick Draw
Rectangular Object from the Draw menu).

15. Click once in the area between column lines C, D, 4 and 5 that is labeled “Click Here” In
Figure 1-3. A rectangular area object is created covering the area bounded by column lines
C,D,4 and 5.

16. Chck the Pointer/Select button ‘]L}_J to switch from Draw mode to Select mode. The model
now appears as shown in Figure I-
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17.

18.

Fi_gure 1-4; Model After Step 16

Right click once in the area object just drawn using the Quick Draw feature to display the
Rectangular Slab Information dialog box.

In this dialog box:
¢ Inthe Locate Slab area verify that the By Edges option is selected.

¢ In the Identification and Location area type 17 in the Xmin edit box.



» In the Identification and Location area type 23 in the Xmax edit box.
¢ In the Identification and Location area type 28 in the Ymin edit box.
¢ In the Identification and Location area type 32 in the Ymax edit box.
¢ Click the OK button. The area object is resized.

Note: Alternatively we could have created additional grid lines and used these grid lines to
define this area object

19. Lefi click the resized area object to select it.

20. From the Assign menu select Opening. This area is now designated as an opening and the
mode! appears as shown in Figure 1-5.
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Fioure 1-5: Model After Sten 20

21. Now we will draw the slab opening between column lines B and C. We will use secondary
grid lines to assist us in drawing the opening.

22. From the Edit menu select Edit Grid... to display the Define X Grid dialog box.



23.

In this dialog box:

Raag ™" "~ " T ) - LT e = _ [ron -

In the Display area verify that the X Grid option is selected.

In the Display Grid As area verify that the Ordinates option is selected.
Click in the 7th row of the spreadsheet.

In the Grid Line #7 area select thé Secondary Line option.

Note: Secondary grid lines do not have Grid ID bubbles. We will not specify a Grid ID
Jfor these secondary lines.

Type 9 in the Coordinate column of the 7th row of the spreadsheet.
In the Displéy area select the Y Grid option.

Click in the 6th row of the spreadsheet.

"Verify that the Secondary line option is selected in the Grid Line #6 area.

Type 24 in the Coordinate column of the 6th row of the spreadsheet.

Click the OK button. The model now appears as shown in Figure 1-6.
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Figure 1-6: Model After Step 23



24,

25.
26.
27.
28.
29.
30.

31

32.

33.

34.

Click the Quick Draw Rectangular Area Object button [7] on the side toolbar {or select
Quick Draw Rectangular Object from the Draw menu),”

Click in the area designated “X” in Figure 1-6 to draw the area object.
Click the Pointer/Select buttonM to switch from Draw mode to Select mode.
Click the new area object to select it,

From the Assign menu select Opening. This area is now designated as an opening.

. Click the drop down box in the status bar to change the units to kip-in. _|K_1_:3-|_'g_____'_|1;

Click on the point objects at B-5, D-5, F-5, E-3, C-1 and A-3 to select them. When you
have selected all six point objects look at the lefi-hand side of the status bar at the bottom
of the SAFE window and verify that it says “6 Joints selected”.

From the Assign menu select Column Supports... to display the Support Properties dialog
box.

In this dialog box:

¢ Highlight COL1 in the Support Props area.

¢ Click the Modify/Show Property button to display the Cotumn Support Property Data

dialog box.

¢ In this dialog box:

N

» In the Define Column By area verify that the Rectangular Properties option is
selected.

v

In the Properties Below Slab area type 4000 in the Modulus of Elasticity edit box.

v

In the Properties Below Slab verify that Poisson’s Ratio is 0.2.

v

In the Properties Below Slab area type 18 in the X Dimension edit box.

A\ Y4

In the Properties Below Slab area type 18 in the Y Dimension edit box.

Y

In the Properties Below Slab area type 144 in the Column Height edit box.
» Click the OK button twice to exit all dialog boxes.
Select the line object between grid intersections C-3 and D-4 by clicking on it.

From the Assign menu select Wall Supports... to display the Support Properties dialog
box.

10



In this dialog box:
e Highlight WALLL! in the Support Props area.

¢ Click the Modify/Show Property butten to display the Wall Support Property Data
dialog box.

* In this dialog box:
> Inthe Define Wall By area verify that the Dimensions option is selected.
In the Properties Below Slab area type 4000 in the Modulus of Elasticity edit box.
In the Properties Below Slab verify that Poisson’s Ratio is 0.2.
In the Properties Below Slab verify that the Thickness is 12.

In the Properties Below Slab areé type 144 in the Column Height edit box.

A A A A 4

Click the OK button twice to exit all dialog boxes.

Select the three area objects that define the slab by clicking in each of them. Do not select
the area objects that define the slab openings. '

From the Assign menu select Slab Properties... to display the Slab Properties dialog box.

In this dialog box:

e In the Slab Property area highlight the property named SLABI and the click the
Modify/Show Property button to display the Slab Property Data dialog box.

e In this dialog box:

» Accept the default Property Name, SLABI.

¥ In the Analysis Property Data area:
v T;vpe 4000 in the Modulus of Elasticity edit box.
v" Verify Poisson’s ratio is 0.2.

Note: We will verify the unit weight later.

v Type 10 in the Bending Thickness (X) edit box.
v" Type 10 in the Bending Thickness (Y) edit box.

v Type 10 in the Twisting Thickness edit box.

"



39.
40.

41.

42,

43.

v" Verify that the Slab Type option is selected.
v" Verify that the Thick Plate check box is checked.

Note: Checking the Thick Plate check box tells the program to consider slab shear
deformations in the analysis. If this box is not checked then slab shear
deformations are not included in the analysis.

In the Design Property Data area:

h Y4

v Type 10 in the Thickness edit box.

v" Accept the X Cover Top, Y Cover Top, X Cover Bottom and Y Cover Bottom
default values.

v" Verify the Concrete Strength, ¢ is 4.

v" Verify the Reinforcing Yield Stress, fy is 60.

v" Verify that the No Design check box is not checked.
» Click the OK button twice to assign this slab property. )
Click the drop down box in the status bar to change the units to kip-ﬁ: |'_<JFH'__;|
From the Define menu select Slab Properties... to display the Slab Properties dialog box.

In this dialog box:

¢ In the Slab Property area highlight the property named SLAB! and the click the
Modify/Show Property button to display the Slab Property Data dialog box.

¢ In this dialog box:
> Verify that the unit weight is 0.15.
# Click the OK button twice to exit all dialog boxes.

From the Define menu select Static Load Cases... to display the Static Load Case Names
dialog box.

In this dialog box:

¢ Type DL in the Load edit box.

e Type 3 in the Long Term Deflection Multiplier edit box, if it is not already entered.
Note: The multiplier on long term deflections is only active for cracked analysis, it is

not active for normal analysis. The longterm deflection multiplier is intended to

12



44,

45.

46.

47.

48.

49,

account for the effects of creep and shrinkage. A longterm deflection multiplier of 1
essentially means that the longterm deflection is equal to the immediate deflection,
that is, there is no additional deflection due to creep and shrinkage for that load
case. A longterm multiplier of three means that the longrerm deflection is equal to
three times the immediate deflection, that is, the additional deflection due to creep
and shrinkage is equal to twice the immediate deflection for that load case.

Click the Modify Load button.

Type LL in the Load edit box.

Select Live from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Type 1 in the Long Term Deflection Multiplier edit box.
Click the Add New Load button.

Click the OK button.

Click the Restore Previous Selection buttonon the main toolbar to again select the three
area objects that define the slab (not including the area objects that define the slab
openings).

From the Assign menu select Surface Loads... to display the Surface Loads dialog box..

In this dialog box:

Verify that the DL load case is selected in the Load Case Name drop-down box.
Type .05 in the Load per Area edit box.

Note: Since the current units are kips and feet, 0.05 is equivalent to 50 psf.
Note: In SAFE, positive vertical loads act downward,

Click the OK button to assign the uniform slab load.

Click the Restore Previous Selection button] Ion the main toolbar to again select the three
area objects that define the slab (not including the area objects that define the slab
openings).

From the Assign menu select Surface Loads... to display the Surface Loads dialog box.

In this dialog box:

Select the LL load case from the Load Case Name drop-down box.

13



50.

51

52.

53.
54.
55.

56.

57.

58.

59.

60.

61.

62.

o Type.l (equivalent to 100 psf) in the Load per Area edit box.
¢ Click the OK button to assign the uniform slab load.
Click the Show Undeformed Shape button Qlto remove the displayed surface loads.

Click the Draw Quadrilateral Area Object button E] on the side toolbar (or select Draw
Quadrilateral Area Object from the Draw menu).

Draw an area object by single clicking on grid intersections E-5 and F-5 and then double
clicking on grid intersection E-3.

Click the Pointer/Select button [y |to switch from Draw mode to Select mode.

Click on the just drawn area object to select it.

Fror;n the Assign menu select Surface Loads... to display the Surface Loads dialog box.
In this dialog box:

e Select the LL load case from the Load C’ase Name drop-down box.

o Type.l5 (equivalent to 150 psf) in the Load per Area edit box.

Note: This area load will be added to the area load of 0.1 ksf already assigned 1o give
a total load of 0.25 ksf (250 psf).

s Click the OK button to assign the uniform slab load.
Click the Show Undeformed Shape button g’to remove the displayed surface loads.

Click on the two points at the corners of the opening between column lines C and D where
the point loads are to be assigned (comers nearest column line D) to select them.

From the Assign menu select Point Loads... to display the Point Loads dialog box.
In this dialog box:

o Verify that the DL load case is selected in the Load Case Name drop-down box.

" o Inthe Loads area typé 4 in the Vertical Load edit box.

¢ Click the OK button to assign the point loads.

Click the 3D View button icl]on the main toolbar to get a better view of the applied point
loads.

Click the 2D View button _hy_ on the main toolbar to retutn to a plan view.

14



63.

64.

65.

66.

67.
68.
69.

70.

71.

72.

Click the Restore Previous Selection buttor] Ion the main toolbar to again select the two
joints again.

From the Assign menu select Point Loads... to display the Point Loads dialog box.
In this dialog box:

o Select the LL load case from the Load Case Name drop-down box.

¢ Inthe Loads area type 3 in the Vertical Load edit box.

e Click the OK button to assign the point loads.

Click the Perspective Toggle button éo"l on the main toolbar to get a better view of the
applied point loads.

Click the Perspective Toggle button éoﬂl on the main toolbar to return to a plan view.
Click the Show Undeformed Shape button Q_]to remove the displayed point loads.

From the Define menu select Load Combinations... to display the Load Combinations
dialog box.

In this dialog box:
o Click the Add New Combo button to display the Load Combination Data dialog box.
¢ In this dialog box:

». Type DISPL (short for displacement) in the Load Combination Name edit box.
Type DL + LL For Displacements in the Title edit box.

In the Case Name drop-down box verify the DL Load Case is selected.

v Vv VY

Verify that 1 is entered in the Scale Factor edit box.

Click the Add button.

hdd

Select LL Load Case from the Case Name drop-down box.

Click the Add button.

A A

Click the OK button twice to exit all dialog boxes.
From the Analyze menu select Set Options to display the Analysis Options dialog box.

In this dialog box:

15



73.

74.

75.

76.

77.

78.

In the Analysis Type area select the Normal and Cracked Deflections option.
Accept the default maximum mesh dimension of 4 feet.

Note. To automatically mesh the model the program first develops a mesh that is
broken at each grid line, at the edge of any area objects, at the ends of each line
object and at each point object. If the dimension of anv elements meshed in this
manner exceeds the specified maximum mesh dimension then those elements are
subdivided such that the maximum mesh dimension is no longer exceeded.

Note: In general, the maximum mesh size should be based on the span length. It is
good practice to have at least four elements in a span, and generally it is not
necessary to have more than eight elements in a span. Thus if the typical span
length is less than sixteen feet, it may be advisable to reduce the default maximum
mesh size to something less than 4 feet.

Note: The mesh automatically generated by the program can be viewed by clicking the
Set Objects button|g]on the main toolbar (or selecting Set Object Options... from
the View menu) to display the Set Objects dialog box, checking the Show Mesh
check box in the Options area, and clicking the OK button. You can turn off the
display of the mesh by unchecking this box.

Click the OK button.

Click the Run Analysis button ~ ) on the main toolbar (or select Run Analysis from the
Analyze menu).

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click in the plan view window to make sure it is active.

Click the Show Static Deformed Shape button A' on the main toolbar (or select Show
Deformed Shape... from the Display menu) to display the Deformed Shape dialog box.

In this dialog box:

Select DISPL Combo from the Load drop-down box.

In the Display Options area verify that the Displacement Contours check box is
checked.

In the Display Options area select the Elastic option.

Click the OK button to display the deformed shape.

Move the mouse cursor over the slab elements and read the displacement values on the left-
hand side of the status bar at the bottom of the SAFE window.

16



79.

80.

81.

82.
83.

84.

85.

Click the Show Static Deformed Shape button 4 | on the main toolbar (or select Show
Deformed Shape from the Display menu) to display the Deformed Shape dialog box.

In this dialog box:
e Select DISPL Combo from the Load drop-down box if it is not already selected.

e In the Display Options area verify that the Displacement Contours check box is
checked. :

e In the Display Options area select the Long Term Cracked option.
o Click the OK button to display the deformed shape.

Move the mouse cursor over the slab elements and read the displacement values on the left-
hand side of the status bar at the bottom of the SAFE window.

Note: Cracked long term deflections could be compared with elastic deflections in side-by-
side windows.

From the Options menu select Preferences... and then select the Concrete Tab.
In this dialog box:
o Verify that ACI 318-95 is selected in the Concrete Design Code drop-down box.

e Verify that in the Reinforcement Reults Units area the Sg-in and Sq-in/ft option is
selected.

¢ (Click the OK button.

On the Design menu choose Select Design Combos to display the Design Load
Combinations Selection dialog box.

In this dialog box:

e In the Design Combos list box click on DCON2 to highlight it and then click the Show
- button.

e Note that this load combination i1s defined as 1.4DL + 1.7LL.

Note: SAFE automatically creates design load combinations based on the selected
design code and on the static load types. In this case where the defined static load
types are DEAD and LIVE (see Static Load Cases on the Define menu) and the
design code is ACI 318-95, the program automatically creates two load cases.
They are 1 4DL (DCON1) and 1.4DL + 1.7LL (DCON2).

» Click the OK button twice to exit all dialog boxes.

17



86.

87.

88.

9.

90.

91.

92.

93.

On the Design menu select Start Design.

When the design is complete the calculated X-strip reinforcement is displayed in square
inches for each of the design strips. Note that you can run your cursor over this
reinforcement and the required reinforcement is displayed on the lefi-hand side of the status
bar at the bottom of the SAFE window.

Note: If you do not specifv at least one slab design strip then the program will
automatically create a slab design strip for each row/column of the mesh. Since we did
not create any slab design strips in this example, the program automatically created the
design strips shown now and they correspond to the mesh.

From the Design menu select Display Slab Design Info... to dispiay the Slab Reinforcing
dialog box.

In this dialog box:
* In the Choose Strip Direction area verify that the X Direction Strip option is chosen.

e In the Reinforcing Display Type select the Show Number of Bars option and then select
#6 from the associated drop-down box.

o (Click the OK button.

The calculated X-strip reinforcement is now displayed showing the required number of #6
bars for each of the design strips. Note that vou can run your cursor over this
reinforcement and the required remnforcement in square inches is displayed on the left-hand
side of the status bar at the bottom ofthe SAFE window.

Click the Show Slab Forces buttonl $ lon the main toolbar (or select Show Slab Forces...
from the Display menu) to display the Slab Forces dialog box.

In this dialog box:

e Select DISPL Combo from the Load drop-down box.

¢ Verify that the Mxx option is selected in the component area.

¢ (lick the OK button.

The X-direction moments are now displayed. Note that you can run your cursor over the

moment contours and the moment at the cursor location is displayed on the left-hand side
of the status bar at the bottom of the SAFE window.
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SAFE Problem 2

Combined Footing

Concrete Footing Properties
E = 3600 ksi, Poissons Ratio = 0.2, Unit Weight = 150 pcf

fc =4 ksi, fy = 60 ksi

X direction top rebar cover = 3" (to rebar centroid)

Y direction top rebar cover = 2 (to rebar centroid)

X direction bottom rebar cover = 3.5" (to rebar centroid)
Y direction bottom rebar cover = 4.5 (to rebar centroid)
Concrete columns are 18" by 18",

Soil Properties
Subgrade Modulus = 200 kcf

To Do

Use the ACI 318-95 code. Run the analysis using the uplift iteration option.
Review the soil pressure distribution. Review the elastic vertical footing
displacements under unfactored DL + LL + £Q loading. Review the factored
footing moments. Review the calculated footing reinforcing.
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Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the

model, then follow the steps in our solution.



SAFE Problem 2 Solution

I.  Click the drop down box in the status bar to change the units to kip-ft. [ipr -]

2. From the File menu select New Model From Template.... This displays the Slab
Templates dialog box.

3. Inthis dialog box:
O 0O
¢ Click on the Combined Footing button to display the Combined Footing
dialog box. ;
Combined
Footing

¢ In this dialog box:

o
»

A\

»

b
»

Type 3 in the Left Edge Distance, Right Edge Distance, Top Edge Distance and
Bottom Edge Distance edit boxes (4 different edit boxes total).

In the Spacing area verify that the X option is selected.
Type 20 in the Spacing edit box.
For Load 1 type 150 in the Ppgap edit box and type 75 in the Prjve edit box.

Note: When the combined footing is defined in the X-direction (i.e., the X option is
selected in the Spacing area) then Load 1 is the left column loading and Load 2
is the right column loading. When the combined footing is defined in the Y-
direction then Load I is the bottom column loading and Load 2 is the top
column loading.

For Load 2 type 150 in the Ppgap edit box and type 75 in the Prjve edit box.
Type 3 in the Footing Thickness edit box.
Type 200 in the Soil Modulus edit box,

Type 1.5 i the Load Size (Square) edit box. Since the units are kips and feet the
1.5 is equivalent to 18 inches. The dialog box now appears as shown in Figure 2.1.

Click the OK button.

From the Define menu select Static Load Cases... to display the Static Load Case Names

dialog box.

In this dialog box:

¢ Type EQ in the Load edit box.
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Figure 2-1: Combined Footing Dialog Box

Select QUAKE from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Type 1 in the Long Term Deflection Multiplier edit box.
Click the Add New Load button.

Click the OK button.

From the Define menu select Load Combinations... to display the Load Combinations
dialog box.

In this dialog box:

v Vv ¥

Click the Add New Combo button to display the Load Combination Data dialog box.

In this dialog box:

\d

Type DISPL (short for displacement) in the Load Combination Name edit box.

A\ 14

Type DL + LL + EQ For Displacements in the Title edit box.
In the Case Name drop-down box verify the DL Load Case 1s selected.
Verify that ] 1s entered in the Scale Factor edit box.

Click the Add button.



10.

1.

12.

13.

4.

15.

16.

Select LL Load Case from the Case Name drop-down box.

\4

» Click the Add button.

\%

Select EQ Load Case from the Case Name drop-down box.
» Click the Add button.
# Click the OK button twice to exit all dialog boxes.
Click on'the point object (joint element) at grid intersection A-1 to select it. When the joint
is selected look at the left-hand side of the status bar at the bottom of the SAFE window
and verify that it says “1 Joints selected™.
From the Assign menu select Point Loads... to display the Point Loads dialog box.
In this dialog box:
¢ Select the EQ load case from the Load Case Name drop-down box.
e In the Loads area type 100 in the Vertical Load edit box.
Note: In SAFE, positive vertical loads act downward.
¢ In the Size of Load area type 1.5 in both the X Dimension and Y Dimension edit boxes.
¢ Click the OK button to assign this point load.
Click on the point object (joint element) at grid intersection B-1 to select it.
From the Assign menu select Point Loads... to display the Point Loads dialog box.
In this dialog box:

o Verify that the EQ load case is selected in the Load Case Name drop-down box.

¢ In the Loads area type -100 in the Vertical Load edit box. The minus sign is used
because this earthquake load is acting up.

e In the Size of Load area verify that both the X Dimension and Y Dimension are 1.5.
¢ Click the OK button to assign this point load.

Click the 3D View button ﬂ]on the main toolbar to get a better view of the applied point
loads. '

Click the 2D View button » on the main toolbar to return to a plan view.

Click the Show Undeformed Shape button @ to remove the displayed point loads.



17.

18.

19.
20.

21

Right click on the footing to display the Rectangular Slab Information dialog box.
In this dialog box:

s In the Specifications area note that the Slab Property is called FOOTING. This slab
property was created and applied by the combined footing template.

¢ In the Specifications area note that the Support is SOIL. This support property was
created and applied by the combined footing template.

o We will check these properties and if necessary modify them to meet our own
requirements in the following steps.

e Click the Cancel button to close the dialog box.
Click the drop down box in the status bar to change the units to kip-in. _|Ki_p_4p__“___'_ H
From the Define menu select Slab Properties... to display the Slab Properties dialog box.

In this dialog box:

e In the Slab Property area highlight the property named FOOTING and then click the

Modify/Show Property button to display the Slab Property Data dialog box.
¢ In this dialog box:

» In the Analysis Property Data area:

v’ Verify that the Modulus of Elasticity is 3600.

v Verify Poisson’s rati;) 15 0.2.

Note: We will verify the unit weight later.

v" Verify that the Bending Thickness (X), Bending Thickness (Y) and Twisting
Thickness are all 36.

Note: These values will all be 36 because we entered the footing thickness in
the Combined Footing dialog box in Step 3.

v" Verify that the Slab Type option is selected.
¥" Verify that the Thick Plate check box is checked.

Note: Checking the Thick Plate check box tells the program to consider slab shear
deformations in the analysis. If this box is not checked then slab shear
deformations are not included in the analysis.

» In the Design Property Data area:



25.

26.

Verify that the Thickness is 36.

Type 3 in the X Cover Top (to Centroid) edit box.
Type 2 in the Y Cover Top (to Centroid) edit box.
Type 3.5 in the X Cover Bottom (to Centroid) edit box.
Type 4.5 in the Y Cover Bottom (to Centroid) edit box.
Verify the Concrete Strength, fc is 4.

Verify the Reinforcing Yield Stress, fy is 60.

D N N N Y U N N

Verify that the No Design check box is not checked.

# Click the OK button twice.
Click the drop down box in the status bar to change the units to kip-ft. |""~'_P'ﬂ_—z|
From the Define menu select Slab Properties... to display the Slab Properties dialog box.

In this dialog box:

e In the Slab Property area highlight the property named FOOTING and then click the
Modify/Show Property button to display the Slab Property Data dialog box.

e In this dialog box:
> Verify that the unit weight is 0.15.
» Click the OK button twice to exit all dialog boxes.
From the Define menu select Soil Supports... to display the Support Properties dialog box.

In this dialog box:

o In the Support Props area highlight the property named SOIL and then click the
Modify/Show Property button to display the Soil Support Property Data dialog box.

¢ In this dialog box:

> Verify that the subgrade modulus is 200.

Note: This value will be 200 because we entered the soil subgrade modulus in the
Combined Footing dialog box in Step 3.

T

» Click the OK button twice to exit all dialog boxes.



27.

28.

29.

30.

31

32,

From the Options menu select Preferences... and then select the Concrete Tab.

In this dialog box:

Verify that ACI 318-95 is selected in the Concrete Design Code drop-down box.

Verify that in the Reinforcement Results Units area the Sq-in and Sq-in/ft option is
selected.

Click the OK button.

On the Design menu choose Select Design Combos to display the Design Load
Combinations Selection dialog box.

In this dialog box:

In the Design Combos list box click on DCON?2 to highlight it and then click the Show
button.

Note that this load combination is defined as 1.4DL + 1.7LL. Allso note that the Use
For Design check box is checked.

Note: SAFE automatically creates design load combinations based on the selected

design code and on the static load types. In this case where the defined static load
types are DEAD and LIVE and QUAKE (see Static Load Cases on the Define
menu) and the design code is ACI 318-95, the program automatically creates six
load cases. They are 1.4DL (DCONI) and 1.4DL + 1.7LL (DCON2), 1.05DL +
1.275LL + 1.4025EQ (DCON3), 1.05DL + 1.275LL - 1 4025EQ (DCON4), 0.9DL
+ 143 EQ (DCONS), and 0.9DL - 1.43 EQ (DCONG).

If we wanted to add an additional design load combination we could define it by
selecting Load Combinations... from the Define menu and then clicking the Add
New Combo button, to display the Load Combination data dialog box. In this
dialog box we can define the load combination and we can check the Use For
Design check box if we want the load combination to be used in design.

Click the OK button twice to exit all dialog boxes.

From the Analyze menu select Set Options to display the Analysis Options dialog box.

In this dialog box:

In the Analysis Type area select the Iterative For Uplift option.
Accept the default values in the Uplift Iteration Parameters area.

Note: The default Convergence Tolerance, 0.001, should provide sufficient accuracy

Sfor most problems. The default Maximum Number of Iterations, 10, may not



provide sufficient accuracy for many problems. Additional iterations may be
required. These terms are defined in Step 35.

» Accept the default maximum mesh dimension of 4 feet.

Note: To automatically mesh the model the program first develops a mesh that is
broken at each grid line, at the edge of any area objects, at the ends of each line
object and at each point object. If the dimension of any elements meshed in this
manner exceeds the specified maximum mesh dimension then those elements are
subdivided such that the maximum mesh dimension is no longer exceeded.

Note: In general, the maximum mesh size should be based on the span length. It is
good practice to have at least four elements in a span, and generally it is not
necessary to have more than eight elements in a span. Thus if the typical span
length is less than sixteen feet, it may be advisable to reduce the default maximum
mesh size to something less than 4 feet.

Note: The mesh automatically generated by the program can be viewed by clicking the
Set Objects buttonlon the main toolbar (or selecting Set Object Options... from
the View menu) to display the Set Objects dialog box, checking the Show Mesh
check box in the Options area, and clicking the OK bution. You can turn off the
display of the mesh by unchecking this box.

e (lick the OK button.

33. Click the Run Analysis button ) on the main toolbar (or select Run Analysis from the
Analvze menu).

34. When the initial analysis is complete check the messages in the Analysis window (there
should be no warnings or errors) and then click the OK button to close the Analysis
window. The program will then proceed to do the iterations for uplift.

35. When the iterations for uplift are complete an Uplift Analysis Status window similar to that
shown in Figure 2-2 will appear giving information on how well the uplift iterations

converged.
Combho ConErr ConTol Iterations MaxIters
L DISPL _ 0.0000  0.0020 1 310 ¢
DCON1 0.0000 8.0010 1T T
DCon2 0.0000 0.0010 1 10
DCON3 0.0000 0.0010 1 10
DCON4 0.0000 0. 0010 1 10
DCOH5 0.0670 0.0010 10 10
DCOM6 0.0670 0.0010 10 10

Figure 2-2: Uplift Analysis Status Using a Maximum of 10 Iterations




36.

37.

38.

39.

40.

41.
42.

43.

Note: There are five columns in the Uplift Analysis Status window labeled Combo,
ConErr, ConTol, lterations and Maxlters respectively. The data in this window is to be
read in rows. The Combo column identifies the load combination. The ConErr column
is the convergence error at the end of the uplift iterations. The convergence error is
defined as the maximum lensile stress divided by the average stress where the average
stress is Prorar / Arorar.. The ConTol column is the user-defined convergence
tolerance, in other words, the allowable or acceptable convergence error. This value is
defined by the Convergence Tolerance item inpur in the Uplift Iteration Parameters
area in the Analysis Options dialog box (Analyze menu > Set Options). The Maxlters
column is the user-defined maximum number of iterations performed before the uplift
iteration is stopped, even though it has not converged. This value is defined by the
Maximum Number of lterations item input in the Uplift teration Parameters area in the
Analvsis Options dialog box (Analyze menu > Set Options). The lterations column
tells how many iterations were actually performed for the specified load combination.
Uplift analysis iterations are performed until either the convergence tolerance is
satisfied, or the specified maximum number of iterations is reached.

The Uplift Analysis Status window indicates that the convergence tolerance has not been
satisfied for load combinations DCONS and DCON6. To see the effect of this
nonconvergence we will view the soil pressures.

Click the “X” in the ilpper right-hand corner of the Uplift Analysis Status window to close
it.

Click the Show Joint Reactions button I on the main toolbar {(or select Show Reaction
Forces... from the Display menu) to display the Joint Forces dialog box.

In this dialog box:

o Select DCONS5 Combo from the Load drop-down box.

¢ Inthe Type of Load area select the Soil Pressure option.
» (lick the OK button to display the soil pressure diagram.

Run the mouse cursor over the soil pressure diagram contour plot and read the values from
the lefi-hand side of the status bar at the bottom of the SAFE window. Note that the
minimum value 1s approximatety -0.145 ksf (tension). If the iterations had fully converged,
that is the convergence error had reached zero, then this minimum value would be O ksf,
that is, no tension. We will run the analysis again using more iterations to improve this
convergence.

Click the Lock/Unlock Model buttonl_E on the main toolbar to unlock the model.
From the Analyze menu select Set Options to display the Analysis Options dialog box.

In this dialog box:

10



44,

45.

46.

47.

48.

49.

50.

51.

¢ In the Uplift Iteration Parameters area type 100 in the Maximum Number of Iterations
edit box. |

o Click the OK button.

Click the Run Analysis button ) on the main toolbar (or select Run Analysis from the
Analyze menu).

When the initial analysis is complete check the messages in the Analysis window (there
should be no warnings or errors) and then click the OK button to close the Analysis
window. The program will then proceed to do the iterations for uplift.

When the iterations for uplift are complete an Uplift Analysis Status window similar to that
shown in Figure 2-3 will appear giving information on how well the uplift iterations
converged.

i uplift Analpsis Slatus .
Combo ConErr ConTol Iterations KaxTters

LDISPL o o.ooon 0.w0l0 T AT a0e
DCOH1 0.0000 0.0010 1 100
DCONl2 0.0000 0.0010 1 100
DCON3 0.0000 0. 0010 1 100
DCONg 0.0000 6.0010 1 100
DCOHS 0.0010 0.0010 63 100
DCONG 0.0010 6.0010 63 100

Figure 2-2: Uplift Analysis Status Using a Maximum of 100 Iterations

Notice that all load combinations are converged, and that it took 63 iterations for load
combinations DCONS5 and DCONG6 to converge.

Ciick the “X” in the upper right-hand corner of the Uplift Analysis Status window to close
it.

Click the Show Joint Reactions button J I on the main toolbar (or select Show Reaction
Forces... from the Display menu) to display the Joint Forces dialog box.

In this dialog box:

¢ Select DCONS5 Combo from the Load drop-down box.

¢ Inthe Type of Load area select the Soil Pressure option.
¢ Click the OK button to display the soil pressure diagram.

Run the mouse cursor over the soil pressure diagram contour plot and read the values from
the left-hand side of the status bar at the bottom of the SAFE window. Note that the

1



52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

L

minimum value is approximately -0.002 ksf (tension). This is a very good approximation
to zero tension.

Click in the plan view window to make sure it is active.

Click the Show Static Deformed Shape bution &  on the main toolbar (or select Show
Deformed Shape... from the Dispiay menu) to display the Deformed Shape dialog box.

In this dialog box:
o Select DISPL Combo from the Load drop-down box.

o In the Display Options area verify that the Displacement Contours check box 1s
checked. '

¢ Click the OK button to display the deformed shape.

Move the mouse cursor over the stab elements and read the displacement values on the lefi-
hand side of the status bar at the bottom of the SAFE window. Note that these
displacements are in feet.

Click the drop down.box in the status bar to change the units to kip-in. [k Ej_fjﬁ____%'] j

Move the mouse cursor over the slab elements and read the displacement values on the left-
hand side of the status bar at the bottom' of the SAFE window. Note that these
displacements are in inches.

Click the drop down box in the status bar to change the units to kip-ft. [kip-t '_[

Click the Show Slab Forces buttonl_%qlon the main toolbar (or select Show Slab Forces...
from the Display menu) to display the Slab Forces dialog box.

In this dialog box:

o Select DCON3 Combo from the Load drop-down box.
¢ In the Component area select the Mxx option.

e Click the OK button.

The X-direction moments are now displayed. Note that you can run your cursor over the
moment contours and the moment at the cursor location is displayed on the left-hand side
of the status bar at the bottom of the SAFE window.

If you want to view slab force results for other force components or for other load
combinations then repeat steps 55 through 57.

On the Design menu select Start Design.

12



64.

65.

66.

67.

68.

69.

70.

When the design is compiete the calculated X-strip reinforcement is displayed in square
inches. Note that you can run your cursor over this reinforcement and the required
reinforcement is displayed on the left-hand side of the status bar at the bottom of the SAFE
window.

Note: If you do not specify at least one slab design swrip then the program will
automatically create a slab design strip for each row/column of the mesh. Since we did
not create any slab design strips in this example, the progran automatically created the
design strips shown now and they correspond to the mesh.

From the Design menu select Display Slab Design Info... to display the Slab Reinforcing
dialog box.

In this dialog box:
o Inthe Choose Strip Direction area verify that the X Direction Strip option is chosen.

¢ [Inthe Reinforcing Display Type select the Show Number of Bars option and then select
#6 from the associated drop-down box.

e (lick the OK button.

The calculated X-strip reinforcement 1s now displayed showing the required number of #6
bars. Note that you can run your cursor over this reinforcement and the required
reinforcement in square inches is displayed on the lefi-hand side of the status bar at the
bottom of the SAFE window.

From the Design menu select Display Slab Design Info... to display the Slab Reinforcing
dialog box.

In this dialog box:
e In the Choose Strip Direction select the Y Direction Strip option.

o Inthe Reinforcing Display Type select the Show Number of Bars option and then select
#4 from the associated drop-down box.

e Click the OK button.

The calculated Y-strip reinforcement 1s now displayed showing the required number of #4
bars for each of the design strips. Note that you can run your cursor over this
reinforcement and the required reinforcement in square inches is displayed on the left-hand
side of the status bar at the bottom of the SAFE window.

13
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SAFE Problem 3

One-Way Beam-Slab System With Opening

Design Information

E = 3600 ksi, Poissons Ratio = 0.2, Unit Weight = 150 pcf
fic = 4 ksi, fy = 60 ksi

X direction top rebar cover = 2.5” (to rebar centroid)

Y direction top rebar cover = 1.5” {to rebar centroid}

X direction bottom rebar cover = 1.5" (to rebar centroid)
Y direction bottom rebar cover = 2.5" (to rebar centroid)
All columns are 12" by 12",

Column height below is 10 feet.

All beams are 12" wide by 18" deep (12" deep beiow slab).
Design beams as rectanglar beams (not T-beams).

Slab is 6" thick.

Dead load in addition to self-weight is 35 psf.

Live load is 10C psf. ’

To Do
Use the ACI 318-95 code. Review the factored beam moments. Review the
calculated beam flexural reinforcing.

Note: @ ®

Dimensions
are to column 24’
and beam , , . 1.
centerlines 6 6 ,6 , 6
4 71 1
) I e TE T4
D R L R
= ] F I S F R S (NN} 1
] i 1 ]
] ] ] i
1 ] I [}
] ] 1 ]
] 1 i 1
} i i 1
- - 1 ] 1 ]
b~ w ] | 1 1
S = |F 4| Opgling {1
i ! i '
[] | 1 [}
] i ] ]
i | 1 1
i | i (
KR Y i f e !
-ﬂ' i | : 1 } i )
G e O H e 'h
-« | sl

Note: Qur intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



SAFE Problem 3 Solution

1. Click the drop down box in the status bar to change the units to kip-ft. Tt -]

2. From the File menu select New Model From Template.... This displays the Slab
Templates dialog box.

3. Inthis dialog box:

¢ (Click on the Ribbed Slab button

to display the Ribbed Slab dialog box.

111
L]

¢ In this dialog box: Ribbed Slab

»

\d

Y

Y

Y

Y

In the Along X Direction area verify that 0.5 is entered in the Left Edge Distance
and Right Edge Distance edit boxes.

In the Along X Direction area type 1 in the Number of Spans edit box.
In the Along X Direction area verify that 24 is entered in the Spacing edit box.

In the Along Y Direction area verify that 0.5 is entered in the Left Edge Distance
and Right Edge Distance edit boxes.

In the Along Y Direction area type 1 in the Number of Spans edit box.

In the Along Y Direction area verify that 24 is entered in the Spacing edit box.
Type .5 mn the Slab Thickness edit box.

Verify that 1 is entered in the Column Size (square) edit box.

Type 10 in the Column Height Below edit box.

In the Load area type .035 in the Dead Load (Additional) edit box. Since the units
are kips and feet, .035 1s equivalent to 35 psf.

In the Load area type .1 in the Live Load edit box. Since the units are kips and feet, .
.1 is equivalent to 100 psf.

Leave the Create Live Load Patterns check box unchecked.

Note: Checking the Create Live Load Patterns check box causes the program to
create all sorts of automatically generated skip loading patterns for the live
load. These patterns are automatically added to the defined static load cases
and are identified with a Load Type called Partern Live. In addition, these live
load patterns are included in the load combinations automatically created for
design.



In the Joist area type 6 in the Spacing edit box. .

» In the Joist area verify that the Y Direction option is selected This means that the
joists will be defined parallel to the Y- axis..

Note: We will define and assign actual beam/ joist sizes later.
» Click the OK button.
| From the Edit menu select Edit Grid... to display the Define X Grid dialog box.
In this dialog box:
o In the Display area select the Y Grid option.
o In the Display Grid As area verify that the Ordinates option is selected.
e Click in the 3rd row of the spreadsheet.
¢ Inthe Grid Line #3 area select the Secondary Line option.

Note: Secondary grid lines do not have Grid ID bubbles. We will not specify a Grid ID
Jfor these secondary lines.

» Type 4 in the Coordinate column of the 3rd row of the spreadsheet.
* Type 20 in the Coordinate column of the 4th row of the spreadsheet.
e Click the OK button. The model now appears as shown in Figure 3-1.

Delete the center joist (beam) by clicking on it to select it and then pressing the Delete key
on the keyboard.

Verify that the Snap to Points button I"T' on the side toolbar is depressed. Alternatively,
you could click on the Draw menu, select Snap To and verify there is a check mark next to
Points on the submenu.

Click the Snap to Intersections button >4{ on the side toolbar. After you click on the
button it will remain depressed indicating that this snap option is active. Alternatively, you
could click on the Draw menu, select Snap To and click on Intersections in the submenu to
activate this snap option.

Note: The snap options buttons act like toggle switches. You can use them to turn snap
options on or off. If a snap option button appears depressed then that snap option is
active. Clicking any snap option button toggles it between active(depressed) and
inactive (not depressed). Similarly, the snap option items on the Draw menu act like
toggle switches. If a snap option on the Snap To submenu has a check mark next to it



then that snap option is active. Clicking a snap option on the Snap To submenu toggles
the state of that option.
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11.

Figure 3-1: Model After Step 5

Click the Draw Line Object button \l on the side toolbar (or select Draw Line Object
from the Draw menu).

Draw a line object by clicking on the point labeled J in Figure 3-1 and then double clicking
on the point labeled K to complete the line object.

Note: With the Intersection snap option activated the mouse cursor will snap to the
intersection of the beam and grid line at points J and K.

Note: We could also single click on the point labeled K and then press the Enter key on the
keyboard to complete the line object.

Draw a line object by clicking on the point labeled L in Figure 3-1 and then double clicking
on the point labeled M to complete the line object. The model now appears as shown in
Figure 3-2.
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12.

13.

14.

15.

16.

17.

ﬁgure 3-2: Model After Step 11

Click the Snap to Intersectmns button Ql on the side toolbar to deactivate this snap
option.

Click the Snap to Middle and Ends button il on the side toolbar to activate this snap
option.

Run the mouse cursor along the beam near the point labeled O in Figure 3-2 until the cursor
snaps to the midpoint of the bearn and a text box which says Mid Point appears. Left click
the mouse to start drawing a new beam from this midpoint location.

Move the mouse up to the point labeled P in Figure 3-2. Again the mouse cursor will snap
to the midpoint of the beam. Double click at point P to finish drawing this beam.

Similarly, click on the point labeled Q in Figure 3-2 and then double click on the point
labeled R to draw another beam. Note that both points Q and R are at the midpoints of
beams. The model now appears as shown in Figure 3-3.

Now we will draw the area object that will define the slab opening. Click the Draw

Rectangular Area Object button _[:]_I on the side toolbar (or select Draw Rectangular
Object from the Draw menu).

A
k2
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Figure 3-3: Model After Step 16

18. Single click on the point labeled S in Figure 3-3 and then double click on the point iabeled
T to draw the area object.

19. Click the Pointer/Select button _M to switch from Draw mode to Select mode.

20. Right click near the point labeled U in Figure 3-3 to display the Rectangular Slab
Information dialog box for the just drawn area object.

21. In this dialog box:
¢ Inthe Locate Slab area select the By Center option.

e In the Identification and Location area verify that Center X and Center Y are both 12.
These are the X and Y coordinates of the center of the area object.

¢ Inthe Identification and Location area type 11 in the X Dimension and type 15 in the Y
Dimension edit boxes.

e Click the OK button.



22,
23.
24,
25.

26.

Left click near the point labeled U in Figure 3-3 to select the just dimensioned area object.

From the Assign menu select Opening. This area is now designated as an opening.

Click the drop down box in the status bar to change the units to kip-in. [k | H

From the Define menu select Slab Properties... to display the Slab Properties dialog box.

In this dialog box:

o In the Slab Property area highlight the property named SLAB and then click the
Modify/Show Property button to display the Slab Property Data dialog box.

o In this dialog box:

»> In the Analysis Property Data area:

v

v

Verify that the Modulus of Elasticity is 3600.
Verify Poisson’s ratio is 0.2,
Note: We will verifv the unit weight later.

Verify that the Bending Thickness (X}, Bending Thickness (Y) and Twisting
Thickness are all 6.

Note: These values will all be 6 because we entered the footing thickness in the
Ribbed Slab dialog box in Step 3.

Verify that the Slab Type option is selected.

