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ABSTRACT

"'-,-- This report was prepared as a user's guide to the computer program INRESB-3D-SUPII for

analyzing elastic and inelastic building systems subject to static loading, multi-component

earthquake motion, and pseudo-static cyclic loading. Additionally, the program is capable of

calculating inelastic post-buckling behavior of steel members and systems, natural frequency,

and response spectrum. A joint-based system is used to defIne the geometry of a structure.

Structural members may be elastic 3D prismatic beams, nonlinear reinforced concrete shear

walls, nonlinear springs, inelastic 3D-bearn-column elements, fInite-segment elements, and

nonlinear bracing elements.

System fonnulation has the following attributes: 1) joint-based degrees of freedom, 2) rigid

body and planar constraints, 3) incremental nonlinear static solution, 4) unbalanced load

correction for overshooting, 5) incremental nonlinear dynamic solution, 6) mass and stiffness

proportional damping, 7) condensation to reduce the size of a dynamic problem, 8) energy

balance, 9) damage index, and 10) ductility and excursion ratio for various defInitions of

displacement, constant strain energy, and variable strain energy. This program has been'

developed for achieving efficiency in both computation and data preparation. Output solutions

include static results of member forces and joint displacements as well as dynamic results of

member forces, joint displacements, ductility factors, excursion ratios, damage indices, seismic

input energies, and dissipated energies.

Major features of the report include a description of the program, instructions for data

preparation, and a guide to modify the program's dynamic storage.
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I. INTRODUCTION

INRESB-3D-SUPH is a general purpose computer program for elastic / inelastic analysis

of reinforced concrete and steel structural systems under the action of static and dynamic loads.

Such systems can be frame, truss, shear-wall or a combination of these. Material can be

reinforced concrete, steel or both. The program has five main functions. They are

1. SOL01, elastic static analysis with multiple load cases.

2. SOL02, elastic or inelastic analysis of a structure subjected to multiple ground

accelerations. The acting ground loading can be 3D ground motion.

3. SOL03, calculation of either natural frequencies and mode shape or buckling load

and mode shape of an elastic structure.

4. SOL04, calculation of nonlinear static cyclic response for a given loading pattern that

consists of joint loads, imposed displacements or element loads.

5. SOL05, calculation of maximum response of an elastic structure subject to pseudo­

dynamic forc,e obtained from the response spectrum.

Finite-segment element, provided by INRESB-3D-SUPll, uses either bilinear or Ramberg­

Osgood stress-strain relationship. This element is applied only to steel material.

Calculation is not required for buckling loads and mode shapes of reinforced concrete

structures, especially those with shear-walls. However, the program is capable of calculating

these factors.

In this program, stress-strain relationships are obtained from experiments and research on

steel or reinforced concrete. Nonlinear analysis is such applied only to these materials.
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Floor-slab is rigid in its plane but flexible out of it's plane. Shear panels are available for

elastic analysis only.

INRESB-3D-SUPII pertains to analysis of building systems above ground level supported

by fix, hinge, or spring. The unit system can be international or English. Units for output are

corresponding to those for input. If units of input loads and structural dimensions are kip and

inch, the units of output forces, stresses and displacements are likewise kip, kip/in2 and inch.

The problem solving capacity of the program is restricted by computer memory. The program

automatically checks the memory requirement of a problem, and gives the relevant information

(refer section D of Chapter III).

This publication serves as the user's manual for computer program INRESB-3D-SUPII

(llielastic Analysis of REinforced Concrete and ~teel .I!uilding Systems for J-Dimensional

Ground Motions). Chapter II describes numerical procedures for the program. Chapter III

discusses subroutines, program capacity, and the addition of materials, elements and solutions.

Chapter IV contains detailed input instructions. Chapter V covers instructions for running the

program under these environments: (1) CMS for IBM 4381 computer, (2) AIX/370 for IBM

3090S supercomputer, and (3) PC. Chapter VI uses four examples to illustrate the preparation

of input data and the output of solutions for supercomputer. Chapter VII illustrate ten examples

for PC applications. Ductility and excursion ratios are derived in Appendix A. An explanation

of the damage index is given in Appendix B. The source codes of this program are in the report

ofUMR's Civil Engineering Study Series 96-32 on "INRESB-3D-SUPII - Program Listing".
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ll. DESCRIPTION OF INRESB-3D-SUPll COMPUTER PROGRAM

INRESB-3D-SUPII i,) capable of analyzing elastic and nonlinear 3D structures subject to

static and seismic loadings. It is a modular computer program consisting of six primary blocks.

STRUCT, the fIrst block, defmes the structural model. SOL01, SOL02, SOL03, SOL04 and

SOL05, the remaining blocks, are independent solutions for static loading, seismic loading,

natural frequency or buckling load, static cyclic loading, and response spectrum analysis,

respectively. Numerical procedures for each program block are presented in this chapter.

A. STRUCT - DEFINITION OF STRUCTURAL MODEL

A structural model consists of an assemblage of elements. The point where two or more

elements connect is called a joint. To model a structure, the location and orientation of each joint

are fIrst defmed. Materials that describe the behavior of elements, elements that connect the

joints, and orientation of element are then defmed. For dynamic analysis, the lumped mass at

each joint is also defmed. All these defInitions are in the program block STRUCT. Figure 1

shows the flow chart for STRUCT.

Step 1. DefIne Joints and Determine DOF's Coordinates of the joints and their orientation

are detennined by the user. Coordinates are defmed in the global coordinate system (GCS). The

orientation of each joint gives its joint coordinate system (JCS). Each joint initially has six

degrees of freedom (DOF) in the JCS. The user also determines for each joint the DOFs that

are restrained, constrained and condensed out. The program generates the structural degrees of

freedom (21).

Step 2. Defme Material Properties Material properties are input and initialized. Twelve

different materials const~tute the materials library and are discussed below.

3
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Figure 1. Bolck STRUCT - DefInition of Structural Model
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Step 3. Defme Elements Element data is input. Transformation matrices, initial element

structural stiffness and initial element geometric stiffness are calculated. Seven different elements

constitute the elements library and are discussed later.

Step 4. Initialize Storage for Stiffness Storage for the structural stiffness and geometric

matrices is initialized.

Step 5. Input and Sto:-e Mass The lumped mass at each joint is input, and the structures mass

matrix is stored.

1. Materials Library

The library consists of twelve models as follows.

a. Elastic 3D Prismatic Beam Elastic section properties of a 3D prismatic beam, A~, J, Iy •

Iz' and the material's modula E and G.

b. RiC Axial Hysteresis Model An axial hysteresis model developed for the reinforced

concrete boundary columns of a shear wall (20). This hysteresis model is sketched in Figures

2 and 3 and discussed in Reference 21.

c. Cheng-Mertz Bl Bending Hvsteresis Model A bending hysteresis model developed for

bending defonnations in low-rise reinforced concrete shear walls (21). The hysteresis model is

sketched in Figure 4 and uses the multiple segment backbone curve shown in Figure 5.

d. Cheng-Mertz SI Shear Hysteresis Model A shear hysteresis model developed for the

shear deformations in low-rise reinforced concrete shear walls (21). This hysteresis model is

sketched in Figure 6. and uses the multiple segment backbone curve shown in Figure 5.

e. Takeda Hysteresis Model A bending hysteresis model developed for the bending

5
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defonnations of reinforced concrete members (25). This hysteresis model is sketched in Figure

7.

f. Bilinear Hysteresis Model (BILINEAR) A hysteresis model with a bilinear backbone curve

and an elastic unloading and reloading curve. The model may also represent the elasto-plastic

model by sening the post-yielding stiffness to zero. This hysteresis model is sketched in Figure

8.

g. Bracing Member Hysteresis Model (BRACE) A hysteresis model developed for the strut

hysteretic behavior. This model is based on the original Jain-Goel-Hanson's hysteresis model

(19) and can be applied to the box, angle, and wide flange members. This hysteresis model is

sketched in Figure 9.

h. Long-Direction Open-Web Joist Hysteresis Model (LONG-OWJG) A hysteresis model

developed for the bending defonnations in the long-direction open-web joist girder in a 22-story

steel building called Pino Suarez Tower which collapsed in the 1985 Mexico earthquake. This

hysteresis model (17, 16) is sketched in Figure 10.

i. Short-Direction Open-Web Joist Hysteresis Model (SHORT-OWJG) A hysteresis model

developed to model the bending defonnations in the short-direction open-web joist girder in the

Pino Suarez Tower. This hysteresis model (17) is sketched in Figure 11.

j. Bilinear Hysteresis Model <IA-BILN) Used only for inelastic 3D-bearn-column element

described later in the elements library. This model has a bilinear backbone curve and an elastic

unloading and reloading curve. It may also represent the elasto-plastic model by sening the post­

yielding stiffness to zero.

k. Finite-Segment Stress-Strain Hysteresis Model (STABILITY) Can be either bilinear

stress-strain relationship or Ramberg-Osgood stress-strain relationship. This model is used only

for the fInite-segment element described later in the elements library. The Ramberg-Osgood

10
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stress-strain relationship is sketched in Figure 12. In the figure, parameter R controls the slope

of stress-strain curves. If R approaches infInity, the stress-strain curve converges to the

elasto-plastic stress-strain relationship.

L. Perforated Shear Wall Hysteresis Model A combined bending and shear hysteresis model

developed for the hysteresis behavior of perforated shear walls. This model is sketched in Figure

13, and uses the multiple segment backbone curve shown in Figure 14.

2. Elements Library

This library consists of seven elements as follows.

a. Elastic 3D Prismatic Beam Element Figure 15 shows the elastic 3D prismatic beam

element. This element connects the start and end joints. At the start end of the element, a rigid·

body of length XS is used to model the structural joint. A similar rigid body of length XE is

used at the end joint. The beam's element coordinate system (ECS) Xc axis goes from end A

toward end B. Orientation of the ECS Ye axis is defined by a vector, V, which lies on the ECS

XY-plane. The ECS Zc axis is perpendicular to the Xc and Yc axes, right-hand rule. There are

six internal forces Fx. Fy, Fz, Mx, My and Fz at end A in the ECS, and six at end B. All the

internal forces are positive in the ECS direction.

The beam element considers axial, torsional, and bending deformations about the Yc and Zc

axes. Warping torsion and shear deformation are not considered. Two formulations of geometric

stiffness are also available. The 'lumped parameter' formulation only considers second order

shears at the end of the beam while the 'consistent parameter' formulation considers second

order moments and shears at the end of the beam. The 3D-beam material is used with the beam

element.

b. Spring Element This element consist of an isolated spring that connects the start and end

joints. At the start end of the spring, a rigid body of length XS is used to model the joint depth.

A similar rigid body of length XE is used at the end joint. The spring element coordinate system

(ECS) Xc axis goes from end A toward end B. Orientation of the ECS Yeaxis is defmed by the

16



X+Xo =0+00(1 +I0+001 R-\
: 2Xy 20y 20y

----------
----------------------

X 0 \0IR-1,-=-(1+- )
,Xy Oy Oy,

x
Xy

\ __ X-XO =0-00 (1+[' 0-001 R-\
2Xy 20y 20y

Figure 12. Ramberg-Osgood Stress-Strain Relationship

17



"T1_.
~
til
.....
~

""0
(II

3'
""l
ll'...
(II
p..

Vl
...... g
00 ll'

""l

~
ll'
::::
::I:

<.0:::
VI

fD
""l
(II
VI
_.
VI

~
0p..
(II.....

,
U

p

O.9Fuo(i)
O.85Fuo(i)
O.7(OFY)

DuoU)3,
-1

I
I
I
I

!V )J- 1-

SDP

I I (Duo (j),FuoU) )
III •

- ~DCL4Jo.85FuoU)
O.9Fuo(j)

(

Backbone curve

-'~ X3 (Duo (i),Fuo(i) )

D



0:-,
-:
"Oi
CtI:
0'
...J'I

!

(D(3), P(3))

(D(4), P(4))

F

Displacement (D)

Figure 14. Backbone Curve of Perforated Shear Wall

19



x

en
>- u

c.:>
.:II:. ... •rt1

\>
•

N
>
•- N

\~
\

\

\
tfl \
-,t-.\
/-'"

Figure 15. 3D Prismatic Beam Element

20



t Xe
End---" -+- ~eJoint i XE

: fi F,

-t-
Ye

-+- .. ..
xS Fy

• --t-
Sla rt / ( b )Joint (a)

( c)

r•
t-~

I - My

•
(e )

,

( f )

Figure 16. Spring Element: (a) Axial Spring and ECS, (b) Y-axis Shear

Spring, (c) Z-axis Shear Spring, (d) Torsional Spring, (e) Y-axis

Rotational Spring, (0 Z-axis Rotational Spring

21



~XS

~XE
I
I

Figure 17. Diagonal Bracing Member Modeled with an Axial Spring

22



user. The ECS Ze axis is perpendicular to the Xeand Yeaxes, right-hand rule. When the distance

between the start and end joints is zero, orientation of the ECS is identical to the start joint's

JCS. The distance between the start and end joints, less the length of the rigid bodies, is the

length of the spring element. Optionally, the user may defme the length of the spring element.

Behavior of the spring element can be elastica or nonlinear, depending on the material properties

used and the magnitude of forces acting on the spring. Second order p-~ forces are not

calculated for the spring element.

As shown in Figure 16, the spring may be orientated in one of six positions. Examples of

axial, shear and rotational spring applications are shown in Figures 17, 18, and 19, respectively.

The axial spring is parallel to the element's Xe axis. Rigid bodies at the ends of the spring

reduce its length. The spring's axial force, Fx, at end A is positive in the Xe direction.

The Y-axis shear spring and Z-axis shear spring are oriented parallel to the axes of elements

Ye and Ze' respectively. Rigid bodies at the ends of the spring reduce its length and induce

moments at the joints. The spring's internal shears, Fy and Fz, at end A are positive in the Ye

and Ze directions.

The torsional spring is parallel to the element's Xeaxis. Rigid bodies at the end of the spring

reduce its length. The spring's internal torsion, Mx, at end A is positive in the Xc direction.

The Y-axis and Z-axis rotational springs are about the Ye and Ze axes, respectively. Rigid

bodies at the ends of the spring reduce its length. The spring's internal moments, My and Mz.

at end A, are positive in the Ye and Ze directions.

c. Reinforced Concrete Shear Wall Element As shown in Figure 20, this element consists

of a panel linking four joints. Bending and shear defonnations in the plane of the wall are
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considered, along with axial deformation. Bending, shear and axial deformations are lumped into

three springs. A rigid body, of length 0::, connects the joints at the top of the wall with the

springs while a second rigid body, of length {3, connects the joints at the bottom of the wall with

the springs. Bending and shear stiffness perpendicular to the plane of the wall are neglected. A

'lumped parameter' formulation of geometric stiffness considers both in-plane and out-of-plane

P-6 effects.

As shown in Figure 20, the wall has 10 dof at the comer joints. Fixing the bottom of the

shear wall and applying a positive load to degree of freedom 1 yields a positive moment and

shear at end A of the springs. Fixing the bottom of the shear wall and applying a positive load

to degrees of freedom 2 and 4 yields a positive axial load at end A of the spring.

Different materials are used to describe the stiffness of the bending, shear and axial springs.

Typically the bending stiffness is defmed by the Bl bending hysteresis model, the shear stiffness

by the S1 shear hysteresis model, and the axial stiffness by the axial hysteresis model.

d. Inelastic 3D Beam-Column Element This element (IE3DBC), which connects a start and

end joint, is shown in Figure 21. At the start end of the element, a rigid body of length XS is

used to model the strucnlral joint. A similar rigid body of length XE is used at the end joint.

The beam's element coordinate system (ECS) Xc axis goes from end A toward end B.

Orientation of the ECS Ye axis is defined by a vector, V, which lies on the ECS XY-plane. The

ECS Zc axis is perpendicular to the Xe and Ycaxes, right-hand rule. There are six internal forces

Fx, Fy, Fz, Mx, My and Mz at end A in the ECS. Similarly, six at end B. All the internal forces

are positive in the direction of the ECS.

The beam element considers axial deformation, torsional deformation, and bending

deformations about the Ye and Ze axes. Warping torsion and shear deformation are not

considered. Two formulations of geometric stiffness are also available. The 'lumped parameter'

formulation only considers the second order shears at the end of the beam, while the 'consistent

parameter' formulation considers the second order moments and shears at the end of the beam.
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LONG-OWJG, SHORT-OWJG, IA-BILN, and TAKEDA material can be used for bending

deformations. IA-BILN material is also used for torsion and axial deformations.

e. Bracing Element This element, which connects a start and end joint, is shown in Figure

22. At the start end of the element, a rigid body of length XS is used to model the structural

joint. A similar rigid body of length XE is used at the end joint. There is only one internal force

Fx, at end A in the ECS, and only one at end B. All the internal forces are positive in the

direction of the ECS.

The bracing element considers axial deformation about the Xe axis. Bending, warping torsion

and shear deformation are not considered. Behavior of the bracing element may be elastica or

nonlinear, depending on the magnitude of axial deformation of the member. A hysteresis model

of the bracing member is used to represent the hysteresis behavior of axially loaded box, angle,

and wide flange members. Further investigation is needed for bracing members with different

cross sections in order to check the applicability of this element. Since second order P-.6. forces

are considered in the hysteresis model, formulation of geometric stiffness is not.

f. Finite-Segment Element This element (18), which connects a start and end joint, is shown

in Figure 23. At the start end of the element, a rigid body of length XS is used to model the

structural joint. A similar rigid body of length XE is used at the end joint. The element

coordinate system (ECS) Xe axis goes from end A toward end B. Orientation of the ECS Ye axis

is defIned by a vector, V, which lies on the ECS XY-plane. The ECS Ze axis is perpendicular

to the Xc and Ye axes, right-hand rule. There are six internal forces Fx, Fy, Fz, Mx, My and

Mz at end A in the ECS, and six at end B. All the internal forces are positive in the direction

of the ECS.

The element considers axial, torsional, and bending deformations about the Yeand Ze axes.

Warping torsion and shear deformation are not considered. The member is divided into several

segments; the cross sect~on of each segment is further divided into many small elements, and

U, V, and W represent the segment's sectional reference coordinates as shown in Figure 24.
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In the analysis of a structural system, the degrees of freedom of an individual member

should be reduced so that computational efficiency can be achieved. A substructural technique

is applied to the fInite segment element for which the internal degrees of freedom are condensed

out by Gauss elimination. Only the degrees of freedom at both ends of the member are

maintained. The STABIUTY hysteresis material model is used for the fInite segment element.

Since second order P-A forces are considered in the hysteresis model, formulation of geometric

stiffness is not considered.

g. Perforated Shear Wall Element This element consists of a panel linking four joints as

shown in Figure 25(b). Bending and shear deformations in the plane of the wall are considered,

along with axial deformation. Combined bending and shear deformations are lumped into one

spring with stiffness I<s.. Axial deformations are lumped into two springs at both sides of the

wall. Bending and shear stiffness perpendicular to the plane of the wall are neglected. A 'lumped

parameter' formulation of geometric stiffness considers both in-plane and out-of-plane P-A

effects.

As shown in Figure 25(b), the wall has 10 dof at the corner joints. Combined bending and

shear stiffness is defmed by the perforated shear wall hysteresis model and axial stiffness is

defmed by the RIC axial hysteresis model.

B. SOLOI - ELASTIC STATIC ANALYSIS WITH MULTIPLE LOAD CASES

This block performs the elastic static analysis with multiple load cases. The flow chart for

SOLOI is shown in Figure 26.

Step 1. Input Joint and Element Loadings Joint loads and imposed displacements are input

for each load case. Uniform and concentrated element loadings are input for each load case on

the 3D-beam element.

Step 2. Form Structural Stiffness and Load Matrices The structural stiffness matrix is

formed. Optionally, the geometric stiffness matrix, based on the user's input axial loads, is
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subtracted from the structural stiffness matrix. Joint loadings are determined for the imposed

displacements (support settlements) and combined with the input joint loadings and element

loadings for each load case.

Step 3. Calculate Dis"lacements Displacements for each load case are calculated by Gauss

elimination.

Step 4. Calculate Reactions Reactions at restrained degrees of freedom and the summation

of reactions are calculated for each load case.

Step 5. Calculate Element Forces Element forces are calculated for each load case.

C. SOL02 - ELASTIC / NONLINEAR SEISMIC TIME HISTORY RESPONSE

This block performs the elastic or nonlinear analysis of a structure subject to multiple ground

accelerations. The flow chart for SOL02 is shown in Figure 27.

Step 1. Input Ground Motions Ground motions are input and stored. Transformation matrices

to rotate the ground accelerations from the input coordinate system to the individual JCS are

formed. The equation of motion for a dynamic loading is

Mi+CX+KX=F(t)=~'i g (1 )

For seismic analyses, M=M'. For nonseismic analyses the special mass matrix, M' and a

pseudo-ground acceleration are input and stored. Thus the nonseismic forcing function is equal

to

F(t)=-M'ig
(2 )

Step 2. Form Dynamic Loading The dynamic loading matrix is formed and added to the

unbalanced force matrix.
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Step 3. Form Structural Stiffness Structural stiffness is formed 1) for the fIrst time step, 2)

for every time step that an element's stiffness is modifIed, and 3) for every time step that the

geometric stiffness is modifIed. The element's stiffness is only modifIed during nonlinear

analysis.

Step 4. Form the Geometric Stiffness Geometric stiffness is formed 1) for the fIrst time step,

and 2) for every time step if the actual element axial loads are used to calculate the geometric

stiffness.

Step 5. Condensation If condensed degrees of freedom exist, 1) the structural stiffness is

condensed at each time step that is formed, 2) the geometric stiffness is condensed each time

step that is formed, if condensation of the geometric stiffness is desired, 3) the mass matrix is

condensed at the fIrst time step, if needed, and 4) the dynamic loading matrix is condensed at

each time step.

Step 6. Numerical Integration Incremental displacements, velocities and accelerations of free

dof are calculated by either the linear or the average acceleration method.

Step 7. Calculate Motion of Condensed DOF Incremental displacements, velocities and

accelerations of condensed dof are calculated.

Step 8. Incremental Reactions Incremental reactions are calculated.

Step 9. Incremental Element Forces Hysteresis models in the materials library are used to

calculate the incremental element forces, given incremental displacements and previous loading

history. For nonlinear analysis, if the element stiffness changes during incremental displacement,

1) the element's unbalanced forces are calculated, and 2) a flag to reform the structural stiffness

in step 3 is put at the next time step. Elastic and plastic strain energies for each element are also

calculated.
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Step 10. Energy Balance Total input energy, kinetic energy, elastic strain energy, plastic

strain energy and energy dissipated due to damping are calculated.

Step 11. Total Response Total displacements, velocities, accelerations, reactions. and

element forces are calculated. The unbalanced force vector for nonlinear analysis is assembled

from the element's unbalanced forces. If desired, selected results may be written to output files.

Go to step 2 for the next time step.

D. SOL03 - ELASTIC NATURAL FREQUENCY / ELASTIC BUCKLING LQAD

This block calculates either the natural frequencies and mode shape of an elastic structure

or the buckling load and. mode shape of that structure. Figure 28 shows the flow chart for

SOL03.

Step 1. Form Structural Stiffness Matrix The structural stiffness matrix is formed.

Step 2. Form Mass Matrix or Geometric Stiffness Matrix For the buckling solution, the

geometric stiffness matrix is formed. For the natural frequency solution, the mass matrix that

was formed in block STRUCT is used.

Step 3. Condensatioq If condensed degrees of freedom exist, 1) the structural stiffness is

condensed, 2) the geometric stiffness is condensed for buckling problems, if desired, and 3) the

mass matrix is condensed for natural frequency problems, if needed.

Step 4. Calculate Eigenvalue and Eigenvector Eigenvalues and eigenvectors are calculated.

Natural frequencies or buckling loads are extracted from the eigenvalues. The eigenvectors are

normalized. Natural frequencies are printed along with each mode's shape, or buckling loads are

printed along with the ccrresponding mode shape.
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E. SOL04 - NONUNEAR STATIC CYCUC RESPONSE

This block calculates. the nonlinear static cyclic response for a given loading pattern. A

loading pattern consisting of joint loads, imposed displacements and element loads is defmed and

stored in the vector {Q}. The loading pattern, {Q}, is multiplied by positive and negative load

factors to generate cyclic loading cycles. Defme Fj as the loading factor for the current cycle and

F i as the loading factor for the previous cycle. Total loads on the structure for cycles i and j are

Fi{Q} and FJ{Q}, respectively. The loading from Fj{Q} to Fj{Q} is carried out in a series of

steps. A variable number of steps, each one having incremental loads and displacements less

than limiting values, may be used to load from Fj{Q} to Fj{Q} (loading option A). Alternately,

a fIxed number of equal load steps may be chosen to load from Fj{Q} to Fj{Q} (loading option

B). Figure 29 shows the flow chart for SOL04.

Step 1. Input Joint and Element Loadings Joint loads and imposed displacements of the load

pattern are input. Element loadings for the load pattern are input on the 3D-beam element.

Step 2. Input Load Factors For each loading cycle, a load factor and limits on the step size

or the number of load steps are input.

Step 3. Form Load Matrix Loading matrix for option A is the difference between the load

at the end of the cycle and the current load. Alternately, loading matrix for option B is the

incremental load, (Fj-Fu*{Q}/N, where N is the number of load steps.

Step 4. Form the Structural Stiffness Structural stiffness is fonned 1) for the fIrst load step,

2) for every load step that an element's stiffness is modifIed, and 3) for every load step that the

geometric stiffness is mcdifled.

Step 5. Fonn the Geometric Stiffness Geometric stiffness is fonned 1) for the fIrst load step,

and 2) for every load step if the actual element axial loads are used to calculate the geometric

stiffness.
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Step 6. Calculate DisDlacements Incremental displacements due to the applied loadings are

calculated by Gauss elimination.

Step 7. Scale the Solution For loading option A, the response is scaled down such that the

incremental loads and displacements for each step are less than the limiting values. This step is

omitted for loading option B.

Step 8. Calculate Displacements due to Unbalanced Forces Incremental displacements due

to unbalanced forces from the previous load step are calculated by Gauss elimination.

Step 9. Combine Displacements Scaled-down displacements due to the applied loadings and

displacements due to the unbalanced loadings are added together ..

Step 10. Incremental Reactions Incremental reactions are calculated.

Step 11. Incremental Element Forces Hysteresis models in the materials library are used to

calculate the incremental element forces, given incremental displacements and previous loading

history. For nonlinear analysis, if the element's stiffness changes during incremental

displacement, 1) the element's unbalanced forces are calculated, and 2) a flag to reform the

structural stiffness in step 4 is put at the next load step. Elastic and plastic strain energy for each

element is also calculated.

Step 12. Energy Balance Total input energy, elastic strain energy and plastic strain energy

are calculated.

Step 13. Total Response Total displacements, reactions, and element forces are calculated.

The unbalanced force vector for nonlinear analysis is also calculated. If desired, selected results

may be written to output files.

Go to step 3 for additional loading steps. Go to step 2 for the next loading cycle.
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F. SOL05 - RESPONSE SPECTRUM ANALYSIS

This block calculates the maximum response of structure subject to dynamic force. Dynamic

force is obtained from the response spectrum. Spectral values corresponding to structural natural

frequencies represent the input forces. Equivalent earthquake forces and maximum member

forces are also calculated. The modal combination in the analysis can be square-root-of-sum-of­

square (SRSS) method or complete-quadratic-combination (CQC) method. Figure 30 shows the

flow chan for SOL05.

Step 1. Input Modal Combination Method The modal combination method can be SRSS or

CQC.

Step 2. Input Number of Modes Considered The more modes considered in the analysis, the

more accurate the expected response.

Step 3. Form Structural Stiffness Structural stiffness is formed. Optionally, the geometric

stiffness matrix, based on the user's input axial load, is subtracted from the structural stiffness

matrix.

Step 4. Calculate Eigenvalue and Eigenvector Eigenvalues and eigenvectors are calculated.

Optionally, they can be obtained from SOL03. Natural frequencies are extracted from the

eigenvalues. The eigenvectors are normalized.

Step 5. Input Response Spectral Values The spectral value corresponding to each natural

frequency is input. Input values can be accelerations or displacements.

Step 6. Calculate Effective Mass for Each Mode The effective mass for each mode is

calculated. In general, to ensure solution accuracy, the summation of effective masses of total

modes considered should be greater than 90% of the total structural mass. Effective masses of

individual modes are also printed.
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Step 7. Calculate Maximum Displacements Maximum structural displacements are calculated

based on SRSS or CQC method.

Step 8. Calculate Maximum Member Forces Maximum member forces are calculated based

on SRSS or CQC method.

Step 9. Calculate Eguivalent Earthquake Forces Equivalent earthquake forces are calculated

based on the maximum member forces.

Step 10. Calculate Inertia Earthquake Forces Maximum inertia earthquake forces are

calculated.
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lll. DESCRIPTION OF PROGRAM

This chapter describes the computer program INRESB-3D-SUPII. A flow chart of the

program is given in Figures 31 and 32.

A. MAIN PROGRAM AND COMMON BLOCKS

A brief description of the main program and three common blocks is presented below.

1. MAIN - Main Program This program 1) reads and echoes input data, 2) initializes data,

3) calls STRUCT to defme the structural model, 4) calls SOLN to perform individual solutions,

5) calls COMDMP to dump contents of memory, 6) sets bug options to print stiffness matrices,

etc., 7) releases memory from previous solutions, and 8) stops execution of the program.

2. Common Block DATA This block consists of a linear array that contains the program's

dynamically allocated memory. A real array, Z, and an integer array, NZ comprise the linear

array. Integer array and real array share the same storage location in memory1
. Common block

DATA is used by routines MAIN, CKSTOR, STRUCT, MATLIB, ELELIB, DMPDAT FORM,

SOLN, SOL01, SOL02, SOL03, SOL04 and SOL05.

3. Common Block ZDATA This block contains flags which control the execution of the

routines, the number of G-dof, joints, elements, etc. and the addresses of data in the Z array

shared among different routines. ZDATA is used by routines MAIN, CKSTOR, STRUCT,

MATUB, ELELIB, DMPDAT, FORM, SOLN, SOL01, SOL02, SOL03, SOL04, SOL05,

COMPT and COMDMP.

4. Common Block ZDATAP This block contains the title, bug options, and miscellaneous

variables. ZDATAP is used by routines MAIN, CKSTOR, STRUCT, MATLIB, ELELIB,

DMPDAT, FORM, SOLN, SOLOI, SOL02, SOL03, SOL04, SOL05, COMPT and COMDMP.

1 This is accomplished by the FORTRAN EQUIVALENCE statement.
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B. DESCRIPTION OF ROUTINES

INRESB-30-SUPII includes 94 routines. They are presented below in alphabetical order with

a brief description.

1. AVEACC Along with LINACC, calculates dynamic response by the average acceleration

method. Called by SOL02A.

2. BMLOA Calculates the fIxed end moments and shears of a prismatic beam element for

uniform and concentrated element loadings. Called by ELEOI.

3. CKRNG A utility routine called by ELELOA that checks the location of element loadings.

4. CKSTOR A utility routine that abons the program if the problem requires more storage

than is available. Called by SOL02, DMPDAT, SOL03, SOL04 and SOL05.

5. COMDMP A utility routine that prints the contents of the dynamic memory. Called by

MAIN.

6. COMPT A utility routine that initializes the addresses of the dynamic memory. Called

by MAIN.

7. CROSS Vector cross product. Called by OYLOA and NODDOF.

8. DIRECT A utility routine called by HYST03 and HYST04 to detennine the current

direction of loading.

9. DMPDAT 1) Writes the results for user-defmed output fIles. 2) Reads the results from

output fIles and prints data. Called by SOL02, SOL02A, SOL04, SOL04A, and MAIN.

10. DNE Calculates ductilities and excursion ratios for HYST02, HYST03, HYST04,
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HYST06 and HYST07.

11. DYLOA Generates dynamic loadings due to base acceleration for mUlticomponent

earthquakes. Called by SOL02A.

12. ELELIB - Element Library A controller that calls the members of the element library.

All calls to the elements must pass through this subroutine. Called by MAIN, FORM, STRUCT,

SOLOIA, SOL02A. SOLD4A SOL05A, ELELOA, ENERGY and DMPDAT.

13. ELELOA Calculates the element loads for the elastic 3D prismatic beam element. Called

by SOLOIA and SOL04A.

14. ELEOI - Elastic 3D Prismatic Beam Element Calculates the stiffness, geometric

stiffness, element loads, displacements, forces, etc. for the elastic 3D prismatic beam element.

Called by ELELIB.

15. ELE02 - Spring Element Calculates the stiffness, geometric stiffness, displacements,

forces, unbalanced forces, etc. for the spring element. Called by ELELIB.

16. ELE03 - Shear Wall Stiffness Element Calculates the stiffness, geometric stiffness,

displacements, forces, unbalanced forces, etc. for the shear wall stiffness element. Called by

ELELIB.

17. ELE08 - Bracing Element Calculates stiffness, displacements, forces, unbalanced forces,

etc. for the bracing element. Called by ELELIB.

18. ELE09 - Inelastic 3D-Hearn-Column Element Calculates stiffness, geometric stiffness,

displacements, forces, unbalanced forces, etc. for the inelastic 3D-bearn-column element. Called

by ELELIB.

19. ELE12 - Finite-Segment Element Calculates stiffness, displacements, forces, etc. for the
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finite-segment element. Called by ELELIB.

20. ELE14 - Perforated Shear Wall Element Calculates stiffness, geometric stiffness,

displacements, forces, unbalanced forces, etc. for the perforated shear wall element. Called by

ELELIB.

21. ENERGY Calculates the energy balance. Called by SOL02A and SOL04A.

22. ETMPLY Performs multiplication, {x}I[M]{x}, to calculate kinetic energy for an upper

triangular mass matrix. Called by ENERGY.

23. FEMREL Modifies fixed end forces to account for end releases. Called by BMLOA.

24. FIRST Performs character manipulations. Called by GETCHR.

25. FORM Along with FORML, used to assemble structural and geometric stiffness

matrices. Called by SOLOIA, SOL02A, SOL03A , SOL04A, and SOL05A.

26. FORML 1) Adds element stiffness to global structural stiffness. 2) Adds element

geometric stiffness to global geometric stiffness. 3) Adds joint mass to global mass matrix.

Called by FORM and MFORM.

27. GETCHR A utility routine that extracts a character string from input. Called by MAIN.

28. GETINT A utility routine that extracts an integer from character input. Called by

MAIN, LMATRX, SOLN, WMATRX and WMTRX2.

29. HYST02 - Axial Hysteresis Model Calculates axial stiffness of RIC elements based on

current load and past loading history by the axial hysteresis model. Called by MAT02.

30. HYST03 - B1 Bending Hysteresis Model Calculates bending stiffness of RIC shear walls
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based on current load and past loading history by the B1 bending hysteresis model. Called by

MAT03.

31. HYST04 - S1 Shear Hysteresis Model Calculates shear stiffness of RIC shear walls

based on current load and past loading history by the S1 shear hysteresis model. Called by

MAT04.

32. HYST06 - Takeda Hysteresis Model Calculates bending stiffness of RIC elements based

on current load and past loading history by the Takeda hysteresis model. Called by MAT06.

33. HYST07 - Bilinear Hysteresis Model Calculates stiffness based on current load and past

loading history by the bilinear hysteresis model. This model is also capable of producing

elasto-plastic behavior. Called by MAT06.

34. HYST08 - Bracing Member Hysteresis Model Calculates stiffness based on current load

and past loading history by the bracing member hysteresis model. This model is also capable of

producing post-buckling behavior. Called by MAT08.

35. HYST09 - Long-Direction Open-Web Joist Hysteresis Model Calculates stiffness based

on current load and past loading history by the long-direction open-web joist hysteresis model.

This model is also capable of producing post-buckling behavior. Called by MAT09.

36. HYSTll - Short-Direction Open-Web Joist Hysteresis Model Calculates stiffness based

on current load and past loading history by the short-direction open-web joist hysteresis model.

This model is also capable of producing post-buckling behavior. Called by MATll.

37. HYST12 - Hysteresis Model for Finite-Segment Element Calculates stiffness based on

current and past displacement history by the fInite segment technique. This model is also capable

of producing post-buckling behavior. Called by MAT12.

38. HYST14 - Hysteresis Model for Perforated Shear Wall Calculates the combined shear
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and bending stiffness of RIC perforated shear walls based on current and past loading history.

Called by MAT14.

39. IDRECT A utility routine that detennines the current direction for HYST02 and

HYST06.

40. INTDVA Reads and stores initial displacement, velocity and accelerations for dynamic

solutions. Called by SOL02A.

41. INTPO Interpolates response spectral values for the response spectrum analysis. Called

by SOL05A.

42. ITERS Checks local buckling of box column in Pino-Suarez Tower. Called by ELE09.

43. ITERS2 Checks strength criteria of box column in Pino-Suarez Tower. Called by

ELE09.

44. INTSCT A utility routine that determines the intersection of two lines in point slope

fonn. Called by HYST02, HYST03 and HYST04.

45. IOUICK A utility routine that fmds the program's internal joint number, given the

joint's ID number. Called by NODDOF, ELE01, ELE02, ELE03, ELE08, ELE09, ELE12,

JOILOA, INTDVA, DMPDAT and MFORM.

46. ISORT A utility routine that sorts the joint input. Called by NODDOF.

47. JOIDSP Calculates and prints displacement, velocity, acceleration or eigenvector at each

joint in the JCS and GCS. Called by SOLOIA, SOL02A, SOL03A and SOL04A.

48. JOILOA Reads and calculates joint loads. Called by SOLOIA and SOL04A.
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49. KMIN A utility routine used by hysteresis models HYST03 and HYST04 to ensure that

the stiffness is between zero and initial stiffness, SI.

50. LINACC Calculates dynamic response by linear acceleration method. Called by SOL02A

and AVEACC.

51. LMATRX A utility routine that prints upper triangular mass, structural stiffness, element

stiffness, geometric stiffness, etc. matrices. This routine is activated by user input bug options

which are described later. Called by FORM, MFORM, ELEOl, ELE02, ELE03, ELE08,

ELE09, ELEI2, SOLOIA, SOL02A. SOL03A, SOL04A, SOL05A, MSOLL, TMPLY,

ETMPLY, UTMPLY and MASSIN.

52. MASSIN Initializes storage for the mass matrix. Called by STRUCT and SOL02.

53. MATLIB - Materials Library. A subroutine serving as a controller that calls the

members of the materials library. All calls to the materials and hysteresis models must pass

through this subroutine. Called by STRUCT, ELEOl, ELE02, ELE03, ELE08, ELE09, and

ELEI2.

54. MATO! - Elastic 3D Prismatic Beam Stiffness A routine that reads and stores the

stiffness of the elastic 3D prismatic beam element. Called by MATLIB.

55. MAT02 - Axial Stiffness for RIC Elements 1) Reads and stores axial input data. 2)

Calculates axial stiffness with calls to the axial hysteresis model, HYST02. 3) Calculates strain

energy with calls to STRENG. Called by MATLIB.

56. MAT03 - Bending Stiffness for RlS Shear Walls 1) Reads and stores bending input data.

2) Calculates bending stiffness with calls to the Bl bending hysteresis model, HYST03. 3)

Calculates the strain energy with calls to STRENG. Called by MATLIB.

57. MAT04 - Shear Stiffness for RIC Shear Walls 1) Reads and stores shear input data. 2)
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Calculates shear stiffness with calls to the SI shear hysteresis model, HYST04. 3) Calculates

strain energy with calls to STRENG. Called by MATUB.

58. MAT06 - Bending Stiffness for RIC Elements 1) Reads and stores bending input data.

2) Calculates bending stiffness with calls to the Takeda hysteresis model, HYST06. 3) Calculates

strain energy with calls to STRENG. Called by MATUB.

59. MAT07 - Bilinear Material 1) Reads and stores input data. 2) Calculates stiffness with

calls to the bilinear hysteresis model, HYST07. 3) Calculates the strain energy with calls to

STRENG. Called by MATLffi.

60. MAT08 - Bracing Member Material 1) Reads and stores input data. 2) Calculates

stiffness with calls to the bracing member hysteresis model, HYST08. 3) Calculates strain

energy with calls to STRENG. Called by MATUB.

61. MAT09 - Long-Direction Open-Web Joist Material!) Reads and stores input data. 2)

Calculates stiffness with calls to the long-direction open-web joist hysteresis model, HYST09.

3) Strain energy calculation not available. Called by MATLIB.

62. MAT10 - Bilinear Material 1) Reads and stores input data. 2) Calculates stiffness for

ELE09 only. 3) The strain energy calculation not available. Called by MATLIB.

63. MATll - Short-Direction Open-Web Joist Material 1) Reads and stores input data. 2)

Calculates stiffness with calls to the short-direction open-web joist hysteresis model, HYSTII.

3) Strain energy calculation not available. Called by MATLIB.

64. MAT12 - Finite-Segment Element Material 1) Reads and stores input data. 2) Calculates

stiffness with calls to the fInite-segment hysteresis model, HYST12. 3) Strain energy calculation

not available. Called by MATLIB.

65. MAT14 - Material for RIC Perforated Shear Wall 1) Reads and stores input data. 2)
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Calculates stiffness with calls to the perforated shear wall hysteresis model, HYST14. 3)

Calculates strain energy with calls to STRENG. Called by MATLIB.

66. MFORM Reads joint masses and forms mass matrix with calls to FORML. Called by

MASSIN, SOL02, SOL03 and SOL05.

67. MSOLL 1) Performs Gauss elimination of the stiffness matrix. 2) Condenses the mass

matrix while performing Gauss elimination. 3) Condenses the geometric stiffness while

performing Gauss elimination. 4) Reduces the load matrix. 5) Performs back substitution. 6)

Operations 1 through 5 may be performed on partitioned matrices. 7) Stiffness, geometric

stiffness and mass matrices are upper triangular matrices with skyline storage. Called by

SOLOIA, SOL02A, SOL03A, SOL04A, SOL05A and UNACC.

68. NODDOF Reads joints, constraints, restraints and condensation information, calculates

JCS cosine matrices, and. detennines global degrees of freedom. Called by STRUCT.

69. PBIT A utility routine that prints the joint restraint and constraint code for each joint.

Called by NODDOF.

70. REACTN 1) Modifies loading to include restraint displacements. 2) Solves for reactions.

3) Prints reactions in the JCS and GCS coordinate systems. 4) Calculates summation of

reactions. Called by SOLOlA, SOL02A, SOL03A, SOL04A and SOL05A.

71. ROTXYZ 1) Calculates local element cosine matrix. 2) Calculates transformation from

ECS to JCS. 3) Calculates constraint transformation. 4) Calculates transformation for a rigid

body at the end of the beam element. Called by ELE01, ELE02 and ELE03.

72. SKYUN Determines skyline of the structural stiffness, geometric stiffness and mass

matrices. Called by STRUCT, MFORM and MASSIN.

73. SKYLN2 Detennines skyline of the dynamic stiffness matrix. Called by SOL02.

57



74. SMAX A utility routine that detennines and prints maximum and minimum input

accelerations. Called by DYLOA.

75. SOLN - Solution Library A subroutine serving as a controller that calls the solution

requested by the user. All calls to solutions must pass through this subroutine. Called by MAIN.

76. SOL01 - Elastic Static Analysis with Multiple Load Cases Initializes storage for elastic

static analysis. Called by SOLN.

77. SOL01A Calculates elastic static response, as described in Section B of Chapter II.

Called by SOLOL

78. SOL02 - Dynamic Time History Response Initializes storage for the dynamic time

history response. Called by SOLN.

79. SOL02A Calculates dynamic time history response for both elastic and nonlinear

structures, as described in Section C of Chapter n. Called by SOL02.

80. SOL03 - Elastic Natural Frequency / Buckling Load Initializes storage for elastic natural

frequency or buckling load. Called by SOLN.

81. SOL03A Calls EIGZS to calculate elastic natural frequency or buckling load for elastic

structures, as described in Section D of Chapter n. Called by SOL03.

82. SOL04 - Nonlinear Static Cyclic Response Initializes storage for static nonlinear

analysis. Called by SOLN.

83. SOL04A Calculates static nonlinear response, as described in Section E of Chapter II.

Called by SOL04.

84. SOL05 - Response Spectrum Analysis Initializes storage for response spectrum analysis.
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85. SOL05A Calculates maximum structural response based on SRSS or CQC modal

combination approach as described in Section F of Chapter II. Called by SOL05.

86. STRENG Calculates the elastic and plastic strain energy. Called by MAT02, MAT03,

MAT04, MAT06, HYST07, and HYST08.

87. STRUCT - Structural DefInition 1) Sets up storage for joints and calls NODDOF to

input joint information and generate degrees of freedom. 2) Sets up storage for materials and

calls MATLIB to input materials and initialize hysteresis models. 3) Sets up storage for elements

and calls ELEUB to input elements and calculate initial element stiffness. 4) Calls SKYUN to

set up storage for the structural stiffness, geometric stiffness and mass matrices. 5) Reads and

initializes mass matrix. These functions are described in greater detail in Section A of Chapter

II. Called by MAIN.

88. TEST A utility routine that examines character input and sets a logical flag. Called by

MAIN, STRUCT, SOL02, SOL03A, SOL04A, SOL05A, INTDVA and DMPDAT.

89. TMPLY A utility routine that performs multiplication for triangular matrices. Called by

SOL02A, SOL04A and ETMPLY.

90. VCOS A utility subroutine that calculates the angle between two vectors. Called by

ROTXYZ and ELE03.

91. VCROSS A utility subroutine that calculates the vector cross product. Called by ELE03.

92. WILSON Calculates dynamic response by the Wilson (J method. Called by SOL02A.

93. WMATRX A utility subroutine that prints a matrix. It is activated by user input bug

options which are described later. Called by ELE01, ELE02, ELE03, ELE08, ELE09, ELEI2.

SOLOIA, SOL04A, SOL05A, REACTN, MSOLL and DYLOA.
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94. WMTRX2 A utility subroutine that prints a portion of a matrix. It is activated by user

input bug options which are described later. Called by ELE02, ELE03, ELE08, ELE09, and

ELE12.

C. DESCRIPTION OF MISCELLANEOUS ROUTINES

Other routines used by program INRESB-3D-SUPII are listed below.

1. DG2CSP An IMSL eigenvalue routine used to calculate natural frequency and buckling

load. This routine is only required for SOL03 and SOL05. Its omission will not affect blocks

STRUCT, SOL01, SOL02 or SOL04. Called by SOL03A or SOL05A.

2. SDUMP An ffiM routine that prints contents of memory with bug option K. Called by

COMDMP. Omission of this routine will only effect bug option K.

3. CPUTIM, TIMEON and TIMEIT Three routines on local UMR system used to print

results of the analysis and abort SOL02 if the CPU time limit is close to being exceeded.

Equivalent routines may be substituted on other systems, or these routines may be eliminated.

Called by MAIN and SOL02A.

4. TIME and DATE Two routines on local UMR system used to print time and date of

analysis on header. Equivalent routines may be substituted on other systems, or these routines

may be eliminated. Called by MAIN.

D. DYNAMIC MEMORY MANAGEMENT

1. Dynamic Memory Allocation INRESB-3D-SUPII stores all joint, material, element, mass,

stiffness, response, etc. data in a large linear array, Z, that resides in common block DATA.

The Z array consists of real numbers. An integer array NZ is set equal to the Z array, by a

Fortran EQUIVALENCE statement, to provide storage for integer variables. Index variables
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beginning with IZ, such as IZxxxx, are used to store addresses of information in the Z array.

A variable IZ is used to track the next available space in the Z array. The exact amount of space

required to solve a specific problem is reserved in the Z array during execution of the program.

This dynamic allocatioIl. of memory allows the program to use the computer's memory

efficiently.

For example. assume that the Z array is empty and IZ= 1. Joint ID numbers are integer

variables stored in the NZ array. Thus the index for joint ID numbers is IZID = IZ = 1, and

NUMJOI joint numbers are stored in the NZ array. Once storage for the joint numbers is

reserved, the next available storage location is IZ = IZ + NUMJOI. Then the joint coordinates are

stored in the Z array, beginning at IZCORD=IZ. Joint coordinates require 3*NUMJOI storage

locations. Once the storage for joint coordinates is reserved, the next available storage location

is IZ=IZ+3*NUMJOI. Figure 33 shows the Z array with joint numbers and coordinates.

2. Compact Matrix Storage Mass, stiffness, geometric stiffness and dynamic stiffness

matrices are sparse symmetric matrices. Because the matrices are symmetric, only half (the

upper triangular matrix) of each matrix needs to be stored. Furthermore, many of the terms in

the upper triangular matrix are zero. Nonzero terms, in a given column, are typically found near

the main diagonal. The level of the upper nonzero term in each column is the skyline. Thus only

the terms below the skyline of the upper triangular matrix are stored in the Z array.

Additionally, the linear array addresses of main diagonal elements are stored in the array MD.

For example, let matrix B be the 5x5 full symmetric matrix.

1 3 0 0 12

3 2 5 0 11

B = 0 5 4 7 10 (3 )

0 0 7 6 9

12 11 10 9 8

where Bu , BIA and B2.4 are zero. Thus the terms in the upper triangular matrix below the

skyline are
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1 3 12

2 5 11

I\pper triangular = 4 7 10 (4)

6 9

8 J

These elements are stored in the linear array by columns, beginning with the element on the

main diagonal. Thus the B matrix in linear array form becomes.

1

2

3
4
5

6
A =

7

8

9

10

11

12

and the array, MD, containing the addresses of the main diagonal elements, is

1

2
4

MD =
6

8

13

(5)

(6)

Last row of the array is a dummy element with the value N+1 where N is the number of

elements in the linear array. The i,j element of the linear array is addressed with the algorithm

B(I,J)=A(MD(J)+J-I)

=0

if J>I and (MD(J)+J-I)<MD(J+l)

if J>I and (MD(J)+J-I)~MD(J+l)
(7)

This storage method was also presented by Bath and Wilson (2).
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Figure 33. Dynamic Memory Example
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3. Capacity of Dynamic Memory

The program's capacity is a function of the amount of memory available in the computer.

Program instructions compiled in double precision on an IBM 4381 computer require about 0.8

megabytes of memory. Assuming 8 megabytes of total memory is available, the Z array may

occupy 8-0.8=7.2 megabytes of memory. For double precision, on an IBM computer, each

variable is 8 bytes long. Thus for 8 megabytes of memory, the Z array may contain up to

7.2*106/8 =900;000 variables.

The number of variables in the Z array required for a specific problem is a function of 1)

number and orientation of the joints, 2) number of restraints, 3) the number of constraints, 4)

number and types of material, 5) number and types of elements and the material each element

uses, 6) number of joint masses, 7) amount of storage required by the structural stiffness,

geometric stiffness, and mass matrices, which is a function of the band-width, 8) type of

solution, 9) number of degrees of freedom, 10) number load cases for SaLOl, 11) number of

element loadings for SaLOl and SOL04, 12) number of free dof for SOL02 and SOL03, and

13) length of the ground acceleration record for SOL02. The actual number of variables used

and the percentage of total memory used are printed out at the end of each block. For the

example in Section C of Chapter V, the following message is printed in the output.

*------------------------------------------------------*
*--- MEMORY UTILIZATION ----*
*--- IZ= 21965, MEM= 4.393% *
*------------------------------------------------------*

This example required 21,965 variables. Four megabytes of memory are available for the Z

array and the program is compiled in double precision on an IBM computer. Thus the Z array

has a capacity of 4*106/8=500,000 variables, and 21,965/500,000*100=4.393% of the

available memory was used.

Capacity of the program is modified by changing the value of MAXZ in the PARAMETER

statement
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PARAMETER (MAXZ=500000, MAXDZ=MAXZ/2)

of file ZCOMN2 COPY. A macro library GEM3 is then regenerated and the program is

recompiled.

E. ADDITION OF MATERIALS. ELEMENTS. AND SOLUTIONS

The modular form of INRESB-3D-SUPII allows for relatively easy addition of materials,

elements and solutions. Changes necessary to add materials, elements and solutions are discussed

below.

1. Addition of Material to Materials Library A subroutine with the name MATxx is written

that contains additional material information. This subroutine must have the following options

to be consistent with existing subroutines.

IOPT=O

IOPT=l

IOPT=2

IOPT=3

IOPT=4

IOPT=5

Determines the number of storage spaces required for each element utilizing this

material. Such storage is typically used by a hysteresis model called by routine

MATxx.

Inputs and stores data. Returns the amount of storage required for the material.

Calculates initial stiffness and initializes the hysteresis model.

Calculates current stiffness and load for an incremental displacement, given the

previous loading history. Calculates strain energies, ductilities, and excursion

ratios.

Calculates strain energies, ductilities, and excursion ratios.

Calculates damage index.
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For nonlinear materials, the subroutine MATxx calls a companion hysteresis model, subroutine

HYSTxx.

A call to MATxx is added in routine MATLIB. All communication with subroutine MATxx

is through routine MATLIB. Names of the material and material number (MATTYF=xx) are

added to routine STRUCT.

2. Addition of Element to Elements Library A subroutine with the name ELExx is written

that contains the element information. The subroutine must have the following options to be

consistent with existing subroutines.

IOPT=l

IOPT=2

IOPT=3

IOPT=4

IOPT=5

IOPT=6

IOPT=7

IOPT=8

IOPT=9

Interprets input data, calculates transformation matrices, initial structural stiffness

and a unit load geometric stiffness. Determines actual amount of storage required.

Determines axial load used for the geometric stiffness.

Recalculates structural stiffness, if any of the components of stiffness has

changed.

Calculates incremental forces, unbalanced forces and new components of

stiffness.

Calculates total element forces and energies.

Calculates fIxed end forces due to element loads, if applicable.

Writes element data to an output me.

Reads and prints element data from an output me.

Determines amount of storage required for the element's materials.
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IOPT=lO

IOPT=ll

IOPT=12

IOPT=13

IOPT=14

Determines strain energy.

Determines ductilities and excursion ratios.

Prints out maximum forces and/or displacements that the element was subjected

to.

Sets internal forces and displacements equal to zero. Reinitializes the hysteresis

models.

Calculates and prints the damage index.

A call to ELExx is added in routine ELELIB. All communication with subroutine ELExx

is through routine ELELIB. The name of the element, the element number (NELTYP=xx), the

number of variables input for the element, and the maximum amount of storage required for the

element are added to routine STRUCT.

3. Addition of a Solution A subroutine with the name SOLxx is written to reserve and

initialize storage required by the solution. SOLxx also calls CKSTOR to ensure that the program

has enough storage to execute the solution. A call to SOLxx is added to routine SOLN. All

communication with subroutine SOLxx is through routine SOLN.

Subroutine SOLxx calls subroutine SOLxxA which performs the actual solution. Subroutine

SOLxxA may call other subroutines such as FORM to establish the stiffness matrix, JOILOA

to generate joint loadings, MSOLL to solve for displacements or ELELIB to calculate element

forces. The function of these and other subroutines are described in the previous section.
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IV. INPUT DATA FOR PROGRAM INRESB-3D-SUPII

The input for INRESB-3D-SUPII is divided into several blocks. Each block is briefly

described below. These blocks may be executed in any order, unless otherwise noted. Multiple

solutions for the same structure are possible by using multiple solution blocks. Multiple

structures may be analyzed by redefIning the structure with the STRUCT block.

BLOCK DESCRIPTION

STRUCT DefInition of the structure to be analyzed. Joints, materials, elements, mass and

damping are defmed.

SOLOl Elastic static solution of the structure with multiple load cases. SOLOl must be

preceded by the block STRUCT.

SOL02 Dynamic solution of linear and nonlinear structures subject to three-dimensional

ground motion by numerical integration. SOL02 must be preceded by the block

STRUCT.

SOL03 Eigenvalue solution for the natural frequency or buckling load of an elastic

structure. SOL03 must be preceded by the block STRUCT.

SOL04 Incremental static solution of a nonlinear structure. SOL04 must be proceeded

by the block STRUCT.

SOL05 Response spectrum analysis of linear structure. SOL05 must be proceeded by

the block STRUCT.

Secondary Blocks

BUG Sets flags to print out detailed infonnation.

READ Reads results written to an output fIle during SOL02 or SOL04 and prints these

results.

NOECHO Inhibits input echo.

DUMP Prints out contents of memory.

RELEASE Releases memory used for previous solution.

STOP Tenninates execution of program.
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NOTES ON INPUT

1) Input is free format, unless otherwise noted.

2) Input variables beginning with I-N are integers and should not contain a decimal point.

3) Input variables beginning with A-H and O-Z are real and may contain a decimal point.

4) Logical variables are identified in the input description, and have the value. TRUE.

or .FALSE.

5) Character variables are identified in the input description, and are enclosed in 'single

quotes', except as noted.

6) Character and logical variables must be input in upper case.

7) Input data is read from unit OS, except as noted.

8) Output is printed on unit 06, except as noted.

9) Input cards are identified by a box. If that card is repeated, the entire box is repeated.

input card image .

Data for one card may be input on one or more lines in the data file, provided that

all of the character variables are on the first line.

10) Consistent units are used throughout the program. Thus input in inches, kips, or

seconds yields output in the same unit. Mixing units will yield unpredictable results.

Units are indicated parenthetically where appropriate.

Example Note

'BUG=K'
'STRUCT'

. Structure input is omitted.

'SOL04'

. Solution inpuc is omitted.

'READ UNIT=21'
'STOP'

(1) Bug option is set, which prints out the hysteresis model data for each time step.

(2) Structure is defined.
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(3) A cyclic static solution of the structure is performed.

(4) Data printed on unit 21 during SOL04 is read from the disk me and printed in a

report.

(5) Program is terminated.

A. STRUCTURE - DEFINITION OF STRUCTURAL MODEL

These cards defme the structural model to be analyzed. The following cards are each input

once.

'STRUCT'

'TITLE'

STRUCT Signifies that the structural model is to be input. Character variable; enclose in single

quotes.

TITLE User input title, 80 characters maximum. Character variable; enclose in single

quotes.

1. Joints and Degrees of Freedom These cards are used to defme the coordinates of the

joints, joint restraints, constraints and degrees of freedom to be condensed. The degree of

freedom numbers are assigned by the program and printed in the output. The following card is

input once.

NJOINT NCOS NSUPT NCOND NCONST SCALE

NJOINT

NCOS

NSUPT

NCOND

NCONST

SCALE

Number of joints defmed by joint coordinate cards.

Number of joint direction cosine cards input.

Number of joint restraint cards input.

Number of joint condensation cards input.

Nu~ber of joint constraint cards input.

Scale factor that the joint coordinates are to be multiplied by. If SCALE = 12, the
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user inputs the joint coordinates in feet, and the structure is defmed in inches.

a. Joint Coordinates These cards are used to defme the coordinates of the joints, in the

global coordinate system, GCS, and identify the direction cosine of the joint. Total number of

joints defined in this section. is less than or equal to NJOINT. The second card is only used when

the preceding card has a value of IGEN that is greater than zero. These cards are repeated until

1) NJOINT joints have been defmed, or 2) an input or generated joint ID number is less than

or equal to zero.

1D X Y Z leas 1GEN

l:.ID l:.X b.Y b.Z

ID

x
y

Z

ICOS

IGEN

.6.ID

.6.X

.6.Y

.6.Z

Joint identification number. ID numbers can be input in any convenient order and need

not be consecutive. However, the band-width of the structural stiffness matrix is

dependent on the joint ID numbers. An ID ~ 0 terminates input of the joint coordinates.

GCS X coordinate: of the joint. (length)

GCS Y coordinate of the joint. (length)

GCS Z coordinate of the joint. (length)

Joint's direction cosine number.

Number of additional joints to be generated from this joint.

Increment between the generated ID number and the previous joint's ID number. A

generated ID ~ 0 terminates input of the joint coordinates.

Increment between the generated joint's GCS X coordinate and the previous joint's X

coordinate. (length)

Increment between the generated joint's GCS Y coordinate and the previous joint's Y

coordinate. (length)

Increment between the generated joint's GCS Z coordinate and the previous joint's Z

coordinate. (length)

Example NJOINT=7
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10 O. O. O. 1 2
10 O. O. 3.
1 4. 3. -1. 2 0

-1 0 0 0 0 0

(1) Joint 10 has the coordinates (0,0,0) and uses direction cosine #1.

(2) Two joints are generated from joint 10: joint 20 (0,0,3) and joint 30 (0,0,6).

(3) Joint 1 has the coordinates (4,3,-1) and uses direction cosine #2.

(4) Input of the joint coordinates is terminated.