Verify that the Thick Plate check box is checked.

Note: Checking the Thick Plate check box tells the program to consider slab shear

Y .

v

N N

deformations in the analysis. If this box is not checked then slab shear
deformations are not included in the analysis.

In the Design Property Data area:

Verify that the Thickness is 6.

Type 2.5 in the X Cover Top (to Centroid) edit box.
Type 1.5 in the Y Cover Top (to Centroid) edit box.
Type 1.5 in the X Cover Bottom (to Centroid) edit box.

Type 2.5 in the Y Cover Bottom (to Centroid) edit box.



27.

28.

v" Verify the Concrete Strength, ft is 4.

v" Verify the Reinforcing Yield Stress, fy is 60.

v" Verify that the No Design check box is not checked.

» Click the OK button twice.

From the Define menu select Beam Properties... to display the Beam Properties dialog

box.

In this dialog box:

e C(lick the drop-down box in the Click To area and click on Add Rectangular Beam to
display the Property Data For Rectangular Beam dialog box.

s In this dialog box:

» Type XBEAM in the Beam Property name edit box.

> In the Analysis Property Data area:

v

v

v

v

Verify that the Modulus of Elasticity is 3600.-
Verify Poisson’s ratio is 0.2.

Note: We will verify the unit weight later.
Verify the width is 12.

Type 18 in the Depth edit box.

» In the Design Property Data area:

v

S N N U N SR

Verify the width is 12.

Type 18 in the Depth edit box.

Type 2.5 in the Cover Top (to Centroid) edit box.
Type 1.5 in the Cover Bottom (to Centroid) edit box.
Verify the Concrete Strength, fc is 4.

Verify the Reinforcing Yield Stress, fy is 60.

Verify the Shear Steel Yield Stress, fys is 60.

Verify the Concrete Shear Strength, fes is 4.



v Verify that the No Design check box is not checked.

» Click the OK button.

e (Click the drop-down box in the Click To area and click on Add Rectangular Beam to
display the Property Data For Rectangular Beam dialog box.

¢ In this dialog box:
» Type YBEAM in the Beam Property name edit box.
> In the Analysis Property Data area:
v Verify that the Modulus of Elasticity is 3600.
v Verify Poisson’s ratio is 0.2.
Note: We will verify the unit weight later.
v Verify the width is 12.
v" Type 18 in the Depth edit box.

In the Design Property Data area:

A\ 0

v’ Verify the width is 12,

Type 18 in the Depth edit box. . :
Type 1.5 in the Cover Top (to Centroid) edit box.

Type 2.5 in the Cover Bottom (to Centroid) edit box.

Verify the Concrete Strength,l fc is 4.

Verify the Reinforcing Yield Stress, fy is 60.

Verify the Shear Stee! Yield Stress, fys is 60.

Verify the Concrete Shear Strength, fos is 4.

A N N . D . NN

Verify that the No Design check box is not checked.
# Click the OK button twice.
29. Click the drop down box n the status bar to change the units to kip-ft. [kip-t -]

30. From the Define menu select Slab Properties... to display the Slab Properties dialog box.

10



31

32.

33.

34,

35.

36.

37.

In this dialog box:

e In the Slab Property area highlight the property named SLAB and then click the
Modify/Show Property button to display the Slab Property Data dialog box.

* In this dialog box:
» Verify that the unit weight is 0.15.
» Click the OK button twice to exit all dialog boxes.

From the Define menu select Beam Properties... to display the Beam Properties dialog box.

In this dialog box:

e In the Beam Property area highlight the property named XBEAM and then click the
Modifv/Show Property button to display the Property Data For Rectangular Beam
dialog box.

e In this dialog box:

» Verify that the unit weight is 0.15.
» Click the OK button.

e In the Beam Property area highiight the property named YBEAM and then click the
Modify/Show Property button to display the Property Data For Rectangular Beam
dialog box.

¢ Inthis dialog box:
> Verify that the unit weight is 0.15.

# Click the OK button twice to exit all dialog boxes.

Click in the plan view window titled Slab Properties to make sure it is active. When the
window 15 active its title bar is highlighted.

Click the Select All button on the main toolbar to select all elements.

From the Assign menu select Beam Properties... to display the Beam Properties dialog
box.

In this dialog box:
e In the Beam Property list box click on YBEAM to highlight it,

» Click the OK button. The model now appears as shown in Figure 3-4.

11
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Figure 3-4: Model After Step 37

38. Select the four X-direction beams that are circled in Figure 3-4 by clicking on them.

39. From the Assign menu select Beam Properties... to display the Beam Properties dialog
box.

40. In this dialog box:
e In the Beam Property list box click on XBEAM to highlight it.
. Cli;:k the OK button.

41. Right click somewhere on the slab area object not in the opening, for example at the point
labeled V in Figure 3-4 to display the Rectangular Slab Information dialog box.

42. In this dialog box:

e Note that the Slab Property is SLAB and recall that we have already defined these
properties.

12



43.

44,

45.

46.

47.

48.

Note that the Load Case drop-down box says DEAD and that the associated w/area edit
box says 0.035. This is the dead load we initially input (see step 3).

Select LIVE from the Load Case drop-down box and note that the associated w/area
edit box says 0.1. This is the live load we initially input (see step 3).

¢ Click the OK button.

From the Options menu select Preferences... and then select the Concrete Tab.

In this dialog box:

s Verify that ACI 318-95 is selected in the Concrete Design Code drop-down box.

e Verify that in the Reinforcement Results Units area the Sq-in and Sg-in/ft option is
selected.

¢ Click the OK button.

On the Design menu choose Select Design Combes to display the Design Load

Combinations Selection dialog box.

In this dialog box:

o In the Design Combos list box click on DCON2 to highlight it and then click the Show
button.

o Note that this load combination is defined as 1.4DL + 1.7LL. Also note that the Use

For Design check box is checked.

Note: SAFE automatically creates design load combinations based on the selected
design code and on the static load types. In this case where the defined static load
npes are DEAD and LIVE (see Static Load Cases on the Define menu) and the
design code is ACI 318-95, the program automatically creates two load cases.
They are 1.4DL (DCON1) and 1.4DL + 1.7LL (DCON2,.

If we wanted to add an additional design load combination we could define it by
selecting Load Combinations... from the Define menu and then clicking the Add
New Combo button, to display the Load Combination data dialog box. In this
dialog box we can define the load combination and we can check the Use For
Design check box if we want the load combination to be used in design.

¢ Click the OK button twice to exit all dialog boxes.

From the Analyze menu select Set Options to display the Analysis Options dialog box.

In this dialog box:

13



e Inthe Analysis Type area verify that the Normal option is selected.
o Accept the default maximum mesh dimension of 4 feet.

Note: To automatically mesh the model the program first develops a mesh that is
broken at each grid line, at the edge of any area objects, at the ends of each line
object and at each point object. If the dimension of any elements meshed in this
manner exceeds the specified maximum mesh dimension then those elements are
subdivided such that the maximum mesh dimension is no longer exceeded.

Note: In general, the maximum mesh size should be based on the span length. It is
good practice to have at least four elements in a span, and generally it is not
necessary to have more than eight elements in a span. Thus if the rypical span
length is less than sixteen feet, it may be advisable to reduce the default maximum
mesh size to something less than 4 feet.

In this example we are accepting the default maximum mesh of four feet. This
means that the slab spanning between beams will be modeled using two elements
which is less than the four elements recommended in the previous paragraph. If the
accuracy of the slab results (moments, etc.} were important to us then we might
want to reduce the maximum mesh size to 1.5 feet.

Note: The mesh automatically generated by the program can be viewed by clicking the
Set Objects buttonlﬁlon the main toolbar (or selecting Set Object Options... from
the View menu} to display the Set Objects dialog box, checking the Show Mesh
check box in the Options area, and clicking the OK button. You can turn off the
display of the mesh by unchecking this box.

¢ Click the OK button.

Click the Run Analysis button ) on the main toolbar (or select Run Analysis from the
Analyze menu).

When the initial analysis is complete check the messages in the Analysis window (there
should be no wamings or errors) and then click the OK button to close the Analysis

window.

Click the Show Beam Forces button l B l on the main toolbar {or select Show Beam
Forces... from the Display menu) to display the Beam Forces dialog box.

In this dialog box:
o Select DCON2 Combo from the Load drop-down box.

o Inthe Component area select the Moment option.

14



53.

54.

55.

56.

57.

38.

In the Display options area check the Show Values check box. Note that if the Fill
Diagram check box is checked you will have to uncheck it before you can check the
Show Values box.

Click the OK button to display the moment diagrams.

Run the mouse cursor over the beams and read the moment values from the left-hand side
of the status bar at the bottom of the SAFE window.

If you want to view beam force results for other force components then repeat steps 51
through 53.

On the Design menu select Start Design. When the design is complete the calculated X-
strip reinforcement is displayed in square inches.

From the Design menu select Display Beam Design Info... to display the Beam
Reinforcing dialog box.

In this dialog box:

In the Type of Reinforcing area verify that the Flexural option is chosen.

In the Reinforcing Values area verify that the Show Rebar Values at Controlling Station
check box is checked. .

In the Reinforcing Values area verifv that the Show Rebar Values at Every Station
check box is not checked.

Accept the other default values in this dialog box.

Click the OK button.

Run the mouse cursor over the beams and read the flexural steel values from the left-hand
side of the status bar at the bottom of the SAFE window.

15
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Problem A

Concrete Wall and Steel Frame

Steel
Fy = 36 ksi, E = 29500 ksi, Poisson’s Ratio = 0.3

Columns: W10X49, typical - pinned base

Beams: As noted, pinned ends except continuous over top of brace
Assume all W24X68 beams are braced at 1/3 points
Assume W16X36 beams braced at center only
Beams at concrete wall are not embedded in wall

Braces: TS6X6X1/4, pinned ends

Design Code: AISC-ASDg8

Concrete
E = 4000 ksi, Poissons Ratio = 0.22 Beam Span Loading
Self weight = 150 pef Typical for all beams; includes
50k self weight
_ w24xsaf W24X68 10K DL
] L Concrete wall Sk LL 1.2 klf DL
8" thick O0.BKIfLL
NN ERENENYRRY!
W24X68
| Egqual | Equal |
{ T 1
To Do
W24X68 Determine reactions for the load
combination of DL + LL + EQ.
Determine steel stress ratios.
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RS - i
20k |-
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o |eadsz
I R [ NN
A AN AN
I 25 | 25 | 25 | g | 14|
— 1 4 v 1 L

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem A Solution

1. Click the drop down box in the status bar to change the units to kip-ft. [Rph |

2. From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

3. Inthis dialog box click on the Portal Frame template button to display the
Portal Frame dialog box. 1

4.  In this dialog box:
e Type 5 in the Number of Stories edit box.
e Type 4 in the Number of Bays edit box.
e Type 13 in the Story Height edit box.
¢ Type 25 in the Bay Width edit box.
o Click the OK button.
5. Click the “X” in the top right-hand comer of the 3-D View window to close it.

6.  Click the Set Elements button’ E] on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

7. In this dialog box:
e Check the Labels box in the Joints area.
e (Check the Labels box in the Frames area.
o (lick the OK button.

8. Select column elements 18, 19, 20, 23, 24 and 25 and beam elements 38, 39, 40, 43,44 and
45. Press the delete key on the keyboard to delete these elements.

Note: You could select the elements by clicking on each one individually, by “‘windowing",
by using the Intersecting Line Select Mode, or by using the Select By Labels option
(Select menu > Select > Labels).

9. Click the Refresh Window button ;? Ito refresh the drawing.
10. From the Draw menu choose Edit Grid... to display the Modify Grid Lines dialog box.

11. In this dialog box:



12.

13.

14.

15.

16.

17.

18.

19.

e Verify that the X option is chosen in the Direction area.
e Check the Glue Joints To Grid Lines box.

e Click on the 50 grid line in the X Location list box to highlight it. Note that the 50
appears in the X Location edit box.

e Change the 50 in the X Location edit box to 53 and click the Move Grid Line button.
e Select the Z option in the Direction area.

o Click on the 0 grid line in the Z Location list box to highlight it. Note that the 0
appears in the Z Location edit box.

e Change the 0 in the Z Location edit box to -1 and click the Move Grid Line bution.

*  Click the OK button.
Select beams 41 and 42. B R T

& Divids into |2 Frames J
From the Edit menu select Divide Frames...to . | - LasUF"sl atio I',——

display the Divide Selected Frames dialog box. A |

Break atintarsections with selected |
Fill in the dialog box as shown in the figure Frames and Joints i

(typically the dialog box will default to these

values) and click the OK button. Cancsl ]

Verify that the Snap to Joints and Grid Points
button ,_T Ion the side tool bar is depre. :d.

Click the Draw Frame Element button =, I on the side toolbar, or select Draw Frame
Element from the Draw menu.

Draw the first brace element as follows:

¢ Place the mouse pointer on joint 19. When the text box saying “Grid Intersection”
appears click the left mouse button once.

s Move the mouse pointer to joint 31. When the text box saying “Point” appears click
the left mouse button once.

e Press the Enter key on the keyboard.

Click on joint 25 and then joint 31, and press the Enter key to draw the second brace
element.

Click on joint 20 and then joint 32, and press the Enter key to draw the third brace element.



20.

21,
22,
23.

24,

25.

26.

27.

28.
29.
30.

31

32.

Click on joint 26 and then joint 32, and press the Enter key to draw the fourth and final
brace element.

Click the Pointer button 1} | on the side tool bar to exit draw mode and enter select mode.

Click the drop down box in the status bar to change the units to kip-in. _IKrp-m __:l I

From the Define menu select Materials... to display the Define Materials dialog box.

Click on STEEL in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box 1s displayed.

In this dialog box:

e Type 0 in the Mass per Unit Volume edit box.

e Type 0 in the Weight per Unit Volume edit box.

¢ Type 29500 in the Modulus of Elasticity edit box.

e Type .3 in the Poisson’s Ratio edit box, if it is not already entered.

e Type 36 in the Steel Yield Stress, Fy edit box, if it is not already entered.

Click the OK button.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

Type 4000 in the Modulus of Elasticity edit box.

Type .22 in the Poisson’s Ratio edit box

Accept the other values in the diaiog box.

Click the OK button.

Click the OK button to close the Define Materials dialog box.

Click the drop down box in the status bar to change the units to kip-fi. ﬁ
From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:



33.

34.

35.

36.

37.

38.

39.

40.

41.

e Verify 0.15 is entered in the Weight per Unit Volume edit box.
¢ (Click the OK button.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Import /'Wide Flange and then
click on the Import I/Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:

¢ Scroll down and click on the W24X68 section.

¢ Scroil down to the W16X36 section, and click on it while holding down the Ctrl key on
the keyboard.

s Scroll down to the W10X49 section, and click on it while holding down the Ctr] key on
the keyboard.

e Click the OK button twice to return to the Define Frame sections dialog box.

In the Click To area, click the drop-down box that says Import I/Wide Flange and then
click on the Import Box/Tube item.

A dialog box appears with a list of all structural tube sections in the database. In this dialog
box:

¢ Scroll down and click on the TS6X6X1/4 section.
* Click the OK button three times to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In the Click To area, click the Add New Section button to display the Shell Sections dialog
box.

In this dialog box:
o Type WALL in the Section Name edit box.

e In the Thickness area type .6667 in both the Membrane and the Bending edit boxes.



42.

43,

44.

45.

46.

47.

48.
49.
50.

51.
52.

53

54.

55.

36.

e Verify that the Shell option is selected in the Type area.
e Click the OK button.
Click the OK button to close the Define Shells dialog box.

Select all of the beams except for the braced frame beams (i.e., select beams 26 through 37
and do not select beams 46 through 49). The Intersecting Line Selection option could be
useful for this.

Note: To use the Intersecting Line Selection option, click the Set Intersecting Line Select
Mode button E on the side tool bar. Then click the left mouse button at the top of one
beam bay, and while holding down the left mouse button drag the mouse to the bottom
of the beam bay. A “rubberband line” will appear and all elements that this
“rubberband line”’ passes through will be selected. Release the left mouse button to
make the selection.

From the Assign menu select Frame and then Releases... from the submenu to display the
Frame Releases dialog box.

In this dialog box check both the Start and the End boxes for Moment 33 (Major) and then
click the OK button.

Select beam elements 46 and 48.

From the Assign menu select Frame and then Releases... from the submenu to display the
Frame Releases dialog box.

In this dialog box check the Start box for Moment 33 (Major) and then click the OK button.
Select beam elements 47 and 49.

From the Assign menu select Frame and then Releases... from the submenu to display the
Frame Releases dialog box.

In this dialog box check the End box for Moment 33 (Major) and then click the OK button.
Select all of the braces (i.e., select braces 50 through 53).

From the Assign menu select Frame and then Releases... from the submenu to display the
Frame Releases dialog box.

In this dialog box check both the Start and the End boxes for Moment 33 (Major) and then
click the OK button.

From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box.

In this dialog box:



57.

58.

¢ Type DL in the Load Edit box.

o (Click the Change Load button.

e Type LL in the Load Edit box.

e Select Live from the Type drop-down box.

e Type 0 in the Self Weight Multiplier edit box,

e (Click the Add New Load button.

* Type EQ in the Load Edit box.

¢ Select Quake from the Type drop-down box.

e C(lick the Add New Load button.

e (lick the OK button.

From the Define menu select Load Combinations... to display the Define Load
Combinations dialog box.

In this dialog box:

e Click the Add New Combo button to display the Load Combination Data dialog box.

* In this dialog box:

~
»

;

A%

Y

v

Y

Type ALL n the Load Combina..on Name edit box.

Select ADD from the Load Combination Type drop-down box if it is not already
selected.

Type DL + LL + EQ in the Title edit box.

Select DL Load Case in the Case Name drop down box (if it is not already selected)
and type 1 in the Scale Factor edit box (if it 1s not already there).

Click the Add button.
Select LL Load Case in the Case Name drop down box.
Click the Add button.
Select EQ Load Case in the Case Name drop down box.

Click the Add button,



59.

60.

61.

62.

63.

64.

65.

66.

67.

» Click the OK button twice. -
Select beams 26 through 37.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
o Select DL from the Load Case Name drop-down box.

¢ Inthe Point Loads area type .5 in the first Distance edit box and type -10 in the first
Load edit box

e Type -1.2 in the Uniform Load area edit box.
o Click the OK button.

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

¢ In the Point Loads area type -5 in the first Load edit box
e Type -.8 in the Uniform Load area edit box.

¢ Click the OK button.

Select beams 46 through 49.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
* Select DL from the Load Case Name drop-down box.

¢ In the Point Loads area type 0 in the first Distance edit box and type 0 in the first Load
edit box

e Type -1.2 in the Uniform Load area edit box.



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

s Click the OK button.

Click the Restore Previous Selection button [ps) I on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box: o
e Select LL from the Load Case Name drop-down box.

e Type -.8 in the Uniform Load arez edit box.

e Click the OK button.

Select joints 31 and 32.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Select DL from the Load Case Name drop-down box.

¢ Type -10 in the Force Global Z edit box in the Loads area.
e Click the OK button.

Click the Restore Previous Selection button I on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

e Type -5 in the Force Global Z edit box in the Loads area.
» Click the OK button.

Select joints 2, 3,4, 5 and 6 by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

Fur



80.

81.

82.

83.
84.

85.
86.

87.

88.
89.

90.

9l.
92.
93.

94.

* Select EQ from the Load Case Name drop-down box.

* Type 10 in the Force Global X edit box in the Loads area.
* Type 0 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Select joints 3, 4, 5 and 6 (not 2) by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

» Verify Add To Existing Loads is selected in the Options area.
» Click the OK button.

Select joints 4, 5 and 6 (not 2 and 3) by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box click the OK button.
Select joints 5 and 6 (not 2, 3 and 4).

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box click the OK button.
Select joint 6 (not 2, 3, 4 and 5),

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box click the OK button.

Select beams 26 through 37.

... from the submenu to

... from the submenu to

... from the submenu to

... from the submenu to

From the Assign menu select Frame and then Sections... from the submenu to display the

Define Frame Sections dialog box.
In this dialog box:

o Click on W24X68 in the Frame Sections area to highlight it.

10



95.

96.

97.

98.

99.

100,

101.

102.

103,

104.

105.

e Click the OK button.

Click the Show Undeformed Shape button _@ to remove the displayed frame section
assignments so that you can see the frame element labels again.

Select beams 46 through 49.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e (Click on W16X36 in the Frame Sections area to highlight it.
¢ Click the OK button.

Select all of the columns. An easy way to do this is to “window” each of the column lines
separately.

Note: To “window” a column line, left click the mouse above and to the left of the column
line. While holding the left mouse bution down, drag the mouse so that it is below and
1o the right of thecolumn line. A “rubberband window” will appear surrounding the
column line. Release the left mouse button to select all elements that are fully enclosed
by the “rubberband window".

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box: -

e Click on W10X49 in the Frame Sections area to highlight it.
¢ Click the OK button.

Select the four brace elements.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on TS6X6X1/4 in the Frame Sections area to highlight it.
o Click the OK button.

Click the Show Undeformed Shape button QJ to remove the displayed frame section
assignments.

11



106. Click the Set Elements buttonlgl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

107. In this dialog box:
* Uncheck the Labels box in the Joints area.
o [Uncheck the Labels box in the Frames area.

s (lick the OK button.

!

108. Click the Quick Draw Rectangular Shell Element buttonE on the side toolbar.

109. Click the mouse pointer once in the areas labeled A, B, C, D and E in the figure below to
draw the shel] elements.

Elle Edrt !’m Define Draw Zalecd Assign  Agalyze [isplay Dasgn (Optons  Help

D@ =[] 2] 8] o 28|80\ 0[] 39|w]alxlor] %8| +le] alT|nf: ||| Of

[FR[E %7 Pinne @ =0 LE[x]
Y
> E
o
=]
) D
iel
A C
]
I B

>4

T 1

I l

A
X
A A A / \
%2 Plane @\_’-!]7 o ‘ - B ) ’ [ 6792 Y00 735.95 {Ki-t: =l

110. Click the Pointer button [} | on the side tool bar to exit draw mode and enter select mode.
111. Select the five shell elements just entered by clicking on them.

112, From the Assign menu select Shell and then select Sections... from the submenu to dispiay
the Define Shell Sections dialog box.

113. In this dialog box:
¢ C(Click once on the WALL item in the Shell Sections area to highlight it.

e (lick the OK button.



114,

115.

116.

117.

I18&.

119.

120.

121.

122.

123.

124,

125.

Click the Show Undeformed Shape buttong to remove the displayed shell section
assignments,

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menuy).

From the Edit menu select Mesh Shells... to display the Mesh Selected Shells dialog box.

Fill out this dialog box as shown in the figure to

mesh each shell into twelve elements (4 by 3) . -
and click the OK button, r— i i

« . # Meshino . L
Click the Set Elements buttonlﬁl onthe main . by 3 Shells
toolbar (or select Set Elements... from the View |
menu) to display the Set Elements Dialog box.

© Mesh using:selected Joints on edges

 Mesh atintersection with grids

[k ]° Cancel'

In this dialog box:

|
|
|
|
|

e Check the Hide box in the Shells area.

» Check the Hide box in the Joints area.

o Check the Sections box in the Frames area.

e Click the OK button.

Select all of the W24X68 beam sections (12 total).

From the Design menu select-Redefine Element Design Data... to display the Element
Overwrite Assignments dialog box.

In this dialog box:

o Check the Unbraced Length Ratio (Minor, LTB) box and type .3333 in the associated
edit box.

e Click the OK button.
Select all of the W16X36 beam sections (4 total).

From the Design menu select Redefine Element Design Data... to display the Element
Overwrite Assignments dialog box.

In this dialog box:

¢ Check the Unbraced Length Ratio (Minor, LTB) box and type .5 in the associated edit
box.

13



126.

127.

128.

129.

130.

131.

132,

133.

134.

¢ (lick the OK button.

Click the Set Elements button on the main toolbar (or select Set Elements... from the
VYiew menu) to display the Set Elements Dialog box.

In this dialog box:

Uncheck the Hide box in the Joints area.

o Check the Restraints box in the Joints area.

e Uncheck the Sections box in the Frames area.

¢ Uncheck the Hide box in the Shells area.

o Click the OK button.

From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box.

o Click on the Steel Tab

s Select AISC-ASDS9 from the Steel Design Code drop-down box if it is not already
selected.

¢ (lick the OK button.

From the Analyze menu sclect Set Options... to display the Analysis Options dialog box.

¢ Inthis dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom.

e (lick the OK button.
Click the Run Analysis button _»|to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the QK button to close the Analysis window.

Click the Joint Reaction Forces button I il on the main toolbar to display the Joint
Reaction Forces dialog box.

In this dialog box:
¢ Select All Combo from the Load drop-down box.

« Verify that the Reactions option is selected in the Type area.

14



e Click the OK button.

135. The reactions are displayed on the screen. You can right click on any joint to see the
reactions at that joint or you can just read the reactions on the screen. Ifthe text is too
small to read, you can zoom in, or you can change the minimum font size as described in
the note below.

Note: To change the minimum font size select Preferences from the Options menu and
make sure the Dimensions Tab is selected. In the Minimum Graphic font Size edit box
input a new size, maybe 5 or 6 points. Click the OK bution. Click the Refresh IVindow
button _ﬁJ located on the main toolbar to see the changes.

136. From the Design menu click Start Design/Check Of Structure to run the design check of
the steel frame elements.

137. When the design check completes, the stress ratios are displayed.

15



L. ' ’ . - . atd “
= A e
Ty ¢ - ! T Telesdee - I ".'i'!'!"!!"l ! L

FACULTAD DE INGENIERIA UNAM
DIVISION DE EDUCACION CONTINUA

“"Tres décadas de orgullosa excelencia" 19717 - 2001

CURSOS ABIERTOS

SAP 2000 PARA ANALISIS Y DISENO
ESTRUCTURAL

TEMA

SAP2000 THREE DIMENSIONAL STATIC AND DYNAMIC
FINITE ELEMENT ANALYSIS AND DESIGN OF
STRUCTURES

PROBLEM “B”

EXPOSITOR: ING. FERNANDO MONROY MIRANDA
PALACIO DE MINERIA
OCTUBRE DE 2001

Palacio de Mineria, Calle de Facuba No. 5, Primer piso, Delegacion Cuauhtémoc, CP 06000, Col. Centro, México D.F.,
APDO Postal M-2285 e Tels 5521.4021 ¢l 24, 5623.2910 y 5623.2971 @ Fax: 5510 0573



Problem B

Concrete Wall

Concrete s
E = 3600 ksi, Poissons Ratio = 0.2 | 3J 8 | 6 ]
[ K
To Do Typical Bay Dimensjons
Model wall using shell elements.
Determine shear axial force and P(DL)=21.6k P(LL)=7.2k
moment in Pier A, and determing 12 P P/2
total shear, moment and axial force | "Equal | Equat |
at the sixth level for all piers v v
combined. preT
Typical Bay Vertical Loading
Earthquake

Loading ~—— Wall Thickness = 12 inches, typical
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Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if destred. If you have problems trying to create the
model, then follow the steps in our solution.



Problem B Solution

10.

I

12.

Click the drop down box in the status bar to change the units to kip-ft. = ]

From the File menu select New Model From Template.... This displays the Model

Templates dialog box.

In this dialog box click on the Shear Wall template

button to display the Shear

Wall dialog box.

In this dialog box

e Type 8 in the Number of Spaces Along X edit box.
¢ Type 4 in the Number of Spaces Along Z edit box.
e Type 3 Space Width Along X edit box.

¢ Type 3 Space Width Along Z edit box.

e (Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

Click the Set Elements buttonl?ﬂ on the main toolbar (or select Set Elements... from the

View menu) to display the Set Elements Dialog box.

In this dialog box:

® Check the Labels box in the Joints area.

* Check the Labels box in the Shelis area.

e (Click the OK button.

Select shell elements 6, 7, 10, 11, 22, 23, 26 and 27 by clicking on them.
Press the Delete key on the keyboard to delete these elements.

Click the Refresh Window button ‘7 to refresh the drawing.

From the Define menu select Static Load Cases... to display the Define Static Load Case

Names dialog box.
In this dialog box:

o Type DL in the Load Edit box.



13.

14.

Click the Change Load button.

Type LL in the Load Edit box.

Select Live from the Type drop-down box.

Type 0 in the Self Weight Multiplier edit box.

Click the Add New Load button.

Type EQ in the Load Edit box.

Select Quake from the Type drop-down box.

Click the Add New Load button,

Click the OK button.

From the Define menu select Load Combinations... to display the Define Load
Combinations dialog box.

In this dialog box:

Click the Add New Combo button to display the Load Combination Data dialog box.

In this dialog box:

>

Y

Y

A A 4

Y

Y

Type ALL in the Load Combination Name edit box.

Select ADD from the Load Combination Type drop-down box if it is not already
selected.

Type DL + LL + EQ in the Title edit box.

Select DL Load Case in the Case Name drop down box (if it is not already selected)
and type 1 in the Scale Factor edit box (if it is not already there).

Click the Add button.
Select LL Load Case in the Case Name drop down box.
Click the Add button.
Select EQ Load Case in the Case Name drop down box.
Click the Add button.

Click the OK button twice.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Select joints 10, 25 and 45.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

o Select DL from the Load Case Name drop-down bo‘x.

o Type -10.8 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Select joint 25.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box. Click the OK button in this dialog box.

Select joints 10, 25 and 45.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

e Type -3.6 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Select joint 25.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box. Click the OK button in this dialog box.

Click the drop down box in the status bar to change the units to kip-in. IKip-ir; K

From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the CONC material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:
e Verify that the modulus of elasticity is 3600 and poisson’s ratio is 0.2.
¢ (lick the OK button twice to exit the dialog boxes.

Click the drop down box in the status bar to change the units to kip-fi. [k -]



29.

30.

31.
32.
33.

34.

35.

36.
37.

38.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box. Click the Modify/Show Section button to display the Shell Sections dialog box.

In this dialog box:

e Accept all of the default values.

¢ Click the OK button twice to exit the dialog boxes.

Click the Select All button @ |on the side too! bar.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

¢ Click the Linear Tab if it is not already selected.

e In the Distance area type 24 in the X edit box.

» Type 5 in the Number edit box.

* Click the OK button

Click the Set Elements buttonlgl on the main toolbar (or select Set Elements
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Check the Hide box in the Joints area. '
o Uncheck the Labels box in the Shells area.

¢ Click the OK button.

Click the Select All button @_I on the side tool bar.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

¢ Click the Linear Tab if it is not already selected.

o Inthe Distance area type 0 in the X edit box.

¢ Type 12 in the Z edit box.

¢ Type 9 in the Number edit box.

¢ Click the OK button.

... from the

ey



39.

40.

4]1.

42,

43.

44,

45.

46.

47.

48.

49.

Click the Set Elements button[_ﬁij on the main toolbar (or select Se
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Uncheck the Hide box in the Joints area.

o Check the Labels box in the Joints area.

e Check the Restraints box in the Joints area.

¢ Check the Fill Elements box in the Options area.

¢ Click the OK button.

Select joint 10. You may need to zoom 1n to distinguish it.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

o Select EQ from the Load Case Name drop-down box.

e Type 10 in the Force Global X edit box in the Loads area.
e Type 0 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Select joint 243.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

» Type 15 in the Force Global X edit box in the Loads area.
» Click the OK button.

Select joint 427.

From the Assign menu select Joint Static Loads... and then Forces
display the Jomnt Forces dialog box,

In this dialog box:

e Type 20 in the Force Global X edit box in the Loads area.

t Elements... from the

... from the submenu to

... from the submenu to

... from the submenu to



50.

51.

52.

33.

34,

55.

56.

57.

58.

59.
60.

6l.

62.

¢ Click the OK button.
Select joint 611.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

o Type 25 in the Force Global X edit box in the Loads area.
¢ Click the OK button.

Select joint 795.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

o Type 30 in the Force Global X edit box in the Loads area.
¢ Click the OK button.

Select joint 979.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

¢ Type 35 in the Force Global X edit box in the Loads area.
¢ Click the OK button.

Select joint 1163.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:
e Type 40 in the Force Global X edit box in the Loads area.
¢ Click the OK button.

Select joint 1347,

... from the submenu to

... from the submenu to

... from the submenu to

... from the submenu to



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Type 45 in the Force Global X edit box in the Loads area.
e Click the OK button.

Select joint 1531.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

¢ Type 50 in the Force Global X edit box in the Loads area.
o Click the OK button.

Select joint 1715.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
¢ Type 60 in the Force Global X edit box in the Loads area.
» (Click the OK button.

Click the Show Undeformed Shape button g to remove the displayed joint force
assignments.

Click the Set Elements buttonll on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Labels box in the Shells area.

e (Ctick the OK button.

Zoom in on the pier labeled Pier A in the problem statement.
Select joints 208, 212 and 218.

Select shell elements 138 and 142.



77.

78.

79.

80.

81.

82,

83.

84.

85.

86.

87.

From the Assign menu select Group Name... to display the Assign Group dialog box.
In this dialog box:

s Type PIERA in the Groups edit box.

¢ Click the Add New Group Name button.

¢ Click the OK button.

From the View menu select Restore Full View.

Select all joints level with the bottom of the sixth floor windows by “windowing” (joints
972, 973, 980, etc., 49 joints total).

Select all shell elements level with the bottom half of the sixth floor windows by using the
intersecting line selection method (shell elements 730, 738, 742, etc., 24 shells total).

From the Assign menu select Group Name... to display the Assign Group dialog box.
In this dialog box:

¢ Type 6TH in the Groups edit box.

¢ Click the Add New Group Name button.

e Click the OK button.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Uncheck the Labels box in the Joints area.
¢ Uncheck the Labels box in the Shells area.
e (Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom.

e (lick the OK button.

Click the Run Analysis button _r] to run the analysis.



88.

89.

90.

91,

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Display menu select Show Group Joint Force Sums to display the Select
Groups dialog box.

In this dialog box:
e (lick on the group named 6TH to highlight it.

e Hold down the Ctrl key on the keyboard and click on the group named PIERA to add it
to the selection '

e (Click the OK button.

When finished viewing the group joint force sums press the “X™ in the upper right-hand
corner of the Group joint Force Summation window to close it.

10
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Problem C

Truss Frame

Steel Frame

E =29000 ksi, Poissons Ratio = 0.3

All steel members are L4x4 angles, Fy = 36ksi
Base is pinned

Diaphragms
Concrete diaphragms are 8" thick with a unit weight of 150 pcf

Model as rigid diaphragm at Leveis A and B
Additional dead load at each diaphragm is 50 psf
Live load at each diaphragm is 100 psf

To Do
Size steel members for DL + LL using AISC - ASDS9
Determine the first three modes of vibration
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Typical Elevation
{All four sides are the same)

Note: Our intent is that you try this problem on your own first. After you have solved it on your
owr, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem C Solution

1. Click the drop down box in the status bar to change the units to kip-ft. ke -]

2. From the File menu select New Model.... This dispiays the Coordinate System Definition
dialog box.

3. Inthis dialog box
e Select the Cartesian Tab.
¢ In the Number of Grid Spaces area type 0 in the X direction edit box.
¢ In the Number of Grid Spaces area type 0 in the Y direction edit box.
¢ In the Number of Grid Spaces area type 0 in the Z direction edit box.
o Click the OK button.
4. From the Draw menu select Edit Grid... to display the Modify Grid Lines dialog box.
5.  Inthis dialog box:
» Verify that the X option is selected in the Direction area.
¢ Type 7 in the X Location edit box and click the Add Grid Line button.
¢ Type 10.5 in the X Location edit box and click the Add Grid Line button.
e Select the Z option in the Direction area.
o Type 25 in the Z Location edit box and click the Add Grid Line button.
o Type 37 in the Z Location edit box and click the Add Grid Line button.
o Click the OK button.

6.  Click in the window titled X-Y Plane @ Z=0 to make sure it is active. The window is
highlighted when it is active.

7. Click the xz 2D View buttonEi_[ to change the view to an X-Z elevation. Note that the
title of the window changes to X-Z Plane @ Y=0.
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Figure C-1: Initial Grid Layout In X-Z Plane
8.  Click the Quick Draw Frame Element button: on the side toolbar or select Quick
Draw Frame Element from the Draw menu. —
9.  Click on the grid line at the point labeled “A” in Figure C-1 to enter a frame element.
10. Click on the grid line at the pomt labeled “B™ in Figure C-1 to enter another frame element.
11. Clck the Draw Frame Element button ~] on the side toolbar or select Draw Frame
Element from the Draw menu.
12. Click on the points labeled “C”, “D”, and “E” in Figure C-1, in that order, and then press
the Enter key on the keyboard to draw two more frame elements.
13. Click on the point labeled “F” and then double click the point labeled “E” in Figure C-1 to

draw the next frame element.

Note: You could have single-clicked the point labeled “E” in Figure C-1 and then pressed
the Enter key on the keyboard to finish drawing the frame element.

W



14.  Click on the point labeled “G” and then double click the point labeled “D” in Figure C-1 to
draw the next frame element.

15.  Click on the point labeled “D” and then double click the point labeled “F” in Figure C-1 to
draw the next frame element.

16. Click the Pointer button __l to exit Draw Mode and enter Select Mode.

17. Click the Set Elements buttonl__l on the marn toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

18. In this dialog box:
o Check the Labels box in the Joints area.
e Check the Labels box in the Frames area.

* Check the Fill Elements box.

¢ (Click the OK button. The screen appears as shown in Figure C-2.
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Figure C-2: Screen As It Appears After Step 18




19.

20.

21

22

23.

24,
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.

37.

Click on frame elements 1 and 3 to select them.

FFom the EdiF menu select Divide Frlames... to
display the Divide Selected Frames dialog box. i e e |
Verify that this dialog box is filled outas shown | & Duvideims . | . Frames '{
in the adjacent figure and click the OK button. | LasyFistrato ,1—— : i
Click the Draw Frame Element button,:' on . ’ (. -Braai< atintersections with selected [
the side toolbar or select Draw Frame Element | = Fomesand "°'_".‘s i
from the Draw menu. LT R l
[ ok ] Cancal |
Click on joint 9 and then double click on joint 13 ‘ |

to draw a frame element.
Click on joint 8 and then double click on joint 12 to draw a frame element.

Click on joint 7 and then double click on joint 11 to draw a frame element.

Click on joint 6 and then double click on joint 10 to draw a frame element.

Click on joint 13 and.then double click on joint 2 to draw a frame element. b
Click on joint 12 and then double click on joint 9 to draw a frame element.

Click on joint 11 and then double click on joint 8 to draw a frame element.

Click on joint 10 and then double click on joint 7 to draw a frame element.

Click the Pointer button _Bij to exit Draw Mode and enter Select Mode.

Click in the 3D View window to activate it.

From the View menu select Refresh View to rescale the view,

Click in the Window labeled X-Z Piane @ Y=0 to activate it.

Click the Select All button &0 on the side toolbar to select all elements.

From the Edit menu select Replicate... to display the Replicate dialog box.

In this dialog box:

¢ Select the Mirror Tab.

o In the Mirror About area select Y-Z plane.

e In the Ordinate area type 10.5 in the X edit box.



38.

39.

40.
4]1.
42,

43.

44,
45,

46.

47.

e (Click the OK button to proceed with the replication.

Click the Draw Frame Element button :_ on the side toolbar or select Draw Frame
Element from the Draw menu. -

‘Click on joint 4 and then double click on joint 16 to draw a frame element.

Note: If the font size is too small for you to read the joint labels use the following
procedure to increase the font size. From the Options menu select Preferences, click
on the Dimensions Tab if it is not already visible, type in a new (larger) font size in the
Minimum Graphic Font Size edit box (usually about 6 poinis is sufficient), click the OK
button and then click the Refresh Window button i] on the main toolbar.

Note: If you still have difficulty reading a particular joint label you can always right click
the joint to bring up a dialog box that gives you information about the join.

Click the Pointer button B_l to exit Draw Mode and enter Select Mode.
Click the Select All button @] on the side toolbar to select all elements.
From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

e Select the Radial Tab.

* In the Rotate About area select the Z Axis option.

¢ In the Increment Data area verify that the Angle is 90 and the Number is 1.
¢ Click the OK button to proceed with the replication.

Click the Restore Previous Selection button &3] on the side toolbar.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

o Verify the Linear Tab is selected.

e [n the Distance area type 21 in the Y edit box.

e Verify that 0 is entered in the X and Z edit boxes.

¢ Verify that 1 1s entered in the Number edit box.

e Click the OK button to proceed with the replication.

Click in the window titled X-Z Plane @ Y=0 to make sure it is active.



48.

49,
50.
51

52.

53.

54.

55.

56.

57.

58.

59.

Click the vz 2D View buttonI_yz_] to change the view 1o an Y-Z elevation. Note that the title
of the window changes to Y-Z Plane @ X=0.

Select all of the elements in the Y-Z plane @ X=0 by “windowing”.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

o Verify the Linear Tab is selected.

» Inthe Distance area type 21 in the X edit box.

¢ In the Distance area type 0 in the Y edit box.

o Verify that 0 is entered in the Z edit box.

e Verify that 1 is entered in the Number edit box.

¢ (Click the OK button to proceed with the replication.

Click the xy 2D View button| » | to change the view to an X-Y plan. Note that the title of
the window changes to X-Y Plane (@ Z=0.

Select the four joints at this level either by “windowing” or by clicking on them
individually.

From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:
¢ Verify that the Translation 1, Translation 2 and Translation 3 boxes are checked.

o Verify that the Rotation About 1, Rotation About 2 and Rotation About 3 boxes are not
checked.

s (lick the OK button.

Click the Show Undeformed Shape button gl to reset the window display from joint
restraints to undeformed geometry. Note that the window title changes.

Click the Up One Gridline button i] on the main toolbar to display the elevation view at
Z=25.

Click the Draw Rectangular Shell Element button E on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on joint 32 and then joint 14 to draw a shell element over the entire structure.

&



60.
61.
62.

63.

64.

65.

66.
67.
68.
69.

70.

71.

72.

73.

74.