(1,2)
(2)
(3)
(4)

b. Joint Direction Cosines These cards are used to input the joint direction cosines, which

in turn defme the joint coordinate system, JCS. Joint direction cosines are numbered from 1 to

NCOS. This card is repeated NCOS times.

Vxi Vxj Vxk Vyi Vyj Vyk

Vxi Projection on the GCS X axis of a unit vector parallel to the JCS X axis.

Vxj Projection on the GCS Y axis of a unit vector parallel to the JCS X axis.

Vxk Projection on the GCS Z axis of a unit vector parallel to the JCS X axis.

Vyi Projection on the GCS X axis of a unit vector parallel to the JCS Yaxis.

Vyj Projection on the GCS Y axis of a unit vector parallel to the JCS Yaxis.

Vyk Projection on the GCS Z axis of a unit vector parallel to the JCS Y axis.

c. Joint Restraints These cards are used to defme the joint restraints. This card is repeated

NSUPT times.

ID ITX ITY ITZ IRX IRY IRZ IGEN ~ID

10 Joint identification number. An 10 of zero indicates that all the joints are restrained by

this card.

ITX Restraint flag for translation in the JCS X direction.

ITY Restraint flag for translation in the JCS Y direction.

ITZ Restraint flag for translation in the JCS Z direction.
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IRX Restraint flag for rotation about the JCS X axis.

IRY Restraint flag for rotation about the JCS Y axis.

IRZ Restraint flag for rotation about the JCS Z axis.

IGEN Number of additional joints, with the same restraints, to be generated from this joint.

oilD Increment between the generated ID number and the last ID number.

Valid joint restraint flags are:

o Free or unrestrained degree of freedom.

1 Restrained degree of freedom.

2 Restrained degree of freedom. A restraint flag of 2 forces the program to assign the dof a

higher number. This option can be used to reduce the band-width of the stiffness matrix.

Example NSUPT=2

000000100
1 111 1 1 1 0 0

(1) Rotation about the JCS Z axis of all joints is restrained.

(2) Joint 1 has all six dofs restrained.

(1)
(2)

d. Joint Condensation These cards are used to identify which dof are condensed. This card

is repeated NCOND times and is omitted if NCOND equals zero.

ID ITX ITY ITZ IRX IRY IRZ IGEN 6ID

ID

ITX

ITY

ITZ

IRX

IRY

IRZ

IGEN

Joint identification number. An ID of zero indicates that all joints are affected by this

card.

Condensation flag for translation in the JCS X direction.

Condensation flag for translation in the JCS Y direction.

Condensation flag for translation in the JCS Z direction.

Condensation flag for rotation about the JCS X axis.

Condensation flag for rotation about the JCS Y axis.

Condensation flag for rotation about the JCS Z axis.

Number of additional joints, with the same condensation, to be generated from this
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joint.

MD Increment between the generated ID number and the last ID number.

Valid condensation flags are:

o Degree of freedom is not condensed.

1 Degree of freedom is condensed. Condensation of a restrained dof is ignored.

Example NCOND = 1

30 000 1 1 1 00

Rotations of joint 30 are condensed. If the Z axis rotation had been previously restrained, only

the X and Y axis rotations are condensed.

e. Joint Constraints These cards are used to identify which dof are constrained.

This card is repeated NCONST times, and omitted if NCONST equals zero.

ITYPE MASTER I SLAVE IGEN ~ID

ITYPE Type of constraint.

o Rigid body constraint. A rigid body constraint transfers all six joint dof from

the slave to the master joint.

1 XY-planar constraint. An XY-planar constraint transfers the joint's JCS X and

Y axes translational dof and the joint's JCS Z axis rotational dof from the slave

to the master joint.

Joint identification number of the master joint.

Joint identification number of the slave joint.

Number of additional slave joints, constrained to the same master joint to be

generated.

Increment between the generated ID number and the previous ID number.

Both the slave and master joint must have the same joint direction cosine number (ICOS).

AID

Note

MASTER

ISLAVE

IGEN

Example NCONST =1
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NMAT

TYPE

1 10 20 00

Joint 20 is constrained in the JCS XY-plane to joint 10.

2. Materials and Hysteresis Model Infonnation These cards are used to input the material

and hysteresis model infonnation. The first card is input once. The second card is repeated

NMAT times.

NMAT

TYPE VALUE1 VALUE2 ...

Number of materials input.

Material type. Valid types are discussed below. Character variable; enclose in single

quotes.

VALUEi Input required by a given material type. The values for each TYPE are discussed

below. (real or integer)

Notes on material - element compatibility

1) Individual elements may not use all the infonnation provided by a given material.

2) A given material may not be compatible with all the elements. For example, the Takeda

hysteresis model may not be used with the elastic prismatic beam element. Compatible

materials for each element are specified under element input.

a. TYPE='3D-BEAM~ Material data for an elastic 3D-beam.

'3D-BEAM' E G AX AY AZ J IY 1Z

E Young's modulus. (force/length2
)

G Shear modulus. (force/length2
)

AX Cross sectional area. (length2)

AY Y axis shear area. (length2)

AZ Z axis shear area. (length2
)
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J Torsional moment of inertia. (length4)

IY Moment of inertia, about the Y axis. (length4)

IZ Moment of inertia, about the Z axis. (length4
)

b. TYPE='AXLMOD' AXLMOD axial hysteresis model for reinforced concrete as shown

in Figures 2 and 3.

'AXLMOD' Kc Kt Kt2 Fy a ~ ~f ~DI

Ks Compression stiffness of a unit length member (force/length).

Kt Pre-yielding tensile stiffness of a unit length member (force/length).

Kt2 Post-yielding tensile stiffness of a unit length member (force/length).

Fy Yield force (force).

a Unloading coefficient, usually 0.90.

{3 Pinching coefficient, usually 0.20.

JLf Failure ductility.

(3DI Parameter for Ang's damage index discussed in Appendix B (1).

Stiffness tenns Kc, Kt, and Kt2 are real variables and may contain a decimal point.

c. TYPE='BEND1' Material data for the B1 hysteresis model. Figure 4 shows the B1

which was developed to model the bending behavior of reinforced concrete shear walls. Figure

5 shows the input for the backbone curve.

'BEND1' NSEG NI DY ~DI

P (1) P(2) ... P(NSEG)

D (1) D (2) ... D(NSEG)

NSEG Number of points on the backbone curve.

NI Number of small amplitude loop reversal points that can be stored by the program at

one time, usually 10.

DY Rotation of a unit length member, corresponding to the yield point. Used to define the
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ductility ratio. (radian/length)

t1DI Parameter for Ang's damage index discussed in Appendix B (1).

P(i) Moment of a poin~ on the backbone curve. (force*length)

D(i) Rotation of a point on the backbone curve, where the rotation is based on a unit length

member. (radian/length)

d. TYPE ='SHEAR1 ' Material data for the S1 hysteresis model. Figure 6 shows the S1

which was developed to model the shear deformation of reinforced concrete shear walls. Figure

5 shows the input for the backbone curve.

'SHEARl' NSEG NI DY I3DI

P(l) P(2) ... P (NSEG)

D(l) D (2) ... D(NSEG)

NSEG Number of points on the backbone curve.

NI Number of small amplitude loop reversal points that can be stored by the program at

one time, usually 10.

DY Shear deformation of a unit length member, corresponding to the yield point. Used to

defme the ductility ratio. (length/length)

t1DI Parameter for Ang's damage index discussed in Appendix B (1).

P(i) Shear of a point on the backbone curve. (force)

D(i) Shear deformation of a point on the backbone curve where shear deformation is based

on a unit length member. (length/length)

e. TYPE = 'TAKEDA' Material data for the TAKEDA hysteresis model. Figure 7 shows

the TAKEDA which was developed to model the bending deformations in reinforced concrete

members.

'TAKEDA' EI PC DC PY DY PU DU I3DI

EI Initial bending stiffness of the member (force/rad)

PC Cracking moment. (force*length)
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DC Cracking rotation for a unit length member. (radian/length)

PY Yield moment. (force*length)

DY Yield rotation for a unit length member. (radian/length)

PU Ultimate moment. (force*length)

DU Ultimate rotation, for a unit length member. (radian/length)

j3DI Parameter for Ang's damage index discussed in Appendix B (1).

f. TYPE = 'BILINEAR' Figure 8 shows the bilinear hysteresis model.

'BILINEAR' E PY SIE ~f #DI

E Elastic stiffness. (force/length)

PY Yield load. (force)

SIE Inelastic stiffness. (force/length)

p.f Failure ductility.

j3DI Parameter for Ang's damage index discussed in Appendix B (1).

g. TYPE = 'BRACE' Figure 9 shows the bracing member hysteresis model.

'BRACE' EAR YS SHAPE ~f #DI

E

A

R

YS

SHAPE

p.f

j3DI

Elastic modulus. (force/length2)

Section area. (length2)

Ratio of gyration. (length2)

Yielding stress. (force/length2)

Member cross section shape:

1 For box or equal-leg angle section

2 For I-shape section

Failure ductility.

Parameter for Ang' s damage index discussed in Appendix B (1).

h. TYPE = 'LONG-OWJG' Figure 10 shows Pino-Suarez Tower long-direction girder
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ELAS

SP

E

TI

TMP

I-'f

I3DI

hysteresis model.

'LONG-OWJG' HA VA ~f ~DI

HA First buckling displacement. (radius)

VA First buckling load. (force*length)

I-'f Failure ductility (if I-'f < 1, then failure ductility is not considered).

I3DI Parameter for Ang's damage index =0 (currently not available). Discussed in Appendix

B (1).

i. TYPE='IA-BILN' figure 8 shows this bilinear hysteresis model.

'IA-BILN' ELAS SP E TI TMP I-'f ~DI

REDUCE

Index for elastic or nonlinear analysis:

o For elastic material property.

1 For bilinear material property.

2 For box column with consideration of local buckling (18).

3 Same as El..AS = 1, but strength criteria of box column is checked.

Strain hardening ratio.

Elastic modulus.

Section area, torsional rigidity, or moment of inertia.

Axial yielding load, torsional yielding load, or plastic moment.

Failure ductility (if I-'f < 1, then failure ductility is not considered).

Parameter for Ang's damage index=O (currently not available), discussed in

Appendix B.

REDUCE Percentage of critical load, (if ELAS ;e 2, then omit this data input).

j. TYPE='SHORT-OWJG' Figure 11 shows Pino-Suarez Tower short-direction girder

hysteresis model.
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'SHORT-OWJG' HA VA RATIO ~f ~DI

HA

VA

RATIO

pJ

I3DI

First buckling displacement. (radius)

First buckling load. (force*length)

Strain hardening ratio.

Failure ductility (if pJ < 1, then failure ductility is not considered).

Parameter for Ang's damage index=O (currently not available), discussed in

appendix B.

k. TYPE ='STABILITY' Material properties for fInite-segment element.

'STABILITY' NSEG YS EM LIBN HH UU WW ZZ INEB INEH ST IREVl
IREV2 IREV3 IREV4 IECOP SMALL RATIXO RATIYO TOTA IAUTO
IMATER RATI03 IR G QRNEE ISTIF

NSEG

YS

EM

LIBN

HH

uu

Number of segments considered. Maximum number of NSEG is 32.

Material yielding stress. (force/length2)

Elastic modulus.

Cross section library number.

1 Box section.

2 Tube (one layer) section.

3 Rectangular section.

4 Wide-flange section.

6 Tube (two layer) section.

7 Equal leg angle section.

Height for LIBN = 1, 3, 4.

Radius of tube for LIBN =2, 6.

Angle leg length for LIBN = 7.

Width for LIBN=l, 3,4.

Dummy variable for LIBN =2, 6.

Dummy variable for LIBN =7.
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ww

zz

INEB

INEH

ST

IREV1

IREV2

IREV3

IREV4

IECOP

SMALL

RATIXO

RATIYO

TOTA

U direction eccentricity from section reference coordinate origin to applied load

location.

V direction eccentricity from section reference coordinate origin to applied load

location.

Total number of section elements in half width for LIBN = 1, 3.

Web thickness for LIBN = 4.

Total number of section elements in one quarter of a circle for LIBN =2, 6.

Dummy variable for LIBN = 7.

Total number of section elements in half height for LIBN = I, 3.

Dummy variable for LIBN =2, 4, 6, and 7.

Thickness for LIBN=l, 2, 6, and 7; flange thickness for LIBN=4 (length).

IREV1 = 1 for LIBN = 1.

Dummy variable for LIBN =2, 3, and 6.

Number of rows in flange's U direction for LIBN =4.

Number of columns in segment U direction for LIBN =7.

Dummy variable for LIBN=l, 2,3, and 6.

Number of columns in flange l s U direction for LIBN = 4.

Number of rows in segment U direction for LmN =7.

Dummy variable for LffiN = 1, 2, 3, and 6.

Number of columns in web's V direction for LIBN =4.

Number of rows in segment V direction for LIBN =7.

Dummy variable for LmN=l, 2, 3, and 6.

Number of rows in web's V direction for LIBN=4.

Number of columns in segment V direction for LIBN =7.

o Eccentricity is not considered.

1 Eccentricity is considered.

Note If IECOP=O, WW and ZZ are ignored by program.

Length of segments at two ends and center right and left sides.

Initial imperfec:ion ratio in element coordinate X direction.

Initial imperfec:ion ratio in element coordinate Y direction.

Section gross area. (length2
)

81



RATI03

IR

G

QRNEE

ISTIF

IAUTO 1

0

IMATER 0

2

3

Element stiffness parameter and displacement norm are calculated.

Element stiffness parameter and displacement norm are not calculated.

For bilinear stress-strain model shown in Figure 8.

For Ramberg-Osgood stress-strain model.

For elastic case.

Finite-segment element strain hardening ratio.

Parameter for Ramberg-Osgood stress-strain model.

Shear modulus.

Limitation of maximum displacement norm. (10-2 to 10-5)

Segment stiffness formulation index:

o Exact approach.

1 Approximated approach.

Note Failure ductility and parameter for Ang's damage index are not considered.

1. TYPE = •SHEAR2' Material data for the perforated shear wall hysteresis model.

'SHEAR2' NSEG /3DI

P(l) P (2) P(3) P(4)

D (1) D(2) D (3) D(4)

HO HS LWP AD AV

NSEG

.aDI

P(i)

D(i)

HO

HS

LWP

Number of points on the backbone curve.

Parameter for Ang's damage index, discussed in Appendix B (1) . .aDI set to 0.4 .

Total lateral force of a point on the backbone curve. (force*length)

Combined bending and shear deformation of a point on the backbone curve.

(force*length)

Height of the opening. (see Figure 25(a))

Distance from the acting point to the bottom of the wall, usually called the shear

span length. (see Figure 25(a))

Ratio of the height of the opening to the width between the edge of the wall and the

edge of the opening. LWP = L' /W'. (see Figure 25(a))
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AD Cross-sectional area of the diagonal bar. (see Figure 25(a))

AV Cross-sectional area of the vertical bar. (see Figure 25(a))

3. Geometric Stiffness Data This card, used to determine the type of geometric stiffness in

the analysis, is input once.

KGLOAD KGTYPE KGFORM KGCOND

KGLOAD Type of axial force used to calculate the geometric stiffness.

o Geometric stiffness is omitted.

1 Axial force is equal to input force l magnified by ground acceleration in the

global Z direction, if applicable.

2 Internal element force of the previous load step, used to generate the geometric

stiffness.

KGTYPE Type of geometric stiffness formulation.

o Geometric stiffness is omitted.

1 A 'lumped parameter' formulation is used for the element geometric stiffness.

2 A 'consistent parameter' formulation is used for the element geometric stiffness.

If a consistent parameter formulation for an individual element is not available,

the lumped parameter formulation is used. Refer to individual element

specifications for applicability.

KGFORM Form of the geometric stiffness used.

o Geometric stiffness is omitted.

1 Geometric stiffness is subtracted from structural stiffness.

2 Separate structural stiffness and geometric stiffness matrices are formed.

Refer to individual solution for applicability.

KGCOND A logical flag. If KGCOND =.TRUE., the geometric stiffness matrix is condensed

when applicable. Logical variable.

4. Element Data These cards are used to defme the elements. Elements are numbered by

the program in "the order they are input from 1 to NELMT. Element numbers are used to

identify elements in the output. The first card is input once. Second and third cards (if used) are

83



MAT

NAME

JOINTI

JOINTJ

VI

repeated until 1) NELMT elements are input, or 2) a TYPE='END' is encountered.

The third card follows each second card with a value of IGEN > 1.

NELMT

TYPE NAME VALUE I VALUE 2 ... IGEN

6.VALUE I 6.VALUE2 ...

NELMT Number of elements input.

TYPE Element type. Valid types are discussed below. Character variable; enclose in

single quotes.

NAME A user defmed name. Character variable; enclose in single quotes.

VALUEi Input required by a given element type. Values for each TYPE are discussed

below. (real or integer)

IGEN Number of additional elements to be generated from this element.

~VALVEi Incremental value used to generate subsequent elements.

VALUEigenera1ed = VALUE~revious + ~VALUEi

a. TYPE = '3D-BEAM' This card is used to defme element data for the elastic prismatic

3D-beam shown in Figure 15.

'3D-BEAM' NAME MAT JOINTI JOINTJ VI V2 V3

XS XE PKG IRELT IGEN

A user defmed name. Character variable; enclose in single quotes.

Material number. This number must correspond to the material type '3D-BEAM'.

The terms EAX, GJ, ElY and EIZ from material '3D-BEAM' are used to generate

the element stiffness.

Start joint ID number.

End joint ID number.

Projection on the GCS X axis of a vector in the element's local XY plane. This

vector defmes the orientation of the element's local Y axis.

V2 Projection on the GCS Y axis of a vector in the element's local XY plane.
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V3

XS

XE

PKG

IRELT

IGEN

Projection on the GCS Z axis of a vector in the element's local XY plane.

Offset distance from the start joint to the beginning of the element. Positive in the

direction of the element's local X axis. (length)

Offset distance from the end joint to the end of the element. Negative in the

direction of the element's local X axis. (length)

Axial load used to calculate the geometric stiffness, if KGLOAD =1. (force) Positive

is compression.

A six-digit release code that is used to release the rotational dof at both ends of the

element. A nonzero value of the i'th digit signifies a released dof.

DIGIT

1 Releases the moment about the element's X axis at the start joint.

2 Releases the moment about the element's Y axis at the start joint.

3 Releases the moment about the element's Z axis at the start joint.

4 Releases the moment about the element's X axis at the end joint.

5 Releases the moment about the element's Y axis at the end joint.

6 Releases the moment about the element's Z axis at the end joint.

Element generation parameter. See discussion under 'Element Data' .

b. TYPE ='SPRING' This card is used to defme element data for the one-dimensional

spring shown in Figure 16.

'SPRING' NAME MAT JOINTI JOINTJ KTYPE XLEN Vl V2

V3 XS XE IGEN

NAME

MAT

JOINTI

JOINTJ

KTYPE

A user-defmed name. Character variable; enclose in single quotes.

Material number.

Start joint ID number.

End joint ID number.

Type of spring.

1 Axial spring.

2 Shear spring in the element's local Y axis.

3 Shear spring in the element's local Z axis.
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XLEN

VI

V2

V3

XS

XE

IGEN

4 Torsional spring.

5 Rotational spring about the element's local Y axis.

6 Rotational spring about the element's local Z axis.

Le~J.gth of the spring used to calculate the stiffness. (length)

Projection on the GCS X axis of a vector in the spring's local XY plane. This vector

defines the orientation of the element's local Y axis.

Projection on the GCS Y axis of a vector in the spring's local XY plane.

Projection on the GCS Z axis of a vector in the spring's local XY plane.

Offset distance from the start joint to the beginning of the spring. Positive in the

direction of the element's local X axis. (length)

Offset distance from the end joint to the end of the spring. Negative in the direction

of the element's local X axis. (length)

Element generation parameter. See discussion under .Element Data' .

Notes

1) Material specified for the spring element may consist of any of the following: 3D-BEAM,

AXLMOD, BEND1, SHEARI, TAKEDA, and ELSPLS.

2) Spring uses the axial stiffness from the 3D-BEAM material.

3) BEND1 and TAKEDA models are usually based on moment-rotation, (KTYPE=4 to

KTYPE = 6) but they can be used as translational springs (KTYPE = 1 to KTYPE = 3) by

changing the material input from moment-rotation to force-translation.

4) AXLMOD and SHEARI models are usually based on force-translation, and are valid

models for KTYPE = I to KTYPE = 3.

5) Program does not check the user's choice of model.

6) If the distance between the start and end joints is zero, the spring is oriented such that the

ECS is parallel to the start joints JCS.

7) Spring stiffness is for axial (force/length), lateral (force/length), torsional (force-Iength/rad)

and rotational (force-Iength/rad) springs. For a given spring stiffness a. we need input E,

A and XLEN of which the numbers are arbitrary and mainly to have the equivalence of

a=EA/XLEN. Normally use E and A the same as the member properties and adjust

XLEN.

c. TYPE = 'SHEAR WALL' This card is used to define element data for the reinforced

concrete shear wall shown in Figure 20.
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'SHEAR WALL' KAME MATB MATS MATA Jl J2 J3 J4 ALPHA
PKG IGEN

NAME

MATB

MATS

MATA

11

J2

13

J4

ALPHA

PKG

IGEN

A user-defmed name. Character variable; enclose in single quotes.

Bending hysteresis model material number.

Shear hysteresis model material number.

Axial hysteresis model material number.

Joint at the upper right-hand comer of the element.

Joint at the upper left-hand comer of the element.

Joint at the lower left-hand comer of the element.

Joint at the lower right-hand comer of the element.

Fraction of the length from the top of the element to the internal springs.

Axial load used to calculate the geometric stiffness, if KGLOAD =1. Positive is

compression. (force)

Element generation parameter. See discussion under 'Element Data'.

Notes

1) Material specified for the shear wall element may consist of any of the following:

3D-BEAM, AXLMOD, BEND1, SHEAR1, TAKEDA, and ELSPLS.

2) BEND1 model is usually specified for the bending material.

3) SHEAR1 model is usually specified for the shear material.

4) AXLMOD model is usually specified for the axial material.

5) 3D-BEAM material's axial stiffness is used for the spring's stiffness if the 3D-BEAM

material is specified.

Example

5
'3D-BEAM' 'AI' 1 10 20 O. O. 1. O. O. O. ooסס10 2

o 10 10 O. O. O. O. O. O. o00ooo
'SPRING' 'sl' 2 10 11 1 O. O. O. 1. O. O. 0
'SHEAR WALL' 'WI' 34520 10 1 2 1. 35.0

Notes

(1) Five elements are to be input.
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(2) A 3D-beam is input between joints 10 and 20.

(3) Two more 3D-beams are generated from the fIrst beam.

(4) An axial spring is input between joints 10 and II.

(5) A shear wall element is input between joints 20, 10, 1 and 2.

d. TYFE='BRACE' This card is used to defme element data for the bracing member.

'BRACE' NAME MAT JOINTI JOINTJ KTYPE SLK Vl V2 V3 XS XE
IGEN

NAME

MAT

JOINTI

JOINTJ

KTYPE

SLK

VI

V2

V3

XS

XE

IGEN

A user-defmed name. Character variable; enclose in single quotes.

ModifIed Goel' s hysteresis model number.

Start joint ID number.

End joint ID number.

Equal to 1.

K factor for slenderness ratio.

Projection on the GCS X axis of a vector in the member's XY plane. This vector

defmes the orientation of the element's local Y axis.

Projection on the GCS Y axis of a vector in the member's XY plane.

Projection on the GCS Z axis of a vector in the member's XY plane.

Offset distance from the start joint to the beginning of the strut. Positive in the

direction of the element's local X axis. (length)

Offset distance from the end joint to the end of the strut. Negative in the direction

of the element's local X axis. (length)

Element generation parameter. See discussion under 'Element Data'.

Notes

1) Stiffness of the bracing member is based on the 'BRACE' material only.

2) Cross section of the bracing member could be box, angle, or wide flange sections. The

element may not be applied to other cross sections.

e. TYPE = 'IE3DBEAM' This card is used to defme element data for the inelastic

3D-bearn-column element.
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'IE3DBEAM' NAME MATMYA MATMYB MATMZA MATMZB MATMXA MATFXA
JOINTI JOINTJ Vl V2 V3 XS XE PKG IGEN

NAME

MATMYA

MATMYB

MATMZA

MATMZB

MATMXA

MATFXA

JOINTI

JOINTJ

VI

V2

V3

XS

XE

PKG

IGEN

A user-defmed name. Character variable; enclose in single quotes.

Bending hysteresis material number at the start joint in element's local Y axis.

Bending hysteresis material number at the end joint in element's local Y axis.

Bending hyst1eresis material number at the start joint in element's local Z axis.

Bending hysteresis material number at the end joint in element's local Z axis.

Torsional hysteresis material number at the start joint in element's local X axis.

Element axial hysteresis material number.

Start joint ID number.

End joint ID number.

Projection on the GCS X axis of a vector in the member XY plane. This vector

defmes the orientation of the element's local Y axis.

Projection on the GCS Y axis of a vector in the member's XY plane.

Projection on the GCS Z axis of a vector in the member's XY plane.

Offset distance from the start joint to the beginning of the element. Positive in

the direction of the element's local X axis. (length)

Offset distan.ce from the end joint to the end of the element. Negative in the

direction of r.he element's local X axis. (length)

Axial load used to calculate the geometric stiffness, if KGLOAD= 1. (force)

Positive is compression.

Element generation parameter. See discussion under 'Element Data'.

Notes

1) Bending materials specified for inelastic 3D beam element may consist of any of the

following: LONG-OWJG, IA-BILN, SHORT-OWJG, and TAKEDA.

2) Bending hysteresis material number at the start joint in the element's local Y axis should

be same as that at the end joint in the element's local Y axis.

3) Bending hysteresis material number at the start joint in the element's local Z axis should

be same as that at the end joint in the element's local Z axis.

4) IA-BILN model is specified for the torsional and axial materials.
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f. TYPE ='STABIUTY' This card is used to defme element data for the ftnite-segment

element.

'STABILITY' NAME MAT JOINTI JOINTJ VI V2 V3 XS XE IGEN

NAME

MAT

JOINTI

JOINTJ

VI

V2

V3

XS

XE

IGEN

A user-defmed name. Character variable; enclose in single quotes.

Material number.

Start joint ID number.

End joint ID number.

Projection on the GCS X axis of a vector in the member's XY plane. This vector

deftnes the orientation of the element's local Y axis.

Projection on the GCS Y axis of a vector in the member's XY plane.

Projection on the GCS Z axis of a vector in the member's XY plane.

Offset distance from the start joint to the beginning of the element. Positive in the

direction of the element's local X axis. (length)

Offset distance from the end joint to the end of the element. Negative in the

direction of the element's local X axis. (length)

Element generation parameter. See discussion under 'Element Data'.

STABILITY material model is specifted for this element.

g. TYPE='SHEAR-OPEN' This card is used to defme element data for the perforated

reinforced concrete shear wall.

'SHEAR-OPEN' NAME MATS MATAI MATA2 JI J2 J3 J4 ALPHA
PKG IGEN

NAME

MATS

MATAI

MATA2

11

J2

13

A user-defmed name. Character variable; enclose in single quotes.

Perforated shear wall hysteresis model material number.

Axial hysteresis model material number for left-side wall.

Axial hysteresis model material number for right-side wall.

Joint at the upper right-hand comer of the element.

Joint at the upper left-hand comer of the element.

Joint at the lower left-hand comer of the element.
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J4

ALPHA

PKG

IGEN

Joint at the lower right-hand corner of the element.

Fraction of the length from the top of the element to the internal springs.

Axial load used to calculate the geometric stiffness, if KGLOAD = 1. Positive is

compression. (force)

Element generation parameter. See discussion under 'Element Data'.

Notes

1) SHEAR2 model is usually specified for the combined bending and shear material.

2) AXLMOD is usually specified for the axial material.

5. Mass These cards are used to input lumped masses at the joints. The first card is input

once. The second card is repeated INMASS times, or until a joint ID ~ 0 is encountered. If

INMASS is less than one, or FMASS is zero, omit the second card.

1NMASS FMASS MCOND

1D PX PY PX RXX RYY RZZ RXY RXZ RYZ 1GEN ~1D

ID

PX

PY

PZ

RXX

RYY

RZZ

RXY

RXZ

RYZ

INMASS Number of mass cards to be read.

FMASS Mass flag.

o Mass matrbc. is omitted.

1 Mass matrix. due to concentrated joint masses is formed.

MCOND A logical flag. If MCOND =.TRUE., the mass matrix is condensed when

applicable. Logical variable.

Identification number of the joint.

Translational mass in the joint's JCS X direction. (mass)

Translational mass in the joint's JCS Y direction. (mass)

Translational mass in the joint's JCS Z direction. (mass)

Rotational mass moment of inertia about the joint's JCS X axis. (mass*length2)

Rotational mass moment of inertia about the joint's JCS Y axis. (mass*length2)

Rotational mass moment of inertia about the joint's JCS Z axis. (mass*length2)

Rotational mass product of inertia about the joint's JCS XY axis. (mass*length2)

Rotational mass product of inertia about the joint's JCS XZ axis. (mass*length2)

Rotational mass product of inertia about the joint's JCS YZ axis. (mass*length2)
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IGEN

.1ID

Number of joints with identical mass, to be generated.

Increment of joint ID number for generated values .

Example INMASS = 1, FMASS = 1,

10 8. 8. 8. 0 0 0 000 00

Joint 10 has a translational mass of 8.0 in the X, Y and Z directions.

6. Damping This card is used to input proportional damping data.

ALPHA BETA

ALPHA

BETA

Proportional damping coefficient for mass.

Proportional damping coefficient for stiffness.

B. SOL01 - ELASTIC STATIC SOLUTION

This is an elastic solution with multiple load cases. The following cards are input once.

'SOLOI'

TITLE

NLOAD MAXELD

SOL01 Signifies solution 1. Character variable; enclose in single quotes.

TITLE User input title, 80 characters maximum. Character variable; enclose in single

quotes.

NLOAD Number of load cases.

MAXELD Maximum number of element loads.

Notes

1) Condensation increases the band-width of the stiffness matrix for SOL01 without any other

benefits. Condensation is not recommended for SOLOL
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2) A separate geometric stiffness (KGFORM=2) is not used by SOLOL The geometric

stiffness may be included by using KGFORM =1.

3) If the geometric stiffness is included, the element axial loads must be input (KGLOAD= 1).

1. Joint Loads These cards are used to apply loads to joints. Loads applied to restrained

joints are considered as displacements, yielding, support settlement or displacement control

solutions. Loads applied to constrained joints are transferred to their 'master' joints. If the

'master' joint is restrained, loads transferred to restrained dof are considered as displacements.

Joint loads are cumulative. Applying two loads to the same joint results in the sum of the joint

loads being considered. The following card is repeated until the value of DIR is 'END'.

LOAD ID IGEN 6ID DIR VALUE

LOAD

ID

IGEN

dID

DIR

VALUE

Example

Number of the load case that the load is applied to.

Joint ID number that the load is applied to.

Number of identical joint loads to be generated.

Increment of joint ID number for generated values.

Direction of load in the joint coordinate system. Valid directions and the units of

VALUE are given below. Character variable; enclose in single quotes.

'FX' Applied force in the joint's JCS X direction. (force)

'FY' Applied force in the joint's JCS Y direction. (force)

'FZ' Applied force in the joint's JCS Z direction. (force)

'MX' Applied moment about the joint's JCS X axis. (force*length)

'MY' Applied moment about the joint's JCS Y axis. (force*length)

'MZ' Applied moment about the joint's JCS Z axis. (force*length)

'END' Terminate the input of element loads.

Magnitude of the applied load.

1 2 2 1 'FZ' -3.00
2 700 'MX' 33.5
0000 'END' 0
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Notes

(1) Joints 2, 3, and 4 have an applied force of -3.00 in the Z direction for load case 1.

(2) Joints 7 has an applied moment of 33.50 in the X direction for load case 2.

(3) Joint loading input is terminated.

2. Element Loads Cards here are used to apply element loads to the '3D-BEAM' element

at the portion of the beam between points A and B (see Figure 15 in the ECS). These loads are

transferred by the program to the start and end joints. The card below is included only if

MAXELD > O. This card is repeated MAXELD times, or until the value of TYPE is 'END'.

LOAD IELE IGEN 6IELE TYPE DIR VALUE1, VALUE2, ...

LOAD

IELE

IGEN

MELE

TYPE

Load case number.

Element number.

Number of similar element loads to be generated.

Increment of element number for generated values.

Type of load. Valid types are described in detail below. Character variable; enclose

in single quotes.

'CONe' Concentrated load applied in direction DIR. VALUEI is the magnitude

of the load (force or force*length). VALUE2 is the ratio of the distance

to the load, divided by the flexible length of the member. Distance is

measured from the beginning of the flexible length at the member's start

end. VALUE2 is between 0 and 1. Only two values are input.

'UNIF' Uniform load applied in direction DIR. VALUEI is the magnitude of the

load. Only one value is input. (force/length)

'FEM' Input the fIxed end forces on the end of the member. DIR is not used

and may be set to any value. VALUEI to VALUEl2 are required.

VALUE1 Fixed end axial force, at point A of Figure 15, in the ECS

X direction. (force)

VALUE2 Fixed end shear, at point A of Figure IS, in the ECS Y

direction. (force)

VALUE3 Fixed end shear, at point A of Figure 15, in the ECS Z
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direction. (force)

VALUE4 Fixed end torsion, at point A of Figure 15, about the ECS

X axis. (force*length)

VALUES Fixed end moment, at point A of Figure 15, about the ECS

Y axis. (force*length)

VALUE6 Fixed end moment, at point A of Figure 15, about the ECS

Z axis. (force*length)

VALUE? Fixed end axial force, at point B of Figure 15, in the ECS

X direction. (force)

VALUE8 Fixed end shear, at point B of Figure 15, in the ECS Y

direction. (force)

VALUE9 Fixed end shear, at point B of Figure 15, in the ECS Z

direction. (force)

VALUElO Fixed end torsion, at point B of Figure 15, about the ECS

X axis. (force*length)

VALUE11 Fixed end moment, at point B of Figure 15, about the ECS

Y axis. (force*length)

VALUEl2 Fixed end moment, at point B of Figure 15, about the ECS

Z axis. (force*length)

'END' Terminate the input of element loads.

DIR Direction of load in element coordinate system. Valid directions given below.

Character variable; enclose in single quotes.

'FX' Axial load is applied.

'FY' Force is applied in the local element's Y direction.

'FZ' Force is applied in the local element's Z direction.

'MX' Torque is applied.

'MY' Moment is applied about the local element's Y axis.

'MZ' Moment is applied about the local element's Z axis.

VALUEi Values used to calculate the element loads.

Notes

1) Multiple loads may be put on a single element.
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INTEG

SOL02

TITLE

2) 'UNIP' 'MY' and 'UNIP' 'MZ' are not available.

3) Element load TYPE='PEM' is not modified to reflect member end releases.

Example MAXELD = 1,

1 13 0 0 'UNIP' 'PZ' -3.00

Element 13 has a uniform load of -3.00 applied in the element's local Z direction for load case

1.

C. SOL02 - DYNAMIC SOLUTION BY NUMERICAL INTEGRATION

This is a dynamic solution of the structure subject to ground accelerations. Both elastic and

nonlinear behavior can be modeled. The following cards are input once.

'SOL02'
,

TITLE

INTEG THETA ELASTIC UNBAL

IPRINT IWRITE MAXACC SLMASS

TO boT TF GRAV

Signifies solution 2. Character variable; enclose in single quotes.

User input title, 80 characters maximum. Character variable; enclose in single

quotes.

Type of numerical integration used. Valid values of INTEG are given below.

Character variable; enclose in single quotes.

'LINEAR' Linear acceleration method is used.

'AVERAGE' Average acceleration method is used.

'WILSON' Wilson theta method is used.

THETA Value of theta used by Wilson theta method. Set THETA=O if the Wilson theta

method is not used.
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TO

.6.T

TF

GRAV

ELASTIC A logical flag. If ELASTIC =.TRUE., the structure is assumed to behave elastically.

Logical variable.

UNBAL A logical flag. If UNBAL= .TRUE., the unbalanced loads from the preceding step

are added to the current dynamic loads for nonlinear analysis. Logical variable.

IPRINT Step increment for printed output.

IWRITE Step increment for data written to output files.

MAXACC Maximum number of points in each ground acceleration record.

SLMASS A logical flag. If SLMASS=.TRUE., a special mass matrix is input. This matrix is

used with ground acceleration to generate loads. Logical variable.

Initial time at the beginning of the solution. (time)

Time step. (time)

Final time at th,e end of the solution. (time)

Gravitational acceleration constant. (length/sec2
)

1. Special Loading Mass Cards here input the special loading mass matrix discussed in step

1 of Section C in Chapter II. If the special loading mass is input, the dynamic joint loads are

ground acceleration times special loading mass. If the special loading mass is not input, the

dynamic joint loads are ground acceleration times structural mass. The fIrst card is input once.

The second card is repeated INMASS times, or until an ID less than one is encountered. If

INMASS is less than one, or FMASS is zero, omit the second card. Omit both cards if

SLMASS=.FALSE..

INMASS FMASS

ID PX PY PX RXX RYY RZZ RXY RXZ RYZ IGEN ~ID

These cards are identical to the 'Mass' cards in the block STRUCT. Refer to STRUCT for a

detailed description.

2. Output Data to Dis~( Files Cards control the data that is written to separate disk files.

Such data is used to print reports and plot data. This card is repeated until the value of TYPE

is 'END'.
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TYPE NUMB IUNIT IGEN ~NUMB ~IUNIT

TYPE

NUMB

IUNIT

IGEN

.1NUMB

.1IUNIT

Example

Type of data to be written to output file. Valid types are given below. Character

variable; enclose in single quotes.

'DOF' Data is printed for a degree of freedom. The degree of freedom ID

number, as assigned by the program, is used.

'JOINT FX' Data is printed for the degree of freedom corresponding to the joint's

JCS X translation.

'JOINT FY' Data is printed for the degree of freedom corresponding to the joint's

JCS Y translation.

'JOINT FZ' Data is printed for the degree of freedom corresponding to the joint's

JCS Z translation.

'JOINT MX' Data is printed for the degree of freedom corresponding to the joint's

JCS X rotation.

'JOINT MY' Data is printed for the degree of freedom corresponding to the joint's

JCS Y rotation.

'JOINT MZ' Data is printed for the degree of freedom corresponding to the joint's

JCS Z rotation.

'ELE' Element data is printed.

'ENERGY' Structure's energy balance is printed.

'SUMRCT' Structure's summation of reactions is printed.

'GROUND' Ground response is printed.

'END' Terminate the input of element loads.

Element, dof or joint number. Set NUMB=O if TYPE = 'ENERGY' .

Output file unit number.

Number of similar data groups to be printed.

Incremental element dof or joint number for generation.

Incremental output file unit number for generation.
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'DOF' 5 10 000
'ELE' 32 11 1 1 1
'END' 0 0 000

Notes

(1) Degree of freedom #5 data is written to file 10.

(2) Element 32's data is written to file 11 and element 33's data is written to file 12.

(3) Output requests are terminated.

(1)
(2)
(3)

3. Initial Displacements. Velocities. Accelerations and Loads This card, used to defme initial

conditions for dynamic analysis, repeated until OPTION has a value of 'END'.

ISPl

ID IGEN 6ID OPTION Vl V2 V3 V4 V5 V6

ISPI

ID

IGEN

~ID

OPTION

o Response due to static loads is not considered.

1 Response due to static loads is considered.

Note If ISPI =1, omit the second input line.

Joint ID number.

Number of joints with identical initial conditions.

Increment of the joint ID number for generation.

Type of initial condition. Valid options are listed below. Character variable; enclose

in single quotes.

'DISPL' Initial displacements are given. VI, V2 and V3 are displacements

(length) while V4, V5 and V6 are rotations (radians).

'VEL' Initial velocities are given. VI, V2 and V3 are translational velocities

(length/time) while V4, V5 and V6 are rotational velocities

(radians/time) .

'ACC' Initial accelerations are given. VI, V2 and V3 are translational

accelerations (length/time2) while V4, V5 and V6 are rotational

accelerations (radians/time2
).

'LOA' Initial loads are given. VI, V2 and V3 are loads (force) while V4, V5

and. V6 are moments (force*length) .
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VI Initial value of translation or force in the joint's JCS X direction.

V2 Initial value of translation or force in the joint's JCS Y direction.

V3 Initial value of translation or force in the joint's JCS Z direction.

V4 Initial value of rotation or moment about the joint's JCS X axis.

V5 Initial value of rotation or moment about the joint's JCS Y axis.

V6 Initial value of rotation or moment about the joint's JCS Z axis.

Notes

1) If the acceleration at time TO is nonzero, initial conditions must be specified to ensure

equilibrium.

2) Initial acceleration may be set equal to zero by one of the following methods.

a) Initial time at the beginning of the solution is equal to initial time of the acceleration

record, (TO=TOG), set A(1) =0.

b) Initial time at the beginning of the solution is less than initial time of the acceleration

record, (TO < TOG), set A(1) ;c O.

3) If the dynamic solution, SOL02, follows a static solution, SOLOI, then the resulting

displacements and element forces are automatically included as initial conditions for the

dynamic solution. Results from the static solution may be excluded from the dynamic

solution by releasing the memory between solutions.

Example

2 2 I 'ACC' 3. 0 0 0 0 0
o0 0 'END' 0 0 0 0 0 0

Notes

(1) Joints 2, 3 and 4 have an initial acceleration of 3.0 in the X direction.

(2) Initial conditions are terminated.

(1)
(2)

4. Ground Acceleration Record. Cards here are used to input the ground acceleration record

and its orientation. The cards below are input once.
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NA ASCALE TOG ~TG PRINT

Vxi Vzj Vxk Vyi Vyj Vyk

NA Number of components of ground acceleration input.

ASCALE Ground acceleration amplitude scale factor.

Vxi

D.TG

TOG

PRINT

Time at the fIrst point of the ground acceleration. (time)

Time increment for the input ground acceleration. (time)

A logical flag. If PRINT=.TRUE., then the 3D ground accelerations are printed.

GCS X axis projection of a unit vector defIning the X' axis of the input ground

acceleration.

Vxj GCS Y axis projection of a unit vector defIning the X' axis of the input ground

acceleration.

Vxk GCS Z axis projection of a unit vector defIning the X' axis of the input ground

acceleration.

Vyi GCS X axis projection of a unit vector defIning the y' axis of the input ground

acceleration.

Vyj GCS Y axis projection of a unit vector defIning the y' axis of the input ground

acceleration.

Vyk GCS Z axis projection of a unit vector defIning the y' axis of the input ground

acceleration.

Below is a set of cards repeated NA times. The two FORMAT cards are used only if the value

of FMT=.TRUE.. Both ATITLE cards and A() are input on unit=IN.

IN NPTS IDIR FMT ECHO REWIND

FORMAT1

FORMAT2

ATITLE2

ATITLE2

A(l) A (2) A(3) ...

. .. A (NPTS)
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IN

NPTS

IDIR

FMT

ECHO

REWIND

FORMAT1

FORMAT2

ATITLE1

ATITLE2

A( )

Example

Input unit number for acceleration record.

Number of acceleration points to be read. NPTS :s; MAXACC.

Direction of acceleration being read.

1 Ground acceleration is in the X' direction.

2 Ground acceleration is in the Y direction.

3 Ground acceleration is in the Z' direction.

A logical flag. If FMT = .TRUE., then the input acceleration is formatted and the

corresponding Fortran format codes, FORMAT1 and FORMAT2, must be input.

Logical variable.

A logical flag. If ECHO = .TRUE., then the input acceleration is printed. Logical

variable.

A logical flag. If REWIND =. TRUE., then the acceleration input file is rewound

before it is read. This allows the same acceleration input file to be read more than

once. IF IN=5, then set REWIND=.FALSE.. Logical variable.

Fortran format code capable of reading the two 80-character titles. (Character

variable; do not enclose in single quote.)

Fortran fonnat code capable of reading the input ground accelerations. (Character

variable; do not enclose in single quote.)

Ground acceleration title. Read from unit IN. (Character variable; do not enclose

in single quote.)

Ground acceleration title. Read from unit IN. (Character variable; do not enclose

in single quote.)

Input ground acceleration. If FMT= .FALSE. , A( ) must be separated by blank

spaces or commas. Otherwise, A( ) is input by the fIxed fonnat code FORMAT2.

Read from unit IN. (g' s)

2 1.0 0.0 0.01 .FALSE.
100 010
5 5 1 .TRUE..FALSE.
(A/A)
(8F9.6)
ELCENTRO- 1940 EQ DATA FORMAT: (8F9.6)
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DT=0.01 SEC +++ E-W DIRECTION +++
-0.011848-0.008267-0.004687-0.002477-0.004856
5 5 2 .FALSE..FALSE.
ELCENTRO- 1940 EQ DATA
DT =0.01 SEC + + + N-S DIRECTION + + +
0.010966 0.008610
0.006255
0.003900 .001545

(1) Two ground motions are to be input.

(2) Vectors defIning the X' and y' axes are input.

(3) Input the fIrst ground motion in fIxed format from unit 5.

(4) Format code for titles.

(5) Format code for acceleration data.

(6) Titles.

(7) Acceleration data.

(8) Input the second ground motion in free format from unit 5.

(9) Titles.

(10) Acceleration data.

D. SOL03 - EIGENVALUE SOLUTION

(6)
(7)
(8)
(9)
(9)
(10)
(10)
(10)

This solution is used to calculate the elastic natural frequency and mode shape or the buckling

load and mode shape. The cards below are input once.

'SOL03'

TITLE

OPTION IPRINT IPJT

SOL03

TITLE

OPTION

SignifIes solution 3. Character variable; enclose in single quotes.

User input title, 80 characters maximum. Character variable; enclose in single

qu.otes.

Choice of natural frequency or buckling load. Character variable; enclose in single
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IPRINT

IPJT

quotes.

'FREQ' Solves for the natural frequency and mode shapes of the structure.

'BUCK' Solves for the buckling load and mode shapes of the structure.

Number of modes to be printed.

Number of modes to be printed with detailed mode shape.

TITLE

SOL04

MAXELD

IPRINT

IWRITE

UNBAL

E. SOL04 - INCREMENTAL STATIC SOLUTION

This solution is used to calculate the static cyclic response of nonlinear structures.

The cards below are input once.

'SOL04'

TITLE

MAXELD IPRINT IWRITE UNBAL

Signifies solution 4. Character variable; enclose in single quotes.

User input title, 80 characters maximum. Character variable; enclose in single

quotes.

Maximum number of element loads.

Step increment for printed output.

Step increment for data written to output files.

A logical flag. If UNBAL=. TRUE., the unbalanced loads from the preceding step

are added to the current load. Logical variable.

Note The load case for this solution is always input as one.

1. Output Data to Disk Files Cards here control the data that is written to separate disk files

and are used to print reports or plot data. They are identical to the 'Output Data to Disk File'

cards in block SOL02. Refer to SOL02 for a detailed description. These cards are repeated until

the value of TYPE is 'END'.
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TYPE NUMB IUNIT IGEN ~NUMB ~IUNIT

2. Joint Loads· Cards here are used to apply loads to joints. These cards are identical to the

'Joint Load' cards in block SaLOl. Refer to SaLOl for a detailed description. The card below

is repeated until the value of DIR is 'END'.

LOAD ID IGEN ~ID DIR VALUE

3. Element Loads Cards here are used to apply element loads to the '3D-BEAM' element.

These cards are identical to the 'Element Load' cards in block SOLOL Refer to SOLOI for a

detailed description. The card below is only included if MAXELD > O. This card is repeated

MAXELD times, or until the value of TYPE is 'END'.

LOAD IELE IGEN ~IELE TYPE DIR VALUE1 , VALUE2 , ...

4. Load Factors. Cards here contain the load factors used to generate incremental static loads.

Two options are available to limit the size of the load step: 1) the results of each step are scaled

such that joint loads and displacements on free dof are less than PMAX and DMAX; the step

is repeated until the value of FACTOR is achieved (loading option A), or 2) each load step is

subdivided into N steps (loading option B). This card is repeated until the value of STEP is

'END'.

STEP FACTOR PMAX DMAX N

STEP

FACTOR

PMAX

DMAX

N

User input step name, 80 characters maximum. Character variable; enclose in

single quotes. If STEP is 'END', the current solution is terminated.

Load factor. The applied load at the end of the step is FACTOR. (applied joint

and element loads).

Maximum value for a free dof joint load per load step. (force or force*length)

Maximum value for a free dof joint displacement per load step. (length or radians)

Number of load steps between the previous and current factor. N is only used if
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both PMAX and DMAX are equal to zero.

Example

'LOAD' 10.0 25 ..25 0
'UNLOAD' 0.0 0..0 20
'END' 0 0..0 0

(1)
(2)
(3)

Notes

(1) The structure is loaded to 10 times the joint and element loads in steps that do not have

load increments greater than 25 or displacement increments greater than 0.25.

(2) The structure is then unloaded with 20 equal size load steps.

(3) SOL04 is tenninated.

F. SOL05 - RESPONSE SPECTRUM ANALYSIS

This solution is used to calculate maximum structural response based on the response spectrum

of

dynamic force. The cards below are input once.

'SOLOS'

TITLE

IeOM NMODE DAMP NA NAP IPRT

NSTEP MEIG

SOL05

TITLE

ICOM

NMODE

Signifies solution 5. Character variable; enclose in single quotes.

User input title, 80 characters maximum. Character variable; enclose in single

quotes.

Modal combination method used. Character variable; enclose in single quotes.

'SRSS' Square-root-of-sum-of-square method is used.

'CQC' Complete quadratic combination method is used.

Number of modes considered.
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DAMP

NA

NAP

IPRT

NSTEP

MEIG

Damping ratio for all modes.

Number of seismic components considered.

Number of input points of response spectrum for individual seismic component.

Number of modes' for which information is to be printed.

If NSTEP = 1, calculate eigenpairs and store eigenpairs in the disk unit 'MEIG'.

If NSTEP=2, read eigenpairs from the disk unit 'MEIG' and perform spectrum

analysis. If NSTEP=3, calculate eigenpairs and perform spectrum analysis.

Eigenpairs are not stored in the disk unit 'MEIG'.

Disk unit number for eigenpairs' solution.

1. Direction of Seismic Component Response spectral values corresponding to individual

modes are read by the cards below. This set of cards can be omitted if NSTEP= 1.

ASCALE OPTION PRINT

Vxi Vzj Vxk Vyi Vyj Vyk

ASCALE

OPTION

PRINT

Vxi

Vxj

Vxk

Vyi

Vyj

Vyk

Response spectral amplitude factor.

If OPTION='DISP', displacement spectral values are used. If OPTION='ACC',

acceleration spectral values are used. Character variable; enclose in single quotes.

A logical flag. If PRINT = .TRUE. then the spectral information is printed.

GCS X axis projection of a unit vector defining the X' axis of the input ground

component.

GCS Y axis projection of a unit vector defining the X' axis of the input ground

component.

GCS Z axis projection of a unit vector defining the X' axis of the input ground

component.

GCS X axis projection of a unit vector defining the Y axis of the input ground

component.

GCS Y axis projection of a unit vector defining the Y axis of the input ground

component.

GCS Z axis projection of a unit vector defining the Y axis of the input ground

component.
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2. Response Spectral Values. The set of cards below is repeated NA times.

IDIR

RSNPl RSNP2

IDIR

RSNPI

RSNP2

Direction of ground component being read.

1 Ground spectrum is in the X direction.

2 Ground spectrum is in the y' direction.

3 Ground spectrum is in the Z' direction.

Period value of response spectrum curve.

Spectral value corresponding to period RSNPI.

Note

1) The spectral value corresponding to the structural natural period will be calculated by linear

interpolation of two RSNP2 values in the response spectrum curve.

2) Repeat the second block NAP times.

3) RSNP1 should be input in increasing order.

3. Effective Mass Limitation

XLIM YLIM ZLIM

XLIM

YLIM

ZLIM

Effective mass limitation in GCS X direction.

Effective mass limitation in GCS Y direction.

Effective mass limitation in GCS Z direction.

Note

1) If number of modes calculated based on XLIM, YLIM, or ZLIM is less than NMODE, the

modes calculated based on XLIN, YLIM, or ZLIM are used for the modal combination in

the response spectrum analysis.

2) If input value of XLIM, YLIM, or ZLIM is zero, NOMDE is used for the modal

combination in the response spectrum analysis.
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G. BUG - SET BUG OPTIONS

This card is used to set the bug options which print out the intermediate results listed

below. Its entire statement is a character variable, and is enclosed in single quotes.

'BUG=options'

Option Description

A Print element displacements.

Print loads applied to degrees of freedom.

B Not used.

C Print plot data for program SEE to unit 07. SEE is a program that plots the structure on

the UMR CALCaMP plotter. A listing of program SEE is given in Appendix C.

D Print joint, element, and dynamic loading data.

E Print numerical integration data for linear and average acceleration methods.

F Print the element's structural and geometric stiffness.

Print the global mass, structural stiffness, geometric stiffness, loads and displacements.

G Print the condensed global mass, structural stiffness and geometric stiffness matrices.

H Print the element transformations, structural and geometric stiffness, etc.

I Print contents of memory for elements.

J Print a skyline map for matrices.

K Print the material data for each load step.

L Print the energy balaLlce.

M Print the skyline data for matrices.

N Print the contents of memory when DUMP is called.

Notes

1) Any number of options may be specified at one time.

2) Options specified with the last bug statement are the only options active.

H. READ - READ OUTPUT FILES
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This card is used to read and print data written to output files during SOL02 and SOL04.

The entire statement is a character variable and is enclosed in single quotes.

'READ INC=I UNIT=NO'

where NO is the unit number of the fIle that contains the data, and I is the increment of the steps

printed out. Multiple UNIT=NO statements may exist on each read card.

I. NOECHO - INHIBIT INPUT ECHO

This card is used to inhibit the input echo. Character variable; enclose in single quotes.

'NOECHO'

J. DUMP - PRINT MEMORY

This card is used to print the addresses of the data in memory. If 'BUG = N' was previously

specified, 'DUMP' also prints the nonzero values in the linear array. Character variable; enclose

in single quotes.

'DUMP'

K. RELEASE - RELEASE MEMORY

This card is used to release or 'free up' memory used for previous solutions. Global

displacements, velocities, etc. are reset to zero. Its entire statement is a character variable, and

is enclosed in single quotes.

'RELEASE OPTION'
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If OPTION ='ELEMENT', the element forces, displacements and hysteresis models are also

reset to their initial values.

Example

'STRUCT'

· Structure input is omitted.

'SOLOl'

· Solution input is omitted.

'RELEASE'
'SOL03'

· Solution input is omitted.

'STOP'

(1)

(2)

(3)
(4)

(5)

Notes

(1) Structure is defmed.

(2) A static solution is performed.

(3) Static solution is released as is memory required for load, displacement, stiffness, etc.

Element forces are not released because the ELEMENT statement was omitted from the

RELEASE card.

(4) Natural frequencies or buckling loads are determined. For a buckling load solution, the

geometric stiffness may be based on the axial load in the elements from SOLOl. Releasing

the memory after the static solution allows the same memory to be used for SOL03. If the

memory is not released, then the total memory required would be the sum of the memory

required for SOLOl and SOL03.

(5) Terminate the program.

L. STOP - TERMINATE EXECUTION

This card is used to terminate execution of the program. Its statement is a character variable
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and is enclosed in single quotes.

, STOP'
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V. RUNNING PROGRAM INRESB-3D-SUPII

This chapter contains i:.1Structions for running program INRESB-3D-SUPII in the VM/SP

CMS environment on an IBM 4381 computer, in the AIX/370 environment on an IBM 3090S

supercomputer, or on a PC.

Several steps compose these instructions. First, a macro library is generated that contains

the common blocks. Second, the main program and each subroutine are compiled. Text files are

stored on a disk in the user's account. Third, the program is executed. The ftrst and second steps

are done only once to install the program.

A. GENERATING COMMON BLOCK MACRO LIBRARY

1. In the CMS Environment Here the common block macro library, GEM, is generated

with the following CMS statements

MACLIB GEN ZCOMN GEM
MACLIB ADD ZCOMNI GEM
MACLIB ADD ZCOMN2 GEM
MACLIB ADD ZCOMN3 GEM

where ZCOMN COPY, ZCOMNI COPY, ZCOMN2 COPY and ZCOMN3 COPY are four

CMS files that contain the common blocks. These files are listed with the program.

2. In the AIX Environment Here the common block macro library does not need be

generated. However, ZCOMN COPY, ZCOMNI COPY, ZCOMN2 COpy and ZCOMN3

COPY should be renamed zcomn, zcomnl, zcornn2, and zcomn3, respectively.

B. COMPILING PROGRAM
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1. In the CMS Environment Program and subroutines are compiled with the following CMS

commands.

GLOBAL MACLIB GEM
FORTVS2 INRESB (OPT(2) AUTODBL(DBLPAD4)

The GLOBAL MACLIB GEM statement lets the compiler know where to locate the common

blocks. Common blocks are put into the program by the Fortran INCLUDE statement, which

is in the source code. For example, INCLUDE (ZCOMN).

To reduce execution time, compiler option OPT(2) specifies code optimization. Vectorization

may also be used to reduce execution time if hardware and software are available.

Computer accuracy differs according to respective word length. Hence the program is

written in single precision, and compiler options are used to convert the program to double

precision when required. The IBM compiler option AUTODBL(DBLPAD4) automatically

converts the program to double precision. Integer and real variables in the program share the

same storage location. Thus the compiler option which converts the program to double precision

must pad the length of integer variables so that they have same length as real variables. Failure

to use the DBLPAD4 compiler option and equivalent compiler option on other systems leads to

unpredictable results.

2. In the AIX Environment Program and subroutines are compiled with the following AIX

commands.

fvs inresb -f'opt(2) autodbl(dblpad4) il(dim) vector' -xa
-limslib -lesslv -faux -0 exec

Compiler option il(dim) specifies that the code for adjustable-dimension array is to be placed

inline. While this inline code may result in faster processing, it does not check for dimensioning

errors. Compiler option -xa causes the supercomputer to generate an XA-mode module which

gives maximum storage to run a program, about 800 megabytes. Option -0 creates the execution

file called 'exec'. Commands -limslib and -lesslv link the IMSL libraries. The -faux command
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loads the FORTRAN libraries needed to run the program. Common blocks are input into the

program by the INCLUDE statement in the source code; for example, INCLUDE 'zcomn'.

C. RUNNING PROGRAM ON MAIN FRAME OR SUPERCOMPUTER

1. In the CMS Environment The program is run in the local CMS environment by the

following commands.

GLOBAL TXTLIB VSF2LINK
FILEDEF 5 DISK FN
FILEDEF 6 DISK FN
FILEDEF 10 DISK FN
FILEDEF 11 DISK FN

VSF2FORT CMSLIB IMSLDOUB
FT05 A ( PERM LRECL 80
FT06 A ( PERM LRECL 132
FT10 A ( PERM LRECL 80
FT11 A ( PERM LRECL 80

UFORTLIB
RECFM F
RECFM F
RECFM F
RECFM F

FILEDEF 92 DISK ELCENTRO EW A
FILEDEF 93 DISK ELCENTRO NS A
LOAD INRESB ( CLEAR RESET MAIN START NOMAP

GLOBAL TXTLIB command loads the Fortran libraries needed to run the program. IMSL

library is required to link IMSL subroutine DG2CSP. UFORTLIB library contains the local

routines CPUTIM, TIMEON, TIMEIT, TIME and DATE. Input is contained in files FN FT05

A, ELCENTRO EW A and ELCENTRO NS A. Output is written to files FN FT06 A, FN FTlO

A, FN FTll A, etc.

2. In the AIX Environment The program is run in the AIX environment by the following

commands.

setenv ft05001 fn.ft05
setenv ft06001 fn.ft06
setenv ftlOOOl fn.ftlO
setenv ft11001 fn.ftll

setenv ft92001 elcentro.ew
setenv ft93001 elcentro.ns
exec
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Input is contained in files fn.ft05, elcentro.ew and elcentro.ns. Output is written to files fn.ft06,

fn.fiIO, fn.fill, etc.

D. RUNNING PROGRAM ON PC

When running program INRESB-3D-SUPII on a PC, the program is divided into five

independent programs, SOL01, SOL02, SOL03, SOL04, and SOLOS, due to the limitation of

PC memory. All five programs have the same function as explained in Chapter II. They can run

independently on a PC.

Input and output files on a PC have the same form and contents as those used or produced

on an IBM 4381 computer or a supercomputer. If an input data file can be executed on a

supercomputer, it can usually work on a PC, and vice versa. However, when running program

SOL02 (elastic / nonlinear seismic time history response analysis), ground acceleration data must

be input in the same file with other data. Thus only one input fIle exists; the input unit number

for acceleration record "IN" is always 5.

A user can define any combination of characters and numbers to name an input or output

file. It is not necessary for a user to compile programs. Programs which a user needs are EXE

files, there are five.

1. SOL01.EXE

2. SOL02.EXE

3. SOL03.EXE

4. SOL04.EXE

5. SOL05.EXE

When a user runs one of them, such as SOL02, only the following commands are needed.

> SOL02 (Enter)

> Name of Input File: Input File Name (Enter)
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> Name of output File: Output File Name (Enter)

Note Contents underlined are input by a user. Enter stands for the "Enter" key.

Note also that the PC solution capacity is limited by its memory. For a large scale

engineering problem, it is insufficient. Because it only runs one program at a time and uses one

main function of INRESB-3D-SUPII, the option "RELEASE" is ignored.
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VI. EXMfPLE PROBLEMS

A. ANGLE-SECTION MEMBER

1. Description of Input Infonnation

A single angle L2 x 2 x 1/4 is subjected to an eccentric load with ex = -0.41 in and ey =
0.804 in (see Figure 34). The member is assumed to be a fInite-segment element and is divided

into 16 segments. It is restrained about X-axis at the support and has no initial imperfection.

Buckling capacity and post-buckling behavior of the member are determined by the

displacement control at joint 1 in the X direction. The axial load-axial deformation relationship

at joint 1 in the X direction is written in the fIle with unit 11 and plotted in Figure 35.

2. Input Data
ECHO ::::>F INPU"I' ~ATA

.. , .60 ... , .. 70 .... , ... 3C.. 50_40. ..,

3,
4 '
;'
E

.. : ... 1::1, .. : ,20.. . : ... 30,
'STRUCTlTRE DEF:NIT:CN'
'E1I JiEUii t. BUCKLING EEHAVICR OF ANG:.E· SEC":'::~ ~!R I

2 ~ 2 0 0 1. ~ODE,NCQS ,SSU?T,NCOND,SCOK3T sc,t\LE
1 :) CO C. 00 OC 1 C
2 34.:;' 0 .:)0 GO : C

1 oJ a 0 :. C JIRECLION' COSINE
1 111101 OC

8 2 1:"1101 oc
9 1 :NMAT

1C' 'STABILITY I 16 50.9 29",00 7 2 C -G.41 ;).OC4 0 C 0.25
11 21 2 20 .2 l~. 0 :) 0.9375 0 C Q.:))] :) .!.UOO e.OI 1
:..2 0:) \) . FALSE. KG: AX:'. FOR.!'!:, ASSY
:.J 1 ~ElEM ELE MAT SJ EJ V"iI. '-.lYJ, 'l'iK XS XE
14 'STA.E:LITY' 'ANG:.:E S2C. E:....E. I 1. 1 2 0:. 0 COO
15 J.J. FALSE. MASS
16 J I] : Oft....'fP
li '50:'04 SC:'lTfrCN'
18 'INCR.Eto!EMT>L DISPU.::Eto"..EN'T C:JNTRO:"
19 1 50000 1 .?ALsE :MAXELD IPRI~" !t."RITE liNEAL
20 '.:on~"'T FX' :. 11 0 0 ::l
.2:. 'END ':Z 16::l 0 J
22 , 1 C J' FX ' C ' 2
2J (l a c 0 '~' oJ JOINT LeAD
:Z.:. C ') 0 tJ 'END' ':'Y' ::l ::l : EL~ENT LQ"'..r:.
25 'DIS? ~OM 0 :'C ').2 1::l a :.00
26 'Ere:)f' :lISP. COt.-rP.OL '1 0 0 tC
2"7 'REA:J l~r:·ll'

28 '5:'C?'

118



p
-~~~ O=================7X4'i1f-- P

• I • 2 • 3 • 4 • 5 • 6 • 7 • B t 9 f 10. II • 12. 13. \4 t 15 ,16.

K L

p y

o
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E = 29400 KSI

L = 34.9 IN.

YIELDING STRESS = 50.9 KSI

Figure 34. L2*2*1I4 Angle Section
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3. Output
/~\
/' :

STRCcrUR..E."",:, ~~l:iBUC!<LI:t'G BEHAVIOR OF AN'GU·SEc-=':ON MEM3E:R
30L:JTION ..

-".... ?RO::;RAM' rEM .... DOUBLE ?RECISICN VERSICN

:'IME. 23 );:3S. :lATE: 11/30/90

~J:.)DE C::X):i'U::NATES k'lD DEGREES OF ::REEDC.lof

TOTAl. Nt"MB~R CF DEGREES OF PREEDCM... 12
N""J~E:R O!=' DEGREES OF FREEDOM c:::eIDENS:E:D OUT. . C
~;-JMBE'R 0: FREE: OEGREES CF FREECc.M. 2
~"UMBER CF RESTRAIN~D )EGREES OF FRE~DO", :0

"OC~ COS# X-COCRD Y-CCCRD Z COORD FX IT FZ ~ ><Y >fZ
1 1 0 OC:JOOE+OO o. :)0 QC::>E'-C:J OOOCOE+C:) ). R " ·R 5 -R E-R 1 '-R
2 1 3' .90C O. JGOOJE>OO .OOCCOE'+OO 8 - R 9 ·R 1:) -R ll-R 12 -R

NOTE: R RESTRAI"ED CE:::;RE=: OF FREED:::M
C CO"STRAINED DEGREE O? FREEDOM

D:RECT:::rs COSI:SES

:OS( I; VX: 1.0000:) I "'0.00:)00 J -C.OI]COO K 'lY: a.Gooce ~ +l.CO:JOO J +0 CODOC K V"Z.: O.OOCQO -: +:) CODOC J +1.OCOO') K
S:'RS'~E_ EXAMPLE 1: BUCICLING BEHAVIOR OF ANGLE-SECTION MEMBER ':':ME: 23:37:39, JATE: 11/JO/30
30L:JTrOK ..

STABILlrt ELEMENT P~ER.S (BOX, r ...'"3E. O~ AI-:GLEI

C
21
20

1

50 _9

2.0:)
• :).OOOE+OO

o
- 3. :):)OE-::>3

.130E+04
1

S:::CTICN
YS
LIBN
:lrJMM":{ v;.;t. - 1].:) :)OE+ 00
ECCYO • 0.904
Dl..J!ofMY' 'J;..."={.
N C,:N :J DIR-
N. R IN V DIR-
IECCP
S>IAll.
RATIYO
IAUTO
RATIO)
G
:STI?

Q.250

o
o

1.OOOE-C2

ANG:.E
16

- 2 9~OE·(I4

2 00
- O. ':'10

2
2

32
- :).QCCE·OO
- 0 _3 38

MAT. ~O.

NSEG
EM
LAG ~ENc:'H

ECCXc
:..AG SEC. NO.
T!i:CKKESS
N.R.Di U DIR­
N C. I~ V DIR­
NlP.<P
RATIXO
TOTA
I>lATER
IR
ORNEE

S':'R:JCi1JRE ..
SOLUT:8~_.

EXAMPI..E 1: BUCIClING BEHAV::LOR OF ANGLE-SECTION MEMBER ":':ME: 23'37;39. :lATE': 11/):)/90

E::...EM:ENT 12, STABILI':'Y ELEMENT

AlOGLE SEC. ELE.
HATL S~ART E:'~ LEliGTH .. - ... - .... Y- AXIS .. '. -- -- - .. , START DIS~ E:'D DIST

1 1 2 34.90 C. 00000 I + 1. OCC:)D J .. 0. :)0000 K C. OOOOE·OO O. :)OOOE·O::>

ZERO MASS MA7RIX

?ROPCRTIONAL CA..'f?ING CO::EFICIEh'TS

ALPHA- O. OO:::lOOE+O:) BE."TA- O. OOOCOE:+CO

MEMORY CTILlZAT:CN
---- :Z- 6COIO, M,EM- 9.573'

ELAPSED CPU TIME
• - •. TO':'A:' CPU TI~

0,59 SEC .....
o. 59 SEC - - - - •

S:'R~cruRE.. : EXAMPLE 1: BUCKLING BEHAVIOR OF ANGLE-SECTICN ~BER

SOWT:C>N. , :NCRJ!HEMTAL DISPLACl!MENT CONTROL
SOLUTIO,; 1>•• STATIC NONLINEAR SOLT.ID.'l

TIME: ,3:37:38, ::1\':'E; 11/30/30
TIME: 23:37-39, :lATE': 11/30/90

Ih-r:::RVAL FOR PRINTING DATA., .. _ .. 50000
I~-rERVAL :o'OR WRITING DATA TO FILE .... 1

l"'llA:..A.'lCED JO:NT FORCES ARE NOT ADDED TO 7HE NEXT CYC:.E

DA7A O/RITTEll 70 FILES

~EGREE CF FREEDOM
APPLIEO ';OI~"'T L:::>A:lS

3 IS WRITTEN TO UNIT # ::'1 JO:NT: DIRECT:O~: FX

:'Oil":; CA..'3E
.sT~UC'I'·JR::.

~OlUT10N

';01:-01' ::KEC':'IO~' FX DCF(S; 3 f.I.AGN1":'t''OE O. ~OOQOO
EX.:..MP:'E BUCKLING eEHAVICR 0: A..."lGLE -SECTION MD1BER
Ir-;CRE~AL D!SPLACEMEl'IT COh'TROL

, , ,JOINT DISPU.CEMENT"
TI~: 23:37.J8, DATE. 11i30/90
TIME: 2~:3'7.39, DATE: lli3Q/SJ

LOADING lJ

GCS :::5P~CEMEY:'S

N07E: MAXIMUM VALUES MAY r-;OT ,XCCR SIlo!ULTANEOIJSLY

NO:~ DX DY RY

20C:)OO
Q00:):)oE+CJ

.OOCOOOE+OO
,OOOOOOE... OO

C:):)OCOE"OO
. OOOC'OOE·OO

. COOQCOE'·CO 812705E- Q2
C:)OOC:)::"OO -E. El2,7C5E.- CZ

CCOOCCE"OO
OOOOOOE+OO

120



STRUcrL"'RE .
SOLU7ION.

LOADING

= BCCKLDlG BEHAVIOR OF ANGLE SEC!ICN !"lDoffiER
INCJL<'ME!rrAL DISPLACE!olTh'T COll7ROL

MAX:li"JM REAC":"IONS

:'Ilo!:E 23. J7 : 3E. :lATE: 11/30/30
:':~. 23.37_39, :lATE: 1l/30!9C

MAX:MUM GCS RESTRAINT REACTIONS NO'I'E. MAXIMtJM VALUES !'fA':" l':OT OCCUR SIMULT.:U~EOUSLY

NODE FX FZ MX

·!J.13:8156E:·09 -0.2066221£'09

18 E1292 ·3 59)0746E': 2
2 1.E.61292 ·5.3283C47E-:2

MA.X OF ALL··
GCS S:n-e-t: 0.J090361E·12 -'J.1151S38E-:0

2.9973464E-12 7 99E711CE'02
~.7";'69510E-12 7 996711CE'02

0.E674297E-ll 0 1599742

.0)00000£+')0

.0:joooac£+,JC
:0 99620

-:0.9962)

MAX:~...'"M RE~CL:'A..VI' OF REAC!ICNS. FORCE- 1.3~15E-11 ~CMENT- 0.16GO
STRIJC":'lTRE. 2~PL2 1: BCCIC...ING EEHAVIOR OF ANGLZ· SECTICN to".EMB£R
SOLJT::J~. . :~CREMDrI'~.L DISPLACut'E:Nr CCNTROL

~OADgG • PEAK ELEMENT FClRCES
COLUMN LCAD; REFRESEh.,.S "i':--IE CIQF WHICH HAS MAXIMUM VA:'UE

TIME: 2J:3"7.38. DATE: 11/30/90
TIME. 23:3"7 39, DATE: 11/30i90

:iTABILI:'Y ELEMn.""I' FORCES.
~XIMl~ VALUES FOR A:.L S7EP,3 ~CTE: MAXIMUM VALUES WITH THE OTHER :>DFS FORCES ARE ?RINT O:.r:' AT TH£ SAME TIME

ELEMZNT LeAD f';ODE AXI;..L IT FZ :'ORSION MY HZ FL? SP

:?ORCE :8 .6 :..2So -, . 406SE ~E'12 .;1739J7£-12
:'CRCE - :'8 · 6 :'2~' -] "72~'53JE-1Z .947 O,U£ '12

'fORCE :) · :J752 -< ,590075£'12 .897)46E- 12
FORCE -:J · :)752 - 5 9Ze305E'12 .776:;15:.£ -12

FORCE :J, 075~ - 5 .59CO'75E-12 2_897J46E- 12
FORC::: - " · :)75 ~ - 5 .928305E-12 3."77695:'£ -12

FaRCE " · 075~ - 5. 59C075E-12 2. 997 ~46E '12
FORC2 - 13. 075~ - 5 .92E]05£·12 )."77635:.£ '12

FORCE I) _075; - 5_ 59C075E'12 .897346£ '12
FORCE -I) · a75~ - 5 .928305E·12 .7";'633:£ '12

FORCE I) , iJ752 - 5. 39C075,E'12 .897 J46E -12
FORCE -I) .0";'5, -5.928305E·12 ."77635:£ -12

F:JRCE 18 _E 12, ·3.4C6563E·12 1.47380";'£'12
FORCE -18. E ::'2; '3.723633£'12 1.547044£'12

F:JRCE 13.075, -5.59C07SE·12 2.997346£-12
F:JRCE '13.075, ·5.928305E·12 3.776351£'12

FORCE 13 .075,' -5_59C07SE-12 _897 346£ -:"2
FORCE -13.075, -S_92830SE-12 .776931£-::'2

,0 FORCE 13.075, - 5. 59C075E-12 _997346E-12
FORCE - 13.075, - 5 .928305£'12 .7";''5951£ -12

11 FORCE 13.075, - 5 .59C)75E-l2 2 _897346E-,Z
F:RCE '13.075, - 5 ,928305E-12 3 ."776951£-12

4.8]85EE!E-0] -:'.444212E-14
4.9J85€6E-03 ";',327~72E'15

.998"71:£·02 -:.-:'85605::,14

.99871:'E-02 :.042222E-14

.998"71:'E-02 ·:. .... 956)5E·14

.998"71:'E-02 .042222£-14

.999'7 ::':'E- 02 .7956052-14

.999"71:'£-02 042222£·14

.99971:.E-02 _"7956052·14

.598"71:'£"')2 .042222£'14

998"7 l:.E· 02 .:'.'7 95605E·14
.998"71:'£-02 :'.042222E·14

~.9385EEE·0] -::'.444212E·14
'.8J8"5EE£-'J] .327~72E·15

. 99871:'E- 02 ·:.7 35605E·14

.99871:E-')2 1.042222E-14

,998111£-02 -1.785605E·14
,998711E - 02 1. 042222E-14

.998111£-02 ·1.785605E-14

.998711£'02 1.042222E·14

.998711£-02 -1.785605E·14
998711£- 02 1.042222,E·14

4.5 7 195
'4.5;195

:'0.9962
'10.9962

10.9962
'10.9962

1C.9962
-10,9962

1C.9962
-10,9962

10.9962
-10,9962

4.57195
-4.5 7 195

10.9962
':"0.9962

:0,9962
-:0,9962

'0,9962
-::'0.9962

1.0,5952
-10.9962

12 FaRCE 13.075, -5.59C075E·1.2 2_997346E'12
F:JRCE 2 -13.075, -5.928305£'12 J."775351E·12

STRUCT"...'"'3.E EXAMPLE l' BUCKLI~G BEHAVIOR OF A};GLE - SE.CTIO:r;; MEMBER
SOLU7ION, INCRE~A:. :ISPLACEMENT :OlITROL

.99871:£'02 -1.785605E·14 10.9962

.998711£- 02 1.042222E-14 ·:i.0. 9962
-::!o{£ 23:37:39, JA'!'E: U/30/9C
:-:!o{£: 23.]7:39. :lATE: 11!30/9C

• :'OADING I:t
STRUC'rJRE
SOLU7ION,

~Oi\DING

C PEAK ~UCTIL:TIES U"I: EXCURSION RATIO'S
EXlIM?:..E 1, BUCJ<LIllG BE:HAVIOR Of ;U;GLE - SE:TION M&.I!ER
INC3.EMEM7AL :lISFLACEHE:NT CCNTR01.

DAMAGE H~:L::EX

:':ME 23'37:33. vATE: 11/)0/30
'!':~. 23.37:39. DATE: 11/30/90

STR:JCTURE :lAHAG::: Ih":l£X-

M&.CR"{ :JTI~IZATION

:Z- 60235. HEM- 9,605'

O,OOOOOE+OO

81..APSED CPU T!ME
:-arAL. CFi: 7I!'1E

10:.45 SEC _ .. _­
102 ,)4 SEC --

STRUcn"RE .... : EXAMPLE 1: BUCKLI~G BE.'HAVIOR :JF ANGLE - SECTIOf\ MEMBER
SOLUTIO~. . INCREHEM'I'AL DISPLACEMFNr CONTROL

7I~: ,3: 37: 38, DA':'E: 11/30/30
TIME' 23:37:39. CA7E: 1::./30/9C

JEGRLE OF FREEDOM lj ) IS READ mOM :mIT • 1: JOINT • 1, CIRECTICN, fX

S7EP TIME LOAD DISPi.ACEMEN7 v'ELOCITI ACC£LERATICN
0 C. OOOO~E+OO 0_ DOOODE-CD O. cOOOCE·CC 0 CCOOOE-OO 0 O))OOE+OO
1 C _DOOCOE-OO 0_57476 2.COOOCE-CJ O. CC300£+00 0 OOOOOE+OO
2 C _OOOCOE+OO 1. :"30 4. oOOOOE-O~ 0 CC)OOE+DO 0 COOOOE+OO
J )OOCOE+OO 1.704"7 E oOOOOE-O] O. CC~OO£+OO O. COOOO£+DO, · :JOOCOE+DC 2 ,599 3.00000E·(·] O. CCJQO£+OO 0 COOOOE+GO

· :JOOCOE·OC 2.6086 I OOOOOE-02 O. CCOOCE+OO O. COOOCE:+OO
· JOOCOE·OC

,
~ 5C9 .' ,000DE-02 0 CCJOCE+00 0 CO:::OCE+OO

· :JOOCOE+GC . a965 1. 40)00E-02 O. CCOOCE·OO O. COOOCE+OO
:Ji]OCOE+OC 4159 1 60:J00E-02 O. CCOOCE·OO O. COOOCE"'OO

· )OOCOE·OG .9388 EC)OOE"'J2 O. ccoocE·oO o. ':OOOCE+OO
:0 )OOCOE+OC .4553 2, ClO:JDD£'02 O. CCOOCE·OO O. COOOC£+OC
:l · :JOOCO£+OC .9655 2 2C)OOE·02 O. CCO']CE+OO O. COOOCE+OO
:2 · )OOCOE+OC .4693 2 40JtJOE-02 O. CCOGCE·OO O,OOOoJCE-OC., C · :JOOCOE+OC .9669 2 6CJOOE-(02 O. CCOOCE+OO O. COOOCE·OO

" 0_ :JQOCOE+OC .4581 2 50:J00£·02 O. CCOCCE+OO O. COOOC£+OO
:5 0 )OOCOE+OC .9432 00000E-02 O. CCOOCE+OO O.OOOOC£·OC
:5 C · )OOCOE+OC 9 ,422) 20:)00£'02 O. CCOOCE+OO O. COOOCE+OC
,7 · :JOOOOE+OC 8, 8947 .4C)OOE-02 O. CCOOCE+OO 0 COOOCE+OO
:8 G. )OCCOE+OC 9, ~6 12 ) 6CJOGE· 02 O. ,}COoCE+OC O. COOOCE+OC
:9 .30000£+00 .821'7 aOJOOE-02 0 CCOCCE"'OO O. COO(JC£"'OO
2C .OO·)OOE ... OO l) 276 l!C:)OOE-02 O. 0000C£·OC O. COOOCE"'OC
21 · OO'JOCE·OC 10 725 20)00E-02 O.0COOCE"'OC O,OOOOCE-OC
22 .O'J:JOCE"OO 11 1.6; 4C)OOE - 02 ,OOOOCE+OC O.OOOOCE"OC
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23 .30000E"1)0 II • C4 , 50')CCE-C2 0 OOOCOE·CO 0 O:):)OOE·OO
2. 0 · OCCOO::>CO 12. ::1)4 ·.

8·JCOO:::- )2 O. J0COOE+OO · JOODOE"OO
25 0 · OCCOO:::·CO 12.459 ,

· O'JCOOE· 82 O. ::IOCOOE+OO oJ. :)OOOOE·O·)
2. 0 .OC0002·CO 12.9"73 5.2')COO::-:)2 G. JOGOOE+OO · :)000,')2·0-)
27 0 .OCCOOE·CO L!.292 5. 40COO£- )2 O. :)0000E·OO O. J0000E+OO
29 0 .occoo:t:·co 13.699 ; · 60COOE-)2 · Q'JOOOE·OO 0, JOOOOE+OO
29 0 occoo:::·co 14.101 80COO::- 32 .00000£+00 O. :)00002·0')
30 0 DeCODE-CO 14.499 •.00000£-:)2 .OOOOOE+OO O. )OOOOE"OO
31 0 · OCCOO::;'CO 14.889 • 20000E- n .00000::+00 O. ')OOOOE+OO
32 o. oecaOE-CO 15.2;4 6 . ';'OCOOE- J2 O.OOCOO::+OO O. :)OOOOE+OO
3; 0 . 0eOOOE-CO 15,655 •· 50COOE-:)2 O.OOOOOE+OO O. :)0000£+00
34 c.occoo::-co 2.6, :)29 6 80COOE- 02 · :)OOOOE+OO O.OOOOOE+OO
35 0 · uC000E-CO 16.386 · 00COOE-:)2 .OOOOOE+OO O. :)0000E"00
JE C .oeeoo::>co 16.; 2S .20COO::·,:)2 · JOCOOE"OO O. :)OOOOE"OO
37 o. oecoo=>co 17. J5S · ":'OCOO::-)2 · ,j0COOE+QO O. JOOOOE"OO
39 o . OeCQOE>CQ 1':'.356 · oS'JCOO::-:)2 .00000E+OO O. JOOOOE"OO
39 o . fJCCO'JE"C:) 1':'.636 7. aGeo:)£,- 02 00COOE+OO O. :lOOOOE"OO
40 o . Jcc:)o::>eJ -' · B"i9 6. ooeaOE-:)2 · :lOCOOE+OO O. ')OOOOE"OO
41 o . OOCOOE"C:) ;8 · 089 8.20COOE-:l2 O . .JOCOOE"OO O. :lOOO:lE"'OO
'2 0 · OCCOOE"'CO 1E .267 S. 40eoo£- J2 O. :lOOOOE+OO I). JOOOOE"OO
l3 0 OCCOOE .. '::O LE .411 8. oS'Jeoo£- J2 0_ 'JOCOO£+OO O. :lOOOOE+OO

•• 0 .OOC':)')E"O') 1E .514 8. a'leO:):::-)2 Co. 'JOeooE"Oo o. :lOOOOE+OO
'5 0 .0ceOOE"'CO 1E .5" 5 9.0GeJ:):::-J2 O.O'JCOOE+JI] O. JOOOOE"OO
'E 0 .OOCOOE"CJ 18 · 61 ~ 9.20C,):)E-:l2 0 OOCOO E"OO 1]. JOOOoE"'OO
4i 0 .OCOJOE-CJ LE .605 9.":'0eOOE-,)2 O.OOCOOE+OO O. ')OOOOE"O'J
49 0 · OCCJO£"CO 18. 5,,3 9. 6')COOE- ')2 (I.OOCO'JE+OO O. ')OOOJE"OO
49 0 · oeCOOE .. ·:'J 18 .510 9. aoe:):):::-)2 OGCOO::+OO O. ')OOO:)E-OO
50 0 .00COOE"0:) L8 .4.32 C. lOCO:) 0_ ClOCOOE+'jO O. :lOOOOE"OO
51 0 · OQC)QE ... OJ 18 .326 e.1')2:)0 0 · JOCOOE+JO O. :lOOOJE"OO
52 0 OCCJCE"O:) 1E .205 C.I0400 0 · :OCOO::"OO O. :)OOOOE"OO
53 0 OOCJOE"O:) 1E _O? 5 C.I0600 0 .00COOE"00 O. JOoo·')E"oo
5. 0 · OOC~OE"O:l 17 9 30 C.10eoo 0 · JOCOO::+OO o. JOOOOE"OO
5; 0 · OCC::;OE-OJ 17 ." 6 e.11C:):) o. 0'JCOOE"00 O. JOOOOE"OO
56 O. COOJOE"OO 17 _€ 36 e.112:)0 0 _C0000E+OO O. JOOOOE+OO
57 COOJOE"O:) 17 .·P9 C.1140:) 0 .0,)eOOE+00 O. :)OOO')E"OO
58 · COCJOE+OO 17 . 33: C.116JO C. 00COOE+OO O. ':)OOOOE"OO
59 · OOOJOE"OJ 17 1."2 C.1180::> 0 .COCOO£+OO O. JOOOOE"OO
60 COO::>OE"OO 17 .-n: C.12eOJ O. oocoo£+OO O. ::>OOOOE"OO
61 COOJOE+OO 16. 375 C.122::>::> 0 · ')OCOO::+OO O. :)OOOOE·OI)
62 · COO·')O£"OO 16 · 7 22 e.124:):) 0 · ')OCOO£+OO O. :)OOOOE"OO
6 ~ ) COO:)OE"OO 16 5"6 o • 126)J .o)GCOO::"OO O. JOOOOE"OO
6. OCCJOE+O:l 16 .436 e.128J:) _00COOE+OO O. JOGOOE+OO
65 COO:)O£"O::l 16 · 296 C.13CO::> 0 · :)oeoo£+oo o. :)OOOOE"OO
66 00e:)OE"OJ 16 lEO e.1320:) 0 .OOCOO'::+OO O. :lOOOOE+OO
67 00C:)OE"O:l 16 · J35 ::::.1340J o. 000008+00 O. )OOOOE"OO
65 · GOeJI)E"'OJ 15 · 9 J6 C.136:):) 0 .OOCOOE+OO O. )OOOJE"'OO
69 OOC::)O£ .. O) 1; ·"'9 c.13eoo .OOCOOE+OO O. :)OOOOE"OO
?O 0 · GOOOo')E"O) 15. E 55 c. HoCOO G. JOO00E+OO I). )0000::"'00
? 1 0 GOCO'JE"O;) 15.537 C.14200 o. :):)OOOE"OO O.OOOOJ'::"OO
?2 0 GCCOOE"C:) 1.5.4 2 ~ '-- 144ao o. :)0000£ .. 00 O.OOOCO':::"O:)
?3 0 0CCOOE"CO 15.312 C. 1460:) O. :lOOOOE+OO I).OOOOJ£"OO
7' 0 · OOCOOE"'CO 1..5.2J4 C. 14800 0.0 :)oOOE+OO I). :)0000£"'00
75 0 .OOCOOE"CO 15.1:)0 C. 13eoo O. :lOOOOE+OO O.OOOOJE"OO
"iE 0 · OCCOO::"'CO 14 . 9 99 C . 15200 O.OOOOOE+OO o').OOOO:)E"'OO
77 0 · QCCOOE ... ca 14.996 C. :"5400 0.00000£+00 0.000002 .. 00
79 0 .0CCOO£-CO 14. '96 C.15600 O. JOOOOE+OO 0.00000'::"'0'':)
79 0 · 00e:JOE .. CO 14.699 C.13eoo o. :)OOOOE+OO 0.000e:)2"'00
90 J .OOOJOE"OO 14.6 JS C.1ECOO 0_ OOOOOE+OO o.ooocn-oo
91 0 .OOCJOE"OO 14 . 512 C.16200 o ."):)GOOE+OO oJ.OOOOJE"'OO
92 0 OOOOOE"OJ 14.422 C.16400 O. J0000£+OO I). :)OOC:)E-OO
8 ~ 0 .OOC:)OE"OO 14. ::'3~ C.1E600 O. :)OOOOE+OO O. ::>000::>'::"0::>
8. 0 COO:)OE"'OO 14.24':' C.16i300 G.OOOOOE"OO o).OOOO:JE"OO
8; 0 · OOCOOE-OO 14.163 C.l7COO O. JJOOOE+OO O.OoocoE-O)
86 0 OOOOOE-OO 14. :)90 C.17200 O. J:lOOOE+OO O.OOOCO:::"'OO
87 0 · OCCOOE .. OO 14. )JO C.17400 O. :):)000£ .. 00 O.OI)OCOE·OO
88 O. OCCOOE-CO 13. so 21 o. 17600 O.OOOOOE-OO 0').00000:::"00
89 0 · OOCOOE"'CO 1~. 843 C. Ii eoo I). :)JOOOE"OO o.oooeOE·eo
90 0 .OOCOOE"'CO 1 ~ . "i 66 0.19000 O. :)ooo:)£ .. oa O.OOOCO::·C:)
91 0 .OCCOOE"'cO 13.690 0. 19200 O.OJOOJE"OO O.OOOCOE·CO
92 0 .OCCOOE"CO 13.615 0. 19400 O. :)JOO:)E .. OO O.OOOCOE-Co
93 0 · CoceooE-oo 1).542 0. 19600 O.OOOOOE-OO O.OOOOOE·CO
9. 0 .oeCOOE-CO 1~ .,PO O. 19800 .OOOOOE-OO O. OOOCO'::·OO
95 0 .oecoo::: .. eo 13.401 G.IS000 0 .OOOCOE-CO O.OOOCOE"CO
9E O. OCCOOE·eo 13.3)4 0.19200 O. OOOCOE·OO O.OOOCO::·CO
9' O. OCC002-CO 1~. 267 0.19400 O.OOOOOE-CO 0 OOOCOE-CO
99 0 .OCCOOE-eo 13.202 0.19600 oJ.oooeOE-OO .00000E-CO
99 0 .OCCOOE-CO 13.138 0.19800 o.oooeOE-O;) .00000£"00

100 0 · OCCOOE-eo 13 . 07 S 0.2:)000 O.OOOCOE"CO · OOOOOE+oo

........................ --_ .. _....•
MEl<CRY ~TILIz.;._T:ON

:z- 6C2)5. Mr1of- 8 .6)5%
- . - - . . . . . . . . . - . . . . . . - . . . . . . . . . .

Ei.AFSED CFU TIME 0.14 SE
':'QT.;;'L CPll 7Il1E 102.18 SE........ _. __ ._. __ ._ .. _..... _ .. __ .
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Figure 35. Axial Load-Axial Defonnation Relationship
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B. ONE-STORY STEEL BUILDING

1. Description of Input Information

Figure 36 shows a one-story steel building consisting of two columns and one beam. All

members are tube-sections. Diameter, thickness, and length of each member are 24 in, 0.75 in,

and 540 in, respectively. The material yielding stress is 36 ksi and the elastic modulus is

assumed to be 29,000 ksi. Finite-segment elements are used for all members. Each member is

divided into 16 segments and the initial inperfection is not considered in the calculation. Four

joints are used to defme the two-dimensional structural model. JCS for all the joints is parallel

to the GCS.

At the base of the frame, joints 1 and 4 as well as all six degrees of freedom are restrained.

Two constant axial loads with P/Py = 0.4 are fIrst applied to joints 2 and 3 in the negative X

direction. Structural response due to constant axial loads is calculated by the elastic static

solution.

p

L

p

2

L

}---------.;--- Q
3

L

x

L = 540"

D = 24"

t = 0.75"

Py = 1972 kips

..,.../~-- Y
GCS

4
// /

Figure 36. One-Story Steel Building

By using incremental displacement control, the lateral load-displacement relationship at joint

3 in the Y direction is determined for the second solution. Thus the structural response due to

the fIrst solution becomes the initial condition for the second solution. Figure 37 shows the result

of load-displacement relation at joint 3 in the Y direction.
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2. Input Data

ECHO OF :N?t-r DATA

.,,1 •• 10., ..... 20 .. , .. }[', .. 4G ... 1 •• 5'J
'STRUCTL"RZ DEF:NITICN'
'B.[ _ l: :JSE·STORY SCr:.DDiG

4 1 4 a 0 1 . NNODE. NCOS • ~sun . N::CND. ~CONS:"
1 0,00 :l.00 .CO (

540 O.ClO .CO: c
54C 543 00:.(
J co 540 OC 1 C·

1 ;) r 1 0 : j)IRECTIO~ COS:NE
1 1 1 1 a J
2 a 1 1 G ::J

1 1 :. 1 C 0
1 :. lIe a

, .. 80

SCALE

... 60 .... , ... ;0.

1 J
J
o

:.G 10 O. '7 5
o 01 :.
10 10 C 7 =
0) Cl 1
~ 0 10 C .:J

J.01 1

0,

1 1
2

•

3 NW.T
'S:'A5ILI7Y MA':'#l' :'6 36 290CC :'1.6 a C' .::
o 0 G J 0 )0. :) 0 <.24 5 1:' 0) 0 1300C
'S7ABIL::Y ~..A7A2· :'6 ;6 2SiGCQ 11.6 C ,j C
CO)'j:)·JJJ, 0:)42.:.5.L A O)O:'JGOC
'STABILITi ~..AT~)' 16 3': 2~JOO 1:' IJ 0 0
o J 0 a J JD. C 042':'.5 1 1 a.OJ J :.JJJO

C ,) 0 .FA.:..SE. :KG: AXL. =:)RM, iJo,3SY
NELEto!:

•~TA2::'ITY I 'T1JBE !'o'.:EMBER
I STAe::'ITi" I T'JBE MEMBER
I STABI:':::TY I 'T:JBE MEMBER

G a FAl.SE Hi\3S
o C :A."1?

'SOLe 1 SOLUT:::::J~ I

I APP:'Y AXIAL L:::AD AT JOHr:' 2 ~.ND JO:~IT 3'
1 r..: LOAD M.~E LD
1 C 'FX' -788.6= :';OIY:' :.JJA:J FOR PiPY·'J.4
1 C! 'FX' -7E8.55 :.;cn..'"T :..oAJ FCR P/PY-O.4

o 'WD' 0
'J C J 'END' '-:0":"

• SOLJ4 SOLlITICN'
'INCR.EM.E~A:. DISP~_C~T ::O~OL AT JOlfI.""T 3'

1 5000C 2 FALSE. ~:"XE!..D I?RIS'!' Ih'"RITE UNEAL
'JOI~ FY' ) 1:' J C J
'Ef-:D Z 13 0 G ")
1 3 '?Y' -20
J 'ON!)' 0 ::()I~" LOAD
J 0 'END' 'FY' C 0 E:LEM:::NT LOAD

'DISP. FROM 0 :'0 -20 1 0 0 zoo
'END aF C':SP. CONTRO:' 0 J 0 J
'R£A~ l-:lI7-11'

'STOP'

~ .
:0,
:.1:
12,
13:
l4 :
15 :
16 :
17
19
19
20,
21 :
22 ;
2] :
24 '
25,
26,
27 :
28,
29 :
3J
31
32
33,
H,:
35 :
36 :
37,
38 :
39,
40 :
41 :
'2'
'3..
45:

LINE

"2,
3,
4 ,
5:
E
7,

8 '

3. Output

STRcC':'URE , sfiT2
SOLUTICN .. "

CNE· S:'ORY EGILDlfOG TIME: 23:41:C9, DAiE: 11/30/90

...... ?ROGRAM FEM ........ DCUBLE PRECISICN VERSICN

~ODE COORDINA7ES AND DE~REES OF nEEDOM

TOTA.:. fI.-:JMBER CF DEGREES OF FREEDCH.... 24
~r....'"M3ER OF DEGREES OF FREEDOM COh-:JErrSED OUT. 0
NL"MEER OF FREE DEGREES OF FREEDOM. 5
NL'MI!ER OF RESTRAII'ED DEGREES C? FREEDCM, 19

NC::::: cost!: X-C80rm Y·::OORD
1 1 J. OOOJOE+OO J CODOOE+OO
2 1 540.00 O.COCl::lOE+OO
3 1 540.00 540 ::10
4 1 C, OOOcoE·OO 54C 00

r-;O:'E. R RES:'Ri'.INED ::::oREE OF FREEDOM
C - ::O~STR.AINED JEGREE OF FREE:>oM

Z·COOIU
O. aoocaE+OJ
C.OOOCOE+CO
O.OOOCOE+C!O

.0JOOOE·uO

FX
6·~

1
4

19 - R

FY
, ·R
2

:'5 ·R
20· R

FZ
9 'R

12-R
16 ·R
21· R

MX
9 ·R

13 -R
1" ·R
n·R

MY
10 ·R
14 -R
18 ·R
Z3 -R

HZ
11·R

3
5

24 - R

DIREC:'ION COSINES

COSI :'1 \o"X: 1.0000C I ·0. ::IOCOO J .. J CCOOC K VI:
STRUcrl"'RE. EXAMPLE 2: O~E· STCRY 3:J:LDING
SOLUT:OS _

.CJOCO I "l.JOOCJ .; +J.OOOGO K VZ; .JJGOO : ·O.CJJOC J "l.OOOOJ K
TIME: 23:~1:09. DATE: 1l/30i9C

STABI:'ITi ELEMEtrr PARAMFI'ERS (BOX,TL=E.OR ANGLE)

M.lI,!,. ~C. "".";l'=' 3ECT~ON

~S:::3 ::"E 'is 36 C
EM 2.9 CGE '::'4 :'IBN 2
R~.::rcs 11 .6 Dl~Y VA.".. O.JOGE·OG
E::,:XC 0 J:>::;£·O") :::CCYO - O.JJOE+JO
1/4 .SE:::.~.lC. IJ D1.P.1Y.Y ':AF.. 10
THICKNESS . 'J.75J :?..EV1 0
IRE"'..... 2 0 IR...:.-V3
IREY' C IECOF
NU!1'P 4C Sl-".A!..L 3C .0
RATIXJ - Q.G0CE·QC RAT!YQ O. C'GOE+CO
TO:'A ~25 . I~.:.r:-c. 1
IMATER 1 R;>.T::·) J.OOCE'02
IR 0 ~ - .' 30eE· 04
OF..~EE ;".JJOE·02 ISTI~
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MAT. NO. TUBE SECTICN
NSEG 16 YS ]5. J
E" . 2.9C::lE"04 LIBN 2
RAD:US ':'1. 6 ::UHMY 'JAA. · O. :)':)OE"'00
ECCXO O.OOOE+CO EcaO _DOCE· OC
1/4 SEC.NO. 10 Ol!>ll>!Y VA..... :0
THICKNESS C.750 I REVl 0
IR!V2 0 IllEV3 0
IP..ZV4 0 IEee? 0
NUMP 40 S>IALl. ,0.0
"-ATIXO - O.OOOE·OO RATIYO · 0 OOOE+OO
7CTA 425. I AUTO 1
:MAEll 1 R..l.,,':'IOJ ]. ):)OE· 02
III 0 G 300E"'04
OR....EE - 1.00JE-C2 !STIF 1

to"_~.T. KO
~S~:::;

EH
::{ADI!J5
=:CCXO
.. :'-: .S~C.NC.
Tl-lICKNE55
IRE"'12
IR,EV4
~~'"M?

RA':'IXO
7CT~.

:MAER
III
O"-'EE

TOEE
IF.

2.90CE·':)4
1: 6

- J CGOE·OC
_C

0.75;:1
o
o

'0
C.OOCE+:JI}

0;1 ,5.

- 1.0002-02

YS
LIBN
C'L1'1MY VAR.
ECC"'{:)
::Ul'Ni 'JlJ.P..
~~E'Vl

:prv'j
I:ECOP
.s~L:'

RATIYC
IA"..J":O
RATl03
G
I S:'IF

36.0
2

• 'J. OOOE+OO
- '}.OOOE+::lO

10
C

.30.0
o. CCO:::+CJ

1
• 3.000E-02
• 1.300E+:)4

S:-RCCTURE.
SCL:.JTION ..

EY..A.'fPLE 2: CNE'S70RY aUILDING TIME: 23:4.1:03, DATE: 1l/30i90

:ElD'.ENT 12. STABILI:-Y ELEMEST

TL'E:E >IEHB:ER
Tl.e:E ~:::R

TL"BE ><EMBER

MATL
1
2
3

STAAT
1
2

•

ESC- L..ENGTH
54:) C
54:J a
54,) a

Y-AXIS
O . .JJCOO I ·0.::>0000'; .000GO K
C. DOCOO I ·0. :JOGOO J .OOCC:) K
C.OOOJO I ·o.occoo J ·l.:)OCO:) K

STAAT uIST 2."lO =,IST
0_ C:)OOE+OO o. O::lOCE+OC
O.OOOOE--OO O. OOOOE+OO
C.ODCOE--CO C. OOOOE+OO

PROPCRTIONAL DAMPI~G COIEPICI£NTS

.\LFHA- O. OCOOOE+CO 8E:'A- 0 _OOJOOE+OO

- - -. MEMORY UTIL: ZATICN .,
---. IZ- 152998. HEM"21.84.3~

.. - . - ELAPSED CFU TIME
TOTAL 2PO TI>IE

:.44 SEC _ .. - ..

1.44 SEC - .. --

STRL:CTURE.
SCLCTION.

EXA.."PLE 2' CNE-S7CRY 3UIL~lliG

AFPLY .lU(IAl. :.o~.,:; AT ';CIYI' 2 AND ':OIm' 3
TIME: 2J:41:09, DATE: 11/30/90
TIME' 23,,,,,2. DATE, 11/30/90

SOL~T::JS erl, STA':'IC . EL)..sTIC ANALYSIS

NLl<B:ER OF LO>.D CASES
';?PLI:::: JOINT LOADS

LOAD CASE.
LOAD 2ASE'

S7!lUCTTJRE .
SOL'JT!ON ...

JO INT, 01 RECTICN· FX :>oF (S I
JOIllT, ) DIR2CTICN, FX :>oP (S I

EXA.'!PLE 2, CNE - STORY BUILDISG
; AP?LY A.XIAL LOAD AT .,jOIN:' .2 AND ';OIN't' 3

MAGNITUDE, -788.850
MAGNITUDE, -788 850

TIME: 23:41;09, DATE': 11/]0/90
TIME: 23:41:12. CATE: 11/30/90

GCS ~ISPLACE>lENTS. LQAJ:IN8 ~

NODE: ox OY RX

O. JOC0002+CO .00Doooe... o:) :) C:):)OCOE·OO
2 -0.268'714 .976383E·16 ::>.OO::>OOOE"OO

- 0 268'714 .OOOOOOE"'OO:). OOOOOOE+OO
4 0 OCOOOO£+OO 0 OOOOOOE"OO 0 _OOOCOOE+OO

S:'F..:JC7URE:. . 2XAMPLE 2: CNE· STORY BUILDI~G

SOL;JT::JS. . AP?Li' AXIAL L:>AD AT JOINT 2 AND ';OIN'T

_0000C02·CO
COOQCJE·O:)

. COOOCJ2·00
O:)OOOOE .. OO

:) 00:)000E+00
J.000000E+CO
.J COOCCOE+CO
o. COOCC::lE ... C::>

o CCOOCCE-OO
5 3J3907E-16

-5613]14E-15
::I.OO-JOOOE+OO

TIME,
TIME,

230",09. OAT:E,
23:41:12, DATE:

11/ ~0;9 I)

11/ ]0/90

G:::5 RESTAAI~T REACT!CNS,

FX

LOADIliG

FY FZ M-X MY MZ

~A:.95-:0 1.::'673243E-1.2
J -:.e:OJJOCE"JO O.GOOJOOCE·ao
-) IjCaOJOCE+jO ..1.S.:.S34SE-14
~S8.95GC -1 23137~5E-12

O:)JOO:)J:::");)
· OJJOOOOE"'OO
· :)OOCOOO£.. OO
· :)OOCOOOE .. OO

t::OOQCOOE+::>O
COOOCJOE+~O

0::100000£+00
.OOCCOOCE--JC

J 'JOJ0000E"OO 2 Q98274SlE':J
J. 'J000000E·OO 0 CC:)OOC::IE+C::>
o. COOCCOOE"'00 :) 00::l00002"'OJ
O.C:)OCC::>OE"'::IO ·2 217]725E·10

sr..'MXAT:O~
STRUcrt"RE.
S'JLl'':'ICN.

lSi; "'co -0.3814692:£-2.5 O.JOOOOGOE·CC C.OOCC:)QOE+OO
::X)._~PLE 2: :J~E-STOR':' B:JI:.OING
.!>,,?PLY AXIAL LOAD AT JOINT 2 ~.N't- J::>IN'I' 3

.OOOOOOCE+O(; - 425979.0
TIME: 23:41::)9. DATE: 11/3C/90
T!~' 23:4::12. DATE: 11/30/90

S'T~.B:LITY E:.EMEN1' FCRCES.

NODE AXIAL FZ ':'ORSICN MY FLP.SF

~ISPL

~ISPL

0.00COOOE+00
-0.268714

) OOOCOOE+OO 0 C:)OOC:JE·OO -J.COOCCO£+CO :) OCOOCCE~CC O.OOOOOOE+OO
OOOCOOE+GO -'. 376]83E·lE 0 _COOCC:J:E:--c:) 5. 3J390iE-16 C. QCCOOOE+OO o. OOCE"':)O
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FORCE
~CRCE

78!:l.05::> O_JOOOOOE+JO -:'.1E7324.E-12 O.'JOCOOOE+oo .093275£·10 ::>.OCOOOCE+OO
-799 85::> 0 OOO::lOOE+OO 1_167 )24E -::"2 O. JCOOaCE+00 .2052"6E-1.::> 0 COOOOOE+OO O. GOOE-C::>

DISPL
DISPL

FORCE
F:JRCE:

~.9"6)83£·15 O.OCC30CE"'OC ·0.268714 C.::lOO::l::lOE+JO 5.33H::>7E·15 .OOCOOCE+OO
O.3::>OCOOE·OC C.OCCCiOCE .. C.C -C.2687::"4 C.JOOJJOE+JO ·5.613314E-16 .OCCOOCE+::lO 0.000E"'OC

1.157)2<'£'12 .OOCOOCE"'OC 6.5'8745E·12 C.OOCODOE+JO -4.205755E-10 C.OOOOOOE+OO
-1.167 ~2';'E '12 .0CGOOOE+OG :. 85974~E-12 C. OOCOOOE+JO .;1. 433965E-10 C. OOOOOOE"OO O. OOC£"'OO

DISFL
D:SFL

'J. OeJOCCE -00 o. JOOCJO:::"'JO 0 OOCCOOE+JG O. OOC-oOOE ... OO O.OOOOOOE"'OC 0 .OOOCOOE+OO
-J 2687:'4 O.JOOCOO::+::lO OOCCOO£"JO O.OOCOOOE .. OO ·5,51331<.E-16 O.JOOCOOE+OO O.JOC£+OO

::'CRCE
,CR:E

"8E.950 ,000C002"'00 2:i:.E74E·12 O.OOOOOOE.. OO ·2 21"~72E-I0 O.OOOCOO£"'OO
-"SE,950 ').00'JCO')E+00 -1.2~:'E74E-12 0.000000E+00 -~.<.34745E·I0 o.OOOOOoE ... OO C.OOCE+OO

T~E STA.':'ICS S':'R.~IN DlERGY :.::" SYSTEM •

~ORY UT:LIU.':'I::~

IZ- l530~5. ~EM-2l.8E2'

':::l-l"PSED CPU TIME
~OTAL CF~ TI>lE

2.95 SEC
4.39 SEC

STRUcr:""'RE EX.)..MPLE 2: ONE·STORY BUILDING
SOLU:'ICN. IN:':R:EMEM'TAi. CISPLACEMENr COI'rrROL AT J:JINT 3
SOLU7ICN ~4. S':'ATIC NOS'LINEAR SOLUTION

:-:!'tE: 23:41:09, DATE: 1:'!3J/9C
':':~: 23: 41: 15. DA:'E: 1:'/)0/9C

:NTERVi\L FOR FRINTING DATA. . .. 5CODC
:NTERVi\L FOR ~"RI'!'I~G D~TA TO FILE.

UNBALANCE:: JOIN"!' FO~C::S j\~~ r-:o':' ADDED TO TH:: t-:EX':' C"iCLE

:ATA ".mITTEN TO ,:LES

:: EGF...E E CF FREEDOM
.\FFLIEO ':OH,"'T W':-";::S

is is WRIT7E~ 70 UNIT ij 1:' ..:"OIN:': DIRECTION: F'Y

LOAD CASE,
':;7R:JC'I'URE ..
5C:'CTION.

Jcnrr. 3 DIRECi:CN: rY COFI.:;: 15
EXA.lotPLE 2: CN2·S:'CRY 3UIL:::~G

I~CREMEMTAL O:SFLACEMEliT cCNTRe:. ;'.T JOHrr

"".AGNI'!'UDE: . 2C. OOCO . JOIN':' DIS FU,CEHE.'lT"
TIME 23.41:09. :'lATE: 11.!JO/9C
'!':ME. 23.4:.15. ::A:'E: 1:/30/90

LiJADING I; !'1AXlto!UM DIS?I.A.C2!'fES":'S

N07E: MAXIMUM VALUES !-tAy NOT OCCUR SIM"JLT~EOUS!..Y

NODE DX DY DZ RX RY RZ

0.030CO::l£"OO
-1.1"1492£-02
·1.304911'::-02

O.OOOCOOE·OO
TIME: 23:41'09. DATE' 11/3C!90
TIME: 23:41'1.5. DATE: 11/3C!9:)

O,OOOOOOE+OO
O.O:)OOOOE+OO
O.OJOOOOE+OO
0, COOOO:)E+OO

.OJOOOOE+OO
CJOOOOE+OO
C:::OOO::l£ .. OO

,). COOOC::l2-00

O. COOOOCE ... ·)O O. OOOOOCE-CC O. JOOOJOE"JO
'0.669312 ':'9.9871 .JOOC002+00
·0.6<'6647 -'ZC.JOCC .OOOCODE"OO

<. O.QCOOOOE+OO J.CCOOOCE+OO 0.000000£+00
S:'l<~crtJRE.. EXA."lFLE 2, CNE·STORY BULJING
SOL:JTION. INCREMEHTAL OISP:.A::EM:::t.;T COh"'TROL AT JOIh.,.

LOADING MAXIMUM REAcr:Cl'S

MAXI~JM GCS RESTRAINT ~EA::-r:ON5 NCTE: MA.X:M'U'M' VALUES MAY NOT OCCl.Jl\ S :WJT...TllJ-lEOCS:"Y

NO::E FX F'Z MY HZ

O. 3947502E· CE C. ,)OOOOOOE+OO O. OOCCOOCE+OO o OOCOOOOE+OO -425600.4

840.2106
O.OOOCCOOE-CO
C.OOOOCOOE-CO

4 788 3674
!'lAX OF ;..LL· - .. - - - - - - - - - -
3CS SL~, 1577, 70J

24.6C287
O. ::iOOCOOOE+OC
-52.07221
27.53100

O.OOOOOCCE-OC
O.OOCOOCCE-CC
C.OCCOOCCE-CC
C.oCCOOOCE-cC

O. :)OOOOOOE-CO
C. ~OOOOOOE·CO
C.OOCOOOOE+CO
C . OOCCOOOE+OO

0, JOOoocoE·CO
C. :)OOOOCOE"'CO
C. :)OO::l:)OOE+OO
C,OOOOJOOE+oO

14145 98
c.oOOOOOOE·oc
C. aocooocE·OO

14E:,7,93

MAXI1'ruH RES\.JLTAh-r CF REA:::i'ICNS. FeIRCE- 1578. ~CM:Em'·.;1.2560E+05
STRUCTt.""RE E:Ql-!PLE 2: ONE-STORY B~ I:'OING
SOLU7IO~. INCREMEMTAL DISPLACEMEl-"T CO~ROL AT ':CI~

TIME: 2~:41.C9. DATE 11i3C/90
TIME' 23:41.:'5. DATE a/3C!90

LOADIKG ~ 0 ?EAK ELEMEtIT FOF.C'ES
COL:"''Ml~ LOAD) ~EPR.ESENTS :'HE D(lF WHICH HAS ~X:MTJM VALUE

STABI :'ITf ELEMENT PORCES
MAXIMUM VALUES FCR ALL STEPS tIOTE· ~.Jo...xIM:JM VALUES WITII THE C':'EER DOFS FOR:ES i\...q£ PRUIT OU'T ,..:: THE SAME TIME

E:..E~ LOA:: NODE AXIAl. IT FZ TCRSICN MY HZ FL? SP

FORCE
FORCE

84 J. 211
-E!40.211

I).OOO')OOE+OO
C.OCCOOCE+OO

. IE . 3 8~ 2
l6.3832

0.0COOOCE-OO
O. JOOOOCE-OC

14::"46 0
1367) 5

. C~~OCOE·CO

. COOOCOE+OO

FORCE
FORCE

829.882
-629.882

_OOOOOOE+OO
· :)OOO:)OE+OO

·24 6029
24.6C29

C.300::l00E+QO
O.OOOOOOE+OO

12143,7
1J965.0

.OOOOOOE+OC

.OOC::lOCE+OO

,C~CE

FCR::E
34C. 2::.

. 34C. 2:..:.
.000COOE"30
· OOOCOO£+OO

-:'5. ~ 832
:'5. ~ E32

O.OOCOOOE+OO
O.OOOOOOE+OO

14146_0
:3673.5

C.OCCOOCE+OQ
C.OCOOOOE+JO

::-CRCE
FCR::E

340.2::"1
- q~o. 211

').00JG00E·oa
0') )OOOE-OO

- 16 . ~ E)2
16.} 332

O. CJOOO:)E+OO
O. COOCOJE"'OO

:'<.146.0
:.J6" ~ . 5

o 0000J02":)0
G. JOOC::lO:::+OO

FORCE
,ORCE

929 332
829,892

C:)OOC:)E-C')
COOOCOE-C3

·24.E029
2.:. . E J29

O. C00CCOE"CO
').OOOOCO£+CO

12149.
lC965,

G. JOOCOOE"'OO
O. :)OOCOOE"'O::l

11 FCRCE
FO~::E

04J.211
840 211

O.OOO'JOOE .. CO
O.OOOOOOE+CO

- 16.3932
16.~8~2

OC,)OOOE-OO
OCJOOOE-GO

14:<.6.0
13673

O.OOOOOOE-CO
O.OOQOOOE·CO

FORCE
F;JRCE

24.6C2:;l
-24.6C23

O.OOC300E+00
C.OCC:)OOE"'OC

<'1.0321
- <.1. 0)21

o OCOOOCE-OO
O.OCOOOCE-OC

- 10965
-11191

OOOOCOE+OO
OOOOCOE+OO

FORe:::
F"~C~

:'6.3E32
- ~6 .3 E3 2

· ')CCOOCE·OC
.OCCO'JCE+OC

51 36 J6
- 51 36::i6

O. :)00000E·00
C. ::lOOJ00E+0C

-136";').5
-l~053.9

o COOOOOE+OC
O. COODOOE+OC
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FCRCE 16.3832 C · OOCCOQE+~O 51 :!606
PORCE: -:5.38)2 C .OCCJOOE+OO - 51. 35'J6

FORCE 24.6C2;J · CCODCOE·C) 4:... ::>321
FORCE -24.6C29 · COOOCJE·C) -·L.03:21

FORCE 16 .383.2 O::>:)OOOE+OO 51. :!EC6
FORCE -16 . )8) 2 .OOOCOO£+OO - 31, :!60E

II FORCE 16 3832 0, :)OOC:)O;:: ... OO 51 :!60€
FORCE - 16 3BJ .2 0.0000::10£+00 - 51 )686

FOR::E '1Se, 9=0 .0CCOOC£... 00 1 2318"?4E - 12
FCR::E -"88. 850 .OCC:)OCE+OO '.i... 231874£- 12

,CRCE "'7 .061 O. OCOOOOE·CO -27.5310
?'ORCE ·",7 .061 a .OOOOCOE-CO 2'7.53 :'0

FORCE 7 )7 .489 O. C:J:JOCJE+oa '22.0932
F::>RCE -73" 4B9 0 0:):)000£+00 22.0832

FORCE 798. 850 .000C002+00 231874E-12
FORCE ·788. 8S0 0. :J'JOCooE"'JO ·:'.23:.674.E·12

FCRCE ,47 . :)61 1]. )00000£+00 27 5310
FCR::E -74"7. )6 : 0 00COOC£+OC 2 7 .5310

O.O::!OOJJE·<lO -:3673.5 O.COOOOOE+OO
o,:J'jOOOOE"'OO ·14059.9 o.OOOCOOE"'OO

'JCOOOCE·OO ·10965.0 o. ::>00000£+00
OCOO,JCE·OO ·1:' :':H. 3 0 _OOOC)OE+OO

J.COOOOOE+CO ·136i~.5 C.OOOOOO2'+OO
1"1 COOCCOE.CO - :..'059 _9 C, OCOOOGE+OO

.O')OOOOE+OO -13673.5 .000000E+oc
o.OOCOOCE+OO -14 059.9 . COOOOOE+OO

C.O(lOJJOE+:)O -2.217372E·I0 .OO)OO:JE·CO
0, J(lOOOCE+ClC -4.4~4745E·10 OOOOOOE·OO

O.OCOOOCE·OO 12717.0 ,OOOCOOE"'oo
O. OC:)OOCE·oa 1~402. 4 1]. OOOCOOE+OO

O.OOOOOOE+CO 14617.9 .)OOOJO£+OO
J.cOOCCOE+CO :"~059 3 _')OOOOOE+OO

O.COOCCJE+OO -2.217)'2E-IO C.OCCOOCE"'OO
.OJOOOJE+O') -4.4.347452·10 O,QCCOOCE·OO

G _OOCOOOE"'OO 12;:'7 . 0 COOOOOE+OO
c.OOCOOOE+JO 114C2.4 COOOCOE·oo

1':' pooReE 7:n.489 c.OCC:)OOE+OO
FoRe=: -7)7.483 0.000000£"'00

STRUcrt'"RE EXAMPLE .2: O~E·STOR,{ BU:LLDING
SOLU':'ION. INCREMEMrA.:. :ISPLACEMENT ::::::mRC:' A"': JO:NT

·22.08~2

22.0832
O. JCOOOOE·OC
O. JCOOOCE·OO

14617.9 O. OOOOooE·OO
14059.9 O. OOOOooE"'OO

TIME. 23·41:09, 'ATE: :'li30/90
TIJo'.:E: 23.41:15. DATE :li30/9J

, :OAl::NG'
~TRUCTTJR2, _ ,
SOLUTICN .. '

LOADING ~

o PEAK ~ucrIL:TIES "-'ID EXCl'RS:ON RAT:O' S
EXAMPU 2. ONE-STCRY SUIL~:NG

ISCREMEHTAL D:SFI.JI.CEMENT COh"TROL AT ..:'"CIS":' 3

DA..lofAGE INDEX

TIME' 2),41,C9, DATE' 11/)C/90
TIME: 2~:41:15, DATE: l1/~0/9D

STRUcrJRE DAMAGE INDEX-

~RY UTIL:ZAT:l:CN ..
---. IZ- 153344" MEM-21906'

.. - .. '::U.PSED ::FU TIME 625.6) SEC
TOTAL ::F::'; TI!'fE E29.99 SEC - ...•

5TRt:'::.-rtrRE ...
50LL;TION.