Click the Pointer button EI to exit Draw Mode and enter Select Mode.

Click on the shell element to select it.
From the Edit menu select Mesh Shells... to U r s '
display the Mesh Selected Shells dialog box. “-:f:# F-' r:_ae;r; l;m;’“‘” _]3 IR

Fill in this dialog box as shown in the adjacent - I |..-,:,..=;;-. Shelis

figure and click the OK button. : " Mesh using Sﬂlected Joints on edges
Fil ¢ Mesh st intarsaction with grids ~

Click the Up One Gridline button’ 4 |on the o T

main toolbar to dispiay the elevation View at fi }1 r_OK—j’ A l

Z=37. -

Click the Draw Rectangular Shell Element buttonE on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on joint 33 and then joint 15 to draw a shell element over the entire structure.

Click the Pointer button M to exit Draw Mode and enter Select Mode.

Click on the shell element to select it. Mesh Selected Shetls
Hrermeit N Ve e g AT T e

(i Sl

»»»»»»»

From the Edit menu select Mesh Shells... to S T > -
display the Mesh Selected Shells dialog box. .. € Meshintols ‘2 S SO
Fill in this dialog b h in the adi s ‘. by - |2| ‘ " Shalls

ill in this dialog box as shown in the adjacent . .
figure and click the OK button. e € Mesh using selectad Joints on edges

f‘_ Mesh ut mtersedmnwﬂh grlds .

Click the Set Elements buttonLEj onthe main "~ i ST
toolbar (or select Set Elements... from the View C o |- * 1_Cancal |
menu) to display the Set Elements Dialog box.  _——:

In this dialog box:

* Uncheck the Labels box in the Joints area.
» Uncheck the Labels box in the Frames area.
» Click the OK button,

From the Define menu select Static Load Cases.... This will display the Define Static
Load Case Names dialog box.

In this dialog box:
e Type DL in the Load edit box.

» Click the Change Load button



e Type LL in the Load edit box.
' o Select LIVE from the Type drop-down box.
e Type 0 in the Self weight Multiplier box.
o Click the Add New Load button.
¢ Click the OK button.
75. From the Define menu select Materials... to display the Define Materials dialog box.

76. In this dialog box:

¢ Highlight the CONC material and click the Modify/Show Material button to display
the Material Property Data dialog box.

¢ In this dialog box:
» Verify that the Mass per Unit Volume is 4.658E-03.
» Verify that the Weight per Unit Volume is 0.15. ¥
» Click the OK button twice to exit all dialog boxes.

77. Click the drop down box in the status bar to change the units to kip-in, _|Kip Hin 'I!

78. From the Define menu select Materials... to display the Define Materials dialog box.

79. In this dialog box:

o Highlight the STEEL material and click the Modify/Show Material button to display
the Material Property Data dialog box.

* In this dialog box:

r

> Verify that the Modulus of Elasticity 1s 25000.

» Verify that Poisson’s ratio is 0.3.

» Verify that the steel yield stress is 36.

» Click the OK button twice to exit the dialog boxes.

80. From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

81. Inthis dialog box:



82.
83.

84.

Click the drop-down box that says Import I/Wide Flange and select the Import Angle:
option.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

A dialog box appears with a list of all wide flange sections in the database. Inthis
dialog box:

» Scroll down and highlight the L4x4x3/4 by clicking on it.

' » Hold down the Shift key on the keyboard and click on the L4x4x1/4 angle. All of

the L4x4 angles will now be selected (seven total).
» Click the OK button twice to return to the Define Frame sections dialog box.

Click the drop-down box that says Add I/'Wide Flange and select the Add Auto Select
option to display the Auto Selection Sections dialog box.

In this dialog box:

> Highlight all of the angles in the List of Sections list box by clicking on the top
angle, pressing and holding down the shift key on the keyboard, and clicking on the
bottom angle. :

» Click the Add button to add the angles to the Auto selections list box.

» Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-fi. [Kiet -]

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In this dialog box:

Click the Modify/Show Section button to display the Shell Sections dialog box.

In this dialog box:

» Verify the Material specified is CONC.

» In the Thickness area type .6667 in both the Membrane and Bending edit boxes.
» Verify that the Shell option is chosen in the Type area.

» Click the OK button twice to exit all dialog boxes.

10



85.
36.

87.

88.

89.

90.

9l.

92.
93.

94.

9s.

96.
97.

Click in the 3D View window to make sure it is active.
Click the Select All button @]on the side toolbar to select all elements.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

s Highlight the AUTOI section.

¢ Click the OK button.

Click the Select All button @J on the side toolbar to select all elements.

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu
to display the Shell Uniform Loads dialog box.

In this dialog box:

o Verify DL is selected in the Load Case Name drop-down box.

o Inthe Uniform Load area type -.05 (50 psf) in the Load edit box.

» Inthe Uniform Load area verify that the Dir item is set to Global Z.
¢ Click the OK button.

Click the Select All button @l on the side toolbar to select all elements.

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu
to display the Shell Uniform Loads dialog box.

In this dialog box:

» Select LL in the Load Case Name drop-down box.

o Inthe Uniform Load area type -.1 (100 psf) in the Load edit box.
o Click the OK button.

Click the Show Undeformed Shape button Q to remove the display of the shell static
loads.

Click in the window labeled X-Y Plane @ Z=37 to activate it.

Select all of the elements in the plan view by “windowing”

1"



98.

99.

100.

101.
102.

103.

104.

105.

106.

From the Assign menu select Joints and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Inthe Click To area click the drop-down box that says Add Body and select Add
Diaphragm to display the Diaphragm Constraint dialog box.

¢ In this dialog box:
» Type ROOF i the Constraint Name edit box.
» Verify that the Z Axis option is selected in the Constraint Axis area.
» Click the OK button twice to exit all dialog boxes.

Click the Show Undeformed Shape button g to remove the display of the joint
constraints and reset the window display.

Click the Down One Gridline button I i] to move to the X-Y Plane @ Z=25.
Select all of the elements in the plan view by “windowing”

From the Assign menu select Joints and the Constraints... from the submenu to display the
Constraints dialog box.

In this dialog box:

o In the Click To area click the drop-down box that says Add Body and select Add
Diaphragm to display the Diaphragm Constraint dialog box.

o In this dialog box:
» Type SECOND in the Constraint Name edit box.
» Verify that the Z Axis option is selected in the Constraint Axis area.
» Click the OK button twice to exit all dialog boxes.

Click the Show Undeformed Shape button Q_ﬁ_fto remove the display of the joint
constraints and reset the window display.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.
o Check the Dynamic Analysis check box.

¢ Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

12



107.

108.

109.

110.

111

i14.

115.

116.

117.

118.

e In this dialog box:
» Type 3 in the Number of Modes edit box.
> Click the OK button twice to exit all dialog boxes.
From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box:
» Select the Steel Tab.
e Select AISC-ASD89 from the Steel Design Code drop-down box.
o Click the OK button.
Click the Run Analysis button _ﬂ to run the analysis.

When the analysis is complete checl: the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Design menu select Start Design/Check of Structure to initiate the design. The
design proceeds and when it is complete P-M interaction ratios are displayed.

. Click the Set Elements buttonl_fg_l on the main toolbar (or select Set Elements... from the

View menu) to display the Set Elements Dialog box.

. In this dialog box:

» Check the Sections box in the Frames area.
s Click the OK button. The sections chosen by the program are displaved.

Note: You may want to zoom in using the Rubber Band Zoom button 8| on the main
toolbar to see the chosen sections better.

Click the Show Undeformed Shape button g to remove the display of frame sections
and interaction values.

If vou have zoomed in for a better view of the chosen sections, then click the Restore Full
View button| ,@| on the main toolbar.

Click the Select All button @]on the side toolbar to select all elements.
From the Design menu select Replace Auto W/ Optimal Sections to update the frame
sections from Auto sections to the chosen angle sizes, Click OK when it says it will

unlock the model and asks if it is OK to update.

Click the Run Analysis button _»]to run the analysis using the optimal sections.

13



119.

120.

When the analysis is complete check the messages in the Analysis window (there should be
no wamnings or errors) and then click the OK button to close the Analysis window. Note
that the 3-D window now shows the first mode shape.

Click the Start Animation button | Starnimeton |, located in the status bar at the
bottom of the SAP2000 window, to animate the mode shape.

. Click the Right Arrow button] = ] , located in the status bar at the bottom of the screen, to

view the second mode shape.

. Click the Right Arrow button| = Jagain to view the third mode shape.

. Click the Stop Animation button , located in the status bar at the bottom of

the SAP2000 window, to stop the mode shape animation.

. From the Design menu select Start Design/Check of Structure to initiate a final design

check of the structure based on the analysis results using the optimal sections. The design
proceeds and when it is complete the final P-M interaction ratios are displayed.

14
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Problem D

Inclined Supports

Steel
E =29000 ksi, Poissons Ratio = 0.3
All members are 10 fest long.

To Do

Determine support reactions.
Determine X-direction displacements
at joints A and B.

100k g A
@©
% B
g
Ns)
o
c 30°
4 W24X68 D

VW24 X68

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem D Solution

10.

1.

Click the drop down box in the status bar to change the units to kip-fi. [t -

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Beam template| &= |button to display the Beam
dialog box. o

In this dialog box

e Type 2 in the Number of Spans edit box.

e Type 10 in the Span Length edit box.

e Uncheck the Restraints box.

e Click the OK button.

Ctlick the “X" in the top right-hand corner of the 3-D View window to close it.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Labels box in the Frames area.

s (lick the OK button.

Click the drop down box in the status bar to change the units to kip-in. @
From the Define menu select Materials... to display the Define Materials dialog box.

Click on STEEL in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

e Verify 29000 is entered in the Modulus of Elasticity edit box.
e Verify .3 is entered in the Poisson’s Ratio edit box.

e Accept the other default values.

» Click the OK button to exit all dialog boxes.



12,

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

Click the drop down box in the status bar to change the units to kip-ft. fropt ]

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Import I'Wide Flange and then
click on the Import I/'Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

A dialog box appears with a list of ali wide flange sections in the database. In this dialog
box:

» Scroll down and click on the W24X68 section.
e Click the OK button three times.
Select frame elements 1 and 2.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

Highlight W24X68 in the Frame Sections area and click the OK button.

Click the Show Undeformed Shape button g to remove the displaved frame section
assignments.

Select frame element 2 by clicking on it.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

e (Click the Radial Tab.

e Choose the Y Axis option in the Rotate about area. Note it will rotate about the Y-axis
at the origin.

¢ Type 45 in the Angle edit box in the Increment Data area.
e Type 1 in the Number edit box in the Increment Data area.
e Click the OK button,

Select frame element 2 by clicking on it.

From the Edit menu select Replicate... to display the Replicate dialog box.



26.

27.
28.

29.

30.
31

32.

33.
34.
35.

36.

37.

In this dialog box:

e Click the Radial Tab.

e Type 90 in the Angle edit box in the Increment Data area.

¢ Click the OK button.

Select frame element 2 by clicking on it.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box:

¢ Click the Radial Tab.

o Type 270 in the Angle edit box in the Increment Data area.

¢ Click the OK button.

Select frame element 2 by clicking on it.

From the Edit menu select Replicate... to display the Replicate dialog b~
In this dialog box:

e Click the Radial Tab.

e Type 330 in‘'the Angle edit box in the Increment Data area.

e Click the OK button.

Select frame element 2 by clicking on it.

Press the Delete key on the keyboard to delete this member.

Click the Refresh Window button _ﬂ to refresh the drawing.

Click the Set Elements buttonlﬁ] on the main toolbar (or select Set Elements
View menu) to display the Set Elements Dialog box.

In this dialog box:
e Check the Labels box in the Joints area.
o Uncheck the Labels box in the Frames area.

¢ Click the OK button.

... frTomthe



38.

39.

40,

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

Select joint 4.

From the Assign menu select Joint and then Local Axes... from the submenu to display
the Joint Local Axis dialog box.

In this dialog box:

s Type -45 in the about Y edit box.
e Press the OK button.

Select joint 7.

From the Assign menu select Joint and then Local Axes... from the submenu to display
the Joint Local Axis dialog box.

In this dialog box:

¢ Type -120 in the about Y edit box.
e Press the OK button.

Select joint 1.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.

In this dialog box:

e Check all six boxes in the Restraints in Local Directions area.
* Click the OK button.

Select joints 4 and 5.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.

In this dialog box:

e In the Restraints in Local Directions area uncheck the three Rotation boxes and leave
the three Translation boxes checked.

¢ (Click the OK button,
Select jont 7.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.



52.

53.

54.

535,

56.

57.

58.

59.

60.

6l.

62.

63.

64.

In this dialog box:

¢ In the Restraints in Local Directions area uncheck the Translation 3 box and leave the
Translation 1 and Translation 2 boxes checked.

¢ Click the OK button.
Select joint 6.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
e Type 100 in the Force Global X edit box in the Loads area.
e Click the OK button.

Click the Show Undeformed Shape button ;Ojto remove the displayed joint force
assignments.

Click the Set Elements buttonlEJ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
o Uncheck the Labels box in the Jomnts area.
e (Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom.

« Click the OK button. —
Click the Run Analysis button _»to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Right click on the joints labeled A and B in the problem statement to see their
displacements.

Click the Joint Reaction Forces button I _QZJ to display the Joint Reaction Forces dialog
box.

In this dialog box:



65.

» Verify that the Reactions option is selected in the Type area.

e Click the OK button.

The reactions are displayed on the screen. You can right click on any joint to see the
reactions at that joint or you can just read the reactions on the screen. If the text is too
small to read, you can zoom In, or you can change the minimum font size as described in
the note below.

Note: To change the minimum font size select Preferences from the Options menu and
make sure the Dimensions Tab is selected. In the Minimum Graphic font Size edit box
input a new size, mavbe 5 or 6 points. Click the OK butron.
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Problem E

Cables In Tension

Steel
E =29000 ksi, Poissons Ratio = 0.3
All members are 1.5" diameter steel cable

Joint Loads At Joint D:

Fy = 50 kips
F, = -750 kips
To Do

Determine the X-direction displacements at joint D

with and without considering the stiffening affect of
tenston in the cables. Use P-Delta analysis to consider
the stiffening affect.

A % Joint Coordinates

B {Feet)

Joint| X Y 4

Af-31-2(10

5 /' FX = 50k
¢ FZ = -750k

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem E Solution

10.

1.

12,

Click the drop down box 1n the status bar to change the units to kip-ft. {rp -]

From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

In this dialog box

* Select the Cartesian Tab.

¢ In the Number of Grid Spaces area type 2 in the X direction edit box.
¢ Inthe Number of Grid Spaces area type 4 in the Y direction edit box.
¢ In the Number of Grid Spaces area type 1 in the Z direction edit box.
e In the Grid Spacing area type 3 in the X Direction edit box.

¢ Inthe Grid Spacing area type 2 in the Y Direction edit box.

e In the Grid Spacing area type 10 in the Z Direction edit box.

o Click the OK button.

Click in the window titled X-Y Plane @ Z=10 to make sure it 1s active. The window 1s
highlighted when it is active. The screen appears as shown in Figure E-1.

Click the Draw Special Joint button _+ |on the side toolbar or select Add Special Joint
from the Draw menu.

Click on the grid intersection labeled “A” in Figure E-1 to enter a joint at (-3, -2, 10).
Click on the grid intersection labeled “B” in Figure E-1 to enter a joint at (0, 4, 10).
Click on the grid intersection labeled “C” in Figure E-1 to enter a joint at (3, -2, 10).
Click the Down One Gridline button I il to move to the X-Y Plane @ Z=0.

Click on the origin to enter a joint at (0, 0, 0).

Click in the window titled 3-D View to activate it. The screen now appears as shown in
Figure E-2.

Click the Draw Frame Element button . |on the side toolbar or select Draw Frame
Element from the Draw menu. —_
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Figure E-1: Screen View Just Before Entering Joints At Elevation Z=10

13.  Click on the point labeled “D” and then the point labeled “A” in Figure E-2 and press the
Enter key on the keyboard to draw the first frame (cable) element.

14.  Click on the point labeled “D” and then the point labeled “B” in Figure E-2 and press the
Enter key on the keyboard to draw the next frame (cable) element.

15.  Click on the point labeled “D” and then the point labeled “C” in Figure E-2 and press the
Enter key on the keyboard to draw the last frame (cable) element.

16. Click the Pointer button ,R} to exit Draw Mode and enter Select Mode.
17. Click on the joints identified as A, B and C in Figure E-2 to select them.

18. From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
" display the Joint Restraints dialog box.

19. In this dialog box:

¢ Verify that the Translation 1, Translation 2 and Translation 3 boxes are checked.
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Figure E-2: Screen View Afiter Joints Have Been Entered

e Verify that the Rotation About I, Rotation About 2 and Rotation About 3 boxes are not
checked.

e (Click the OK button.

20. From the Define menu select Static Load Cases.... This will display the Define Static
Load Case Names dialog box.

21. Inthis dialog box:
¢ Type VERT in the Load edit box.
¢ Type 0 in the Self weight Multiplier box.
o (Click the Change Load button
e Type LAT in the Load edit box.

o Select QUAKE from the Type drop-down box.



22,

23.

24,

25.

26.

27.

28.
29.
30.

31.

32.

e (Click the Add New Load button.
¢ (Click the OK button.

Select the joint identified as D in Figure E-2 by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces...

display the Joint Forces dialog box.

In this dialog box:

e Verify VERT is selected in the Load Case name drop-down box.

o Type -750 in the Force Global Z edit box.
e (Click the OK button.

Select the joint identified as D in Figure E-2 by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces...

display the Joint Forces dialog box.

In this dialog box:

e Select LAT from the Load Case name drop-down box.
e Type 50 in the Force Global X edit box.

¢ Type 0 in the Force Global Z edit box,

e (Click the OK button.

from the submenu to

from the submenu to

Click the Show Undeformed Shape button Q to remove the display of joint static loads.

Click the drop down box in the status bar to change the units to kip-in. ]ﬁp—in u_:_”

From the Define menu select Materials... to display the Define Materials dialog box.

Click on STEEL in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:
o Verify that the Modulus of Elasticity is 29000.
o Verify that Poisson’s Ratio is 0.3

¢ Click the OK button twice to exit all dialog boxes.



33.

34.

35.

36.

37.

38.
39.

40.

4]1.
42.

43.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In this dialog box:

e Click the drop-down box that says Add I/'Wide Flange and select the Add Circle option.
This displays the Circle Section dialog box.

¢ In this dialog box:
» Type CABLE in the Section Name edit box.
» Verify that the selected material in the Material drop-down box i1s STEEL.
» Type 1.5 in the Diameter (t3) edit box.
» Click the OK button twice to exit all dialog boxes.
Select the three frame elements in the 3-D View window by clicking on them.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

e Click on CABLE in the Frame Sections area to highlight it.

e (Click the OK button.

Click the Show Undeformed Shape button Q to remove the display of frame sections.
Click the Run Analysis button_»l to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no wamings or errors) and then click the OK button to close the Analysis window.

Click the drop down box in the status bar to change the units to kip-in. [Kigrin '_l I
Click in the window with the 3-D View to make sure it is active.

Click the Display Static Deformed Shape button I ﬁ (or select Show Deformed Shape...
from the Display menu). The Deformed Shape dialog box appears.

In this dialog box:
e Select LAT Load Case from the Load drop-down box.

o Click the OK button.



45,

46.

47,

48.

49.

50.

5L
52.

53.

54.

55.

Right click on the bottom joint (the one labeled “D” in the problem statement) to see its
displacement. Note the X-direction displacement of this joint. This is the displacement
without considering the stiffening affect of the tension in the cables.

Click the Lock/Unlock Model button[ @ on the main toolbar to unlock the model. Click
the OK button when asked if it is OK to delete.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.
In this dialog box:
* Check the Include P-Delta check box.
¢ (Click the Set P-Delta Parameters button to display the P-Delta Parameters dialog box.
e In this dialog box:

» In the lteration Controls area type 5 in the Maximum Iterations edit box.

» Accept the other default values in the Iteration Controls area.

» In the P-Delta Load Combination area verify that the Load Case list box says VERT
and the Scale Factor list box says 1.

» Click the OK button twice to exit all dialog boxes.
Click the Run Analysis button _» [ to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.,

Click the drop down box in the status bar to change the units to kip-in. JﬁI‘F_"_i_ﬂ________ '”
Click in the window with the 3-D View to make sure it is active.

Click the Display Static Deformed Shape button Lﬁi (or select Show Deformed Shape...
from the Display menu). The Deformed Shape dialog box appears.

In this dialog box:
e Select LAT Load Case from the Load drop-down box.
e (Click the OK button.

Right click on the bottom joint (the one labeled “D” in the problem statement) to see its
displacement. Note the X-direction displacement of this joint. This is the displacement
with the stiffening affect of the tension in the cables considered. Notice the difference
between this displacement and that noted in step 45.
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Problem F

wall Resisting Hydrostatic Pressure

Congcrete
E =3600 ksi, Poissons Ratio = 0.2

Boundary Conditions
Case 1: Wall clamped at bottom only,

Case 2: Wall clamped at bottom and sides.

To Do

Determine maximum Y-direction
displacements at top of wall for Case 1
and Case 2 support conditions. Use joint
patterns to apply hydrostatic ioad.

Water pressure

62.4 |bs/ft3

Top
Side
30

A

Bottom
Side
15’
AZ
X
v +

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem F Solution

10.

1.

12.

Click the drop down box in the status bar to change the units to kip-ft. [k -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Shear Wall template button to display the Shear
Wall dialog box.

In this dialog box

o Type 30 in the Number of Spaces Along X edit box.

e Type 15 in the Number of Spaces Along Z edit box.

e Type 1 Space Width Along X edit box.

*» Type 1 Space Width Along Z edit box.

¢ Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

Click the drop down box in the status bar to change the units to kip-in. |Zp-m—_;“
From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the CONC material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:

e Verify that the modulus of elasticity is 3600 and poisson’s ratio is 0.2.

e Click the OK button twice to exit the dialog boxes.

Click the drop down box in the status bar to change the units to kip-fi. ket ]
Select all of the support joints at the bottom of the wall by “windowing”.

From the Assign menu, choose Joint, and then Restraints... from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

o Click the fixed base fast restraint button | .} { to set all degrees of freedom (U1, U2, U3,
R1, R2 and R3) as restrained.




13.

4.
15.
16.
I7.
18.
19.

20.

21.

22.

23.

24.

¢ (lick the OK button.

From the Define menu select Joint Patterns... to display the Define Pattern Names dialog
box.

In this dialog box:

Type HYDRO in the edit box in the Patterns area.

Click the Add New Pattern Name button

Click the OK button.

Click the Select All button @@|on the side tool bar.

From the Assign menu select Joint Patterns... to display the Pattern Data dialog box.
In this dialog box:

e Seclect HYDRO from the Pattern Name drop-down box.

Note: Press the F1 key on the keyboard for context sensitive help on the dialog box
illustrating the definition of the Constants. When finished reading the help, click
the “X" in the top right-hand corner of the Help window 1o close it.

e Type -1 in the Constant C edit box.

e Type 15 in the Constant D edit box.

¢ (Click the OK button.

Click the Select All button @|on the side tool bar.

From the Assign menu select Shell Static Loads... and select Pressure... from the
submenu to display the Shell Pressure Loads dialog box.

In this dialog box:

e Select the By Joint Pattern option.

¢ Select HYDRO from the Pattern drop-down box.
o Type .0624 in the Multiplier edit box.

¢ Click the OK button.

Click the Show Undeformed Shape button €)' to remove the displayed joint force
assignments. -



29.

30.

31

32.

33.

34,

Click the Run Analysis button _, |to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Right click on the center joint at the top of the wall and note the Y-direction displacement.

Click the Lock/Unlock Model button E and click the resulting OK button to unlock the
model.

Select the joints along the sides of the model by “windowing™ each side separately.

From the Assign menu, choose Joint, and then Restraints,..from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

¢ Click the fixed base fast restraint button | .} ! to set all degrees of freedom (U1, U2, U3,
R1, R2 and R3) as restrained.

¢ Click the OK button.
Click the Run Analysis button _L]to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window,

Right click on the center joint at the top of the wall and note the Y-direction displacement.

"S ) i“.ll .

v LT '
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Problem G

Frame With Support Displacement

Steel
E =29000 ksi, Poissons Ratio = 0.3

Pinned base
All heam-column connections are rigid

To Do

Determine support reactions due to a
1" downward displacement of joint B.

G W24X55 H

i2'

W24X68 E W24X68 F

W14X82
14’

W14X90
I o
W14X90
[w1]
>
|
|

30 30

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem G Solution

1. Click the drop down box in the status bar to change the units to kip-ft. [xip- -]

2. From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

3. Inthis dialog box click on the Portal Frame template button to display the
Portal Frame dialog box. A 1

4. Inthis dialog box
e Type 14 in the Story Height edit box.
¢ Type 30 in the Bay Width edit box.
e Click the OK button.
5. Click the “X” in the top right-hand corner of the 3-D View window to close it.

6.  Click the drop down box in the status bar to change the units to kip-in. [kipm R | |

7. From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the STEEL material and click the Modify/Show Material button to display the
Material Property Data dialog box.

8.  In this dialog box:

e Verify that the modulus of elasticity i1s 29000 and poisson’s ratio is 0.3.
¢ Click the OK button twice to exit the dialog boxes.

9. Click the drop down box in the status bar to change the units to kip-ft. [Kip-# -]

10. Click the Set Elements button[ﬁ’ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

11.  In this dialog box:
e Check the Labels box in the Frames area.
s (Click the OK button.

12. Select frame elements 6 and 10. Press the delete key on the keyboard to delete these
elements. '

13. Click the Refresh Window button f 'to refresh the drawing.



14,

15.

16.

17.

18.

19.

20.

2L

22.

From the Draw menu choose Edit Grid... to display the Modify Grid Lines dialog box.
In this dialog box:

e Verify that the Z option is chosen in the Direction area.

e Check the Glue Joints To Grid Lines box.

e Click on the 28 gnd line in the Z Location list box to highlight it. Note that the 28
appears in the Z Location edit box. '

e (Change the 28 in the Z Location edit box to 26 and click the Move Grid Line button.
e Click the OK button,

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Import I/'Wide Flange and then
click on the Import I/Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:

e Scroll down and click on the W24X68 section.

e Scroll down to the W24X55 section, and click on it while holding down the Ctrl key on
the keyboard. '

» Scroll down to the W14X90 section, and click on it while holding down the Ctrl key on
the keyboard.

¢ Click the OK button three times to exit ail dialog boxes.
Select frame member 8.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
o Click on W24X55 in the Frame Sections area to highlight it.

o (lick the OK button.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.
35.

36.

Click the Show Undeformed Shape button g to remove the displayed frame section
assignments so that you can see the frame element labels again.

Select frame members 7 and 9.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
¢ Click on W24X68 in the Frame Sections area to highlight it.
¢ Click the OK button.

Click the Show Undeformed Shape button g to remove the displayed frame section
assignments so that you can see the frame element labels again,

Select frame members 1 through 5.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on W14X90 in the Frame Sections area to highlight it.
e Click the OK button.

Click the Show Undeformed Shape button QJ to remove the displayed frame section
assignments,

Click the Set Elements buttonJE on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Labels box in the Joints area.

» Uncheck the Labels box in the Frames area.

e Click the OK button.

Click the drop down box in the status bar to change the units to kip~iﬁ. [kpn ]
Select joint 4 (labeled B in the problem statement).

From the Assign menu select Joint Static Loads... and then Displacements... from the-
submenu to display the Ground Displacements dialog box.



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

In this dialog box:
e Type -1 in the Translation Z edit box.
e (lick the OK button.

Click the Show Undeformed Shape button Qi to remove the displayed joint displacement
assignments.

Click the Set Elements buttonl@_l on the main toolbar (or select Set Elements... from the
View menu) to display the Set Eiements Dialog box.

In this dialog box:
e Uncheck the Labels box in the Joints area.
¢ Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e Inthis dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom. J

¢ Click the OK button.
Click the Run Analysis button _»|to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.,

Click the Joint Reaction Forces button | E_, to display the Joint Reaction Forces dialog
box.

In this dialog box:
e Verify that the Reactions option is selected in the Type area.
» Click the OK button,

The reactions are displayed on the screen. You can right click on any joint to see the
reactions at that joint or you can just read the reactions on the screen. [fthe font size for
the joint reactions shown on the screen is too small then read the note below.

Note: To change the minimum font size select Preferences from the Options menu and
make sure the Dimensions Tab is selected. In the Minimum Graphic font Size edit box
input a new size, maybe 5 or 6 points. Click the OK button.
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Problem H Solution

10.

1.

12.

Click the drop down box in the status bar to change the units to kip-ft. [kip ]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Beam template | === Jbutton to display the Beam
dialog box. ]

In this dialog box:

» Accept all of the default values.

e (lick the OK button.

Click the *“X” in the top right-hand corner of the 3-D View window to close it.

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

e Verify 0.15 is entered in the Weight per Unit Volume edit box.

e (lick the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-in. @l
From the Define menu select Materials.., to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

o Verify 3600 is entered in the Modulus of Elasticity edit box.

e Verify .2 is entered in -the Poisson’s Ratio edit box.

e Verify 60 is entered in the Reinforcing Yield Stress, fy edit box.
e Verify 4 is entered in the Concrete Strength, fc edit box.

» Type 60 in the Shear steel Yield Stress, fys edit box.



Problem H Solution

i0.

11.

12.

Click the drop down box in the status bar to change the units to kip-f. [kip# |

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Beam template | ===—% |button to display the Beam
dialog box. - o]

In this dialog box:

s Accept all of the default values.

¢ Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) 1t, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

o Verify 0.15 is entered in the Weight per Unit Volume edit box.

o Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-in. m.
From the Define menu seiect Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

e Verify 3600 is entered in the Modulus of Elasticity edit box.

» Verify .2 is entered in the Poisson’s Ratio edit box.

e Verify 60 is entered in the Reinforcing Yield Stress, fy edit box.
e Verify 4 is entered in the Concrete Strength, fc edit box.

e Type 60 in the Shear steel Yield Stress, fys edit box.



18.

19.

20.

21

22.

23.

o Type 0 in the Self weight Multiplier box.
® C(Click the Add New Load button.

¢ (Click the OK button.

Select the two frame elements.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
e Verify that the Load Case Name is DL.

e Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

® Inthe Uniform Load area type -2.2.
¢ Click the OK button.
Select the two frame elements.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-&own box.

e In the Uniform Load area type -1.6.

¢ (Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

-
* In this dialog box click the Plane Frame XZ Plane button to set the

available degrees of freedom.
4 & 4
—_—

¢ (Click the OK button.
From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box:

e Select the CONC Tab.



18.

19.

20.

21.
22.

23.

e Type 0 in the Self weight Muitiplier box.
e (lick the Add New Load button.

¢ Click the OK button,

Select the two frame elements.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
+ Verify that the Load Case Name is DL.

o Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

» Inthe Uniform Load area type -2.2.
¢ (Click the OK button.
Select the two frame elements.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:

o Select LL from the Load Case Name drop-down box.
¢ In the Uniform Load area type -1.6.

e Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

¢ In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom. ’

¢ Click the OK button.
From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box:

e Select the CONC Tab.



34.

35.

36.

37.
38.

Click the drop down box in the status bar to change the units to kip-in. [kein ]_'_’

Note that the values for the area of longitudinal reinforcing steel are now in units of square
inches.

From the Design menu select Display Design Info... to dispiay the Display Design Results
dialog box.

In this dialog box:

s Verify that the Design Output option is selected.

e Select Shear Reinforcing from the Design Output drop-down box.

¢ Click the OK button. The required shear reinforcing is displayed on the screen.

Note that the values for the shear reinforcing steel are reported as an area per unit length
of element. Since the current units are kips and inches, the shear reinforcing reporied
is in square inches per inch.

Right click on the left beam to display the Concrete Design Information dialog box.

In this dialog box:

e Note that the required top and bottom longitudinal steel and the required shear steel is
reported for each design load combination at each output segment along the beam.

¢ Click the Details button to see design details for the highlighted design load
combination and output station location. The Concrete Design Information ACI 318-95
dialog box is displayed.

¢ When finished viewing the detailed information click the “X” in the upper right-hand
corner of the Concrete Design Information ACI 318-95 dialog box to close it.

 Click OK to close the Concrete Design Information dialog box.



34,

35.

36.

37.

38.

Click the drop down box in the status bar to change the units to kip-in. _[ﬁig‘i" _j:,f

Note that the values for the area of longitudinal reinforcing steel are now in units of square
inches.

From the Design menu select Display Design Info... to display the Display Design Results
dialog box.

In this dialog box:

e Verify that the Design Output option is selected.

¢ Select Shear Reinforcing from the Design Qutput drop-down box.

¢ Click the OK button. The required shear reinforcing is displayed on the screen.

Note that the values for the shear reinforcing steel are reported as an area per unit length
of element. Since the current units are kips and inches, the shear reinforcing reported
is in square inches per inch.

Right click on the left beam to display the Concrete Design Information dialog box.

In this dialog box:

e Note that the required top and bottom longitudinal steel and the required shear steel is
reported for each design load combination at each output segment along the beam.

o Click the Details button to see design details for the highlighted design load
combination and output station location. The Concrete Design Information ACI 318-95
dialog box is dispiayed.

e When finished viewing the detailed information click the “X” in the upper right-hand
corner of the Concrete Design Information ACI 318-95 dialog box to close it.

¢ Click OK to close the Concrete Design Information dialog box.
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Problem |

Prestressed Concrete Beam

Concrete

E =4400 ksi, Poissons Ratio = 0.2
fc=6ksi

Cable Tension = 200 kips

To Do

Determine the moment diagram for a DL + L + PRESTRESS ioading
combination. Compare the results using 4 cutput segments and using
30 output segments.

wg, = 2.2 kif (not including beam weight)

wy, = 1.6 KIf
. Center
A\ 2 Axis , ,Cable
5
[sp]
1 8"
| —
30" Beam Section

Note: Our intent is that you try this problem on your own first. Afier you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem I Solution

10.

11

12.

Click the drop down box in the status bar to change the units to kip-fi. (ki -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Beam template | === Jbutton to display the Beam
dialog box. : -

In this dialog box:

¢ Type 1 in the Number of Spans edit box.

¢ Type 30 in the Span Length edit box.

e (Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:
o Verify 0.15 is entered in the Weight per Unit Volume edit box.
¢ Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-in. [Kip-in -1 l

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

o Type 4400 in the Modulué of Elasticity edit box.

e . Verify .2 is entered in the Poisson’s Ratio edit box.

e Verify 60 is entered in the Reinforcing Yield Stress, fy edit box.

* Type 6 in the Concrete Strength, fc edit box.



13.

14.

15.

16,

17.

18.

19.

20.

Type 60 in the Shear steel Yield Stress, fys edit box.
Type 6 in the Concrete Shear Strength, fes edit box.
Accept the other default values.

Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In this dialog box:

With the default section, FSECI, highlighted, click the Modify/Show Section button to
display the Rectangular Section dialog box.

In this dialog box:

> Select CONC from the Material drop-down box.
> Type 30 in the Depth (t3) edit box.

> Type 18 in the Width (t2) edit box.

» Click the OK button twice to exit all dialog boxes.

Select the frame element by clicking on it.

From the Assign menu select Frame and then Prestress... from the submenu to display
the Frame Prestressing Patterns dialog bo:..

In this dialog box:

Type 200 in the Cable Tension edit box.

In the Cable Eccentricities area type 8 in the Start edit box.

In the Cable Eccentricities area type 12 in the Middle edit box.
In the Cable Eccentricities area type 3 in the End edit box.

Click the OK button.

Click the drop down box in the status bar to change the units to kip-ft. Jxe-t -]

From the Define menu select Static Load Cases.... This will display the Define Static
Load Case Names dialog box.

In this dialog box:



21

22.

* Type DL in the Load edit box.

e Click the Change Load button

s Type LL in the Load edit box.

e Select LIVE from the Type drop-down box.

e Type 0 in the Self weight Multiplier box.

o C(Click the Add New Load button.

e Type PRESTRES in the Load edit box.

¢ Select OTHER from the Type drop-down box.
e (lick the Add New Load button.

o Click the OK button.

From the Define menu select Load Combinations.... This will display the Define Load
Combinations dialog box.

In this dialog box:
» Click the Add New Combo button to display the Load Combination Data dialog box.

¢ In this dialog box:

A T4

Accept the default load combination name, COMBI1

Accept the default load combination type, Add.

Y v

Type COMBI1: DL + LL + Prestress in the Title edit box.

Verify the DL Load Case is selected in the Case Name drop-down box.

A\ 44

Verify that 1 is entered in the Scale factor edit box.

Click the Add button.

A A

Select LL Load Case from the Case Name drop-down box.

Click the Add button.

Y

Select PRESTRES Load Case from the Case Name drop-down box.

v

AT

Click the Add button.



23.

24.

25.

26.
27.

28.

29.
30.

31.

32

33.

> Click the OK button twice to exit all dialog boxes.
Select the frame element.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
e Verify that the Load Case Name is DL,

o Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

e In the Uniform Load area type -2.2.
e (Click the OK button.
Select the frame element.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.
e Inthe Uniform Load area type -1.6.

e Click the OK button.

Select the frame element.

From the Assign menu select Frame Static Loads... and then Prestress... from the
submenu to display the Frame Prestress Loads dialog box.

In this dialog box:

o Select PRESTRES from the Load Case Name drop-down box.
o Type 1 in the Scale Factor edit box..

e Click the OK button.

Select the ﬁame element.

From the Assign menu select Frame and then Qutput Segments... from the submenu to
display the Frame Qutput Segments dialog box.



34.

35.

36.

37.

38.

39.

40.

4].

In this dialog box:
¢ Type 4 in the Number of Segments edit box.
e Click the OK button.

Click the Show Undeformed Shape button @ to remove the displayed frame output
segment assignments.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

¢ In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom.

¢ C(Click the OK button. .
Click the Run Analysis button _, Jto run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click the Member Force Diagram for FrameS‘button| F ], (or select Show Element
Forces/Stresses from the Display menu and then select Frames... from the submenu).
The Member Force Diagram for Frames dialog box appears.

In this dialog box:

e Select COMBI Combo from the Load drop-down box.
¢ Select the Moment 3-3 option in the Component area.
e Uncheck the Fill Diagram check box.

» Check the Show Values on Diagram check box.

¢ Click the OK button to display the moment diagram.

Note: You may want to print this moment diagram for comparison with the one obtained
when 30 output segments are specified. To print the moment diagram select Print
Graphics from the File menu.

Note: For load combinations, when force diagrams are plotted, exact values are only
calculated at the ends of each output segment. These exact values are plotted and then
they are connected with straight lines.

Click the Lock/Unlock Model button@ on the main toolbar to unlock the model. Click
the QK burtton when asked if it is OK to delete,



42.

43.

45.

46.

47.

48.

49,

Select the frame element.

From the Assign menu select Frame and then Qutput Segments... from the submenu to
display the Frame Output Segments dialog box.

In this dialog box:
e Type 30 in the Number of Segments edit box.
e Click the OK button.

Click the Show Undeformed Shape button g] to remove the displayed frame output
segment assignments.

Click the Run Analysis button _]to run the analysis.

When the analysis is compiete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click the Member Force Diagram for Frames buttonl F | , (or select Show Element
Forces/Stresses from the Display menu and then select Frames... from the submenu).
The Member Force Diagram for Frames dialog box appears.

In this dialog box:

e Verify that the COMBI Combo is selected in the Load drop-down box.

o Verify that the Moment 3-3 option is selected in the Component area.

e Verify that the Show Values on Diagram check box is checked.

¢ Click the OK button to display the moment diagram.



v" Click the OK button twice to return to the Time History Display Definition
dialog box.

Verify that HISTI is selected in the Time History Case drop-down box.
Click on Joint 4 in the List of Functions area to highlight (select) it.
Chick the Add button to move Joint 4 to the Plot Functions area.

Click the Display button to display the time history.

Click the OK button to close the time history display and return to the Time History
Display Definition dialog box.

Select HIST2 in the Time History Case drop;down box.
Click the Display button to display the time history.

Click the OK button to close the time history display and return to the Time History
Display Definition dialog box.

Select HIST3 in the Time History Case drop-down box,
Click the Display button to display the time history.

Click the OK button to close the time history display and return to the Time History
Display Definition dialog box.

Click the Done button to close the Time History Display Definition dialog box.
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Problem J

Beam Oﬁ Elastic Foundation

Concrete
E = 3120 ksi
Poissons Ratio = 0.2

To Do

Determine the moment diagram under combined dead plus live loads
and the maximum downward displacement.

Note: Dead load shown does not include beam self weight.

P =150k

wp, = 10.6 Kif Pp, =250k
w,, = 5.4 kif I

42"

24" !
1' Typical K = 50 k/in, typical l 6 Beam Section
20

Note: Our intent is that you' try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem J Solution

10.

1.

12.

Click the drop down box in the status bar to change the units to kip-ft. [Kipﬂ ']

From the File menu select New Model From Tempilate.... This displays the Model
Templates dialog box.

In this dialog box click on the Beam template| «—=—%= Jbutton to display the Beam
dialog box. ' o

In this dialog box:

o Type 1 in the Number of Spans edit box.

e Type 20 in the Span Length edit box.

e Uncheck the Restraints check box |

e Click the OK button.

Click the “X™ in the top ﬁght-ﬁand corner of the 3-D View window to close it.

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:
e Verify 0.15 is entered in the Weight per Unit Volume edit box.

* Click the QK button twice to exit all dialog boxes.

e

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:
o Type 3120 in the Modulus of Elasticity edit box.
» Verify.2 is entered in the Poisson’s Ratio edit box.

e Accept the other default values.



13.

14.

15.
16.
17.

18.

19.

20.

¢ Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections

- dialog box.

In this dialog box:

¢ With the default section, FSEC-I, highlighted, click the Modify/Show Section button to
display the Rectangular Section dialog box.

¢ In this dialog box:
» Select CONC from the Material drop-down box.
» Type 42 in the Depth (t3) edit box.
» Type 24 in the Width (t2) edit box.
> Click the OK button twice to exit all dialog boxes.
Click the drop down box in the status bar to change the units to kip-ft. et -]

Select the frame element by clicking on it. -
Divide Selected Frames .

From the Edit menu select Divide Frames... to : —
display the Divide Select frames dialog box. & Duidsito 18 Frames

Fill in the dialog box as shown in the adjacent -* Last/Frd alio I S

figure and click the OK button. . Break at ntersections with selecled |
+ = Frames andJainls o

From the Define menu select Static Load AN 2 N

Cases.... This will display the Define Static ok |

Load Case Names dialog box. ~L2ned |

In this dialog box:

e Type DL in the Load edit box.

e Click the Change Load button

¢ Type LL in the Load edit box.

e Select LIVE from the Type drop-down box.
o Type 0 in the Self weight Multiplier box.

¢ Click the Add New Load button.

¢ Click the OK button.



21

22,

23.

24.

25.

26.

27.

From the Define menu sclect Load Combinations.... This will display the Define Load
Combinations dialog box.

In this dialog box:
¢ Click the Add New Combo button to display the Load Combination Data dialog box.

e In this dialog box:

A\

Accept the default load combination name, COMBI

Accept the defanlt load combination type, Add.

Type COMBI1: DL + LL in the Title edit box.

Verify the DL Load Case is selected in the Case Name drop-down box.
Verify that [ is entered in the Scale factor edit box.

Click the Add button.

Select LL Load Case from the Case Name drop-down box.

Click the Add button.

¥ Vv VWV VWV ¥V VvV ¥V Vv

Click the OK button twice to exit all dialog boxes.
Select all of the frame elements by “windowing”,

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:

e Verify that the Load Case Name is DL.

s Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

e In the Uniform Load area type -10.6.
¢ (Click the OK button.

Click the Restore Previous Selection button , on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.



28.

29,

30.

3L

32.

33.

34.

35.

36.

37.

38.

In this dialog box:

e Select LL from the Load Case Name drop-down box.
* In the Uniform Load area type -5.4.

¢ Click the OK button.

Click the Show Undeformed Shape button j_Q_} to remove the displayed frame uniform
load assignments.

Click the Set Elements button|§| on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Check the Labels box in the Joints area.

e Click the OK button.

Select joint 16 (6 feet from the right end) by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Select DL from the Load Case I\;ame drop-down box.

e Type -250 in the Force Global Z edit box in the Loads area.
e C(Click the OK button.

Click the Restore Previous Selection button [p3) l on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

e Type -150 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Click the Show Undeformed Shape buttongj to remove the displayed joint load
assignments.



39.

40.

4].
42,

43.

44,

45.

46.

47.

48.

49,

50.

51

Click the Set Elements buttonlﬁ] on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

® Uncheck the Labels box in the Joints area.

¢ (lick the OK button.

Click the drop down box in the status bar to change the units to kip-in. ]Kmﬂn——;”
Select all of the joint elements by “windowing”.

From the Assign menu select Joint and then Springs... from the submenu to display the
Joint Springs dialog box.

In this dialog box:
e Type 50 in the Translation 3 edit box.
e Click the OK button.

Click the Show Undeformed Shape button Q’ to remove the displayed frame output
segment assignments.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.
In this dialog box:

¢ Uncheck the UX, UY, RX and RZ check boxes leaving just the UZ and RY boxes
checked.

¢ Click the OK button.
Click the Run Analysis button _;jto run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click the Member Force Diagram for Frames buttonf F |, (or select Show Element
Forces/Stresses from the Display menu and then select Frames... from the submenu).
The Member Force Diagram for Frames dialog box appears.

In this dialog box:
e Select COMBI Combo from the Load drop-down box.

* Select the Moment 3-3 option in the Component area.



52.

53.

54.

55.

¢ Uncheck the Fill Diagram check box.
» Check the Show Values on Diagram check box.
e (lick the OK button to display the moment diagram.

Note: If the font size is too small for you to read the moment values use the following
procedure to increase the font size. From the Options menu select Preferences, click
on the Dimensions Tab if it is not already visible, tvpe in a new (larger) foni size in the
Minimum Graphic Font Size edit box (usually about 6 points is sufficient), click the OK
button and then click the Refresh Window button ﬂ on the main toolbar.

Note: You can right click on any of the frame elements 1o see details of the moment
diagram for that element.

Click the drop down box in the status bar to change the units to kip-in. _|f§i_pln______ = H

Click the Display Static Deformed Shape button ,é (or select Show Deformed Shape...
from the Display menu). The Deformed Shape dialog box appears.

In this dialog box:
e Select COMBI Combo from the Load drop-down box.
* Click the OK button,

Right click on the joint at the far right end of the beam to view its deflection.
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Problem K

Steel Moment Frame

Steel

E =29000 ksi, Poisscns Ratio = 0.3
Pinned base

All beam-column connections are rigid
Beams: W24X55, Fy = 36 ksi
Columns: W14X390, Fy = 36 ksi

Beam Span Loading On All Beams
1.0 kif Dead Load (not including steel frame member seif weight)

0.5 kif Live Load

Lateral Loading (Earthquake
As indicated in the figure

Unbraced Lengths
Assume columns are aterally supported at each floor level
Assume beams are braced at 10 feet on center

To Do
Determine stress ratios using AISC-ASDBS due to DL, LL and EQ Ipads.

40KEQ —
o

20kEQ L
N

10kEQ L
o

A A A A

! 20 ! 20’ | 20' )
I ! v |

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem K Solution

—_

Click the drop down box in the status bar to change the units to kip-ft. Trup -]

2. From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

3. Inthis dialog box click on the Portal Frame template button to display the
Portal Frame dialog box. LI od

4.  In this dialog box
e Type 3 in the Number of Stories edit box.
¢ Type 3 in the Number of Bays edit box.
e Accept the default value of 12 in the Story Height edit box.
e Type 20 in the Bay Width edit box.
s Click the OK button.
5. Click the “X” in the top right-hand corner of the 3-D View window to close it.
6.  Click the drop down box in the status bar to change the units to kip-in. [kein -] ‘
7. From the Define menu select Materials... to display the Define Materials dialog box.

8.  Click on STEEL in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

9.  Inthis dialog box:
e Verify that the Modulus of Elasticity is 29000.
e Verify that Poisson’s Ratio is .3
» Verify that the Weight per Unit Volume is 2.830E-04.
e Verify that the steel yield stress is 36.
¢ Click the OK button twice to exit all dialog boxes.
10. | Click the drop down box in the status bar to change the units to kip-ft. |

11. From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.



12.

13.

14,

15,

16.

17.

18.

19,

20.

21,

In the Click To area, click the drop-down box that says Import 'Wide Flange and then
click on the Import [/'Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

A dialog box appears with a list of all wide flange sections in the database. In this dialog’
box:

e Scroll down and click on the W24X55 section.

¢ Scroll down to the W14X90 section, and click on it while holding down the Ctrl key on
the keyboard.

¢ Click the OK button three times to exit all dialog boxes.
Select all of the column elements by “windowing” each of the four column lines separately.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on W14X90 in the Frame Sections area to highlight it.
e Click the OK button.

Select all of the beam elements by using the intersecting line selection method on each of
the three beam bays separately.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on W24X55 in the Frame Sections area to highlight it.
o Click the OK button.

Click the Show Undeformed Shape button g‘ to remove the displayed frame section
assignments.

From the Define menu select Static Load Cases.... This will display the Define Static
Load Case Names dialog box.

In this dialog box:



24.

26.

27.

28.

29.

¢ Type DL in the Load edit box.

e (Click the Change Load button

¢ Type LL in the Load edit box.

e Select LIVE from the Type drop-down box.

e Type 0 in the Self weight Multiplier box.

e (lick the Add New Load button.

e Type EQ in the Load edit box.

o Select QUAKE from the Type drop-down box.
o (lick the Add New Load button.

¢ Click the OK button.

Click the Restore Previous Selection button [5!on the side toolbar (or select Get
Previous Selection from the Select menu) to reselect the beam elements.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
e Verify that'the Load Case Name is DL.

o Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

¢ Inthe Uniform Load area type -1.
s Click the OK button.

Click the Restore Previous Selection button _@] on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
e Select LL from the Load Case Name drop—dov\;n box.

s In the Uniform Load area type -.5.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

e (Click the OK button.

Click the Show Undeformed Shape button g] to remove the displayed frame uniform

load assignments.

Click the Set Elements buttonl@J on the main toolbar (or select Set Elements... from the

View menu) to display the Set Elements Dialog box.
In this dia]og.box:

s Check the Labels box in the Joints area.

» Click the OK button.

Select joint 4 by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

o . Select EQ from the Load Case Name drop-down box.

e Type 40 in the Force Global X edit box in the Loads area.
¢ C(Click the OK button.

Select joint 3 by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:

¢ Type 20 in the Force Global X edit box in the Loads area.
o Click the OK button.

Select joint 2 by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces
display the Joint Forces dialog box.

In this dialog box:
e Type 10 in the Force Global X edit box in the Loads area.

e (Click the OK button.

... from the submenu to

... from the submenu to

... from the submenu to



42,
43,

44,

45.

46.

47.

48.

49.
50.

51

53.

Click the Show Undeformed Shape button QJ to remove the displayed joint load
assignments.

Click the Set Elements button’ gl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
o Uncheck the Labels box ih the Joints area.
e C(Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom.

o Click the OK button.
Click the Run Analysis button _Ll to run the analysis.

When the analysis is compiete check the messages in the Analysis window (there should be.
no warnings or errors) and then click the OK button to close the Analysis window.

Click the Show Undeformed Shape button ;Q] to reset the displayed deformed shape.

Select all of the beam elements by using the intersecting line selection method on each of
the three beam bays separately.

From the Design menu select Redefine Element Design Data to display the Element
Overwrite Assignments dialog box.

In this dialog box:

o Check the Unbraced Length Ratio (Minor, LTB) check box.

e Type.5 in the Unbraced Length Ratio (Minor, LTB) edit box.

¢ (Click the OK button.

From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box.

s Click on the Steel Tab

¢ Select AISC-ASDS89 from the Steel Design Code drop-down box if it is not already
selected.



54.

55.

e (Click the OK button.

From the Design menu click Start Design/Check Of Structure to run the design check of
the steel frame elements.

When the design check completes, the stress ratios are displayed.
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Problem L

Periodic Loading

Steel

E =29000 ksi, Poissons Ratio = 0.3
Pinned base

All beam-column cennections are rigid

Joint Masses
Lumped mass at joints C and D is 0.02 kip-sec? / in

Loading
The load P(t), applied to joint C, is a periodic load. Three different loading

cases (functions) are defined for P(t}). The three loading functions, which have
periods of 0.25, 0.50 and 1.00 seconds respectively, are shown in the chart
and graph below. Assume 5% damping for alt loading.

P(t) +C W12X26 D T
@0 @
% 3
1 o 0 N
ﬂ10 b 4 g
S
8 0 C e
= “la Time A B
o —h—
= \/ (sec) A . Al
101 Va | S
Time Time Time Note: The period of
Point | Force | Function 1 | Function 2 | Function 3 time functions 1, 2
(k} {sec) {sec) (sec) and 31s0.25,05
a 0 0 0 0 and 1 seconds
c 0 0.125 0.25 0.5
d -10 0.1875 0.375 0.75
e 0 0.25 0.5 9
To Do

1. Verify natural period of structure is approximately 0.50 seconds.
2. Determine displacement at joint D for the three periodic functions.

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem L Solution

10.

.

12.

Click the drop down box in the status bar to change the units to kip-ft. [Kip ]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Portal Frame template button to display the
Portal Frame dialog box. |

In this dialog box:

s Type I in the Number of Stories edit box.

¢ Type 1 in the Number of Bays edit box.

e Type 15 in the Bay Width edit box.

¢ Click the OK button.

Click the “X” in the top right-hand comer of the 3-D View window to close it.

Click the drop down box in the status bar to change the units to kip-in. @l
From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the STEEL material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:

e Verify that the modulus of elasticity is 29000 and poisson’s ratio is 0.3.

¢ Click the OK button twic.e to exit the dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Import ’'Wide Flange and then
click on the Import I/Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:



13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

e Scroll down and click on the W12X26 section.

¢ Scroll down to the W8X48 section, and click on it while holding down the Ctrl key on
the keyboard. .

¢ Click the OK button three times to exit all dialog boxes.
Select the beam element.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

o Click on WI2X26 in the Frame Sections area to highlight it.
¢ Click the OK button.

Select the two column elements.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

e (Click on W8X48 1n the Frame Sections area to highlight it.
e Click the OK button.

Select the joints labeled C and D in the problem statement.

From the Assign menu select Joint and then Masses... from the submenu to display the
Joint Masses dialog box.

In this dialog box:

e Type .02 in the Direction 1 edit box.

e Type .02 in the Direction 3 edit box.

e (lick the OK button.

Click the drop down box in the status bar to change the units to kip-fi. m

Click the Show Undeformed Shape button Q] to remove the displayed joint mass
assignments.

Select the joint labeled C in the problem statement.



25.

26.

27.

28.

29,

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
e Type 1 in the Force Global X edit box.
e Click the OK button.

Click the Show Undeformed Shape button Q_F to remove the displayed joint force
assignments.

From the Define menu select Time History Functions... to display the Define Time
History Functions dialog box.

In this dialog box:
e Click the Add New F uncfion button to display the Function Definition dialog box.
¢ In this dialog box:

» Accept the default FUNC! function name.

> Click the Add button.

» Type .0625 in the Time edit box, type 10 in the Value edit box, and click the Add
button.

> Type .125 in the Time edit box, type 0 in the Value edit box, and click the Add
button. :

» Type .1875 in the Time edit box, type -10 in the Value edit box, and click the Add
button. '

» Type .25 in the Time edit box, type 0 in the Value edit box, and click the Add
button.

» Click the OK button to return to the Define Time History Functions dialog box.

e (lick the Add New Function button to display the Function Definition dialog box.

e In this dialog box:
» Accept the default FUNC2 function name.
#» Click the Add button.

» Type .125 in the Time edit box, type 10 in the Value edit box, and click the Add
button.



30.

31

\d

b
»

» Type .25 in the Time edit box, type 0 in the Value edit box, and click the Add

button.

» Type 375 in the Time edit box, type -10 in the Vaiue edit box, and click the Add

button.

Type .5 in the Time edit box, type 0 in the Value edit box, and click the Add
button.

Click the OK button to return to the Define Time History Functions dialog box.

e Click the Add New Function button to display the Function Definition dialog box.

¢ In this dialog box:

>

>

>

>

Accept the default FUNC3 function name.
Click the Add button.

Type .25 in the Time edit box, type 10 in the Value edit box, and click the Add
button.

Type .5 in the Time edit box, type 0 in the Value edit box, and click the Add
button.

Type .75 in the Time edit box, type -10 in the Value edit box, and click the Add
button. '

Type 1 in the Time edit box, type 0 in the Value edit box, and click the Add button.

Click the OK button twice to exit all of the dialog boxes.

From the Define menu select Time History Cases... to display the Define Time History
Cases dialog box.

In this dialog box:

e Click the Add New History button to display the Time History Case Data dialog box.

¢ Inthis dialog box:

» Accept the default History Case Name, HIST1.

>

>

Select Periodic from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping

dialog box.

» In this dialog box:



ACANEE A A

Y

»

»

v" Type .05 in the Damping For All Modes edit box.
v" Click the OK button.

Type 25 in the Number of Output Time Steps edit box.
Type .01 in the Output Time Step Size edit box.
Check the Envelopes check box.

In the Load drop-down box, select LOAD].

In the Function drop-down box, select FUNCI.

Click the Add button.

Click the OK button to return to the Define Time History Cases dialog box.

Click the Add New History button to display the Time History Case Data dialog box.

In this dialog box:

»
>

A . A A 1

Y v ¥

Accept the default History Case Name, HIST2.
Select Periodic-from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping
dialog box.

In this dialog box:

v" Type .05 in the Damping For All Modes edit box.
v" Click the OK button,

Type 50 in the Number of Output Time Steps edit box.
Type .01 in the Output Time Step Size edit box.
Check the Envelopes check box.

In the Load drop-down box, select LOAD].

In the Function drop-down box, select FUNC?2.

Click the Add button.

Click the OK button to return to the Define Time History Cases dialog box.



32.

33.

Click the Add New History button to display the Time History Case Data dialog box.

In this dialog box:

s

»

>

Y

A Y

A A 2 4

v

\ 4

»

Accept the default History Case Name, HIST3.
Select Periodic from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping
dialog box.

In this dialog box:

v ;l'ype .05 in the Damping For All Modes edit box.

v" Click the OK button.

Type 100 in the Number of Output Time Steps edit box.
Type .01 in the Output Time Step Size edit box.

Check the Envelopes check box.

In the Load drop-down box, select LOADI.

In the Function drop-down box, select FUNC3.

Click the Add button:

Click the OK button twice to exit all dialog boxes.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

In this dialog box click the Plane Frame XZ Plane button to set the

available degrees of freedom. | J

Check the Dynamic Analysis check box, if it is not already checked.

Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

In this dialog box:

> Type 4 in the Number of Modes edit box.

» Click the OK button twice to exit all dialog boxes.

Click the Run Analysis button _,|to run the analysis.



34.
35.
36.

37.

38.

39.

40.
41.

42.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors). Note in the messages that the first mode period is about 0.5
seconds. Click the OK button to close the Analysis window.,

Note again in the window title on the screen that the first mode period 1s about .5 seconds.

From the Display menu select Set Qutput Table Mode... to display the Select Output
dialog box.

In this dialog box:
o Click on the HIST1 history to highlight it.

¢ Hold down the shift key on the keyboard and click on the HIST3 history. The HIST1,
HIST2, and HIST3 histories should all be highlighted (selected) now.

e Click the OK button.

Right click on the joint labeled D in the problem statement to display a table of envelope
values for the displacement at joint D. Note that the maximum displacement occurs for
HIST2, as would be expected since the period of Function 2 is close to the first mode
period of the structure.

Click the “X” in the upper right-hand corner of the table to close it.

We have viewed the envelopes of the joint displacement at joint D. Now we will view the
time histories of the displacement. Select the joint labeled D in the problem statement.

From the Display menu select Show Time History Traces... to display the Time History
Display Definition dialog box.

In this dialog box:
¢ Click the Define Functions button to display the Time History Functions dialog box.
¢ In this dialog box: |

#» Highlight Joint 4.

# Click the Modify/Show TH Function button to display the Time History Joint
Function dialog box.

v

In this dialog box:
v" Verify that the Dispi option is selected in the Vector Type area.

v" Verify that the UX option is selected in the-Component area.
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Problem M

Flat Plate In The X-Y Plane With A Twist

Concrete
E =3600 ksi, Poissons Ratio = 0.2

Available Degrees of Freedom
Uz, RX, RY

Supports
Joints A, B and C have Z-direction supports, as shown.

To Do
Determine support reactions at joints A, B and C. Explain the apparently
odd results for the reaction at joint C.

12" thick
concrete
flat slab
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Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution,



Problem M Solution

10.

11

12.

Click the drop down box in the status bar to change the units to kip-ft. Jkpeh -]

From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

In this dialog box

e Select the Cartesian Tab.

* In the Number of Grid Spaces area type 2 in the X direction edit box.

¢ In the Number of Grid Spaces area type 2 in the Y direction edit box.

¢ In the Number of Grid Spaces area type 0 in the Z direction edit box.

e In the Grid Spacing area verify the X direction spacing is 4.

¢ In the Grid Spacing area type 6 the Y direction edit box.

e Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

Verify that the Snap to Joints and Grid Points button]_-Tq‘lon the side toolbar is depressed.

Click the Draw Rectangular Shell Element button__Lj_I on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on upper left-hand corner grid intersection (coordinates are (-4, 6, )) and then click
on the lower right-hand grid intersection (coordinates are (4, -6, 0)) to draw a shell element
over the entire structure.

Click the Pointer button’il to exit Draw Mode and

h Selected Shell :
enter Select Mode.

. be
LI

Click on the shell element to select it. i (:M&hm N IS
e sm:
il 0 Hashusngtelactodeismadgos :
; 1 r‘ Mmhat:ggmwmmds
L

From the Edit menu select Mesh Shells... to display
the Mesh Selected Shells dialog box.

Fill in this dialog box as shown in the adjacent figure i
and click the OK button. { _UK

Select the joints that are labeled “A”, “B” and “C” in the problem statement.



13. From the Assign menu select Joints and then Restraints... from the submenu to display
the Joint Restraints dialog box.

14. In this dialog box:
o Uncheck the Translation 1 and Translation 2 check boxes.
¢ Verify that the Translation 3 check box is checked.
» Verify that the Rotation about 1, 2 and 3 check boxes are not checked.
¢ (Click the OK button.

15. Click the Show Undeformed Shape button €} to remove the display of joint restraints
and reset the window display (and title).

16. Click the drop down box in the status bar to change the units to kip-in. _[K e ’(_l
17. From the Define menu select Materials... to display the Define Materials dialog box.

18. Highlight the CONC material and click the Modify/Show Material button to disblay the
Material Property Data dialog box.

19. In this dialog box:
e Verify that the Modulus of Elasticity is 3600.
. V;erify that the Poisson’s Ratio is 0.2.
¢ Click the OK button twice to exit the dialog boxes.

20. From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

21. In this dialog box:
¢ (Click the Modify/Show Section button to display the Shell Sections dialog box.
¢ In this dialog box:
> Verify that the selected material is CONC.
» Verify that both the Membrane and the Bending thicknesses are 12.
» Verify that the Shell option is selected in the Type area.
» Click the OK button twice to exit all dialog boxes.

22, Click the drop down box in the status bar to change the units to kip-ft. {kpt ]



24,

25.

26.

27.

28.

29.

30.

31

33.

34.

Click the Set Elements button' on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Labels box in the Joints area.

e (Click the OK button.

Note: If the font size is too small for vou to read the joint labels use the following
procedure to increase the font size. From the Options menu select Preferences, click
on the Dimensions Tab if it is not already visible, type in a new (larger) font size in the

Minimum Graphic Font Size edit box (usually about 6 points is sufficient), click the OK
button and then click the Refresh Window button ~_# |on the main toolbar.

Select joint 106 (coordinates (3, 6, 0)) by clicking on it.

From the Assign menu seiect Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

¢ Type -814 in the Force Global Z edit box in the Loads area.
e Click the QK button.

Select joint 16 (coordinates (-3, 0, 0)) by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

e Type -698 in the Force Global Z edit box in the Loads area..
o (Click the OK button.

Select joint 32 (coordinates (-2, -3, 0)) by clicking on it.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
¢ Type -901 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Click the Show Undeformed Shape button Q_l to reset the window display.



35.

36.

37.

38.
39.

40.

4].

42

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
Yiew menu) to display the Set Elements Dialog box.

In this dialog box:
» Uncheck the Labels box in the Joints area.
o (Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Grid XY Plane button to set the available

degrees of freedom.

e (Click the OK button.
Click the 3D View button 34 ] on the main toolbar to switch to a 3-D View.
Click the Run Analysis button _LJ to run the analysis.

When the analysis 15 complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click the Joint Reaction Forces button I i] on the main toolbar to display the Joint
Reaction Forces dialog box.

In this dialog box:
e Verify that the Reactions option is selected in the Type area.
¢ Click the OK button and view the support reactions.

Note: The reaction at the joint labeled “C"” in the problem statement is zero (0). The
reason for this apparently odd result is that the resultant of all the applied loads lies on
a line connecting the support poinis labeled "A" and “B", and thus by simple statics
the reaction at support point *'C" must be zero. Note thar you could move the support
point labeled “C" anywhere on the structure (except on the line connecting support
points “A’" and “B", since this would result in an unstable structure) and the resulting
reactions would not change.
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Problem N

Frame-Shear Wall Interaction

Concrete Material Properties
E =3600 ksi, Poissons Ratio = 0.2

EFrame
Beams: 12" wide by 24" deep
Columns: 24" by 24", pinned base

Diaphragm
Provide rigid diaphragm constraint at each level.

To Do
Determine shear carried by wall and by frame at 2nd level and at 6th tevel.

6" thick concrete shear wall.
There are no beams or columns
embedded in the shear wall.

60 k
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Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution,



Problem N Solution

10.

11.

Click the drop down box in the status bar to change the units to kip-ft. [Kip-t -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Portal Frame template button to display the
Portal Frame dialog box. 1l

In this dialog box

e Type 6 in the Number of Stories edit box.
e Type 3 in the Number of Bays edit box.

e Accept the default Story Height of 12.

e Type 20 in the Bay Width edit box.

"« Click the OK button.

Click the “X" in the top right-hand corner of the 3-D View window to close it.

From the Draw menu select Edit Grid... to display the Modify Grid Lines.dialog box.

. In this dialog box:

e Verify that the X option is selected in the Direction area.

e Type -35 in the X Location edit box and click the Add Grid Line button.
» Type -47 in the X Location edit box and click the Add Grid Line button.
¢ Click the OK button. The screen appears as shown in Figure N-1.

Click the Quick Draw Rectangular Shell Element button glon the side toolbar (or
select Quick Draw Rectangular Shell Element from the Draw menu).

Click in the area labeled “A” in Figure N-1 to input the first shell element. Note that a
quick Shell element is drawn by clicking ina grid space, bounded by four grid lines.

Click in the areas labeled *B”, “C”, “D”, “E” and “F”, in that order, in Figure N-1I to input
the other shell elements.

Click the Pointer button [} | on the side too! bar to exit draw mode and enter select mode.



E SAF2000 - |Unbited) BEE
[ E&k Yow Defne Dpw Jelect demn Apshaee Duply Oesgn Qotons Heo

Dlzld| o~ 7| &] +| 2|2|8|2|Oi@ 2¢fo]=|r|er| 2xlm| 2] 2]|T]|2]s|1{S] Of
Y[ E % Z Pl @ v=0 [_[O) %]
1] i
>
L A
jau
=] _
o)
B
|
= C
=
il D
|+
E
F -
|
A A X A
X2 Piera @ Y=0 | MMM Z7Q [oen v

Figure N-1: Screen As It Appears Afier Step 7

Click the Set Elements button on the main toolbar (or select Set Elements... from the
View menu) to dispiay the Set Elements Dialog box.

In this dialog box:

o Check the Labels box in the Joints area.
e Check the Fill Elements check box.

e (Click the OK button.

Note: If the font size is too small for you to read the joint labels use the following
procedure to increase the font size. From the Options menu select Preferences, click
on the Dimensions Tab if it is not already visible, type in a new (larger) font size in the
Minimum Graphic Font Size edit box (usually about 6 points is sufficient), click the OK
button and then click the Refresh Window button ¢ | on the main toolbar.

Select the joints 41 and 42 at the base of the shear wall.

L7



15.

16.

17.

18.
19.

20.

21.

22.

23.

From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

o Click the pinned base fast restraint button] A Jto set all translational degrees of
freedom (U1, U2 and U3) as restrained. '

¢ Click the OK button

Click the Show Undeformed Shape button Q_] to remove the display of joint restraints
and reset the window display (title).

Click the drop down box in the status bar to change the units to kip-in. [Kip-in '”
From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

» Verify that the Modulus of Elasticity is set to 3600.
o Verify that Poisson’s Ratio is set to 0.2,

o Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In this dialog box:

e In the Click To area, click the drop-down box that says Add I/'Wide Flange and then
click on the Add Rectangular item to display the Rectangular Section dialog box.

e In this dialog box:
» Type BEAM in the Section name edit box.
> Select CONC from the Material drop-down box.
» Type 24 in the Depth (t3) edit box.
# Type 12 in the Width (12) edit box.

> Click the OK button to return to the Define Frame Sections dialog box.



24,

25.

26.

27.

28.

29,

30.

¢ Inthe Click To area, click the drop-down box that says Add Rectangular and then click
on the Add Rectangular item to display the Rectangular Section dialog box.

e In this dialog box:
> Type COL in the Section name edit box.

» Select CONC from the Material drop-down box.

v

Type 24 in the Depth (t3) edit box.
» Type 24 in the Width (12) edit box.
» Ciick the OK button twice to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In this dialog box:

o In the Click To area, click the Add New Section button to display the Shell Sections
dialog box.

e In this dialog box:
» Verify that the selected material is CONC.
» In the Thickness area type 6 in both the Membrane and the Bending edit b(-)xes. .
» Verify that the Shell option is selected in the Type area.
» Click the OK button twice to close all dialog boxes.

Select all of the column elements by “windowing” each of the four column lines separately.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on COL in the Frame Sections area to highlight it.
e Click the OK button.

Select ali of the beam elements by using the intersecrting line method on each of the three
beam bays separately.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.
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32.

33.

34.

35.

36.

37.

38.
39.

40.

In this dialog box:

» Click on BEAM in the Frame Sections area to highlight it.
¢ Click the OK button.

Select all of the joints at the Roof level by “windowing”.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

e Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

¢ In this dialog box:
» Type ROOFDIA in the Constraint Name edit box,
» Select the Z Axis option in the Constraint Axis area.
% Click the OK button twice to exit all dialog boxes.

Select all of the joints at the 6th level by “windowing™.

From the Assign menu seiect Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

e Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

e [n this dialog box:
» Type 6THDIA in the Constraint Name edit box.
» Select the Z Axis option in the Constraint Axis area.
# Click the OK button twice to exit all dialog boxes.
Select all of the joints at the 5th level by “windowing”.

From the Assign menu seiect Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:



41.

42,

43,

44,

45.

46.

47.

» Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

¢ In this dialog box:
» Type STHDIA in the Constraint Name edit box.

.,

» Select the Z Axis option in the Constraint Axis area.

» Click the OK button twice to exit all dialog boxes.
Select all of the joints at the 4th level by “windowing”.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

» In the Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

e [n this dialog box:
» Type 4THDIA in the Constraint Name edit box.

¥ Select the Z Axis option in the Constraint Axis area.

Y

» Click the OK'button twice to exit all dialog boxes.
Select all of the joints at the 3rd level by “windowing”.

From the Assigh menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

e Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.
¢ In this dialog box:

L

» Type IRDDIA in the Constraint Name edit box.

A

» Select the Z Axis option in the Constraint Axis area.

b

# Click the OK button twice to exit all dialog boxes.

Select all of the joints at the 2nd level by “windowing”.



48.

49.

50.

51.

52.

53.

54,

55.
56.

57.

38.
59.

60.

From the Assign menu select Joint and then Constraints.., from the submenu to display
the Constraints dialog box.

In this dialog box:

¢ In the Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

* In this dialog box:
» Type 2NDDIA in the Constraint Name edft box.
» Select the Z Axis option in the Constraint Axis area.
» Click the OK button twice to exit all dialog boxes.

Select joints 39, 37, 35, 33, 29, and 32 (left-hand side of shear wall from 2nd level to roof
level) by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
* Type 10 in the Force Global X edit box in the Loads area.
» Click the OK button.

Select joints 37, 35, 33, 29, and 32 (left-hand side of shear wall from 3rd level to roof
level) by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box click the OK button.

Select joints 35, 33, 29, and 32 (left-hand side of shear wall from 4th level to roof level) by
“windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box click the OK button.

Select joints 33, 29, and 32 (left-hand side of shear wall from 5th level to roof level) by
“windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.



61.

63.

64.
65.
66.

67.
68.
69.

70.

71.
72.

73.

74,

75.

76.

In this dialog box click the OK button.

Select joints29, and 32 (lefi-hand side of shear wall from 6th level to roof level) by
“windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box click the OK button.
Select joint 32 (left-hand side of shear wall at roof level).

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box click the OK button.
Click the Show Undeformed Shape button g,l to remove the display of joint forces.

Click the Set Elements butt_on| on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Check the Labels box in the Frames area.

e Check the Labels box in the Shells area.

» Click the OK button.

Select joints 29 and 30 and select shell element 1.

From the Assign menu select Group Names... to display the Assign Group dialog box.
In this dialog box:

» Type 6THWALL in the Groups edit box.

o Click the Add New Group Name button,

» Click the OK button.

Select joints 6, 13, 20 and 27 by clicking on each joint individually and select frame
(column) elements 6, 12, 18 and 24 using the intersecting line method.

From the Assign menu select Group Names... to display the Assign Group dialog box.

In this dialog box:



77.
78.

79.

80.

81.

82.

83.

84.

85.

¢ Type 6THFRAME in the Groups edit box.

e Click the Add New Group Name button.

* (Click the OK button.

Select joints 39 and 40 and select shell element 5.

From the Assign menu select Group Names... to display the Assign Group dialog box.
In this dialog box:

¢ Type 2NDWALL in the Groups edit box.

¢ Click the Add New Group Name button.

e (lick the OK button.

Select joints 2, 9, 16 and 23 by clicking on each joint individually and select frame
(column) elements 2, 8, 14 and 20 using the intersecting line method.

From the Assign menu select Group Names... to display the Assign Group dialog box.
In this dialog box:

e Type ZNDFRAME in the Groups edit box.

e (Click the Add New Group Name button.

e Click the OK button.

Click the Set Elements buttonlﬁ] on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Uncheck the Labels box in the Joints area.
e Uncheck the Labels box in the Frames area.
* Uncheck the Labels box in the Shells area.
e Click the OK button.

From the Analyze menu select Set Optiens... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button? to set the
available degrees of freedom. Jt | ]
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86.

87.

88.

89.

e Click the OK button,
Click the Run Analysis button | to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no.warnings or errors) and then click the OK button to close the Analysis window.

From the Display menu select Show Group Joint Force Sums... to display the Select
Groups dialog box. :

In this dialog box:
¢ Click on 2NDFRAME to highlight it.

s Hold down the shift keiz on the keyboard and click on 6THWALL. All of the available
groups, except the default ALL group should now be highlighted.

¢ Click the OK button to display the a window with the Group Joint Force Summations
tabulated.

Note: Notice the direction of the shear (F-X force) in the shear wall at the 6th level.

* When finished viewing the window click the *“X” in its upper right-hand corner to close
it.

Note: If vou want to print the group joint force sum tables click on the File menu in the

Group Joint Force Summations widow and select either Print Tables or Print
Tables to File....

1"
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Problem O

Isolated Building - Nonlinear Time History Analysis

Steel
E =29000 ksi, Poissons Ratio = 0.3
Beams: W24X55; Columns: W14X80

Rubber isolator Properties

Vertical (axial) stiffness = 10,000 k/in (linear)

Initial shear stiffness in each direction = 10 kfin

Shear yield force in each direction = 5 Kips

Ratio of post yield shear stiffness to initial shear stiffness = 0.2

Vertical Loading and Mass

Roof: 75 psf DL Floor: 125 psf DL
20 psf LL 100 psf LL
Time History

Apply LP-THO in the X-direction and LP-THS0 in the Y-direction simultaneously.
Each timehistory is given in units of g. There are 2000 timesteps, at an equal
spacing of 0.02 sec, for a total of 40 sec. There are 5 accelerations points per
line.

Yo Do

Plot time histories of Y-direction displacement at the 1st level and at the roof
level, Piot a time history of the 1st level Y-direction displacement versus the
Y-direction base shear,

6" thick concrete
slab at roof

10" thick concrete
slab at 1st and
2nd floors

Note: Provide diaphragm
constraint at each level to
make all diaphragms rigid.

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem O Solution

10.

11

12.

13.

14.

Click the drop down box in the status bar to change the units to kip-ft. gt -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box. .

In this dialog box click on the Space Frame template button to display the

Space Frame dialog box.

In this dialog box:

e Type 2 in the Number of Bays Along X edit box.
s Type 30 in the Bay Width Along X edit box.

o Type 30 in the Bay Width Along Y edit box.

» Uncheck the Restraints check box.

¢ Accept the rest of the default values.

o Click the OK button.

Click in the window labeled X-Y Plane @ Z=24 to make sure it is active. The window is
active when its title is highlighted.

Click the Quick Draw Rectangular Shell Element button'_E]_] on the side toolbar.
Click once in each of the four quadrants in the plan view to input four shell elements.

Click the Down One Gridline button ;O_J to move the plan display down to the X-Y Plane
@ Z=12.

Click once in each of the four quadrants in the plan view to input four shell elements.

Click the Down One Gridline button i[ to move the plan display down to the X-Y Plane
@ Z=0.

From the Draw menu select Draw NLLink Element.

In the plan view of the X-Y Plane @ Z=0 double click on each of the nine joints to draw
nine NLLink elements.

Chick the Pointer button Q ito exit draw mode and enter select mode.

Click the drop down box in the status bar to change the units to kip-in. fkipin "'—



15.

16.

17.

18.

19.

20.

21

22.

From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the STEEL material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:

e Verify that the modulus of elasticity is 29000 and poisson’s ratio is 0.3.

e (Click the OK button twice to exit the dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Import I’'Wide Flange and then
click on the Import [/Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:

e Scroll down and click on the W24X355 section.

¢ Scroll down to the W14X90 section, and click on it while holding down the Ctrl key on
the keyboard.

e Click the OK button three times to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In this dialog box:
s Click the Add New Section button to display the Shell Sections dialog box.
¢ In this dialog box:

» Type ROOF in the Section Name edit box.

7

» Accept the default CONC material

A4

Type 6 in the Membrane edit box.

a

» Type 6 in the Bending edit box.

v

In the Type area verify that the Shell option is selected.

» Click the OK button to return to the Define Shell Sections dialog box.



s Click the Add New Section button to display the Shell Sections dialog box.
* In this dialog box:

» Type FLOOR in the Section Name edit box.

Accept the default CONC material

Type 10 in the Membrane edit box.

Type 10 in the Bending edit box.

v ¥V VY Vv

In the Type area verify that the Shell option is selected.

v

Click the OK button twice to exit all dialog boxes.

From the Define menu select NLLink Properties... to display the Define NLLink
Properties dialog box.

In this dialog box:

e Click the Modify/Show Property button to display the NLLink Property Data dialog
box.

¢ In this dialog box:

» Select Isolator] from the Type drop-down box.

Y

Type .001 in the Mass edit box.

Check the U1 Direction check box.

A2

Click the Modify/Show For U1 button to display the NLLink Directional
Properties dialog box.

Y

In this dialog box:

v" Type 10000 in the Effective Stiffness edit box.

v" Click the OK button to return to the NLLink Property Data dialog box.
> Check the U2 Direction check box.

» Check the U2 Nonlinear check box.

> Click the Modify/Show For U2 button to display the NLLink Directional
Properties dialog box.

> In this dialog box:



26,

27.

28.

In the Linear Properties area type 1.5 in the Effective Stiffness edit box.
In the Nonlinear Properties area type 10 in the Stiffness edit box.

Type 5 in the Yield Strength edit box.

Type .2 in the Post Yield Stiffness Ratio edit box.

Accept the rest of the default values.

N N N S NN

Click the OK button to return to the NLLink Property Data dialog box.

Check. the U3 Direction check box.

v oV

Check the U3 Nonlinear check box.

v

Click the Modify/Show For U3 button to display the NLLink Directional
Properties dialog box.

» In this dialog box:
v" In the Linear Properties area type 1.5 in the Effective Stiffness edit box.
In the Nonlinear Properties area type 10 in the Stiffness edit box.
Type 5 in the Yield Strength edit box.
IType .2 in the Post Yield Stiffness Ratio edit box.

Accept the rest of the default values.

AL NN NN

Click the OK button three times to exit all dialog boxes.
Click the drop down box in the status bar to change the units to kip-ft. {Kp-t -]

From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the CONC material and click the Modify/Show Section button to display the
Material Property Data dialog box.

In this dialog box:

e Verify that the mass per unit volume is 4.657E-03 and that the weight per unit volume
is 0.15.

* Click the OK button twice to exit the dialog boxes.
Click in the window labeled X-Y Plane @ Z=0 to make sure it is active.

Click the xz 2D View button ® fon the main toolbar.



30.

31

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

Click the Perspective Toggle button gr|on the main toolbar.

Click the Set Intersecting Line select Mode button }i on the side toolbar and select all of
the bottom level columns. T

Note: To use the Intersecting Line Selection option, click the Set Intersecting Line Select
Mode bution E on the side tool bar. Then click the left mouse button to the left of the
first level columns, and while holding down the left mouse button drag the mouse to the
right of the first level columns. A “rubberband line” will appear and all elements that
this “rubberband line” passes through will be selected. Release the left mouse button
to make the selection.

Click the Set Intersecting Line select Mode button ¥{ on the side toolbar and select all of
the top level columns. T

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
¢ (Click on W14X90 in the Frame Sections area to highlight it.
e Click the OK button.

Click the Show Undeformed Shape button gl to remove the displayed frame element
assignments.

Click the xy 2D View button '_:?__lon the main toolbar. The plan view of the X-Y Plane @
Z=0 appears.

Click the Up One Gridline button __‘i?__i to move the plan display up to the X-Y Plane @
Z=12,

Select all of the elements at this level by “windowing”.

Click the Up One Gridline button_-;_ﬁ_l to move the plan display up to the X-Y Plane @
Z=24.

Select all of the elements at this level by “windowing”.

From the Assign menu select Frame and then Sections... from the submenu to dis;play the
Define Frame Sections dialog box.

In this dialog box:

o Click on W24X55 in the Frame Sections area to highlight it,

" o (Click the OK button.



43.

44,

45.

46.

47,

48,

49.

50.

51.

52.

53.

Click the Show Undeformed Shape button g to remove the displayed frame element
assignments.

Select all of the elements at the Z=24 level by “windowing”.

From the Assign menu select Shell and then Sections... from the submenu to display the
Define Shell Sections dialog box.

In this dialog box:
¢ Click on ROQOF in the Shell Sections area to highlight it.
* Click the OK button.

Click the Down One Gridline button i] to move the plan display down to the X-Y Plane
@ Z=12.

Select all of the elements at this level by “windowing”.

From the Assign menu select Shell and then Sections... from the submenu to display the
Define Shell Sections dialog box.

In this dialog box:
e Click on FLOOR in the Shell Sections area to highlight it.
¢ (lick the OK button.

From the Define menu select Static Load Cases... to dispiay the Define Static Load Case
Names dialog box.

In this dialog box:

e Type DL in the Load edit box.