EXAMPLE 2: ONE-S":'CRY 3UIL.JING
I:~CR.EMEMTA.L DISFLAC~ENT c::>mROL AT ';OIY:' 3

TIME: 23;41:09, DATE: 11/30/90
TIME' 2),41,15, DATE, 11130/90

~EGREE CF f"REEDO>! • JCINT JI ). DIRE:'TION , FY

S7EP TIM::: LOAD DIS P:.l\CE>lEN':" VELOCITY ACCELEAA7ION
0 C.OOOCOE+OO 6.45493::-14 0, COOCCE·CO :).OOOGOE+OO O. COOOOE+OO
2 o.oooon-oo -1.':236 -0.20000 O.OOOCOE·CO ).oaaOOE·OO

• 0.OCOO02·00 ·3.C4i2 -0.4::1000 O.OOOCOE·CO O.OOOOOE-CO
e O.OCCOOE·CO - 4.5707 ·O.6',)GOO O.OOOOOE·OJ a.oooeOE·co
8 O.OCCOOE"'OO - 6. C941 -0.80COO O.OOOOJE-OO O.OOOCO:::·O::l

10 O.OOCODE+OO -7 61'5 . 1. oeoo 0_ JOOOOE+OO O.OOOOO:::"'OJ
12 0 OOOJO£+OO -9 Has -1.2COO O.OOCOOE+OD 0.00000=:·00
14 0.00000£+00 ·10.':64 .1. 4C)0 O.OOCOOE:+OO O. JOOOOE+OO
16 0 COO'JOE+OO · 12 _197 ·1.6000 C.OOCOOE+OO O.OOOOOE+OO
16 O. COOOOE+OO ·13.711 ·1.8000 C.OOOOOE-OO O.OOCOOE+OO
20 O.OJOOOE+OO - :5.2)4 ·2.0000 O,OOO)OE+OO c. aCCOOE-OO
22 O.OO,)OCE+OO <6 . .,. 57 - 2 2000 O,OOOOGE+OC C. OCOOOE+:)O
24 0 OO:)OCE+,')O - :'8 .2BO ·2.4)00 O.OCOOCE+OC C.OOOOOE+OO
26 O.OOOOOE"'OO - 19 . E03 - 2 6000 O. CCOOCE·OC 0.OOO00E+ClC
28 o.OOOOOE·OO '21 326 -2.9)00 O. CCOOOE+OO 0 COOOCE-OC
)0 O. :)OOCOE+OC -22 849 -) .0000 0 OOOOOE+OO O. COOOCE-OO
)2 0 QOOCOE+OC - 24. )72 . .20CC J.OOOOOE+OO O. COOOOE+oo
34 C. QOOCOE+OO - 25 .835 .) · 'OCC J.OOOOOE-OO O. CJOOOE+oo
)6 C.OOOO)=:·OO - 27 ~l' -) .60CO o').OOOCOE·CO 0 OJJOOE+CO
)B 0.DCG002·CO ·28.3<00 -).9000 O.OOOCOE"'OO 0 OOOOOE-CO
40 O.OOCOO£"'OO · 30.463 -, .0000 D.O)OOJE"'OO ').OOOOOE·CO
.2 O.OOCOOE·C) - 31. 9 86 - 4. 2000 o. J:)OOOE+OO O,OOOCOE·CO
44 0 OOOOOE+OO ·33.5)1 - 4. 4COO O. :)OOOOE·OO O,OOOCOE"'O::l
'6 0 OOOOOE-OO - 34 _962 - 4. 6COO 0_00000£+00 O.OOOO:)E·OQ
46 0 eOOOOE+OO ·36.3E9 ·4.8COO o.OOCOOE+OO o.OOOOOE·OO
50 .J COOOOE+OO - ~7. 704 -5.0000 O.OOCOOE+OO I].OOOOOE"'OO
52 .J COOOOE+)O -~a.95~ - 5 · .2000 C.00C002·JO 0 JOOOO£+OO
54 o.OO)oOE·OO - 4C, 132 - 5 ,4000 C,OOO:)OE+OO 0.00000E+00
56 'J.OOOOOE+OO -41.26C -5 6000 C. 000002+00 0_00000£+00
58 o.OOOOOE+JO ·42.294 -5 · SOOO 0 .OOO·,)OE+OO e.OOCOOE+::IO
6C O.OOOOOE+OO -43.274 -6 · COOO C .OOOOOE"'OO C. QCCOOE"'JO
62 O.OOOOCE+OO · 44. j,65 -6 2000 0 .OOOOCE+oe C.OCCOOE"'JO
64 . OOOOOE+OO -44.969 -6 4000 0 .OCOOOE+OC C.OCOOOE+OO
66 O.OOOOCE+OO - 45." 53 -6 6000 0 · ccooce",oc C.OOOOC'E+00
68 :).OOOOOE·OO - 46.461 '6 .8')00 0 .CCOOCE"'OC O,OOOO(oE+OO
70 0, ::IDOOOE+OC - 4' . 1CO -7 .0000 0 CCOOOE+OO O.OOOOCE·OC
72 O.OOOOOE+OO ·47.692 -7 .20CO 0 CO:)OCE+OO O. COOOOE·OO
74 O.OOOCOE+OO - 4B 24) -7 ,40CC 0 OO::lOOE+OO O.OOOOCE+OC
76 C.OOOOOE+OO ·48,742 -7 ,60GO 0 OOQOOE·CO O. COOOCE+OO
79 C.OOOO::>:::"'OO ·49,212 -7 · BOCO 0 OoooOE"'CO O. COOOCE+GO
80 O. OCCOOE·CO ·49.606 - 8 · )000 0 .OOOCOE·CO 0 COOOOE+OO
82 O.OCCOOE·CO ... .96; ·8 .2000 0 . OOOCOE·CJ 0 O::l::lOOE·OO
84 0 OOCJOE ... CO - 50. )09 - 8 .4000 0).0::>OCOE·OJ J.OOJOoE"'CO
96 J (·OCJo}E .. O) - 50 .t:.:."- - 8 Eeoo J')OO')E·O') J.OOJCOE·CO
90 COC)OE·O:J 5C .915 - 8. 3COO · :J:JOOJE·OCl O.OOOCOE·CD
90 COOJOE+OJ ·3:.. 148 ·9. 'JCDJ · JJOOOE"'OO O. U'JOCo:::·C:J
5.2 COO·:,oE"'O'J -5j". 3 29 -9 · 2C'):J · ·l·)OOOE+OO o).OOOCO=:·C::I
94 COOo')O[·O,) - 51. 'j)7 -9 .4C:)') · ')')OOOE"'OO o}. :JOOC'):::·OO
96 . COOOGE"'OO ·S1.669 _c ,6CJJ C · L'OCOOE"'OO O. JOQO:JE"00
9E COOOGE·OO ·51. 503 - 9 · aOOJ C .OOCOO:::"'OO o. JOOOOE+OO

10C .OJ:JOCE+JO - 51. aa7 -10 'JOO C.OOC,)O':::"'JO I). 'J0000E+00
102 .OOJOCE·OO - 51. 961 -l'J 200 C.OOCJO:::"'::IO 0.00000£+00
104 ,OO')OCE+OO - 52 .022 -10.400 O.OOOJOEtOO C.OCCOOE·OO
106 O.OOOOCE·OO - 52 .067 -10.600 O,OOOOOE+OO c.OCCOOE·OO
108 o. JOOOOE·OO - 52 .063 -10.900 O.OCOOOE"'OC C.OOCJOE·)O
110 O.)OOOCE"'OG - 52. 023 ·11. :)00 O. CCOOCE"")C C.OCC::lOE"'OO
112 O. :)OOOOE·OC - 51 957 -:"1.200 O. CCOOCE"OC O.OOOJOE+::IO
114 O. )OOCOE+OC - 51 .575 .400 0 CCOOCE·OO O.OOOOOE"',)O
.:16 G. JOOCOE+OC - 51 "7 ~i . EOO 0 CCOOCE""JO O.OOO:)OE+OO
:.Hl C. 'JOOCOE+OC - 51 695 ·:':,900 O.OCOOCE+OO O.OOOOOE+OC
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:..2C C.OOOCOE+OC ·51 591 · 12 000 C .OCCOOE,·O<)J 1].0I)COOE,+OO
122 O.OCCOOE·CO · 51 · ~6 3 -:2.200 0 .0COOC£+OC O. OOOOOE +00
12' 0 QCCOO!:>CO - 51. J1E ·:2 _400 .000Je-E+00 C.OCCJOE+::)O
),26 O. OC GOO:=:" GO ·51. 1<9 -: 2. 50!J C.OOCJO:=:+·JC- C .OCCOOE+)O
:28 G.OOOO:)[+OO · 5J 915 -12.801) " 0-)COOE+')0 'J. )OCOOE+OO
130 G. JOOCOE-OO · 5J 798 ·13.00J O. ,)OC00E+00 · ':)OOOOE"OO
lJ2 O. )OOOOE·OO · ~O 6 :6 -1'i 2JJ · JJOOJE+OoJ · JOOOJ:=:"'OJ
lJ4 0 OOOOC£+JO -~0.41S -13.400 O.OJOCJE-00 .OOOO::JE"CO
136 J COOOOE+OO - SO .204 - 1J. 600 .OOOCJE·CJ .OOOCO=:·CO
133 ).OOOJOE"OO '49 · 967 1].60C OOOCOE"CO 000CO["CO
),~O O.OCCOOE"CO · '9 .'::'1 · 14. Dec CCJ00E·CQ 00 JOOE +00
:'2 0.0COOOE·OO · '9 .442 -:4.200 CCJOCE+OO CJJOOE+OO
:"44 C.OOOOOE·OO · <9 163 -:4.400 · CCOOCE+OO COOOCE+OO
146 C. JOOCOE+OC · ~B 978 -:4.600 · CCOOCE"oC COOOCE+OC
L48 · :JOOCC["OC · <8 572 -:"4.800 · OGOOCE"QC · CoOOOCE+OC
1=C .00JOCE·OO · 48 Z43 ·15.000 · QOC:)GE+OC C.OOOOOE+OO
:52 .O-'):)OCE ... ·)O - 4; .325 -15 2JJ .OOCOO::"'JO C.OCCJOE ... JO
154 O:::JCCE·JO - 47 595 - 15 OJ .0-,)COOE"'00 G . 0CCOOE"'00
156 'J CJOCOE"JO - 47 · 25: · 15 6JJ · ')JOOOE+OO · ,)OCOOE+OO
156 J COOJ0E+00 - 46. S 00 · l5 900 :):)OCJE·O-J _JO(oOOE+OO
160 J · COCJOE+OJ '<6 _545 ·15. COO JOOC.)E"OO _OOOOJE"OO
162 0 .OCCOOE·CJ ·.:36. 190 ·16.2CO OOOCOE"C:) · 000002·CO
154 0, OCCOO::-CO · '5 .825 ·16.4CC OOOOOE ... CO _OOoJCOE·Ca
:66 c .0COOJ::·co · <5 .459 -:6.6CC COJOOE+OO .00JOOE ... 00
:59 c. 00(-CJ2"'00 - 45 · 064 -:6.900 · CCOOCE+GO CJJOOE"'OO
:7J C. ·J00C)E+OC · <' 7C4 -:7.')00 · CCOOCE"'oO · COOOCE+OO
:72 G · JOOCOE"'OC ... J22 -' .200 .0000CE+OO COOOCC:·OC
17~ e- · JOOCOE"OO '4J 9 ~o ·1 " .400 .OOOJO[+OC 0_ OOOOCE+QC
175 · :)000CE+-)0 · 4l ';46 -17 600 .O')C:)O':: ... OC C.OOOJOE+JO
),78 .00::lOCE"·JO - 41. :';c '1" 8JJ · JOCOO::+:)O C.OCC::lOE·JO
lac 00JOCE+::I0 · 42, ';'49 ·18 C:);) I] . :)'JCO-JE+OO O. -)CCOOE+OO
1B2 OJJ00E"'JO · '2. ~ 4 3 '18 2JO · .')J000E+00 O. JOOO-JE+OO
134 C:)OOOE"'OO '41 · 9 32 · 18 <00 _OOOOJ[+OO · :)OOOOE+OO
196 C0000E+OO - 41. 51'; · 18 600 .OOOC:)E"OO · ooocaE·OJ
198 COOOOE+O:) -4: . ')95 - 18. CiOO ,OO')COE-CJ .OOOCOE·CO
190 . OCCD0E·CO · '0 .606 ·19.0CC OOJOOE"CO O::lOOOE"'CO
:32 O.OCCOJ'::·CO · <0 .231 -:':I.2CC · CO:)OOE·OO C:)JOOE+OO
:;;14 C.OOOO:::E·OD · J9 .734 -:9 .400 · CCOOCE+OO COOOCE+OO
:..96 C. -JOOCJE+OC - 39 356 -:9 .600 0_ OCOOCE"'oo · COOOcc:·OC
198 O. JOOCOE+OC · J8 912 - :..9 .800 C.OOOOGE·OC O. CoOOOCE+OC
20C Q. JO-)OCE+i)O · 39 465 - 20 ,000 C.OOOJOE+-JC C.OOOOOE+JO

----_ ..... . ---
~ORY 'JT::'IZ;':'I8~

IZ- 15 J344, MEM-21 . 9-)E'

2Ll'.PS2D :PU TIME 'J.13 .=EC
7:lTAL CPU 7IME 630.12 SE:._--_ ..... - -----_ ..... -

(1) Results for an individual step are written to the output file every 50,000th step. The

choice of a large increment (50,000) suppresses the output for individual steps.

(2) Ductility and excursion ratios are not available for fInite-segment element.

(3) Damage index is not available for fInite-segment element.
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LATERAL DEFORMATION (in)

Figure 37. Lateral Load-Displacement Relationship
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C. TWO-STORY TRUSS STRUCTURE

1. Description of Input Information

Figure 38 shows a two-story truss structure. In the structure, all members are box-shape

struts. Table 1 gives and the material properties for two different size struts.

For all the members, the bracing member hysteresis model is used. Nonlinear response to

the fIrst 10 seconds of the 1940 EI Centro earthquake, E-W component, is calculated, The

east-west component of the EI Centro earthquake is stored in the file accessed by unit 15. The

hysteresis loops of member 8 are written in the file with unit 18 and plotted in Figure 39.

2. Input Data

E:HO :JF INPlir CAT~.

. .. , ... 80

Ie PX ?Y PZ
,ID PX py PZ

a 0 I) 0 0]

:) 0 :) 0 :)

1 0 c
a 0
a 0
o a
1 0
, a
o 1
o 1

D:L RECT I O~ COS INE
RESTRAINTS
RES7RAINTS
RES':'RAINTS
KES'i'RAINTS

.8 ]6 2 20
39 36 2 2C
: KGLOAD

5 .
6

4.

'.

'AlA)
:8~9 6'
'READ :""N1T-J.8'

<.8 'READ ;:":NI:--2"1'
4?' 'STep'

26 ;
27,
28,
2S'
30
31
~2 :
D;
34 :
j=:
~6 .
)7 :

J9
]S.
40:
41 :
42 :
43,
44,
45 :
'6 .

I, .:0. ..20 ... ' .JO .... ,.4C ... " .5:) .. ,1 __ ,60 ... 1 .70
. STR:JC1'URE DEFINATION'
'rl'10·STORY TRess STRUcrL~E'

_ . E 4 0 0 1 : NNODE INCaS. NSU?T. ~co~~,NCCNST SCALE
J 0 J 0
J i' 2;) C
;) 144 0 .L c
12 COG

8: 72 72 0
3: 6 72 :"44 G

cC, 1 oJ 0 0 1 0
11: 1:' 1 1 :. 1 1
12: 'i.!. 1 j, 1 1
13: ZOGIlll
14: 5001111
15: :2 ~"MA':'

16: '2P..ACE MATti: 1 , 29000 9
Ii': 'eRACE MAT#2' ,9000 7
18 0 C .') . FA:..SE.
19 a :~=:LEM
20. 'BRACE' '~. l' 1 2
21: 'BRACE' "MEM, 2' 1
22, 'BRACE' '>eo!. 3' 2
2): 'BRACE' '1'o'.:EH. 4' :2 4
24: 'BRACE' 'MEM. 5' 1 3
25: 'BRACE' 'MEM 5' 1 :2

'BRACE' '~ 7' 2 :2
'3AACE' '~. 8' :2 1
2 1 .FA.L.5E. : MASS
20) 0,3 0.3
': 0) J ) 0 )
:".306 0 00143 : :A.MP
'SOLn SOLUTICN'

I STRUcrtTR.A:. RESPONSE DUE TO 19~O EL CEJo;TRO E-W ::CMPON~T'

'WILSON' 1.4 . FALSE..7RC::, : :NTEG i"rl=:TA 2LA.3:'I: UNBAL
lOOOC 50 2400 . FALSE. : IPRI~ I"'RITE MA,XACC Sl-"lo1ASS
o C. oo~ lO ]96 : ':'C DT TF GV.V
'ELE' 8 '8 0 0 0
'JO:NT FX' 6 27 a 0 C
'END' 0 00 a a
a : ISPl
o 0 C ' END' Q Q 0 COO
1 1 0.01 :J.Ol .FA:.SE. :NA ASCALE :'0 JT PRI~T

1 C 0 C :.. 0 : VXI VXJ VXZ.
15 24CC 1 .TRUE. .FA:.5E. .fM.SE.::N ~PS IDIR:MT ECHC REWI~~

L:NE
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Figure 38. Two-Story Truss Structure
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Table I. \11\ TERIAL PROPERTI ES or STRUTS

I-'
W
W

Member l\(in') E(ksi) o (ksi) r (in) L (in) L/r P (kips)
Size y max

5)(5)(0.5 9 29000 3& 1.0 n 40 307.8

t1)(4)(0.5 7 29000 3& 1.39 72 51.8 230.6

t1x4xO.5 7 29000 3& 1.39 101.82 73. ') 209.47



3. Output

STRCC":"URE.
SeCTION ...

'NO - STORY TRUSS STRJCTl;RE T:ME: 13:49:85. DATE: 12/01/90

........ FRCGRAM FE:M ..-.- DOl"'3:'Z FR~CIS :ON ...."ERS :o~

TCTAL ~'1JMBER OF DEGREES :JF ?"R.EE:JOM.
~ER CF ['EGREES CF FREECOH CONDEf-;SED CU'T
~UMBER CF FREE DEGREES OF ffiEECC!of ..
NUMBER OF RESTRAINED DEGREES OF FREEDOM.

NoeE COS#
1
1
1
1
1

5 I
NO'TE. R

C

x.COORD Y . COORD
:) CC0002+:JO 0). 00:100E+00
J. CCOOOE+JO ~2 oeD
,).OO::>OCE+OO ':44 co

72 JOO o. :)ooco::·ca
72.000 ;;2 GO)
72.000 144.C::>
R.ES':'RAI~ED DE::iREE OF :;'REEDOM
::;ONSTRAlUED DE:3REE OF =R.EEDOM

36

e
"e

z -coeR!) FX FY FZ MX MY' MZ
0. COOOCE-OC 9· R IC - R ll·R :2 -R :3 -R 14' R

. COODCE-OO 2 :5 -R :6 ·R 17 ·R 18· R
0 C:JooeE-ao 4 :.3 - ~ 2~-R 21·R 22· R

CJOOOE·OO 23 -R 24' R 25 - R 26 -R 27 -R 28 - R
O)000E·00 6 29 -R 3~ -R Jl·R 32 -R

0 DOC OOE+ co e 33 -R 34' R 35 -R ]6 - R

JIRECTION COS:NES

COSt :1 '."X: .: 0:)000 I -C.OiJOOO J .:) CC:)OC K ....'Y:
STRUCTl'"R.E. . TWO-S70RY TR'J5S SnUCTU'RE
.sOLU:'ION, .

BRACE i":"YSTERESIS ~ODE:' FA~TERS

oocoo I -l.:J:)OCJ J +O.OOOCO:!( vz: 0.000::10 I ·0.00000 J +1.00000 K
TIME: 13.49:05. JATE: 12/01/90

MAT. A R vc SHAPE M.>.x DJC BETA
1 29CCO.0 9.0000C 1 oGC:JO 36 Deao 2.000JO 2', . caoo 0.400000

290CO.O 7.80000 1. ]90:10 36 OC~O 2.CCOOQ 20 .OJOO 0.4000CO

STRUc:'URE. ':'W:J·STCRY TRUSS STRUCTL'"R.E
S:JLUT~O:S ..

~L!Y.ENT :le, ONE I LOCAL) COF STRUT ELE>lENT

TIME: :'3:49;::15. DATE: 12/C1/90

MATt START E~"I: -:YPE- -- LENGTH - ... ------. Y·AXIS .. - .. _-- .... S~AR':' DIST EI-"I: DIST
MEM. 1 2 3 ~.x:AL 72. CO l. ~OOO~ +C.DOCOO J -0. ~OOOO K 0 OOOOE+OO .0000£+00
>lEM. I 2 ~.xIAL 72 C~ I. JOOOCI -O.OOCCO J -0. ~OOO:> K 0 oaooE+OO 000::>£+00
>IE!< 2 5 e AXIAL 72. C~ l. ClOOOO ·C.OOC::IO J +0.00000 K G.OOOOE+OO .00002+00
~D!: 2 4 ;u(IAL 72 O~ l. OCODD ·C.OOO:)O J +0.00000 K 0.0000£+00 · COODE+OO
MEM. 1 AXI.~L i 2.00 O. Deooo ·1.00000 J .. e.ocooo K O.OOOOE"OO · COOOE+OO
MEM. 1 2 AXIAL i 2.00 O. OC:)OO -1.00000 J +O.OCOOO K O.OOOOE"OO · O::lOOE+OO
,"EM. 2 2 AXIAL 101.3 ~ 00000 "o.eeooc J "1.000::10 K c.oooeE-CC .0JOOE+O::l
MEM. 8 8 2 1 5 !<lUAL liB. a ~ 00::100 '0 eeODe J '1 .00000 K O.ODeeE·CC Q.OOOOE+OO

STRlTTURE . TWC- STORY T~USS S:1<JCTURE TIME, lJ,49'C5, DATE, 12/01/90
SOLUTION ..

LUMP ED ~ODE MASS ES

KOCE:
2

>IX
O. ]COO
O. ]CCO

MY
~. 3000
:> 3~OO

MZ
e.3000
C.3000

IXX
O.OOGOE"CO
O. ')CCOE"cO

:yy
C.OCCJE+O::l
O.OOOJE+OO

IZZ
.OOOOE+OO
. COOOE·OO

IXY
CJ::IOE"'OO
OOOOE"'OO

In
. OOOOE+:)O
. OOOCE+OO

In
0000E"00

. OJ:)OE"OO

IGEN
1
I

:NC
I
1

THE MASS MATRIX IS ~CT ::GNDENSED WITH THE STRUCTJRAL STIFFNESS foI.ATRIX.

PROPORTIONAL DAMPISG COl EFICIEN'TS

A~PHA- 1. ]C60 BETA- i.43000E-J]

MEMORY ~T:~IZA~ION

., ... IZ- 1527. !'iEH'- 0.213'

ELA?Seo CPU TIME
'I' - - - TOTAL ::PIJ TIME

C.15 SEC
0.15 SEC

STRt:::1URE ...
SCLt:TICN

T~'Q-STORY TRUSS STRI:GTURE
STRUCTURAL RESPONSE JUE TO 1940 EL ::ENTRc E W COMPO~EN1'

TIME: 13:49'05. DATE: :'2/:)1/90
TIME: 13:49:CS. DATE: :2/:)1/90

SOLGTION "2. WILSON THETA METHOD :JF NUMERICAL INTEGRATION

THETA.
INITIA.:.. TIME
T:::~ STEP
FIt-:AL TI~

AC::EL2R.lo..TICN Di,.1:: TO GP..AVITi
STEP :NTE~'JA:' FC~ p?nrrISG

JATA WRITIEN TO FILES

1.40CaO
O.OOOC:JOE+00
1.JOOC:)Q2-:)]

1") OCJG
156 Cjlj

.. lac 00

2LEME~ '* B:S i'lRI':'TEN TO :.JNIT q: lB
DEGREE :JF FREEDCtt ; :::5 ~'R.ITTEll TO UNI':' '* 27 JCINT:

NOT ::NCLUDE STATICS CASE EXTERNAL DEFCR."fP..TIONS

:JRCUND ACCELERAT:O:-l R.E::ORD
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INPlITISG TRANS:.AT!CNAL AC:ELERA.T:ON ::t:::CCRD ~ 1 _ FRCM UNIT. 15
:l.940 ::L CENTRO =':0 DI\7A r-O"-"f...l.,7: iSFt;.6)
DT-O 0: SEC .. [·W DIRECTION 2400 Cl.T>..
THE R.ECORD CONTA:NS ~40:l ?CI~S, BEGIN:r-;G AT 7:~ j,. JOGCJGE-)2 ;';ITH J.. T:::HE INCR.E:MENT OF:
O:RECT:ON OF A::CELE:R.AT:::iN. :. oaOGe : +0. OCOOO J ·0. JOCOO K

.:. .OCCOOOE·:)2

!r-;F;.r:' A;:CE!..ZRATION
MAXrMUN AT TIME

0.2:'':'90 1.8S0C
to!::NI~rr-; ~.T 7I¥.E

·0.1613B :.: 040
AV=':RAGE ST.:'.NDARD DE\'.

·S.34]9EE-05 5.45~5~E·J2

R!ofS
5 . .:.684CE·02

E-W COMP()~EN'T

ST.3..NDARt: DF:V RMS
5.46953E-02 4.6B40E-:)2
C.OCCOOE+OO 0 COOOOE+OO
o 00GOOE"C:) o. OOOOOE+OO

13 49:05. DATE: :'2/:)1/90
13 49:05, JATE: 12/01,'90

~_VERAGE

·0.84396E·C5
O.OOOCOE+OO
-J OOJOOE+OC

TIME
TI~

T:lofE
l:l.. c~a

2. OIJCOOE- 02
.OJGOOE-02

AT~INIliUN

- C . 1.6138
C.OOCCOE+CO
o 0:)000E+CO

MAXlMUU A7 TIME
X-AXIS ACCELERATICN 0.2143J 1 8eJO
Y·AXIS AC:ELERAT1CN O.J:JOCOE+OO 2.0CCOOE·02
Z·.~XIS ACCELERATION o.:JOOC-OE+OC 2.JGOO:)E-C2

STR'Jc:'URE. :'WO· STORY 7RCSS 5TRUCTt~

5CL2T:Or-;. ST-Rt:'C'rU'F..At RESFCNSE DUE 7C 194C EL :ENTRC

SYSTEM D!SFLACDo!.ENT ?IK.S7 :2LEMElrr ~!I..C:i oro CRIT:CAL LOAD

•• ;:LD!ENT 8 F:RST RE..\:H TO CRI'!'Ic..~ LOil.D

GCS :;:~FI..ACE~N:'S, ~Ar:IN:::; II- STEP' 4.446, TIME:: .44.60

r-;CDE :X OY DZ RX RY RZ

.OCJJOOE·CJ

.0CJ:)OOE+cO

.0CG:JCCE+.oO
JOOOOCE "OC

· OOCC:)GE+oC
.OOCC:JOE+')O

o. :)OCOOO:: ... CO O. oOCO'J.::E"'oO :) CJ:::OCOE·CO
-0.232331 -1.3163.!.O::-JZ .C000COE ... CO
C.';'2~5C2 _356063:::·J2 .00000CE"00
C.OJOCCOE"'OC 0. JJOO:):JE+OO O. OOC:)OCE:+OO

-0.234e405 5.~B"?:41E-02 ::::.OCCOOCE-OC
-0.414675 3.:05~';'2E-C2 00000JOE+JO

.3:'RIJc::vRE. 7\01:::>· STCRY TRt:'SS ~TRUCT":?..E

5CL;JT:Or-;. STRL"CTURAL RESPCNSE DUE 70 194C EL C=':NTRO E'W ::CM?QNENT

J GOOCCOE+C:J
:) 00:)000E"'00
o ,JC:)OOOE"'OO
O. J0000CE·OC
C. ')GOOJOE"'OC
C.OOCJJOE+JG

:) OC:)OOCE-CC
O. CCOOCCE"'CC
o 0(oOOC0E+00
O.OOCJOOE+OO
C.OOCOOOE+OO

. JOOOooE+OJ
TIME'
TIME,

13:'9 05, D~.TE: 12/Cl/90
1~:4.9.C5, DATE: 12/01/90

t-"~1~.P.'.j' ....ALUES FOR ~.LL :::TEPS

:::;:S MA.X:MUM DISPt-;CEMEY:'S

NC7E: M.\.XIMl.'M '~'ALUES MAY NOi OCCUR SI!'fJLTA.J.~::OCS:'Y

~CDE DX DY DZ RX RY RZ

'J OCOOOOE"'OO :) ccaoCCE"'OO · 000COOE+00 · COOOCOE~OO .,. COOCCOE+C:) CCOOOOE·CC
-" 645847 - 2 621S33E·02 .000GO·JE"00 · OOOOCO=':·CO :) GO-JOCOE+CO CCOOCCE+OO
-:) 7 :.3610 - 2. EJO~7iE- I) 2 O:):)OC:)E·CO .OOJJOOE·cO :) OO:)OOOE+OO . COOOOOE+OO

4 :) OOOO:)OE+CO 0 .OOC:JOOE+OO COOOCOE·CO .OCO:)OOE+OO 0 OC:JOOCE-QO .OGOOOOE+OO
5 - 0 .638039 8 . 594.839E· J2 · COOOOOE"'CO O.OCOJOCE+OO O. OCOOOCE·OC .000000£+00
6 - 0 .iOE~48

C _117362 .000JOOE+00 O. :)OOOOCE ... OC 0_ :)000 JOE'" 00 .OOCOOOE+O-J
STRUC'r..J"'RE TWO·S7:JRY TRlJSS SrnUCTTJRE TIME, 13: 49 , OS, DA."!"E: 12/Cl/90
SOLUTION _ STR'JC':'UR.AL RESPCNSE DCr. TO 194.0 E:. cnlno E-W C~PCNE~"'T TIME, 13: 49 ,OS, DATE: 12/01/90

MAXH!UN VALUES ?CR AU STE?S

::;CS MA.X:MUM ......-:::..oCI':'1 ES

NeTE: MAXIMUM '!ALl~ES ~y NO':' OCCUR SIMU"'...TANEOaSLY

~ODE DX DY DZ R.< RY RZ

0 OCOOOO£+OO :) CCOOCOE+OO 0_ OOOCOGE+OO COOOC:)E+OO 'J . COOOOOE+OO .OOOOOOE+OO
4.7i51S -:) 666626 0 _OOOOOOE"OO · OOOOCOE·O:) o. cooccn·o:) _OO:)OOOE-OO
-9_~6B,a - O. 6 j,3" 23 :) .OOJOCOE"'O:) :).OOOOOOE·ca :) (-OOOOOE+CO .CCOOCCE"CC
O. JOCOOOE+CO O.oocaooE+OO :) C:):)OCOE-CO O.OC:):)OOE ... CO :). 00:)000E+00 .00000CE+00

; 4.89;36 1 43532 :) COOOCOE·CO O.oCOOOOE+OO O. OCOOOOE·OO 0.000:)00£+00
6 . 8.031 iO 2.145i)'7 0 · GOOOOOE+OO O.OOOOOCE+OO O. oCOOOCE·OC C.OOCOOOE+t)O

STRUC'n-aE TWO-S:'OR"i TRUSS STRUCTJRE TIME, :'3:49:05. OATE, 12/01/90
SOLUTIO~_ . -,- STRJC:'URAL RESPONSE DCE TO 194.0 EL cnrrRO E-W COMPCNEN:' TIME, :i,3: 49::)5, CA:'E, 12/01/30

MA.XI~ VALUES FCR .:..LL STE?S

GCS ~I~'l1 ACCELERATICNS

NCTE: MAXIMUM VALCES ~y NO":' XCUR SI~_TANEO:.JSLY

NODE DX DY DZ "-X RY RZ

0 oCOO OOE+ 00 :) CC:JOCOE+GC _OOOCOOE+OO · CO-JOC:::E·CJ ,:) . COOCC02+C:) ocaoCCE·CC
.L19.HI! 28.;199 00000')£·0:) ).000-JCOE·CO :) 000COOE+CO COOOCCE ... 0C
190.8,2 ,. 0954 OOOOCOE-CO :) .IJC:):)OOE+CO OC:)OGOE·OO .OOOJOOE+OO

4 O. :)OCOOOE:+OO O. OOOOOO£+O~- COOOOO£+OO 0 OCOOOCE+OO O. OCOOOCE·OC o.oocaOOE+OO
5 119 098 - 43.5191 .OOO:)OOE+OO 'J. JOOOOCE"'QC 0, 000JOCE"'0C C.ooCoooE"OO
6 182 681 '09.4972 .OCC:JOCE·OC .80COJOE+-")C C _OOC:) :)OE+ 00 o. J)OOOOE+O:)

STRUcrtlRE. TWO·S70RY :'RJSS STRU~":JRE TIME, 1) : .:.9 . 05, DATE: 12/C1i90
SOLUT::)~_ S:'RUCTURAL RESPONSE Dl'E TO 1940 ;:L C=:NTRo E-W :CM?ONENT TIME, II : 49 _C5, DATE: 12/01i90

l'l..AXlMUN VALU2S FCR ALL STEPS

!ot.AXIMt'M GCS RESTRA:NT REACTICNS ~ICTE: MA.XIMLTM .....AL'J:::S ~.AY NClT CCC-;JR SIMt:'LT~'ECUSLY

~CDE ?X ;y FZ MX MY

14E .2·E4 2~4."'':'~5 · 00 JOOO JE+O J · COO,}C:)OE .. jO o. COGCC:::OE ... :)O
:).00C::::)OC·E+JO o. 00C:)OOCE· -)0 C:)JOC:):)C;"'OJ · OO:):"COOE+OO :) ~C''J0000E+OO

O. JOCOOJOE+O-J C. OOCOO-JOE+)O COOOCOOE+OO .OC:):)OC:)E·OO a OC)OOCJ::"'O-J
C.OOOOC:JOE"'O:) ·242.32':7 · OOOJGCOE·OO · JCOOOC:)E·OO 0, )COOOC:H>CO
C OJOCcoo=.:·co O. J:)OCO:)OE"')O · OCCJ'}CCE·CC · ')OOOOCOE·C:) O. JOOOJCOE .. CO
(0. CO'JCCO:):::-CO O. ):)!JCOOOE+-):) .OCCO'}CCE·CC · aOCC:)OOE+CO C . ~OCO')OOE+OO

MAX 0, ALL- -- ---_ .... ---
GCS SCMM. :'48.24 :..:. -30.04625 O. :)OOCOOOE+OO 0 C:)0000GE+OC O. C:)OOOOCE"'OC

OC:)OOO:)E"'C:J
cCOOCCOE"'CO

. GGOOGOOE+OO
O.OOO:)OOOE"'OC
c.oocaooCE"'oC
C. OOOOOOC'E+ Jo

-11447.52

!-t\X1MUM RESULTANT OF R.EACl'ICNS, FORCE" :'';'8.4 MCMElIT.. 1 7.:.HE"'04
STRUCI''JR=':. T ....C· S70~Y TRUSS S:'R:JC!UR.E
S:JLU"!'1QN. ~TRUCTt"""RAL RES?ONSE ::JE TO ::.940 EL CEh'"TP.O E-';<i' C~POr-;ENT

TIME, 13 '9,05, DATE. :2/0:/9:)
:-:~ :3:49:05. :lATE: :'21:)1/90
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MAXIMUN VALU2S FeR ALL STE PS

aAACE FORCES,

TIME: 13:.;9·C5. DATE: 12/01/90
TIME: 1J:'9:05, OAT2: 12/01/90

co

STIfF'KES.sDISPU,O<DIT
J. 215;< 21E· )3

-2. 6~lS 33E· 'J2
,€::0335E·Q2

a.594839E-02
'1 :'i9658E-C2
::i.249CS";E-C2
:;.996359£- 02

-0. <4C890

MAXIMUM LeAD AND DISPL AT l<AX:l<l'M LOAD NOTE ".AXIMc'M VA:.l"ES ".AY ~OT CCCl'R SIMULTAN20USLY
TYPE NODEI ~OCEJ ?O"C2

AXIAL 2 3 -11.657i
AXIAL 1 2 '35.0'5:
AXIAL 6 1'J1. '791
AXIAL 242.327
AXIAL -42.7EZ5
AXIAL 11;,""'78
AXIAL 119.5"E
A.X:AL -209.6'5

~WO·STO"Y ~RCSS STRl'~-'P.E

S7R':JC":'U'RAL RESPQSSE DCE TO .:.:t,J EL CE~O 2-W CCMPO~EtlI'

LOAD
o
o
o
~

~

o
o
o

ELEMENT
1
2

B
5:'R:JC"!URE.
SOL:JT:::J~ ,

~.x:Mt~ VAL:JES FOR A:..L S7EPS

STRlTT JUCiILITIE5 AAD EXC"JRSION R>.T:OS.
2.:£MENT :. DUC"TI!.ITY DEFIl'4ATICN 11:1 .:

DUc.-:::'ITY E:X:L"'R.SI:J~

C 0000COE+OC C. OOCOOOE+CO
O. ')OCOO::>2·CO 0, ':>OC000£+00
O. JOCCJ0E·OJ O. 0C'OJ:)0,£.)0

· ,)OOO::>OE·OO J OCOJ00£+00
J.OCOOOOE+OO J 'JOOOIJCE·OC

00::l::l0CE+00 (I. OOJOOOE· OC
o ca000CE+OG Q. COQCCOE+OO

8 ',4aaC1 2.4aaC1
STRVC7URE. TWO-S":'QRY ':'R:JSS STRU::TURE
SOLl1":'ICN. 5TRUC7lTRAL RESPOS5E DCE TO :3<,0 EL CE~O ::-w COMPONENT

TIME. 13'49:05, DATE: 12/:)1/30
TI!'!E: 13:43:05, DATE. :"2/01/90

MA.XI!oft~ VALUES FOR ALL STEFS

2LEM2NT
1
2

JAMAGE INr:EX
.799030E-03
.466745E-02
· :J196'i'JE-C2
.90BC69E-02
.5931E6E-0)
· al'i5E7E-02
371950£-02

.24H64

? !-lAX
·11.6577
95. C451
1:)1.7;11
242.327

-42./E26
:!.17.77E
: ::3. 546

·59.039B

D MAX
·32:5921E·03
-2.621933E-02
'3.51]3)5£-02
3. 594S39,E' 02

-1.1";'9659:::":)2
1.249057E-02
S.996353E 02

-C.440B90

ESE
.9200E5E-C3
.E53a56E·~4

3 561702£·02
.: .10C31

7.3204.49£-03
0.217745
0.125229

2.3C55:!.

?SE
.oeO::>OCE+OO
.OO·J000E+CO
. COOClCOE·eo
C~00C02-0~

O~0000E+00

.000COOE+OO
C.OOCCOOE+OO

1:19.99:

STRUCTURE DAMAGE INDEX- .24cao
STRUcrL"RE TWO-STORY 7RGSS STRUC':':JRE
SOLU':'ION. . STRUC7lTRAL RE5PO:SSE orE TO :9'0 EL CES'!'RO ,E-jIj COMfOt-:EN't

~:l<E, 1L49,05, ~ATE, 12/01/90
TIME, 13.",05, DATE, 12/01/90

MAXIMl"N VALUES Fea hLL STEFS

PVo_K ENERGY VAL::JES
MAX !NPl'T ENERGY.
MAX 2LAST:C STRAI~ ENERGY ..
~ ?LA5":'I:: STRAIS ENERGY,
MAX KINE:'IC DJERGY
MAX DAMPING ENE"GY

268.60
29,4B6
1I2.4B
:2 _448
104.60

".El<O"Y UTIL: ZATION
IZ- 1213~, HEM- 1.7)411:

- - - - EI.JI..PSED CFU TIME
• - - - 70TAL ::PC TI~

218,32 SEC
216.4; SEC --

S":'Rr.;::TURE_
SOLUTION ...

TWO· STORY BUSS S~;]C7URE

STRUCTt.JAAL aESPCNSE DUE ':'c 194C 2L CENTRO E-W CCMPONENT
TIME: 13;49:05, OAT2: 12/0:/90
TIME: 13: 49: 05. DATE: 12/01/90

EL2l<ENT a IS READ FROM UNI~ :8

BRACE >ID!B2R FORCES.
NODEI : NOCEJ: 3RACE"S TYPE, AXIAL

STE? T:l<E FORCE C:L.SFI..a.O!ENT STIFFNESS ESE PSE
C . O~~OCE-~O O.OOCOOE:+OO 0, ')0000E+OO 1994. C O. :)oOO,JE+OO 0 ccooeE+OO

,0 S.OOJOCE-02 1,6570 9. 3:.]60E-04 1994. C 6.E46S0E-04 J.79470£-19
100 .OOOOOE-O: 4.4930 2. 25390E·03 :994,0 5.063;OE-)] J.OOOCOE-CO
150 150CO 6.587C 3 30420E·03 :394,0 1.08830£ - 02 O.OOocoE·ca
2C~ . .200eo 6 _4210 •.22400£-03 1994.0 1. 77 850E - 02 . ::>000::1£+00
25~ C.2S00J 6,70,0 3, J619CE-CJ 1994. J -. :266CE·oJ2 O. '):J0008+00
300 O. .3CCOO 6.3~60 3.1993CE-OJ IS9'.O 1 C2~30E·02 C. JOCOO£+OO
)50 o. ~5COO 5. sa90 2.80.HOE-03 1994.0 83390£-C3 C.ooeOOZ+:JO
':)0 ~ .40000 11.94J 5.990";'OE-03 1994,0 3, 5"740E - C2 C.OOOOO::+OO
'50 ~ .45000 5.2:'40 2.61530E·03 1994. :J 6.81aCOE-C3 0,00000£+00
500 ~ 5~00O 1.4350 ,1956:12-:)4 1934 . C 5.1612:):::-04 0 0aOOCE+oc
5SC O. 55000 -1.96 7 0 -~. 96840E-04 1934 C 9.'70750E-04 0 CCOOCE+OO
EGe 6~~OC .•. 2250 ·2. l:i.940E-03 1994 .0 '.47740E·~3 ::>. CC:JOCE+OO
E =C 0.65000 7.6150 3. a1960E-03 :994 .0 .45430E-::>2 J.OOOOO£+OO
700 0. 7 0000 11.59C 813.30E-03 :394,0 3. .36870E-02 O.OOQOO£"CO
750 C_""SOCO 9 _95.3C 4.9924CE-C3 1994. :) 2 .4845C£-02 .OooCOE·OO
60~ C.90000 -14.960 -7.S029CE-C] 1994. J 5 .6115CE-02 0.00000£+00
650 0.95000 ·45.410 -2.2'7790£-02 199'.0 0.51720 0_ OOOOOE+OO
900 0.9CCOO -55.270 -3.274010£-02 1994.0 1. ~E90 2.22C40E·16
350 ~ 950~0 -'55. E3J - 3. 30220E- 02 1994,0 :.0370 C.OOO::)08:·<)O

1000 .0000 - 3S C60 '1. 7 58;0:::-::>2 1994. Co 0.30830 C .OOOJO£+OO
IJ5C . JSGc- . 9 9C60 '4.'='699::>2·:)3 1934 C .2.46 :2:J2 02 O. CCOOCE+OC
l.i..Oe .. 1 'Joe .20 820 1. J4.:.30E-')2 1994 C 0 lCE7,J 0 CCOOCE+OO
ll~O 1. lSCoC 41. SSQ 2 086~OE-02 :994 0 C. 4) 390 J. OC:JOOE+GO
1200 1. 2GCC 33.03G 1 95'70E-('2 :.354 0 C.382;)0 J.OOOOOE-CO
1250 1 .25CQ ". ,,24C 1 2 It: :'0£-0.3 :994 ~ 1.4";"20E-03 O.OOClCOE·eo
i3C:J 1. JOC:) -65.S2C -3.35€9CE-C2 1994. 'J ~ .123e O.O()OOOE+OO
U3J 1 3 =OJ .12 7 50 -6.4125CE-C2 1994. J 4.099C o. J'JOOOE+OO
1400 1 4 COO -lE1 7~ -:.U:OOE·02 lS94 .0 6.5500 0.QOCOCE+OO
_450 1 45JO - 13:5. CJ -6.57:40E-02 1994 .0 4 _.a 370 e.oOCOOE+::>O
:500 1 .5000 -47.750 ·2.3952n·n 1994 .0 0.57190 C.OOC'JOE+'JO
1530 .5500 sa.110 2.9145::>2-J2 1994 .0 0.9467:) 0.00000£'+00
160C . f Joe 166.30 8.3421'JE-02 1994 C 6.9370 O. CCOOCE+OO
if :0 1.€50C 186. fO 33:?20E-02 1994. C 8. ~ 320 CC:)'JOE+OO
l'7CO 1.7QCO :"36. LIe 021:10E-02 ':~94 .0 4 6 ]90 . OO~OOE+OO
1750 1.75CQ .: 3. 2.ae E .6':;:"GE-C3 :994.0 4,39310E- J2 .OOOCOE+CO
IBOO 1 EGGO -:1/.00 ·5 .8706CE-C2 1394.:) 3.' 350 .OOOCOE·CO
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.:.850 1 a5:J0 - :91 70 - 9 .61690E·:)2 ::.994 > 2:30 ;).OC:JJOE+JO
190C .9 JOC · 207. oj,) - e _ 1~:'10 19'34 ·~ ::'0. ale .44e:)
19SC .950C '141.30 77680E>C2 19'34 - ~ 5.00'0 44CO
2000 _~~OG · 2; 820 -2.08530E-C2 1994 ·~ O. ':'3" 10 .44eo
2'J=0 2. J500 80 350 .74:..90E·C2 ~094.0 1 9580 <'4':0
210C .1JOO 156 50 9.J404CE-e2 629 . 20 6 H.50 4..6320
21se 2 _1500 166.40 0.l1S8C :'354 0 6 9440 7. "990
220C _2~00 '5 E80 S.5324CE-C2 :'354 0 C_52790 '. "990
225C 2.2500 - 83.420 -9.5292CE-C3 :'3'34.0 1 7 '50 '. '990
2300 _)000 - lOO 6~ -S.C44JCE-O:;: - :"OE . 40 2 537Q :0 900
2350 2 _35~0 - 83. :.9:) -6.1375CE·02 :'994.0 1 i 3EO :2 _760
2"'')0 · .:.000 "':1.670 .6J040E·02 :'394.0 1 2990 :2. '60
2'50 , 500 31.690 2 .63450£-02 :"394.0 2 1090 :'2. '760
25JO 5COO 63.140 1- 2026CE-02 ':'394.0 C.99950 :'2.760
:'550 5500 3' _270 - 2 ,459=OE-03 :.9504 0 e.29'50 ':'2. "760
26J(} 6 coo · <:.9.390 -, .4'220['02 :994 0 C.61190 :'2. "60
2650 2 6 =00 - 1:). a=o - 2. 50960E-02 .:.994 0 2.'35C60E·J2 :'2. "760
2700 2 '7 COO 1::1.4'70 -1- 4J9]0£-02 :994 0 2.75C40£-J.2 :2 _760
2750 2 '7 S00 87 . EEO 2 .4~360E-02 1994 0 ~.9280 :.2 _"60
2800 2 60C) 131. :0 •.61370£'02 1994 C , 3140 ':'2.760
2S5~ 2 6 =C) 97 260 2 .91470E·02 1994 C 2 3730 :2.760
29C) 2 .90CO 36.89C -1. ':'4300£·03 1994. C 0.34130 :2 _"60
295J 2 .9seo -'5<' _4. ~C - 5 13650£-02 1994 C 1. C410 :'2. ""60
30ca 3 .ooeo - 5, .24C -, o]5aOE-02 1994 c Co.82:80 :2 _"60
:;oso 3 _I] 5CO -~1.36C -3 5J'80£·02 1994 C 0.246,0 :'2.760
HOO 3_ l'JOe .27 ,i'C - 5 .71520£-03 1934 · C 0.1'3 ]<.0 ':'2. "7'50
H5C 3 lSOC 0> .390 2 54920£-02 1994 · C 2. C ~ :.') :'2. "'6C
320C 3 .2:)OC ac .8% 2. 09220E·0.2 19?4 C 1.t:i41J ':'2. "60
J2SC .2500 E= .200 · . 3059 :'=:·)2 1.934 • Co 1. '~650 :"2. -6C
JJ'JC 3. ):)')0 29 790 - < · 703S)£')3 1994 ,0 0.22:;:'0 :"2. "760
)]S0 ~.j5'JO -1.:690 - 2. J433J2· )2 1934 .0 6.17:'9 JE 0' 12. ":'6C
34CC 3.4000 - 22 8" 0 -3. EIS :)=:·:J2 1994 .0 .). 1 ~ :.2:) 12. '6C
3~ 5Ci .4500 ·55 480 - < .' 47 ]0::-:)2 1994 .0 'J. "77 .:.9:) 12,/EC
~500 .5000 ·'7 720 - 5. 8629::12-:)2 1994.0 :'.515:) 12, 'i6C
3550 .55)0 - E6 6~0 -5.]0540::::-02 1994.0 :'.113:) 12,76C
~600 .5000 - lS 550 ·2.895:JOE-02 1994.0 8.6292:JE-02 12. 'i6C
~5 50 .65)0 37 .650 -7 .5144 OE- 0<' 1994.0 J. 35 55) 12. 'iEC
,7,JO · '7 000 39 950 3 .958]02-04 1994.0 J.<'0040 lZ, 'iEC
3'i 50 · i 500 15 800 -1. 17210E· 02 1994.0 E .26 lC:):: 02 12.7EO
3800 , 80~0 - '4 l80 ·-

13C4 OE- 02 1994.0 ~ '3940 12. ,eo
38S0 .8500 _7" 520 5 _aS320E-02 1994 .0 :. S,)70 12. ,Ee
]3')0 30J(' - ]4. 580 -, 699002-02 1994. 0 J. 29590 12 7EO
EiSG 3 ,5~0 13 95,) ·1.264,0£-02 199' .'3 , 89290£ C2 12 ,EO
4000 4 · OO~O 54 970 i.92el0£-03 159' . 0 ~ 75"90 12 760
40S0 , .05JO 6 9:70 ':'.51550E·02 199' - ~ 1 21400E-C2 12 760
4lJO 4 .10JO 6 4:60 1. 64:;:80E·02 199' · ~ l 03250£ -C2 12 .760
4150 4 .15:)0 7";'5,) 2. ]5460E-02 1509' ,0 1 51E 30E· 02 12 760
4200 •.20JO 52.400 6 63630E-03 1994 - ~ 0 69960 12 750
4250 4 ,25:)0 107.6) , <.3420E-C2 199' - ~ 2.9 JSa 12 76C
4]')0 4 .30:)0 84. ':'3) 2 2SE30E-02 19'34. :) 1. '7'" 50 12 .760
4]50 , .35:)0 43 '8~ .1E32CE-OJ 19'34. ) 0 4"74.::"0 12 · 760
4')0 4 · '0:)0 - 81 :O~ -6 .0327CE-C2 1994. ::I 1.550C 12 .76')
4450 • 4500 -31. SCO -0.13S8C . IDE. 40 2.1:)OC 19 · '30
45:)0 , 5COO -,6.080 -(l.28D7C - ::'06.4;) 1.452C 32 · .230
4550 , 5500 - 6).990 -0.4226C -~06.40 0 932aC <2 .470
4600 , 6 CO·J -]1. 170 0.4269C :';:'54.0 0.Z437C <3 .63:'1
4650 • 6:0J 8.2940 0.407:0 :'994. a 1.7254CE - 02 <3 · 6 3~
470:) , 700J 24.0S0 0.38100 46.2:'0 0.':"50C .. .05)
4'75;) , 750J ~::I. 560 -0.2'000 45,2:0 O . .23420 <, .62:)
4 ao;) , aoco 38.330 · ':'8E.20E-02 46.:Z :.0 0.~6850 53 .480
'650 4 .55CO 6 i. 290 2. 370:0E·O~ ~ 19 CO .9'210 56 · S8)
49CJ , ,90CO 83 _J30 7.07270£-0.2 ~ 19.00 1 7250 6~ _0 2~

4950 < .95CO ':'03.40 O. :.3450 ~ 19.00 2 6820 65 .74J
50CO 5 .ooco 72 _~8C O. :26 ~O 1994 0 1 JO:;O 66 .49J
5050 5. 05CO _303C ]7640E·02 1994 0 :'.3]";' 50E· 02 66 .49J
51CO 5 _lOCO .:.5. "74C 9 1'9970£-02 1994 0 6.214.60E·)2 66 .490
5150 5 _1500 -':'0. "i7C 9 .46960E·02 1994.0 2.91150£-J2 66 .490
5200 5 .21]00 ~8.05C ~ lC920 1994. C C.36310 66 .490
52:0 5 .2500 41.500 0 11090 1994 C 0_ 4.) :.90 65 _490
5300 5 _3000 ·2C ,630 .97540E-02 1994 · C .lC670 66.490
535C 5.3 SOC -68 ,2'70 585'70E·02 1934. C 1. :'690 66.490
540C 5.4 JOC - 36 .070 .645SJE-:J2 -70.630 1,5580 67.400
')45C 5 . 450e -19. 190 · 00080=:·:)2 1994.0 9.2~':'50E:-02 67.400
5SCC 5. S JOO 6S . ,"70 O. 1':'4):) 1994. G 1.: '76J 6'7.400
555C :.5500 95 .520 O. 1275) 1994,0 2_268~ 67,40e
560C 5.6 JOG 59 890 0, 1097 :) 1994.0 0.8994::1 6'7,40C
5650 5.650C - 37 .710 5 · 07120=:- 02 1994.0 0.J5660 S7 .40C
5"700 5. "7 ;)00 - 95 450 2.226]OE-02 -71.190 :'_331::1 S8 , '540
5750 5_ 7 500 · 8 ~ . )60 1.90910E-02 1994.0 .:. _7 4)0 E9 .000
5800 .8:)00 ·31 580 4.506/0E-02 1994.0 ).250~0 59 000
5850 .85',)0 60 _720 9.13610E·02 1594.0 J.92460 69 0)0
5300 .90')0 9' .700 C.I0E80 ~ 1E. 00 2.2490 69 C40
5950 · ~500 81.370 0.102'0 199" . J 1. 66.:.0 69 C60
60)') .00)0 8.86':) 6 5S910E-02 19'34. ) 1 9 i ::l60E-02 69 C60
6050 05:)0 - 3E .620 4.31770E-C2 1994. :) 0 3]6 ~O 69 · C60
61::10 1000 ·53,680 ~. 46.21CE·C2 1994. :J 0 7226C 59 C60
6150 1500 '26.430 4.8286CE-C2 :'994. :) 0.:"52e 69 · C60
6200 2COO 4.6920 6,3899CE-02 :'994,0 S,5222CE·0) 69 · G60
625,J 2500 24.1.1.0 '7. J6380E-02 ':'394.0 C. ':"5~0 59 · Co6J
E ~O;) 300::1 40,9:0 3 ,20630E·02 :'394. ° e.413"0 69 _06~
E ~5::> · ~ 5eo 4] _790 8, ]51:0E-02 :.394 0 e.48LJO 69 .06::1
E4CJ · .aoco 25 .7 5C 7. 436~OE·02 1994 0 e.17950 69 .060
6'50 ., 5CO ·6.'47C 5. 83110£-02 1994 C :_042'OE-02 6, _060
65CO ,50CO .]). ]SC , .48160E·02 1994. C 0 27'900 63 .060
6550 6,55CO -20,85C 5 _1C880E·02 1994. C 0.lC900 63 _060
6600 6.6000 2.684Q 28910E·02 1994 C ':'.907<.0£-0] 69 · J60
5650 6.6500 31.90G "7.75440£-02 1934.0 0.2= 510 59 · :J6C
-S70C 6 .7 OOC 19.290 121E0E- )2 1934 .0 9 .32~lJ::-02 69 _06C
6" 5C 6 .' soc ·2C.270 5.1379JE·:)2 1934,0 0.103CJ 69 06C
5g0C E .9)OC - 9.9900 '70J€)E')2 1934.0 .1268)£-02 E9 OSC
69SC 6 3503C 2.9230 .)01l::lE-;)2 1994.0 2, 14 )3:J2 -03 69 .06C
65000 05.9 :)QC 2S 790 .59840E-02 1994.0 ~ .2078::1 "9 .06C
695(' 6.9 SG0 ..:.4. 3~ 0 6.90550=: 02 19So4 .0 .6225:::=:·C2 E9 · DEC
7000 " · JO'}O - 32 630 ,,- 51eOOE- 02 1'394 .,j . 2€ E90 E9 .OE0
'7050 '7.05·)0 - '5 _730 3 _SEC"70E-02 IS'3<. .0 524S0 E9 DEO
; lJO 7.10JO 12 .700 6 · "791.30E-02 159' · 0 , 04200£-C2 59 CGO
":' 150 .... 15)0 ,9 =9:. c _10:'50 199' 0 1.5690 6'3 0150
;2~O 2C~0 105 CO O. 140)0 318.00 '": 680 71 680
7250 .25::10 -St .2]:) O. 12680 1994. J 1.1:)00 72 · )00
'7 )00 3COO ·56 , 5C~ 5 .01950E·C2 19'34.0 1.1::19C 72 300
7 ]5) 3500 - 9' , SCO 2.5673CE-C2 . 69 380 ~. "791C 74 · 480
""40:) 4COO -79 .220 -5.0545CE-C2 - 69 ~e::l 1 574C 80 .9'0
'45J 450) ·23 .4CO ·4.3425eE·C2 :394.0 o. :]"7 3C 92 .580
" SC::l 5GO') 72 .' 10 ~.5591CE-C2 , ~9 CO ~ 2E C 8' .6'0
"7550 5 5C:J 85 .640 ;.6275C£·02 319. ('0 1.8'OC 87 ~, )
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7600 7 .6000 :.01 lC O. 124 cO 31 · :)0 2 562C 91 150
7630 7.6500 4J 820 3. a83902·)2 19 • C G. 4 S :50 91 .440
7"10e "7 _"1 :)00 ·4,2.J10 5. 36340E-')2 19 • 0 0_44900 91 .440
77SC 7.730C -68.090 ·.

2i700E-'J2 c3 4 0 1 1620 91 . .:340
7 gOO 7.300C ·34. lEO 2 06800E·02 . 69. ~EO 2 C430 '2. 360
7950 i . 3300 '46.410 • 224~OE··J2 :.729.0 e.62290 92.3E:J
7900 "7.9000 :e. 5 50 =24~OE·02 :.729. a J.27='8CE- J2 92. ~8:)

71350 .9500 11. 5 30 7 =8190E·02 C7 29.0 3.9229CE - 02 92 . ~ 80
B00a 8 .0000 38.3.c 9. :'2560E·O" !.729 .::> a.4251C 32. J80
8050 8 .0300 0.5793C 6.9,aEOE·C2 ,729.0 iOSOCE - 05 ~2. J80
81CO 8. ::'OCO -:5 _86C .991:CE·C2 1"i 23.:) 7 2;380E'02 32 380
8150 8 _1 seD -: _<8.0 .8225eE·C2 1"1,,3 _0 .)E"15C£-0':' '2 JBD
8200 9 .20CO ·29 EOO ;. 1968CE-C2 17,,3. oJ 2S3~0 92 380
8250 5. "seD . 23 900 '5.S2620E-02 17 29.0 H520 S" 390
!DCO 8 JOC:J . 5. ='540 6.564COE-02 1"'129 .0 025':02 C2 9". BC
935:J 5 J 50) 3:).270 8.63910E-02 1729 .0 0.265CO 92 .39C
940:) 9 4000 83. aco C 11750 1729 .0 2. I) 3 1::> 92 _38C
.345,) 9 ~ SO·') 39 Sl3:) C.13:'20 1994 .0 2.454) 93 .26C
a500 9 5CO') J3 .93:) 9.83990E-,)2 1934 C 0.2567:) 93 .26C
03550 9 .55:)0 -:; E450 .67448:::-:)2 ::..934 · C 2. j32;10E 02 9) _260
66:)0 9 .60:)0 '69.900 •.t55211:::-J2 199< 1. ,,250 93 .260
ES50 9 .55:)0 - '9 C70 5. E854J£·02 1931 C 6C470 9~ .270
E7JO 8 .7000 '9 8:)0 O. 1C630 199 ::. 0 0.62290 93 _270
E730 o3. i 500 105.40 O. 13590 319 00 2 7870 93. '20
E800 8.8000 129.10 0 2 ... 030 ~19.CO , 1790 1)0 80
8850 6.8500 12< 00 0_ 23920 :394.0 :).8590 10' 30
8900 e. 9 :JOC 1.9250 0 17€9 r. :'?S4.0 9.2369CE·04 lJ4 .30
99SC E 9 soe ·21.830 0 :'65GG 1994. :) 0 :19 SC 1':-4.30
9:)OC 9. Jooe ·75.42C O. :.39:'0 1994. J 1.426C 104. :l0
:;'OSC 9.0500 -54.29C O. :'0:. 37 C 1~94 . J 0 7391C 1')4.30
:l10C 9. lOCO :'0.99C O. :815C 1=90:. . J ) C3:)60E-02 ~04. 30
9150 3.15CO :'6 _7 JC I) . 1844C 1990:. 0 7 elE40E·02 104 .90
92CO .20CO 20 _4=0 I) . 1862C 1994.0 0 lJ490 104.90
9250 . ~5CO ".2360 0.19060 .!.994 .0 2. 14960E-02 104.90
S 30:) .3000 - 6. 51CO O. 17270 1994.0 1 .OE2EOE·02 104.90
~ 35::J ~ 50J - 2::>. ~70 o_ 1E 580 1994 .0 O. 10410 10 • . 90
9400 4COO - 12.730 C _15950 1934 _0 0 .26 a7 0 104 _90
9450 .4500 -22.050 C.lE49:) 2934 .0 ').12 :..9::> 104 .90
95:JO .5COO 476') C _179'i 0 19='4 .0 1.4019:)2·02 104 _9C
9550 .55:)0 63 57·) 0_ 2079 :) 1934 C 1.0:.JJ lC' _9C
9600 .6000 56 150 O. 20.:.2J 19='4 · C (I. "19650 1C4.9C
9650 .65,)0 9.5780 ". 1E03') 1994 _0 :'.945J0E 02 1C4.9C
9; OC ."1 :)00 ·56.920 0 147.,10 1994 J 0 9:'2':'0 1C4.90
3"i 5C 7 soc - 35 <20 0 1:260 ·62.520 1.5300 1C6.60
380C 3:l0C - 92.390 37730E 02 . 62. 5Z0 1.7280 j, 10.00
995C 3 350C 19.810 0 12530 :'394. a 9.34400£ - J2 :"10. CO
9900 9 . 9 -Joe "'19.570 0 15530 :'394.0 1 58BO :'10. CO
9950 :;'.93CO 95.170 O. :63CO :'994.0 2.2720 :10 co

MAXIloll-'N DUCTILITIES "-'II) EXCURSIDN RATICS..-_..... -- ..._.- .-_._-_._. -_ .... __ ..... --_ ..
DISP:';'.CEME:N1' DEFINATION: :.Jl. 3.488 EC- 2 '68
EC~ERGY DEFINA7IOl' ~1 , :J2- 36 _31 E2- 36 .25
~ERGY DEFIN.~7IOlI ~2 , :JJ- 2.9J8 E3- 2 _.C9

.- ...... _--- ..... _-----_ .. _ .. _---
MEl<CRY :JTI~IZATION

IZ- :2139. MEM- 1. 7 3411l
..... _-_.- ... _--- ---- .. _----_ .... _.
ELAPSED CPU TIME C. 32 SEC ••• _w

TOTAL CPU TIME 218.98 SEC ....•.. _-- ...... _- ---- ...... _-- ....•

STRCCTURE_ T',liC-STORY TRUSS S7RUCTURE TIME, 13: 0:.9 '05. DATE: 12/01/9:)
SC:'CTICN. sTRUCrJRA:. :tESPCNSE DUE TC 194C EL CEtlTRO E-W ;:CM?CNENT TIME, 13: 49 ,05. OAT=:: 12/01/90

DEGREE OF FREE~ " 7 IS REAl: :ROM LllI:7 ~ 27 JCINT , 6. DIRECTION, FX

,s7EP TIME L:JAD n:;:SFLACEMEh'"T '/ELOCI:Y .~cr;ELER)o.TION

0 O. :)0000£.00 e.ooCCO,E·OO ::J.OOOOOE·OO O. ee:Joo£+oo O.OOOOOE+OO
50 5_000COE'02 0.562)2 2.3123EE·C3 8 86227E·02 1.485C

CCO 1_000COE·01 0.75374 9 31945E·CJ 0 17423 -0.2306)
C50 C.150CO 0.9,,929 1. 634C5E>02 9 01561E-02 .1. 8919
20D C.20000 0.46752 1.86368E-02 ·2.309:3E·02 - 3.3528
~50 C_25000 1.6317 1_ 53898E-02 ·6.48114E·C2 1.365)
300 0.3COOO 1. )133 1.28964E·02 -. _23889E-C2 1.31:2
)5Q 0.35COO 2 4767 1.19839£-02 4. 34790E ·C2 4.9028
4:J0 O.40COO 0.94643 2.13933E·02 0.26888 -:'.9134
450 0.45CO') -1.6213 2_'5666E-02 -0.27073 -:•. E.2
500 0.50CDO 1 1052 .:.. 74353E- 04 -0.54292 5.5928
550 0 55C:JD 2 4684 -:'_':'3550E-02 4.81462E-02 ".233
500 0 60000 0.28::>12 -3_4429'E-03 O. 2E :"IS -3.8905::>E:-C2
550 0 65000 1.5196 1.06500:::-02 1).33309 ].13)5
700 0 .700)0 1.7250 2.8946 4E· 02 0.32705 . 3.5088
750 0 75000 - 3.6530 ].19526£-:)2 ·0. 3E 374 - 22_ 3C1
800 0_ 80000 -9.0514 -1.;5993£·02 .1. E 519 - 25.74:)
850 0 85000 -4.5005 '0.10885 -1. E:59 18 ';72
900 0 90000 ·6.62' = -C.15943 · 0.35223 25 373
930 0 95000 -; .5838 ·0.14804 0.79305 20 282

10'JO 1.0000 -; .1116 ·8.84156E·)2 ':.4931 -;.2429
1:J30 1.0500 - 1.3427 ·1. 21.2B7E· J2: 1.4434 . 6.4".24
1100 1.1000 0.81396 .;."1:90"1E-02 C. 877;) -11 .D9
1130 j,.1500 5.7181 8."16209E·02 C. 8 3119 -5.7713
1200 _2000 -2_2650 0_10697 -C.35636 -':'0. :.84
125C _2500 . .i.0. 248 ).23713E·02 - 2 66103 ·':'4.272
130C .3 :)oe -:'1. 9'4 - 0 14250 - 3 ge2S .:..9703
:35C . j 5·JC -:..:.." II - O. 3Ci 25 ·2.3'46 4,5.458
HOC .4 JOC - :3 . :. ~6 - oJ 36874 -C.:'96EO 39.2:J3
l~ 5C .4. 50C ·9.J979 . 0.3:993 2 ~OE9 5'.884
1500 5'JGC C .94("'41 - 0 13478 4.9H;; )7 6;0
1550 1. 55CO :D 979 1 1);40 5.523C - 1~. 057
16CO 1.6 Geo 10:. .530 J ~79'; 5 3.7538 -oJ .455
1650 1.65CO 11.949 0 46"169 ·0.544.52 -90 . 6"1 ~

17CO 1.70CO '7.0C62 J J2929 ·4.725C ·6" . 315
li50 1.75CO -1.9799 , 67364E C2 -6.4658 -E 6394
16CO ~ .60eo -lJ.966 -oJ. 2714 ] - 5. )897 '9 235
165::> 1. 65C::> - 19.952 -" .453]2 . 2. e90=, 7!. _3E 1
1900 1 .9000 ·20 82' - 0_ 48665 1.0467 6 ~ . 597
1950 1 .950::> ·10.67 t - I}. 35622 4.1465 3S.314
2COO 2 _CC'OO ·:).5:'82:) -.:I.92228E·C2 6.14 E3 12.8"'1 )
2C50 2 C500 9 6]4,€ 1).2::>77 ) 2E 56 -41. ;02
21:)0 2. lCDO 13.;1 04 0.4:)926 2.5393 -71. 667
215') 2 1500 2 2Si9 0.43225 .- 83G3 -97 .87 )
22)0 2 2CO') - 9 3683 0.21636 -6.5066 ·81. 27,
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225C 2.25CO 1.304' -C.16400 - ';'.1891 73.86,
;Z):)O · JO;)O ':'5. :)90 ·0. 360:6 0.226:'C 1";', .36
2350 2. ,500 5 C999 -o. :,7 e 1 :'.6375 }6 _350
2~:)0 2 ~COO -.8895 O. :1362 5 C54 J ·515.214
2'SO ." 500 - 12.250 O. 25595 -7.70495£·'J2 - :36 .29
2500 5COO 14 .283 o. :2E 5 J - 3. e'5 94 9.3195
2550 .5500 2526 - 2. 4);;;6~E-02 '1.6699 4J. ~35
2600 6 COO -0.95,06 - 3. 584:"2E-02 -0.99'E6 - 6 2887:!.E·02
265:) 6500 5.15256 - o. 11789 0.29i5C 60.115
27CO 70CO 15.9 J' - 2. 17201£·02 3.4392 46.826
2750 .75CO 9.1392 0 17193 > 6619 -]0.333
26CO 2.60CO 2.3417 0 29175 C.65513 - 97 . 099
2350 2. a 500 6. aS6~ 0 22492 - 2 9439 - 49.223
2900 2.9 ,j00 -C.23693 , 59292E·02 -. 2H3 - 5 3090
2950 2.9500 3.56: i - 0 16693 - 3.1694 5J. J1:
JOOO 3.00QO ' .61C4 ·0 23634 1 0387 99.025
3050 ). Csoc - 2.5555 -9 34694£·02 , 8245 C.10624
HOO , 10QC 8.J2'1l 3439€E·02 2 2cn · 34. C/.2
3150 15(.0 ':1.4C) O. 14540 1.3280 -5.2819
3200 .200C 5.9270 O. 115700 -4.44S89E- n - 4"? ,484
325C 3.2500 4.5398 O. 12"05 - 2 2942 ·23.26";'
3300 3.3')OC :1.22" 1- 2:801E- n ·1.6426 34.590
335C .3500 C. 'E J:2 -, .59128£-')2 ·0.52C99 6.3987
340C ,. 4 'JGC ·9. E9E 1 -6 .791E1£·02 -1 OC09 · 22.336
]45C ,.4 soc ·9.99:0 - O. 14"€ 3 -1 3473 Co. 4 :5,/
}50C ,.5JOC ,

E923 - O. 22119 -0.332J8 ,9 583
~ 5SC .550C ·C.6E294 . O. 20531 1. E :8E "3.784
]60C · E :)OC :.3905 -, · 9j,419:::· J2 3. 2C~4 14. :61
3650 .6 SG0 -4.804C · 12429=:·:)2 2.2298 -5J. J]7
]7')0 · "';" ::'00 · 5246 C.I0219 -1.1673 6' 535
Ji 50 · i 500 0 ~:H09 -6.00282E-:)) -2.5019 1.703"'
3800 .80;)0 - 9 8g, : - C. 12615 - 2,3401 '2.0494
3850 , 85JO 4.0076 -C.21esa ·0.;1232 69 719
33:10 , :-to:)O 5.3495 -C.1E355 2.8511 6J 66'
3350 · ,500 - 2,51/0 2.71318£-02 '.858J -" 453
4CJO , .CCOQ - 17 .3 J9 0 13620 -9,3142]E 02 · 110. C6
4C5Q •.0500 5.6982 :.S876"E-02 - ~. 6232 6.027 J
4100 • lC:)1) lZ. / 91 -0. 1:)058 -0.42695 8J 3C'
4 :50 • 1500 7 6105 -3.65762E-02 z. .:.135 :, 079
4200 • 2COO 9 3903 6.5/551E-02 2 )06] - 2.4124
4250 • 2500 9 C; 9E 0.19/67 87Cl -J5.0e2
-1300 • 3eoo J.40854 0.22117 n:5 -78.62,
4350 • )500 -, .2625 6.82JC4E·02 -. . ~752 -41. 4:0
4400 , 4C00 -14.513 -0.18993 -, .5128 0 8E 482
4450 , 4 ~OO - 10.515 -0.42889 -, .4.09"1 73.300
4500 • 5eoo -16.990 -0.52928 .. 3300 -4.4890
4550 , 550O -. (:804 -0.61446 -2.15: 7 -:..1. 6:0
4600 • 6 COJ 9 8286 ·0.7:)564 - 0 7330) 76. :)75
4650 , 6500 10.863 -0.6295C J.5980 57.4.::;1
470:) , 7 COO , 3232 -0.42515 J. 7 505 · J5, S~4
475J , 7500 B ~110 -0.27 829 2.45J6 6 0:)5:"3£-02
4600 , 8000 B C649 -O.134C2 J, 69 35 41. 956
4650 • S 500 9 61;4 9.2236j,E C2 4.9264 ·12. :)05
490:) • 9CO:) -1 2022 O. 2,986 1. 9324 - 35. :)93
495:) • 9~00 12. -: 29 O. ~047 : -0.~8886 1.'619
50CO 5 OOCO 0.a7823 o. 2S9~~ - 0 83696 · 4C. 652
5050 5 ·o~oo J, :580 o. :8347 - 3. C917 -9,8051
5:C;) 5. :0CO 12.71/ E 7869~E'02 ·0.684.03 a1.535
5:..50 5 .15CO 5.6120 0 :"140~ 1,9378 14.348
52CO 5. 20CO '1.0934 0 20572 1.4106 '25_'EC
5250 5 .2500 -7.9988 0 23308 -0,60197 ·58 _SiC
5300 5. 3000 - ,. 181 O. 12315 ->.7289 - .9 147
53SC , 3 soc ·J.OC89 -, 5867 8E- 02 - J 2'794 6Z.'47
540C 5.4 -JOC 8.1631 - 0 13554 1.233Z 103.59
545C ,4 SOC 3. S~ 3 1 J 56993E 02 • 9626 1:".204
5500 _5JOC ').5423 O. 2812, 4.0116 -69.072
5550 .550C . 5.9::7 O. 37231 -C.6415~ -100. /7
5600 5.6:)00 - :.0:70 O. 24322 -, 8940 ·31.652
5650 5.6500 - 8 3640 2. 49593£·02 -.5446 3.5766
5'00 5.; JOO 5,1443 - O. 162/9 - 2 0651 103. :)1
5750 5.; 500 -.2.9102 - O. 14495 2.3957 57.957
5800 5.8000 - :.9346 1- 547932-:)2 3.5881 , 4C07
5950 .85')0 4. J6GC 0.19274 ,. 3466 - 15.290
5:;100 .9000 1.2847 O. )2216 1. 3326 -69.976
5350 .9500 - 5.5402 0.29110 -2. E039 -'4.971
6000 .0000 4 .2884 9.55C96E-02 .. .3573 20.622
6050 .0500 4.8074 -5.87240=:-:)2 -1.4:i.61 71 J" 1
61:)0 · 1000 -2,9604 - 5. 23208E- 02 1.2984 28 246
6150 15JO ·3.5240 2.4753~E-02 1.4019 -1' :80
6200 2COO -1 7896 8_15612E-02 0.95839 - 3. /766
6250 2500 1652 G_12812 0.~~644 -0.96995
6 ]0') E ]COO 2 2; 96 0,16755 ).51169 -:!.~. 076
E ]50 J500 1 6600 0.1/781 - 0 1':,988 -:8.926
640:) 4000 - 1 694/ 0.14398 -:.2041 -:9.E~8
E45:) .450J - 4. :i.419 6.4]l?CE-C2 ·1.8470 ·1.E964
E5CO .5000 2 ,5'9 -1.65421E-C2 - 0 96477 43. :)01
E550 5500 1 5S84 ·2. 62u~2E - C3 1.4346 ~ 5.452
66CO .60eo - 2. :136 9.2993:E·0Z 1.9' 08 -1).877
6E50 .65CO - 5. 5134 o. :5973 0.'8218 - 4C. 21'7
6"'00 6.70CO - 6 .3982 0 :3469 -1.4154 - 34.241
67 =0 G. '7500 1,81C1 29826£·02 ·2. :52e 25.423
5800 6.8000 8.4790 -6 55243E-03 0.96400 67.055
6950 6.8500 '1.5828 9 .6J896E-02 2 451: ·14.617
5900 6.9 DOC ·11.644 O. 17092 9.2915E[·02 ·67.261
69SC 6.9500 - 2.6 :.97 O. 11229 - 1 9186 '11.23:
700C .ooac - 9.0368 5. 8:651£ 0, - 2 2'744 - J 3475
~ J5C .050C 11.679 -6 .76043E 02 C. 1 851~ 90.7:)2
710C , . 1 :)OC 12.3 J5 5. 20344£ 02 , 3 ~91 5E . C94
715C 7 150C 4.:!.603 O. 26853 '.lE05 -5E.446
, 20C · · ~~cc 4. J:47 O. 40035 159'2:::- J2 ·37.561
,250 .25';C' - :0. 5sa 0 2331S' -".3955 - 5~ . 459
-; ]JO · ).:}·)o .4293 < · :)6128=:- :)3 - 5.9933 21. ]07
7 ~ 50 35J0 : · so 3C .c. 21764 ·2. J70E 110 05
"7<o:EI ., OJO -1 .8427 -C.20482 1. 9279 <l ;Z31
7450 · <o5JO '7.57" : -7.24450E-:)2 ].1959 19 773
'500 5CJO 3. <092: C.114~<O 4.1733 1 7688
'5:;0 5500 5 · <OS 5~ C.29123 2. J561 ·6~ J2J
'"'60:1 .6C::>0 -1. 1234 0 32288 .. :)915 ·58.61:)

650 .6500 -1. JE 94 0.21423 -3. 0474 ·]2.92;
70c 7 COO - 2. 5643 2 _8E04)E·02 -J . ~6 81 :6 .9C5
"75::> · ";' ~O:) -> 0:220 -0. 1l~53 ,2365 68 565
5CJ 600J -E 8887 - Q. 1J~29 .2559 26 .7C9
850 · a~CJ -, 8i 40 ·2. 19781E·C2 0161 :6 .966
S00 .90CO - 5 9262 9.457CCE·C2 Z. 332" .' .:J_'
950 .95CO - J 9902 0.16644 0 30372 -42. 802
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80:)0 6 , 0000 ').2.5244 0 :..:.999 -:). 61S3 3 - 2 6309
6C50 B CsOO -3 3115 c. :'09Q6 · 1. 14':'9 · IE . 010
8100 B. 1COD 4.13:)a 4.57637:::-:)2 -0 9 3Ci 2 31.5':'8
6150 9.1500 - 2.2843 4 . .366:)6E-02 C."';' 3792 IE. :'IS
E2JO 3.2000 -1: _6 36 7. 16575£'02 . C. 14451 ·':'4.C84
82S0 a _2500 - 1. IS 10 , "68E9E'02 -1. 3667 25 _215
B300 a.3000 13.1S8 .97397£'02 1. 939: "1.3.918
8350 8.3500 1.6697 17164 3.3252 - 2:'.533
8400 6 _4 000 9.9647 29BOO 1. 7-517 · 24. 2"'? 3
8450 5.4500 ·2.1992 3); 58 -0.53"126 '6'7.522
8500 6.5000 -2_4225 22881 · 3.5927 · 42.635
855C 6 _5 sac 4.E673 96J79£·02 - 3.01:'9 53 .677
86IJC 6 E JOC -5_3:26 - 5 20376E-C2 - 0 92739 30 _E2'7
BE 5C B.6 SUC 13 . CC7 -3 .735C9E-C2 ,.0264 59 .494
B7QD 8.7000 lJ 522 'J, :-5345 5.4SCQ 25. 'lB
B750 B.7500 8.6C9"'i 0 . 41716 ] _7E23 -75 .t:.c
Baco g.aoeo lJ B17 'J. 5::1945 0.17972 -4B 977
8a50 g.oseD 3.390S Ij. 4' 050 ·~.6'Jl5 - 34 7C;
99CO 8.90G:) - .3.2519 C'. 3:>383 · 4. :)159 ..p 082
9950 a. 9 5C:) 4.4-522 G.12310 ·3. :>621 7) . 610
90G:) OOC:) :).54254 49:'65E'02 O.4E609 57 477
505:) · C150J -4 CIS? 0,12743 2.0E,a 15.7'4
9 :00 _:COo - 2 5324 C.24461 2. 44:J 2 - 5.5542
9150 1500 _ 7 8521 C. 33325 C. Sge12 '51.640
9200 2eao -7 79:>34£':)2 C.29026 -1 8416 -7 2380
9250 S .25:)0 7 .30:>4 0.22811 -C.2:896 38.713
93:)0 9 .30::>0 ·4.5624 0 24'01 0.37222 '17.626
9350 9 · JS.)O - 1:.224 0 22257 -1.417C - 3,. 09C
94::>0 9 · ':'0:)0 .46.;1C 0 14537 -0.99671 47.652
9'SO 9 4500 .1":'49 0 16440 1,6299 37. :l57
9500 9 _5000 .3.39QC 0 2718 :. 2.3166 ·1.;32C
9550 9 .5500 :'.7 S 62 0 ~":'994 1.7247 '29.954
360C 9 · E :)00 ·4. E6 33 0 40976 - D. 81513 '67. :)79
365C 9 · E 50C - 9.33)1 J. ,S"'? 34 -, _SE05 - 38 _BO)
9" DC 9 .7 JOC -).789'.5 9 ES879E - C2 -3 .3S01 .;1 3.640
375C 9 .; 500 -11 301 -2.C69~7E·02 06C9 39.146
3800 9 .80CO 5.073:) -1.70479E·02 .- 4219 61. S90
9850 9 .85CO B.2596 oj.137)8 4 _59B2 40,732
99GO 9 .90CO -,. J 11:) oj. )"7230 J ,7105 · E5. 962
9950 .9 seo 2.6609 0.43025 -1- 2557 '75.455

--- ... _---
MEMORY CTILIZAT:CN.,. 12139. M~· 1.734%"
_ .. ----_ .... _.---- ... _ .. ---- ..
ELAPSED CPU TIME C. 31 SEC
TCYTAL :P~ TIME 219.29 SEC

....... _-- ..... _--.-- ... _---._ .... _----- ..

Gdof are printed for the six dof of each joint. SffIx -C denotes a constrained, 'slave'

dof. SffIx -R denotes a restrained dof.
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Figure 39. Hysteresis Loops of Member 8
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D. FOUR-STORY SHEAR BUILDING

1. Description of Input Information

Figure 40 shows a four-story shear building. each column's moment of inertia of is 4838.85

in4
. Modulus of elasticity is E=3600 ksi. Masses of individual floors are 0.252, 0.288, 0.288,

and 0.29 k-sec2/in. for the fourth, third, second, and first floors, respectively.

Response spectrum analysis is performed on the structure with consideration of all modes.

The SRSS modal combination method is used in the analysis.

2. Input Data

ECH::> CF ISP:J:' D.~TA

.80. . EO .. , . I ••• 70 ...

DeOODO
OOOOGO
coooea
coaoc:)

... 50,

'J C
o 0
o a
o a

.40 ..

oJ 0
o 0
o 0
o I)

1 C
1 0
1 0
1 0

COSDlE
: ~EST?..A:Lr·i·'T

: ~ESnAIN":'

~O .

2
3

•
4 5

::l a :) e :) e
000000
0000:>0
000000

o 0
II

'J
o 039
1).062
o. :55
1. :3

a .XLIH YLIH ZL1M

7:

.. , 10. . . . . 2C.
I STRUC':'TJRE CEFIK~TI:J~ I

I Sbi ?:YJR STORY S:iE.\R 3UILJING I

5 1 ;2 0:) 1.0,) h"NODE,NC:JS,NStJPT.~C:::ND.NCONST S:::ALE
1 0 30 :). DC 0 00 1 J
2 0:)0 ·J.DC 144.00 1 :)

C '')0 0,00 27 c. aD 1 0')

4 COO O.CO 396.:)0 1 I)

8: 5 a 00 I) CO 522.00 1
3: ICO 0:.(;

1:). 1 1 ... :. 1 1
11.201':'11
12. l ~..A':'

13: '3:>BE:P-.M I 3-500 140C 11.E () 0 J.95 967'7 "'/'5 3E77 ,"'145
14.: a 0 Q F~.LSE, KG: AX:', FORM. ASSY
15;.:. NELEH
16: '3D-BEAM' 'MEMBER I' i
17: '3D-BEAM' 'MEMBER 2'
18: '3D·BEA."I' 'MEMBER )'
19: '~D·BEA."f' 'M~ER 4'
20, 4 1 .FM.SE. MASS
21: 2 J.29 O.~3 C.29
22, 3 J,288 0.289 0.288
23: 4 ').~8B 0.288 0.288
24 5 I) 252 0.252 0 . .(;52
25 0:) DAMPIKG
26' 'SCLOS - SOLL-rrON'
27 I RESPQSSE SFEcrRl"M ANALYSIS I

28 'SRSS METHO::' 4 e.:)5 1 .5 4 I I::QM to.'l<!ODE DAlo"..P NA NAr IPRT
29 J 10 NSTEr ~IG
30 1 'DIS?' .TRUE. :ASCALE,:JPT:ON,PRIYI'
3: 1 I] C C 1 C
)2 1 : IC:R
)) 0
~4 0 124
~5 0 154
~6 I) 244
~7 0.723
38 0 J
39 'STCP'

Lr~E
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Figure 40. Four-Story Shear Building
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3. Output

STRUCTl"RE .
SOLU7ION .

J FCTJR STCRY SHEA..~ BCI LDING 7IME: 11:22-40, C'ATE: 09/29/93
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D:RECT:l:OS COSISES

cose 1: VX: l.JOCCO ... :) ocooo J +0 ;):)OOJ K 'lY: 0 'Jeooo I ·1.000:)0 J ... 0.0CCOO K \,''Z. :J.OC:JOO I +C.00000 J +1 COOOO K
STRr:::-rURE.. EXAMPLE S' FOUR S,:,:::RY SHEAR BUIL:JING TIME: 1.:22.4C. DATE. 09/29/93
SC:.r:TICN.

j·D ELASTIC B'=:AM ELEMENT

1 ] 600E·C3 1 4.COE-03 1:.9

MA7L. >J( :Z

0; 6i8E+:)~ ::I .67BE+03

S':'Rl":::"TURE.
SOLUTION.

EXAMPLE 5' FCUl~.. STORY SHEAR aUII"'::ING TIME: 1l:22.4C, DATE C9i29/93

£L.Et-.ENT :jB, )D BEAM ELEMENT

PKG
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1.000
1. :Joe
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0.00002·0:J .ooeo:: oo
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y
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-I

COOOO
.O:JOOO
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"'EMBER
"'EMBER
MEMBER
~EMBER -4

STRr:::"'I'U'RE •.
5CL~TION...

LIDlPED ~OtE MASSES.......................
SCDE MX MY HZ :XX IVY IZZ IXY IYZ IYZ IGEN INC
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• 0.2BBO 0.288C 2BBO COOO£+:JO OOOCE·vC 0 . JOOOE·OO o. OOCOE+oO C.oce02+co C.OCC02+00 0 0
5 0.2520 C.2520 .2520 CO DOE-DO .OOOCE-OC O. OOOOE+OO C .oeeo'£+co C.OCCOE+OO C.OCCOE+OO 0 0

THE MASS MATRIX IS NOT CONDENSED jolITH THE Sn.~C':'URAL STIFFNESS MATRIX.

AL?HA· O. OOGOOE'" 00 3E'TA· O. oecoo£+oo

~ORY UT:LIZJ.TI:JN
...... IZ· 201~, ~E:M. o 28a'

EI.A.PSE::l CPl.:: T:ME
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0.:' SEC -- -- -

STRUC':'l'RE.
SOLUT'::O~ .

2XAMPLZ S: FOl"R STO:RY SHEAR BUILDI:SG
RESPCNSE SPE2TRU>l ANALYSIS

TI~: :1:22:40, tATE: :J9!23i9]
":IME: :1:22:40, CA7E: 09!29i9~

RESPONSE SFEcrRUH ANALYSIS ....
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FREQ I?AD/S£C): 8.6933
~REOUENCY 1HZ): 1.3835

?ERIOD ;52:::'): C.'2276
E!GEN'V'E~ORS:

DCF( Ii

144



[IOF I 21
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E. THREE-STORY FRAME-SHEAR WALL SPACE BUILDING

1. Structural Configuration For a three-story frame-shear wall space structure, Figure 41

shows the structural configuration.

®
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~7.73'

200'
..... ...1

Figure 41. Structural Configuration

Note In Figure 41, the number in a circle stands for element type, where

1 Box bracing member

2 Inelastic-3D beam-column (bilinear hysteresis model)

3 Finite-segment element (box-section, bilinear stress-strain)

4 Long-direction girder

5 Short-direction girder

6 Shear wall

7 Perforated shear wall

8 Elastic-3D beam-column

9 I-shape bracbg member

10 Inelastic 3D beam-column (Takeda hysteresis model)

11 Spring element (bilinear hysteresis model)
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12 Finite-segment element (tube-section, Ramberg-Osgood stress-strain)

2. Member Sizes and Material Properties

1 Box bracing member

L(length)= 250 in, 0 12*6*5/16, A(area)= 10.6 in2, r=2.5, Llr=99.6

2 Inelastic 3D beam-column (bilinear model)

W12*65, A= 19.1 in2
, Iy= 533 in4

, Iz= 174 in4
, Zy= 96.8 in3

Zz= 44.1 in3
, Jx= 2.18 in4

, Mpy = 3484.8 k-in, Mpz= 1587 k-in

3 Finite-segment element (box section)

o 12*12*3/8. Bilinear stress-strain model with strain hardening of 3%.

4 Long-direction girder

First buckling displacement 0.004 rad

First buckling load 2000 k-in

5 Short-direction girder

First buckling displacement 0.005 rad

First buckling load 2000 k-in

Strain-hardening ratio 3%

6 RC shear wall

Axial stiffness

Compression ~ = 7000 klin

Pre-yield tensile stiffness ~= 6000 klin

Post-yield tensile stiffness ~ = 60 klin

Yield force Fy = 2000 kips (for unit length)

Bending hysteresis curve

NSEG (number of points on backbone curve)= 4
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M (k-in)

"

7000 =====::====:::::::::=;=--6500:

5000 '

k-in

7000

6500

5000

2700

rad

4.0*10-5

1.7*10-5

0.7*10-5

0.2*10-5

2700 c.

I :
~ I
I

I
0.2 0.7 (Oy) 1.7 rad 10.5

(for unit length)

Figure 42. Bending Hysteresis Curve

V (k)

"
k-in in/in

::::;::::=;=-- . 200 5.0*10-3

180 2.3*10-3

150 1.1 *10-3

80 0.3*10-3

(for unit length)
I
5 (~0'3 )0.3 1.1 (Dy) 2.3

I
200 t-i----------------==__
lBOt-'-----~---

150--~

Figure 43. Shear Hysteresis Curve

7 Perforated wall

Plxial stiffness

Same as (6)

Shear hysteresis curve
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V (k)
~

P
AD

I
-!

I

I
<Ill I oil:I: \

I

I I
:I:i:.J1

I -.L
,- I I I I I

AV I
w'

I
0.46 (in)

180 C-'--------:>"'-.

Figure 44. Shear Hysteresis Curve (for true width)

L'= 90 in, w'= 75 in, AD= 0.2 in2
, AV= 0.11 in2

, LWP= L'/w

8 Elastic 3D-bearn-column

WI2*65, A= 19.1 in2, Iy = 533 in4, I = 174 in4 Jx= 2.18 in4
z ,

9 I-shape bracing member

WlO*49, L= 250 in2, A= 14.4 in2
, r= 2.54 in

10 Inelastic 3D bearn-column (Takeda hysteresis model)

In Figure 45, PC is the cracking moment and DC is the cracking rotation. PY and DY

are the yield moment and the yield rotation, respectively. PU is the ultimate moment

and DU is the ultimate rotation.

M

PU i
PY ===:;:::========-==--~

PC= 250 k-in

DC= OO1סס.0 rad/length

PY = 1500 k-in

DY = 0.00015 rad/length

PU = 1550 k-in

DU = 0.00086 rad/length

Figure 45. Bending Hysteresis Curve

11 Spring element (bilinear hysteresis model)
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EI= 1,000,000 ksi, M = 1000 k-inp , Strain hardening ratio 3%

12 Finite-segment element (Ramberg-Osgood stress-strain model)

~,
~ Belemllnls

""\

Figure 46. Finite-Segment Element

3. Masses. Sta:ic and Dynamic Loads

Tube section: 12*1/2

'< II , I
I "-L - -+-------f--'--~~

/
I

Figure 47. Structural Concentrate Masses

Static loads

Dead load (DL) for all 1100rs = 80 psf, for roof = 60 psf

Live load (LL) for all floors = 90 psf, for roof = 20 psf

(a) First floor

DL+ LL= 140 pst, slab area= 600*200= 120,000 in2 = 833.333 ft2

Totalload= 140*833.333= 116,666.67 lbs= 116.67 kips

Total beam number = 10

Uniform load for ~:ach beam = 116.67/(10*200)= 0.0583 klin
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Total mass M4 = 116.67/386= 0.302 k-sec2/in

Ms= 0.02 k-sec2/in M6 = 0.2 k-sec2/in

(b) Second floor

DL+LL= 140 psf, slab area= 200*200= 40,000 in2 = 277.78 ft2

Total load = 140*277.783= 38.89 kips

Total beam number = 4

Uniform load for each beam= 38.89/(4*200)= 0.0486 klin

Total mass M3 = 38.89/386= 0.1 k-sec2/in

(c) Roof

DL+LL= 80 psf, slab area= 200*200= 40,000 in2 = 277.78 ft2

Total load = 80*277.783= 22.22 kips

Total beam number = 4

Uniform load for each beam = 22.22/(4*200)= 0.0278 klin

Total mass M j = M2 = 22.22/386= 0.0576 k-sec2/in

Dynamic loads

(G)xFactor"•i
0.3 ---'

0.1 --:

4 Time (sec)

0.1 ­

I
0.2 _

i

Figure 48. Dynamic Load History

Note *Factor can be adjustable.

Load conditions

Elastic (1) Static loads

(2) Static loads with P-d effect

(3) Dynamic loads only

(4) Dynamic loads and static loads

(5) Dynamic loads and static loads with P-d effect
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(6) Eigenvalues, buckling

Inelastic (7) Static increment displacement

(8) Dynamic loads

4. Member and Joint Numbering

Figure 49. Member Numbering

Figure 50. Joint Numbering
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0.0144 0.0144 0.0144 0.0144

0.5 Rotational Mass

0.01440.0144

0.03ns

Figure 51. Joint Translational Mass

5. Initial Column Load for P-A Effects

Element No.

15
16
17
18
19
20
21
22
23
24
25
26
41
42
45
52
53
54

Accumulated Mass (k-sec2/in)

0.01440
0.01440
0.01440
0.03940
0.01440
0.03940
0.01440
0.03940
0.01440
0.03940
0.01440
0.01440
0.13382
0.13382
0.00578
0.17930
0.17930
0.10430

Force (kip)

5.5584
5.5584
5.5584

15.2084
5.5584

15.2084
5.5584

15.2084
5.5584

15.2084
5.5584
5.5584

51.6540
51.6540
2.2310

69.2100
69.2100
40.2598

6. Input Data
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:cnrr CC1'-S7RA:t.'T
,Jcnrr Cm'-STR.AINT
,Jo:trr CO~STR.AIN7

JO:NT COt-5TF...;IN:'
JOINT :O~STRAIN7

JOI!'."":' ::O~S7P.AI~""

J:JI!'>.'7 C:)YS7P"P,IST

3
-1
C
-1

12

,
S
5

3

:3

3
Ii IE

2
19 21

16
P

"2
2::::
2'

1~ 1::::
1~ . l

•
2

9
2

S

~OO

30,)

30C

3CC

1
o
o
o
o
C
o
o
'0

C . co 22='
0 C'( 22 ~.

2')": 225
2:,J 223
1::1':: 223
c 0" 15:)

1CC 92.2-
2CC :..=c
J
100 150

::'0~ 13[' 63
C ..)Ij 0 OC
C
2ao '::0

:CC 0. OJ
1CC CJ
1 0

.:. oc
6['C
6 :J.:'
, 00
5C:'
C .00'

2GC:
'7 GC
E DC

-200
300

2J::I C
(: 3:' ~}

2S

27
20

2::J:::>
32 50·J

1 - 20C
36 7 8e .6
3' '7E8 .6
: c
2E 1 1

9 0
1S 0 0 2 2
20 C 0 2
26 C 0 1 1
2- C' C 2 2
36 1

"0
3E 0 0
1 1
1

1:::
H
15
:5

1
2C
2:

'TH?..E.=:· STO;'Y BUILD:N::3'
~ lIE 2 E

C CC ['. oe
200 0 J
6J0 2':.\j

1 ·200 C
1 CJ :00
5CO .I.,.\.,

10
15 11
25 16 1
25 2: 1
25 26 :)
27 19 1

:e N'H.AT
'BRP.:E Q _ 2~:JOO :C' 6 51 36
'1I'>_BIL:s' MY l; 2 1 C. 29GOC
'IA ElL!' ~'Z. :Ill 1 C. 290GC
'IA-BILN}olj': 0 0.0 13J'JO
'IA-SIi..N FX C G. C 29n::.o
'TAKED)'. ¥.I' = 6 ~ 5E07 25 1 GE·3
'STAB:~ITY ecx :11""1' 3E 29CCj

G ::,i 5 0 1" 0
'ST)..E.I:':TY TUB=: :II 8' 35 29000 2 5.5
oc:::OC 2;.5 C095C3 20.C3
'3D-BE'.AM II: 9 29:J00 :300'-:: 19.1 :9.1
'WNG G'tiCG :II: 1J' 0.004 2J00 ·2 0.2
'SHCF..T OW,JG :iii II' 0.JJ5 2:J00 :::.03 C
'BP..ACE- C 12' 2~:JOO l' 4 2.3::1 35 :! l.~ C.
'BE..lNEAR 5PR:NG P"13' 100JC00 10GC 0 e'3 12 a ~

'AXLMCD FOR WAL:' tt14' iC:J;:) EOCO 60 2:JOO ).9
'EEr-.."::l FOR WA:':' 415'" 10 C.;2·C=' .2

2':JG 5jGO E~CO "'0')0
C.2£-C5 :J.7"[-C5 1.7E-:'3 4E-:J5

'SEEARI FOR 'ti'ALL :n.6' 4 I:' :'.1E:·0~

8:) 15:, 1SC 2::>::,
C..3E-03 l.lE·03 2 3E-('3 5E·03

'h..'U.M:JC, FCR OPE~·WA:"~ D1"'l" iJJO 6CJJ EC 2JGC
'5HEAR2 FOR :J?EN-WA:..L 1:10' 4 0 4

BC :5C 180 ICC
o 06 0 22 Co • 46 1 0
3J E::J 1. 2 C. 2 C. 11 HO HS Ll'iP AD A\'

1 C .TRUE K3' .~x:., FCRl-'!, ASS·:'
5' : ,ELM,
'3::·cE.l.y' '!oiE~EF. I'
'IE3DBEi\M' '~D!EER 2' lG :10
'3D-SE~~~' 'H.E."'IBE~ '1' 3
'~~-=EA.~' 'MEM3EF. 4' 4.
·~D·=EAM' 'M2MEER 5' f:
':E~C'EE:A.~' 'M~BER ~' :0 11:,
'::'~-BEAM' 'MEMEEF. S '3
'3!:'-E~' ·~E!"5EP. Q' 1
':;:E:::DBE.~' '~~==:F. 9' .. _ 1:"
':E::'D=E~.M' 'M&EE?. :C' 1::' 11
'J:'-EEi\."I' 'P.E!"lEE? ...
'}[, B:=:;'_~' 'MEMBEr:-. 12'
'lD-SE:AM' 'l'-!=:~ER 13'
'~["-E!EJl.M' '~:::!i::.ER 1"
'3D-e~' '~EMB2R 15'
'3D'E~' 'MElo'..E=:F. 15'
'3D-BEAM' '~El'Q,ER 1":"
':E3DEEAl'-!:' 'XEt'o!.EE:F.18' 2
'3::-B:D~ 'ME~E? :9' 9 12
'IE3DBE~' 'MD"l.BER 2C' 2
'3D'B~~' 'MEMBER 21'
'IE3:-=~A."-1.' 'M=:MBER 22'
'~D-9EAP.:' '¥.EMBER 23'
':E)DrEA.~' '1'o!:EMBER 2"
'3D-BE.~' '~¥-BER 25'
'3D-B~' 'MEt-2EF. 26'
, IE3DBEAM' 'MO!B~F. 2;' (:
'J::·EEAP.' 'ME~E..'=.. 26' 9
'IE3DBEAl'!' '!o1~BE? 29' Z
')D-B::A..~' 'MEMSER 30' 3
'IE3::E.EAM' 'M~BER 3:'
'3"-.EA/<' '''"MIl,,", 32'
'I~l05EAM' ·~E}1BEF. 33' 6
'3:"·Bt..;M' 'MEMEER 34' 9 16 ~4 ·1
'3C'·3E:.\..~' 'ME~E? ~O;:' 1; Z3 1
'3:>·EtA.M' 'fo'..EMBEF. lE' 18 22 -1
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l 0

C:, C
OOOOCC
a:::ooooo
J;:lC coo

OCC::::J0
OOCC:l:'

es 21
69.21
4 C. 2C

c' C

1 C C
Sl .65'
5:1 .654
J C

C :.;
2.221

:) c'
~ 5 2':
C C C
).;;, 2 ~

. -::;.::

c
c

o
1 1
)

o Co

C
C
C

c­
oeD

C 1 n
(.1 e-
o (
1 C
1 Ij C
1 0

16l?2?3n
2223341~

lE24332E
,",COND

1
1
1

1
1

""17

o
c
c
o
~

)

o c

':'RIANGULAR FCRCI!'."G P'UNCTIONS '
: :NTEG 7EE"I'A E!..~..3? l..r.';BA,:'?

: :PR.7 IWRITE MAXACC ~LMASS?

TO D:' TF GF..A\'
TYP2 ~lL'l<B WIG::,
TYPE NUM3 I:..;'S:':'.
TYPE N~"MB r~~:T,

TYPE S:jMB IUNIT,
T":'?E NUMB IUNIT
':'Y?E NlNE rUNI T

fMASS
:J (I 0

C 0
C 8
o )
~

28 16
3

2~ :7 1
2 ) ) 4
1:9 1 C
2 21 1 0

21 '7 C7 1
o 19 -.7'::-;:
E 20
"7 3E

G
C

:' 0 0
G
8
J
o

) 0
C
C
o
o

c
c
c

c 0
C :J

~

.' ~ (\ 0
9 18 C

37 19 , 1
.22 21 0
';.7 22 0
2::- 23 8
38 2'
06 25 ,)

" 2E ) 0
5':' 27

2'7

3E

'EC2'

(. 0 ') c·
• R,E L'=:;"S 2 ,
'SOLO:£: - ~OLUTION'

• L:NEAP..:D.CCE:'ERATICN METHOD
':...:NEAR· ') FA.L~E. . TRUE.

3('CCO 1 .FALSE.
C'.C2 1 4.0 3B6.~

'JOD,-:- FX' 9
'~l,)::t-rr FY' 11
'JO:NT Fj(' 1 13
'.!cnrr FY' l'
',;cnrr FX' 2 15
'..;cnfT FY' 16
'E~E '
':E:"'E·
'E~E'

'ELE'
'ELE: '

• ELE'
• ELE'
':::!..E· 52 2 E
• 't". ro' 5~ 29
1 :s:tID' C' C '.J 0

:S?l
1 C.OJ ...... ':'RUE. : NA.AS:ALE,TO.::T.FR:N7

:. :J (I ::: 1 V1, V2
1 .:A:'SE. TRUE. ?AL$E I:S,NPTS,:DIF-.,FMT,ECH:J.::u:wn:D

7P.IANGU:"':'_R FORCI~G ?m.l:TIONS
~UR..:;:-::JN :3 4 .5ECOND~

C :J 3 '):;;, G. 1 C' C.
'F'.E.:.r: :::--:::--s ~r-;'::--:C' U:-<:':'-ll USIT-12 UNIT-:J :.JNIT-14'
·P..::::AD :':~::~-:5 :::--:::--:5 UN:7-l""I UNIT-l6 llNIT-:9 UNIT-20'
'?:::~ !JlC:--2'::' ";:--:::--22 UNIT-2:: UNIT-24 :":~::"-25 UNIT-26'
'?.E~..r, U:t~:T-2"7 lJN:7-25 U~I7-2S'

'R[LE;"S~,
'.c:::... ..)} S::::E...rJT:C~~·

• N::._:'URA:. FRECL'E!KIES ArlD i'!ODE SHAPE~'

• E·..:C:::' S 3
• F.Ei..E>.S E'
'SC!...C ~ H.;'C'EEME:".;'TA:' ~T.:;7:i:: so:.trrIO:-':'
'~,JNLI~E.~.F.. CYCLE ANAl. YS:S ",o;I':':-! tP.-:EALAN':C FORCES 1

50:' 1 TRUE. MAXELr., :PRI~"7 !\Iv"R!':'E l.r.';'BAL
'E:'E' C 0
'E:'E' 15 C. C,
'ro' ;-, .:.' 1 S' 2 1
'EL::222: COJ
'EL::' 2"7 22 C
'E:"F' 2~ ;:::: :1 ,j

• =:LE' 35 .:,';

• S:"AEI:"'ITY' '~EM3ER 3:'
'I2~DEEAM' 'M~8.E2 :;8'
'STAEI:'I:"Y' ·MEl".EEF. 3?'
':E3r'E£J._l,'f' '~E!-13ER 40'
1 ]J·BE.;M· 'MEME.EF.. 4]'
1 ~['.=E.~' 'M,EMB2:fl 0:.2'
• ][1·3EAM· '~::MEER C'
·3['·BE:A.."1· '~MEER .;'l.;l,'

• )[,. B2>_'-':' 'MEMBER ~ 3'
·~PR.:NG· 'M~BER o:.€' 13
• B?.;::E ' '~.2MBER':'" 12 ;2 S
·SR..z'.CE' '~EM!:EP. 45' 12 H
'ER.';C'E· 'ME!-ffiE'R ~S· 1 29
'E!R.J..CE' '~E~E:o.. :0' 1 JC
• EF.':'.:E' 'ME~ER Co·, 1 l' 2
'.3!-:!E.~P WJo.:.:...· 'M~EER 52' 15
SEEAR ....;..LL· '!-tD1BER. 53' 15

'SHEAR OP~' '~E}I!EER ='0:.' 18
15 - 1 FAL~E. I@'1ASS

0.C144 (o.C1.:.4 000
11 L'.C;:=- C C25 C (0

It C.03:75 C,:J3:7S C::i
:E O. :::lE""';=- 0 :::lE?;~ °
1(".0 C'9'~2 094'112
2C J 0(667 '_'.0:::66'7
2:;. .C·3"2 (·3.H2
22 . C9"';-:' 3 .C8";'"73
2:: .0::"775 C.02":''':'3
2': C. C.;2
Z", C ~122 O.:)l~)

]E 0
o

- - ~
2: :) p

J (0 DA."'!?
',sOLo: SO:.LTTION'
'ELASTI:: S':'A-=-IC ANA:'Y~IS'

1 1 C NL~ACo MAXEL~

a ;:'. C 0 'END':l : JC:NT LOADS
1 'UNIF' 'F::" -J 0278
<I ':':S::-' ':-Z' ·0 C276
9 ':':~:F' '?Z' -0 C276

'uNIF' 'FZ' ·(0.0466
'UNIF' 'FZ' -C.0593
'UNIF' 'FZ' -C.15CB
'UNIF' 'FZ' -O.05E~

uNIF' 'FZ' -:).13':'8
'UNIF' 'F::" -0 0253
'E!'.":" , 'F:" ·0 C253

32 2B
54 :.!9

Co

1 'Flo:'
'2:t~':J '
2CC. co

'~LE' ~E 4=
'::::'E' ,- 26
'E:"E' 3C ""
'E~E'

'ELE'
'p.."::'

1
I..' :J C' 0
'LC.;..D'
• E.""';:'
, ~TC?'

Co
C
C
Co

C.2222
·JCIN7 LOADS

C 20
C
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7. Output

(Case: SOL04 -- Nonlinear Cycle Analysis With Unbalanced Forces)
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:::CEC OF :NP:':T jA7;'.

15
25
26

2:):"1 0
~2 60(' 20e .00

1 ·2C1 0
36 7E6.u 10e C:J
3, 768.6 ICC 00
I ::l r, 0 C
29 I::!.

. : (I. 2C ..
'::TP.:..;C'!'URE DE~INITIO~'

'TnR.EE· STORY BUI:..DING'

6(

0,2
C, 3' 5

,7C .... , ,

SCALE

.. 60

- 2
- 2
-2
- 2

,50

(,2

30: 34.6
1537.6

o

12=] J
1"
Z 15
19.1
lS00 1 5E-' :550 .62'4
1 12:2 C·.C 0.0 4

.C3 C IJG00 C.Oll

.. (,J.

Nf'JODE. N::CS. NS:;P:'. NCCND. ~CCNST
I~' X Y Z :::::>.5 IGE~

D::: DX :JY DZ
II:"' ). Y Z leGS IGE?"
::1:> Di: r;:y ":)2.
.-" X Y Z le:::s IG2N
ID X Y rcos IGEN
ID x.... Ieos :GEN
1D x.... :C:::S : tiE!';
1D x i' _.... --.::. I:::>E~

It, x Y Z l-:OS IGE~

I:: ;r" 'i Z !COS IGEN
••' X Y Z lees IGEN
DID :X DY DZ
ID X 'i Z Ieos :GEN
ID x ': Z :C::>S :GEl':
01:: ox c.y DZ
ID X Y Z 1::05 13E~

rHD ox ::Y DZ
I: x Y Z I:CS IGE'J.;'
:L:. x Y Z :CCS IGEN
D:D :X DY DZ
ID X Y Z lC::>S :GEN
Dr:> DX DY DZ
10 X Y. 2. :::os 13E~

Ir, x Y Z 1205 IGEN
VX! VX: VXK '-./::1 \ryJ 'v"Y"..O(
.:rCIN':' F.2STRAINT
':-OINT RESTRAHrr
Jon...;- RESTRAINT
J:JI;o..-:- RESTR.AI~'7

JOINT RES:1<An:r
JO:NT RESTRAINT
"TO:NT RESTRA:IIT
..:rCIl'IT' R=:STRA:::NT
':CINT CONDENS~.'!'IOtJ

,;cnrr CO!"DENS~.TION

JOIl'lr C::>:SS':'RAI~

J:,)I~'7 ::ONSTRAIN':"
JOI~'" ZONSTRAINT
Jo:arr CONSTAA:::N"!'
JO:NT CCNSTRA:NT
JCINT CCNST?.AIJI."T
.:"cnrr CON~TRAI~T

COl NT C::>SS:'F..}..It-:T

36 I
290CJ
.:::9000
:38;)0
29::l::l('

: OE - =
29000

9 0

, ... ~ ,:, .

30(

225.

Joe
3e'(I

92.2;
ISC

,50

2,2~

225
225
225
15C

lC .6 2. 5:L
1 0 03

j. C'3
, (3

o. C3
25::'i
35

C : 44

13:J E3
o DC

. SE:'!'

••
]7.5

3, 1 E 2 8
1 coo O.CO
1 "CC (,

50) 200
- 2JJ C

18(' 1:1:'
iC 50(0 Iv')
:1 ~OC :I.nc
::<: 6C'C 'J, COO
1: E (::) 2CC
,;, ~ Joe:J ':::00
IS 50j l:)C'
IE :::.00 C :JL'

2:JJ 0
2C :'0C 1(10
.2l t nc 2COO

1 ·U'('
25 3CO :CC

1 20::: 0 e,
2:' Ej::'. 31 :00
28 :J.O'J C.:JO

.27'
]5

)'

o
3E C 1
1 9 1
1 3 7 1 1
1 1J 3 1

15 : 1 J I
25:6 1
25 21

.2 = 2G
::> 21 15-

:E
'BRACE ~ l'
':~._EILN ~, t:.
'lA_3I:..N MZ IT
'IA B:!...N MX I:: 4
'IA-E:LN F'X !l
'TAY.ED~. ~y ~ '5
'S':">.B1L!':'Y BOX

1 0 :J C 0
OF ISP(J":' DATA

8,

6'

23 :
2. '
25,
25
2'
25,
21:: :
1 1]:
'.,
3:Z :
3) ,
34 :
35

,:
5 ;

20.

J 9,
35':
40:
4:.
42:
41:

"4. 5.
4E:
4~ ;

4. B;
,~.

50

16 ;
17
Ie
15-.

.2: ;
2'z.

lj

11
12,
11:

56 ;
ECHC

:'I~E

1
2

, ... &07 (, '

o 2

I? ~

,60,
5

Q 2

JC·C,:,00

OCC:I:J(
: (0 (

C08noc
C:J:lO('O
O'JOCCO

1 0 ::"J (,

:)C,:,,'COJ (
C

o
C'
o

·1 .'} C 0
C' (, C

e,ooooc
CO}uOC
8::lJOC'O
0'')0C(,::-

5.558 C:."lJ['·00
S55 O'J,JCC2'

:).S55 oooce:l (
: c' c C' 0 1~ .203

::.S5': JeC')8C C
: '~G C:) :? 2 jE!

'5 5=E e'COI)')C 0
: C J :j (I 15. 2l'S

5 556 0:):1000
1 :':' C' C 15 2CS

=.555 :lOOCC:J (.
=.558 :K0000

:. (l C
( ):),)OC

,.
0.2

o
J

c Co
2
J ~ ·1
C) C

2.2 ~.:

(

c

21 :3

:6 1?

e c­
IS 11

C
:3 12

18 :':1

, , , " 50
C:J 8 (I

:Z0 13CC~J (0 01 1
19 2 IS 53]

'J.2

•
C

c,

(

o
(0,
),

,
1
c­,,

-1
C
-I
o
1
1

c
)

'I

-1
o
3
o

-1

12

"I.
1 '
I:

2

9
9

2
9

2

1(

:0
:0
::J
10
I:"
1)

1:

LINE :0 ..... 20, .... 30 .4C
57: 'STAB:L1TY 'rUBE ti E' ,]€ 29JO(l 5.5
5E:JOC.O:' ~7.5 CSlSC'1 1 2 G.C3
~9: '3D-EE.~ ~ 9 29000 ::.3000 l:-t.l 1;:1.1
GC: 'wNG OW';C l!I 10' C'04 2,OCC ·2 G 2
61' 'Sn:J'R:r CWJG l: ::'1' CCS 2000 C.:)3 '2 C.
62 'BRACE-::J 12' 2Sl0:J:J 14.':' 2.S, 36 12 O.
E3 'EILI"""'EAF.. SfR:N3 #13' 10JJC'CO 1:J00 (I 03 12 ['.2
E-4' 'i\XLMCD FOR WALL 1:114' "i;)00 6000 6C 200C .9
E5: 'SEND: FOR WALL #:5', :c. :J 7E-JS 0
E6; 2700 SCOO 650C 7('00
6'7: O.2E-OS C."iE·OS 1 7E-JS' 4.E-8S
68; 'SHEARI P'CR ....ALL .!jIb' 4 1:J :.IE·C-:~

6:'+' S':" 15G :eo 200
70 C.3=::·C3 1.1E'-C3 :Z.3E-01 5E-O;
'1 'A..XLHCD F::>R CP£N· ;..'.~L:' *11'" 7CO::'i EOOO 6C 2000
-;2 'SHE.~R.2. FOF-. CPEN-;';AL~ F19' 4 0.4
73: ac :SC 180 ICC
7':" JOb (22 O.H :.0
'75; 3C 15t, 1.2 0.2 0:: H::> H5 LWF Io.P A\'
76. 1 ,~, TRUE. KG: .~X:'. FC?."'!. .~SY

7-;' 5~ : lI.'EL.MT
7'8: '::D·BEAM' '~1'!3:::R l' 9
,3 ' !E)~)2EA.~' 'MEMBER 2' 1C 1 C'
9J '3~-9EAM' 'tJ..£MBER "' 9
51 '3r'·SE:A..."'l:' 'f'oG:MEER 4' 4
02. 'J:' e:::.:._"'f' 'ME'MSE:? 5' 6
I::~ '1E3:>EE~.M' '!oflliEE:<" 6' 10 !.O
S~: '::'D·EE..~' 'ME!ofEEF. -;, 5 8
85: '3D eD.¥.' 'ME~ER 8' 5
65 . :E.:iDE=::AM' '~El13ER :1 11
8' ':E3~'BEA.."'!' '~EMBER 10' 11
B6 ')~'-3E;..M' 'tJ.EMBSP. 11' 9
8'0-: '3D-3~' '~EMEEP. 12' Sl .. _
5-0. 'l~ ·B2J._""l' '~t-'.BEF. I]'
9:: '3:-BE..~.M' 'MEMBER :~'

9,2,: '3D-BF..A.M' 'MEMEE? :5'
~3: '3D·6E.~~ 'MEXEEF. ~6'

::I':'. ':D-EEA..""!' '!ofEMBER 17'
9S 'IEJD=EAM' '~El1BER 18'
~r.. ':=::'-3EAM' 'l-l'..EMBER 19'
1::- 'IE:DEE~' 'MEMBER 2C'

'J:-BEJo~"'f' 'HE~ER 2::"
'IEJDBE;'.J.l' 'MD-!EE'R 22'
'3[-BE.~· 'ME'M3EP. 23' S
':E3:,E:::AM' 'MEJolBER 24' 2
'3C··!!~' 'MEMBEF: 25'
')D-3EA..'"f' '~ER 2':'
'IE3DBE~' 'M~BER 27'
'3:·B~"'{' 'HEMBE~ 2E'
• ~E3::>EEAJ"" 'MD!:EER 29'
'3: E~A"'f' 'ME~E'R JC'
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:08 : ' : E,DBE:AI< , , ME¥.3EF. 31 . • 22 21 I 0 0
lOS: ' 3:-BEA.~' ' MEMBE? 3;2' 23 22 I 0 0 C:)')(oGO

IlL" , IE3DBEW,' 'M~BEf )3 ' t 6 J 4 2' 2, : 0
111' . 3D·BEAM' 'l-"..EMEER 34' 9 IE " .) C' 0 ooo..:·oe
112 ' 3D-3EAM' , !'.EMBER 35' l7 23 -) 0 oaaODe
ECHC "F IXFU7 D>.TA

:':NE .. 10. ..20 3C... .. 40. . .. 50. .. .EO .. ' ... 7['1... . .S:)
:d3: '3D·EE.~· 'MEM3EF. 36' 9 16 22 -1 00 .J :)o:,(iCOj
1:4' '.3':'AEILI7Y' '~EY.E:::F. 3";" 8 ~6 16 C J 0
1:5: 'IE3DBEA.~' ·!o1.~E::P. 38' 2 2 3 ~ 4 3524 C:,I 00
llE: 'S":'AB:LI":'i"' 'MEMBER ]:;l' 29:7 1 coo C
11";" 'IE:;DBE~' 'M~EE?. 4C' ~ 2 1 4 3(, ~3 1 C:) 0 ':
113 '3:'-BEAM' '~MEER ':'j,' 9 31 19 1 (0 0 51.ES' CC;)JCC
:19 '3C,·3EA.M' '~::::MEER 'il2' 32 21 1 0 ~l.E54 CCJ:,IO'::·
:'2 1) '3[l-eEAM' 'MEMBER 43' 2C 21 ,071 .':'7j, C 0 C GCOOOO J
:'21: '3D'E!E:AM' '~~:::R <'<" 2019 -.7:,1"': .;0:1 :) 00 C (OOOOC J
j,22· ')u·BEA}o!.' '!o1.El-!BER <'5' 3E 2::l 1 0 GO 2.231 00Q000 0
12:;: 'S?P.ING' 'M~BER. 45' _" 3'7 36 0 0 1 Joe J
1~4: 'BP.ACE' 'MEMBER. 4"7' 12 23 IE 0 1;) 0
12.5: 'E!P...ACE' '}o!ZMBEP. ':'8' 12 34 24 0 C
12E: 'B?...A.CE' '~EMBER 4S!' 1 29 2:; 1 100 C
127· 'B?~l."C:::' 'MEMBER 5')' 3( 22 1 1 0 0 C
129: 'ER.::"CE' 'MElo!B:::R. 5l' 1 21 1 1 0 C :J G
12~' 'SHEA.~ W;'.LL' '~EM3EF. 52' :.5 16:4 1E Ii 29 38 1 69 :2:1
13J 'SHEAF. W;..:"L' 'M~!:!E2. 53' 15 16 14 22 23 3' 33 1 6? 2.1
El 'SI-!EAR C?~' 'Mrn3E~ 5" 18 1i 1'7 lE 24 35 28 402E
:32 1':: - . FA..:..SE INJ'.l.ASS F1ol.A.ES MCCND
:'33: 1 C.01(,':' C.Ol.;" C J G '
134: 11 C.025 [.025 C 0
:l..~s: 16 0.C3''75 .03"'75 0 COO 1 j,
13E: 18 0.(,87"5 C9i75 COO 0
:"3": 19 0.C94<.2 O.S9<'42 00 0 Q

13B. 20:) OC66' C'.C0567 0 C C J
:!.39 21:) 094'2 J.O~442 C C::l
:40 22 0.08775 80e""s 0 0 0
:"41: 23 C.03'775 0 037,5 0 1
1<.2: 2E C.2 O. 0 C
14:l: 2' C.013; C.::llD 0 C
144.: 36 C 8 0 C 0
1<:5: C 0 1
1<.6:::"S coo
H' 2S 0 0 COO
1<'8 0 0 ::AM?
1'9 '50L04 INCRE1"lEN7;"~ S":'ATIC SOLU":'ION'
: SO. 'NO~""'L!NV..R C":'CLE AN'ALYS:S A'I":'H lr.;BALANCED FORCES'
:SI G 500 1 .TR'JE. foI.AXELD 1?F..::::h'7 IWRE'E UN3A:'
:52. 'ELE' l' :J Co
:53: 'ELE' 18 :)
:54: 'ELE' 37 13 2 1
1':::-· 'E:'E' 22 21 0
1:: 6 : ' E:..E· 27 22 a
157 '::::..£' 2S 23 C
155: ':::LE' 33 ;2;:, J C:
ISS: 'ELE' 46 2.5
lEO: 'ELE' 4' 21::
1E 1: 'EL2' '::0 2'" 0
162. 'ELE' 52 28 0
163' 'EL:::' 54 29 C
16<. 'EIe.' C C
165 1 1 'F;':' C.2222
:66 (0 J I] 'EN:' JCIN:" :..oA.::.3
:6"i: ':..oAD' 20C.J 20
:68: 'E'm' c
:,TEO CF INP:;T ~ATM

THREE· STO~Y S:':IL[:ING

LIN;: ... ,:'
Hg· 'STC?'