» Click the Change Load button.

e Type LL in the Load edit box.

o Select LIVE from the Type drop-down box.

e Type 0 in the Self Weight Multiplier edit box.
¢ Click the Add New Load button.

¢ Click the OK button.

Click the drop down box in the status bar to change the units to Ib-ft.



54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.
65.
66.

Select all of the elements at the Z=12 level by “windowing”.

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu
to display the Shell Uniform Loads dialog box.

In this dialog box:

» Select LL from the Load Case Name drop-down box.
¢ Type -100 in the Load edit box.

¢ Click the OK button.

Click the Up One Gridline button__ﬁ to move the plan display up to the X-Y Plane @
Z=24.

Select all of the elements at the Z=24 level by “windowing”.

From the Assign menu select Shell Static Loads... and then Uniform... from the submenu
to display the Shell Uniform Loads dialog box.

In this dialog box:

e Type -20 in the Load edit box.

¢ Click the OK button.

Click Fhe drop down box in the status bar to change the units to kip-ft. IFP'“——L'

Click the Show Undeformed Shape button QJ to remove the displayed shell load
assignments.

Click the Down One Gridline button i] to move the plan display down to the X-Y Plane
@ Z=12.

Select all of the elements at the Z=12 level by “windowing”.

From the Edit menu select Replicate... to display the Replicate dialog box.
In this dialog box: |

e Select the Linear Tab.

e Type -12 in the Z Distance edit box.

e Type 1 in the Number edit box.

¢ (Click the OK button.



67.

68.

Note: Prior to defining time history functions, you should locate the time history files
named Lp-th( and Lp-th90 that are in the subdirectory named Examples beneath the
directory where you installed SAP2000. Copy these files into the same directory as
vour SAP2000 input file.

If the Examples subdirectory does not exist vou may need to reinstall SAP2000, and
select to install the examples.

From the Define menu select Time History Functions... to display the Define Time
History Functions dialog box.

In this dialog box:

¢ Click the Add Function From File button to display the Time History Function
Definition dialog box.

¢ In this dialog box:
» Type LPTHO in the Function Name edit box.
» Click the Open File button to display the Pick Function Data File dialog box.
» In this dialog box:
v" Locate and highlight the file named LP-THO

¥ Click the Open button to return to the Time History Function Definition dialog
box. = '

Type 5 in the Number Of Points Per Line edit box.
Select the Function At Equal Time Step option.

Type .02 in the Function At Equal Time Step edit box.

AN N N

Click the OK button to return to the Define Time History Functions dialog box.

o Click the Add Function From File button to display the Time History Function

Definition dialog box.

¢ In this dialog box:

» Type LPTH90 in the Function Name edit box.

»> Click the Open File button to display the Pick Function Data File dialog box.
> In this dialog box:

v Locate and highlight the file named LP-TH90.



69.

70.

71.

v

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

Click the Open button to return to the Time History Function Definition dialog

box.

Type 5 in the Number Of Points Per Line edit box.
Select the Function At Equal Time Step option.

Type .02 in the Function At Equal Time Step edit box.

Click the OK button twice to exit all dialog boxes.

o Check the Dynamic Ahalysis check box, if it is not already checked.

e Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

o In this dialog box:

» Type 30 in the Number of Modes edit box.

» Inthe Type Of Analysis area select the Ritz Vectors option.

» Verify that ACCEL X, ACCEL Y and ACCEL Z are in the Ritz Load Vectors box

in the Starting Ritz Vectors area.

» Confirm that the Include NLLink Vectors box is checked.

# Click the OK button twice to exit all dialog boxes.

From the Define menu select Time History Cases... to display the Define Time History
Cases dialog box.

In this dialog box:

¢ (lick the Add New History button to display the Time History Case Data dialog box.

e In this dialog box:

» Type GRAYV in the History Case Name edit box.

» Select Nonlinear from the Analysis Type drop-down box.

» Click the Modify/Show button for modal damping to display the Modal Damping

dialog box.

» In this dialog box:

10
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Y

Click the Add New History button to display the Time History Case Data dialog box.

v Type .05 in the Damping For All Modes edit box.

¥ Click the OK button.

Type 100 in the Number of Output Time Steps edit box.
Type .1 in the Output Time Step Size edit box.

Check the Envelopes check box.

In the Load drop-down box, select DL.

In the Function drop-down box, select RAMP.

Type 1 in the Scale Factor edit box.

Click the Add button.

Click the OK button to return to the Define Time History Cases dialog box.

In this dialog box:

>

>

Type LP in the History Case Name edit box.
Select Nonlinear from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping
dialog box.

In this dialog box:
v’ Type .05 in the Damping For All Modes edit box.

v" In the Modal Damping Overrides area type Type 1 in the Mode box, type 0.02
in the Damping box and click the Add button.

¥" In the Modal Damping Overrides area type Type 2 in the Mode box and click
the Add button.

v" In the Modal Damping Overrides area type Type 3 in the Mode box and click
the Add button.

v" Click the OK button.
Type 2000 in the Number of Output Time Steps edit box.

Type .02 in the Output Time Step Size edit box.

11



72.

73.

74.
75.

76.

77.

78.

A\

In the Start From Previous History drop-down box select GRAV.

A\t

Check the Envelopes check box.

» In the Load drop-down box, select acc dir 1.

Y

In the Function drop-down box, select LPTHO.

\%

Type 32.2 in the Scale Factor edit box.

Click the Add button.

Y

Y

In the Load drop-down box, select acc dir 2.

Y

In the Function drop-down box, select LPTH90.

Click the Add button.

A\

» Click the OK button twice to exit all dialog boxes.
Click in ‘the window labeled X-Y Plane @ Z=12 to make sure it is active.

Click the Up One Gridline button _‘f-}_: to move the plan display up to the X-Y Plane @
7=24.

Select all elements at the Z=24 level by “windowing”.

From the Assign menu select Joint and then Constraints... from the submenu to display -
the Constraints dialog box.

In this dialog box:

o Click the drop-down box in the Click To area, and click Add Diaphragm to display the
Diaphragm Constraint dialog box.

¢ In this dialog box:
» Type ROOF in the Constraint Name edit box.
» Select the Z axis option in the Constraint Axis area if it is not aiready selected.

» Click the OK button twice to assign the diaphragm constraint.

Click the Down One Gridline button iJ to move the plan display down to the X-Y Plane
@ Z=12.

Select all elements at the Z=12 level by “‘windowing”.

12



79.

30.

81.

82.

83.

84.

85.

86.

87.

38.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Click the drop-down box in the Click To area, and click Add Diaphragm to display the
Diaphragm Constraint dialog box.

e Inthis diaiog box:

» Type 2ND in the Constraint Name edit box.

Y

Select the Z axis option in the Constraint Axis area if it 1s not already selected.
» Click the OK button twice to assign the diaphragm constraint.

Click the Down One Gridline button i‘ to move the plan display down to the X-Y Plane
@ Z=0.

Select all elements at the Z=0 level by “windowing”.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Click the drop-down box in the Click To area, and click Add Diaphragm to display the
Diaphragm Constraint dialog box.

¢ In this dialog box:
» Type 18T in the Constraint Name edit box.

» Select the Z axis option in the Constraint Axis area if it is not already selected.

-

"

» Click the OK button twice to assign the diaphragm constraint.

Click the Show Undeformed Shape button Q] to remove the displayed diaphragm
constraint assignments.

Click the Run Analysis button _»|to run the analysis.

Note: The analysis would run even quicker if we had not requested envelopes in the time
history case data.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors). Click the OK button to close the Analysis window.

Click in the window labeled X-Y Plane @ Z=0 to make sure it is active.

13



89.

90.

gl.

92.

93.

94.

95.

96.

97.

Click the Set Elements button,ﬁ_‘ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Labels box in the Joints area.

* (Click the OK button.

Click on the center joint, joint 13, in the plan at Z=0 to select it.

Click the Up One Gridline button _9_: twice to move the plan display up to the X-Y Plane
@ Z=24.

Click on the center joint, joint 15, in the plan at Z=24 to select it.

Click the Set Elements buttonl EJ on the main toolbar {or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
o [incheck the Labels box in the Joints area.
e (Click the OK button.

From the Display menu select Show Time History Traces... to display the Time History
Display Definition dialog box.

In this dialog box:
¢ Click the Define Functions button to display the Time History Functions dialog box.
* In this dialog box:

> Highlight Joint 13,

» Click the Modify/Show TH Function button to display the Time History Joint
Function dialog box.

> In this dialog box:

v" Verify that the Displ option is selected in the Vector Type area.

v" Select the UY option is selected in the Component area.

v" Click the OK button to return to the Time History Functions dialog box.

> Highlight Joint 15.

14



» Click the Modify/Show TH Function button to display the Time History Joimnt
Function dialog box.

» In this dialog box:
v Verify that the Displ option is selected in the Vector Type area.
A/ Select the UY option is selected in the Component area.
v" Click the OK button to return to the Time History Functions dialog box.

» In the Click To area select Add Base Functions from the drop-down box to display
the Base Functions dialog box.

In this dialog box:

AT

v Check the Base Shear Y check box.

v" Click the OK button twice to return to the Time History Display Definition
dialog box.

Select LP from The Time History Case drop-down box.

Click on Joint 13 in the List of Functions to highlight (select) it.

Hold down the Ctrl key on the keyboard and click on Joint 15 to add it to the selection.
Click the Add button to move Joints 13 and 15 into the Plot Functions list.

Click the Display button to display the displacement time histories. Note that there is
very little difference between the 1st and roof level displacements. The structure is

- essentially moving as a rigid body on top of the isolators.

Click the OK button to close the time history display and return to the Time History
Display Definition dialog box.

Click the F(t) vs F(t) tab.

Select Joint 13 from the Horizontal drop-down box.

Select Base Shear Y from the Vertical drop-down box.

Click the Display button to display the force-displacement plot.

Click the OK button to close the Time History Functions display and return to the Time
History Display Definition dialog box.

Click the Done button to close the Time History Disﬁlay Definition dialog box.

15
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Problem P

Critical Buckling Load

1

teel
E =29000 ksi, Poissons Ratio = 0.3

To Do
Use P-Delta option and iteration to determine the critical buckling load for this
built-up column. Hint: Pegiqieca 18 Detween 15,480 and 15,490 kips.
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Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Prohlem P Solution

10.

11.

12.

Click the drop down box in the status bar to change the units to kip-ft. Tkip -]

From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

In this dialog box:

e Select the Cartesian Tab.

» Type 0 in the X Direction Number of Grid Spaces edit box.

e Type 0 in the Y Direction Number of Grid Spaces edit box.

o Type 1 inthe Z Direction Number of Grid Spaces edit box.

e Type 12 in the Z Direction Grid Spacing edit box.

e Click the OK button.

Click the Quick Draw Frame Element button \]on the side toolbar.

Click once on the grid line in the 3-D View window to draw the frame element.
Click the Pointer button { | on the side tool bar to exit draw mode and enter select mode.
Click on the bottom joint in the 3-D View window to select it.

From the Assign menu, choose Joint, and then Restraints... from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

¢ Click the fixed base fast restraint button | | | to set all degrees of freedom (U1, U2,
U3, R1, R2 and R3) as restrained.

e (Click the OK button.

Click the drop down box in the status bar to change the units to kip-in. [<iem -]
From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the STEEL material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:



13.

14.

15.

16.
17.

18.

19.

20.

21.

22,

» Verify that the modulus of elasticity is 29000 and poisson’s ratio is 0.3.
» Click the OK button twice to exit the dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that saysAdd I/Wide Flange and then click
on the Add Box/Tube item to display the Box/Tube Section dialog box.

In this dialog box:

¢ Type BOX in the Section Name edit box.

e Type 20 in the Qutside Depth (t3) edit box.

s Type 20 in the Outside Width (t2) edit box.

¢ Type 1 in the Flange Thickness (tf) edit box.

e Type 1 in the Web Thickness (tw) edit box.

s (Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-ft. m
Click on the frame element to select it.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
¢ Click on BOX in the Frame Sections area to highlight it
+ Click the OK button.

Click the Show Undeformed Shape button QJ to remove the displayed frame element
assignments.

From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box. )

In this dialog box:
o Type LAT in the Load edit box,

e Select OTHER from the Type drop-down box.



23.

24,

25.

26.

27.

28.

29.

30.

e Type 0 in the Self Weight Multiplier edit box.
e C(Click the Change Load button.

o Type AXIAL in the Load edit box.

e Click the Add New Load button. .

¢ Click the OK button.

Click on the frame element to select it.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this dialog box:
e Select LAT from the Load Case Name drop-down box.

o Select Global X from the Direction drop-down box in the Load Type and Direction
area.

o Type .3333 in the first Distance edit box and type 25 in the first Load edit box.

e Type .6667 in the second Distance edit box and type 50 in the second Load edit box.
e Click the OK button.

Select the top joint.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

o Select AXIAL from the Load Case Name drop-down box.
» Type -1 in the Force Global Z edit box in the Loads area.
¢ Click the OK button.

Click the Show Undeformed Shape buttonQJ to remove the displayed joint force
assignments.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

o Check the Include P-Delta check box, if it is not already checked.



¢ (lick the Set P-Delta Parameters button to display the P-Delta Parameters dialog box.

e In this dialog box:

»

A\ 14

»

>

Type 5 in the Maximum Iterations edit box.

Select AXTAL from the Load Case drop-down box.

Type 15485 in the Scale Factor area.

Note: Since the hint savs Pcpmicay is between 13,480 and 15,490 kips, we will start

midway between these two values ar 15485 kips.

Click the Add button.

Click the OK button twice to exit all dialog boxes.

31. Click the Run Analysis button _.| to run the analysis.

32.  When the analysis is complete check the messages in the Analysis window. There shouid
be an error message similar to that shown below indicating the structure is unstable. This
indicates that 15,485 kips is larger than the critical buckling load. Click the OK button to
close the Analysis window.

/

Analytiz Incomplete Due to Enos
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33. From the Analyze menu select Set Options... to display the Analysis Options dialog box.

* Click the Set P-Delta Parameters button to display the P-Delta Parameters dialog box.

¢ In this dialog box:

» Highlight the AXIAL/15485 Load Case/Scale Factor..

>

NS

»

Type 15484 in the Scale Factor area.

Click the Modify button.



34.

35.

36.

37.

38.

T

» Click the OK button twice to exit all dialog boxes.

Click the Run Analysis button )} to run the analysis.

When the analysis is complete check the messages in the Analysis window. Again there
should be an error message indicating the structure is unstable. This indicates that 15,484
kips is larger than the critcal buckling load. Click the OK button to close the Analysis
window.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e Click the Set P-Delta Parameters button to display the P-Delta Parameters dialog box.

¢ In this dialog box:

h 7l

Highlight the AXIAL/15484 Load Case/Scale Factor..
» Type 15483 in the Scale Factor area.
» Click the Modify button.
> Click the OK button twice to exit all dialog boxes.
Click the Run Analysis button _» | to run the analysis.
When the analysis is complete check the messages in the Analysis window (there should be

no warnings or errors). The analysis run successfully. Thus the critical buckling load.is
approximately 15484 kips. Click the OK button to close the Analysis window.
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Problem Q

Three Frames

Concrete

E =5000 ksi, Poissons Ratio = 0.2
Beams: 24" wide by 36" deep
Columns: 24" by 24"

Damper Properties

Linear Properties Nonlinear Properies
Effective stiffness = 0 K/in Stiffness = 1000 k/in
Effective damping = 0 k-sec/in Damping = 30 k-sec/in

Damping exponent = 0.5

Isolator Properties (Isplator1)

Vertical (axial) stiffness = 10,000 K/in {linear)

Initial shear stiffness = 100 kfin

Shear yield force = 40 kips

Ratio of post yield shear stiffness to initial shear stiffness = 0.1

Time History
Apply the ELCENTRO record. Three time and acceleration values are given

on each line of this file. The acceleration value is in units of g. The length
of the record is 12.1 seconds.

To Do

Create three frames, one bare, one with dampers, and one with isolators.
Create a video (*.avi file} of the nonlinear time history run. Review the mode
shapes.

Include a 50 kip point load and a 0.25 kip-sec?/in point
/ mass at each 2nd, 3rd and roof level joint of each frame

Roof
o
Rubb g
ubber
Dampers at isolators at N
all levels in \ 2nd
. base of this
this frame
h frame \ &
Base

77 o 7 /77 J= =
‘ -

24 | 24 24 24 24
1 {

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem O Solution

1. Click the drop down box in the status bar to change the units to kip-fi. [ ]

2. From the File menu seiect New Model From Template.... This displays the Model
Templates dialog box.

3. Inthis dialog box click on the Portal Frame template : button to display the
Portal Frame dialog box. oLl

4.  In this dialog box
¢ Type 3 in the Number of Stories edit box.
¢ Type 5 in the Number of Bays edit box.
s Uncheck the Restraints check box.
o C(Click the OK bunon.
5. Click the “X” in the top right-hand corner of the 3-D View window to close it.

6.  Click the Set Elements buttonlgj on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

7.  In this dialog box:
¢ Check the Labels box in the Joints area.
e Check the Labels box in the Frames area.
o Click the OK button.

8.  Select beam elements 22, 23, 24, 28, 29 and 30. Press the delete'key on the keyboard to
delete these elements.

Note: You could select the elements by clicking on each one individually, by using the
Intersecting Line Select Mode, or by using the Select By Labels option (Select menu >
Select > Labels).

9. Click the Refresh Window button ﬂ' Ito refresh the drawing,
10. From the Draw menu select QuickDraw Frame Element.

11. Click on the grid line between joints 17 and 21 to enter a beam at the base of the isolated
frame.



12.
13.

14.

15.

Ié.
17.

18.

19.

20.

21.

22,

Click the Pointer button [ | on the side tool bar to exit draw mode and enter select mode.
Select joints 1, 5, 9 and 13.

From the Assign menu, choose Joint, and then Restraints... from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

e Click the Fixed Base Fast Restraint button| . lto set all degrees of freedom (U1, U2,
U3, R1, R2 and R3) as restrained.

e Click the OK button.
Click the drop down box in the status bar to change the units to kip-in. [xipn "!
From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

¢ Type 0 in the Mass per Unit Volume edit box.

o Accept the default Weight per Unit Volume.

¢ Type 5000 in the Modulus of Elasticity edit box.

¢ Type .2 in the Poisson’s Ratio edit box, if it 1s not already entered.
¢ Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Add I/Wide Flange and then click
on the Add Rectangular item to display the Rectangular Section dialog box.

In this dialog box:

o Type BEAM in the Section Name edit box.

¢ Select CONC in the Material drop-down box.
¢ Type 36 in the Depth (t3) edit box.

e Type 24 in the Width (t2) edit box.



23.

24.

25.

26.

27,

28.

29.

30.

3L

32.

33.

o Click the OK button to return to the Define Frame Sections dialog box.

In the Click To area, click the drop-down box that says Add Rectangular and then click on
the Add Rectangular item to display the Rectangular Section dialog box.

In this dialog box:

Type COL in the Section Name edit box.

e Select CONC in the Material drop-down box.

e Type 24 in the Depth (t3) edit box.

o Type 24 in the Width (t2) ed1t box.

¢ Click the OK button twice to exit all dialog boxes.
Select all beam elements (10 total).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

o Click on BEAM in the Frame Sections area to highlight it.

e Click the OK button.

Select all column sections by “windowing * on each column line separately (18 total).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on COL in the Frame Sections area to highlight it.
o Click the OK button.

Click the Show Undeformed Shape button Q_’ to remove the displayed frame section
assignments so that you can see the frame element labels again.

From the Define menu select NLLink Properties... to display the Define NLLink
Properties dialog box.

In this dialog box:

e Click the Add New Property button to display the NLLink Property Data dialog box.



In this dialog box:

» Type ISO in the Property Name edit box.

» Select Isolator]l from the Type drop-down box.
» Type .001 in the Mass edit box.

» Check the Ul Direction check box.

v

Click the Modify/Show For U1 button to display the NLLink Directional
Properties dialog box.

Y

In this dialog box:

v Type 10000 in the Effective Stiffness edit box.

¥" Click the OK button to return to the NLLink Property Data dialog box.
> Check the U2 Direction check box.

» Check the U2 Nonlinear check box.

» Click the Modify/Show For U2 button to display the NLLink Directional
Properties dialog box.

> In this dialog box:

v" In the Linear Properties area type 10 in the Effective Stiffness edit box.
In the Nonlinear Piroperties area type 100 in the Stiffness edit box.
Type 40 in the Yield Strength edit box.
Type .1 in the Post Yield Stiffness Ratio edit box. |

Accept the rest of the default values.

N NN

Click the OK button to return to the NLLink Property Data dialog box.

» Click the OK button to return to the Define NLLink Properties dialog box.

Click the Add New Property button to display the NLLink Property Data dialog box.
In this dialog box:

» Type DAMP in the Property Name edit box.

» Select Damper from the Type drop-down box.



34.
35.
36.
37.
38.
39.
40.

4].

42.

43.

44.

Y

Type .001 in the Mass edit box.
Check the U1 Direction check box.

Check the Ul Nonlinear check box.

v v v

Click the Modify/Show For Ul button to display the NLLink Directional
Properties dialog box.

» Inthis dialog box:

v" In the Nonlinear Properties area type 1000 in the Stiffness edit box.

v Type 30 in the Damping edit box.

v" Type .5 in the Damping Exponent edit box.

v" Click the OK button three times to exit ail dialog boxes.
From the Draw menu select Draw NLLink Element.
Double click on joints 17 and 21 to draw two NLLink elements.
Click on joint 9 and then joint 14 to draw an NLLink element.
Click on joint 10 and then joint 15 to draw an NLLink element.
Click on joint 11 and then joint 16 to draw an NLLink element.
Click the Pointer button [ | on the side tool bar to exit draw mode and enter select mode.
Click on the three NLLink elemqm in the center frame to select them. |

From the Assign menu select NLLink and then Properties... from the submenu to display
the Define NLLink Properties dialog box.

In this dialog box:
¢ Click on DAMP in the NLLink Props area to highlight it.
» Click the OK button.

Click the Show Undeformed Shape button Q} to remove the displayed NLLink property
assignments so that you can see the joint labels again,

Hold down the Ctrl key on the keyboard and left click joint 17 to display the Selection List
dialog box.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

In the dialog box click on the NLLink 1 element. The Selection List dialog box closes and
the NLLink element is selected. )

Hold down the Ctrl key on the keyboard and left click joint 21 to display the Selection List
dialog box.

In the dialog box click on the NLLink 2 element. The Selection List dialog box closes and
the NLLink element is selected.

From the Assign menu select NLLink and then Properties... from the submenu to display
the Define NLLink Properties dialog box.

In this dialog box:
o (Click on ISO in the NLLink Props area to highlight it.
e (Click the OK button.

Click the Show Undeformed Shape button gl to remove the displayed NLLink property
assignments.

Select all joints at the 2nd, 3rd and Roof levels by “windowing”.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

¢ Type -50 in the Force GIo'baI Z edit box.

¢ Click the OK button. '

Select all joints at the 2nd, 3rd and Roof levels by “windowing”.

From the Assign menu select Joint and then Masses... from the submenu to display the
Joint Masses dialog box.

In this dialog box:

e Type .25 in the Direction | edit box.

e Type .25 in the Direction 3 edit box.

e Click the OK button.

Click the drop down box In the status bar to change the units to kip-fi. '_K,EI_T__—j_-_

Click the Show Undeformed Shape button QJ to remove the displayed joint mass
assignments.



59. Click the Set Elements button on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

60. In this dialog box:
e Uncheck the Labels box in the Joints area.
e Uncheck the Labels box in the Frames area.
e (lick the OK button.

Note: Prior to defining time history functions, you should locate the time history file
named Elcentro that is in the subdirectory named Examples beneath the directory
where you installed SAP2000. Copy this file into the same directory as your SAP2000

input file.

If the Examples subdirectory does not exist you may need to reinstall SAP2000, and
select to install the examples.

61. From the Define menu select Time History Functions... to display the Define Time
History Functions dialog box.

62. Inthis dialog box:

o Click the Add Function From File button to display the Time History Function
Definition dialog box.

e In this dialog box:

> Type ELCEN in the Function Name edit box.

Y

Click the Open File button to display the Pick Function Data File dialog box.

Y

In this dialog box:
v" Locate and highlight the file named Elcentro

v" Click the Open button to return to the Time History Function Definition dialog
box.

v" Type 3 in the Number Of Points Per Line edit box.
v" Select the Time and Function Values option.
v Click the OK button twice to exit all dialog boxes.

63. From the Analyze menu select Set Options... to display the Analysis Options dialog box.



64.

65.

¢ In this dialog box click the Plane Frame XZ Plane button to set the

available degrees of freedom.

PP S §

e Check the Dynamic Analysis check box, if it is not already checked.

e Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

¢ In this dialog box:

LS
»

>
>

Type 30 in the Number of Modes edit box.
In the Type Of Analysis area select the Ritz Vectors option.

Verify that ACCEL X and ACCEL Z are in the Ritz Load Vectors box in the
Starting Ritz Vectors area. Move any other vectors out of the Ritz Load Vectors
box

Confirm that the Include NLLink Vectors box is checked.

> Click the OK button twice to exit all dialog boxes.

From the Define menu select Time History Cases... to display the Define Time History
Cases dialog box.

In this dialog box:

e (lick the Add New History button to display the Time History Case Data dialog box.

* Inthis dialog box:

>

™
»

>

\t

Type GRAY in the History Case Name edit box.
Select Nonlinear from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping
dialog box. :

In this dialog box:

v" Type .02 in the Damping For All Modes edit box.
v" Click the OK button.

Type 100 in the Number of Qutput Time Steps edit box.
Type .1 in the Output Time Step Size edit box.

Check the Envelopes check box.



A\

L\

>
>
>

s Click the Add New History button to display the Time History Case Data dialog box.

In the Load drop-down box select GRAV.

In the Function drop-down box, select RAMP.
Type 1 in the Scale Factor edit box.

Click the Add button.

Click the OK button to return to the Define Time History Cases dialog box.

¢ In this dialog box:

>

b
»

Y Vv Y v

Y

>

B

Type ELCN in the History Case Name edit box.
Select Nonlinear from the Analysis Type drop-down box.

Click the Modify/Show button for modal damping to display the Modal Damping
dialog box.

In this dialog box:

v Type .02 in the Damping For All Modes edit box.

v" Click the OK button.

Type 1210 1n the Number of Output Time Steps edit box.
Type .01 in the Output Time Step Size edit box.

Check the Envelopes check box.

In the Load drop-down box select acc dir 1.

In the Function drop-down box, select ELCEN.

Type 32.2 in the Scale Factor edit box.

Click the Add button.

Click the OK button twice to exit all dialog boxes.

66. Click the Run Analysis button _»|to run the analysis.

67.

When the analysis 1s complete check the messages in the Analysis window (there should be
no warnings or errors). Click the OK button to close the Analysis window.

10



68.

69.

70.
71.

72.

73.

74.

Click the Start Animation button| Stat&nmaten | located on the status bar at the bottom of
the screen to animate the first mode shape.

Click the Right Arrow buttoni i = | located on the status bar at the bottom of the screen to
view the next mode shape.

Continuing clicking the Right Arrow button| =5 ! to step through all of the mode shapes.
Click the Show Undeformed Shape button Qi to remove the displayed mode shape.

From the File menu select Create Video... and then select Create Time History
Animation Video... to display the Video File dialog box.

In this dialog box select the name and location for the video file (*.avi) and click the Save
button. The Time History Video File Creation dialog box is displayed.

In this dialog box:

e Type 50 in the Magnification Factor edit box.

» In the Frame Size (Pixels) edit boxes type 640 by 480.
o Click the OK button. The *.avi file is created.

Note: Once the *.avi file has been created it can be plaved on any multimedia piaver that
supports *.avi files. A program called Media Player is supplied with Windows 95 that
will play *.avi files. This program can often be found by clicking the Start button,
selecting Programs, then selecting Accessories and finally select:ng Multimedia. No
multimedia player is provided with SAP2000.

Note: The purpose of this example is to display the capabilities of SAP2000. The
structural properties of each frame have not been optimized in this example. Therefore,
great care should be taken in drawing any conclusions about the relative performance
of different structural systems based on this example.

1"
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Problem R

Bridge With Moving Load

Concrete Material Propefties
E =5000 ksi, Poissons Ratio = 0.2

Member Properties
Coiumn

A =40 f2

1 =400 3

AS = 30 ft2

Moving Load
Number of Lanes = 2

Lane 2 Centerline

Lane 1 Centerline

Frame Elements Centerfine

Check for worst case of H520-44 truck load and HS20-44L [ane load applied

to each lane simultaneously.

Use the Exact method of calculation.

To Do

Set the number of ouput segments for girder elements to 2. Review the moving
load influence line for vertical displacement at joint A in Lane 1. Review the
moving load girder M33 moments in Lane 1. Set the number of ouput
segments for the girder elements to 10. Review the same influence line and

moments,

o
~
100’ I 100’

r 1

|

Note: Qur intent is that you try this problem on your own first. Afier you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the

model, then follow the steps in our solution,



Problem R Solution

10.

I11.

Click the drop down box in the status bar to change the units to kip-ft. Trpt -]

From the File menu select New Model From Template.... This displays the Model

Templates dialog box.

In this dialog box click on the Portal Frame template
Portal Frame dialog box. : 111

In this dialog box

Type 1 in the Number of Stories edit box.
Type 3 in the Number of Bays edit box.
Type 70 in the Story Height edit box.
Type 100 in the Bay Width edit t;ox.
Uncheck the Restraints check box.

Click the OK button,

Click the “X™ in the top right-hand corner of the 3-D View window to close-it.

Click the Set Elements button] on the main toolbar (or select Set Elements
View menu) to display the Set Elements Dialog box.

In this dialog box:

»

Check the Labels box in the Joints area,
Check the Labels box in the Frames area.

Click the OK button.

button to display the

... from the

Select column elements 1 and 4. Press the delete key on the keyboard to delete these
elements.

Click the Refresh Window button f to refresh the drawing.

Select joints 2, 3, 5 and 8.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.



12.

13.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24.

25,

In this dialog box:

» Verify that the Translation 1, 2 and 3 check boxes are checked. 1f they are not checked,
check them.

» Click the OK button.

Select joint 5.

From the Edit menu select Move... to display the Move Selected Points menu.
In this dialog box:

¢ Type 20 in the Delta Z edit box.

¢ Verify that 0 is entered in the Delta X and Delta Y edit boxes.
¢ Click the OK button.

Select frame eleme'nts 5,6and 7. B S :

. . | ¢ Ovideinte [ Fiames
From the Edit menu select Divide Frames... to : [1-—
display the Divide Selected Frames dialog box. . LesyFirstratio

e Braak a.tmtersedmns wnh satedad
Verify that the dialog box appears as shown in »1.. Framesand Joints -

the figure and click the QK button.
__Im'

Select frame elements 8 through 13 (i.e., the
girder elements).

From the Assign menu select Frame and then Qutput Segments... from the submenu to
display the Frame Output Segments dialog box.

In this dialog box:
o Type 2 in the Number of Segments edit box.
e Click the OK button.

Click the Show Undeformed Shape button QJ to remove the displayed output segment
assignments so that you can see the frame element labels again.

Click the drop down box in the status bar to change the units to kip-in. fKiprn ]

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.



26.

27.

28.

29.

30.

3L

32.

In this dialog box:

¢ Type 5000 in the Modulus of Elasticity edit box.

e Type .2 in the Poisson’s Ratio edit box, if it is not already entered.

¢ Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-fi. ot -]

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area, click the drop-down box that says Add I'Wide Flange and then click
on the Add General item to display the Property Data dialog box.

In this dialog box: '
e Type 40 in the Cross Sectional (Axial) Area edit box.
e Type 400 in the Moment Of Inertia About 3 Axis edit box. A
* Type 30 in the Shear Area in 2 Direction edit box.
e Click the OK button to display the General Section dialog box.
¢ In this dialog box:
» Type COLUMN in the Section Name edit box.
» Select CONC from the Material drop-down box.

> Click the OK button to return to the Define Frame Sections dialog box.

In the Click To area, click the drop-down box that says Add General and then click on the
Add General item to display the Property Data dialog box.

In this dialog box:

e Type 35 in the Cross Sectional (Axial) Area edit box.

e Type 500 in the Moment Of Inertia About 3 Axis edit box.

¢ Type 12 in the Shear Area in 2 Direction edit box.

* Click the OK button to display the General Section dialog box.

* In this dialog box:



33.

34.

35.

36.

37.

38.

39.

40.

41.

\dd

Type GIRDER in the Section Name edit box.
» Select CONC from the Material drop-down box.
5 Click the OK button twice to exit all dialog boxes.
Select frame elements 8§ through 13 (girders).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

e Click on GIRDER in the Frame Sections area to highlight it.
¢ Click the OK button.

Select the two column elements.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
* Click on COLUMN in the Frame Sections area to highlight it.
e Click the OK button.

Click the Show Undeformed Shape button g; to remove the displayed frame section
assignments so that you can see the frame element labels again.

From the Define menu select Moving Load Cases and then select Lanes... to display the
Define Bridge Lanes dialog box.

In this dialog box:
¢ C(Click the Add New Lane button to display the Lane Data dialog box.
* In this dialog box:

» Accept the default Lane Name, LANE].

» Type 8 in the Frame edit box.

» Type -6 in the Eccentricity edit box.

» Click the Add button.

» Type 9 in the Frame edit box.



Click the Add button.
Type 10 in the Frame edit box.
Click the Add button.
Type 11 in the Frame edit box.
Click the Add button.
Type 12 in the Frame edit box.
Click the Add button.
Type 13 in the Frame edit box.

Click the Add button.

YV Vv Vv Vv Vv Y ¥ ¥ ¥ V¥

Click the OK button to return to the Define Bridge Lanes dialog box. In this dialog
box:

Click the Add New Lane button to display the Lane Data dialog box.
In this dialog box:

» Accept the default Lane Name, LANE2,

Type 8 in the Frame edit box.

Type 6 in the Eccentricity edit box.

Click the Add button.

Type 9 in the Frame edit box.

Click the Add button.

Y V. VWV ¥V Vv ¥

Type 10 in the Frame edit box.

Click the Add button.

v

Type 11 in the Frame edit box.
Click the Add button.

Type 12 in the Frame edit box.

YV ¥V ¥V VY

Click the Add button.



42.

43,

44,

45.

> Type 13 in the Frame edit box.
» Click the Add button.

% Click the OK button twice to exit all dialog boxes.

From the Define menu select Moving Load Cases and then select Vehicles... to display the
Define Vehicles dialog box.

In this dialog box:

¢ Inthe Click To area click the drop-down box and select Add Standard Vehicle to
display the Standard Vehicle Data dialog box.

» In this dialog box:
> In the Data Definition area select HSn-44 in the Vehicle Type drop-down box.
> Type 20 in the Scale Factor edit box if it is not already there.
# Click the OK button to return to the Define Vehicles dialog box.

¢ In the Click To area click the drop-down box and select Add Standard Vehlcle to
display the Standard Vehicle Data dialog box.

¢ In this dialog box:
> In the Data Definition area select HSn-44L in the Vehicle Type drop-down box.
» Type 20 in the Scale Factor edit box if it is not already there.
» Click the OK button twice to exit all dialog boxes.

From the Define menu select Moving Load Cases and then select Vehicles Classes... to
display the Define Vehicle Classes dialog box.

In this dialog box:
. ‘Click the Add New Class button to display the Vehicle Class Data dialog box.
* In this dialog box:

» Accept the default Vehicle Class Name, VECL1

» Verify that HSn441 is in the Vehicle Name drop-down box.

» Enter 1 in the Scale Factor edit box if it is not already there. |

» Click the Add button.



r
’

» Select HSn442 in the Vehicle Name drop-down box.
» Click the Add button.
» Click the OK button twice to exit all dialog boxes.

46. From the Define menu select Moving Load Cases and then select Bridge Responses... to
display the Bridge Response Request dialog box.

47. Inthis dialog box:

o In the Type of Results area check all four of the check boxes if they are not already
checked. »

¢ In the Method of Calculation area select the Exact option.
e (lick the OK button.

48. From the Define menu select Moving Load Cases and then select Moving Load Cases...
to display the Define Moving Load Cases dialog box.

49. In this dialog box:
¢ Click the Add New Load button to display the Moving Load Case Data dialog box.
e In this dialog box:
> Accept the default Moving Load Case Name, MOVEI.

# Click the Add New Assign button to display the Moving Load Case Assignment
Data dialog box.

» In this dialog box:

¥ In the Assignment Lanes area click on LANE! in the Select Lanes From list box
to highlight (select} it.

v" Hold down the Ctrl key on the keyboard and click on LANE2 to add it to the
selection.

v" Click the Add button to transfer these items to the Selected Lanes list box.
v" Click the OK button three times to exit ali dialog boxes.
50. Note that the joint labeled A in the problem statement is labeled 10 on the screen.

51.  Click the Set Elements buttonl E‘ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.



52.

53.

54,

55.

56.

57.

58.

59.

In this dialog box:

s Uncheck the Labels box in the Joints area.
* Uncheck the Labels box in the Frames area.
o Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom. '

e Click the OK button.
Click the Run Analysis button _,]to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Display menu select Show Influence Lines... and then Joints... to display the
Show Joint Influence Line dialog box.

In this dialog box:

e Select LANE] from the Lane drop-down box if it is not already showing.

¢ Type 10 in the Joint ID edit box.

* Inthe Vector Type area select the Displacement option if it is not already selected.

¢ Inthe Component area select the U3 option (vertical displacement).

* Click the OK button to display the influence line.

Note.: This influence line is constructed with two output segments specified for the girder
elements. Points for the influence line are calculated at the ends of each output
segment. These points are then connected by straight lines. You can clearly see the

segments in the influence line.

Click the Member Force Diagram For Frames button] F | to display the Member Force
Diagram For Frames dialog box.

In this dialog box:
e Select MOVEI Moving Load from the Load drop-down box.

e In the Component area select the Moment 3-3 option.



60.

61.
62.

63.

64.

65.
66.

67.

68.

69.

70.

* Uncheck the Fill Diagram check box.
e Check the Show Values On Diagram check box.
e (lick the OK button to display the moment diagram.

Note: This moment diagram is constructed with two output segments specified for the

 girder elemerits. Points for the moment diagram are calculated at the ends of each
output segment. These points are then connected by straight lines. You can clearly see
the segments in the moment diagram.

Click the Lock/Unlock Medel button [@ and click the resulting OK button to unlock the
model.

Select frame elements 8 through 13 (i.e., the girder elements).

From the Assign menu select Frame and then Qutput Segments... from the submenu to
display the Frame Output Segments dialog box.

In this dialog box:
* Type 10 in the Number of Segments edit box.
» Click the OK button.

Click the Show Undeformed Shape button g to remove the displayed output segment
assignments.

Click the Run Analysis button __;] to run the analysis.

When the analysis 1s complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Display menu select Show Influence Lines... and then Joints... to display the
Show Joint Influence Line dialog box.

In this dialog box click the OK button to display the influence line.
Note: This influence line is much sharper than the previous one.

Click the Member Force Diagram For Frames button| F' to display the Member Force
Diagram For Frames dialog box. :

In this dialog box click the OK button to display the moment diagram.

Note: This moment diagram is much sharper than the previous one.

10
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Problem S

Finite Element Model of Steel Beam With Web Openings

Steel
E =29000 ksi
Poissons Ratio = 0.3
Built-Up Beam: d =40 in
t,=0.751n
b=16in
t=2in
Beam openings are 20" high by 48" wide centered over the
depth of the beam

To Do
Construct a finite element model of this simply supported beam using shell

elements. Detemine moments and shears at center of beam and at center
of left opening. Plot shear stresses (S12) in beam web.

18 kif

Y.Y VY YYVYYYTVYY Iy

yd ‘ A

Note: Qur intent is that you try this problem on your own first. After you have solved it on your
own, You can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem S Solution

10.

11.

Click the drop down box in the status bar to change the units to kip-in. _]Kl_gﬂ_n____"_”

From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

In this dialog box

e Select the Cartesian Tab.

¢ Inthe Number of Grid Spaces area type 1 in the X direction edit box.
¢ In the Number of Grid Spaces area type 2 in the Y direction edit box.
¢ [n the Number of Grid Spaces area type 1 in the Z direction edit box.
¢ In.the Grid Spacing area type 240 in the X direction edit box.

e Inthe Grid Spacing area type 8 in the Y direction edit box.

¢ In the Grid Spacing area type 40 in the Z direction edit box,

o Click the OK button.

Click in the window titled X-Y Plane @ Z=40 to make sure it is active. The window is
highlighted when 1t is active. The screen appears as shown in Figure S-1.

Click the Draw Rectangular Shell Element buttonE on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on the point Iabeled “A™ and then the point labeled “B™ in Figure S-1 to enter a shell

element.
.

Click the Pointer button_BJ to exit DrawMode .. . .. olmisadoan so

and enter Select Mode. IR RN )
U@ Meshio . 120 1 s

Click on the shell element to select it. i by ' LR * Shels -
I SRR P Y S bl SO

From the Edit menu select Mesh Shells... to " | Meshusing selecled Joints on edges

display the Mesh Selected Shells dialog box. . |1 Mesh atintersection wih grids -

Fill in this dialog box as shown in the adjacent -I.'»__-l-" oK ] e I:ancdj D

figure and click the OK button. M o e

Click the Select All button &{on the side toolbar to select all elements.
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Figure S-1: Screen After Step 4
12, From the Edit menu select Copy.
13.  From the Edit menu select Paste,.. to display the Paste Coordinates dialog box.
14. In this dialog box:
» Type -40 in the Delta Z edit box.
e Click the OK button.
15.  Click in the window titled X-Y Plane (@ Z=40 to make sure it is active. Do not
accidentally select any elements while doing this.
16. From the View menu select Set 2D View... to display the Set 2D View dialog box.
17. In this dialog box:

e Sclect the X-Z Plane option.

o Type 0 in the Y= edit box.



e Click the OK button. The screen appears as shown in Figure S-2.
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18.