5TR:':C7URE.
SO:"UTION.

. 20. . JC'. .. , .•• ;1 o. . .5:) .?C . . . so

TIME' 16 45·8E. D;'.TE· Co7/2ii9;:'

..... ?P.OGR.AM FE~ ••• DCH..JE!L::: PREC:Sl:JX V:::RSICN

NCDE CCNSTRAIN:"$

X"I" - FUNE CONSTRAIN":' • fo".AS7ER: 9 SLA'v"'E:
XY· FUNE CO:-.J5":'P";'INT. M.}...57EF..: 9 SLAVE:
X'='- FLANE C:JXS7F.Jl..I~'"T• ~TEF.. • SU....'E ;
X":::'· F:..ANE C::>~S":'R.AI,",'!' . !'{;"S'!'E!i.; 9 SU\"'E:
X":::' - PLhXE CONSTR.AI~';. MASTE~, I~ SLA\7E :
X·:·-PL.~,",E CONSTRA:NT I MASTER. lC' SU.·..7E .
X·~·· PLl.,,~=:: CCNSTR.A:NT, MASTER 1 G SLAVE'
XY-PUSE CCNSTRh:NT . MASTER 10 SLAV=:
XY- ::..ANE CO:-JSTPJ..!~IT. I-!ASTER' 13 S:..AV'E
XY· ?:"';'.NE CONS~RA IN":' . ~AS':'ER: 13 S:.;. ...."E . 12
XY· ?:..ANE :ON.3TR.l.,IN7. ~AS:'ER: lS SJ,...."'E. 1 ~

Xi" - ?:.,AKE :ON3TFJ..IN:' , ~A5":'EF..: : 5 SLAV'E: 14
XY-PLANE :O~STR.AI~T• MASTER' ; 5 SLA\o'E : 16
XY - PiJl.NE CO~S:'RAI"'T• !o1.;..sT:2R: ;'5 S:Jl., ....'E . P
XY - ~U.NE CO:-:S7?.;"I~-:- . !o{';S'!'ER: -'0 SL...A.\"E : le
XY - E:'L~~::: CONSTRAIr-:T I MASTER.. ;:5 Su....'E ; I'
X".:·- f'L.A:-:::: CCNSTRA!NT . MA.5TEF. :'5 SL.;\TE . 21
X":::"-PL';'X:: CCNSTPJ,,:NT. MASTER :'5 SL:r..V"'E:. 22
XY P:...:o.NE CCNSTP...AINT. MASTER. ;~ 5 s!...:o.V'E 23
XY ?:"';.NE COr-:STF...ADI7. !'.AS:'ER. :!5 S:..A ......E 2;:,
XY - P:..ANE CONSTF..AUr:. ~AS:'EF.: :!5 Si,.;..VE. 2E
:le,· ~.:::;ID eODY CON 5TF..;.. IN":' • ~~.5":'ER: :!' su...."'E: "3C'-RIG:D BO::i :O~S":'P">.!~T• !'{>.S'TER: :!"i 3U·..."E : 20
~D·P.IG:D BO::Y :::>:-:S:'RAI:-:T. !1;.STSR ::i S!..A....'"E; 21

NODE CO::>R.DINATE5 AND DEGP.EES CF FREE:)QM

7CTAl. NUMEEEi; 0: :>EGFt::::::S OF FF,EE:'OM.. :4'
~:.JM:OER 0= :JEGR:2::S OF :F.EE:<lM CO~"'D:::NSE.~ CU';. 55
~:"~BEP, 0: FI'EE :'E::;REES OF FF..EEDOM :. 5
N:"''l-:lBEF. 0: REST?_l.,INESi :EGREE5 OF F?.EED'jM '77

~CDE :::S:!l X· CJOR[,
o JOOO(,E"C'(

Y' coc:o
C OOJJO:::+OJ

'2.- COQP..:'­
3QC .00

159

FY MX
2

MZ
55-::



1 200.CO C', COOI)JE+:j:) 3C C. 00 5E' C 57 -c 5 6 5E ~

1 JCJ.OO O.OGCC::.:·E·OC 300 CC 59 - C E 0- C 8 9 61 -e
1 60C' GO :J.ooce'E"CoO }:F' 00 5~-C E C'- C 10 11 12 61 -c
1 Ii ::>0 CC zoe. OJ ::: 0C .0::- 5~ - C EO - 13 :4 15 61 -c
1 ':)0 CC 2CC.OO :;'GC. )J 59' C 6C· 16 : 7 18 61-C
I 2:)0. CC 2CC. :)[' 300. JC' 56 - C 57 - 1~ 2C 21 53- C

0 OC'COOE+('u 20C JC ~GO.OO :iE -C 57 - C 22 23 2' 5E - C
loe .00 :00 ·)C 3C:). 00 5f 57 l~ 3- R :30: -R L~ 5· F. ~E

lC soc. :)') ''','' 0'.:: 3C:J ,(·e ,. 6:) 136 -R 13; -R 136· R 61
11 4,00. 0:1 O. JJI}c}OE·c.C 225 CC 62 . 63-[ 2~ 26 '27 64-[
12 6CO. co O.::'):'((OE·O(l 225 CC E2 - C C?-C 2e 2' 3C 6'-C
13 5C:J 00 20['. CJ 225 00 52-[ E:]':: 31 ~ 2 31 5< -c

" .. OJ or· Z(·!'. O~ 22= .0:: 62 c 63- 3< 35 35 6 , -c
IS 50(: CC lC C :)(. 22=- . J,) 62 63 13~ - P. 14C -R I':! ? "IE 0 JOe'CGE+CIfJ CC:l)C'E ... O·: : 5C_ ~, -' f 5- C 66- 31 38 3S' E: -c

zac .00 c . COOC DCE" :),) : 50. 00 f :i-e 66 -c 40 41 42 67-::
:e " DC . ::>8 C ::>OIJ,jCE" :'Ie 1.50. Co0 E S'::- ?5 -c .:.:! 44 45 67-;:;
1° 6(00 . JJ O. JJ(i{IOE"QC 150 CC 6E - C 69 C 145 - H,6 -c 147· :: 7(-C
20 7CC .00 HI(. CO ,2 27C 6e - C 69 - C H.~ -c U6·C 147 -::: 70- C
21 60::l .00 200 _00 15C'.00 68·C ES-C i4S - C 14E· C 147 - C 70- C
22 , DO CO 2CC. . 00 15C.00 65-C EG'::: 46 47 48 6i-C
2 ~ 2::l0 ce 2CC. 00 15C. ::l::l 65 - C 66'::: <9 50 51 67 - C
~, C· :)('GOOE+O(' ;;:OC. oc· 1 so. 0': 65 - C 66 -c 52 ~3 5< €7·C
2~ 3 OC. 00 ~oo oe : =C'. 00 , 5 66 14 2' R 14.3 - R 14' - R "20 soc. )2 lOJ. oc :~::l. 0':' E 5- 65·C "-R 72·R 73-R 67·:
2'7 6'::3.33 .10':" CO 1}J e3 6E 69 145' R 1'6 ·R H7'R 7e
29 0. C::l::lOOE"'O::' . OOCC::lE-OC C _ODoecE"'oc 7 4' P. '5-R 76'R "-R 76 'R 79· F:.
2=- 20J 0l) J ('OOO:'IE"vO e . 80IJOOE"CC 8e· R 91-R e.-R B3 - R 54·R 85-R,
30 <':JC' ee 0 ce000£+(O o. OC.COOE>CC 85'~ S'> R 86-R, 89'R 90-R 91- P.
31 6 ::lO ec 0 CCO)o:: ... c:) O. ,)eC::l::l:::'··OO 92 - P. 93 'R 9' -R 95- R 96' R 9'-R
32 t= ')0 .CC ~OO. ::le· OCC::lOE+OO 96 - R 99·F. l::lJ- R le:- R 102-P. 103·R
;3 4 DC .00 ,200 OC OOOOOE"'O~I 104' R 1C5· R 106 - fo,. lC7· R 1)8 - R IDS, R
34 20C .::>:J 200 oc. C. . COOOOE"'::lJ 110· R :ll-?? 112' R- :D-R 114 - R 1: 5· F\
E 0.GOOO::lE·CC 2JJ DC 0 . (::):)(ooE"'oo liE ·R 11 7 - R 116' R :13· R 120- P. 12:- R
36 I 766.60 100. CO 0.0000C["'00 122· R 123 - R 124' R 125-R 55 126 - R
]7 I 7 sa. E 0 100. CC: C.OOOCOE+QC 127 - R 125· R 129 - R 13::l' F U:-R :32 - F.

NCTE. R RESTRAINED DE3RE.2 OF fP.2EDOM
C CONSTR)..INED DEGREE OF FREErOOM

DIP.2CiIOl": COSINES

C:>S' II VX: 1.::l00eC I ·C.OOOOC J -0.CO::l00 K 'VY: 0 J00eO
ST??::.JCTURE. T?i?2E- STORY E:..;ILDING
SOLlr.'IOK.

G::>EL HYSTERESIS M:>DEL PAR.~TEFi5

+'1.00000;: +:).0000::l K VZ: 0 OCCOO : +0.00000 J ·1.0CCOO K
:'IM[' 16:'5.06. DATE C7/2 i i94

MAT. '='
1 2(jOUO.C

A
:c .500C 2.51JOO

YS
36. ::J::>GC

SHAPE
1 )0000

"'». Due
1;;: . 000')

BETA
2C::l::l00

STRllCTUF.E .
S:JL::":':!.ON.

:'EME· STORY BUILDING TIME: 16:45:C6, CATE: 07/27/9<.

B:LlNEA.'q, :NTERACT:\.'E t-'...A:'EF.IAl PF.OFER'!'IES

HJ-.T S? TI MP MAX DU::: BETA REDU F

2 1. C'OO::l:)

.C::l::lOO

0.30000C£·(': 29::l00.C

30CC:)OE-C: 290ce.0

533.000

17, OJJ

346<'.80

2587 6 C

-2.000ce

-2.00000

40. :):)00(0£"'::l:)(' 3COOOO£- 0.1 13('00

5C·. OOGQCCE .. OOC. 300:1(OOE-::l1 29CJJ :9.10ce

(. oonOCOE+C'(' 2 OCC~J

o. J0CCO::lE-OC - 2. coooo

CCOOOOE ... .)::lO OO::l':;OGE+OO

C· OOQC.C.CE ... OOC. ::>::lO(oGOE+OO

1 S:'F.UCnJF.E ..
SOLl~:ON.

THREE'ST:JRY BUILD:N::1 T.:!.ME: 1E 4=.:06. D~.TE: 07/2'7/94

MJ..":'. BE':".;

L .2JO:,JOC

EI CF";'CK

25).000
O.lDCCOOE G4

1500. C::l
C .15000:"E- C3

U:'TIMATE

1550.0C
('.96CGOOE-e3

ST?WCTLTF...E.
.:30':";,;:-101':

i!iR2E- STOR":" E::ILLlING 7I!o1E: 16:'506, D.:"'lE 0~/2"~4

~';'.: tr:::.
NSEG
EI<
ecx I-'EIGTH
ECCXC
~ Po' SE':: N::'
':"EICKNESS
:F\EV2
:F.E"'v'~

N"',}¥.P
J\.A:':XC
TO';}"
Ii'J..A:'ER
IP
:;:,lR~E:::

BOX SEC'!'I:)!'
4

2 9GOE"O""
1 Z C

- J ,)( CE"'J:I
'.00

o. :r:, 5
c
C

32
C, ::>OOE-.::):)

H'

1 OGCE -: 2

YS
:'IBN
BOX Wl:''':'H
ECCI·C'
H H.SE: N~.

L B. FLAG
IRn··]
:ECOF
SMJ-..:.l
1i.A~:YC

l.:..:..-:-c
RAT:C..!

ISTIF

3e:. c

:;;:.0
o. C:):):::-OO
4. :1J

.C.OJ~:-C2

1 30:::E·C4
1
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MAT SO
NSEG
EO<
?P.DIUS
ECCXC
1/4 SE'::,:":C
T:-IICKNESS
IRE\'2
:RE..... .:,
N"...J~F
P..A7IXj
TC":'A
:a,l'_';:-:::p.
IF
ORNEE

TUSE 5 EC'7 I ::n·;

•
2.900E+':·':'

5 5C
• :) OCCE+Q:'

9 CC
c.. S0G

<3 s. c
2

2:­
1 :)00E'::::2

YS
L:BN
Dl.J'lo201Y VAP..
reeve
o:""MJ,y V.l."R
IRE"".'l
rEE",')
:E~OF

.3~';Ll

?.hTIYC
IAt.rr21
R..t.7I:1
G
IST:~

Jb. c·
2

- D. coo:::-cc
o OOOE·((
:) OOOE·(.(

c'

~"'; 5
C. aoe'E+:j:)

1
. C:):)£· 02

- 1. 300:::-C~

1

1 STR tJCTURE .
s:J:...t.rnON...

THREE· STORY B':JI:'DING TIME: 1€.45:0E, D;'.TE· 07/27/94

MATi... GA.~A ;..X J.Y

1] 1

AZ

1.9.1

IX

2.18

IY

~ 33.

IZ

S7RU:TURE .
SCLlTTION ..

FI?...E2· STORY E:.;r:'D:NG T:::HE: IE 45:06, DATE: 07/27/94

PINe-SUAREZ ':'QiolER :..eNG D:P.. H":"ST MODEL PARAME:-EF.,S

MAT H.:t. '.0J..
iG J.':'08COOE·C220ue.0::'

1 S:'R\.JCTU~E. THREE-STORY
::::'; 27 /34

5C:'lrno~

MAX Due
·2 (ICC:))

BUIL.:::N::;

BE."rA
),:2.000J::>

TIME: 16:45 C6. ~ATE:

?INC-SUAKEZ 70W'ER 3E:JRT ~1F.. ~YST MODEL PA,R;'J>!:E-:'ER'::

~>.T. Ii.:'. VI":. RATIO MAX D'JC
1: 0,50CC80E-C220'}C.OO O.30CC:)OE-Cl·20CCOJ

1 STRU:TU?.E. THREE-S70F.Y EUIL:.ING
J;! 2; /9';

SOLr.rr:CN

G::>EL :-IYS7ERES:S MODEL ?ARAMETEP.S

EE:':"A
J.2QOOOC

TIME: 16:'5 G6. :';..:-E;

~}..T

1229C'CC.

.,
14 4GOC

F,
2 5·H·00

YS
36 GGOO

SHAPE
2 OCOJ]

MAX ::UC
12.0)(C

3ETA
C..2')('(.OO

S7F\UC'!"U!".E

50:.trrIO~

':"EF.EE-3':"::>RY 3UI:...c'ING TI~E :6:45:06. DATE

BI :':NEAA :iYSTEF.ESI S ~:::;E::' PA?.AM.ETEP..5

~.;T. KE ~v KIE~.x DUCT
. 1 ::J lCoCoOCJE"'O'7 lCCJ (0.:, C. :IGOCC.JE- 01 :2. DOCC

ST~UCT"'::RE. T:-I::?EE-STCR.Y e:..:: LDIJ-:G
(0-;' ;'2' :St4

~:JL:"~::JN.

BE7~

0.2')JCCO
TIME: :i.E:45·06. DATE

M~.T

" --: CJ::' ,}C
05':"1

E ~,(oc :J::
ST2

6·~.JOOC

?,'
2CC::;.0(,

ALPHA
900QOC

2E":"A
o 2COJOO

:-lAX ~UCT,

lS JC·(.o
EE:7A- DI
(j.2·jOOCC

1 STRUCTU::?E.
a"Z7:9~

SC:"~.:TIO~

':"HREE-ST0RY Eu:a'::N:::; TIME: 16.45 C6. ::ATE:

3EN!.-l HY3TERES:S ~OC:::L ~'.l.,,7A ::~:T LENGTP. ~"=:MEER

t!ACKBCNE :~"F.'.:"E FC:NTS ~;T:' NI
11) l('

F:i' EIT.z..
C "iC':'CC:)E-O=' c· 20QOCC

~OHEN7

2";'(·0. C8
5C');J.CO
6'58::' COO
""C·OO DC

FI.':J":' ;'.:-: :J~~

.2000CCE-05
o 7CJJOC:E-J5
G : 70JOOE· O~
J 40000JE·04

: 3TFW:TT.;P.E
0";' (2'" .'940

SOLUTICr-; .

TP.F..EE-5TORY :a:JI:.DING TIME :6:45:0E. DATE

51-: EAR.: P.YST:=:EE.SI5 M:JDEi.. DA.TJi. UNIT LENGTH !'1D-!:E:::F.
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B;t..CKECNE ::UR\,'E POINTS ~T NI
16 1('

DY
o I:C0002· OZ

BE':'J..
0.200()J·:,

S'TP..ESS
BJ 0000
150.000
IBC.O:)O
20C. J:JO

STR.A:N
C. '3JOOOOE-OJ
C 110000E'C2
0.23CCOJE:-C2
O.50CCJJ2,C2

1 5'!'~.l'Crr...:!R.E.

C'--;,' 2~ .'~, 0;

s::::..ur I Qt; .

7PREE-5"::DRY ~UI :.DING TIME 15'':S C6. ::A':'Z.

SC
7COO 00

ST:
6JJO. DC

sT':::
60.000C

p':"
ZeOJ.0C

;t..LFHA
0.90000C

BETA
J, ZOOOJO

MAX D~C"::.

15.0000
BET.'·CI
0.2::>00CC

STR:'·C":'UR..E.
C7;' 27/94

'sC:'TJrIOS

T:-I'F2E-STORY 5UILD:NG TIME: ~E: 45, ::>6, DATE:

BA::KBCNE ::UR...."'E: ?:JIN7S . M..t.T
18

3ETFo
0.40000C

S':'RES3
aC.J:)OG
::'50. JCC
:60 DCC
100.000

STRAIN
:). 600000E- 01
:),220COC
0.460000
1. :)JOOO

1 3':'HUCnJRE. THREE-STORY BUI l.:)ING :'IME: 16 45·C6. DA':'E:
J'/27/94

SOLl"T!:JN.

EL~ENT 05, 3D e.:::A..~ ELEMENT

!'SMBER 1
1 S TR UCTURE' .
0'7/2' 194

SOLlTTION.

MATL START ENC' REL CD LENGTH
1 9 1 2 2CC.J

THREE-STORY BUI wING

y. >.xI5 • - ., . - - - ... - ST]._~T DIST ~D GIST ?KG
C.JJOCO I +l.OOOCC ...' +O.OOCCO i< C.JOOCE+OO C.OOJQ'::: .. CO OCCOE<,O

7:ME: 16 4S:C6, ::;.;:-.::::

E:'EM~T 0S, I E3 :,B£}..."1 EL~~T

MEl'GEF.

: S':'?UCTURE.
C"7,' 27 /9.,;,

.3C:'lTTIO~

tl STJo._'qT EN:: LEN:::;TH
2 2 200

MATE~IA:' # (FX 1 - 5 (MX

'THP..EE-STORY EUI:":':ING

Y·AXIS ----.---- ... ST;t._t!.T DrST E:N:: DIST PKG
O.DOCC:) ::L +1 oeD::>::> J +O.COOO[, I< J.OOOOE+OO O.e:)OOE"C::> O.COOOE+OC

}' 0; ,(MY-A' -10 , (Mi:"-E! ·IC ,IMZ·A;- J . (~:-Bl· 3

16.45:06, Z;ATE:

EL~E:NT OS, 3~' BE~ ELEMEl-rr

~.TL START ~::. DIST PKG
O.::>OOCE+O;::' O.OOC:)E·OO

OOOOE+JO 0 CCOOE+OO

OCCOE·OC C.OOJOE+QO

TIME :6' 45: 06. DATE

E:>;D REL CD LENGTH Y'AX:S .. _ ... _-_ .. - STAP.':' DIS"::, .<:00 0.00CCO +1, ::>0000 .J +0 .ooce:) K O. ::>OOOE+:)O

2'::::> . -1.0t'00::> +0 OCCJ::> J +0 .ocooo K 0 OCC:JE· DC

2:00. C · CC::>OO +1 .00000 J ·0 CCOJO K J e,oo::)E"OC9 6
7HREE-STORi' E:::l..DI!':::;

!-fEM3ER

MEl'ffiER

!<EMBER 5
1 S":'F..U:'J'TJ?E

S:::>LlTTICN.

ELOH:N':' (3. :.::::mSEAM EL.E'MEN7

MEM3EF- 6

1 STRU:·T:.;RZ
0"';' /2'7 !:to;

.3Ci.l!.":CN.

t S':'ART ::NO
6 6

~.;7E'F.IA;" I:; ,n:
THP.EE-STCRY e;;: LDI:SG

LEN:::iTH
;.!t:'iG G

, (MX

.. ---.-- .. - Y·AX:.s -- .. ---.-.-- .sTART O!3T :::NO r':ST ?KG
CC::lJC'I ·l.C::>::>OG J ·C.JJOOO K C·.OOOCE·OO O.:)(OOOE+J[) C.JOOCE+OO

.:. ,(MY'A) -10 :MY-Bl -1:) ,(MZ-.~)· 3 , (~Z-Bl-

TIME 16:45:06, DATE

~~E':::K

MEMbER
: .37RU:·T~F.~

::--,'Z'7 !:H

SOLlIT:CN·

8 9
THR.EE-STC~Y E::: UlIS:::

:..E:-;G':'H
2:"
2J'J. C

Y AXIS - - - ... - -.-

::J 0(000 I +1.0COJ:' J "C, CC::JJ[o
'1 CCOJ(' +:).00000:. +0 CC::J::>,:'·

S':'ART D:ST
OOOJE"OO

G COOOE+ GO

EN:> DI $':' FKG
::l OCCOE·OO C.OOJO:::+CO
~'.OOOJE·OG C.OOJO:::-'Co

TI~E. :6:4:>:06, DATE

MEf'o!EEF. 1:)

1 3':'F:.:JCTU?2
.:'~ ! ~-; /90;

SO:..~r:-!Ot-<.

S':'AET END

~.r._7=:?IA~ I:' :FY.
:c

~A7':::F.IAL 'Po 'FX

7J-:REE-.3TORY E:";: :.DI~G

LENGTH
2( 1). C

5 • 'M:>:
2C \. . (.

1M>:

Y-.~:S START D!3T ~.n:: ~':5T ?KG
-1 cca::>o I "O.CJ:)OC J "C.OOOOC K .000CE"00 C.::lOOCE+::Jl"' G.:30oJCE+0::>

" 4 ,lM"::-·A)·11, :MY-e~-l1 .(MZ·A)- 3, {VoZ-Bj·
.::. CO:':C I ·0.000C::: ~, ·O.::J,:'((O K (:)OOOE"'JC 0

. \!1Y-;"; -:.i.. , '~-B"11 ,;}!:Z-AI - 3 , 'MZ-S'·

ELE11ENT 05.

~M5EF. 1
~~MEEP.

l"'....E:MBE?
""2~ER

~':::MBE::_

~MBE?

3D EEA."':! £LE~l:r. MATL S7AAT 2ND REL -- L~N:3TH

11 !< 2(;[0 Co
12 l: '2 2CoC.O
1:' " " 2C('. ::>

" " 1.:i 2('0
1= lE :50.
:t. o· :50

A COJJC
.0000C

A 8::JOC'C
· J::"00('
· JO( C::>
· c'c,cco

y.A);I3 sTAF.T P:ST E:ND DIS":: FKG
• [I COGQC' +0. OC,OC K .0000£+ CO ., OCCOf;+ JO c. OOJOE+C'O

CJ::JC'C J +C OOOC • O. c:).)o£+(::,· .OOOJE-OC c. 00002·CO
oC 00,')( C J -c. JODe K O:'::>JZ"C::J G. COOOE .. DC o. ::>OOC£·OJ
.; OC'[IC'C "T 00. :"0CC ¥. . OO']C E+ O~ C' .0::lJiJE+OO 0 OOOC£"'O(:'
+0 ::>'}(oOO ~ oc. OCC::' ::lC'ljCE'" dc: c.O:):)u£+OO 5 -: 56
-0 1COOO "- •o. oDe:, 0 :)O:'CE<'v C. 0000E· co S ~56
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~U13EFi. 1":'
1 S7RU::TURE:
O~:'2::34

SO:'lii'IO!':

... , 1:
THREE-STORY BUI LD:N::>

75 00 .oooce 1+0 DOCc).: .. e JCGeO K C.J::>OIjE"OO I.: OC::'l:)::·CC 5352
TIME' 16:'3 Co€. CIA':'E:

~MEER. 19

: ST~UCT;.:'RE

0"':' '2"' /.::1,
S8:.:..--:-:::n'l

S; ST :-.?T E:\':' LEr-oC:7!J.
18 :loS 11 '75.:))

~..t..7ERI;'.L 1; I FX , IHX

TH?EE-STG?.·:.' BUI LD:NG

,{-h:<IS START =IST END D:ST ?KG
: OCJ:'0 I "O.ej:)00 J ·e :)](CO K e.JGC'OE"J0 O.JOGCE·JG ':"S 2:

I· .; • 1~'AI - t!'o!Y·~: - 2 ,(HZ-A) - 3 , :¥.Z-BJ·
':':M2: 16 45 CG, ::.;T:::.

EL2'o!E:\'T 06. l -. BE;'.M E:'E~E~C

t-"..EMEER lS­
I 3':'RU:-TIJP2
07/27::3<;
SCUTIC~

jt. ~ATL START END REL CC L:::N::>T:-I
19 12 4 15Ce

':'EFU:E-STORY :l:1:';:!..DI~G

...... ---.- Y·A.X:S STAAT DIST END D:ST Pi<::>
1 CCJJC :! ·O.CJJ0G J ·C.::>;)QOC K O.CDDOE+0D O.OQO)E·OC 5.55E

TI~E :6:45:06, DATE.

EL.-EMlliT OS, IE)D3~ E:"EMENT

HEM::!EF. 20

1 STR:':C':'UF.E.
:''';27/9'

SC!..lrT!CN.

t: S':'ART END LEN'3TH.
2;) 1~ 12 75 (0(,

~;'.TER:A:':II. (F:-') - 5 , (:ofX

THFtEE-S':'OKY BUILDING

Y- AXIS
1.00CC) : ... 0 OCC:») J +C'

)- 4 ,:MY'Aj- 2, I~-B:'

CC)JO K
2 . IHZ-.:""

ST lJI.:- DI57 END DI S7
. 0000E .. CO . C:)OOE+OO

2 , IMZ- E~ .

PKG
: 5.21

TI~E :6:45:06, D;'.TE

:::LD-1,ENT 09, )D E2A."'I ELEMENT

f'ol.EHBE'R 2:
1 S7KUCTURE ..

SC:..trrICN.

t-"3..:-:i.. STl..R':' END RE:'::D :..EI-:G7H
2i.. S 1~ 5 75.j0

THREE-STOF.Y BUIL::IN::i
1,00CCO

Y·AXIS -- S7ARTDIS7 ENCDIST PKG
+0 OCC)::>': +:).00000 K O.OOOOE+JO C.0000E+C) 5558

TIME: 16:':'5 e6, ::OAT:::

EL~EK-r 051, I E3DBE.AM EL~EN7

1 S,:,F_U:TUR:::
0"7,' 27 134

5.::.trrIO~

tI. ST i\.'::(T Etol:: LENGTH
2~ 21 13 75.J::>

~.z.TERI"L = I:X 5 • IMX
THREE-STCf'.Y e:"::LDI~G

y. AX:S - - ... - - - - . START DIST E:>;D ~IST PKG
:,0000C I ·0.000CC J ·a.cocco!:'" OOOOOE·iJC OCOOE·00 15 ~1

4 ,(M"'I ·AI 2, :MY-Bi· 2 ,:~z. A, - :; , I.MZ-BI-

TIME: lE:405:)6, DATE.

ELE1-1EN'T CS, ~D BE..t..M E:'EY.=:Nr

ME~EF. 22
: STR:':C':'UR,E.
(l7/2~!r:-1;l

S8Li..1TIQl.;.

p M;'.T:' STi\.RT ~::- REL CD I..ENGTH
23 9 l' 7500

THP.EE-S7:JRY 9UI~ING

----.-- ... - Y-1V::S --- ... ---- STj\_'qT DIST ~D eIST ?KG
:.OOOOC I "'C.DODee J ·o_oaC00 r. C.OO:)C::"'CJ O.COOOE·OC .558

TII'!E :6:45:06. D;'.TE

MEMBE" 2.:

1 ST~UCTiJRE.

C'7", 2' ;94
S:Ji..:"--:-::Jt;

;;I START 0:[' :'ENG'!E
24 2~ :4":'S CC

~A':'ER.I;'.L t:. : F"X 5 ~x

T-IR.E2-STO~Y EUIL:::N::i

":'.;'j::~ S':'ART D:ST :am ['1ST FK3
.C'CoODO J: +J GODOC· J +C·.DOOOC to: G.OJJCE+OO (.000(.E"'OJ 15.21

)-, ,;MY AI· 2, tHY·E)· 2 ,<MZ-..t..l-:1 :MZ-3)-)
':'IM:::: 16'45 C6.

!-(E}o!BEF. 25
ME!"8EF. 26

: ST~UCTU'RE .

'" HAT:' S7AA-r E:ND REL C[,
25 23
26 9 2.:.

7:i?.EE-STGP.Y EUI LD:NG

LENGTH
15J. (,
IS) 0

Y·AXIS
1.(,0000 "J COOOO J ..c, 00:))0 K
1.0GOOD I ":J 0000C ·0 COJJG K

START :::ST
a.000JE-OC
J GCC:)E· OC

END [I:S7 PY.G
OCCGE"':)G .356

o OCGOE")O . 553
-r:~E: 1£"5:05, DATE:

1 STP.~::T:':RE.

SOLJR10N

a. ST;'_'qT EtC LE;"G~r.

2~ lE 1- ;;,OC.)
P.ATERI;.L l:I IF;': S • 1M;':

THREE-STC~Y EU: LDI~::;

Y-AXIS S~';.RT DIST 5[' SIS":" E-KG
Co.DOvOC .O:J0CC J ",o.coceJ:-:: 0 0CCOE-OC ~ OCC;)E-OC O.'J0C'OEot::ll]

" ,(M"':',;"'I' E , :HY-B)' 6 • :~Z-A! - :; • IM2--BI - )
TIME lE:4S:J6, DATE

:::L~EN':' ('6, ~ D BE.~ E!..E¥.ElIT

~~MEEF. £.::
1 .3':'RU:7U~E.

SO:'l"T 10:-;

~ ~;',Ti.. ST>.R.T ~[, REL CD LENGT:i
25 I"'; 18 2000

71-:F.EE-S72'F.Y =U!:': ING

y·,.:1..:5 ST>_'qT :nST E....;r, :'IST PKG
o OOOOC I ·:.O'::-QCC.J -o.:']('CO K C..O:'JOE-C:' D.CO:)CE"'GC ::> Dcocr"'::>Q

TI~E 16:43:GE, DATE

1 S7R.u·:TiJp.:::.

~ START END :'ENGTH
29 : E • c, 2:0G.

M..:"'TERIAL t: 'FX) - 5. , ;~X

THP2E-STC,RY EU'ILC:N3

y-;..x:s ----- ... -- ST.~T DIST END DIS7 PKG
.0GOO-:" I "'1 QCC:':' J "0 00::00(, K .C;»)OE"'O:' O.C;»)OE"CO J OOC)E·OC
, ,(~ Al- 2 • It-!''I'-EI' 2 ,'HZ'A: - (~Z'E) - )

TI~E
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Ei..EMEtrr JB, JD EEAM EL..E:MEN':'

!'iEMBE~ 3 Q

:. STR;.:'C':'URE ..
0'" /2":' .rc 4

S'JL'~-:'::)N .

HI..TL 5':'IJ\T :::ND F.:::L C:' LEN3':H
30 91921 2'JL',0

':'HREE-5TORY BlJ1:.D1NG

.. - - -. - - -.. y. AX 1.3 START :::51 END DIS':' FKG
-'l COJOC I ·u.COJOG J "C.OOOOC K O.COOOE"CO J.('CCJE·OO C.OOjQ:::+CO

• TI~E :'6:~5;06. DA:'E

:::LEHENT CS'. IEJ:"EE.A.P. ELEM:::NT

1 S7?U:TU?.E.

.3T>..P.T 5C' LE:-;G~!i

31 22 2 ... 20e.
HATEfi.I.~L iI IF}'. (XX

:,rF.EE-S:':lRY BUIl.:'ING

y. A>:lE :3':'ART :IST
C.JJC'C'·O: "'1.:'1.'000 ...~ "';:'.OOOC:J K a OCCOE::.cc

4 . ~MY Al - 2 • I¥.Y·B,· ~ • ,HZ·;,,· - ::: • 1!-!,"2.-B

~t ::>:ST
OC·:'JE- e·c 0

r:K~

:":'('0£+ :)C

T!ME· 16;45.0L DATE

EL~ENT oe. ]D BEAM E!..EMEtrr

ME~EF. }2

1 ST~UC':UF.E:.

07/2'7 :9.;,
.3::::.t.rr:O~

"'.n STAR7 ~t, KEL CD LENGTH
32 2:; 22 2CCJ

'!'HR:::~-STCtRY BUIL:::N~

Y-AXIS - .. - - .. - _... START DIST END ~:ST ?:<8
C.J::lOC'O I OOOCC .J ... 0.')')000 K C.000CE·00 0.0::l::)O::: .... 00 ) OOC'CE+O:)

TIME; 15'~S C6. ['ATE.

1 STR:':C:'UR.E.
07/2"";;'34

SOL·.r;-:;:ON.

STAR':' B;D UN'3T:i
:;::: 2~ 23 200,C

M~.TEP_:AL j:! ;FX! - 5 • :~...x

TH.?.E£-STORY BUI LD:NG

"--"---.' "i·AXIS ... -- .. --- .. STA.~T DIS'! EN:: DIST PKG
J OOOOG I "1.00000 J +0 COJJ(o K 0.0000E+CO O.C::>OOE+CO O,OOOOE"'OC

'il • l~·}._)· 6 , (MY·E.;' - 6 I (MZ'A; - ] , (!'1Z-Bl· 3

':':ME; 16 45·C6. ~.A.':'E:

ELEMENT (Ie. ][, BEA¥. ELE!otENr

ME.."fE~ J4
!'{EMBER 35
~EM3ER :!E

1 STRU::'T:!RE
'J7: 2, /:;'4

so:.,LrrICN

• MATL START EN:: HL CD
34 IE 24
3 S 17 23
36 :. E .22

THREE-STCRY BCI LDI~G

LENG':E
200 0
2:)J. G
2J). C

Y AX-< STAR:' DIS:' EN:: DIST PKG

'1 .OOCC:) I -0. accoo : -J .oooeJ K O. aOGOE+OO o. )OOCE""OJ o. OCC)E"'OO
'1.00000 I -0 oeC3::l : -J .00000 K 0 OCCOE·OC 0 · .'](0 OCE'" 00 o . C·OOJE· DC
-1. GGOOO I - J. OOOJO J "0 CCOOO K J OOC'JE· DC J OCCOE+::>O C. C::>OOE"'OC

TIME' :'6: 4.5: 06, DATE.

ELD1ENT 12, S':'~.SIL:':'Y ELc.~NT

tE::MEER 3-

1 STRUCTURE.
07 :'2, /94

MATL START EN:: LENGTH
37 e 26 IE 1='J.(-

:'EREE-ST:lRY B'::LDING

Y-.A.XIS - - - .. - - -.,. - S':'ART D!ST no D:ST
1. JOCoOO : "":), ocooo ..T +0 OCC» K O. CoCOOE"'CC 0 ceOOE·OO

TIME. 16:45;0E. D.A.TE

ELD1ENT :::,5, IE3DB::A."1 ELEM.::NT

MEMBER ,8

:. STR:';C':'URE
C-;/2-/9.:.

se'LUTION.

s; START D;C' :...E~G':'r

3.E 35 2' lSC.:'
MATERIAL.!l IF;' 5 , (MX

THREE-S':'ORY BUIU:-ING

Y-AXIS S':'ART :JIST END ::':i:ST PKG
.00000 I ... c.oooo(. ;} +o.OOCCC!< C.JOOOE+vC· 0 wCCOE·OC 00000£'+::>0
4 ,(MY A;· 2 I (MY-E)' 2 • 1HZ-A" 3 , IMZ-E:-

TIME: 16:~5 OE. DATE

MEMBER 39
1 STR:':C':'UF"E.
07/2,/9':'

!o"...;:'L 5TA~T ElO L£NGTii Y-AX:S ST.'\R.7 DIST E~TI DIST
lC 29 17 15C'.0 1.(00000 1 .... 0000:)0 J "'O.CO::'OO 1': 1o.OOO''JE+00 C.OOOO£"'OO

7HR£E-STORY BUIl.:)ING '!'!ME; 16 ~S C6, ~.l.,,:':::;

1 STR:":C':'UR.E
0'7/2-; '9':'

5=O:':J:'ION.

P: ST"_~'!' EN:: L..EN8TH
4 J :3' 2::: 15::'

MATE?:A:'" ~ (F:-:) . (MX

THP.~~-STORY BUI ~:NG

Y-AXIS STAAT DIST EN: DIST F-KG
1 ,::,O('C:: .... 0 ClCC:)'J J +0 CCOOO K J OCOOE"'C'(' O. C3:)0£+CO O. COOJE ... (IC

j. , • 'MY-A)· 2 • If'o!Y·El· 2 I IMZ-A~ 3, (~Z·E;-

16.4C::Oo l ::ATE:

EL~D:T .J':,

MEMEE? 4.:.
HE!{EER ":'2
ME~EF. 43
MEM3EF.. 4 ~

~EtQ.:::F. '5
1 STF.U2T:':RE
07:27.34

.3C:'l7:C};

~ [, 3;::A.."1 E!....EHEr-T:'

~.A.TL START ~D EEL c:: LENGTH Y'AX!S STA..~T DIST E..'J::J CIST ?i<G
.::. 0 ::'1 19 l=C. 1 . ::l:)000 I +C.OOOCC "' -0 .0J0CO K C.OOOCE ... 00 c · OOOO~"'CO 5:.65
'2 32 2: i5C.O 1 JJC'C'O "'C. :)0000 J -0 .OOCC;) K C, :)OOCE"'::::C' C. OOOCE .... C) 5:.65
.::? 20 21 :52 8 0 .: 07 11 "'0.""10711 : -0 .OOC(.'] K 0 :)0'20E+JO C · ::::OOCE· 0::'1 O. OOC::lE· ')G.. 9 2<' " !.52 E . J :071:' -0 7C711 : -J .oe'ooo K 0 OCCOE·OC 0 0(oCOE· 00 C'. C:)OOE· OC
4':. 9 ]6 20 12, .9 . ('CoOOG -1 OCO'J:" J +0 CCOOO K j. L'CC::E·OC J OCC;)E"';:l(' 2 231

THREE-5TCRY EC:LDI~G T!JI.!:E :'E:45;Oii, DATE,

MA':':' 8TAF.7' END ·7,FE· _. LEN3TH Y-AXIS .. --_. ._-- STAR':' DIS:' ~D SIST
4E -, 3C :!E, BE:NDI~G-Y 1 ['00 0 CCO::>[' I -, OOOJC J ""0 CCOc.,O K 0 OC C'OE· 0(0 c. OQ'JOE+GC

':'EF.EE-5":OP_Y E!:";:~'I~G TIME, 16 ~= :OE I ::>J,TE'

E:'~E:N':' C2. CtE 'L.JC;":.) OCF SFRI~3 ELEM2NT

XE/'GE!\ '6
1 STRU2T:.J;'Z.
07/27/9<.

S-::'L~:"~l~
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• MAT~ START END -TYPE- LENGTH
!'1El'-1?EP. " '0 12 29 16 ;'.:<.1;.l. 2=(:
>IEM3ER <6 43 12 3' 2< AXIAL 25C
ME!"2ER '9 4$- 1 29 2, Ai..I~.L ~5C .
~E~EP. SC 50 1 :;.J 22 AXIAL 2=C.
~EY.3EP. 51 51 1 3" 21 AXIAL 250.0

ST??'UC7URE. THREE-.8TORY BUIL.:·ING
C /2. i :9::'

SO!..:"'"':'::JN.

E:"~E.N7 C1. ~ fC SHEA:? WALl.. E:'EMENr

Y-AX:S S7A"-T :rST :;:ND DroST
C .0-)CC::: +1.0ceoo ~ -0 oocco "- 000CE· 00 C'. COOOE+QC
0 .00ceo +1.0ceoo ~ "'O.OOCCO C _DODGE" OJ 0_ COO0E·OC
1 . ·):)c CD +O.OCCOD ~ +o.ooeeo c. 00JC'::·O::l o. COO'JE· DC
1 DOC CO +0.0COOO ~ +o.ooceo C 00102+C::> ,COOJE·CC
l- ooceD -0 OOGOO ~ +O.OOCCO 0_ OOJO:;:-CJ . 000::lE- DC

T!ME: 16:(,S.C'E. D~_7:;:,

ELEM 5D;:· SHEAR AXIAL JDINT JOIN':" JOIN':" JCINT
~ M}..T~ ~;'.T:" MATi.. t'l t;2 =3 =I':'

LENGfE WIDTH ALPHA

ME:MEE~ 52
t-'...EMEE:? 53

1 STRUCTURE .
07 /2-: !~4
S:JL~iON

52 15 hi 1<'
53 15 16 1<.

THREE-S:'ORV BUIL:iING

15
22

1"
23

25

l'
130.
150.

2CC
2CC.

coo
-coo

69 21
6S 21

TIME: 16:(,S.0E. DATE'

=::L~EN7 :4. E:C SHEA? w;.LL 2:.E~:\-:- ( SHEAF. SPAN LE:NGTE RA7I:J-

ME~E:;. '=4
1 STR0C:-UP..E.

SOLlrrI:J~J .

E:'E~ SH:::AR A.X:;'.Ll A.x::;'~2

*I- ,....A ':'L J'o'.A7L lo".A-:L

54 18 .'
THREE-STORY BiJ:L20ING

~OINT Jon.r: JOINT JC:NT LENGT~ WIDTH A:.,?H;'. PKG

"' 02 tl-3 .,
'6 2< 35 23 ,"0 _'0 20:' 0 1. 0:)0 4C _26

TIME 16:45:0':' DATE

LLNPED NODE MASSES..._-.-_ ............
NODE MJ( >IY ~z IXX lIT IZZ IXY In IYZ IGE/i H::

1 44JJE-02 44:):)2- C2 CCO::lE-c:a OOJJE-OO C. ::>:)OOE+OO (,aODE·CC OOOOE·OO .OO:)::>:::"'CC CCOOE+(oO " 1
11 2.500')2-C2 2 ~CJ::>2·C2 c(:oo::-co OO:):)E·OO C. :):)OOE+OO .0000E·CC .OOOOE+OO ,OOJJE-OC C(OOE+OO 1
16 775')::·(2 7"~5:n:-C2 ((:)o::::.c( cooOE·OO C.0300E+OO .OOOOE-C( OO::l'J£+OO .OO:)::I:::·CC ((OOE+OO 1
IB .7'73J2-02 a 7750=:-C2 CCOOE·cc CCJJ:;:-OO C.OJOOE·,jC .GOOOE-CC ,OOOOE-OO ,ooon-oc CCOOE-OO 0
19 442'):::-02 4420E-C2 ceCDE-te . CC:iJE+OO C.OJOOE+OO .OOOOE·CC OO::lOE+OO ,OOOJE-CC CCOOE-OO 0
20 6i):)E·CJ E 6700E-C3 CCOOE·cC CC::l::lE·OO C.O::lOO£+OO .OOOOE·CC .00J0E+00 .OOOJE·OC COOOE+OO 0
21 442:)E· C2 4420E-C2 CCQ::IE·CC CC~J:;:-OO c .OOOOE+OO .OOOOE+(C 0 OOJ::>E+OO .00::>::l2+00 COOOE·OO 0
22 .775::l~-O2 ;;50E·C2 CCOo~·cC CC::I::J:::+OO C.0000E+00 .OOOOE·CC .00::l::lE+OO ,OOJn-OO COOOE·OC' 0
23 .775:'2-02 77S0E- C2 Cc:>o:::-cc (C::>::'2"'00 C.OOOOE+:)'J .OOOOE·CC CO::l::lE+OO .00JJ2"'CC CCOOE+OO 1
25 0. 20J~! 2COO CCO()E·cC cc~n-oo C.000OE+00 .OOOOE"'CC OOO:)E·OO .OO::>::>E·CC CC'OOE+OO 0. ' .33:1,jE-C2 1 :D::lOE-C2 CC:):):::·CC OC::I::I:;:"'OO C.OOOOE+OC .OOOOE"'CC 0000:::·00 ' OO~J:;:-CC CCOOE+OO 0
35 . CoooE"O(. CC~~:;:-CC CC::lOE·CC 0 OCJ~:;:-OO C.5000 . GCOOE·CC OO::lJE"'OO ' OOJJ:;:-CC CCOOE·O(' 0

5 .OOO)E·-::C CCO::lE·C C oJ :::CO::JE·CC " CO:):)E·OO C .0000E+00 .0000E·CC 00:)0E"00 . OO::J::l:>CC CCOOE+OO 1
15 .0000E·CO 0 CC:J::IE·CC CC::l:JE·(;( CO::l::lE·OO C .8000E+OO .0000:::"'CC OOOOE·OO OOJn-CC CCOOE+OO 0
25 .000JE+OC CCOOE·CC 8CO:)2-<;0 COJJE-OO C .0::lOOE+OO J _OOOOE-CC OO~OE-OO .OO::>::':::·CC CCOOE+OO 0

THE ~:"'SS MATRIX :s ~o':' :::J~DENSE:' W:"··H THE STRUCTlT?..A:.. ST:FFNESS MATRIX

P:~"::>?OR.TICN;"L DAMP:NG CO:EFIC::::NTS

3ET>.· (0.00::>00£··00

M~::>RY :""7:LIZ},.7ION
:z .. 439~':', MEM" .2."6![

ELA?SE:, cpt: 'rIME
:-CTAL CPU TI~E

~50 SEC
39 SEC

1 5TR[lCTI'F.E.. THF.EE-S':':JRY BUIU<iNG
'J":" ,: ~7 /So.;,

SOLLTfION NON:"INEAR CYCLE ~1'JALYSIS II:TH UNB.:e..u..N:E:: F::IRCES
SOLlrrIm.: ",. STI-.TIC NCNLI:\:::AR S,JLlTTIOS

:l'~-:-ERVA:!.. FOR Pfl.INTI~G O';T.:'. 5::10
:NTERVAL FOR ~"7_ITI~:; L::.\T.:'. ':'C FILE 1

Ul'."EALANCEO ,JC:NT FORCES ARE ~.OC'EC T::I THE NEX':' ::YC~E

EL~::N:' :.:5 ~K::-:-:-El'': TO lJNI7 1 0

E~~~.:T :s WR:"!"7El'; TC UN'I':' "E~EP.:;:"T '" ,< WF.I'I":'EN TC lJNI7 ,.
:;:~£loENT 39 I.3 WF:::-TTEN TC mJIT 20
E:'EP.=:t;T 22 13 \o."F.i',...-rEN TO UNIT 2:
E:"~=:ST 2'7 IS WRIT"':'El~ TC !.JNIT 22
E~~:=:",a 29 IS WP.ITTEl.J TC UNIT 23
E:"EM~;7 3E IS WRlr:EJ'~ TO ;nET 2'
E~EP.~n 4(, 1.3 WRIJ:'EN TO UN:::T 25
E.LEM=:t~T ,c 13 WP.IJ:'EN -n •...1'.J!T 20
E:...EH::t.7 5C IE WF.ITIEJ.J TO ':",'NIT 27
E~EP.:::NT ,2 13 ;';P.ITTEJJ TO 'IN'IT 2.
ELEMENT • =, IS WP.ITIEN TO L·N:T 29

,:e.PFL:E~) J:JI:-.-;' :'0.:'.:>5.................. _...........

TIME 16:'5 GE, Oil.TE.

TItE 16:45:Ce. ::;A':'E: ::>7:27/9.;,.

LeAD CA3E
LeAD :;"SE
LeAD Cil..3E
LCAC :;'.5E.
LC~':> :':'.5E
leAD :':'..3E
LC.;:J :;".5E·
:..G;.D :ASE

: STF.U:T:.J?~

C"7!r 194
5o'JL'..TTIO~

1 STR:':C'':'UF.E.

':C:NT: O:RE':T:ON: D: :'O? : :,€ 3,
.:"-::HrT . O:RECT:ON F_'_ ::'O? ( « .:,
...~CINT . O:F.ECTIOt'l. F;{ ~OFr , q

"':2INT: n:F.E:T:OI\' : F:< :,C? : 05 12,
':CH.""!'. DiRE:'rIO!'J' F:~ :>GF ( , '::9. 15.
";CI~.-:- : DiREC7I:::JN. F:( ::;CF: , 59, 19,
.:"OiN"T: DIREC':'I~!,;, . ~:( :JCF: ,

~6 , 2: ,
:C':::N':" 6 DIRE':':'I::II\' : F"' CCF: '::6, 2<.

':'EREE-.370F\Y BUI:..DING

N:>NLINEAF.. CYC:'E ANA..:":=SIS HITH UNBALANCED ?OR::ES

THREE-STOP.Y 8:.J! :..:>ING

165

MJ".:iNITUDE .
MAGNiTUDE:
MAGt':I ruOE .
M.~::a.jI TUDE:
M.t.:::;tl:T~DE .
MA:::;N:TUOE:
l-'...AGI'.:T':JDE.
M1.::iN!':'UDE·

.2222CC

.2222CC

.2222CC
2222CC

.2222CC
c.2222CC

.2222CC
:Z222CC

':':~E: 16:':'5:05, DATE:

7I~: 16" 5. :'c. O_l."TE 0; /2-; /9':'

TI~E: 16:45:06, DATE:



C-::, 2":" /S ~

S::L:'''':'::JN.

:. STR::C7URE.

1 STRlJ:TtiRE.
J":' 'Z";' /9'

SCU.rr:CN ..

:.. 57RU::T1J?,=:­
C-;/2";':34

S0:'LrTIO~

l STRU2T:":P2
C7/2";':9~

SO:.trTIC~.

:. STRU:TUR:::

SCLL~ICN...

MORE T!-!AN
MORE T:i.~~

M:::>F..E T!iA.J'o;'
H:JRE 7:.v.N 5

1 S TR veTURE .
0",' 2":' /~ f.

SOLlITIm•.

':'l-!R..EE-STOR'i e.:..:: ~I~G

N:Jt'JL!NEAF'. 2YCI..E A..';.lU.YSIS w:n,: :'"NB}..LANCED FeR-eES

N8N:'INEAP. 2VCi... E A..';_:;LYSIS w:Tr- :';-'B':-.U.NCED FCF:.2ES

7!-1REE-STCRY e::: U::I~G

7HF...EE-STORY e:::LD::::~G

NONLINEAR :::VC:'Z A.."1.,;,I.,Y.5IS w:TIi UNBAlANCEC' FOR.::ES

7EF-EE-5TORY EUI :.DI~G

N:JNLINEAF\ CYC:'E }'1'4A:'YSIS WITH UNBAu.,NCEr" FOR::ES

2YC:'E~ !~ M>.T06. IE!.J'iIC
.:yc::.ES I~~ MAT:)°, IE:..NC
CYC:.E.5 I:S MJ..TJE. IE:JIJC:
CYC:'E5 I:S H;,TOE. IEU~C:

THREE-S7:JRY BUI:.DING

N:JN1...lt~2}..F.. CYC:.E ANJ..:.,YSIS WITH UNEJ.._lAN::E:' FORC':::S

T:HE. l€ ~5.08. CATE: )7/2.7/9f.

TIME. 1b:f.5 Of. DATE.

T:ME: 16:4S:C6. ::ATE: )7/'27/9t",

T:HE: 1E -':':03. D;'.TE: 07/27:::;',

T:HE: 1E ':':::03. D;T~. J7/27/9'

':'IM~: 16:':'5 06. DA7E:

TIM:E. 16 45:08, D_:"TE: O;!27/3~

':'IME: 16 45.C6. :>A':'E:

':'IME~ 16:45:)8. DATE; 07:27i94

':':ME: 16 45.C6. ::JA7E:

':'IME: 16:45:JE. DATE' 0";':2";'/94

NOTE Mi\.XIMlP.1. VALUES MAY l'1OT O':CUR SIMULTANE::XJSLY

ox OY OZ RX RY RZ

).212.69 -3 182326E· C2 .039012E (2 S. 923E94E- 0-:: 365519E- :)'3 5 4C7635E· C5
.2:!.269 -2 1CC7 39£- C2 .39Q€20E n . 4. 599072E· 05 .84)1)GE-03 5. 4C7635E- C5

3. 20987 - 2 6CC029::· C2 .13()509 -1.09"744E-04 993'~:E-03 llC213E· C5
} . 209S":' -1 }7736E£- (2 ·8.f.iS560E-C3 €. 6J3.351E· 05 .549":'EOE·J3 llC21~2·C5, 19765 -I 37798EE· C2 - 8. f.1E 80 IE - C:: E. 6J3]51E· 05 6E39E7E-J3 5. l1.C21~E· (.5

:9765 -2 ECC029E· C2 C.12":'S15 -, .09''';'54E·04 C3J92.4E·03 llC213E· C5
.20 :.66 - 2 1CC799::· C2 5 .64E703E-C~ -5.43959":'E·05 .821374E·03 4C7635E·C5, ~( :66 - 18232€E- C2 3.'S~453E·C2 · 019G~BE- 04 6 978863E-03 .;'ICi635::-C5

9 2C·7 2~ - 2 E4:!.56~E-C2 C. JJ0000E·CC · OJ00COE· OC 0 .00J000E+00 4C76 35E- C5
lC 203; 5 -I 5890072- C2 C. JJ2:,00E·cc O. O·J)GGOE· OC 0 .00J.jC·GE+OO llC21~::·C5
l: 4:; :9":' -, 35285E2- C2 o_13C'5~3 : .645726E-04 6 4894E:E-O) 1 1762JE::· Cf.
12 4 ~ :!.97 - 9 996'':''':2-C3 -6.5'4";'51E·C3 · 060958E- 04 369Z:'CE-G3 1 1(62)E2· C'
13 4ce, '5 936'':'':::-C~ -0 · ,9C·(.i5E· C) · 06C'958E- 04 7.4570:'2E-03 1 1762)€2-Cf.
1< 4ce, 5 - ~52J562- C2 0 · ::..24622 .6":' 57 32E- O~ 5011:'8E-03 1- i762JE/::-Cf.
10 42C21 - 2 :7565CoE-C2 c · JJ0000E<::: 0 DOOCC)E·OC .00oaCCE"'OO 1 1762JEE- 0":
16 · : ~ 1~9!3 - 9. 43456EE> C:? 2 '23C2'E-C2 9 _135180E-05 .1594C7E-03

_ 0
7'E 3J47E· 05

17 " : ~ 199 8 - 2 · 796066E- 02 S _554C8 i E-C3 .04 3290E· 04 .189095E-O~ - 9 763J47E·05
IE : ~ 199 9 -, .;486'5E- 02 0 126 C5"; : .53578)E-04 .'53E25E-('I~ - 9 763J..:.7E-C5
I. ' . E ~";'"" 5 ~ -3 · 885999E- 03 0 00(COC'E·00 ( .00OCC:."lE·C'0 · OOOOCCE ... OP - 9 ~6624~E·05

2G 3 5";'~ 3' 9 -I. 3252l4.E-02 0 .OOCCOOE-OO ( - OOOCC::lE"'OO · OOOOCCE"'OO - 9. ~6624~E-05
21 5:10J3 -3 B655~9E-03 0 .OOCCO)2·00 ( - OOOCO)E ... OO .00oocsE ... OC' - 9. ~5624~E-05
22 : :08f. 6 -<"7~8f"?5E-02 0_ 12C 183 -- 5~5";'43E' C, .625S58E·O~ - 9 763047E·05
2:?- :. :08"':'6 · 7960E6£- 0.2 5 _53":' C;"E· 0:3 230743E-(o' .09665JE-(o~ - 9 .76304";'£-OS

2' : :oef.6 - 0 · 4.H5e:eE- O~ 2 _993221E-02. E _577719£· C5 · 06)OC2E· O~
_ 0 .7630nE-05

25 :( 106:? -, _77237:£-02 O.OOCC8)E·00 C _800CO:OE·00 C .OOOOCCE ... OG
_ 0

.763047E-0::
25 :. (~cs:? -5 · i2'93CE·02 O.O:'OCCJJ:E·OO C _OOGCOJE"OO ( · OJOOCCE+OO - 9 · 763047E· 05
27 :";'4 J":' ~E· (;: .-;. S8";EE8E- O} O.OOCCQOE·OO C _OOOOO)E·CO ( · J;:"jOCCE+OO

_ 0
~66243E· 05

28 CGOOJJ2·CC o. COOC'0CE+00:' 0 COCCJ:)2·00 C _OOOCOJE+OC C .OOOOCCE+OC' · COO': OCE'" 00::
2, · C·(.CO:)jE-C C O. COOO'JCE'" O·) 0.00CCJ02·00 C. OOOCCJE+ CO C · JJOOCOE+00 " COOOOCE· OC
30 0 0(00)')::·C C COO-:0CE+0:" O. CO(CJJE·O':O C.OOOCOOE"'CO C · JOOOOCE+{"'C' COOOOCE· 00
}l .C·'~'OOJJE-C.C · (0000,')(' E'" 0':- C' .COCCJ:}E. .. QO C.OijC'OOJE+CO C .0::lOQCGE+C'[. · COOQOCE'" Oij
32 (djCC')J::>cr COO·')j0E+00 (0. \..CtCC:)JE",)O (.OOOCOJE+CO C · JJOOOOE+C'(' · COOOOCE<)O
3} OOCOJ)2-C~_ C. COO:'00E+00 O.OO::CJ)E·OO C. :::OOOOOE+CO C · :):)OOOOE"'O(· O,COOOOCE ... JO
3< .GGCC)J2-CC 0. 000):'C[+0-:, (I.OO(.CO)::·OO C.OOC'OOOE+CO C. )JOOOOE+("C O. COOOOCE+:)O
35 CdJOOJ')2"CC · ('0000CE+0') O. CC'CCOOE"OO C.:)OOOOJE+CO C.OOOOOOE·0C C,. COOOOCE+OO
36 ('('CO':'J:E-CC ('0000CE+ OC· 0 .OGCSJ':'E"OO C. ')OOOO":'E~CO 2.3630S:!E·C4 (I. COJC'OCE"')O
37 I'('CCJJE·CC 'J.C0000CE .. OC' 0 .OCCCJJE·OO C. )OOOOOE+C:) C. )JOOOOE·CC O.CO::>OOCE"')O

1 S7R~C7UF.E _ TH?2E-STORY EUI:"'::ING 71M2, 16 45 C6 _ ~A':'E'

07/2-,9':'
S:J:":"-:-:ON. NC~:':NEAR CYCLE ANALY.3:S nI':'H m.;BAJ..NCED FORCES T,Mf:, IE 4= . 05. D}..TE: 07 :27 :'34

:'GAD:~::; • MAXIM~ ~EAL:'IC:NS

~~.xIML~ GCS EEST?'.;:N7 R£:..c:T.!.·':l".3 NGTE. ~;.x!l>!::'1o! ·";}.~IJES "".J.••:: NC7 :JCCUR SIMU:'T~J~E~USLY

M.~..XIMUM RE..5ULTAl~~ J~ REA·:T:C:NS. FOR::=:.
S7R:':CruRE ':'HP.~E-.5TC:-.Y e;'::DI~JG

\).,.' 2:":' ,9 (,

34. - SC. 5:05':
3 5 ~ Z 315C:;
36 -:o:'.(o~~C

3" C' CC:):')OOCE"O.:,
MAX CF ALL-
G:.5 SUlo'Y.