19.

20.

21.

22,

23.

24.

Figure S-2: Screen After Step 17

Click the Draw Rectangular Shell Element buttonE on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on the point labeled *“A” and then the point labeled “B” in Figure S-2 to enter a shell

element. Mesh:Selected Shells

Click the Pointer button M to exit Draw Mode — — vw* -
and enter Select Mode. ;‘ - & Meshinto ., izn \
Click on the shell element to select it L ';‘l'f-":'-.:-?.;-\f* '.Ij_..,_._-;w,' o Shels. -

2;3 . . Mesh using selected Joints on edges |
From the Edit menu select Mesh Shells... to A7 Mesh al inteisection with gnds - = |:
display the Mesh Selected Shells dialog box. e "
Fill in this dialog box as shown in the adjacent i

figure and click the OK button,

Click in the window titled 3-D View to make sure it is active.



25,

26.

27.

28.

29.

30.

31

32.

33.
34.
33.
36.

37.

Click the Select All button @]on the side toolbar to select all elements.

From the Edit menu select Change Labels... to display the Relabel Selected items dialog
box.

In this dialog box:

¢ Type 1 in the Joint Next Number edit box.
e Type 1 in the Shell Next Number edit box.
s (lick the OK button,

Note: It is not necessary to change relabel the elements. We are doing it here to assure
that later on in the solution when we refer to element labels that everybody has the
same labeling svstem.

Chck the Set Elements buttonIEJ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Fill Elements box.

» C(Click the OK button.

Click in the window titled X-Z Plane @ Y=0 to make sure it is active.

Click the Set Elements buttonl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Check the Labels box in the Shells area.

o Check the Fill Elements box.

¢ Click the OK button.

Select shell elements 65, 66, 67, 68, 85, 86, 87 and 88 by “windowing”.
Press the Delete key on the ke;fboard to delete these shell elements.
Select shell elements 73, 74, 75, 76, 93, 94, 95 and 96 by “windowing”.
Press the Delete key on the keyboard to delete these shell elements.

Click the Refresh Window button ﬂ on the main toolbar to refresh the view.



38.

39.

40.

41.

42.

43,

44,

45.

46.

47,

48.

Click in the window titled 3-D View to make sure it is active.
Click the Refresh Window button ﬂ on the main toolbar to refresh the view.
Click in the window titled X-Z Plane @ Y=0 to make sure it is active,

Click the Set Elements button}@_l on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

o Check the Labels box in the Joints area.

o Uncheck the Labels box in the Shells area.

e Click the OK button.

Select joint 22 (lower left-hand corner) by clicking on it.

From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:
e Verify that the Translation | and Translation 3 boxes are checked.
e Uncheck the Translation 2 box.

e Verify that the Rotation About 1, Rotation About 2 and Rotation About 3 boxes are not
checked.

» (lick the OK button.
Select joint 42 (lower right-hand corner) by clicking on it.

From the Assign menu, choose Joint, and then Restraints...from the submenu. This will
display the Joint Restraints dialog box.

In this dialog box:

e Uncheck the Translation 1 box.

e Verify that the Translation 2 box is not checked.
s Verify that the Translation 3 box is checked.

» Verify that the Rotation About 1, Rotation About 2 and Rotation About 3 boxes are not
checked.



49.

50.

51

52.

53.

54.

55.

56.
57.

58.

59.

60.

o (Click the OK button.
Select joints 148 and 168 (upper left-hand and right-hand comers) by clicking on them.

From the Assign menu select Joint Static Loads... and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:

* Type -9 in the Force Global Z edit box in the Loads area.
o (lick the OK button.

Select joints 149 through 167 by “windowing”.

From the Assign menu select Joint Static Loads.., and then Forces... from the submenu to
display the Joint Forces dialog box.

In this dialog box:
» Type -18 in the Force Global Z edit box in the Loads area.
¢ (Click the OK button.

Click the Show Undeformed Shape button Q’ to remove the display of joint force
assignments.

From the Define menu select Materials... to display the Define Materials dialog box.

Highlight the STEEL material and click the Modify/Show Material button to display the
Matenal Property Data dialog box.

In this dialog box:

¢ Verify that the Modulus of Elasticity is 29000.

e Verify that Poisson’s ratio is 0.3.

. | Click the OK button twice to exit the dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In this dialog box:
e Click the Add New Section button to display the Shell Sections dialog box.

o In this dialog box:



61.

62.

63.

64.

65.

66.

67.

» Type WEB in the Section Name edit box.

A\

Select STEEL from the Material drop-down box.
In the Thickness area type .75 in both the Membrane and Bending edit boxes.

Verify that the Shell option is chosen in the Type area.

A 2 7

Click the OK button to return to the Define Shell Sections dialog box.
¢ Click the Add New Section button to display the Shell Sections dialog box.
¢ In this dialog box:

» Type FLANGE in the Section Name edit box.

A7

Select STEEL from the Material drop-down box.
» In the Thickness area type 2 in both the Membrane and Bending edit boxes.
> Verify that the Shell option is chosen in the Type area.
> Click the OK button twice to exit all dialog boxes.
Click the Select All button @] on the side toolbar to select all elements.

From the Assign menu select Shell and then Sections... to display the Define Shell
Sections dialog box.

In this dialog box:

¢ Highlight FLANGE in the Shell Sections area by clicking on it.

e Click the OK button. -

Select all of the elements in the X-Z Plane @ Y=0 window by *“windowing”.

From the Assign menu select Shell and then Sections... to display the Define Shell
Sections dialog box.

In this dialog box:
» Highlight WEB in the Shell Sections area by clicking on it.
o Click the OK button.

Click the Show Undeformed Shape button g to remove the display of shell section
assignments.



68.
69.

70.

71.

72.

73.

74.

75.
76.

77.
78.
79.

80.

Click in the window titled X-Z Plane @ Y=0 to make sure it is active,

From the View menu select Set Limits... to display the Set Limits dialog box.
In this dialog box:

o In the Set X Axis Limits area type -12 in the Min edit box.

e Inthe Set X Axis Limits area type 0 in the Max edit box.

¢ Click the OK button.

Click the Perspective Toggle button l ﬁj on the main toolbar. A perspective view of the
X-Z elevation is displayed.

Click the Rubber Band Zoom button ,@'Pn the main toolbar and zoom in on the view by
“drawing” a window tightly around it.

Select all of the joints on the right side of the section by “windowing”.

Click the Set Intersecting Line Select Mode button 4 { and select all of the shell elements
by “drawing” a line through them. There should now be 9 joints and 8 shells selected.
You can verify this by looking at the left-hand side of the status bar at the bottom of the
SAP2000 window.

From the Assign menu select Group Name... to display the Assign Group dialog box.
In this dialog box:

¢ Type CENTER in the Groups edit box.

e (Click the Add New Group Name button.

o Click the OK button.

Click the Show Undeformed Shape button Q,' to reset the limits of the display.

From the View menu select Refresh View to‘ rescale the view,

From the View menu select Set Limits... to display the Set Limits dialog box.

In this dialog box:

¢ In the Set X Axis Limits area type -60 in the Min edit box.

¢ Inthe Set X Axis Limits area type -48 in the Max edit box.

o (Click the OK button,



81.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.
93.

Click the Rubber Band Zoom button 3 lon the main toolbar and zoom in on the view by
“drawing” a window tightly around it.~

Select all of the joints on the right side of the section by “windowing”.

* Click the Set Intersecting Line Select Mode button_;'ﬁil and select ali of the shell elements

by “drawing” a line through them. There should now be 8 joints and 6 shells selected.
You can verify this by looking at the left-hand side of the status bar at the bottom of the
SAP2000 window.

From the Assign menu select Group Name... to dispiay the Assign Group dialog box.
In this dialog box:

¢ Type LEFT in the Groups edit box.

¢ (Click the Add New Group Name button.

e (Click the OK button.

Select all of the joints on the right side of the top half of the section by “windowing”.

Click the Set Intersecting Line Select Mede button M and select all of the shell elements
in the top half by “drawing” a line through them. There should now be 4 joints and 3 shells
selected. You can verify this by looking at the left-hand side of the status bar at the bottom
of the SAP2000 window.

From the Assign menu select Group Name... to display the Assign Group dialog box.

In this dialog box:

e Type LEFTTOP in the Groups edit box.

e Click the Add New Group Name button.

e Click the OK button.

Select all of the joints on the right side of the bottom half of the section by “windowing”.
Click the Set Intersecting Line Select Mode button_,ﬁiij and select all of the shell elements
in the bottom half by “drawing” a line through them. There should now be 4 joints and 3
shells selected. You can verify this by looking at the left-hand side of the status bar at the
bottom of the SAP2000 window.

From the Assign menu select Group Name... to display the Assign Group dialog box.

In this dialog box:

¢ Type LEFTBOT in the Groups edit box.

10



94,

93.

96.

97.

98.

99.

100.

101.

102.

103.

104.

e Click the Add New Group Name button.

e Click the OK button.

Click the Show Undeformed Shape button g to reset the limits of the display.
From the View menu select Refresh View to rescale the view.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this diélog box:
s Uncheck the Labels box in the Joints area.
e (lick the OK butten.

Click on the xz 2D View button|£_[ on the main toolbar to return from the perspective view
to a 2-D view. Note the title of the window is X-Z Plane @ Y=0.

Click the “X” in the upper right-hand corner of the 3-D View window to close it.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

m—

¢ In this dialog box click the Plane Frame XZ Plane button
available degrees of freedom. J

to set the

o Click the OK button.
Click the Run Analysis button _|to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Display menu select Show Group Joint Force Sums... to display the Select
Groups dialog box.

In this dialog box:
o Click on CENTER to highlight it.

» Holding down the Shift key on the keyboard click on LEFTTOP to highlight it. All of
the groups except the default ALL should now be highlighted.

o (Click the OK button to display the Group Joint Force Summation window and view the
group joint force sums. When finished viewing the group joint force sums, click the
“X” in the top right-hand corner of the Group Joint Force Summation window to close
it.

1



105. From the Display menu select Show Element Forces/Stresses and then Shells... from the
submenu to display the Element Force/Stress Contours For Shells dialog box.

106. In this dialog box:

e Click the Stresses option button to select it.

In the Component area click the S12 option button to select it.
o Inthe Stress Averaging area verify that the At All Joints option is selected.
e Check the Display on Deformed Shape check box.

e Click the OK button to display the shell stresses. The screen should look similar to that
in Figure S-3.
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Problem T

‘Domed Cylindrical Structure -

Jo Do

Create the model of this
cylinder topped by a circular
dome. Can you create this
model in one minute or less?

10

20'

20’ Diameter (10' Radius)

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem T Solution

10.

Click the drop down box in the status bar to change the units to kip-ft. [Kpft i

From the File menu select New Model From Template.... This displays the Model
Templates dialog box.

In this dialog box click on the Cylinder template button to display the
Cylinder dialog box.

In this dialog box:

e Accept the default Number of Circumferential Spaces, 16.
¢ Type 8 in the Number of Height Spaces edit box.

e Type 20 in the Cylinder Height edit box.

e Type 10 in the Radius edit box.

¢ Click the OK button.

Click in the “X” in the upper right-hand comer of the r-theta Plane @ Z=20 window to
close it.

Click the Set Elements buttonlgj on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
e (Check the Fill Elements box.
¢ Click the OK button.

From the Edit menu select Add To Model From Template... to display the Model
Templates dialog box.

In this dialog box click on the Dome template '
dialog box. .

In this dialog box:

button to display the Dome

e Accept the default Number of Circumferential Spaces, 16.

* Type 4 in the Number of Segments edit box.



11.

e Type 10 in the Radius edit box.

» Accept the default Roll Down Angle, 90.

¢ Uncheck the Restraints check box if it is not already unchecked.

e (Click the Advanced button to display the Location and Orientation dialog box.

Note: In this dialog box you are defining a location of the origin of a new coordinate
svstem and its rotation with respect 1o the global coordinate svstem. The origin
point of the template will be inserted at the origin of this newly defined coordinate
svstem.

e In this dialog box:
# In the Translations area type 20 in the Z edit box.

# Click the OK button twice to exit all dialog boxes.

Press the F7 key on the keyboard to toggle the grid lines off.
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Problem U

Barrel Vaulted Structure

Concrete

E =3600 ksi

Poissons Ratio = 0.2
12" thick concrete walls
and slabs

To Do
Determine the maximum deflection
at the center of upper and lower
barrel vaults due to the seif weight
of the structure. Also determine
the maximum deflection at center
of upper and lower barrel vaults
due to the self weight plus the
prescribed live load applied to the
top barrel vault.

Live Load = 300 psf downward

S T R T

Barrel vault with
30’ radius and 35°

T rolt down angle
=]

in

T Barrel vault with

. 20" radius and 35°

o

- roll down angle

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the

model, then follow the steps in our solution.



Problem U Solution

10.

I11.

Click the drop down box in the status bar to change the units to kip-ft. [Kie# -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box. —_

In this dialog box click on the Barrel template : @ button to display the Barrel
dialog box.

i

In this dialog box:

e Accept the default Number of Circumferential Spaces, 8.
e Accept Ithe default Number of Span Spaces, 8.

e Type 40 in the Span edit box.

¢ Type 20 in the Radius edit box.

o Type 35 in the Roll Down Angle edit box.

o Uncheck the Restraints check box.

e Click the OK button.

Click in the 3-D View window to make sure it is active. The window is highlighted when
it is active.

Click the Select All button located on the side toolbar to select the entire structure.
From the Edit menu select Move... to display the Move Selected Points dialog box.

In this dialog box:

¢ Type 10 in the Delta Z edit box.

* C(Click the OK button.

From the Edit menu select Add To Model From Template to display the Model
Templates dialog box. —

In this dialog box click on the Barrel templateé @ button to display the Barrel
dialog box.

In this dialog box:



12.

13.

14,

15.

16.

17.

18.

19.

20.

o Accept the default Number of Circumferential Spaces, 8.
s Accept the default Number of Span Spaces, 8.
o Type 40 in the Span edit box.
¢ Type 30 in the Radus edit box.
¢ Type 35 in the Roll Down Angle edit box.
* Uncheck the Restraints check box if 1t is not already unchecked.
¢ Click the Advanced button.
» Type 25 in the Z edit box in the Translations area.
» Click the OK button twice to exit all dialog boxes.

Click in the Y-Z Plane @ X=20 window to make sure it is active.

Click the Set Elements buttonlgj on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
¢ Check the Labels box in the Jonts area.
¢ Click the OK button.

Right click on joint 154 in window with the Y-Z Plane @ X=20. The Joint Information
dialog box is displayed.

Highlight the Y-coordinate (-17.2073) and press the Ctrl and the C keys on the keyboard at
the same time to copy the value to the clipboard.

Click the Cancel button to close the Joint Information dialog box.

From the Edit menu select Add To Model From Template... to display the Model
Templates dialog box.

In this dialog box click on the Shear Wall template button to display the Shear
Wall dialog box.

In this dialog box
¢ Type 8 in the Number of Spaces Along X edit box.

¢ Type 4 in the Number of Spaces Along Z edit box.



21.

22,

24,

25.

26.

27.

e Type 5 Space Width Along X edit box.

e Type 2.5 Space Width Along Z edit box.

* Uncheck the Restraints check box if it is not already unchecked.
e (Click the Advanced button.

» Highlight the Y edit box and press the Ctrl and the V keys on the keyboard at the
same time to paste the -17.2073 value from the clipboard.

A

» Type 15 in the Z edit box in the Translations area.

o

» Click the OK button twice to exit all dialog boxes.

Right click on joint 73 in window with the Y-Z Plane (@ X=20. The Joint Information
dialog box is displayed.

Highlight the Y-coordinate (-11.4715) and press the Ctrl and the C keys on the keyboard at
the same time to copy the value to the clipboard.

Click the Cancel button to close the Joint Information dialog box.

From the Edit menu seiect Add To Model From Template... to display the Model
Templates dialog box.

In this dialog box click on the Shear Wall template ‘ button to display the Shear
Wall dialog box. i

In this dialog box

o Type 8 in the Number of Spaces Along X edit box.

e Type 4 in the Number of Spaces Along Z edit box.

e Type 5 Space Width Along X edit box.

e Type 2.5 Space Width Along Z edit box.

e Uncheck the Restraints check box if it is not already unchecked.
¢ Click the Advanced button.

> Highlight the Y edit box and press the Ctrl and the V keys on the keyboard at the
same time to paste the -11.4715 value from the clipboard.

» Click the OK button twice to exit all dialog boxes.

Click the Pointer button § | on the side tool bar to enter select mode.



28.
29.

30.

3L
32.
33.

34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

Click in the Y-Z Plane @ X=20 window to make sure it is active.

From the View menu select Set 2D View... to display the Set 2D View dialog box.
In this dialog box:

e Select the X-Z Plane option.

e Type -11.4715 in the Y= edit box.

o Click the OK button.

Select all of the elements in this view by “windowing”

From the View menu select Set 2D View... to display the Set 2D View dialog box.
In this dialog box:

e Select the X-Z Plane option.

e Type -17.2073 in the Y= edit box.

o Click the OK button.

Select all of the elements in this view by “windowing”

From the View menu select Show Selection Only.

Click the Perspective.Toggle button eg'lon the main toolbar.

From the View menu select Show Grid to toggle the grids off.

From the View menu select Show Axes to toggle the axes off.

From the Draw menu select Draw Quad Shell Element.

In the X-Z perspective view click on joints 163,

195, 73 and 1, in that order, to draw a shell

element. T S
Click the Pointer button [} | on the side tool bar 1w Hesh o £ P
to exit draw mode and enter select mode. L r_' Shels

¢ Mesh using sdecled Jcmt: on edges .

Click on the just drawn shell element to select it.
C Mesh at lnlersecllon with gnds

From the Edit menu select Mesh Shells... to
display the Mesh Selected Shells dialog box.

Fill in this dialog box as shown in the figure and



45.
46.

47.

48.

49.

50.

51.

53.

54.

click the OK button.

Note: It is difficult o figure out whether to mesh shells 3 bv 8 or 8 by 3. It is often easiest
to just go ahead and try one way, and if it isn't right, simply click the Undo button
on the main toolbar and mesh the shells ﬂrher way.

Select all of the elements in the X-Z perspective view by “windowing”.

From the Edit menu select Replicate... to display the Replicate dialog box.

In this dialog box:

e Select the Mirror Tab.

» In the Mirror About area select the XZ Plane option.

o In the Ordinate area type 0 in the Y edit box if it is not already there.

e Click the OK button.

From the View menu select Set 2D View... to display the Set 2D View dialog box.

In this dialog box:

s Select the X-Y Plane option.

o Type 0 in the Z= edit box.

¢ Click the OK button.

Select all of the joints at this level by “windowing”.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.

In this dialog box:

e Verify that the Translation I, 2 and 3 boxes are all checked.

¢ Click the OK button.

From the View menu select Set 2D View... to display the Set 2D View dialog box.
In this dialog box:

o Select the Y-Z Plane option.

* Type 20 in the X= edit box.



55.
56.
57.
58.

59.

60.

61.
62.

63.

64.

65.

66.

Click the OK button.

Click the Show Undeformed Shape button ) to reset the window title.

From the View menu select Show All

Click the drop down box in the status bar to change the units to kip-in. _[Epjg '_ll

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

¢ Type 3600 in the Modulus of Elasticity edit box.

» Verify .2 is entered in the Poisson’s Ratio edit box.

e Click the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-ft. [k -]

From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

e Verify that 4.657E-03 is entered in the Mass Per Unit Volume edit box.

» Verify that .15 1s entered in the Weight Per Unit Volume edit box.

» Click the OK button twice to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In this dialog box:

Click the Modify/Show Section button to display the Shell Sections dialog box.
In this dialog box:
» Verify that the Material is CONC,

> Verify that both the Membrane and Bending thicknesses are 1.



67.

68.

69.

70.

>

S

Verify that the Shell option is chosen in the Type area.

Click the OK button twice to extt all dialog boxes.

From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box.

In this dialog box:

o Type DL in the Load edit box.

e C(Click the Change Load button.

s Type LL in the Load edit box.

¢ Select Live from the Type drop-down box.

e Type 0 1n the Self Weight Multiplier edit box.

o C(Click the Add New Load button.

¢ Click the OK button.

From the Define menu select Load Combinations... to display the Define Load Case
Combinations dialog box.

In this dialog box:

e (Click the Add New Combo button to display the Load Combination Data dialog box..

e In this dialog box:

>

>
»
»

Accept the default Load Combination Name COMBI1.
Accept the default Load Combination Type, Add.
Type COMBL: DL + LL in the Title edit box.

Verify that DL Load Case appears in the Case Name drop-down box, and that the
Scale Factor is 1.

Click the Add button,
Select LL Load Case from the Case Name drop-down box
Click the Add button,

Click OK twice to exit all dialog boxes.



71,

72.
73.

74.

75.

76.

77.

78.

79.

80.
8l.

82.

83.

Chck in the 3-D View window to activate it. Be careful not to accidentally select any
members when you do this.

From the View menu select Set Limits... to display the Set Limits dialog box.
In this dialog box:

e Type 25 in the Min edit box in the Set Z Axis limits arca.

¢ Click the OK button.

Select all of the displayed elements in the 3D View window (i.e., all elements in the roof
barrel) by “windowing”.

From the Assign menu choose Shell Static Loads... and then choose Uniform... from the
submenu to display the Shell Uniform Loads dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

¢ Type -.3 in the Load edit box.

o Verify that Global Z is selected in the Dir drop-down box.
¢ Click the OK button.

Click the Show Undeformed Shape button g' to remove the display of shell uniform
loads and to remove the limits that were set.

Click the Run Analysis button _;Jto run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click in the window titled Y-Z Plane @ X=20 to activate it.

Click the Display Static Deformed Shape button ;A__; on the main toolbar to display the
Deformed Shape dialog box.

In this dialog box:
o Select the DL Load Case from the Load drop-down box.
» Select the Auto Scaling option.

e (Click the OK button,

Click the drop down box in the status bar to change the units to kip-in. [Kiprin 'l‘



84.

8s.

86.

87.

88.

89.

Right click on the center joint of the upper barrel vault to see its self weight displacement
in inches.

Right click on the center joint of the lower barrel vault to see its self weight displacement
in inches.

Ciick the Display Static Deformed Shape button _é._] on the main toolbar to display the
Deformed Shape dialog box.

In this dialog box:
o Select the COMBI Combo from the Load drop-down box.
s Click the OK button.

Right click on the center joint of the upper barrel vault to see its self weight plus live load
displacement in inches.

Right click on the center joint of the lower barrel vault to see its self weight plus live load
displacement in inches.

Alternative Problem U Solution

Now an alternative method of creating the model is shown. This alternative method does not use
the Advanced button feature of the Add To Model From Template feature. Instead it makes
use of groups and the move command to accomplish essentially the same thing. It is a good
example of one of the uses of groups. This alternative method takes more steps than the initial
method shown. The mitial method is recommended; this method is just shown for example

purposes.

Al
A2

A3,

Ad,

Click the drop down box in the status bar to change the units to kip-ft. kit |

From the File menu select New Model From Template . This displays the Model
Templates dialog box.

In this dialog box click on the Barrel Template : /@ button to display the Barrel
dialog box. i

In this dialog box
s Accept the default Number of Circumferential Spaces, 8.

¢ Accept the default Number of Span Spaces, 8.

10



AS.

Ab.
AT

AR.

A9.

Al0.

All.

Al2.

Al3.

Al4d.

* Type 40 in the Span edit box.

e Type 20 in the Radius edit box.

e Type 35 in the Roll Down Angle edit box.
» Uncheck the Restraints check box.

¢ Click the OK button.

Click in the 3-D View window to make sure it is active. The window 1s highlighted when
it is active.

Click the Select All button located on the side toolbar to select the entire structure.

From the Assign menu select Group Name... to display the Assign Group dialog box.
In this dialog box:

o Type LOBARREL in the Groups edit box.

¢ Click the Add New Group Name button.

» Click the OK button.

Click the Restore Previous Selection button [ps]| on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Edit menu seiect Move... to display the Move Selected Points dialog box.
In this dialog box:

o Type 10 in the Delta Z edit box.

¢ Click the OK button.

From the Edit menu select Add To Model From Template... to display the Model
Templates dialog box. I

In this dialog box click on the Barrel template /@ button to display the Barrel
dialog box.

In this dialog box
e Accept the default Number of Circumferential Spaces, 8.
o Accept the default Number of Span Spaces, 8.

¢ Type 40 in the Span edit box.

11



AlS.
Al6.

Al7,

AlS.

AlS.

A22.

A23,

A24.

¢ Type 30 in the Radius edit box.

e Type 35 in the Roll Down Angle edit box.

e Uncheck the Restraints check box if it is not already unchecked.

e Click the OK button.

Click the Pointer button [} | on the side tool bar to enter select mode.

Click the Select All button located on the side toolbar 10 select the entire structure.

From the Select menu choose Deselect and then choose Groups... from the submenu to
display the Select Groups dialog box.

In this dialog box:
¢ Click on the LOBARREL group to highlight it.
e Click the OK button.

From the Assign menu select Group Name... to display the Assign Group dialog box.

. In this dialog box:

e Type HIBARREL in the Groups edit box.
e Click the Add New Group Name button.

» C(Click the OK button.

. Click the Restore Previous Selection button @[ on the side toolbar (or select Get

Previous Selection from the Select menu).

From the Edit menu select Move... to display the Move Selected Points dialog box.
In this dialog box:

e Type 25 in the Delta Z edit box.

o Click the OK button.

From the Edit menu select Add To Model From Template... to display the Model
Templates dialog box.

H

Wall dialog box.

. In this dialog box

. In this dialog box click on the Shear Wall template button to display the Shear

12



A27.
A28,

A29.

A30.

A33.

Al4

A35.

¢ Type 8 in the Number of Spaces Along X edit box.

¢ Type 4 in the Number of Spaces Along Z edit box.

» Type § Space Width Along X edit box.

e Type 2.5 Space Width Along Z edit box.

e Uncheck the Restraints check box if it is not already unchecked.

¢ Click the OK button.

Click the Pointer button [ | on the side tool bar to enter select mode.

Click the Select All button[_;_]u located on the side toolbar to select the entire structure.

From the Select menu choose Deselect and then choose Groups... from the submenu to
display the Select Groups dialog box.

In this dialog box:
e Click on the HIBARREL group to highlight it.

¢ Hold down on the Ctrl key on the keyboard and click on the LOBARREL group to add
it to the selection

¢ Click the OK button.

. From the Assign menu select Group Name... to display the Assign Group dialog box.

. In this dialog box:

e Type WALLI in the Groups edit box.

¢ C(Click the Add New Group Name button.

¢ (Click the OK button.

Click in the Window titled Y-Z Plane @ X=20 to activate it.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
e Check the Labels box in the Joints area.

¢ Click the OK button.

13



A36.

A37.

A38.

A40.

Ad1.

A42,

Ad3.

Ad4.

A45,

Ado6.

Right click on joint 154. The Joint Information dialog box is displayed.
In this dialog box:

» Note that the Y-coordinate of this joint is -17.2073.

» Click the OK button to close the dialog box.

From the Select menu choose Select and then choose Groups... from the submenu to
display the Select Groups dialog box.

. In this dialog box:

o (lick on the WALL1 group to highlight it.

» Click the OK button.

From the Edit menu select Move... to display the Move Selected Points dialog box.
In this dialog box:

e Type -17.2073 in the Delta Y edit box.

e Type 15 in the Delta Z edit box.

e Click the OK button.

Right click on joint 73. The Joint Information dialog box is displayed.

In this dialog box:

e Note that the Y-coordinate of this joint is -11.4715.

¢ Note that the Y-direction distance between joints 154 and 73 can be calculated as
17.2073 - 11.4715=5.7358.

e Click the OK button to close the dialog box.

From the Select menu choose Select and then choose Groups... from the submenu to
display the Select Groups dialog box.

In this dialog box:
® Click on the WALL] group to highlight it.
e Click the OK button.

From the Edit menu select Replicate... to display the Replicate dialog box.

14



A47.

A48.

A49.

AS50.

A54,
ASS.
AS56.

A5T.

In this dialog box:

s Select the Linear Tab.

e Type 5.7358 in the Y Distance edit box.

o Type -15 in the Z Distance edit box.

o Type 1 in the Number edit box.

o Click the OK button.

Click the Select All button located on the side toolbar to select the entire structure.

From the Select menu choose Deselect and then choose Groups... from the submenu to
display the Select Groups dialog box.

In this dialog box:
e Click on the HIBARREL group to highlight it.

e Hold down on the Ctrl key on the keyboard and click on the LOBARREL group to add
it to the selection

e (Click the OK button.

. From the View menu select Show Selection Only.
. From the View menu select Set 2D View... to display the Set 2D View dialog box.

. In this dialog box:

o Select the X-Z Plane option.

o Type -17.2073 in the Y= edit box.

e Click the OK button.

Click the Perspective Toggle button ég‘lon the main toolbar.
From the View menu select Show Grid to toggle the grids off.
From the Draw menu seiect Draw Quad Shell Element.

A

In the X-Z perspective view click on joints 163, 203, 73 and 1, in that order, to draw a shell
element.

15



A38.

A59.

A60.

A61.

A62,
A63.

Ab4.

A6S.

A66.

A67.

A68.

A69.

Click the Pointer button [y | on the side tool bar

e o

to exit draw mode and enter select mode. D

Click on the just drawn shell element to select it. 2 :M&chinl N [3_ '

"by ‘ la—'—;‘;mIls -

From the Edit menu seiect Mesh Sheills.., to

display the Mesh Selected Shells dialog box. i1f L, Mesh using selected Joinis on edges
. € Mesh at intersection with grids

Fill in this dialog box as shown in the figure and . w57

click the OK button. o o] cenedl |

Note: It is difficult to figure out whether to mesh
shells 3 by 8 or 8 by 3. It is often easiest to just go ahead and try one way, and if it
isn't vight, simply click the Undo button i—,‘lon the main toolbar and mesh the shells
the other way.

Select all of the elements in the X-Z perspective view by “windowing”.

From the Edit menu select Repiicate... to display the Replicate dialog box.

In this dialog box:

e Select the Mirror Tab.

* In the Mirror About area select the XZ Plane option.

e In the Ordinate area type 0 in the Y edit box if it is not already there.

e (lick the OK button.

From the View menu select Set 2D View... to display the Set 2D View dialog box.

In this dialog box:

e Select the X-Y Plane option.

» Type 0 in the Z= edit box.

e (Click the OK button.

Select all of the joints at this level by “windowing”.

From the Assign menu select Joint and then Restraints... from the submenu to display the

Joint Restraints dialog box.
In this dialog box:

e Verify that the Translation I, 2 and 3 boxes are all checked.

16



e (Click the OK button.
A70. From the View menu select Set 2D View... to display the Set 2D View dialog box.
A71. In this dialog box:
o Select the Y-Z Plane option.
o Type 20 in the X= edit box.
e Click the OK button.
A72. Click the Show Undeformed Shape button g' to reset the window title.
A73. From the View menu select Show All
A74. Click the drop down box in the status bar to change the units to kip-in. m'

A75. From the Define menu select Materials... to display the Define Materials dialog box.

A76. Click on CONC in the Materials area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

A77. In this dialog box:

* Type 3600 in the Modulus of Elasticity edit box.

o Verify .2 is entered in the Poisson’s Ratio edit box.

e Click the OK button twice to exit all dialog boxes.
A78. Click the drop down box in the status bar to change the units to kip-ft. m
A79. From the Define menu select Materials... to display the Define Materials dialog box.

AB0. Click on CONC in the Materials area to highlight (select) it, and then click the
- Modify/Show Material button. The Material Property Data dialog box is displayed.

A8I1. In this dialog box:
e Verify that 4.657E-03 is entered in the Mass Per Unit Volume edit box.
e Verify that .15 is entered in the Weight Per Unit VO]UI';'IC edit box.
o Click the OK button twice to exit all dialog boxes.

AS82. From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.



A83. In this dialog box:

Click the Modify/Show Section button to display the Shell Sections dialog box.
In this dialog box:
> Verify that the Material is CONC.
% Verify that both the Membrane and Bending thicknesses are 1.
Verify that the Shell option 1s chosen in the Type area.

S
» Click the OK button twice to exit all dialog boxes.

A84. From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box.

ABS5.

AB6.

In this dialog box:

Type DL in the Load edit box.

Click the Change Load button.

Type LL in the Load edit box.

Select Live from the Type drop-down box.
Type 0 in the Self Weight Multiplier edit box.
Click the Add New Load button.

Click the OK button.

From the Define menu select Load Combinations... to display the Define Load Case
Combinations dialog box.

A87. In this dialog box:

Click the Add New Combo button to display the Load Combination Data dialog box..
In this dialog box:
» Accept the default Load Combination Name COMBI.

» Accept the default Load Combination Type, Add.

» Type COMBI: DL + LL in the Title edit box.

18



A88.

AR9.

ASBQ.

A91.

AG2.

A93.

A%4.

A95.

A96.

A97.

» Verify that DL Load Case appears in the Case Name drop-down box, and that the
Scale Factoris 1.

» Click the Add button.

# Select LL Load Case from the Case Name drop-down box
» Click the Add button.

» Click OK twice to exit all dialog boxes.

Click in the 3-D View window to activate it. Be careful not to accidentally select any
members when you do this.

From the Select menu choose Select and then choose Groups... from the submenu to
display the Select Groups dialog box.

In this dialog box:
» Click on the HIBARREL group to highlight it.
e (lick the OK button.

From the Assign menu choose Shell Static Loads... and then choose Uniform... from the
submenu to display the Shell Uniform Loads dialog box.

In this dialog box:

e Select LL from the Load Case Name drop-down box.

¢ Type -.3 in the Load edit box.

e Verify that Global Z is selected in the Dir drop-down box.
¢ Click the OK button.

Click the Show Undeformed Shape button g to remove the display of shell uniform
loads.

Click the Run Analysis button_, Jto run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Click in the window titled Y-Z Plane @ X=20 to activate it.

Click the Display Static Deformed Shape button M on the main toolbar to display the
Deformed Shape dialog box.

19



A98. In this dialog box:
* Select the DL Load Case from the Load drop-down box.
¢ Select the Auto Scaling option.
» Click the OK button.
A99. Click the drop down box in the status bar to change the units to kip-in. m*

A100. Right click on the center joint of the upper barrel vault to see its self weight displacement
in inches.

Al101. Right click on the center joint of the lower barrel vault to see its self weight displacement
in inches.

A102. Click the Display Static Deformed Shape button éi_ on the main toolbar to display the
Deformed Shape dialog box.

A103.In this dialog box:
¢ Select the COMBI Combo from the Load drop-down box.
¢ (Click the.OK button.

A104. Right click on the.center joint of the upper barrel vault to see its self weight plus live load
displacement in inches.

A105, Right click on the center joint of the lower barrel vault to see its self weight plus live load
displacement in inches.

20
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Problem V

Temperature Loading

Steel

E =29000 ksi

Poissons Ratio = 0.3

Coefficient of thermal expansion = 0.0000065 (degrees Fahrenheit)
Beam-column connections are rigid

Cable is pinned at each end

To Do,
Determine support reactions and frame disptacement due to a 100°
Fahrenheit temperature drop in the cable only.

W24X68 .
8 8 74
3 3 N 2
= 2 %
ANANAN ASANNN -
30 18’ |

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem V Solution

10.

Click the drop down box in the status bar to change the units to kip-ft. [kip -]

From the File menu select New Model From Template.... This displays the Mode!

Templates dialog box.

In this dialog box click on the Portal Frame template button to display the

Portal Frame dialog box. LoL 4

In this dialog box:

* Type I in the Number of Stories edit box.
e Type 1 in the Number of Bays edit box.

¢ Type 14 in the Story Height edit box.

e Type 30 in the Bay Width edit box.

s Click the OK button.

Click the “X” in the top right-hand corner of the 3-D View window to close it.

From the Draw menu select Edit Grid... to display the Modify Grid Lines edit box.

In this dialog box:

e Verify that the X Direction option is selected.

e Type 33 in the X Location edit box.

e Click the Add Grid Line button.

e Click the OK button.

Click the xz 2D View button = |on the main toolbar to reset the view.

Click the Set Elements buttonlﬁl on the main toolbar (or select Set Elements
View menu) to display the Set Elements Dialog box.

In this dialog box:
¢ (Check the Labels box in the Joints area.

o Check the Labels box in the Frames area.

... from the



11

12,

13.

14.
15.

16.

17.

18.

19.

20.

21

e Click the OK button.

Verify that the Snap to Joints and Grid Points button |_—‘ Ion the side tool bar is
depressed.

Click the Draw Frame Element button ’-\ on the side toolbar, or select Draw Frame
Element from the Draw menu.

Draw the cable element as follows:

e Place the mouse pointer on joint 4. When the text box saying “Grid Intersection”
appears click the left mouse button once.

e Move the mouse pointer to to the grid intersection at the bottom of the cable (lower
right-hand grid intersection). When the text box saying “Grid Intersection™ appears
click the left mouse button once.

¢ Press the Enter key on the keyboard.

Click the Pointer button Q ’to exit draw mode and enter select mode.

Select joints 1, 3 and 5.

From the Assign menu, choose Joint, and then Restraints... from the submenu. This will
display the Joint Restraints dialog box. -

In this dialog box:

* (Click the fixed base fast restraint button | | !to set all degrees of freedom (U1, U2,
U3, R1, R2 and R3) as restrained.

¢ Click the OK button.

Click the drop down box in the status bar to change the units to kip-in. [<ipn 'H
From the Define menu select Materials... to display the Define Materials dialog box.
Highlight the STEEL material and click the Modify/Show Material button to display the
Material Property Data dialog box.

In this dialog box:

e Verify that the modulus of elasticity is 29000, poisson’s ratio is 0.3 and the coefficient
of thermal expansion is 0.0000065.

e Click the OK button twice to exit the dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.



23.

24,

25.

26.

27.

28.

30.

3L
32.

33,

In the Click To area, click the drop-down box that says Import ’'Wide Flange and then
click on the Import I/Wide Flange item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:

e Scroll down and click on the W24X68 section.

e Scroll down to the W14X90 section, and click on it while holding down the Ctrl key on
the keyboard.

e (Click the OK button twice to return to the Define Frame Sections dialog box.

In the Click To area, click the drop-down box that says Add I/Wide Flange and then click
on the Add Circle item.

The Circle Section dialog box appears. In this dialog box:

¢ Type CABLE in the Section Name edit box.

e Type 1 inthe Diameter (t3) edit box.

e (Click the OK button twice to exit all dialog boxes.

Click the drop down box 1n the status bar to change the units to kip-ft. ket~ -]
Select the beam element (frame element 3).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

e Click on W24X68 in the Frame Sections area to highlight it.
s (lick the OK button.

Select the two column elements (frame elements 1 and 2).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:

o Click on W14X90 in the Frame Sections area to highlight it.



34.

35.

36.

37

38.
39.

40.

41.

42.

43,
44

45.

o Click the OK button.
Select the cable element (frame element 4).

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on CABLE in the Frame Sections area to highlight it.
e Click the OK button.

Click the Show Undeformed Shape button g} to remove the displayed frame section
assignments.

Select the cable element (frame element 4).

From the Assign menu select Frame and then Releases... from the submenu to display the
Frame Releases dialog box.

In this dialog box check both the Start and the End boxes for Moment 33 (Major) and then
click the OK button.

From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box.

In this dialog box: - i
» Type 0 in the Self Weight Muitiplier edit box.

e Click the Change Load button.

¢ Click the OK button.

Select the cable element (frame element 4).

From the Assign menu select Frame Static Loads... and then Temperature... from the
submenu to display the Frame Temperature Loading dialog box.

In this dialog box:

e Verify that the Temperature option is selected in the Type area.

e Verify that the By Element option is selected in the Temperature area.
e Type -100 in the Temperature edit box.

e (Ciick the OK button.



46.

47.

48.

49,

50.

51.

52.

53.

54.

Click the Show Undeformed Shape button g' to remove the displayed temperature
assignments.

Click the Set Elements button]ﬁl on the maun toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Uncheck the Labels box in the Joints area.
e Uncheck the Labels box in the Frames area.
e Click the OK button.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

¢ In this dialog box click the Plane Frame XZ Plane button to set the

available degrees of freedom. L

. Click the OK button.
Click the Run Analysis button _,[to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors). Click the OK button to close the Analysis window.

Click the Joint Reaction.Forces button Ill to display the Joint Reaction Forces dialog
box.

In this dialog box:
e Verify that the Reactions option is selected in the Type area.
¢ Click the OK button.

The reactions are displayed on the screen. You can right click on any joint to see the
reactions at that joint or you can just read the reactions on the screen. If the text goes off of
the screen, you can use click the Pan buttonl T on the main toolbar to move the display,
or you can click the Zoom Out One Step button fOi on the main toolbar as many times as
required to resize the display. If the text is too small to read, you can zoom in on the joint,
or you can change the minimum font size as described in the note below.

Note: To change the minimum font size select Preferences from the Options menu and
make sure the Dimensions Tab is selected. In the Minimum Graphic font Size edit box
input a new size, mayvbe 5 or 6 points. Click the OK button.
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Problem W

Simple Beam With Trapezoidal Loads

Steel

E =29000 ksi
Poissons Ratio = 0.3
Beam = W21X50

To Do
Determine midspan deflection of beam. Ignore the self weight of the beam.
Create the mode! as follows:

1. From the File menu, choose New Model From Template. Select the
Beam template in the upper left hand corner. Set the number of
spans to one,

2. Define the frame section properties,

3. Apply the loads to the beam.

4. Use the Divide Frames option in the Edit Menu to break the beam
into two elements with & joint at the center.

2 kif o Kif 30 k
ANy '
2", 6 1 2,2, #® 1 2 5 [ 5
1 I | | 0 1 i
30

Note: Qur intent is that you try this problem on your own first. After vou have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem W Solution

10.

11.

12.

Click the drop down box in the status bar to change the units to kip-ft. JKip-h -]

From the File menu select New Model From Template.... This displays the Model
Templates dialog box. .