N~L>E

10
15
2S
2'
27
2E
2.

ex

O('OO:)],:,E'" C8
.,: (oOC):,(,::· CO
COCC':J~!O=:- ... (O
(.'}CGJJO=:-"'CO

C ('C'CCJJOE"CO
C'OC'0~'J02"CO

16 4b65E
E9 .2C,; 2':
1:' .66215

·1 :;- 03':":'
~. ";'00'; J:.

FY

.0000C'CCE"'0')0
C000·:'C[E·0':'

· (.000\lC[E .. ij,:
· .:·00:::'( CE"":--:

0.000C":-CCE"'CtO
· OOO=':'C(E·O-:·

2:. 6So 3~ 3
.::..;. Sf 3-­

~ 2'";' 1:"­
C . Z:' }5e2:
C' [OO(;C( ':=:"0::'

.:.. . OJ5"'6 3
13E':L3E

0.SJ3::";'2E
C O:I)(':]C:CE+':":-

F2

.O'-'CC:::)O::+00

.OOCC';))CoE ... O·J
:::.OO-::8):)C·E+0()
:J. O,j::C;j:]~:::+O':'

C.OO:::C:::::::C;E"00
. 83 6e9~:?-

- 6:? C96J:?
"i 3 ..; eo:- 'f
2 2Si:;':' BO:-

O 00:C:::'CoE+OC'
. IS 189 :'4
6: 2SJ26

-H'E .a69C

)55. ~

MX

C. JJOOO')':'E+J~'
C. JOGOOC OE+OJ
C'. ::lClOOO·:'0E+0;)

· J000000E+:))
C. J :O00000E"'JO
-55";' :!j]':
·9. ";' 2.444'
- Ee :4331
(. ;)0('000·)E+0:::
'16 GI"i'lE
- 16 0.1":' IE
C J0')0000E+J::l
- 89 E5'5E
-18. 38~U
-2:.~9"i'Et

C. )(':(OOOO£·JJ

MY

· JJ0C'OOOE+ co
· JJ('G000E+CO
.J'JOCOOJE+CO
· JJGCo000E+ CO

C. Jj00000E+CO
8Bb 6425
7j~.O~2;'

35"" . :6JSo
c. ))OGOOOE+CO
- lJ 2 7"" 3E
- 1~'"i .9801
C. JJQCo000E+CO

193. E364
%6 03:35

C :IJ("'('OO'~E+CO

- 236 ~OS3

MZ

· COOL'OCCE+L'':'
· C:)JOOCOE+ 00
.C::lJOIjCCE·OC'

O. C;))'jOCCE+':'c'
· C::l)OOCOE+QC'

C'. C))OCo('CE"'Co[,
,'"":3795
5 ."" 5!j.:.E 6

O. C))C'~'OOE+O':'
· 7-SCiS955E· .J2.

i.7695955E-02.
O. C):)OOOOE+[oO
1.8"5E49E·02.
1.8"5E43E-02.
·2C.51E2:?
0::. COJOOCCE"OO

TIM=: iE ~5 C't.. C.~.TE

~Cr-;:':NEA~ CV::LE AN;'':'YS:~ .... ITH LTN3A:...r..:-:CE[) FCRCE.5 T:ME: 1E 4:'·06, r.:~_TE; J7:2";'/9'

166



LC.;o:N3" C ?2r-.K E::"~~T ::JF.CE3
C:J:"Ut',·_".; LU~~: R£PRES:::NTS 7i-1E DOF "'1-:1::1.1. HAS MAXI~:"1'1 •...~.L:...=:

3v EEJoY: FOR::ES.
MAXI~:"'1-l ......ALUES FOR ;'.L~

=:L~EN:- :.0;;:, NC[JE
1 2 FORCE

FORCE
F'C?.C=:

AT T!iE S~E ':'IME
~z

E 930220E·16
199102::: - 16

1 ]7~105:::-16

98~86"E:-1-:'

93022J~· :E
:991::'12:::· :6

1 )791:15E·:E
.95980":£-
.9 ]C220E -:"f
.199:!.02E-:E
.93C220£-lE
.199102E-1E

1.379:'05E-lE
3.989664E·17
5.93022CE-16
7.1991C2E-16
1.3"i91CSE-lb
3.989864E-1'
6.930220E-16
"".199102E-16

FR:::NT aU':'
I<Y

:"::'C7. E
":' ~). 182
2E=2:.32
19=2.63
11e:'.lJ
"'1C 162
2652.32
1952.82
110"'1.10
"i' 3 :E2
111)"'1.:0
743.: 62
2652.]2
1952.53
11:)7 1C
743.162
2652 32
1952.93
: :0-:' . 1(0
:43.1B2

DOFS ~OR::ES ARE
TORSIO~

2.::'52586E-OZ
-:i. .052 586E - 0"

62-:'2=6E-oz
62J2S6E·02
OS23E6E-02

-2 C52366E-02
162025EE-n

-1 E2023EE-:J2
2 C5259EE- 02

-2 C5253EE·::i2
.C52596E-02

-:2.052596£- 02
1.E20256E-02

-1.E2C236E-02
2.052=86~-C2

·2.032';-B6E-C2
1.62C256£-C2

-1.620255E-C2:
2.852586E-C2

-2.852586E-OZ

WITH ':'HE CTHER
FZ

· ~ . 23:-'2
:I 23:'2

·23. ::'2S";"
22. ::'12: 5";

-9.2=:' 42
9.2510;2

- 2}. 023'
2 J 025-;

-9 2S142
9 2S1~2

· 9 2=14",
S 2=1":Z

- 23. C25""
23 C2S7

-~. 251..:2
So. 2 :'1~2

- 2:; 02S7
23 0257

·;.23142
? .2 3:!.4.2

VALUE

MAX:Mm1 \'A:'UES
FY

E07659~·16

-,(, .607659':::-18
. 1.13E412£·:8
1. 13c ':'12E -:E
".EJ7ES9E- :~

-4..6:)70=9E·:E
.1334 :2E·:..E
. : 39.;l :2E· 15
.60'859E·15

.~ .60"i9~9E-13

6C'959E-19
-4 6C'859E-18
-1 l}E'12£-16

1 : J8'12£-16
, .6C'7659E·18
-'.E0783~E·18

-1.1}8412E·16
1.1}84:.2E-15

.E'J7659':::-16
E '::- =59::- 18
:-IkS ~;..x:~~

STEPS NOT::
AJC>.L

· C'):)O,jCE"'O::
· COOOJCE+OJ

J ('OOJJOE+CJ
OCG::'IJ'J~+C'J

,)('c.J::[I~~CJ
OCCOOO::+CC

o CCC0C'[lE+CO
o ':)(C(,O:-£·C·O
O. J(o()OOOE+OO
C. J("'OGCJE·C'C
C. JOOCCJE-OC
C.OOOCC:)E·OC
C.OOOCCOE~OC

C. OJ0GOOE~ I)C
0. OJ0000E+ oe·
o OJ::I(OC'OE+J,:;
O. CJJCoOCE • .::le,
O. C8800C£+00
o. C0800C£+00

2 0.C0000CE·O-:, ·4
R~PRESENT5 THE DOF W!·C:CH

fC?C=:
FC:~C=:

FC~C~

FO?C=:
FORC~

FORCE:
FORCE
FORCE
FORCE
~OP,CE

?:JF\CE
F:JF\CE
F2R::E
FOR':E
F:J:r.::E
FClE2E
FORCE
LCkD'

10

COLUMN ;

:E3[' 3EAM FORCE:S.
~;..xIMt.r.-1 \TALUES FC?, ALL STEPS N:JT£: Mr-.XIMUM -·,iALUES w:n.l THE O':':I£F. DO?S FCRCES AR£ PR:NT OUT AT TH~ SmE TIME

EL~EJ\T LOA£. ~ODE AXIAL ?Y ?2 TO~_SION MY MZ STBFAG

FO~C£

FORCE
21.'5'7

-21.75''':'
.9'-0799E-02

.... 9'-0799E-02
-9.307 ..... 4
9.30"'174

3 C72:)<l6E-:)3
- 3. C72046£-:)3

9:J6 296
1073.25

3 7E268
..: 09831

FORCE
FORCE

21.2635
-21.2635

o 12::1466
-0 12.::l":EE

-9 05' 46
C5"": 4E

2.:53567E·03
-2.:'53567E-03

820 :73
931 ~: 7

11 6633
12 2239

?:JRCE
F:JRCE

6. 92C C3
- 5. 92CC]

-4 2:;5813E-::I2
4 235S13£-C2

-14.939:!.
14 .9391

1. 00898i:::- C2
-1.00898iE·C2

15"i 5. EC
1412_22

-4.50469
-3.9EE93

FORCE
FClRCE

5.920C'3
-6.82003

-'-.Z35813E·02
..: .2}5B13E-02

-1":.9J31
H 93:31

1.006987E-C2
-l.OOe987E-C2

15i5.60
1412 22

-4.5D469
-3.9EE93

FORCE
FORC£

6. B200:!
·b.82003

-, .2}5813~·02
'.23=813E:-C2

· H 9391
H 9391

1_ OOE987E-C2
-1 . .::l::l8987E-02

:575.60
:412.22

-4.50469
-3.3EE9~

FC~CE

FCRCE
2:.2635

- 2:.2635
0.12C466

·0.12(0466
-3.037'6
3.05748

2 .15~567E-G}
-2.153567E·02

8'0.1"iS
991.317

:::. . 9693
:2.22J9

FC?C2
FCRC2

21.75"::
·21.75'7

3.9'0793E 02
-l.9'G799E·u2

-9.9::177'­
.9 J77 4

.07 2046E - 0 3
-l.072J4EE-C3

908.29t:
107).25

~.782E3

,. C9891

FORCE
FORC:::

21.2635
-21.2635

.120466
-C.120466

-9.057":8
9 05748

15:;SE7E-03
-2 1=35E7£-J3

820.179
99: 31"":

1:.6693
12 2239

FORCE
FORCE

6. E;;:00:;
-6.62CC3

-'- .2359:3E-02
235B:3E-02

-:"4.3391
::'4.3391

1. CCB937E-::I2
-1.CC8337E-:)2

1575.60
1":12.22

-4.5C469
-3 96693

10 FORCE
FCRCE

. 0 2CC'~

-6.62CC3
-" 235!3:~E-02

4 2358::'3E-::I2
·14.939:
14.939 :

1.0C'8387E-02
-1.008997E-02

IS"'3,60
1 '12.22

-'.5C46~

- 3 96633

11 FOF..':E
F::JR.CE

.92CC3
-6.82003

'4 235813E-02
..: .235613E-02

-14.939:
1":. 93~1

1.00898"i~ 02
·1.00698,'::: C2

15'5.EC
1412 22

-4 50463
-39EE;'3

12 ?:JF..CE 21.2E35 J,:",0466 -9.057'3
::;'OR:E -21.2E3= -,j.:2C466 9.05746

CC:'lMN , LOAD I RE:PF\ESEJ.::'S THE D:JF WHICH HAS I'o'..AXIMUM ....AL:..'"E

2,15:!S6"iE-C3
·2.153S6 7 E C3

820.179
991.317

11.of93
12.2239

3: B::;'_"'1 FCRC:::S ..
~AX:!o:1~ \'_;:"UE5 FC~ ALL S~EF5' N.J"·"E·

EL~~'"'T LClAD seD::: MIA:'
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·1.797783E-C2
.l.:57783E:-02

-] .787753E-02
1 7 Ei''';' 9 3£-:)2

- 2 I5E~3S4E-:)2

589954£- J2
-2 5899E4E-02

.589964E-C2
·2 589964[-02
2.5899S4E-02

-1."':9-:'783E·C2
· 7 S'7783::-C2

2. !.:!56'3::-02
-2 :35643E·:J2

f55090E·J2
·3 6::5:)0':::0::-:)2

E55~EO£-J2

-:'55J5CE-C2
55508CE-02

.1 oS55QeCE-02
.2:)2"79E·G~

-1.2:)24";~E Co2
3.655060::·C2

-).f5Se60::: Co2
2, 1~56'32-0~

-2.:35643£·02
655030E-82

. ~ 655880£-::J2
3 655:)30E-:)2
_ 655JE0E-02

.55506CE-')'
-, .55508CE-Q~

.E55080E 02
.J 655C'cQE-C2

.E5=C8C·E-C2
·3.E55C88:::-C:

.~ ~7C';'39E-1E -:),490";'09
2.]"0439E-10 C ... 9Gi09
·2.~70'39E·16 -0 49C"';' 05

:2 370'~9E-16 04ge':)6
·2 37:)'~9E-1E -::> 49070E

3i:)439E-lE :) 490706
·2.370'39E-:"€ -'J.430708
.... i)'EISIE- Z"'IE!ISS

·7.E":"Ej,SlE-:-; ·O.~:S:SS

2 ~'G4BE·!.6 .49·:'7C8
OCCJ:.o'S' .. C:j -2 3'C43':l'S'-16 ·C.';':-;C6
GOO:)JC''S'''C:' 2.3"7C"3 1)E-1E- C.'50'7C5

. (·0 O':;'-:'G E" 0,) -2.~':'C439E·:"£. -C.,5(o706

. C::>8CCCE·S'O 3.295":'3£[-1" -3<::.6360..;
-1.09S":'~E£-F 32.6:;'~0

9':.8555E-17 -3'.19:"7
·2 959955£-17 ~4.191'7

3593::E-:::'7 -34.191-;
·2.358855E-:7 34, 19:..i
2.958e55E-17 -34,19:""

-2_956E55£·P 34 19!."':"
2.905652E-1":' ·25 €Ei2

·2.5056622-1"': 25 f6'72
.055736E-li -32 f36:'
.09573fE-l"';' ~2.636G

2958855£-1"": -34.:"317
-2958655E-l 341917

2 958955E-l -~':"1917

·~.35B955E-l 34.:917
.?53355E· -3'.1517

-2.~58655E- H 15:7
.9:)5662E· -26.6E72

-2.905662:: 1 266E72
-35 ceB:;. (.32555'

35 ('cs~ ·C.3~5S5'

-35.0099 0.3::5554
._.O:)BS - 0 325554

·H.69'7E 05C91"75
14.6976 -05C9175

-:"4.65'76 :).503175
:'.E978 ·0.5:)9175

-::"'.f978 0.5:)9:75
H..f976 -0.5J9:"75

-~5 OG89 0.32555'
:!5 ee9g - C. 32555'

-35 CC89 C.325554
35.00g9 -C.325554

·35 0039 0.325554
35.0:)59 - V ~25554

U .697E :) 503-175
:4.6976 -0 503175

-:4.f9:8 0.509175
:':'.E9':'6 -0.599175

·:,LE9"S 0,5;)9:75
H.f97E -0.509175

·35 ece9 e. 32555'
35 C089 - (:. :i25554

·u 44:'"7 -0 339'51
46."0'7 0 3.39'5:

-46."0'7 -:) 339'5:
46.'H': :) 333'5:
-~C.E546 -0.::''';'2722

20.(=546 0.3-:'27.£.2
·20,E546 )"';'2722

2::J.E546 0.372'7;'2
-26.C266 -c 371'36

2E C236 c.r:436
·H 44::'1"'; -C.::'~9~51

'f.44:>"" C.3]9'51
-'E.'':C":' -0 ~39"5:"

46."0: 8 ~39'5:

·46."07 -:) ~33'5:"

'6. ',n"':' J. :!)=,.:.51
~0.E3"6 -,'j.372"722
~O.':S46 0.3"72'722

·28.ES'6 -O.3;Z'722
2:).fS''; 0.3":'2"':'22

-2:' 65,E -C.372722
2065'6 C.372722

.,~ 44J' -0.339';'51
'6."C7 0 339'5:

·45.29:!6 -:) 443925
';5.2536 :).H3925

-55.3";'6' 55lG36
::5.::;:64 .55105E

·55.3':'64 ·0.551G56
55 :!16' [0. 5-5IC·55

-55 3";"E' -(".531C56
5= 370' C.531C56

- 3.: 295":' C. HG163
3.: 2?5" -C.14(·153
55 :!iE4 -0.55:"05£
55.3'E': 0 55-:"::>5€

-4::.2~3€ -0 443925
45.29::'6 ::J 443825

-55.::'''-=-' ~, 55:"C36
55.3i6~ 0.55105E

- 55 3'76J. ...... 55E'56
_.' ~"64 n 55!C'56

-0:.<:.3754 ·0.551C5-:
55 3'76'; 551C56

-S5 :;"':'5': -C.5S!.C56
S3 3";6': 55:056

·55.3"';'64 -0.55:05f
55 3"';'-=' 0 =5!.~5E

WE: C:-: EAS MAXIMUM VA:..UE

·.22.7"';' 5S
2.i.. 77 5;
7.97337

·7.9"7:? 3':'
"; • 9"';' ~ ~ ':'

C. 0'JOO('OE"::'I0
C.OOOCCOE·OC
C, :)CoOCC:)E·OC
o OCQOCJE·OC
o 0CCOOJE"00

OCC:)OGE"'OO
000:):);:02"CO

-22.";i5S
22.;""59

. 22."';'759
22.,759

- 8.5"75]4
8. 37~ 34

- 8.2753'
S. E'153'

- 3.8753'
8 .8'7534

- 22.7"755
ZZ j; 59

-22. ':'759
22 7"' S9

-22.;759
22 7753

. s. 3753'
8.9'753'

-8.6753'
9. E753'

- 3 e7534
a.875]4

C. :)OOOCCE"C'O
Q:):)OOC'E":)O

C. (lJ:)fI00~":)0

C. 0000CO£" JC
C.OOOCCOE"OC
c.OOOCrOE .. oC
O. :)(,r,cc::>E· ,-,C
O. J0C'00JE"OO
o 0CC000E+CO
o OCCS'OO::+CO

P. C::'lJ':OOCE· ::'C'
G.OJJOOO["00
{.. OOD( COE· DC
C.OOOCCJE-OC
O. :)0000:)["00
o OOCOOOE"CO

OCC8:)OE"'C8
OOC:)JOE·CJ

o C·0(0)02"00
COO'J'")CE"OG

. C;),)':OOCE":)O

':'.'3612'[-02
-4.43612'E-02

4 4]612"7E·C2
-.; 43612'7E· C2

, ':3&127:2-C2
·'.436127E:-02

. ~'7 3 3'7

.'H:.i2"':E-02
-4 0612"';'[-02

4 43612"7E·(2
-, 436127E-C2

1.25822
.25!!22

3
11

: 7

II

11

11
3

11

11

2
11

11

2
17

2
l'

2
P

13
14

:6
1

16
1

1€
1

16
1

If
1

"

17
2

17
2

l'
2

1 '
2

1 '

'6
1

16
1

16
1

16
1

IE

H
13
14
1,

13
I'
13
H
13

13
12
13
12
13
12
13
12
13
12.,
:2.,

- ~ . 29: 9'"
3.29':'9':'

(.515 5C 3:!
-C.6ESC33

C 6e5CJ::'
-0665033

E6:033
E65-:J3::'

. .£.. "; 2' 21
;;: . '7.2' 2:

0).665J3::'
- ('. 6E sC'::.]

·J.28:!.S7
3.2a:9":'

C . 66 5C 33
- C. tiE 5C 3:3

C . .:r SC 33
- C EE 5C 33

u.6ESO:!3
-:) 66~03::'

EE S:: 3 ~

J . ...,. EE SJ33
11 .6650::'::'

- C'. 665::' 33
R.E?RE5EJ'nS ~::IE DC·F

F.JRC£
FORCE
FCRCE
FORCE
FORCE
FOR·:E
FC~C::

FC:~C::

FeRCE
FeRCE
FeRCE

-::JFt:E
F:JF.·:E
?:JR.CE
FORCE
FC"RCE
FORCE
FORCE
FC'FIoCE
FC?:C:::
FeRC:::
FCRCE
FORCE
FOR::E
F2R:E
~:JI1..CE

FORCE
FORCE
FORCE
FORCE
FORe::
FeRCE
FeRCE
FOF.CE
::JR::E
FORCE
:,0;''':;,

:=-:::>:R.:'E
::-::>I=..:E
cOF.2E
FORCE
FCtR.:E
FORCE
FORC::
FORCE
FeRc:::
FCRCE
FORCE'
FOR2E
FQR::E
F;JF.:E
FORCE
FORCE
FORCE
FORCE
FORCE
FeRC::
FCRC~

FeRCE
FORCE
FOR2E
cOR2E
cORCE
FOF,CE
FORCE
FORCE
FORCE
FeRCE
FeRCE
FeHeE
FOR2E
::::>R::E
cORCE
::'OF\CE
FOR':E
FORCE
FORCE
FORCE
FORCE
FOECE
FeRCE
FORCE
FOR2E
::JR:E
F:JRCE
FORCE
FOR:E
FORCE
FeRC:::
peRCE
FCi1.CE
FOP.::E
FOR::E
F:JR:E
cORCE
F'DRCE
FOR.CE
FORCE
F0RCE
FOR.CE
FOR.:::::
F:::~CE

FOKCE
FORCE

1"';' ':'1

If

IS 10

:.3

]i Ie

:4 10

15 ::.2

16

1 =

15

15 :1

16

16 Ie

l'

1"'J 12

, ~ :. c

17

16

15

16

16 1.2

l:i 12

17

14 12

COL~ \

16

16

16

16

13

13 :1

13

IE 3D eEAM FORCES
~.xIM~ VALUES FOF. AL:' S:-E~S N8n: fJ_~.XI~JM ·...J..~UE:: W::-l-' TH2 'J~:iE~ DCF~ FORCES ARE: PRINT O:"'J AT TH:: SAME T:ME

ELEMENT ~AD ~CD2 AX:;":' FY FZ ;'ORS:ON MY ~Z STBF~G

16 FOf!CE
FOR~E

16
11

}.oL9699
3' ?l; 6?

-.;::. 19,2::

,::. 192~'

_.::'l";'1c..
1. 3:.. ... 15'

-7 '7"':9064E·02
."';'"';'5064E·e"

50.9914
4":'.79 i c

· :64' . 3t
- 15;'~ 6{.'

170



: 8 FORCE:
FCRCE

19 5..J43
1""; ':<. <.::

·~9.~90:

490. ,}SC 1.
-1 47"'::)5

.:'''' oJ~
.-; .E:::n'"iE-C2
-; 6::~34"?E-:)2

_ .. 6:>:>4
53 1:2.:!5

- ~65'7 36
·1314 4C

FC?CE
FORCE

- 3 3 5.;.<.3
:; 3 544.3

· ~9 . :19(,:'
49. Jgc-:

- 1 4';'"i:-=
1 ,7"'::15

. E:;:l :l':"E- 02
""} .E~33PE-02

5i.6554
53.1:l.~6

- 166';' .36
-1914.4C

10 ?ORCE
F:JF..CE

16
il

-D 2'762
1 ~ 2"'; 6 2

· ,I<:•. ":9')9
.;'14 ':' ~'JS

-! .2::88"'
1. 2508,,?

• I 9083:i<.E:-C2
--: .50593<.E-C2

43. ':'0-::3
". '25-"';

- 1-:)4 16
- 105 55 __

10 FOR:-E:
FCF.CE

16 ·33 5.:.C
1 ~ . 5443

· <'S C3J:'
<.5 C~81

- 1 . ':''7';' 03
1 .;1-'C5

- I .63j3,iE-C2
.6:;:l34iE-c'2

_ .. 6554
<;""; 'L23E

- lE;:;7 . ~E
· :8':"~ 4(.

18 FCRCE
FC:!.CE

:6 - 11 54 =::}
3:l. 5<'':;:

. .;,~ (90 1
4S' . C5tC':

· ~-7 C5
1 . '-~O:5

·1.o53:l3,J,7E Cot.
'7' ':333:'47E 02

S:.655':' · :56- . 3E.
· : 6 1<' . 40

:8 FCRC:::
FORCE ::'1

.}.;.. ~6 8~

~4.96e5

-,,:: :923
4:). ::'92~

- 1 3:7:~
:. 31'7:~

-, i--:3064E 02
"?ii9064E02

5..: 99u
~7. ':'='i 5

- 'L6.:.'. 3G
- 1':9'. E e,

: 8 FORCE
FORCE

13
11

- 3 3. ':"3
3 ~ . ':<. <. 3

·49.09Cl
4;' C'9C 1 .:. -;., 05

-"? E33347E-02
., E33347E-:JZ

5".E55'
53 :236

- lE!6" . 36
- Ie.:., ,40

FOR:E
=OECE

- 3 ~ 54 4~

.;.:, 544;
-4~.·J9C:

4S . ::'19C:.
4';'~ ':'':
r-o:

6 ~J347E-:J2

'.633347E-82
5"i E5':<.
5~ 12305

· 1EEi 36
·18:4. <.::.

13 l:j ?:JRCE
?:JRCE

16 - 3 j 2762
11 2':'62

H,. ":905
=:14 .730S

-1 2':J6'7
1 2'5;)8:

.608934E-02

. 8083:i~E- 02
'9 3653
44.429';'

- 17 04 . 16
'165: .15

19 ':1 FO.C?:'E
FOl':E

18
11

- 28. :'5E6
2B.J56E

- j':' 033:'
:,":' . (' 33 J

-1. .;1 4.;.82
1." 4162

·4.6'72836E-C2
4.6'2E36E-C2

5C.3859
57."i502

'158974
·1167 7:l

IE :2 FOF.::E le '33.5443 -,s C9:11 ·1 . .;177C5
FOr.::E: •• 33.54..13 '5 C981 1 n7C5

C:lL:""Ml.,] , LeAD I REPRESENTS THE DOF w~ICH !-lAS ~A.X:!-f~ VALUE

."'; .6:;3:l4iE-0:l.
.6:':l 34.7E· G:l.

5--: 655~

53.123E
- 166' 3E
-:6 'L: .':'0

THE S~E T!ME
MZ

· 1435."
· 16 EO 5":'
- 143':. ":,
-HaC.5"
- 1435.' <.
-HSC.5i
-1435.74
· 16 9C .5';'
- 1435. --:.;
-1680 57
- 1<.35 74
· 10580 57
- 1<.35 74
'1680.57
-:4:l5.7':'
· :68:J. 5:
-:4J5.74
-'LE68.5~

1.:.35.7:
· 1680.5-;
· 1435.""}'
· If EO. 5"
- 1435.' <.
-HSC.5'

PR.INT OUT AT
MY

-13 9959
- 3:) 5091
-13 5959
- 30 5C91
-13 9953
- 30 3("91
-1~.9953

-30 5091
-13.9959
-3C.5091.
· 13. 9S 59
· )C. 509:
-: 3 3959
- 3(0.5:19:
- - 1.9959
- 3 0.5:)91
-1:l . 995~
- 30.50:11
-13.9359
- 3:J. 5031
-13 9359
-:i:J 5C91
-13 9959
-305C91

DOFS FORCES .ARE
TORS!ON

3 6':5::180E- J2
- 3 6':5080E-:J2

3 6':50SIJE-:)2
-1.655090E-02

3.6550BOE·02
-:'.65':08:1E-02
3.f5508:1E-02

·3.f55CB:JE-02
3.E55C8:J:::-C2

-3 E5~C8:lE'C2

3.655C80E-C2
-3655080E-C2

.655080E-G2
. 3 .655080E-0:l.

3.5550BCE-O:l.
-""I.65508CE-02

.65506CE-02
_1 655.JECE-02

655J60E-02
.1 655:JSGE-:l2

6':5:100E- J2
- ~ 6550aOE-:J2

.6550S0E-:J2
-3.655080E-C2

~, 593400
':334 DC

J.53340C
.:J 5934GC

8 59340C
-0 53HOC
V~~UE

W:TE THE 07:iER
F2

:J 5334 OC
'8 5334i)C

5934.0C
-0 593~JC

0.593,:,J0
- 0 593' :I.:'
0.593<.80

-c 59~<.00

C.593400
-C.59340":'

C. 59340:,
. C. 5S }4C:,

. 5~ 3..:.C:I
- 0.59 34C:I

0.':934CO
-0.5934CO

0.':934C0
- C. 593.:.00

MAXIY."JM 'l_;LUES
,y

-41.55C6
"1.550E

-.n .550E
41.5506

· 4:.5505
4: .5505
L .55[,9
::.5505

· c 5506
<.: ':5:19

· C =':09
'1 ':5a8

· 41 ,:-:a8
41.550E

-4l.5506
41.5506

-':'1.55C6
'1.55ce

·41.55C8
41.55CE

· 41 55CE
4.l . 5:;C E

- 41 . 55e E
·n .550E

WEICH 1-!AS MAXIM'JM

,
12

12,

12

12,
12,
12

FOR :..:.:. S7EPS N:)"~E:

NO:E AXIAL
1~.253'

-1<' 2':9"i
U, 259,

-1(, 2c;9":'
1(, 2597

· H •. 2':9i
'L4 2597
14 2S9-;
14.255-;

-U,.2597
:4.2::S:'7

· :.:..2:;<;---:
:4.2597
:4. 25So--:
:"2597

-:':'.2597
14 . 2597

-14 :2.5;':
14.253'7

-U.. 253-;
: ~ 1 <.. .i. 59,

<. . 1<. 259,
1.2 1 <. :2.53,

<. -1<' ~':3'

REPRESENTS 7HE DO?

FCRCE
,ORCE
?':JRCE:
F:JRCE
F::>F..CE
F:JF..:E
FOR:'E
FOR:E
FOR::E
FOR~E

FORCE
FCRCE
FCRCE
FCRCE
FC~C'=:

FCRC~

FORC::
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FOR·:E
:.,o.i\.:".

12

19

19

19

19

19

:9

COLUl-!:?" (

3D BE:..~ PORCES
M.A.XIM:""M V;'.L:::::S

:C:L~EN:' LO~

15 1

IE 3D EV.~ FORCES.
MAXIML~ VALUES ::-OF ALL ST:C:PS KC:E' t-'J"XBf...""¥. ....;..L:..:ES io.'IT:..j THE OTHER DOFS FORCES ~.RE ?RINT OUT A7: T!-:E SAME TI~

EL~EN7 :.,o;w NODE A...XI;.,.:... FY FZ :':JRSION MY MZ S':'EF':'_G

20 FOF..:E
F8R:E '"12

4 S ~ 3 52
- 48.:;:l 52

- <.9 666S­
<.S- E86~

.=·::1'4
-1.S::H.;1

- I .453488:::- C2
.43340BE:-C2

-, e. 9" ~c;

-35.1~32

- 1.890 3E
- 16~E 14

20 FC?CE
F~?CE

• 0

:2
4 E. 2352

- 4 E . ~:; 52
"5.6669
4~ 6 Eo5='

· ::134<.
. 1 5194<'

-7.<.93406E-C2
.<.8340BE·C:l.

· ';' 6.644 ':
- ~ 5 ~13:l.

- 1890 3E
- 183E :4

2C FORoC:::
FOR.CE "12

46.))52
-43 3352

-4~.Eo5~

49. t: 96:1
-7.'834C8E-0:2.

<.S34CEE·u2
-76.8' '5
-3S.1132

<8:10.3 E
- :636 . :.:.

20 FORCE
FORCE

19
12

· 45 3E7 C
'5.36'7C

.19971
· l::'So":' 1

-7 665332E-"::2
"? 66633.2E-02

-E2.29i~

·27,6805
- : -; 2'" , 1 J
· 1675. 3"?

FORCE
?:JF,::C:

2.3
12

'8 33':2
· '5 3;' ':2

·49.68E9
4SO .€l6ES-

j, 5194.:.
-1 ': 1~ <'4

- 'S:-HDBE-:l2
4E3'C'5E-82

-, 9 E445
-:: 5 : 132

- lE90. 36
- IE 35.1<'

FOR:E
FOP.::E

15- 46.3352
. .:. E 3 ~ S 2

-.:c, .6 56=­
.:.; E 86~'

:: :;<..:.
-1.5::::'';4

- ,e34:19E-02
.,:,034:'8E:·02

-is 3445
- 35 1 ::;2

-165C.38
· 1'; 36.1":'

20 FCP.CE
FC?CE

4 E 3352
· 4 e. 3:; 5~

.<.~ 68\:9
'9 6 6E;l

· 5 :..944
· 5194=::

·,.49~408E C2
':'93408E C2

-i 6,6':' 4':
· 3':.1132

- 19~C .36
-183E.14

2C FC?C:::
FCRCE: "12

~ o. :l352.
'40.3352

-.;SO E E63
.:.9 E363

1.519.:.<.
- 1.5194<.

·1.'5~408E G:l.
.<.8~408E 0:2.

· ';' E. 64 45
- 35. 113t.

- 18~O 36
- le3E :4

2C FORCE
FOR:E

49 :::l 52
-., S ! ~ 52

- 4:". (; 569
4o?1 .6369

.5194';'
· 51S ~4

-, .J.834ceE-!:::02
"' 4634C8E 02

'7';.6<. <.S
':l 5.1.132

-:831.33
- :836 . :4

FORCE
?:JF,':E '"12

.:." t,;,3::..1
- <. <. E4:l0

- 4S. ~6';' C
4 ': ':"~; C'

1.?S-" 1
. 1 13~'-;:

-- 66633:2.E-:'2
6663:l2E-:J2

-62.29'9
·2"" E8e5

: "'; z- .15
- 16~5 3-:

20 ~1 F:J:!=.::E
FOR:E '"12

3~ lE92
- .H:. lE9:2.

· 39 225'7
j~ 2257

1 ~~!:lS'9

-1 ';'';'69S
.<. 495":'1'JE-02
<'.495'10E-02

- 6":' 2193
- <. 1 3C46

- 16:2. JS
- 1]:lC.:)":'

COLUMN

FORCE 19 4E.:':l52 ·':'9.G86'" 5:,<.':'
FORCE: 12 -48.:;:l52 '9 6S6SO 5:J'~

LOADl R:::FF.ESD.;7S Tn::: DjF WHICt-: HAS Ml~!K;'''M -';;'.L:'::::

. .;1 E34:J92- 02

.;1 5!4.:J8E-C2
-i6 8445
- 35.1: 32

-199C.36
- 1636 14

3D SE.AP.: FO~::E:E".

MAXIMt.1!-1 \-_::":'UES FC=!. ':"~L STEFS N:'TE:
E:.EMENT LOAD NCDE A.X:;":'

21 FORCE 1! .~::QC

FC~CE ..:.. 23()(
:2.: FO~CE:3 '.2~~C-

FORC:: .2:;8L.
21 ?ORCE 1:; .23C'j

~..~.X:Ml~ VALUES WITH ':"l--E CTJ-ER
FY FZ

-, 22Sr So 3.;,C:'
, 223 S-3'CO

., 2.2~ 934C(',
,,29 934GO

· 4 .2 2S'

90F5 ?Or:.:E5 ARE
TORSIO~

53c,eeE - (0

550SCE-G
53GECE-G
55":'60E-0
':5:JE0E-0

PF..INT OUT AT
~y

.995S
(0 ':O~l

.9959
C.5031
3.9:15S'

7HE SAME 7I~

JofZ
C;).·P
,,1. 7 5

• CO. 4'
- 1 .:. 'L -: 5
· 1 00. ,,,,

171



-:'.23(,C
13 14.230C

5 -14.2::'OC
13 14.2300

5 -1':'.23CO
REPRES=:NTS ~HE OaF

2:

21

21

21

21

21

2'::' :c

21 :.1

2.1 12

CC!...U¥.!': (

FORC::
FORCE
F'JRCE
FORC::
FORCE
FO?C::
FO!=:C::
FC::.C::
FCF.CE
FC??C::
FCR.C:::
F8R.CE
FC::_CE
FCF_CE
FOR':E
FOP.:E
:-::>RCE
FORCE
FOECE
~O;0;

;I,
5I,
;

U
;

13

13

- 1;1 2 ~OO
1<. 23CO

- H 2~C::>

1': 23C:J
-1':.2)0'J
H, 2)0'J

-1 ~. 230(-
14 2~O\'

-.14.230C
14.2300

-.1 ~. 23::>,j
1 <. • 2~ ~':'

-:4.2:' )(:
':4.2:'0C

43.2296
-·0.2296
~3.2296

·43.229E
<'3.2236

-'3.2236
~~. ':::235

- 4 ~ 2 2~05

43.2236
-4:: 2296

-.::: 2296,1 22~f

· C~ 22;'E
.:::. .229E

-~::'.22SE

4~.22Sf

'43.2296
li:3 .2296

WIiICH HAS MAXIMUM

-C.59~4CC

0.5:;340C
-0.593':'(00
0.593400

-0_5934CO
(.5934CO

·C.5934C8
(. 5!:= ::40::,

-c 5S~400

C.59340·:­
-C.59';400
C.5~340D

- 0.59 ],;,0('

o 393' 'Jr­
- C ~9 3' 'J0

593.:. Je
- ') S3340(.
'J.53~40C

-0.59340C
VA.:..UE

. 3. 6550aCE· J.2
3 6SS0.30E-:!2

_1 E55'JEGE-02
E55'J20E-G2

-) .65306CE-02
3.65308CE-02

.65508CE-02

.EssoaOE-C2
. 3 .655(-60E-C2
3.6 sse-aOE - e 2

-).655C'80E C2
.655C60::,C2

-1.E::5C8:JE·C2
.E3::C882-C2

·3.fS5C9'JE:·02
) .E55C6:JE-02

-3.E5509'J2-02
.655090E-:)2

v.655080E-02

- 3C. 5091
· 13. 935f::
-::. 0.509.1
-':3.9959
- 30. 5J9:
-: 3.3959
· 3C. 509':
:~.3559

- 3C _50S 1
'13.9559
-3C.5091
-.13. 9C3 53
- 30 5CC3 1
'':''3 995?
-30 3C91
-13 5953
- 30 5C91
-I) 9959
-)8.5091

·17':'1 75
- :50J . ~"?
-:7'1.75
- 1500 47
- 1,':'1 75
-15:J0 47
-1'::. i ~

- 15oJ(·. 47
'174:.75
- 130C . .:.7
-1741.75
· 150C .4':'
- ::..7':'1., 5
- ls0C.':' 7

·l';'·O.";S
- 15GC.' 1

-1741.i5
-lSGO.4i
-174.1.75

l£::D BE.A.~ :-::>F..:E5.
~;"''I(n~:..~ ';;'.L:;E5 FOR A.:...:' STE?S NOTE: MJ...X!Y.'JM VALUES W:TJ-! THE O':'HEF.. DarS FORCES ARE PR:NT oU':' AT ':'HE SAME ':'I!'!E

E:"EM:=:NY LeAD ~O::E AXV"L FY FZ TOR.SIO~ Jto!:Y HZ ST3:-AG

22 FC~CE

F8RCE
<.-,

~";'. 93;JS
· 4" . 93 ~9

-49 5186
'9 5188

1.5194'
-1.5194(,

-7.'S34C8£-0;;:
7 .'8~~C8E·02.

-76.84~s

- 35.1132
-188~ 62-
-1930.26

22 FOR~E

FOR~E 13
4";'.~305

. .:. ";'.93-)9
- 'S 5166

.:.S 513 3
5:34,4

-1.5:9'4
-7.':'83408E-02

.':'83406£-C2
-76.B44~

- 35.1132
-1893.62
- 13 3C .26

22 F::>R::E
P':JRCE

21
13

4";_9~09

-47.9303
'49.5180
49.5180

1 = 19':'4
· 1 . 5 19 ~4

-':'.4334082-02
.46J4'Ja£-02

-78.8445
'35.1132

'1.383.62
- 163C. 28

22 F::>F..CE
F:JF..CE

21
13

44.2620
-'4.2620

-4=.197('
':'5.197 C

. 13~7::"
_i3971

.66BJ32E-02

.666332E-02
·62 2979
- 2; E805

- 1720.3:J
-1663. n

22 FORCE
FC'FleE

21
1;

(,'7 93C9
-" S 3C9

-49.3188
43.5188

1. 519 U
'1.51944

-7 483':'0.3E-:J2
483':'OEE-02

-7a.8445
-33.1132

- .:a83 .E 2
-:S30.2S

FORCE
FORCE

21
I,

.;;," . 930~
- 47 9~09

-.:.? . 5 :86
49 5:66

1 _S19~(,
· 1. 519.:..:.

-7 4634C8E-02
.4634C6E-02

-76.8' '5
- 35. ll32

- 186'::' 6.2
- 1830 26

22 FORC2
FO?_C~

21-, 47.93:)9
·':'7.3;:!9

"49 5188
.:.s- S188

1.52944
- 1 .5:'344

·7 .':'8~4C8E-(o.2

_':'83408E,C2
-78.8445
- J 5.1 1 ~2

-lSS3.62
- 13 3C .28

22 FCReE
FCRCE

2:
13

47.3309
-47.9'::'C9

-.:.s .5189
'9 51sa

1 5:!.9'4
- 1 519~'

-7.4a3406:::-C2
.4834:J82-C2

·78.9445
· 35 1: ~2

- la83. 62
-::'6~C.28

Fap.::E
F::>RCE

21
IJ

4 i ~ 3 09
· 47 93C-9

· 49. 51.3E
49.512 E

51944
5194'

-i . .;1E34JaE·02
.4E3403E·02

--:' 8 54.45
- 35 ::"132

·168}.62
'1630.28

H' FORCE
FOF,CE

21
1,

.:..:. 2620
-.:..:. 262:)

-('5.197C
45.197 C

19971
-1.19971

·i 668332E-::)2
66B332E-:!2

-62.2~7~

- 2"7 6803
-:72J.30
- :569 . 47

22 1: FORC£
FORC::::

21
I;

35.5352
- 3:;.5352

'38.0195
36.0:96

1 4':'693
· 1_ '4699

-':'.49~C0E-e·2

4.49:;4:0E-[l2
-67. 219~
"~:... 3:J.:.E

- :508 . 56
- 12'2.29

22 12

COLUMN'

FC??C:: 21 47.930S -49 5:88 1.5194~

FC=?,CE: -4:.9309 49 =:68 -1.5194'
LeAD) REPRES~TS TfJE DOF \liHICH :-IAS I"'.AXIMUM VAL::E

·7 .'8~4(8E·02­

. .:.e~4C8E-02
-72.8445
-} 5.1132.

-18a~ .62
- 1930 2S

A':' TE~ SA."fE TIJto!:E
HZ

-1359.':'2
-1907 .2~

- 1694.":':'
'2591.33
- 169.:. . 4 4
'2591.53
-:'59':' . 4 4
· 2531 .5 1

- :13~ . EO
-1505 ~4

- 1694 44
- 259:!. r:::: 1
" 13 59 .42
- 190':' .23
· H94 .44
2551.5~

-lESe, . .:,
-2591.53
- 16':14 . ~,
- 2591 .5'::'
· 169' . 4 ~

,2591. :;3
- j,69.:. . 4 ~

-2591.53

PP.I~T OUT
MY

-j,S.9965
.:..0 4C73
9. 3"7C 10
31 957:)
9.3701J
31 95';'0
~ ~7010

31.95iO
-17.C217
€ 506'6
9. 3i 'J1(­
~:. 33' C-

-:5. 9~€ 5
lC . .:.0'73
9.3' 0 18
~1.95:0

9.3-: (-:0
31 9570
~. 3"7C:0
31 9578
9. )7:::'1;:'
~1 9578
9.3701:J
31.957('-

OOF5 FOR:E,3 ARE
:-::>RSICN

::'.5627"; 3E:-C2
-1.582;'32-02
3.f5508'JE·02

_1 €S5080£-02.
655050E-J2

- ~ 655080E-:J2
6':5380:::-:-2

.1 655'JEOE-:'2
20247gE-02
202479E-02.

3.65308CE-02
-~.65308CE·02

.56277 3E· C;;:
-1.58,:i3E-(2

:3 .655080£-C2
-3 f3~080E-S2

3 E:':'C88S-C2
·J.E3=CSCl2-C2
3.E55C9:J2·02

6 55C6:'E- 02
.655060£·02

-3.6550a0E·02
.6::5080E-02

- 3 655080E-:J2

i'lI!:i THE CTIiER
FZ

. 452197E- 02
-'.452197E-02
-:J 551:)26
'J.551':1 26

,0.=51026
-; ~5102S

. (1 ~51[o2.5

.55':"[-28
v.140:7f:

-0.140:76
- 0 531C28

C.551C26
";'. '5213'E· (2

. ':'52.137£- C2
-C.55:026
G.55:025

-0 ~~:020

o 3~ 102E
- 0 5S 1:J2E

551::.2E
"0 5s1:o2E

:) 551-J2E
':-.551026
'J.551028

VA:..UE

14

6

I'
f,

I'
E

I'
E

:,
6

:,
6

I'
E

I'

STEPS NOTE !1.l."X:MUM VA:':":ES
~..x:A:' FY

· 3.1625':' - 4 Z .55:"3
3.16254 4}.5553
.796579 -:;i.HE)

·O.j6657~ 3-;'.HEJ
. i 3E5";' - 5"; .1':'63

-C.";~E5~~ 5; .1463
~.3E579 - s~ .146}

-(,'EE5i9 5-;.146}
-2 E314' -~-; .~21~

2.831'/ 3'7.~2.19

0:66579 _c.- :463
-07665;S 5, .:'453
.~ 1626':' -43.5553
~ 1628':' 43 5553
.79"=5/9 -57 14G3

-,.,.':'863,9 5";' 146}
.78-53"79 -s: 14~:;~

-'.J 786:;75 5'7 14E::
.7855":'5 .:;-: l't::
.786379 3".1.:t:~

.7B6s"'g ·37.HE:~

-[-.76657:01 :;";'.l't~

(,75E~79 -3-.146}
-r.':'3fS'7:;l 5";'.~H~

F.E?RESENTS 7fiE DO? (,oiEICH H;'_,S' !o1A.XIHtM

2 ~

2::

2,

2 ]

23

~ ~ B:::}o_'1 FORCES ...
M.:t....X:~UM VA.:..UES FCR ALL

::L~ENT :.DAD NCDE
2~ 1 FOR:E 14

F::>F<.::E 6
?::>F.CE 14
~:JRCE

Fe-RCE
FORCE
FORCE
FORC£
FOF.Cr
FOP.CE
FCR.C2
FC?CE
FC?CE
FCRCE
FCM.CE
FCR::E
FOP.:::'E
FOR~E

t:J F:JR::E
F:)R::E

l.i ?::>F.CE
F':JRCE

12 F:JRCE
FCR.CE

C::>L;"'l1:~ ( LOA::· ~

I:::~:> :!EAM FORCES
M.:'.XIM~ 'ii\L"';::5 FOR ft.:.:. STEPS NOTE: MAX~!'!"JM 'i~_LUE.s W:TH TEE O':'HER DelFS FCRCES ARE PR:NT OU':' AT ':'HE S_:..M£ TI~

EL~E:!-:~ LOAD ~O::E AXIAL F'Y FZ TC?.sIO~ Jto!:y HZ STBFAG

F:::~.CE:

FC?:C::
22
:,

"~~ . 9' 8::'
} 3 51.:. e ~

43 ':'981
43 C981

· 1. ~ 27 2'
1.):'72.:.

-i .":"BOE4E-02
.-'6064E-02

~C.3S~:

47.7996
· 16 3E .94
-:"3~3.42

2< FCRCE
FCP.CE

·~2.78:3

~£.79J5

· '5 CC-:::
'5 ((, 3

'1.4';'71-)
1.47710

-; 6333,7E C2
-: .6~33':7£-C2

5':'.6~02

53.1':::':'6
·1962.~8

·131~.17

F::>R::E
P'::>R:E

22

I'
· ~ 2.. "'; 9 0::
32.' 0':15

· ,9 0073
.:.; 007 ~

-1 4~' Jr­
1 4'7':'l()

-, .E~3)(,":'2·C2

':' . E :::!3"::- C2
57 E5E2
53 1246

-16E2.36
-lE:"3.1'7

2~ FORCE
FOF..:E

22
J<

- ~2 ~;; 47
32 42'"

- ~.:. . t aE 5
4~ . Co!3E =

25J~:

. Z5C5:
. ';0893'E-02
E(-633(,E-02

.:.9 387~

.:..:. 43Co:'=
'1696.19

1653. .:..:.

FOF;C2
FOR.CE:

22

I'
-32 ":'803

32 '1605
-,:. . 0 C";' ~

'J. 01';::'
· ... ,";";':!.(,

1 '-=':'':C
-"': 6,;~~4";'E-::::2

"7 6}.:!)47£.;j2
5'"; E582
53 :246

·1S62.35
-16:3.1/

2' FC?.CE
FCRCE :,

'32.7803
~2.~80:;

- ,,~ . ~ ~.",; 3
..1.:: :-::7::'

-1 ':'-;-:0
1.C-:-:C-

.- 63~3C'E-:-2

- 6J3~':'-;E-0;;

3' .6582
:;3 . .:24t:

- 1662.33
· lED.I:

172



2.

2.

2.

2.

FCRCE
FOR::'E

?ORCE
FORCE

10 FORCE
FORCE

1: FeR.c::::
FC~C2

.2:2 ·33 9483
:, .3 J. 348:::

22 -32.'780=
.:..a 32.7805

22 ·)2."':EOS
H 32 "7605

- 32 42.("
32 424'";

- 2'"; . CZ-:'.:
2'-' . C2'7 4

·4J 09S':
43 C961

':'5 cc, 3
.:5 007:;

- 49.007::
49.007 J

- 4.: .6 BE 5
-'..l. .6 5E 5

- J5 7E.:. =
35. 7E4 =

.31724
1. 3172<'

- 1 . ~ '7'7 ;'C'
1.47110

- 1 41-: 10
1 47"':' 1C

. 250~ 1
25C'S 1

_ . .;;,,, :''::5

.':':':65

-7 7 i 9064E-02
7."'l"leC-6'E-C2

.";' .E33.3,i:::-02
.E333'::'iE-02

-"':' .6~3:l4:E-02
.G33347E-02

.-. eC99~4E-02

7 E106So34E-02

. .;:, .672336£-02:
4.'5-72536E-o~

SO 99'1
47. i S68

57.6562
53.1246

'5"7 €552
53 l2.:.£

4S. ~8'79

44.4:l0E

50 J6i7
57.75J9

1636. S'<.
-1593 .:.2

-1962 38
- 1913 . 17

-10E2 . .36
-le:'3.1":'

- 1696 IS
- 1.E 53.44

- :'583 2: l
- :0::t9 - 1

2<. :'2 FeRCE ;;:: ~.i:."8:i5 -49.0073 -1.';;'"':''7~:)

FOP.CE :.:. 32.i'5~5 49 (:C73 .4771~

LOAD) REPF.ESEN'!'S THE DOf' N:iICH HAS to"...AX:~UM VAL:"=:

-7.6:;334 i E-C2
7.6:;33'iE·C2

57.6592
53.1246

- 1862: )e
- 1513 1:-

J:: BEA.."1 FORCES
MAX IMW .....AL.UES FOR ':'.LL

::::LEY.:El.f: :..c~..:; N:JCJE
25 FORCE 23

FORCE
2S FORCE 23

F:'RCE
2S FORCE 23

FORCE: 7
25 FORC'::;::::

FC::?CE 7
25 FeR.CE;::.3

FCF.CE
25 FeRCE;:: 3

FORCE
25 FORCE 23

FOR::'£
25 FOR:E 23

FORCE
25 F:::>RCE 23

F:JRCE
25 1::-1 F:JRCE 23

?ORCE
25 .i.l FOR.CE 2:::

FORCE
25 12 FORCE 23

FORCE
25 FoRe:::: 2.:.

FORC:::: E
26 F:::RCE 24

FCF.CE 6
26 FORCE 24

FOR:E 8
2E FOR:E 2'

F:>RCE 8
2E FORCE 2'

FORCE B
26 FORCE 2<'

FORCE 5
26 FORCE 24

FeR.CE

S7EPS N:)T::
AXIH

C'2566
'";'.,:'2566
'7.02::65

-"'; .02S6E
C.S5E59,:

- 0 S5E59.:
-0.22CJ3"':'

22C337
358594

. J 55859.:
- 025t:iE

-, 02566
.02566
.02SE6
. J25E6

·,.J2Sf6
(0 858SS4

'0.859594
-C.22033i

C.Z20))'7
-C.2~033"';

C.22:0J3i
7 C:2556

-", C256E
·22.1.5': :;
22. 16~ J
22.16':' J
2:2. :643

-9. H::9C
9. H ~ BC

-:3.1':' J Be
3. 1 ~ J 50

- 3.143 eo
3.1,USO

-22 16·.:.:;
22. :643

. 22. :643

22.16': 3

~l.."X:::Ml~ VA:'CES
FY

- H .3022

·4'; .9')2,
'4.9':':::2:

-25.207"­
25.2072

-20.1083
20.106:;'
-25.~0'72

25.20i2
-44.9C22

44 9C22
- '4 9:::22

':'4 9022
-<'4.3022

U ,3022
- 2= .2072
2~.2072

. 2C .10S 3
2C. ~:JE J

- 2:0 _105 3
20.1063

-4':'.S022
<..: . So 022

- 31. EE;52
3.i 5652

- 31 6652
31 E652

-13 66,;7
13 66'7

·13.65C
D .6647

-13 .6647
U.6647

·31.565':::
.31.9E52

- 31. 3E52

31.8E52

WIT!-I THE OTHER.
F2

- 0 4CC369° 4CC:;69
-:: .:003E9

::) 400:;69
''].428348
0,428548

-0.':'23226
Q.4'3':::26

.425548
0.429546

-C.'CO)69
C.'00369

- C. ':'00365
C. H'0359

- o. ':'OC365
o 4CC369

- o. 42e5.::.e
o .2B5.e

- 0 .:.23226
:J 423226

-:J 423226
o 423226

- 0 40J3E3
0 . .;,0:J363
0.329550

-0.)25558
G. 32S'~5;j

·C.329550
C.527703

-C.5'7i03
o 52'7, os

·0.52'7i:JS
o 52:7 J5

-0 52""05
:J 32955C

-J.32?55C
C 329550

-0.329550

DOff FORCES A..~E

:'ORS::-ON
-17Ei";33E-02

1 76"";"793E-C2
-1 '75"';""; 8 3E -::'12

1 -; 5"';i o]E -;)2
'2 )99597E-')2

J?9597E-02
-:2 .5699S4E-OZ

.5eS984E-0':::
·2.3~S537E-02

2.3~ES3'7E-C:2

-1.787783E-C2
1. "? 97783£-C2

-1.787783:::-02
1 787 7 8:;:::-02

-1.757753£-02
1.7E7793E·02

-2. :::98597E-02
2 J985S7E-:)2

-258995'E-J2
2 '5899S4E :12

-2 5899E4E-02
2 589954£·02

.78'7783£ c,~

. '78'7"'5:H>0':::

.187783£-0':::
1."'l87783£-02

·1.'87783E C2
1. i 97'763£-C2

·2 39998'£'-C2
2.58998'E-02

-2.5539!H!-02
2.559994E-02

-2.5E9394E-02
2. 563334!- 02

-1 7Bi"75J!- J2
1 78-'83£·02

'178"E3E-02

i877e3E-02

PRIN'!' OUT
My

'8 1235
11 531S
.: 8 :'236
11.9316
49,6332
14.6'89
':'S.CJ9S
: 5,4"'::' ~
49.6332:
14.64.69
'8.1236
11.93le
4S.1:2~6

11.93':"8
4B 1235
11 93:5
"9 €33.2
1':'.64e9
49.0095
15.4i44
43. C095
15 .•='''4
04 5. 123E

331S
-24.J930
'2'5,0395
·24.393C
-25.03S~

-41.3278
'37.8:273
-41.3278
-)i a':::79
'0 327B
-3i.6279
- 2".393::1
-25,0.395
-24.3930

-25.C395

AT THE SA.'lE TIME

·3291. :)5
-3444.28
·3291.05
- 344':'.2 S
-1856.82
-:'32~.2E

- :49:J. a 1
- :'525.4 J
- lE56 . E2:
- 1924 26
-3291 C~

- 3':,,~ 25
-329:' C5
- 34 4.4 28
- 329: 05
-3444 26
-1556.82
- 19':::4 .26
- 1490. B:!.
·1525.4:;
- 149:).31
- :525.4:3
· 3231 05
- 3444 .2 E
- 226'7 06
- 2512
- 226'7 06
- 2512 '.
-:J9 S 4C.5
· la5:. . 3C
- 99 6.405
-1051,30
- 99 E. 4::15
·1051.30
·22Ei.:J6
·25.:2. '7 1
·226,.06

2512.71

28

26

2E l:'l

2E :il

2E 1",

COLl~:S (

FCF.CE
FORCE
F:>R:E
F:>R:E
F:>R:E
=:JF,':E
F:>F.CE
FORCE
FORCE
FORCE
LO':'':::

2~ -22.16':'3
:; 22:.16':'3

2~ ·9.':"; 3 9c
3 9.1<0::; 3C

24 -9.1'::'::8C
; 9 1.::. 3 OC

2.:. - 9 143 EO
8 10eo

2.:. - 22 16.; 3
22 16·0

REPP.£S:::NTS ':'HE DOF

- 31 6652
31. E652

- 13 66'1
1:: 66':'

. 13 664"7
13.66P

·1 J S6n
1:: 50::47
_ •. 80:: 52:
31.865':::

i<iJ-::iCH 1-:";5 MAXIMUM

(0 :l2S'!:!:J
- C. 32955J

C.527':'C5
·C.5~7'703

C.32'7i05
-0 527i05

0.5,'7"'; ::'IS
- 0 527':J=

~2955C

.., 32955C
VAi.:.JE

1."';97763E-02
1.'87783E·C2

-2.59998':E"-C2
2.5999S'E-C2

·2.5393S':£-C2
2.5399S':'E-02

- 2. 5e39B4E-02
2.5E::t33'1lE-:)2

-1 105,,3::£-22
1 :-Si";5::£-:)2

'24.3930
-25.039'::
-41.327E
·)7.8279
- 41 3:278
- Ji 9273
-.: 1 3278
- 3" 52;9
_::..:. "'lQ") ~

- 25 ::-'335

,226: (06
-2512 7:
-396.4C5
- 103: 3C
-:;l; 3.405
- 103:.20
9SB."a5
1051.30

·22:6-:' . JE
· 2 ~:2. ~

IE3D BEAM FORCE.3
MA.XIMUM VAL:::::S FOR A:..:' STEPS NOTE' MAXl~ VALU=:::: W:TE TH::: ~HEFi. OOFS FCRCES ARE FR:!'lT OU:- ~T 7:iE SAlo!E ':'I~

ELEMENT LeAD ~;)~:::: AXIAL FY FZ TCRSIO~ ~y HZ ST3F1..G

2"

27

2"

FC~CE

FeHer

FOF.2'£
F:>P.:E

P'OF_::E
P':)F:E

FOF.CE
FORCE

FoJR:E
FORCE

FC?CE

F'e~C2

FC~CE

:0 FORC£
FOP.::E

11 P':JF::E
?:JRCE

:E

Co

1C
17

!t,
1-

:t

::l OCCJ::lO£ ... C::l ·).'JE461E·1.S
J.C'00J:J02 .. CJ .<'Je4::1E-lE

. C0000C·E ... 00 .... 405461£-lB

.COOCoJCE"'OC .4\:'546:::-16

o.,:::)::,OOC£·')O E! f7:;61'-'E-19
O.CJ:)OGCE"'~O:' -6.57:::'517£-19

.0:'':000E''')(· ... 4(8':'=1£-15
OC'CCCOE"'OC .4C8':E:'E-1~

C.OOOCCOE·OC 4.CS.:.E:.E-19
c.aOOCC'8E·OC 4C54E:E-13

C.JC·C:OO:'E·CO ·'.403~6~E·:.e

o 0('C000E·CO .'OS461E-:.e

oJCC:)::)oJ'::: .. CO ·3.':85.:61£·' l:i

OCC~:JQ£"'CO .'J54c:'E·1.e

'J.000·::O:'O':::"'OJ 8.6"'l361":'E-19
v.C000(ICE ... OJ ·6.E"')61'E-l~

O.C::l::lOOCE ... :)Q -3.':'08461E·16
(.O:OJ0(,OE<)0 406461E-16

- 6.23565
.2 S5E5

-05 SE66.1
.5E661

.06651
CEG5::.