In this dialog box click on the Beam template| #===#= Jbutton to display the Beam
dialog box. S

In this dialog box:

¢ Type 1 in the Number of Spans edit box.

e Type 30 in the Span Length edit box.

¢ (Click the OK button.

Click the “X” in the top right-hand cormner of the 3-D View window to close it.

Click the drop down box in the status bar to change the units to kip-in. ml
From the Define menu select Materials... to display the Define Materials dialog box.

Click on STEEL in the Matenals area to highlight (select) it, and then click the
Modify/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

e Verify 29000 is entered in the Modulus of Elasticity edit box.

e Verify .3 is entered in the Poisson’s Ratio edit box.

* Accept the other default values.

e (Click the OK button twice to exit all dialog boxes. ‘

Click the drop down box in the status bar to change the units to kip-ft. W—EI

From the Define menu select Static Load Cases... to display the Define Static Load Case
Names dialog box.

In this dialog box:
e Type 0 in the Self Weight Multiplier edit box.

» Click the Change Load button.



13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.
25.

e (Click the OK button.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.

In the Click To area. click the drop-down box that says Import I’'Wide Flange and then
click on the Import [/'Wide Flange 1tem.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files.

A dialog box appears with a list of all wide flange sections in the database. In this dialog
box:

¢ Scroll down and click on the W21X50 section.
s (Click the OK button three times.
Select the frame element.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

Highlight W21X50 in the Frame Sections area and click the OK button.

Click the Show Undeformed Shape button tho remove the displayed frame section
assignment.

Select the frame element.

From the Assign menu select Frame Static Loads... and then Point and Uniform... from
the submenu to display the Point and Uniform Span Loads dialog box.

In this/dialog box:

o Inthe Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

¢ In the Point Loads area select the Absolute Distance From End I option.

¢ In the Point Loads area type 25 in the first Distance edit box and type -30 in the first
Load edit box

e Click the OK button.
Select the frame element.

From the Assign menu select Frame Static Loads... and then Trapezoidal... from the
submenu to display the Trapezoidal Span Loads dialog box.



26.

27.

28.

30.

31.

32.

In this dialog box:

In the Load Type and Direction area verify that the Forces option is selected and that
the Global Z direction is selected.

In the Trapezoidal Loads area select the Absolute Distance From End I option.

In the Trapezoidal Loads area type 2 in the first Distance edit box and type -2 in the
first L.oad edit box

Type 2 in the second Distance edit box and type -2 in the second Load edit box
Type 8 in the third Distance edit box and type -1 in the third Load edit box
Type 8 in the fourth Distance edit box and type -1 in the fourth Load edit box

Click the OK button.

Select the frame element.

From the Assign menu select Frame Static Loads... and then Trapezoidal... from the
submenu to display the Trapezoidal Span Loads dialog box.

In this dialog box:

Select the frame element. R i
, (‘ Dmde mto l . Frames
From the Edit menu select Divide Frames... to | fi%% r—
.. ; e LasUF st atlo -
display the Divide Selected Frames dialog box.  * |: . ! ' St
Verify that the dialog box appears as shownin [’ r Break a Wmmm“ﬂh *‘-3190"’“
the figure and click the OK button. The frame _ Frames ardJom S

element is broken into two elements with a joint
at the center. Note that the frame loading did not
change.

In the Trapezoidal Loads area type 10 in the first Distance edit box and type 0 in the
first Load edit box

Type 12 in the second Distance edit box and type -1 in the second Load edit box
Type 18 in the third Distance edit box and type -2 in the third Load edit box

Type 20 in the fourth Distance edit box and type 0 in the fourth Load edit box

Click the OK button

Click the Show Undeformed Shape button g to remove the displayed frame static load
assignments.



33.

34,

35.

36.

37

38.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

e In this dialog box click the Plane Frame XZ Plane button to set the
available degrees of freedom. 111
. 4

o Click the OK button.
Click the Run Analysis button _,[to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

Right click on the center joint to see its displacement in feet.

Click the drop down box in the status bar to change the units to kip-in. [Kip-n -] 'l

Right click on the center joint to see its displacement in inches.
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Problem X

Through Truss Bridge

Stee!
E =29000 ksi

Poissons Ratio = 0.3
All members are W6X12
Fy = 36 ksi

Concrete Bridge Deck
E =3600 ksi

Poissons Ratio = 0.2
12 inches thick
Live Load = 250 psf

To Do
Review steel member stresses due to self weight plus live load.
Use AISC-ASDSS.

_—

12
15

12




Problem X Solution

File New Model From Template...

Vertical Truss

. OK
Select All @
Edit Replicate...
.
. 12
.
.
. OK
Draw Edit Grid...
.
. 12 Add Grid Line
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14.

15.

16.

Quick Draw Frame Element ~ Quick
Draw Frame Element Draw —

Click on the grid lines at the points labeled “A”, “B”, “C” and “D” in Figure X-1 to enter
four frame elements spanning between the two vertical frames.

Click on the grid lines at the points labeled “E”, “F” and “G” in Figure X-1 to enter three
sets of diagonal frame elements spanning between the two vertical frames.

Click the Down One Gridline button I_ﬂ on the main toolbar to display the X-Y Plane @
Z=0. The screen appears as shown in Figure X-2.

Click the Quick Draw Rectangular Shell Element button E‘ on the side toolbar (or
select Quick Draw Rectangular Shell Element from the Draw menu).
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Click on the points labeled “A”, “B” and “C” in Figure X-2 to enter three shell elements
spanning between the two vertical frames.

18. Click the Pointer button [} | on the side tool bar to exit draw mode and enter select mode.
19. Click in the window titled X-Y Plane @ Z=0 to make sure 1t is active.

20. Click the Up One Gridline button | i}_l on the main toolbar to display the plan view at
Z=12.

21. Select the center four joints by clicking on them.

22. From the Edit menu select Move...



Perspective Toggle I ﬁ]

Set Intersecting Line Select Mode o
elements by “drawing” a line through them. There should now be 10 frames and 3 shells
selected. You can verify this by lookmg at the left-hand side of the status bar at the bottom
of the SAP2000 window.

26. From the Edit menu select Divide Frames...

. OK

xz 2D View [=]

Perspective Toggle ’ ﬁl

Set Intersecting Line Select Mode i
diagonal elements by “drawing” a line through them. There should now be 20 frames
selected. You can verify this by looking at the left-hand side of the status bar at the bottom
of the SAP2000 window.

31. From the Edit menu select Divide Frames...

. OK

xz 2D View [i[

Kip-in - ‘

Define Materials...

Modify/Show Material



38.

39.

40.
4].

42.

43.

44,

45.

e Verify that Poisson’s Ratio is 0.3,
e Verify that the steel stress, Fy is 36.
s Click the OK button.

Click on CONC in the Materials area to highlight (select) it. and then click the
Modifv/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:

o Verify that the Modulus of Elasticity is 3600.

e Verify that Poisson’s Ratio is 0.2.

e (lick the OK button twice to exit all dialog boxes.

Click the drop down box in the status bar to change the units to kip-fi. [iph ]
From the Define menu select Materials... to display the Define Materials dialog box.

Click on CONC in the Materials area to highlight (select) it, and then click the
Modifv/Show Material button. The Material Property Data dialog box is displayed.

In this dialog box:
e Verify that the Weight per Unit Volume is 0.15.
¢ Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box. 4

In this dialog box:

¢ Inthe Click To area, click the drop-down box that says Import /'Wide Flange and then
click on the Import I/Wide Flange item.

o Ifthe Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files. Highlight
Sections.pro and click the Open button.

e A dialog box appears with a list of all wide flange sections in the database. In this
dialog box:



46.

47.

48.

o

# Scroll down and click on the W6X12 section.
# Click the OK button three times to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog
box.

In the Click To area, click the Modify/Show Section button to display the Shell Sections
dialog box.

In this dialog box:

. OK
Select All Eﬂd
Assign Frame Sections...
®
3 OK
Show Undeformed Shape @
Define Static Load Cases...
. DL
. Change Load
. LL



60.

61.

62.

63.

64.

65.

. Add New lLoad

. OK
Select All @
Assign Shell Static Loads... Uniform...
]
. -25
L]
. OK
Show Undeformed Shape [o]

Click the “X” in the upper right-hand comner of the window labeled X-Z Plane @ Y=0 to
close it.

Click the Run Analysis button ] to run the analysis.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window.

From the Options menu select Preferences... to display the Preferences dialog box.
In this dialog box.
¢ Click on the Steel Tab

» Select AISC-ASDR89 from the Steel Design Code drop-down box if it is not already
selected.

o Click the OK button.

From the Design menu click Start Design/Check Of Structure to run the design check of
the steel frame elements.

When the design check completes, the stress ratios are displayed.
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Problem Y

Response Spectrum Analysis For Single Degree of Freedom System

System
§ k = 64 kfin .

m = 1k-sec?/in
To Do

Perform a response spectrum analysis of this single degree of freedom system
using the built-in 1994 UBC S1 spectrum. Compare the period with the
calcuiated period below. Compare the spring force with the response
spectrum below.

T=2nf$ =2n /51; = 0.7854 seconds

Note: 1.25 g * 386.4 in/sec? = 483 infsec?
19

1994 UBC §1 Spectrum
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Period (seconds)

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem Y Solution

10.

Il

12.

13.

Click the drop down box in the status bar to change the units to kip-in, _]K' pa _ﬁ'”

From the File menu select New Model.... This displays the Coordinate System Definition
dialog box.

In this dialog box

e Select the Cartesian Tab.

* In the Number of Grid Spaces area type 0 in the X direction edit box.

e Inthe Number of Grid Spaces area type 0 in the Y direction edit box.

¢ Inthe Number of Grid Spaces area type 0 in the Z direction edit box.

e (Click the OK button.

Click the “X” in the upper right-hand comer of the window labeled 3-D View to close it.

Click the Draw Special Joint button _+ |on the side toolbar or select Add Special Joint
from the Draw menu.

Click on the grid intersection at the origin to enter a joint.
Click the Pointer button _QJ to exit Draw Mode and enter Select Mode.
Select the joint by clicking on it.

From the Assign menu select Joint and then Springs... from the submenu to display the
Joint Springs dialog box.

In this dialog box:

¢ Type 64 in the Translation | edit box.
¢ (lick the OK button.

Select the joint by clicking on it.

From the Assign menu select Joint and then Masses... from the submenu to display the
Joint Masses dialog box.

In this dialog box:

» In the Masses in Local Directions area type 1 in the Direction | edit box.



18.

19.

20.

21

22.

When the analysis is complete check the messages in the Analysis window (there should be
no warnings or errors) and then click the OK button to close the Analysis window. Note
that the 3-D window now shows the first mode shape.

Note that the period is reported in the window title. It should be 0.7854 seconds.

From the Display menu select Show Element Forces/Stresses and then Joints... from the
submenu to display the Joint Reaction Forces dialog box.

In this dialog box:

o Select SPEC1 Spectra from the load drop-down box.
¢ Inthe Type area select the Spring Forces option.

¢ (Click the OK button.

If the axes make 1t difficult to read the spring force, then from the View menu select Show
Axes to toggle the axes display off.



14.

15.

17.

Click the OK button.

From the Define menu select Response Spectrum Cases... to display the Define Response
Spectra dialog box.

In this dialog box:

Click the Add New Spectra button to display the Response Spectrum Case Data dialog
box.

In this dialog box:

Pl

~

» Accept the default Spectrum case name, SPEC].

A t4

Accept the default Excitation Angle, 0.

A 4

Accept the default Modal Combination option, CQC.

»> Type .05 in the Damping edit box.

Y

Accept the default Directional Combination option, SRSS. Note that this option is
irrelevant in this example since the response spectrum is run in only one direction.

A7

In the Input Response Spectra area select UBC94S1 from the Ul Function drop-
down box.

> In the Input Response Spectra area type 386.4 in the U1 Scale factor edit box.

» Click the OK button twice to exit all dialog boxes.

From the Analyze menu select Set Options... to display the Analysis Options dialog box.

Uncheck all of the Available DOFs check boxes except for UX.
Verify the the Dynamic Analysis check box is checked.

Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

In this dialog box:
» Verify that the Number of Modes is 1.

» Verify that the Eigenvectors option is selected in the Type of Analysis area.

b

» Click the OK button twice to exit all dialog boxes.

Click the Run Analysis button _»]to run the analysis.
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Problem Z

Response Spectrum Analysis

Building Description
The building is a four-story concrete shear wall building with concrete flat slabs

supported by concrete columns. There is a 30 foot high steel flagpole on the
roof at one corner of the building. A 250 pound man sits on top of the flagpole.

|r 25'% 35' |I 40" _|I_20_1

I

Steetl

E =28000 ksi

Poissons Ratio = 0.3

Flagpole is 3" @ standard pipe

30"

Concrete
E =3600 ksi
Poissons Ratio = 0.2 —
Walls are 12" thick

Columns & beams are 20" x 20"
Fioors & roof are 10" thick fiat slab

30
120'

40

Response Spectrum Loading
X-Dir (U1): 1994 UBC S2
Y-Dir (U2): 30% of 1994 UBC 52

20"

Assumptions
» Diaphragms are rigid in plane.
- Columns are fixed base.
= Consider the mass of the
250 pound man which is Ftagpofe\f
0.00065 kip-sec2/in.

Typical Floor and Roof Plan

30

To Do
Determine maximum X-direction |
(U1) displacement at top and
bottom of the flagpoele for the
specified response spectrum
ioading.

|12'l12'!12'j12'

Three Dimensional Perspective View

Note: Our intent is that you try this problem on your own first. After you have solved it on your
own, you can step through our solution if desired. If you have problems trying to create the
model, then follow the steps in our solution.



Problem Z Solution

1. Cliick the drop down box in the status bar to change the units to kip-ft. I ]

2. From the File menu select New Model From Template.... This displays the Model
Templates dialog box. CL

3. Inthis dialog box click on the Space Frame template button
Space Frame dialog box.

to display the

4.  Inthis dialog box:

Type 4 in the Number of Stories edit box.

Type 4 in the Number of Bays Along X edit box.

Type 4 in the Number of Bays Along Y edit box.

Accept the default Story Height, 12.

Type 30 in the Bay Width Along X edit box.

Type 30 in the Bay Width Along Y edit box.

Verify that the Restraints and Gridlines check boxes are checked.

Click the OK button.

5.  From the Draw menu select Edit Grid... to display the Modify Grid Lines dialog box.

6. In this dialog box:

Check the Glue Joints To Grid Lines check box.
Verify that the X option is selected in the Direction area.

Click on the -30 grid line in the X Location list box to highlight it. The -30 value
appears in the X Location edit box.

Type -35 in the X Location edit box and click the Move Grid Line button.

Click on the 30 grid line in the X Location list box to highlight it. The 30 value appears
in the X Location edit box.

Type 40 in the X Location edit box and click the Move Grid Line button.



10.
1.

12.

13.

14.

15.

16.

17.

18.

o Select the Y option in the Direction area.

o Click on the -30 grid line in the Y Location list box to highlight it. The -30 value
appears in the Y Location edit box.

¢ Type -40 in the Y Location edit box and click the Move Grid Line button.
¢ Click the OK button.

Verify that the 3-D View window is active. The window is active when its title is
highlighted.

Click the Set Elements button[ﬁ] on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:

e Check the Fill Elements check box.

¢ Click the OK button.-

from the View menu select Refresh View to update the 3-D view.
Click in the window labeled X-Y Plane @ Z=48 to activate it.

Click the Set Elements button}@_’ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
¢ Check the Fill Elements check box.
o (lick the OK button.

Click the xz 2D View button = ion the main toolbar. The view switches to the X-Z plane
@ Z=60 and appears as shown in Figure Z-1.

Click the Quick Draw Rectangular Shell Element buttonﬂl on the side toolbar.

Click once in each of the area labeled “A”, “B”, “C” and “D” in Figure Z-1 to enter four
shell elements.

From the View menu select Set 2D View... to display the Set 2D View dialog box.
In this dialog box:
e Verify that the X-Z Plane option is selected.

» Type -60 in the Y= edit box.
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Figure 7-1: Screen After Step 14

¢ Click the OK button. The screen appears similar to that shown in Figure Z-1 (except
that the location is now at Y=-60).

19.  Click once in each of the area labeled “E”, “F”, “G” and “H” in Figure Z-1 to enter four
shell elements.

20.  Fromthe View menu select Set 2D View... to display the Set 2D View dialog box.
21. Inthis dialog box:

. Select‘the Y-Z Plane option,

» Verify that 60 is entered in the X= edit box.

¢ Click the OK button. The screen appears as shown in Figure Z-2.

22. Click once in each of the area labeled “A”, “B”, “C” and “D” in Figure Z-2 to enter four
shell elements.

23. From the View menu select Set 2D View... to display the Set 2D View dialog box.
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Figure Z-2: Screen Afier Step 21

24. In this dialog box:
e Verify that the Y-Z Plane option is selected.
¢ Type -60 in the X= edit box.

e Click the OK button. The screen appears similar to that shown in Figure Z-2 (except
that the location is now at X=-60).

25. Click once in each of the area labeled “E”, “F”, “G” and “H” in Figure Z-2 to enter four
shell elements. This completes the drawing of the shear walls.

26. Click the Pointer button_t\‘g_]to exit draw mode and enter select mode.
27. From the Define menu select Materials... to display the Define Materials dialog box.
28. In this dialog box:

» Highlight the CONC material and click the Modify/Show Material button to display
the Material Property Data dialog box.



29.

30.

31

32.

¢ In this dialog box:
» Verify that the Mass per Unit Volume is 4.658E-03.
» Verify that the Weight per Unit Volume is 0.15.
» Click the OK button to return to the Define Materials dialog box.

o Highlight the STEEL material and click the Medify/Show Material button to display
the Material Property Data dialog box.

¢ In this dialog box:

» Verify that the Mass per Unit Volume is 0.0152.

» Verify that the Weight per Unit Volume is 0.489.

» Click the OK button twice to exit ail dialog boxes.
Click the drop down box in the status bar to change the units to kip-in. m!
From the Define menu select Materials... to display the Define Materials dialog box.
In this dialog box:

o Highlight the CONC material and click the Modify/Show Material button to display
the Material Property Data dialog box.

e In this dialog box:
» Verify that the Modulus of Elasticity is 3600.
> Verify that Poisson’s ratio is 0.2.
» Click the OK button to return to the Define Materials dialog box.

e Highlight the STEEL material and click the Modify/Show Material button to display
the Material Property Data dialog box.

e In this dialog box:
»> Verify that the Modulus of Elasticity is 29000.
» Verify that Poisson’s ratio is 0.3.

» Click the OK button twice to exit all dialog boxes.

From the Define menu select Frame Sections... to display the Define Frame Sections
dialog box.



33

34.

35.

In this dialog box:

In the Click To area, click the drop-down box that says Import I/'Wide Flange and then
click on the Import Pipe item.

If the Section Property File dialog box appears then locate the Sections.pro file which
should be located in the same directory as the SAP2000 program files.

A dialog box appears with a list of all pipe sections in the database. In this dialog box:
#» Scroll down and click on the P3 (3" diameter standard pipe section) item.

»> Click the OK button twice to return to the Define Frame Sections dialog box.

In the Click To area, click the drop-down box that says Add I/Wide Flange and then
click on the Add Rectangular item. The Rectangular Section dialog box is displayed.

In this dialog box:

» Type BMCOL i the Section Name edit box,

» Select CONC from the Material drop-down box.
» Type 20 in the Depth (t3} edit box.

» Type 20 in the Width (t2) edit box.

» Click the OK button twice to exit all dialog boxes.

From the Define menu select Shell Sections... to display the Define Shell Sections dialog

box.

In this dialog box:

Click the Modify/Show Section button to display the Shell Sections dialog box.
In this dialog box:

» Type WALL in the Section Name edit box.

A%

Accept the default CONC material

v

In the Thickness area verify that both the Membrane and the Bending thicknesses
are 12.

# In the Type area verify that the Shell option is selected.

A\

Click the OK button to return to the Define Shell Sections dialog box.



36.
37.
38.

39,

40.

41.

42,

43,
44,
45,

46.

¢ Click the Add New Section button to display the Shell Sections dialog box.
¢ In this dialog box:
» Type FLOOR in the Section Name edit box.
> Accept the default CONC material.
#» Type 10 in the Membrane edit box.
> Type 10 in the Bending edit box.
» In the Type area verify that the Shell option is selected.
> Click the OK button twice to exit all dialog boxes.
Click the drop down box in the status bar to change the units to kip-ft. [Ken ]
Click in the window labeled Y-Z Plane @ X=-60 to verify it is active.
From the View menu select Set 2D View... to display the Set 2D View dialog box.
In this dialog box:
s Select the X-Y Plane option.
o Verify that 48 is entered in the Z= edit box.
¢ Click the OK button.

Click the Set Elements buttonl@] on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.

In this dialog box:
s Check the Labels box in the Joints area.
¢ Click the OK button.

Click the Draw Rectangular Shell Element buttonE on the side toolbar or select Draw
Rectangular Shell Element from the Draw menu.

Click on joint 25 and then joint 105 to enter a single shell element for the entire floor.
Click the Pointer button_[ﬁ_lto exit draw mode and enter select mode.
Select all elements in the X-Y Plane @ Z=48 by “windowing”.

From the Edit menu select Mesh Shells... to display the Mesh Selected Shells dialog box.



47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

In this dialog box:
e Select the mesh Using Selected Joints on Edges option.
Note: The Mesh At Intersections With Grids option would work equally well.
» Click the OK button.
Select all elements in the X-Y Plane @ Z=48 by “windowing”.

From the Assign menu select Shelt and then Sections... from the submenu to display the
Define Shell Sections dialog box.

In this dialog box:
o Highlight the FLOOR section by clicking on it.
¢ Click the OK button.

Click the Show Undeformed Shape button Q,' to remove the displayed shell section
assignments.

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Edit menu select Replicate... to display the Replicate dialog box.

In this dialog box:

Verify the Linear Tab Is selected.

« In the Distance area type -12 in the Z edit box.

e Verify that 0 is entered in the X and Y edit boxes.
e Type 3 in the Number edit box.

¢ Click the OK button to proceed with the replication and create the other floor
diaphragms.

Click the Restore Previous Selection button on the side toolbar (or select Get
Previous Selection from the Select menu).

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:



58.

59.

60.

61.

62.

63.

64.

65.

e In the Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

e In this dialog box:

» Type ROOFDIA in the Constraint Name edit box.

» Select the Z Axis option in the Constraint Axis area.

» Click the OK button twice to exit all dialog boxes.
Click the Down One Gridline button ;0‘_] to move the plan display down to the X-Y Plane
@ Z=36. You can confirm the elevation by looking on the right-hand side of the staus bar
at the bottom of the SAP2000 window.

Select all elements at this level by “windowing”.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

o In this dialog box:
» Type 4THDIA in the Constraint Name edit box.
» Select the Z Axis option in the Constraint Axis area.

» Click the OK button twice to exit all dialog boxes.

Click the Down One Gridline button i‘ to move the plan display down to the X-Y Plane
@ Z=24.

Select all elements at this level by “windowing”.

From the Assign menu seiect Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Inthe Click To area click the drop-down box and seiect Add Diaphragm to display the
Diaphragm Constraint dialog box.

o Inthis dialog box:

> Type 3RDDIA in the Constraint Name edit box.

10



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Select the Z Axis option in the Constraint Axis area.

A4

» Click the OK button twice to exit all dialog boxes.

Click the Down One Gridline button i] to move the plan display down to the X-Y Plane
@ Z=12.

Select all elements at this level by “windowing™.

From the Assign menu select Joint and then Constraints... from the submenu to display
the Constraints dialog box.

In this dialog box:

o Inthe Click To area click the drop-down box and select Add Diaphragm to display the
Diaphragm Constraint dialog box.

» In this dialog box:

» Type 2NDDIA in the Constraint Name edit box.
» Select the Z Axis option in the Constraint Axis area,
» Click the OK button twice to exit all dialog boxes.

Click the Down One Gridline button ‘{lj to move the plan display down to the X-Y Plane
@ Z=0.

Select all elements at this level by “windowing”.

From the Assign menu select Joint and then Restraints... from the submenu to display the
Joint Restraints dialog box.

In this dialog box:

o Click the Fixed Support buttonl_ﬁ : in the Fast Restraints area.

e Click the OK button.

Click the Select All button B on the side toolbar to select all elements.

From the Assign menu select Frame and then Sections... from the submenu to display the
Define Frame Sections dialog box.

In this dialog box:
e Click on BMCOL in the Frame Sections area to highlight it.

¢ (Click the OK button.

11



77.

78.

79.

80.
&l.

82.

83.

84.
85.
86.

87.

38.

89.
90.

Click the Show Undeformed Shape button g_! to remove the displayed frame section
assignments.

From the View menu select Set 2D View... to display the Set 2D View dialog box.

In this dialog box:

e Select the X-Z Plane option.

e Verify -60 is entered in the Y= edit box.

¢ Click the OK button.

From the Draw menu select Edit Grid... to display the Modify Grid Lines dialog box.
In this dialog box:

e Select the Z option in the Direction area.

» Type 78 in the Z Location edit box and click the Add Grid Line button.

¢ Click the OK button. The screen appears as shown in Figure Z-3.

Click the Quick Draw Frame Element button—:'on the side tooibar or select Quick
Draw Frame Element from the Draw menu, ~—

Click on the grid line at the point labeled “A” in Figure Z-3 to enter the flagpole frame
element. '

Click the Pointer button L\@ [to exit draw mode and enter select mode.

Click on the frame element to select it.

From the Assign menu select Frame and then Sections... from the submenu to display the

Define Frame Sections dialog box.

In this dialog box:

e Ciick on P3 in the Frame Sections area to highlight it.
e Click the OK button.

Click the Show Undeformed Shape button g to remove the displayed frame section
assignments.

Click the drop down box in the status bar to change the units to kip-in. [k :ﬁl

Click on the joint at the top of the flagpole to select it.
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Figure 7-3: Screen After Step 81
91. From the Assign menu select Joint and then Masses... from the submenu to display the
Joint Masses dialog box.
92. Inthis dialog box:
s Type .00065 in the Direction 1, Direction 2 and Direction 3 edit boxes.
e (lick the OK button.
93. Click the Show Undeformed Shape button Q,l to remove the displayed joint mass
assignments,
94. Click the drop down box in the status bar to change the units to kip-ft. [Kiprt -]
95. Click the Set Elements button'EJ on the main toolbar (or select Set Elements... from the
View menu) to display the Set Elements Dialog box.
96. In this dialog box:

o Uncheck the Labels box in the Joints area.
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¢ Click the OK button.

97. From the Define menu select Response Spectrum Cases... to display the Define Response
Spectra dialog box.

98. In this dialog box:

e Click the Add New Spectra button to display the Response Spectrum Case Data dialog
box.

¢ In this dialog box:

>

Y VvV v

v

v

>

99. From the Analyze menu select Set Options... to display the Analysis Options dialog box.

Accept the default Spectrum case name, SPECI,

Accept the default Excitation Angle, 0.

Accept the default Modal Combination option, CQC.
Type .05 in the Damping edit box.

Accept the default Directional Combination option, SRSS.

In the Input Response Spectra area select UBC94S2 from the Ul Function drop-
down box.

In the Input Response Spectra area type 32.2 in the Ul Scale factor edit box.

In the Input Response Spectra area select UBC94S2 from the U2 Function drop-
down box.

In the Input Response Spectra area type 9.66 (0.3 * 32.2 = 9.66) in the U2 Scale
factor edit box.

Click the OK button twice to exit all dialog boxes.

e Verify the the Dynamic Analysis check box is checked.

¢ Click the Set Dynamic Parameters button to display the Dynamic Analysis
Parameters dialog box.

¢ In this dialog box:

\’\’

Type 20 in the Number of Modes edit box.

» Inthe Type of Analysis area select Ritz Vectors.

» Click on ACCEL Z in the Ritz Load Vectors list box to highlight it.

14



105.

» Click the Remove button to remove ACCEL Z from the Ritz Load Vectors list box.
ACCEL X and ACCEL Y should remain in the Ritz Load Vectors list box.

T

~ # Click the OK button twice to exit all dialog boxes.

. Click the Run Analysis button _,|to run the analysis.

. When the analysis is complete check the messages in the Analysis window (there should be

no warnings or errors). Click the OK button to close the Analysis window.

. Click in the window labeled X-Z Plane @ Y=-60 to make sure it is active.

. Click the Display Static Deformed Shape button lé (or select Show Deformed Shape...

from the Display menu). The Deformed Shape dialog box appears.

. In this dialog box:

s Select SPECI Spectra from the Load drop-down box.

s (lick the OK button.

Right click the joints at the top and bottom of the flagpole to see their displacements.
Note: If the top of the flagpole goes off of the screen when the deformed shape is

displaved, then click the Zoom Qut One Step bunon] 2 | on the main toolbar as many
times as required 1o bring the joint back on to the screen.

1§
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Products - SAP2000

SAP2000 represents the state-of-the-art in three dimensional finite element technology for structural engineering. This
SAP is completely integrated within Windows 95/98/NT/2000, and offers an easy-to-use graphical inferface along with the
latest developments in analytical technigues. Click here for a graphical animation and user interface for SAP2000.

Key Benefits

» Easy to use windows interface

» Powerfut model generation capabilities
» US and International design codes

Modelling Options

SAP2000 provides powerful capabilities for modeling a wide range of structures, including bridges, dams, tanks and
buildings. The Windows based graphical interface allows for quick model creation using templates The creation and
modification of rmodels, execution ¢f the analysis, viewing of the resuits, and design optimization are all periormed
interactively withun the same interface

Analysis Options

Element types range from Frame/Truss to Shell/Plate to Solid to Nonlinear Link elements. The Frame element can be
non-prismatic with rigid end offsets, and supports a wide range of load types, including prestress. The Shell element is
three dimensional and includes in-plane rotakional stiffness components, and can be used either as a 3 ar 4 node element.
The Solid element 1s a three dimensional, 8 node brick with anisotropic material properties The Nonlinear Link element
may be used for dynamic analysis involving base i1solators, dampers, and hook and gap elements,

Loading Options

Static loading options allow for gravity, pressure, thermal and prestress conditions in addition to nodal oading with
specified forces or displacements Dynamic loading can be in the form of multiple base response spectrums, or
multiple time varying loads and base excitations. The programs support both Eigen and Ritz analysis, as weli as
modal combinations by the SRSS, the CQC or the GMC method. Vehicle e load generation for truck, lane and train
loading is also avaifable.

Design Options
Integrated design capabilites inctude steel member (AISC-ASD and LFRD) selection and optimization, as well as
reinforcing catculations for concrete members (ACI-89).

Nonlinear Pushover

New computational techniques have been integrated into SAP2000 Nonlinear Version 7 to allow a Static Pushover
analysis to be performed in a simple and practical manner. Nonlinear hinges may be defined anywhere in the Frame
elements, and propertties may be user defined or calculated automatically by the program. Analyses may be force or
displacement controlled, and results are available in both graphical and table form. The following are some of the
highlights of SAP2000/NL-PUSH The Only 3 Dimensional Design Tool for Perfermance Based Design of Steel and
Concrete Structures Noniinear pushover analysis based on ATC-40 and FEMA -273 is fully integrated nto the SAP2000
Windows Analysis and Design Graphical User interface. Same mode! can also be used for Static, Dynamic and Nonlinear
Time Histary anatysis. Nontnear Pushover Analysis results can be used with the integrated steet and concrete design
postprocesser options. Default and user defined Moment, Shear, Axial and PMM hinges at any location along a frame
member. Pushover Qutput 1s displayed and available Step by Step in both graphicat and text formats. Highly interactive
capacity spectrurm curve display form allows study of the effects of parameter changes instantaneously.
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Three Available Versions Windows 95/98/NT/2000

+« SAP2000 Standard - Program offers Static and Dynamic Response Spectrum Analysis for Frame and Shell Elements,
along with Steel and Concrete Frame Design.

Capacity' 1500 Nodes

« SAP2000 PLUS - Offers all of the same features as the Standard version Plus Dynamic Time History Analysis, Plane,
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Capacity: No practical it -

= SAP2000 Nonlinear - Expands the PLUS options with Dynamic Nonlinear Time History Analysis, an external Damping
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PDF Brochure

Download the full SAP2000 brochure. Adobe Acrobat is required
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1. Terminology For SAFE Method of Calculatine Punchine Shear

The following terms are used in describing the SAFE method of calculating punching shear:

by
d

Ixx
Iyy

Ixy

X1, YI
X2, ¥
X3, Y3
Xy ¥4

1

fl

i

perimeter of critical section for punching shear

effective depth at critical section for punching shear based on average of d for X
direction and d for Y direction

Moment of inertia of critical section for punching shear about an axis that is parallel to
the global X-axis

Moment of inertia of critical section for punching shear about an axis that is parallel to
the global Y-axis

Product of inertia of critical section for punching shear with respect to the X and Y
planes

Length of side of critical section for punching shear currently being considered
Moment about line parallel to X-axis at center of column (positive per right-hand rule)
Moment about line parallel to Y-axis at center of column (positive per right-hand rule)
Punching shear stress

Shear at center of column (positive upward)

Coordinates of column centroid

Coordinates of center of one side of critical section for punching shear

Coordinates of centroid of critical section for punching shear

Coordinates of location where you are calculating stress

Percent of Myx resisted by shear per ACI 318-95 equations 11-41 and 13-1

Percent of Myy resisted by shear per ACI 318-95 equations 11-41 and 13-1

2. Basic Equations For SAFE Method of Calculating Punching Shear

Vi . Wx[Mux ~Vu(ys— y)]Irv(va— y3) = Ier(x: = x3)] _

vy = =
bod Ivdyy = Ixv™
Eq. 1
Yo Moy + Vu(xs = x1)] [Lor(xs — x3) — Dr(vs — 3)]
Toddvr — Iy
Ixx = zh\- , where sides refers to the sides of the critical section for punching shear Eq.2
sides =1
no_
Ir= an' , where sides refers to the sides of the critical section for punching shear Eq.3
sides =1
Ixy = for , where sides refers to the sides of the critical section for punching shear Eq. 4
sides =1
Safe Technical Note 1 - Punching Shear Revision 4, June 16, 2000
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The equations for Ixx, Ivv, and Ixv are different depending on whether the side of the critical
section for punching shear being considered is parallel to the X-axis or parallel to the Y-axis.

Refer to Figures la and 1b.

Side of critical section
being considered
shown solid

Critical section for X+ Xy
punching shear i"
shown by heavy line

Centroid of entire
critical section for
punching shear.

Coordinates are (x,,Y,).

S
yz = Y:;

/Center of side of critical
section being considered.

L Coordinates are (x,.Y,)-
Y

Figure 1b: Plan View For Side of Critical Section Parallel to Y-Axis

Work This Sketch With Equations 5b, 6b and 7

Critical section for
punching shear shown Y
by heavy line. Side of

critical section being —*
considered shown solid

Centroid of entire
critical section for T

punching shear. l Center of side of critical

Coordinates are (x,,Y,). -—-,\/section being considered.
' L Coordinates are (x,.¥,).

Figure 1a: Plan View For Side of Critical Section Paraliel to X-Axis

Work This Sketch With Equations 5a, 6a and 7

Lw = Ld(y2— y3)?, for side of critical section paralle] to X-axis Eq. 5a
- Ld® dr ) : . . :

lor = ETN + EE) + Ld(y2— y3)°, for side of critical section parallel to Y-axis Eq. 5b
- Ld* dr 2 . . . :

Iry= ETE + 3 + Ld(x2~ x3)°, for side of critical section paralle] to X-axis Eq. 6a
Ivr = Ld(x2 — x3)*, for side of critical section parallel to Y-axis Eq. 6b
Iy = Ld (x2 — x3)(y2 — y3), for side of critical section parallel to X-axis or Y-axis Eq. 7
Safe Technical Note I - Punching Shear Revision 4, June 16, 2000
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3. Limitations of Punching Shear Calculations in SAFE

» The shear and moment values used in the punching shear check have not been reduced by the
load (or reaction) that is included within the boundaries of the punching shear critical section.
Typically the effect of this simplification is small except in some cases for deep slabs (e.g.,
mat foundations) and slabs with closely spaced columns.

* Punching shear is calculated for columns punching through a slab or a drop panel. It is not
calculated for a drop panel punching through a siab. The effect of column capitals is
included in the punching shear calculation.

¢ The program checks that each slab element in the area enclosed between the face of the
column and the critical section for punching shear has identically the same slab property
label. If so, the punching shear check is performed, if not, punching shear is not calculated
and N/C is displayed.

¢ When line objects (beams, walls or releases) frame into a column, punching shear is not
calculated and N/C is displayed.

¢ Ifapoint load or column falls {call it load/column A) within the critical section for punching
shear for another point load or column (call it load/column B), then it is ignored in the
punching shear calculation (that is, the effect of load/column A is ignored when doing
punching shear calculations for load/column B.)

o The program only considers critical sections for punching shear that have sides parallel to the
X and Y axes. Thus when the edge of a slab is not paralle! to the X or Y axis, the program
may not pick up the worst case critical section for punching shear. For example, in Figure 2,
the critical sections for punching shear identified in Cases A and B are considered by SAFE,
but CASE C is not considered.

Critica! section for
punching shear
shown dashed

Critical section for
punching shear
shown dashed

Y Y
/ Column
Column
Slab Slab
Case A Case B Case C
Considered by SAFE Considered by SAFE Not Considered by SAFE

Figure 2: Critical Sections For Punching Shear Considered By SAFE

Safe Technical Note | - Punching Shear Revision 4, June 16, 2000
[nitial Release Date: November 16, 1998 Page 3 of 31



4. Other Comments

Equation | is based on Chapter 8, Section 50 of S. Timoshenko’s book titled “Strength of
Matenals” (Ref. 1} and on the requirements of codes such as ACI 318-95.

For interior columns and edge columns the punching shear formulation used in SAFE yields the
same results as those that are obtained using the equations given in Figure 18-16 of the PCA
Publication (Ref 2). The results are different for corner columns. The reason for the difference
is the Ixy term that is included in the SAFE equations but not in the PCA equations. For interior
columns and edge columns the Ixy term included in the SAFE formulation reduces to zero. The
Ixy term is nonzero for corner columns because the X and Y axes are not the principal axes for
this section. If the Ixy term in the SAFE equations is set to zero, then the SAFE equations vield
the same results for corner columns as the PCA equations. (Note that there is no way to actually
set the Ixy term to zero in SAFE.) It could be argued that the SAFE formulation is perhaps more
theoretically sound than the equations given in the PCA Publication. The net effect of the Ixy
term is to make the SAFE punching shear caiculation for corner columns a little more
conservative than that given in the PCA Publication.

5. References

1. S. Timoshenko, 1958
Strength of Materials, Part I, 3rd Edition, D. Van Nostrand Company, New York, New
York.

2. PCA, 1996
Notes On ACI 318-95 Building Code Requirements For Structural Concrete With Design
Applications, Portland Cement Association, Skokie, Illinois.
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6, Numerical Example

6a. Problem Statement

The numerical example is a flat slab with drop panels that has three 24’ spans in each direction,
as shown in Figure 3. The siab overhangs beyond the face of the column by 6" along each side
of the structure. The columns are typically 12" x 36" with the long side paraliel to the Y-axis.
The slab is typically 10" thick. At the drop panels there is an additional 5" of slab thickness. thus
the total stab thickness at the drop panels is 15". The plan dimensions of the interior drop panels
are 8' x &', the edge drop panels where the edge is parallel to the X-axis are 8' x 6', the edge drop
panels where the edge is parallel to the Y-axis are 5" x §', and the corner drop panels are 5'x 6'.

The concrete has a unit weight of 150 pef and a f'c of 4000 psi. The dead load consists of the self
weight of the structure plus an additional 20 psf. The live load is 80 psf.

Thick plate properties are used for the slab.
Each column in Figure 3 is referenced with a number. For example, the column at the

intersection of grid lines A and I is number 5. These numbers refer to the point object ID’s in
the associated SAFE model

® B ©® b
1 24' 24 2¢ 1

s i@ Tl

7
— | _— 10" thick flat slab with

[Typical drop panel I drop panels
ala plan dimensipns
prizig : Total siab thickness at

H —T +> drop panels is 15"
~r
13| I14 !‘15 6

=

@
24 JdJ 2

| __—Columns are 12" x 36"
r with long side paralle! to
the Y-axis, typical

Ox
=t
o~
L_g'| 0 1
@ _' |1_ ! 12‘—— Concrete Properties
1 Unit weight = 150 pcf
f'c = 4000 psi
5
o /\Y Loading
i DL = Self weight + 20 psf
_51 X 6 7 B =
@_jﬂ 5 ' # 4_ LL =80 psf
Y T

Figure 3: Flat Slab With Drop Panels For Numerical Example
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6b. SAFE Computer Model

In SAFE it is easy to create a computer model for this example, analyze it, design it, and print
out the punching shear results. The following steps are required:

1.

2.

Set the units to kips and feet.

From the File menu select New Model From Template, and then click on the Flat Slab
button to display the Flat Slab dialog box.

in this dialog box:

e Change the Top Edge Distance and Bottom Edge Distance to 2.
o Check the Create Live Load Patterns check box.

e Accept the rest of the default values and click the OK button.

From the Define menu select Slab Properties to display the Support Properties dialog
box. Highlight the property named COL, click the ModifyAShow Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click
OK. Highlight the property named DROP, click the Modify\Show Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click
QK. Highlight the property named SLAB, click the Modify\Show Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click OK
twice to exit all dialog boxes,

. From the Define menu select Column Supports to display the Support Properties dialog

box. With the support property named COLUMN highlighted click the Modify\Show
Property button to display the Column Support Property Data dialog box. In this dialog
box change the Y Dimension to 3. Accept the rest of the default values and click the OK
button twice to exit all dialog boxes.

The SAFE model is now created and ready to run. From the Analyze menu select Run
Analysis. Select a directory and provide a name for the input file and then click the Save
button to proceed with the analysis.

When the analysis is completed review the messages in the Analysis window and click
the OK button. The model is now ready for design.

From the Options menu select Preferences and click the Concrete tab. Verify that the
Concrete Design Code selected is ACI 318-95. If necessary, change the selection to this
code. Click the OK button to exit this dialog box.

From the Design menu select Start Design.

Safe Techmical Note 1 - Punching Shear Revision 4, June 16, 2000
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10. When the design 1s complete click Display Punching Shear Ratios on the display menu to
show the punching shear results graphically.

11. Change the units to kips and inches.

13 In this dialog box:

2. From the File menu select Print Design Tables to display the Design Tables dialog box.

¢ In the Design Output area uncheck the Slab Strip Reinforcing check box and check

the Punching Shear check box.

* In the Design Forces area uncheck the Slab Strip check box.

e Check the Print To File check box. Note that the default name for this file 1s the
name of your model with a .txt extension. Accept this default name.

¢ Click the OK button to create the punching shear output.

The punching shear output is now in a text file whose name is the same as your input file with

the extension .txt. You can open this text file in any text editor or word processor, or you can

use the Display Input/Output Text Files feature on the File menu in SAFE to open it. This
feature opens the file in Wordpad, a text editor that is supplied with Windows. If you open this

text file in a word processor or a spreadsheet it should look similar to that shown in Figure 4.

SAFE v6.14 File:
Novemper 14,1%9B 7.59

PUNCHIN

POINT

288.

20 864.

G

Figure 4:

PUNCHEX Kip-in Units PAGE 1
SHEAR STRESS CHECK
Y RATIO COMBO VMAX
0.00 1.000 DCTON2 0.17%
0.00 0.802 DCON2Z C.144
0.00 G.B02 DCON2 0.144
0.00 1.008 DCON2 G.17%
2BB.00 0.51S DCONZ 0.¢92
28B.00 0.702 DCoN2 0.126
288,00 0.702 DCON2 6,126
288,00 £.515 DCON2 0 092
576,00 0.515 DCON2 0.052
576.00 2.702 DCON2 0.126
576.00 0.702 DCONZ 0.126
576.00 0.515 DCON2 £.092
864.00 1.000 DCON2 0.178
864 .00 0.6802 DCON2 0,144
864 .00 ¢.802 DCON2 0.144
B864.00 1.000 DCON2 0.17%

OO0 00O TCO0OO0O0O0CODO0O0DDO0 MO

VCARP

-178
179
179
.179
.178
L1789
.178
179
L1798
178
.178
178
.179
-175
L1789
.179

-54.
-139.
-118.
.696

-54

-94.

-225

-225.
-94.
~-94.

~225.

-225.
-94.
~-54.

-119.

-119.
-54.

SAFE Output For

v

E96
738
738

860
T07
107
B0
860
7407
707
860
696
238
738
696

MX

-1%62

-3

-3

-1
174.
464 .
464.
174.
-174.
-464 .
~464.
~174.
1962,
3777.
3777,
19¢62.

778
778
962
953
658
658
953
853
658
658
853
206
943
943
206

MY

1145.680
-348,558
348,558

-1146
1463.801
-419.712
41%.712

1464
1463 .801
=418.712
419.712

-1464
1145.680
-348.558
348.558

-1146

DEPTH

Punching Shear

.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
. 500
.500Q
.500
.500
LS00
.500

PERIM

73

123.
133,
3.

93

150.
150.
99.
89,
1580.

.500
000
coo
500
.000
aco
000
o0oo
ooo
ooo
000
.0%0
.500
.0o0
.o0go
. 500

Following are explanations of each of the column headings in the output shown in Figure 4:

POINT
X

= SAFE point object ID at location where punching shear stress is reported
X-coordinate of POINT

Loc

omPpOERHASE RO LD DO

Safe Technical Note | - Punching Shear
Initial Release Date: November 16, 1998
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Y = Y-coordinate of POINT

RATIO = Punching shear stress divided by punching shear capacity

COMBO = Load combination that produces maximum punching shear stress

VMAX = Punching shear stress with the maximum absolute value

VCAP = Punching shear stress capacity with a phi factor included. 1.e., dvc

\% = Shear used in punching shear stress calculation

MX = Moment about a line through the column centroid and parallel to the X-axis used 1n
punching shear stress calculation

MY = Moment about a line through the column centroid and parallel to the Y-axis used in
punching shear stress calculation

DEPTH = Effective depth for punching shear calculated as the average of the effective depths
in the X and Y directions

PERIM = Perimeter length of critical section for punching shear

LOC = Identifier for column location: I is an interior column, E is an edge column. and C is

a corner column

We will now derive some of the results shown in Figure 4 using hand calculations. The results

we will calculate are the shear stress, shear capacity and the shear ratio for an interior column, an
edge column with the edge paraliel to the X-axis, an edge column with the edge parallel to the Y-
axis, and a comer column. We will calculate these values using the SAFE formulation and then

calculate them again using the formulation in the PCA Publication (Ref 2). Finally, we will

compare the results obtained from SAFE, our hand calculations using the SAFE formulation, and

our hand calculations using the PCA Publication formulation.

6c. Hand Calculation For Interior Column Using SAFE Method

d=[(15-1)+(15-2)]/2=135"
Refer to Figure 5.

bg=49.5+255+49.5+25.5=150"

1

2 149,
1+ = j—
3)¥255
—
(2] 25.5
I+t = (—
3/)V49.5

The coordinates of the center of the column
(x1, v1) are taken as (0, 0).

= (0.482

Yo=1-

h

=0.324

Kr=1~

2557
/ Y
Crittcal section for
6.75"\’ &l 6~ & 78 punching shaar
r shown dashed
Areeen R -
Column 1 T Side 2 1 :"-’-
1 ) 3
) 1 _Sr.
1 '
i
[ ! o
1 g - -
1 Bl
o 2] J S
'
/:/2 H ¥
i A
Canter of column Is <) ' 2
polnt (x1, x2). Set ' |
this squal to (0, 0). H ) —e—
' i -
1 1 :
pe-=--- Stded____;
c

Figure 5: [nterior Column, Point 10 jn SAFE Model
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The following table is used for calculating the centroid of the critical section for punching shear.
Side 1, Side 2, Side 3 and Side 4 refer 10 the sides of the critical section for punching shear as

identified in Figure 5.

Trem Side 1 Side 2 Side 3 Side 4 Sum
x2 1275 0 12.75 0 NA.
” 0 24.75 0 24.75 NA.
L 493 255 493 255 bo= 150
d 135 13.5 135 13.5 NA.
Ld 668.25 3445 668.25 344.25 2035
Ldx 7852019 0 §520.19 0 0
Ldy 0 | 852019 0 8520.19 0
Zde: 0 .
Xyi=——rr—=—=
Id 2025
_Xldv:_ 0 .
PETId 2025

The following table is used to calculate Ixy, Ivy and Ixy. The values for Ixx, Iyy and Iyy are-

given in the column titled “Sum”.

Item Side 1 Side 2 Side 3 Side 4 Sum

L 49.5 25.5 49.5 25.5 N.A.

d 13.5 13.5 13.5 13.5 N.A.

X1 -X3 -12.75 0 12.75 0 N.A,

V2 - V3 0 24.75 .0 24.75 N.A.

Parallel to Y-Axis X-axis Y-Axis X-axis N.A.

Eguations 5b, 6b, 7 5a, 6a, 7 5b, 6b, 7 5a, 6a, 7 N.A.
Ixx 146597 210875 146597 210875 714944
Iy 108633 23882 108633 23882 265030

Ixy 0 0 0 0 0

From the SAFE output at column point 10:

Vy=-225707k
Myx = 464.658 k-in
Myy =-419.712 k-in

At the point labeled A in Figure 5, x4 =-12.75 and y4 = 24.75, thus:
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_ 225707 0.482[464.658 — (-225.707)(0 - 0)][265030(24.75 — 0) (0)(=12.75-0)]
150*13.5 (714944)(265030)~(0)°
0.324[—419.712 — (=225.707}0 — 0)][714944(-12.75 — 0) ~ (0)(24.75 - 0)]
(714944)(265030)— (0)*

vy=-0.111+0.008 - 0.007 =-0.110 ks1 at point A
At the point labeled B in Figure 5, x4 = 12.75 and y4 = 24.75, thus:

_=225.707  0.482[464.658 — (~225.707)(0 - 0)}[265030(24.75 — 0) — (0)(12.75 - 0)] _
T 150*13. 57 (714944)(265030) - (0)°
0.324[—419.712 — (=225.707)(0 — 0)][714944(12.75 ~ 0) — (0)(24.75 - 0)]
(714944)(265030) — (0)*

vy=-0.111 + 0.008 + 0.007 = -0.097 ksi at point B
At the point labeled C in Figure 5, x4 = 12.75 and y; = -24.75, thus:

_=225.707 _ 0.482[464.658 - (-225.707)0 ~ 0)] [265030(=24.75 ~ 0) ~ (0)(12.75 — O)] _
150*13.5 (714944)(265030)— (0)°
0.324[—419.712 — (=225.707)(0 — 0)]{714944(12.75 - 0) — (0)(-24.75 — 0)]
(714944)(265030) - (0)*

vy=-0.111-0.008 + 0.007 = -0.113 ksi at point.C

At the point labeled D in Figure 5, x4 =-12.75 and y4 = -24.75, thus:

_ 225707 _ 0.482[464.658 —(~225.707)(0 - 0)][26503((24.75 - 0) ~ (0)}(=12.75-0)] _
“150%135 ~ o (714944)(265030) - (0)
0.324[-419.712 — (=225.707)(0 ~ 0)][714944(~12.75 — 0) — (0)(-24.75 - 0)]
(714944)(265030) - (0)°

vy=-0.111-0.008 - 0.007 = -0.126 ksi at point D

| Point D has the largest absolute value of vy, thus Vpay = 0.126 ksi]

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the bp and d terms removed to convert force to stress.

0.85 (2 + 4 ] /4000
ve= 36/12 =0.179 ksi per equation 11-35
¢ 1000 '
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e
0.85 (M'—”— + 2] J4000

150 . i
= =0.301 ksi per equation 11-36
Qvc 1000 pereq
* »* ’
Qve = 085 14000 4000 =(.215 kst per equation 11-37

Equation 11-335 yields the smallest value of IH)VC = 0.1 791?5i|, and thus this is the shear capacity.

v 0.126

pve  0.179

Shear Ratio = =0.702

6d. Hand Calculation For Edge Column With Edge Parallel To X-Axis Using SAFE
Method

d=[(15-1)+(15-2)] /2= 135"

Refer to Figure 6.

bo=48.75+ 255+ 48.75=123" 25 5
—_ I 1 -_— 0 480 /\Y Critical saction for
Ya=1- - 2] \Fw =0 mirv ¢ Jre / puneing s
3V 255 QRN

75"

Calumn : :
yr=t-— l 55 7 \ 3 .
+(2) B (RIS
[3J 48.75 Canter of column iu/:/ H -l Edge of slab
fr:;n:::hﬁ'io?;; .E E — j

The coordinates of the center of the o P

column (x,, y;) are taken as (0, 0).

Frgure 6: Edge Column With Edqge Paralle! To X-Axis,
. . Point 6 in SAFE Model
The following table is used for

calculating the centroid of the critical section for punching shear. Side |, Side 2 and Side 3 refer
to the sides of the cntical section for punching shear as identified in Figure 6.
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Item Side 1 Side 2 Side 3 Sum
X2 -12.75 0 12.75 N.A.
v 0.375 24.75 0.375 N.A.
L 48.75 25.5 48,75 bg =123
d 13.5 13.5 13.5 N.A.
Ld 658.125 344 25 658.125 1660.5

Ldx- -8391.09 0 8391.09 0

Ldy, 246.80 8520.19 246.80 9013.78

Z Ldx2 0
xi= = ="
Ld 1660.5

Ldy
> v2 901378 .,

V3=
.

Ld

The following table is used to calculate Ixx, Iyy and Ixy. The values for Ixx, Iyy and Ixy are
given in the column titled “Sum”.

~1660.5

[tem Side ] Side 2 Side 3 Sum
L 48.75 25.5 48.75 N.A.
d 13.5 13.5 13.5 N.A.
X2 - X3 -12.75 0 12.75 N.A.
¥2 - Y3 -5.05 19.32 -5.05 N.A.
Paraliel to Y-AX1s X-axis Y-Axis N.A.
Equations 5b, 6b, 7 Sa, 6a, 7 5b, 6b, 7 N.A.
Ixx 157141 128518 157141 442800
Iyy 106986 23883 106986 237855
Ixy 42403 0 -42403 0

From the SAFE output at column point 6:

Vy=-119.738k
Mux = 3778 k-1n

Myy =-348.588 k-in

At the point labeled A in Figure 6, x4 =-12.75 and y4 = 24.75, thus:
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_-119.738  0.480[3778 - (~119.738)(5.43 ~ 0)][237855(24.75 - 5.43) ~ (0(=12.75 - 0)] _
T13*5s (442800)(237855) ~ (0)° ’
0.325[-348.588 — (~119.738)(0 — 0)] [442800(—12.75 - 0) — (0)(24.75 — 5.43)]
(442800)(237855) ~ (0)’

vy =-0.0721 - 0.0655 - 0.0061 =-0.144 ksi at point A
At the point labeled B in Figure 6, x; = 12.75 and y; = 24.75, thus:

_-119.738  0.480[3778 ~ (~119.738)(5.43 - 0)][237855(24.75 ~ 5.43) = (0)(12.75 ~ 0)] _
T35 (442800)(237855) — (0)"
0.325[—348.588 — (—119.738)(0 — 0)] [442800(12.75 — 0) — (0)(24.75 — 5.43))
(442800)(237855) — (0)?

vy =-0.072 - 0.065 + 0.006 = -0.131 ksi at point B
At the point Jabeled C in Figure 6, x; = 12.75 and y,4 = -24, thus:

_-119.738  0.480[3778 ~ (~119.738)(5.43 - 0)}[237855(-24 — 5.43) - (0)(12.75- 0)] _
1237135 (442800)(237855) - (0)*
0.325[-348.588 — (—119.738)(0 — 0)] [442800(12.75 - 0} — (0)(=24 — 5.43)]
(442800)(237855) - (0)*

vy = -0.072 + 0.100 + 0.006 = 0.034 ksi at point C
At the point labeled D in Figure 6, x4 =-12.75 and y, = -24, thus:

_-119.738  0.480[3778 — (~119.738)(5.43 — 0)] [237855(~24 - 5.43) — (0)(-12.75-0)] _
T 123*13. 5 (442800)(237855)—(0)°
0.325[-348.588 ~ (=119.738)(0 - 0)] [442800(~12.75 — 0) — (0)(—24 — 5.43)]
(442800)(237855) - (0)*

i

vy =-0.072 +0.100 - 0.006 = 0.022 ksi at point D

Boint A has the largest absolute value of vy, thus vy, = 0.144 ksﬂ

The shear capacity 1s calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

0.85 (2 + 36/12] 4000
= =(1.179 ksi per equation 11-35
e 1000 pered
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s«
0.85(30 13'°+2JJ4000

123 ) .
ve = =0.285 ksiper equation 11-36
o 1000 pereq
* * f
pvc= 08574% V4000 _ 0.215 ksi per equation 11-37

1000

Equation 11-35 yields the smallest value of [q)vc =0.179 ksﬂ, and thus this is the shear capacity.

Shear Ratio = M= —O—Ei =0.802
ove 0179

6e. Hand Calculation For Edge Column With Edge Parallel To Y-Axis Using SAFE
Method

d=[(15-1)+(15-2))/2=13.5"

Refer to Figure 7.

bo=24.75+49.5 +24.75=99" 2075
e — 1 1 — 0 485 A\Y Critical saction tor
Pro=l- [2] 495 “'r‘" = Jr“’" ehown arihed
3N 24.75 BN e Y
1 Column N: .
Yr=1- =0.320 T 3 e
1+[2} 24.75 , o, Xt
— —r—— \ - g
3 495 Centor of column Is /i/ 'I ==
s s 1001 P
The coordinates of the center of the column ' 2

(xi, y1) are taken as (0, 0). R :

The following table is used for calculating the Fiqure 7: Edge Column With Edge Parallel To Y-Axis
centroid of the critical section for punching Point 8 in SAFE Model

shear. Side 1, Side 2 and Side 3 refer to the
sides of the critical section for punching shear as identified in Figure 7.
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Item Side | Side 2 Side 3 Sum
X7 0.375 12.75 0.375 N.A.
vs 24.75 0 24.75 N.A.
L 24.75 49.5 24.75 bg = 99
d 13.5 13.5 13.5 N.A.
Ld 344,125 668.25 344.125 1336.5

Ldx; 125,30 8520.19 125.30 8770.78

Ldy, 8269.59 0 -8269.59 0

Ldx2 .
XB:Z x: 877078 _

Ld 1336.5
ZLdy: 0 .
yi= = =()
Ld 1336.5

The following table is used to calculate Ixx, Ivy and Ixy. The values for Ixx, Iyy and Ixy are
given in the column titted *Sum”. '

Item Side | Side 2 Side 3 Sum
L 24,75 49.5 24.75 N.A.
d 13.5 13.5 135 N.A.
X2 - X3 -6.19 6.19 -6.19 N.A.
Y2 - V3 24.75 0 -24.75 N.A.
Parallel to X-axis Y-Axis X-axis N.A.
Equations Sa, 6a, 7 5b, 6b, 7 Sa, 6a, 7 N.A.
Ixx 204672.4 146597.2 204672 4 555942
Iyy 34922.6 25584.1 34922.6 95429
Ixy -51168 0 51168 0

From the SAFE output at column point 6:

Vy=-9486k

Myx=174.9
MUY = 1463,

53 k-in
801 k-in

At the point labeled A in Figure 7, x4 = -12 and y, = 24.75, thus:
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oo —94.86 | 0.485[174.953 — (-94.86)(0 - 0)] [95429(24.75 - 0) - (0)(=12 = 6.56)] _
123*13.5 (555942)(93429) - (0)*
0.320[1463.801 — (—94.86)(6.56 — 0)] [555942(—12 — 6.56) — (0)(24.75 = 0)]
(555942)(95429) ~ (0)°

vy =-0.071 + 0.004 + 0.052 = -0.015 ksi at point A

At the point labeled B in Figure 7, x4 = 12.75 and y4 = 24.75, thus:

by 29486 0.485(174.953 — (-94.86)(0 ~ 0)][95429(24.75 — 0) ~ (0)(12.75~ 6.56)] _
123*13.5 (555942)(95429) — (0)? :
0.320[1463.801 — (=94.86)(6.56 — 0)] [555942(12.75 — 6.56) — (0)(24.75 — 0)]
(555942)(95429) — (0)?

vy =-0.071 + 0.004 - 0.017 = -0.084 ksi at point B
At the point labeled C in Figure 7, x4 = 12.75 and y4 = -24.75, thus:

by —9486  0.485[174.953 — (-94.86)(0 - 0)] [95429(~24.75 - 0) ~ (0)(12.75 - 6.56)] _
123*13.5 (555942)(95429) — (0)*
0.320[1463.801 — (—94.86)(6.56 — 0)] [555942(12.75 — 6.56) — (0)(—24.75 - 0)]
(555942)(95429) —(0)*

vu=-0.071 - 0.004 - 0.017 = 0.092 ksi at point C
At the point labeled D in Figure 7, x4 =-12 and y, = -24.75, thus:

vy < 9486 0.485[174.953 - (~94.86)(0 — 0)][95429(~24.75 - 0) — (0)(~12 - 6.56)] _
123*%13.5 (555942)(95429) - (0)*
0.320{1463.801 — (—94.86)(6.56 ~ 0)][555942(~12 — 6.56) ~ (0}(=24.75 — )]
(555942)(95429) - (0)*

vy =-0.071 - 0.004 + 0.052 = -0.023 ksi at point D

| Point C has the largest absolute value of v,,, thus Vi = 0.092 ksi |

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

0.85 [2 + 36‘:12) /4000
= =0.179 ksi per equation [1-35
pve 1000 pereq
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e
0.85 (10—9;—33 + 2J J4000

e = =0.327 ksi per equation 11-36
pve 1000 pereq
xg% _f
Pve = 085 14000 4000 0.215 ksi per equation 11-37

Equation 11-35 yields the smallest value of [&’Vc =0.179 ksil, and thus this is the shear capacity.

VU 0.092

pve 0179

=0.515

Shear Ratio =

6f. Hand Calculation For Corner Column Using SAFE Method
d={(15-1)+(15-2)]/2=13.5"

Refer to Figure 8.

24 75"
bo=24.75 +48.75=73.5" . Y
Critical section for
1 SESLBEL 7 Al b )

2 48 75 Edge of slab A _ S B
I+|=
[3) 2475 . ™~
\ g

>
48 757

1
iy =1 — ={).322 | Ly —>
}/ 2 24 75 Centor of column Is // ®
- polnt (x1, x2} Set T
3 48 . 75 this squal to {0, 0). —_——

The coordinates of the center of the

Fiqure 8: Corner Column, Point 5 in SAFE Model
column (x|, yy) are taken as (0, 0).

The following table is used for calculating the centroid of the critical section for punching shear.
Side 1 and Side 2 refer to the sides of the critical section for punching shear as identified in
Figure 8.
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[tem Side.1 Side 2 Sum
X2 0375 12.75 N.A.
Y2 24.75 0.375 N.A.
L 24.75 48.75 by = 73.5
d 135 13.5 NA.
Ld 334.125 658.125 992.35
Ldx, 125.30 8391.09 8516.39
Ldy, §269.59 246.80 8516.39
S'Ldx: 8516.39 )
Ry =85
Ld 99225
e 2 Ldv: 851639 _g.5g"
: Id  992.25

. The following table is used to calculate Ixy, Iyy and Ixy. The values for Ixx, lyy and Ixy are

given in the column titled *“Sum”.

Item Side 1 Side 2 Sum

L 2475 48.75 N.A.

d 13.5 13.5 N.A.

Xo - X3 -8.21 4.17 N.A,

Yi-V3 16.17 -8.21 N.A.

Parallel to X-axis Y-Axis N.A.

Equations 5a, 6a, 7 5b, 6b, 7 N.A.
Ixx 87332 184673 272005
Iyy 44640 11428 36069
Ixy -44338 -22510 -66848

From the SAFE output at column point 5:

Vy = -54.696 k
Mux = -1962 k-in
Myy = 1145.68 k-in

At the point labeled A in Figure 8, x4 = -12 and y4 = 24.75, thus:

Revision 4, June 16, 2000

Safe Technical Note | - Punching Shear
Page 18 of 31

Initial Release Date: November 16, 1998



b T 54696 0.483[1962 - (~54.696)(8.58 — 0)] [56069(24.75 ~8.58) ~ (~66848)(~12 ~ 8.58)] _
73.5%13.5 (272005)(56069) — (—66848)°
0.322[1145.68 — (=54.696)(8.58 — 0)][272005(~12 - 8.58) — (~66848)(24.75 — 8.58)]
(272005)(56069) ~ (~66848)’

vy =-0.055+0.031 + 0.091 = 0.067 ksi at point A
At the point labeled B in Figure 8§, x4 = 12.75 and y, = 24.75, thus:

by o ZSA696 0.483[1962 — (—54.696)(8.58 — 0)] [S6069(24.75 — 8.58) — (—66848)(12.75 — 8.58)] _
73.5*13.5 (272005)(56069) — (—66848)>
0.322[1145.68 — (~54.696)(8.58 — 0)] [272005(12.75 — 8.58) — (-66848)(24.75 — 8.58)]
(272005)(56069) - (—66848)*

vy = -0.055 - 0.079 - 0.045 = -0.179 ksi at point B
At the point labeled C in Figure 8, x4 = 12.75 and y; = -24, thus:

Lo 54696 04831962 ~ (-54.696)(8.58 - 0)][S6069(~24 ~ 8.58) - (~66848)(12.75 - 8.58)]
73.5*%13.5 (272005)(56069) — (—66848)?
0.322[1145.68 — (—54.696)(8.58 — 0)] [272005(12.75 — 8.58) — (—66848)(~24 — 8.58)]
(272005)(56069) — (—66848)?

vy = -0.055+0.104 + 0.021 = 0.070 ksi at point C

Point B has the largest absolute value of v, thus vy, = 0.179 ksi]

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

0.85 (2 + 36/12}44000
= =(.179 ksi per equation I1-35
pve 1000 pereq
x
0.85(20731,3 = +2) /4000
= =0.404 ksi per equation 11-36
Qvc 1000 per eq
B5*4* 4 . )
ve= 0.8 1000 000 _ 0.215 ksi per equation 11-37

Equation 11-35 vields the smallest value of 'gvc =0.179 ksi], and thus this is the shear capacity.
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w _ 0179 =1.000
gve  0.179

Shear Ratio =

6g. Hand Calculation For Corner Column Using SAFE Method Except That Iy Is Set To
Zero

This calculation is done for comparison with the cormer calculation using the PCA Publication
method (Ref. 2). Note that the computer program SAFE does not do the calculation with Ixy set
to zero.

The calculations in this case are exactly the same as in Section 6f, except that IXY is set to zero.
Thus, using the intermediate results in Section 6f we can go right to calculating the stresses.

At the point labeled A in Figure 8, x4 =-12 and y4 = 24.75, thus:

oo 234696 04831962 — (~54.696)(8.58 ~ 0)][56069(24.75 — 8.58) — (0)(=12 - 8.58)]
73.5%13.5 (272005)(56069) — (0)*
0.322[1145.68 - (~54.696)(8.58 — 0)] [272005(-12 — 8.58) — (0)(24.75 — 8.58)]
(272005)(56069) - (0)

vy =-0.055 - 0.043 + 0.080 = -0.018 ksi at point A
At the point labeled B in Figure 8, x4 = 12,75 and y4 = 24.75, thus:

oo 54.696 048371962 — (~54.696)(8.58 — 0)][56069(24.75 — 8.58) — (0)(12.75 — 8.58)] _
73.5*13.5 (272005)(56069) — (0)*
0.322[1145.68 — (~54.696)(8.58 — 0)][272005(12.75 — 8.58) — (0)(24.75 — 8.58)]
(272005)(56069) — (0)*

vy =-0.055-0.043 -0.016 = -0.114 ksi at point B
At the point labeled C in Figure 8, x4 = 12.75 and y; = -24, thus:

by o 254696 0.483[1962 ~ (-54.696)(8.58 — 0)] [56069(=24 — 8.58) — (0)(12.75 - 8.58)] _
73.5%13.5 (272005)(56069) — (0)*
0.322[1145.68 — (—54.696)(8.58 — 0)} [272005(12.75 ~ 8.58) — (0)(—24 — 8.58)]
(272005)(56069) - (0)*

vy =-0.055+ 0.086 - 0.016 = 0.015 ksi at point ¢

Point B has the largest absolute value of v,, thus v = 0.114 ksi
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6h. Terminology For PCA Publication Method of Calculating Punching Shear

a = Distance from center of column to centroid of critical section for punching shear

Ac = Area of critical section for punching shear

b, = Length of side of critical section for punching shear parallel to Y-axis for
bending about X-axis, and parallel to the X-axis for bending about Y-axis

b = Length of side of critical section for punching shear parallel to X-axis for
bending about X-axis, and paralle! to the Y-axis for bending about Y-axis

c = For bending about the X-axis, shorter Y distance from centroid of critical

section for punching shear to an edge of the critical section for punching shear
that is parallel to the Y-axis. For bending about the Y-axis, shorter X distance
from centroid of critical section for punching shear to an edge of the critical
section for punching shear that is parailel to the X-axis.

¢' = For bending about the X-axis, longer Y distance from centroid of critical section
for punching shear to an edge of the critical section for punching shear that is
parallel to the Y-axis. For bending about the Y-axis, longer X distance from
centroid of critical section for punching shear to an edge of the critical section
for punching shear that is paralte! to the X-axis.

Jic = Section modulus associated with critical section for punching shear

X! = Section modulus associated with critical section for punching shear
Mux = Moment about line parallel to X-axis at center of column or load
Muyy = Moment about line parallel to Y-axis at center of column or load

MuUxiransformes = Moment about line parallel to X-axis at centroid of critical section for punching

shear

MUvtansormea = Moment about line parallel to Y-axis at centroid of critical section for punching
shear

Y = Percent of Myy resisted by shear per ACI 318-95 equations 11-41 and 13-1

6i. Basic Equation For PCA Publication Method
The basic equation for the PCA Publication method is:

Ve %'XM UXransformed Cx yWMU eramfamlrdcr
; +
Ac Jx Jr

Eq. 8

Depending on the corner of the critical section for punching shear where you are calculating
stress this equation may be in one of the following forms:

I"L" %’,-'CMUX rransfon'nedct X y’}MU Yrranxfarmedc' ¥

wo=—- Eq.9
Ac Jx Jy
Vv ’.\MUeransfarmedC' X My Yrranqﬁvmedc ¥

wo=—=— ¥ + i Eq. 10
Ac Jx Jr
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VU + %Wukiram_fbmed C‘X y')‘MUﬂmnsﬁJmed C' Y

Eq. 11
Ac Jx Jr

6j. Hand Calculation For Interior Column Using PCA Publication Method

From the SAFE computer output given

: : X b= 255"
in Figure 4 for Point:
/\Y Critical sectron for

Vy = --225.707 k (upward positive) TR PP Town dasned.
Mux = 464.658 k-in (right-hand rule) ST
Muy = -419.712 k-in (right-hand rule) ; oo

Column ! ' E
d=[(15-1)+(15-2)]/2=13.5" ! Pyl b ,

:' T N
To calculate data for bending about X- ' PR :3 | T T
axis refer to Figure 9. Note that the : e it B
direction and sign of Myx shown in It L
Figure 15 is consistent with that given . . . .
in the SAFE output. Eigure 9: Interior Colurmn, Point 10.1n SAPE Model
b, =49.5"
by = 25.5"
I

Y =1 - =0.482

[2) 495
1+ =] <2<
3255
Ac=2(b; +by)d =2 * (49.5 + 25.5) * 13.5 = 2025 in®

Ji _ bid(bi+3b2) +d® _49.5%13.5(49.5 + (3% 25.5)) +13.5°

=28886.6 in’
Cx 3 3
3 * * 3
ﬁ _ bid(bi+3b2}+d _ 495%13.5(49.5+(3*25.5))+13.5 — 28886.6 in’
c'x 3 3
oy = él- = i9_5__ =24.75"
cs= 2 = ﬂé— =24.75"
2 2

MuUxitransformed = Mux = 464.658 k-in (direction of moment shown in Figure 9)
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To calculate data for bending about Y-axis refer M . ez
to Figure 10. Note that the direction and sign of P2 o
Muy shown in Figure 10 is consistent with that b, =|25.5”
given in the SAFE output.

b[ = 25.5” Critlcal saction for
by = 49.5" ersleerfarm| /oumeing e
I | o
Yr=1- =0.324 : :
(2] 255 Column !
N : T
3/V49.5 ! COf X3

75"

Figure 10: Interior Column, Point 10 in SAFE Madet
Bending About Y-Axis

Jr _ bd(bi+3b2) + d’>  25.5%*13.5(25.5+(3*49.5)) +13.5°

=20786.6 in®
cr 3 3
3 * * :
Jo _bdbi+3b)+d> 255*13.5255+(3*495)+13.50 o o s
Cry 3 3
cr :Qz 255 = 12.75“
2 2

=222 _ 175
2 2

Muviransformed = Muy = 419.712 k-in (direction of moment shown in Figure 10)
The punching shear stress at point A in Figures 9 and 10 is calculated using equation 10:

225.707  0.482* 464.658 + 0.324*419.712
2025 28886.6 20786.6

=0.111-.008 +.007 =0.110 ks¢

v =

The punching shear stress at point B tn Figures 9 and 10 is calculated using equation 9:

225.707 0.482*464.658 0.324*419.712
2025 28886.6 20786.6

=0.111-.008 —.007 = 0.096 ksi

vu =

The punching shear stress at point C in Figures 9 and 10 is calculated using equation 11:
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_ 225707 0.482*464.658 0.324*419.712

Ve = + =0.111+.008 - .007 =0.112 s/
2025 28886.6 20786.6

The punching shear stress at point D in Figures 9 and 10 is calculated using equation 8:

_225.707 + 0.482 * 464.658 4 0.324*419.712

Vo = =0.111+.008 +.007 = 0.126 ksi
2025 28886.6 20786.6

Point D has the largest absolute value of v, thus v, = 0.126 ksi]

6k. Hand Calculation For Edge Column With Edge Parallel To X-Axis Using PCA
Publication Method

From the SAFE computer output

) . . b, = 25 5"
given in Figure 4 for Point 6:
Y
Vy=-119.738 k (upward positive) e G_A o] e scten o
Mux = -3778 k-in (right-hand rule) / shown dashed
Muyy = -348.588 k-in (right-hand rule) Ll A
' . q g Muxoanatormea ™ 3126 kein
d=[(15-1)+(15-2)]/2=13.5" Cotumn—— ! F L {;
To calculate data for bending about :' —— " - (’ =3
X-axis refer to Figure 11. Note that 1 . I
the direction and sign of Myyx shown ', : _~|[\ W /Eorot sian
in Figure 11 is consistent with that - ——

given in the SAFE output. Also note
that X-direction bending is bending
perpendicular to the edge.

Figure 11: Edge Column With Edge Parallel To X-Axis
Pgint § in SAFE Model, Bending About X-Axis

by = 48.75"
by = 25.5"

I
Yr=1- =0.480

(2) 48.75
+ J—
3N 255

Ac=(2b; + ba)d = ((2 * 48.75) + 25.5) * 13.5 = 1660.5 in>
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Jr _ 2b7d(bi+2b2) +d’(2b1+ b2)
o 6b1
2% 4875 *13.5(48.75 +(2*25.5)) +13.5° (2 *48.75) + 25.5)
6*48.75

=22917.3in’

Jo 2B d(bi+2b2) +d’ (b1 + b2) _
ox 6(bt + b3) -
2*48.75% *13.5(48.75 +(2*25.5)) +13.57((2 *48.75) + 25.5)
6*(48.75+25.5)

=15046.7 in’

b’ 48.75°

- = —=19.32"
2bi+b: (2*48.75)+25.5

cy

bbby 48.75%(48.75+25.5)

¢ = 22) = 29.43"
2bi+b)  (2*48.75)+25.5

ax=18+6.75-1932=543"

Muxiransformed = 3778 - 119.738 * 5.43 = 3128 k-in (direction of moment shown in Figure 11}

. . Y
To calculate data for bending about Y-axis refer AN Moy = Mo - 348588 kudn
to Figure 12. Note that the direction and sign of JZ= N
b, w|25.5"

Myy shown in Figure 12 is consistent with that
given in the SAFE output. Also note that Y-
direction bending is bending parailel to the edge.

c =12 75"l c*® 12,757,

Critical section for

b = 25 5" - 6757 64) 574 6 75 D:nchu;g -::;r
] h : shown das|
by =48.75" Ar_____l_______g :
1 Column ) E _'Sr
=1- =0.325 : L
4 (2J 25.5 ! T
TGN®%Ts ! St 3
3)V48.75 : L !
Edge of :Iab\l i _’:'—_;r

D c
Figure 12: Edge Cotumn With Edge Paraliel To X-Axis
Point 6 in SAFE Mode!, Bending About Y-Axis

Jr _bid(bi+6b2)+d’  255%13.5(25.5+(6*48.75)) +13.5°

=186355.3in’

cr 6 6
d{b + d’ S5*13.5(25. *48. 5°
isz (b1 + 652} + =255 13.5(25.5+(6*48.75))+13.5 — 18655.3 in®
c'y 6 6 -
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b 255

cy=—=——=1-=]275"
2 2

C'r=ﬁ=-25—'5—= 12.75"
2 2

MUYiransformed = Muy = 348.588 k-in (direction of moment shown in Figure 12)
The punching shear stress at point A in Figures 11 and 12 is calculated using equation §:

_119.738 . 0.480*3128 0.325*%348.588

o= + =0.072 +.066 +.006 = 0.144 ksi
1660.5 229173 18655.3

The punching shear stress at point B in Figures 11 and 12 is calculated using equation 11:

_ 119.738 + 0.480*3128 0.325* 348.588
1660.5 229173 18655.3

JL,'

=0.072 +.066 —.006 = 0.132 ksi

The punching shear stress at point C in Figures 11 and 12 is calculated using equation 9:

y 119.738 0.480*3128 0.325*348.588
= -_ -
1660.5 15046.7 18655.3

=0.072 -.100-.006 =~ 0.034 ksi

The punching shear stress at point D in Figures 11 and 12 is calculated using equation 10:

_119.738  0.480*3128 + (.325*348.588

v = =0.072 -.100+.006 = —-0.022 ksi
1660.5 15046.7 18655.3

Point A has the largest absolute value of v,. thus v, = 0.144 ksﬂ

6l. Hand Calculation For Edge Column With Edge Parallel To Y-Axis Using PCA
Publication Method

From the SAFE computer output given in Figure 4 for Point 9:

Vu =-94.86 k (upward positive)

Muyx = 174.953 k-in (right-hand rule)

Myy = 1463.801 k-in (r1ght-hand rule)

d=[(15-1)+(15-2))/2=13.5"

To calculate data for bending about X-axis refer to Figure 13. Note that the direction and sign of

Myx shown in Figure 13 is consistent with that given in the SAFE output. Also note that X-
direction bending is bending parailel to the edge.
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by =49.5"
by = 24.75"

1 — 0.485
(2) 49.5
+ | = | f——
3 024.75
Ac = (b; + 2by)d

=(49.5+ (2 * 24.75)) * 13.5
=1336.5 in®

}{’A’:l—‘

Column

Edga of th

b =24 78"

A Y
Criucal section for
3:5[ [N EMNERLY punching shear
‘\ shown daahad
Lo RPN PSP 8
T
! ~
1 1 1
f oy
' L]
' &
' ]
I
i ;X
D ol Y
= ' pid

: ® "E M Muy * Muprmamemas = 174 953 &
| ——— ¥ =
1 - L]

........... J

] c

Figure 13: Edge Column With Edge Paraliel To Y-Axis
Point 9 in SAFE Model, Bending Aboul X-Axis

Jx _bd(bi+6b2) + d’  495%13.5(49.5+ (6*24.75)) +13.5°

6 6

cx

ﬁ__bxd(b:+6bz)+d3 _49.5*%13.5(49.5+ (6*24.75) +13.5° _

=22462.3in°

22462.3 in’

c'x 6 6
cx =é-l— =f9'—5 =24.75"

2 2
cr=2 B3 oy

2 2

MUxiransformed = Mux = 174.953 k-in (direction of
moment shown in Figure 13)

To calculate data for bending about Y-axis refer
to Figure 14. Note that the direction and sign of
Myy shown in Figure 14 is consistent with that
given in the SAFE output. Also note that Y-
direction bending is bending perpendicular to
the edge.

b; = 24.75"
b, =49.5"

1 =0.320

[2)\F4.75 -
N Iy Endli)
3 /\ 495

Yor=1-

Urwansiomed * +in
Yﬂr\ ‘/JI-&M Bl k

1453.801 hein

by

[
[
-
-
@

' = 14 5 15"

Critical section for
punching shear
shown dashed

AT

al !
Edglufll-\ -

Column———u_

T
il
~

18"

by = 49.5"

18+

.75

ke srmmm - rmtarr e ms ==

L1]

ol

Fiqure 14: Edqe Column With Edge Parallel To Y-Axis
Point 6 in SAFE Model, Bending About Y-Axis

Safe Technical Note 1 - Punching Shear
Initial Release Date: November 16, 1998

Revision 4, June 16, 2000
Page 27 of 31



Jr _ 2bd(bi+2b2)+d’(2b1+ b2) _

cr b
2*24.75* *13.5(24.75+(2* 49.5) + 13.5°((2*24.75) + 49.5) _ 15422 9 in?
6%24.75
Jr 2b7d(bi+2b)) +dP(2bi+ b))
P 6(bi+ ba) -
2%24.75 *13.5(24.75+(2*49.5)) +13.5%((2*24.75) + 49.5) _ S141.0 in”

6 *(24.75 + 49.5)

By

b’ 24.75°

or = = =6.19"
2bi+b: (2*24.75)+49.5

bbb 2475 (2475+49.5) _
" btk (2%24.75)+49.5

18.56"

ay=6+6.75-6.19=6.56"
MUviransformed = 1463.801 - 94.86 * 6.56 = 841 k-in (direction of moment shown in"Figure 14)
The punching shear stress at point A in Figures 13 and 14 is calcuiated using equation 9

_ 9486 0485*174.953 0.320* 841
1336.5 224623 5141.0

i

=0.071 -.004 - .052 =0.015 ksi

The punching shear stress at point B in Figures [3 and 14 is calculated using equation 10:

v 9486 0.485*174.953 + 0.320 * 841
= -
1336.5 22462.3 15422.9

=0.071-.004 +.017 =0.084 ksi

The punching shear stress at point C in Figures 13 and 14 is calculated using equation 8:

94.86 . 0.485%174.953 + 0.320* 841

Vi = =0.071+.004 +.017 =0.092 ksi
1336.5 22462.3 15422.9

The punching shear stress at point D in Figures 13 and 14 is calculated using equation [ 1:

_94.86 + 0.485*174.953  0.320 * 841

Vo= =0.071 +.004 —.052 = 0.023 ksi
1336.5 22462.3 5141.0

Point C has the largest absolute value of vy, thus v, = 0.092 ksij
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6m. Hand Calculation For Corner Column Using PCA Publication Method

From the SAFE computer output given

in Figure 4 for Point 5: by = 24.75
Y
Vu = -54.696 k (upward positive) ) crcascon o
Muyx = -1962 k-in (right-hand rule) S / e sais
Myy = 1145.68 k-in (right-hand rule} Edge of sa ponmqene - Y D
Cotumn b\ E —E.,—- % Motsremee = 1493 keir
d=[(15-1)+(15-2)]/2=13.5" P— 1 7
LoTE 7 X
To calculate data for bending about X- g Ig \
axis refer to Figure 15. Note that the T /I i