-E =666:
E =666::.

·f 56E€::
6.56EE1

-6 255E5
6.25565

-6.56661
.5E661

- l . C.565l
3.05!:51

- 6 . 565:: 1
. 5665:'

-2.517562E-C3
2.5;''7552£-C3

_.30E198E::-C3
3. ~081982-03

. .: .5:4S24E·03
'.0:4624£-03

- 3 3C8196E- a:;
3CS155E-::":;

3C919EE 03
30519EE 03

51"562E-O~

5P362E·OJ

·3 :;J9:.98E·C)
.;']E:'38E-C3

-4 51452'E-C3
.,a.91452"=:·C3

-3.3')81992-03
.3.} [ISIS' B'::: - 03

7.,al. 959
5C9.272

7 7 6.4E3
536. E52

337 ::.3
280 159

i"7f 469
5:;6.852

776.'65­
536.852

7,a.e5S
5C'9 2-:;:;

775.~69

'535.952

33' .113
2BJ.'89

'7i6 4€9
53E E52

-1.13E244E-:'S
-1.229052E-15

·1.15C:22E·lS
-1.242923E-:'5

-1.50'112E-:f
-1.5G41l2E·~e:

-I :501222-15
'1 242:129E· 15

150122E'15
242929£-1~

13624'£·15
.22So0S':::E-15

1.15C:1.2.~E·l5

-1.2':2529E-13

; 1 9::l4 :.12E -16
-1. Boe12E ·lE

-1·15C:Z2E·lS
-1.24292~E-:"5

",. 12: F;JR::E IE C.JODCC.8E·OC _l 4C8,€:E-19 -f =666:.
FORCE I"';" C J0(oOOJE·00 .405<.6:E·15 (566El

CO!...L~ ( LOA.::~ REP~ESE:NTS TEE =-CF jo,,';!CJ-: HAS MA.XIMtr.-f VA':"UE

• 3C8198E-::l3
3(6153£-:13

i"';f 469
536 e 52

-1. :'5C122E-:5
·1.242929E-:=

3D EE.A.M FORCES
M.AJ< IHUM VA~:"=::.3

::L~EN'T LeAD
~8 2 FCRCE

FOR JIlL S7:::PS N:JTE' M.~_Xlt-!"JM VALUES W:T~ THE O':'HER :QF5 FCF.CES _fl"RE PR:N'!' Otr:' AT THE S~E TIME
:-;OD:= AXI;'_L FY CO'-' TC?.5IO;\ ~y ~:.

J.00('J:J02<::::" -8.99('456E-:e ·lC 24':2 '.'139E7E-02 945665 .7069E8E-l5

173



26

28

28

2'

26

2E :0

2E ::"1

2E1 12

~CRCE

FCRCE
FCRC~

FC~':2

FORCE
FORCE
FORCE
FORCE
F0RCE
=JRCE
F::JF..:E
F;,)R::::
FQR':E
FORCE
fC~,CE

FC::?CE
FeRcE
FORC~

FORCE
LOAr::

:.8 0 C8::::)O('E~~::: 8. B9G453E-IB
-.7 :) OCCOOOE+CO -e.66EE41E-lE
18 0 OCCOOOE .. CO 6.66Eo~lE·:E

17 OOGGOCJE·GO -66SES41E·:.E
IS C,JOGCC:JE-uC E 066541E·:6
1"1' C.O()OCCOE-OC -6 06684:£-18
18 C.QOCCCOE"OC 5 66654:£'13
Jo' (:.00J(-\:,OE</C .1: 6668':':(-15
18 C'.QJJ'jOOE"J(' B 6660.:11['19
P IJ.C:::::;O()CE<:L' -8.E90'53E-15
18 'J.C:)'J'':-JCE.. ac. S.C!904S3E-lS
_, 0. GOO·j0CE.OC· - E .E€68<'.!.E-lB
:E . ('001')('E .. O:' e.t:E68'lS-~6

:7 J.GCOJ:)0E.CJ -6.6E68'1~·lB

:i.E OC':':::::;0::"'C::'16.6E6&':1£-19
:i.: OCC:):)O:::.(:) -8.666E'lE·lE
13 OCCOOOE+CO a.66EE'!.E-lE
17 OCCOOO[ .. CO -e.66c841E·:!.Ei
15 00(,,000:)[.00 S.66EB41E·:E

REPRESENTS THE DO:' WHICH H;'.s MAXIMUM

1J Z452
·1";' . 135':'

I"; . 1357
-17.1257

: '7.1357
-:7.1357

_, .1357
. I""; . 1::' 51
I? 1~57

-1':•. 2':'=2
: J ,,':'5.2

'1":' :.J5?
1- :'35'"

- 1";' :'3'::7
Ii 13':"':

-11 13=;
1"; 13~";

-17.135";
1";' . 1357

V~UE

·Z.4199E/E-C2
2 65":54,E-02

'3 6':~5-42E-J2

6='5-42E':)2
·3.65'542E-02

.E54542E-02
-3.E5~=":2~-02

3.E5'~":2~·C2

I' :;4'::'2E·C2
2 ,ae96":'E·C2

-2.(,:':96";E-('2
3.65':'542E 02

. 1 .f,545~2E-O:O:

3055.;1542E·0'
·"'l.554542E·02

554542E-0~

.1 65":54,E'02
65'5"':2E':)2

·365.:.5-42E·:)2

lIC3.3';'
1363.3"'?
1543.. , I

16E}.37
1543.7;
1893.3";'
154 ~ .77
1863 2"':
15'::; "
94':-.fE5
::::>23"7
: 6E 2 37
:543."';7
:'68::' r
154J.7';'
1aSJ. :n
154 J. /7
1383.3'
1543 _77

'1. 79:'22=E'15
.3827B9E-15

-;: C75597E-l=
-1 982789E-l:-
-2 ~':'5597E-:5

-1.9"52769E-:5
'20""5'::97E-15
·1 Sl32"':'63E·15
-2.C"':'':537E·15

."06966E-l:­
1 ":' 9 1-,::. 3 '::E - 15

·1.982"'?89E-15
2.:)";'559"7E-15

.9627E9E-15
-2.0':'5597E-15

.362'69E·15
'':; C75597E-15

_ 982789E-l'::
-2 C75597E-15

IE3D BE..~ F8F.'2ES.
MAXI~:"1-1 .....ALUES ?8R ALL STEPS l'I:CTE; to".AXI~Jlo! .....ALU=:S 'l"iI7H TiiE :JTHER DOFS F:JRCES }o.RE PRIN7 Ol"T AT THE SAME T:HE

E~El-!EN'7 LO;'': NODE .~IAL FY FZ ,:,:JF-..SION MY MZ. S'rBFAG

2S

23

29

2'

2'

23

29

29

r:)F.:E
FOR:E

FORCE
FCRCE

FCRCE
FORCE

FORCE
FORCE

FORCE
FOR:E

FQR:E
FORCE

FOECE
FORCE

FC~C=:

FORCE

FORCE
FORCE

1 ~ FORCE
FOR.CE

11 ?81'..:'E
;8":E

18
19

:e
:9

16

"'
16
19

18
13

18
19

:6
:9

19

18
13

18
19

":.1.:'53::'
- 41.333:

4:.393 :.
· 4 i... 3831

lE.4333
-16 4933

.;, 1 3831
- (, 1 ~8 31

15.4993
'16.(,993

41. 3.531
-'::':.3931

.;: 383:
-';:.383:

4 i. 3631
·41.JB31

16.49:;'3
'16 433~

(, 1 3831
-c. 3631

IE-. (,9S.J
-16 . .:.g So 3

-::l.47"604
:).4748:)4

- 0.474 E!J(,
o 4'..:.6,)'

- ( 31BI'':'':'
C .315074

· G. 47 4 3C"':
o 474804

- 0 J 18:)";'''
31E!:)';' .:.

- J. 47'804
.4";'4804

-8.4748J4
c..4746:H

- O. 474E:J'
C. 4:4 60'

·C.3180;4
C.31B074

-('.4749C4
(I 47.:.504

- (I 3 :8:::""':'
3:80·"

. 1 69597
1.695:;'"'

·1.€S597
1. E559,

-1." 36 60
.; 3E EO

.69597

.69597

73e9C
73B9C

'1 6959""
1.69597

'1.6953;
1. E953"

-1.E959;
1.E959;

-J.7~6EO

3.;3860

.69597
63557

'i 3950
"'; 38BG

.176.200E·C2

.l i E.200E-02

-2.1-:'E2CCE·OZ
· l762CCE-02

735247E·J2
1 7952':'7[- J2

·2 :76200[-02
2. :76200[-02

'1. 79520~-02
1.7952,7E·02

-2_1"'?6200E·C2
2 .176200E- C2

-2.1;€200E·02
2.17€2COE-02

. .2 .1762CCE-0.2
2.17620C[·02

'1 795247E-02
1 795247[' J2

·2.:762aoE-02
:76200[·02

-1.7952(,'£'02
1."'?952':';[-02

l2'.652
15.6414

]23.53,
15.6':' 14

563.503
194.252

322 552
15 €4H

563 SC8
184.252

323 552
15.6414

l23.552
:5.6414

3.23. S5.2
15.60:.1.:.

5E 3. S05
184.252

223 552
15 €41":

56 2 ~C8

18' 252

- <.7 5806
·<7.l80l

-47 .5B06
-4; .330~

·31.925S
·31.68S0

·4";' 58:)6
- 47.38::':;

- 3 i... 9259
-::':.6890

-..:"'? 5S06
. ..:7 . ~S03

-4; .56C6
'47 .~BC3

'47.5806
·4;.39C~

·31.5259
-]1.6890

·47.5806
-4"':' .2803

·3: .3259
-~:.EB9J

2~ 12 F:::JP.:E IE '::'.333::' ·::l.4";"6J4 -1.69597
FOR:E 19 -4:.333: :::'.-4748J~ 1 E9597

CC:'lJM.N 1 !..OADI REPRESENTS THE DOF WHICH HAS to"_;XIMl.!'"M V)..L:E

·2..176200E-C2
2.176200E·C2

323.552
1~. 6'::'14

· ,"'? S80G
- '" . 3S03

lC

3:· B2A.H FORCES.
to"..AXIHtP.-f VALUES FC~ ALL S72P~ N:JTE: MAXIMUM VALUES

E:'E>I~7 LOAD "ODE >J(IAL FY
30 2 FCRC2 l~ OOCCOOClE+CO -4.225233E·17

FORCE 21 0 OCC.OO:)E+CO 4.2;::5~33E-:"':'

FORCE 19 O.OCQOC:)E"OO -4.223}:!3E-:':'
FORCE 21 0.J00CCJE"OC '225339E-:'7
FORCE 19 C.:)OOCC:JE-'JC '4225:;39E'17
FORCE 21 C.OOOC00E"OC 4 225:;39E-l'7

::.2 =OF,CE ISo C.O~J('C'CE+:'O '4 225:;~3E-1;

:'8Fo.CE 21 0.C:'::IGI)CE+:)·:, (,.'.25339E·:::.;
CC:'UMN ( L:JAD I ?...EFRESEN:'S THE D:JF WHI CH HAS MAXIM:""'M

WITH ':'1-:E. C7HER
FZ

Co.OOClCCOE·OC
[I. C:):)OCOE- OC

.C:):)OOOE .. OC.
oJ.C:J::>OGOE·:'C
Ij.COOOOCE+::l~'

(,'OOOOCE" ::>e,
(oOO:)':ICE·O;:'

Co ,:,('C'j'jGE+00
VALUE

:OFS FeReES ARE
TC?.SIOS

· OO:':'OCE"OO
CC:):)OCE+OG
CC:):)OOE+:<'
CCO::>OOE·::»

· CCOOOOE":):)
· Or,0000E"::lO
· CoOCO:):)E"OO
· OOCC:);):::-'00

PRINT OUT AT
MY

:) OCC:):)02 .. C:J
o OCC::>002+C:)
0.0CC000E+CO
o 00CQOOE+C'0
C. JOGQO:lE+GC
C. :)OOCC:)E"OC
C.800CCOE·OC
C. oOCle COE .. 0('

~HE SAME TI~

MZ
-4.5:;'6150E·1S
-4.635:)2SE-15
-4.59E150[-15
-4 69502~E·l'::

·4595130E·1:'
'4 695029E 1'5
-4.59:;15JE.-:"5
-4.€:95029E-::"5

:E2C' BEA."1 FORCES ...
~AX:M~ VALUES FCR ALL S:-~PE N:JTE: MAX:Ml.P.of 'JA:'UE.3 WITH :'HE OTHER DOFS ?OR:ES ARE PRI~'"T CUT A:- Tt!.E SAME TIME

ELEMENT LOAD ~OD~ AXIAL IT FZ TORSIO~ MY MZ STB?A::;

II

31

~ 1

II

31

,1

FCECE
FORCE

FOF:CE
FOR.CE

?:JF.CE
;8F.:E

F'C>F..:E
FOR:E

F"CRCE
~CRCE

FORC::
~"JRCE

FORCE
;O"CE

F:JR:E
FOR:E

FOR:E
FORCE

:0 F"OP.::E
FOECE

11 :'CQCE
FORCE

12 FOR.:E

22
21

22
21

22
21

2.2
,:

21

22

2'
22
21

22
21

22
2:

2 :

~2

21

22

43.5610
- 4:;.561:)

43 581::::
.,,:; 5E:.O

22.57':'S
- 22.5"':'8

43.581e
- 4:! 5910

22 '5";' '3
· 22 57 '9

..: ~ 581:)
.,:; 58::.:)

4:; 5E:0
·43 5c:0

":'3. 531C
-,O.531C

,2.5'" .:E
·2.2.5"";U

4~ 551G
,,]. SBIC!

22.5-;" ~

· 22.5":' 4::!

· C . ..:";' 4 604­
C.,"';':'604

- 1'.474 3C,
47.: 9C ...

-0 ':'CJCC'
:l 4(:OCI)

-::>. C4BJ(,
0.474BJ":

· C. (, :lC4':' ')
C.": :)('~7 0

-C.'''';45C4
C ,':'45C.:.

-:J. 4"';' 604
.4'745')4

-0.40C4;J
O.40C'-J

·0 . .:,- ... E:i..:
(l ..P,H·O,

- (. .:,:,(047 G
C '00: 47 C

- 1. 236S":
1.23ES,

_ .25.554­
2S954

., 9-:' 15e
971SE

_ 2585.;1
1.25854

-}.57156
2.9; 1':.8

·1.25ES,
25054

2S: 5'
25334

-1 2'::854
1 .i. ':-BS4

- ~ . :;I"': S5
9':' 158

. 25E,::(,

.255=..:

J. So"': 58
. q-:. 55

174

::..76148E 02
1'7614SE-02

'2 176146E-:'2
2 :76143E·82

-1.2:2539E-02
1.21259S=:-02

-~ .1""61':'SE-C2
2.l;€::48E-C2

•. 21258eE·C2
2125e8E'0~

'£, 1":'614EE-02
176H6E-J2

-2 :'76143E-02
2.:'76149[-02

·2.l"'?6H6E·02
2.1-:'6::'':'S2-C2

·1.21£.589E C2
.2]2588E 02

-;;: 'l.7E148E-Co2
1':'614eE 02

-i 212566E'J2
2::.2S35E<12

-2.:""6HSE-02

2.EO.699
. E 981::>:'

26C.685
- 6.9 E::..Ol

EJ') C9­
1:;'.;1 2:8

26:' 6 E9
. S. 9 8::.,01

6CO.097
:'94.21E

26C.689
- 3. gel0l

26C.68So
- 6.9 SlC1

260 6S3
'E_93:Gl

6CO.097
19':'.21E

.260.699
.l:: 381:)1

60C.037
1S<4 .219

260 689

-,7.5306
·47.j3C~

-4":' .5BOf
-':'7.3803

· 4C . 137:)
·39 837::>

· (,,7 ~E06

· '7 3803

-4J.197C
-39.a970

·47.590f
·4':' .3902

47.5806
-47 .~803

-47 5806
· '7 3803

-'O.:97C
-39.5S7C

'47.5906
'47_38G3

-4C.19":'O
- 39 697:)

-..:: 5806



FCP_CE ~:!. -43.5810 C:.C4SC': :.25354
:OL:";.1N : LO_l."D~ F...EF~ESENT5 THE :,O? iolE[CH H}._S MAXIMUM V;'~UE

2. :!.1':i48E- J2 - 6 981::J1 . 47 3SJ~

~D BE.~ FOR::ES.
Ml....XIMiJP. .....~UES FOr;. ALL STEFS NOTE !oll"X:Hl.r.-1 VA:'UES

=::.rnENT LOAD NCDE AXIA:' F'{
}2 FC~C=: ~~ QCCOOQ=:+CO ·8.890':5SE-:.E

FC-r-.C:: 22 C.:'(·C.OOJE"'C.O E.S3-)4':SE·i&
~~ FORCE 2~ C.DOOC::::OE·OC ·56669lil.:E-l::

FJR:E 22 G.0~00(-,OE<'0 6.E:E:68<'IE-16
~: FOR:E 2} .CO:}()uCE"'OO -6.ccbBlil.1E-18

FCRCE ~2 COO:"XE+:)[l S.EE6B.:1E·IB
J2 FC:=:CE ~~ :) OC:::::):!O=::"'C:J -6.666E"IE-::'e.

FORC:: ,2 uCCOOQE+C':i 8.66E6.alE-:l::
~2 FORCE 23 0.;100000E"':-0 -E.5669 .. :!.E·10

FOf'.CE 22 C.:JOOCCOE-wC 6b694:E-IS
~2 ?JF.CE 23 C.OQOCCOE·OC. 'S 890':'56E-l~

FOF.:E 22 (-.OJJ0(-OE+:)0 B.E90<'53E-IG
32 FOF'_:E 23 .COOOOCE"'OO -a.E668<.IE-18

FORCE 22 .COOOC/CE"OO 8.6E68<.1::-1S
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b. Member 1 (Beam)

8. Drawing of Internal Forces
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Figure 52. Drawing of Internal Forces
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VII. EXAMPLE PROBLEMS (For PC)

A. ELASTIC STATIC SOLUTION

Description of Input Information

Find the structural displacements and internal forces of the space frame (Fig. 53), which

is subjected to vertical load. Structural members have the same cross-section area and material

properties. Cross-sectional an:a is A = 4.59 in2; torsional moment of inertia is J = 24.5 in4
;

moments of inertia about bending are Iy= 11.7 in4 and Iz= 22. 1 in4
; Young's modulus is

E=30000 ksi; and shear modulus is G=12000 ksi.

10 kips "

(0,18,32)

"oL..__---, (60,0.20)
(36,0,20)

(60,0,0)

Figure 5::,. Space Frame Subjected to Vertical Loads

Input and Output

Input
ECHe, CF :N?l"":' D;'.':'A

:"1l"E

<
5'
6.
7
3.

12

.. , .. 10 .. 20.. ,:;(0" .<.0 50 6" 7C
I STR'JCT[?::: :'E:?IK:t,':"loJ~I

'~'C ~Fo..>Y.:::: • WIT1.j c::r~mn~SATICN'

:: 1 2: C : .00 :-'TN:JDE. r-;:::cs. SSLTFT, NCCNt·. NCCNST .3C';~E

::; ,)( ~e.lll:' ~2,jC ::. c : f'O::::S
o. J ...., lE e·J ~2.::>O 1

:; :;0:. c::: :). e.c 020 C,C 1 0
0: '"1::.[0 o~c :ZC.::::'l 0
'5 5 C .OC c:"c C. oc 1 c

::. .: (. ::,.:. (0 CIF2:-TIor-; C:J':-:NE
: .:. 1 1 .:. 1 0 :.. : REsTAA :r..-r==
1 : 1 :.. 1 1 0 .:.

.. 0(.

:2 u C r· 0 .:. ::. .:. c I,) : CO~DENSE

1::" l l'."!-!.;:-
Hi: '~C'EEAM ~ACX 23 7J3:::' ~o:::::)o 120'JC <. 5~ G J ~.; '5 1:.1 22 4 ~ 4.:. 2
1:' 00 C .FiU.5E KG
IE .:. ~:E:'~ 2:"£ w.:r 5J E": \lY:. Vi:'. 'yy!<. xs XE PKG KCDE
-' '3'::-&EA.."1' '~EJ.GEF: I' 1 ~ 2 0 ,') 1 e::J C' JCO'Joe GCO
:B: '~::-EEAM' '~El-!BEP. 2' : 2. 3 0 J 1 (. e, c ::lC'000C 0GO
l!:l '3:::'BE~' '~~ER }' : ~ " C::l 1 e, 0 C OOC::lJ( ,joe
;;:C. '3C-BE.~' 'MDQ,EF. '" 1 " ~ 1. 0 C (I (. (0 OCCO::lG J0C
2:· :i ,j .?Jo.L.32 : MA5':S
2Z: 8' (. D~?

2~; '~o:.()~ S.JLL'':'ION
24: 'STA':'IC L.JA.D:N':: C>.sES ONE: .1l.1~J nc: - WI:'H CCNDEN5'A7:::lf\',
2~. 2 C
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26 . 1 2 G C I FZ' -:0
2'7. 2 3 0 0 'P'Z I -:0
2e: J 0 J ( 'Elm'
,;:~ : . ~':'CP'

Output

.:. =TRC:Tl':i.E.
5C:"ST:O~ .

...... PRX!=..;M FEP. QOIjE:"'E ?RECI5!C!: Y::R.'1IOr-;

NCDE COORD:NATE::E AND DEGREES OF FREEDOM

70TAL Nl"'¥.BEJ;. OF e'EGREE.3 OF FREEDOM
tlt:M3ZR 0: DEGR:::E5 CF FREE::JCM CCN~£NSED O:"TT.
N:"'"'¥.:3ER OF FREE DEGREES OF FREEDOM.
N""JMBER CF F..ESTRA:NEC DEGiU:ES :IF :F,EED:J~.

N:J::::: cos/:; X'CCCRD Y-:::'OORD Z·200Rl:, FX FY ~Z HX MY HZ
1 .0000:, 48 ()CJ 32 CC:J 19 -R 20 - R 2:-~ 22 "R 2] ·R 2-C 'R

o ,'oeJO 19 Go·J 32 ODe 1e: 1: '2 1 2 3
36. DOC oceGO 2['. ;)J0 13 14 :5 4 ; •
6C Joe . ,:00:1.:' 2C-OOC 16 -' 19 E •; 60.0CO G:)JOC C8'::'OO ~5 ·R 26 -R 27· R 2E -R 29 ·R ~c· R

N~T2 R R.ES:'R.:t,I~Er: DEGREE CF F:-U:E:>O~

c CCN~T?.AIl'iE:> e2GF.E2 O~ ~F.EEDOM

eIRE2TIO~ COSIIJES

ccs f 1; VX 1 00:)Je- I ... ocooo J ~. 000:)0 K 'vY'
1 STRl'::TIffi.E. ] - D FRAX£ • WITH CONDEl'SATICI'J

SC:.t:T::J~.

.OOCOJ I .:. ooc:)o .,oecoo K '/2.: .JOOeD ·.C:::looe J ·1.JOCeO x
TIME' 9' 2:58. :lATE': 5/24/96

3 . e E:.AS7: C BEAM ELEMEItI

IX IY IZ

1 ).000'::"'04 .200E+::14 4.55 . DOC . DOC 2.; ,5 11.7 22,1

1 S:'RTJC':'lTRE 3, D FRAto!:2 , WITH CONDE~SATICN

S~LU-:roN

ELEMEh"T e6, 3D BE~ E~E1'rr

M~2~

MEM3ER
ME>!BER
MEMBER

.= MATl START
1 1 1
2 1 2

ENe
2

LE..~GTH

30 OC
'2.00
24, C:j
20.00

,OOOJC
25555
O,JOCO

l,OOOOJ I

Y-AXIS
,OO;)J( .:

.. 12708 ~

.OJCCO J
, ::lOCOJ

7:ME' 9. 2: 58. DATE 5/24 !:J6

START DIST nm DIST FK::J
-1 OCJe-o K ccoo eC::10 OOCO

.95331 K .OOJC ,oooe coo:)
' .. 0:)000 K , ::1::>OC ::>::>00 .oeoo

OOC~~ Y- ,0ace .OOCO .OO'JO

ZERC MASS !'1.Z:TRIX

PP.:>FORTI0NAL ;:A.."fPIN.:J CCIEF:CIE~rrs

C000C BETA- .OJ')C·o

1 STfU':::TURE.
5CL:'::-:OK.

} . [) FR.AfE , W:TH CON:lESSATICN
STA':'IC L:'AL":N3 ::ASES 0~2 ;'.n!:1 ni:' W!':'r' CON::ZNSATIm.;

':':!1E 2:5B, DATE 5/2(,/:;16
TIME. 9: 2 5E, DATE 5/2'/96

KL'MEER OF :'0':'':: ::>_S£5
P-.FFLIEC JO:J'rr LCAD~

COA:! CASE,
:"C.;r> 2ASE·

S:-f<,:":C":":"TFE
::;o:...LJ'TI m.J

JO:i:t-:T DIR.2c-!'ION. FZ DO~:5 12 MA:;~:TL"::E: -1:) C:):Jl'
...-::;'I~7. DI?..EC'1'!OI'J. FZ DC? i S. - ~ MAGNI TL-:>E . '::':J ooe,e

~ -:' FRA!'1E , WI':'H ::ONDE~:SAT:OS

STAT1: :...o.:..:.::r:G C;'.SE~ ONE .~l:J TWG 'ti':TH CO!'IDE~SATICN

TI¥.E': 9: 256. DATE 5/2.;/915
TlfWI..2 9: 2:59, D;'.T=:: 5!~4/9f

GCS DIS?:"~CEM~S, ~A.:l:N:::; I:l

RZ

Tlf'o!:E' ,. :5E:'. [:.::'_':"E: =/2(, '9E
':':!of.E '59. :J/,,7E: 5/24/96

. :):)OC1j
,253013£- [I]

·5. ~26991E· 0.;\
-1 Hi299E-C'

CCJOOO

R:'

cooco:)
·2 636"39E' Jl
. 2 . ]"";'5254E- :)3
-1- 2C002:E· 03

OC~)O(,O

.00J0CO
4 ~640722-03

633359E·J3
.59971:E·(J4
. Je'Oooe

WITH CONDENS.~':":0N

DZDYex

['CJOOC .OOCOO(, . GCC:)i)C
·2.5';49~5:=:·C2 6 3~23=7E'CS ·9.2B93~lE C2

.C i 7555!'-C2 -1 C42561.E C~ -, 567SS~E 02
•. 0956'3E-02 -3.2';';'75';E·(o3 ·2 141221E-::>4

. J:::'C:JJO . :):)OC:):) .OOOCOO
3 <.. F?.JI.ME: • w!7H ::OK~ENSA':'ION

S7AT: C LOArING CASES ONE AK:l r.,;c
STRUCT.rn.=:.
EDLVTlcr~

NCDE D:~ RY RZ

0C00-:''':
·1.E323"2E-02
·..::.5l92'12-C2

. ::;JQCJC 0,)OC00
·9 1S3:;l4';E·')t- ·4.567983E·02

'S~S-c:E C}. ·,.5345=8E-C2

. :)OCOJC

.4S':26JE-C]

.4Cf~:6E-C3

:'GOD0C
.; 6C82:09E· C~

'2 ":'5346S='--C}

0000CC
·s 97'4=5E-O.:
. S . oS 3 96 5 ~=: -:).:
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-..62"?Cll=:-02 -1 "8U7E - C2 1.096568E- OJ : 386:"43£-C3 - 2 . 5"'i lE222- :'3 ·4.53('517::- 0'
J000 JO .000000 CODOC:) C)OOOO :)OC:)::>(- .OOC::lOQ

1 STRi.JC7:"FI..:: . :3 -D FP..A..~E ;';171-: :CNDENSAT::J:iI 7:~E L - 59. :A7E, S/ 24 1l,l6
SC~lJTICt; S:"A'!"I C LO.-\DI~;:; CA52S ONE "110 1"~ i\'!':'t-: COr-::::EUSAT:::Cr; T:'lE 2::; 3, ~ATE, 5.!2~ ::<')

GCS RESTF...:'.:N7 REA:::.-I' I ONS,

?X

C3S0E:..
C' :;';051

LOADI:-.JG ~

IT

. 2S %55'­
2506559

FZ

6.:' 253E 2
';"74644

-222.1165
-E'C~CO

2:·.96C23
29.40C39

MZ

"1(',2]1<,":'

£.156~2S

sr~~.A:-!Ct:

1 S'iRt:crJRE:.
S:>:'l..:71Ct;

=,":.:)010"4::'«, ,t:95(534E'[,6 18 ijCj~:' l'"'9.='S~~

~ -r :';;..;..ME: , W:T~ C:J~D::~JSA::'ION

S:-~.T:C L8.;n:NG CASES eKE ::.N::-we WIT~ :::::J:-.JDE~SATIOl';

"::::J5C925E j~ - .129~e2!3E· O~

TIME: 9: 2'58, D~.TE:

TIME. ~. 258, DATE.
5/24/9':
5·24 :9E

G:S RESTRAINT REA::.-r:ONS.

NODE FX IT FZ

.,' 56985
.,; 4:'E 5:3;:'

.2:5'300£-(2 2435681
2:52:60E·C2 564~27

- ~ i. Eo 5E<.2
. 2 ~ . 5 J5 ~c

.<, .5:'60~4

so; :'1<.36
1'.:'891C
E 7 ~33 59

S:'W.AT::>~

S':'F..:"C":"l'RE
SC:':'::T:;)~

. <.S48E::,oE-:)4. 2:3331"i=:·CS IG.C:J001 .2239615'::·J4
] -: =K..;ME wr:"H 20NDE:-;IS;"'r"Im:
5TA7I2' :.;)~:r-:::; CASES ONE \ND TWO WITH ccr-m=::NSA:"ION

20::..:.7 36E- 03
7:!".E
7:ME

2; 59, ::A7E.
2: 58, ::I1..:'E:

5/24/36
5/24/!:t16

3r, eE~ FOF\::ES.

ELE>1EIrr LOAr, N::>DE A.XIAL '?Y FZ TO~SION MY MZ
1 FORCE .230655 3.5253E : .03805 -25.8602 30 23:.: 222 116

FORCE 230655 -8.52S3E .03806 25.8':02 .9:.0564 )3 6445
FORCE ., .215430E 02 2.43568 - . ':'4569,;: 4. S16 04 17.199 : 91.6584
FORCE ':'.215430'£- 02 ·2.43569 . .:. ~ 569 E ., 51604 ·3. E18:5 -19.5880
FORCE :. . .:. ::'566 .1. 11075 - .2042"iG 19,0155 4..42(;59 -~9.:,76'

FORCE :.., 3566 1.11075 2042"i(, -19. ::>155 '.15676 - 6 47513
FORCE - .331961 2.4426€: - . 2~7C2G ·15. OBBC 51(,146 12.~52::'

FOR.CE .3319>61 -;2.44~6E . 2~7C2G 15. :J660 lC.469C 90.2394
FORCE 1. :J~806 : .4" 4S4 .29C656 10.5889 ·9.13268 14.7699
FORCE ·1. :) ~ 8:)6 . ,'7464 - .290556 ·10. 5E E9 2.15693 ·50.1614
FORCE .IH1565E -7 .5':432 -. . 21530CE -02 24."4 E3 -5.72169 ·85.5164
FORCE .. 44 :65E _5643'- •.2:'S30CE-02 - 24."463 6. 73~]6 ·93.C27)
FORCE 1.n'-'=4 .0380= .290556 15693 :0 5689 50.1614
FOR::E -1 47<'0:4 - . I] )8::1: . 290656 '.15693 _0 .4020 - 29. ,Jo<.
FCRCE 56') ::. ,"565: -, 2:52~2E· C2 6 .') ~ 36 "' .7483 9 j. 027,
FC:;CE 56' 3 3 .44:65: , .2:'52~2E·C2 -. ,7)))< -23 .9C53 -34.114<.

T~E ST;..T:CS S':'M:N ENERGY "F SYS,:,~ . :967

...........................................
S7Kl"::-rU~E

sc~cnCN '
~ -: ?F....;ME , WITH CONDENS.IoTION

STAT:C LOJ..DING CASES O~E .u-.-:; r ....c W~T:-I ::ONDE~S}..TIO~

THII.E: 9. 2:58, DA~E. 5/2<'/96
T IHE : 9: 2: 56, DA~E: 5/2':' /96

GCS .....AXI¥.TJH DISPL:"'CE!{'ENT~

N::T.::: JII_~X:¥.U~ VALl!ES M,:."y ~CT OC:::JR S~M'"...'L7M'EOU5LY

NODE e,x DY RY RZ

COOOC:)
<. 264G72E·O~

4J641EE-0~

1 386:' 3E -:J~

COQOOC5
1 S':'F\:":::-:'CR.E

50L:JT:O~~ .

. :)OCOO-: 000000 COOC/CO
·2.544::'5.:E·02 ~32357E·05 ·:1 289331E C2
2.61~2<:3E-02 2 <'~S981£·03 93435BE 02

-2 f:.2-;;:11E-0~ ·1.379:.37=:-02. C98668E 03
. :)IJC:J:JC .OO'::COO C:J:JOCO

::.. D FP..A.."fE , jo;I7E CCtmENSA~':::>:--J

5TJI.TIC :..D;.:nSG CASES ONE hl'ID TW:' - iC':'E COh-:;ENSAT~CU

OOC:J:J;}
-2.638';59E--:,)
·2 "iS3·HEE-03
·2.671922E-03

.OIJO:>:'C

.I)OO:JOO
-1.2S3J:'3E 03
8.E38f:4E C4

-,.se05:.7E·C<.
.0DOOCC

Tn~r::

7It-'..E:
9:
9,

58. DATE
56, DATE

5/24!9E
5: 24/9 E

l-".AXI¥.llli VAL:JES FOP. ALL LOAD CASES

~OTE MAXIMUM VALl:E~ fo'.AY ~OT CCC"JR S:~J:':';'.NEO::;S!..Y

0GO:)~IOC . :JJI)C:::::":' 000C:J(!O
3 -D fFi.A.~=: , fiI7t- CCr-:::ENSA":'ION
:STA7IC :...;)~.DI~G 2AS::S CNE }.!'JC ':'WG

1
3 -1

~.~X CF A!:..L··­
GCS S!.J~

1 STR'...,lC.-r;'.:?E.
SO:..T...·7ION

FX

CJ9]i! 1
0~6:':·:

FY

.2906552
2~QES5S

FZ

c 52S3E 2
-:.3':,02-

-222.1IE~

·23 9C5~0

.OOOO::CO

MY

"":.. 86 t·2.~

34. I:''' 39

I)C:."lC'C·OO

MZ

3C.2JiC
6 73335S

. 000COOO
: 56, DAT':::
: 56, D;'.T':::

Sf 2<' /96
5/2' 196

MA..·CMt~ '''ALUES FeR hL...:.. LC'JlL, :ASES:

CCLUY-N ' :"CA.:l: R£??..ESENTS THE
DGF W"rl:Cr. HAi: l'o!..:..Jr..IMl"M .....A:.:.:E

3C BEAM F'J~CES

l-".AXlI'illM "v·AL:JES
EL'::~~ LOA:;'

?ORCS
?'CF\C=:
?'ORC=:
FORC'::
FORCE
FORCE
FORCE
FORC'::
FOR.CE

FOR. ~.:..:. STE P~ t:o':'~: .
A:i. A!..

29C6
- .29CE

.2.9CE
2Sl0f
2':10E
2906
29>::'6

.29::16 5
2~:>6

M.AXIMUX VALUES
FY

8 :253E
·E =2536

S ~2536

. E 525~6

5 25 ~6

- B 525~6

6 52536
·6.52536

525~o;;

W:TH THE C7!-!EP. c-CF~ ?OR':ES ARE P~I~ 0:""1':' _"T T:--lE SAME TIME
FZ TORSIO~ ~y MZ

-1 C3 ge8 . 25. eS02 2315 222.116
1 C~3C6 25. 6S 02 109E 4 ).).54.45, 039C8 -25 E5 J2 . Z ~ ~ 5 222.116
1 C3 gelS Z5 E602 ;'G9E: 4 ~].6~45

- 03 geE - 2S E502 .2 J ~ 5 ,22 116
0:' 3CS 2:> e-502 10:;lf .:. ~J.6445-, 033CE -25 E6 :)2 23: 5 222.116

1 . O~ ;C9 25 6602 1C:H4 D.6445
-1 :::: ~ ec~ - 25 86 :)2 2315 222.11oS
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FOF_CE 2 2:;'1 OE 55 - 6.5233': 1 .0360; 23.860;;; .91C96.:. 3~.6445

F:JF:..C:: 1 · 29CE == 8 :'2535 -1 .035Cfi - 25.6602 3~ 2313 222.:16
F:;)RCE 2 290E 5 5 - B. 5233£· i.. 83 EOq 25 E6 02 .5 lC:;'IE ~ " 64<;3
F:;)i<C£ 1 29 DE 5 5 9 52336 . J~ e03 - 25 86 ::12 3':: 2315 222 llE
FO~CE 2 29::1655 - 9. 5253E .03630 25.86::'2 .9 :C56' 3::: . ~'45
FO~CE 1 · 29~655 8.52536 -1 _038~E - 25 BE 02 30.23: 5 22: l16
FO~CE 2 .2306'>5 · E. 52536 1 .03808 23.8602 9l:)S64 33.0':'4=
FORCE 1 .290655 S.32536 - C38()!3 ·25 .96(2 3C. 2J 15 2;2.116
FOi'CE 2 .29'-'655 -e.5~536 1 C3S06 Z5 56(2 .:i 109'5':' 33.6445

1) FOR2E 25('555 8.52536 -1 03 gee -: 5_ a6 C2 .30.2315 222.1:-5
FCR::E - . 29C-5:i:- - E 52536 1 .038CB 25.5602 . 9103E 4 33.6445
?Ci'-C=: - < · 2:.5.;l ~C'E-C'';:; , 3565 '':56~9 ,"5:60~ l' . :851 9' € 584
?OR.C=: < · "" :':>4 3CE - C2 - 2 (,3568 ,.;l56~ ;; -.: . 5:6 o~ -, 9 :815 :8 5SE)

1 ~ F:JRCE' 2906') S 9 .525;'6 . :.. 0}8::1E - 25 8E J2 3'j 23 ~: 22~ llf
F:JRCE 293655 -, :: 2536 l.0JS1f 25 860: c, :'':~6' " -:., ~ ':
F:J~CE : .:.35-=-= .11(-: = .2':" 2;C 15 .0155 , '2059 .)!:= :. 7f.:.
FORCE -:.'~566 11::::";5 2':' 27C -15. 01 =S 4. lS3":' 6 - 8 4 i5U-
fORCE - .3 3 ~96 1 2 .44266 - .2)'"; ::I';:;C 'l~ · :15EO 5H ~'6 1.(:.3521
FOR::E .33:;:'61 - 2 .44266 .23" J20 -- .OE50 10.4630 9(".239'
~CR::E · .331961 2 4426b · ';:;.3"' 020 .:. 5 .0883 -.5UH6 12.3521
FORCE · 3 31~6: -2 ,,266 .237023 15 088:, 1~ 469 ;j 90.2394
FOR:2 1 43566 -1 110'75 2;j'';:;71 18 0153 '.4;059 - ~6. 1764
F::JRCE -1.43366 1 .11075 .2~1427C - 1B C153 < 15876 -8.47513
FORCE 1.43566 -1 · 110i 5 .2042"Co 1B · C155 , 42359 -3B. :76:4
FO~CE , 356E ~. 11(-75 .20' 2"C' -18. 015~ 4. :59i6 - 6 47513
FOR:'E -- '~56 5 -: _IIC"'iS .2N2i C 15.015S '.4:2059 - 38. 1"'i64
FCR2E -1 · 4 ~ 5'; 6 :. l1C"; 5 · 2C' 27C ·18.::1: 55 4.15E";'6 -8.'7513
FCRCE 1- 435ft: - 1. : :07 5 · 2C4 2iO l5. 0: 55 '.'2C59 - 38.1"'6'
FO"':=: -1 4 3566 1 : ~075 .20427C -:E _0155 4. 156"'i6 . B. ,"'i 513

FORCE - . ~ 31S6: 2 4,266 . 23702:1 - 15 . 08B:, ·.514146" :2.3521
FORCE .] JlS6:' · 2.' ,266 2::702J 15 OB6c, 10.4550 90 2]94
F:JRC£ ::; 31961 2."26€ · 237 C2') - 15 C8Bo - . 514146 12 ]521
F::>R2E )31961 - 2 .44Z6f .23";'C2G 15 C9% 10.,E90 9').2354

10 FO~CE :.' 3555 : 110'"; 3 .20'27C 18. 0155 4.42059 - 39. : 7E4-
FORCE ·1.43566 l1C"'i5 · 2N27C -18 .01 :is 4.15.376 - B 47S13

11 FORCE .33::.961 2.442E6 -.2J"'i02C -15 · J8EO · .514:46 1';:;. 35£:1
FORCE .3 3:9E 1 -2.4'266 .23; J;;:O ., _OS EO 10.4630 9C.239'

12 FCR:E · .33:961 2.44266 .23"020 -: 5_ OEBO · .514146 12.3521
FC"::E · ~ 3196 1 - 2 44266 .23702:) 15. 0883 13.465' J 90.2J9.;l
FOF\C:=: 1. C03S06 -1 ,746' 2906 Sf 1C. ~889 -. 13269 " 7699
FO"C::: -1 033C6 1 ,746' 2906SE -10 5689 2 15693 - 50 H:H
F:JRCE 445656 , .56432 -, · 21~ 300£ -::12 2< · 7.;l B3 - 5 72169 - 8E 5164
F:JRCE 445656 7 56432 , .215300[-02 - 2' 74 B3 6 ";' 33 36 -:;'13. 02"; ~

FORCE 03606 ·1.4;464 _29065E 1~ . 5899 -9 . :3266 1< .7699
FORCE -:.03636 4;464 . 290556 -10. 5E89 2 . 15693 - 50. 1614
FO~CE .4.;lS65€ -7 .56432 -< .2:530CE-02 2' ."483 ·::.72169 -!3E.5164
FORCE - .4456 5E 7,S6'32 < .215300£-C2 . 24 · '";4 63 6.73]35 -50 3.0273
FCP.::E 1 03806 ·1.'7,64 .29JE56 :c .5E89 -9.13258 14.7699
FCR::E -1 03806 1 4";'464 .;;:90656 -:C.5889 2.15693 - 50.1614
FOR.C::: .445E5E Sb' ]2 -, .2153COE-02 24.7'83 - 5 "; 21E9 - EB 5:6-<:
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B. BUCKLING ANALYSIS

Description of Input Infonnation

Perfonn the buckling analysis of a four-element column (Fig. 54), and find the buckling

loads. Cross-sectional area of the element is A = 11.8 in2
; torsional moment of inertia is J= 0.95

in4
; moments of inertia about bending are Iy =44.1 in4 and Iz =310.0 in4

; Young's modulus is

E=29000 ksi; and shear modulus G= 11600 ksi.
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Figure 54. Buckling Analysis of Four-Element Column
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C. NATURAL FREQUENCY AND MQDE SHAPE ANALYSIS

Description of Input Infonnation

Find the natural frequencies and mode shapes of the elastic plane shear frame (Fig. 55).

Cross-sectional area of the column is A = 6 in2
; moment of inertia is 1= 166.66 in4

; Young's

modulus is E=30000 ksi. Structural transnational mass is M=O.01294 k-sec2/in; rotational mass

moment of inertia is RXY =62.1118 k-sec2-in.
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Figure 55. Plane Shear Frame
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D. TWO-STORY PLANE SHEAR FRAME DYNAMIC ANALYSIS

Description of Input Infonnation

A two-story plane shear frame (Fig. a) is subjected to triangular dynamic loading shown

in (b) and (c) applied at mass m1 and m2 , respectively. Moment of inertia of the structural

member is 1=107 in4
; the elastic modulus is E= 30000 ksi; and structural masses are

ml =m2 =0.414 k-sec2/in. For the dynamic loading input, special loading mass concept given in

Chapter II (pg, 35; and Chapter IV (pg. 97) is used. Let F!(t)=30k=m1'g and F2(t)=20k=m2'g,

then the m!·=0.07763975 k-sec2/in and m2'=0.05175983 k-sec2/in, Before applying the

triangular load, assume that the structure is in vibration with initial accelerations a l =72.4638

in/s2 at m1 and a2 =48.3092 in/s2 at m2 • Time increment is DT=O.OI second for 25 time steps

(TF=0.25 second).
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Figure 56. Two-Story Shear Frame Subjected to Triangular Loading
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E. NONLINEAR CYCLIC ANALYSIS WITH UNBALANCED FORCES AND ENERGY

BALANCE

Description of Input Infonnation

An axial spring (Fig. 57-a) is analyzed to calculate the static cyclic response of a nonlinear

element. A bilinear hysteresis model is assumed for this spring with elastic stiffness E = 5

kips/in, yield load PY =20 kips, inelastic stiffness SIE=0.05 kips/in, failure ductility j..tf= 15,

and damage index DI = 0.2. Length of the spring used to calculate the stiffness is XLEN = 1 in.

Loading condition is shown in Fig. 57-b.
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25 j--- -
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Step

Figure 57-a. Axial Bilinear Spring
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F. NONLINEAR HYSTERESIS MODEL

Description of Input Information

An axial spring system (Fig. 58-a) is analyzed to calculate the static cyclic response of the

nonlinear element. TAKEDA, AXLMODA, BEND1, SHEAR1 and BILINEAR hysteresis

models are assumed for this system. Length of the spring used to calculate the stiffness is

XLEN= 1. Loading condition is shown in Fig. 58-b with displacement control and consideration

of unbalanced forces. Material properties are

30.0

10.0

15.91

1.155

AXLMOD: Ks=l11.1 kips/in, Kt=33.3 kips/in, Kt2=O.Ol1l1 kips/in, Fy=5 kips,

a=0.9, f3=0.2, ftf=20., DI=0.2.

BEND!: NSEG=8, NI=lO, DY=0.16 lIin, DI=0.2. (Fig. 58-c)

P (kips-in): 6.12 8.080 9.950 12.01 13.67 15.49

D (l/in): 0.065 0.120 0.181 0.485 0.731 1.069

SHEAR1: NSEG=8, NI=lO, DY=0.16 lIin, DI=0.2. (Fig. 58-c)

P (kips-in): 6.12 8.080 9.950 12.01 13.67 15.49 15.91 30.0

D (l/in): 0.065 0.120 0.181 0.485 0.731 1.069 1.155 10.0

TAKEDA: EI=2.5E7 kips, PC=6 kips-in, DC=O.l lIin, PY=15 kips-in, DY=0.5 lIin,

PU=30 kips-in, DU=lO 11in, DI=0.2.

BILINEAR: E=50 kips/in, PY=15 kips, SIE=0.5 kips/in, ftF=lO, DI=0.2.
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a. Axial Spring System b. Cyclic Displacement Control c. Bend and Shear Hystersis CUlVe

Figure 58. Axial Spring System
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:0
5 ~}w'';'T

'AXL."10D'
'EENDl

'TAKEDA'
, ELSPr..S

C' C (I FALSE.
5 !IIE:'E~

'SPRISG· 'FX'
'SFP.!~G 2' 'FX'
',SPRING.) I I FX I

, SPR!NG· (,' 'FX'
'S PRING· 5' 'FX'

a C FA:.sE. HASS
'J C D~PING

'SOLC=:l '
'CY:LIC DISPL CONTROLL

:) 2500:0 TRJE.
'ELE ' 21 0 C
'ENERG::"' 2C n C
'END'O:) ODe

1 2C 0 e, 'fZ' 1. 'J
:) CDC 'END' 0
':"OA!:··A' 1.00
':'OAC-A' -1.00
':.aA::-A' 1.:(-
·La~..J·A· =C C
'LaiD·;.,' 1 2C C
'L:)AD·~.' 1.10 e 'J
'EK:-' 0 0
'READ i..."NIT-21 UNIT";;'

'STOP'

~c .20
I STRCCTURE DEF!:tIAT:CN
I ~CN:'INEAR HY5T:::P.ES: S JIo!:ODELS
2 : 1 oJ C :. .::>0 NNODE. U::::::CS. ~SU:'T, NeOND. NC:JN57

Ie C.O:) 0 eo C.OO 1
2(' C.aD c'.co 6C.:)0 10

1 :) ( C : coo 1
~ 2:. 2 2 . 10

(::~ :

7;

9,
Ie:
1:':
12 :

6,

:.,.
:5
16
p
19:
19 :
20 .
2>
22 :
:::3.
«
25
2'
2? _
28,
29 :
3C:
31­
32,

:.n';E
1,
2,
3,
4 _
'-

Output

1 S'7R:"'c:'l"RE.
SO~IJ-:lm.;

SON~Ir-;EAR HYSTEP.ESIS MCDEL:) TIME: S::l'~;, DATE 5/24/96

.... ~ ?ROGRA.'1 ?"EM :OUELE P~ECISI:)~ ...."'ERS :O~

~ODE :OOF\.D1NATES M"7J [lE::iP.EES :JF FRE2DJt!

TCTAL NlP.-iBER Of DEGP2ES OF fREE::OM. :2
~UHEER. CF DEGREES OF FREEC'OM CONDESSED CUT. 0
NUMBER OF FREE DEGREES CF FREEDC."'I ..
N"JME!ER :::>F l='..2STF.AISE:;, C·EGKEES OF FREEDO~ 12

NO::::: :::OS ~

10
2C

NOTE.
C

x-coo~ Y·:CCRD
.00000 .OOOCG
.OOC::>O . :JOGC:)
?.ESTRA:KED DEGREE Of' FRE'EDa~

C::JNSTRAI:-:lED ::EGP.EE OF FF.EEDO~

:OORr·
. COCCD
EO CC:)

PX FY FZ HX MY M2
-R 4 - F- l·R 5 -:-i, .?. _0

-R • -R 2 - F• :O·F!. 11-R 12· R

DI?..E:T!OS C:JSINES

COS' ....'X 1.00:):)0 +. 00COO.} -. O:)CO':l K 'v")'

S7RDCITRE. . NCNLI~:::AF.. HY5TEFiES:S to!O!jEL...E
SO:'U':'Im.

. (oooe e +1.0800::' J .... :)(0000 K \lZ CC:)OC I +.OCCOO J +:.OJOOC K
TIME: 9: 11 37, DATE: 5/Z<::9€

sc
11:.10C

ST:
} 3 ~ DOC,

ST2
1111:)8:::- :)1

F"Y
5.000:)C

ALFlIA
.9C:):)(oO

BETA
.:200CCO

~.AX D\:CT.
2C. once

BETA-DI
.200C:)0

S:-K:';C':'lTRE
SCLJT:O~ .

NCNLI:-JE;..Fi. HYSTERES:S MODE~ TIME: 9 11')7, D;.TE: 5:.:24!9£:

3E'N:::~ H"iSTERE.5IS M:J:::::. ::ATA DH:- LENGTH M.EMBE?

BA:IQ;OSE C:JR·...E P:)L\'"':'.5 "1A7L S:
2 lJ

c,
.1;CC:)('

BETA
2C000e

M:J~NT

6 :2CO
E.03C:)
9 95CJ
1 . [olJ

1 6'70
1 4;'0
1 910
3 DOC

ROT.~:-ION

.650C:)0=::·::':

.1.200::>0

.1E :OOC

.46500e

...,) 1:)oe
1 C6S00
1 1 S5CO
10.00CO

S'!'R.LJC'TTJ~E.
SDLUT':'Ct; .

N:::>KlINEAR HYSTERESIS !ofO:;'E:..5 TIME' 9:11:31 , DATE: 5/2<:/96
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Ei-lEA.R1 '.-!Y5TER.ES!S M::m=':L D~TA . tT?-;:':' L£N31'H MEMEEP.

B):.::::::"KBCNE CURVE POI:tns MAT. N:
3 10

CY
. :'5 ').100

BE'1'~

.2J('OOC
STRESS

'5 12::>00
8 COS:J( C
S .9S::::CC
12. ::::'CO
:.3 E700
! 5. 49 ~l:J

15 9l':-)
3C C80C'

STRAII-;'
.65C:)OOE·01
:.20000
?.S1'.!CJ
'85('0="

.;:: lC::>O
1.069J0
1 : :50e
10. C:)oc

1 ST::?l'C-:-UF.. E.
~::J:'Ll7rOI-;'.

NOKL:i:NE.~ IiYS7ERESIS MO::C::.s

TAKEDA HYSTEp.ESrS !-lO:tE:"· FOR I..JN:7 LENGT!i MEMBER

BETil

200:JOC

E:

.250000E+OS 6. :):)OC0
1·'}0COO

YE:L:

:s C,C:'O
.50000(-

ULTIMATE

)0 C:):)C'
l::>.O·JOC

5TR~-:'TIJRE .
SCL·JT::J~

NONL:NE.:;R P.YSTERESIS M:JDELS TIME: 9:11')7, O)-.TE: 5/24!S6

E IL:NE'.R Hi'STERES IS ~ODEL P.\R>,MITER!'

MAT. KE Pi' KlE
5 5:) COO::' := :J(lOC 5GOoJec

S~:.lC"':'lTRE ... : N:J~LINEAA HYSTERESIS MODEI..S
SOLl.'TrON.

El..EJoSNT 02, ONE I LOCAL) DOF SFP.I~G ELEMEN'!'

MAl< CUC"r
lC. ::>000

BETA
.20CC::>0

7::ME. 9.11:37, DATE: 5/2.;1i96

FX
FX
FX
FX
FX

,...A7L S':'AR':" ~ND . -Ti?E-
1 10 20 A.X:AL

1C 20 AXIAL
10 20 AXI.~L

:0 20 AXIAL
10 20 AXIAL

LENGTH Y-AXI,S START DIST = ::IST
1 COO 1. COOCC .DOQCO J .OOOC(I X COOO 00:)0

1 C:;IC, 1.00000 . :)~J000 J . :)(100:1 K .0:)00 · C00J
.00c, OOCDO .OoJCOQ J _oecoo K .ooee · c::>oa
oac 1. :)00:;1;) .OOO:)G " +.OCC:)(I K . :)oce .0000

1. :)eo 1 0COOO GOOOC J 0000C' Y- .OCOO · ::>oce

ZERO MAS5 MATR:X

PRC?:JR.T:CNAL D.~.MFING CQIEFICI:::h7S

.80C(:0 BE:"A-

1 STRUcrl.'"RE r-;O~:'!NEAF.. ~STEP.ESIS ~ODEL5

SO:'lITION eye:;:.r.: DISP:. CCNTRC:..L WITH :.J:sB;'..LAN:ED FOR:ES Ii: £t-;ERGY BALANCE
SOLUTION fir:, ST~T::: ~CNLINEAR SS'Ltr:'ION

INTERVAL FOR P~:l'~:NG DATA 25:)('
INTEPVAL FeR ..,..R::L7I~G r·A':'A ':'C FILE. 1C

UNEAr....:..NCED Jon.,. FORCES ARE At·:tED ':':J THE ~EXT Ci'C'LE

D)-.TA WlirT':'E:-J ':'0 FI:.ES

ELEME~rr!l 1:S iIo"?!ITEN TC m;::- II 2:'
ENER::>Y BA:":"lKE IS ~"R::-rEN TO UNI':' # 33

APPL:ED .;o~~ :....JAD5

7IME. :'1:':."':' DATE' 5/2('/::'6
TI¥.E: 9: .... J7, DATE 5/24/;16

LC.o\.-, CASE
1 STRUC'TJR2 ..

S:JLU':'ION

JOINT: 2:'1 e'IRE.:-I'Im;. FZ D('IF (S) MAGNI':'IJDE
NONLI~EA.R HYSTERES:S MCC'EL.s
C"::'C~I c 01 S?L COr-."TROLL WI~H UNBA.:..Al~CEO FO~CE.5 Ii. ENERG":'" eALANCE

:. .00C(.0 ... J:JINT :::SPU.:'EJE'NT
TIME: 9:11.3;, D;o.TE: 5/2'/96
TIME. 9'l:':]"";, CA':'E. =/24/96

M:JR.=: T-i.~ 5 CY::L..E~ IN MA.:'"06. IEI..:tJD:
~:JP..E '!'~ CV:LE5 IN MA7C6. IE:"NC'
~'JRE' THA..~ :YCLE5':N t-t.;TC6, IELNG
M0-={E 7H;'~ C'YC:.ES:N t-".J..TCt:, IEU:C.
S':'F\.·_':1T~~. ~'JJCIKEAR H¥STERES:S MCDELS
SO:"U':'I::JN eYe:.:·: D:SP:' :CNTRCI..L WITH 'JNE~~ANCED F'JRCES &. ESERGY BALA..'IICE:

~";'>:IMTJM D! S?LhCEM'EN'TS

:-'07E. MAXl~ VAl.:.J'gS J>f.AY NOT O:CUJ\ SIM7J:"TAN'EOJSLY

TII'{E. 9:11.3;, D)..1E: 5/2,;'96
TIME. 9:11:3;. DATE: 5/2';96

NODE DX DY DZ RX RY KZ

:0
20

S':"R:.Jcw:'l."RE
SOL:.l7ICN

:"OA:JING

. C;::ijCS8 (·':'C'JuC' .0CCOOC . COO'JC:) . C::>('COJ

. CJGOO:) C[O:OOC' 1 20:,00 c,:::O~O:J . C:Jeoac,
!';Qt':'IKEAR !-f':'STER.E5:S !o:I0DELS
CYCLIC DISP:' :::'CNTRO:'L WITH J~;'.LAN:'ED FOH:::'Es &. Er-;ERGY E,l..I.•M"CE

MJ..XIM""JM REAC"TICNS

. J Joo·n:

.oocoor,
TIME:
TI~:

9.:137, DATE
9:11 37, DATE

5/24/96
5/24/96

N07E: MAXIML"Y. VALUES M.~y NeT OCCl'F. SIMU:"TANEOUSLY

200



lC
2C

to'.JJ( OF ALL­
GCS SUMM

,X FY FZ

. CCOQoe') .OOOC::::JO 171 .8456

. COJ0GC:) .O:)GOOOC -:";' 1 ,e<.59

.0("000-')0 QOQucee .oocooee

MX P.::r."

cooocJe· . Docoooe
CJGC00C . :lOCJJC:O

.Oc-aOOC;) .OOOOCOO

MZ

.O:::iC'0:::iJ0

.OOC:)OOC

f'o'..t._XI~ R2SULTAN7 Q? REACI'ICNS, peR ::E- COOO MOMENT-. c:)oe
I ~T~UC:URE. NmJUNE;.R HYSTE~5:S MOD::L.S

SO~U:'ICtJ. . CYCL:: e,.:S?L C:Jh"':'R::LL ;; :'1"1-: UNE~.LANCED FOR::::ES ii: EKERGY EALA.>.;CE
7:~ 1::3""1. :::::"7E: 5/24i96
TIME: ~. :1;'",;""1 DATE' 5/24/35

LGADI~G 11: PEAK E:'EMEtrr F:JRCE==

TIME, 9: 11. 37, DATE, 5:2';ge
TIME. 9: 11 ,3 7 , DATE, 5/2' j96

DEFIN"'T:~~ <J
EX:URSICN

IS. !;663
.25.02C7
28.876E
5.15131
3 J. 3E4 5

:-:ME 1:: 37. ~"7E: 5/24/96
TIME, 9::1-:n. DATE 5i24/96

DCCTIL:TY
DJeTIl!Tl'
11.6S05
9 ;4521
1C.265':'
3.16725
1:).316 !j

~OTE MAAIM:'1M .....1.:.:JES "'.Ai" N07 OCCl'P. SIP."JLTAN'E::X':SLY
ST!FF!.;ES=

DEFI~ATION 1J2
EXCLTRSION

9. J :.3:'5
5 :'5353
? 2&iO= EO
6 0~265

28.S:H2

MAY.: M"I".~ :..c,AD
D:i:3 ?:..AOfE:-l:·

. 1 ::lOaD,:
1.1e::l::)I..

. ;;OQGC
1 20(,00
.20ce~1

MAX:M'"JM :.olW j\~"':J CI$FL AT
TiPE N:J':E: NODE...T FeRCE

J..XIAL Ie 20 III ~G'J

AX!.;:" :0 2C :5.6414.
AXIAL 1:' 20 15 981:
AXIAL 10 20 16." BS2
.boX:Al 10 2:, 15.-G500

NCNL:NEA.':? HYS":'EP.ESIS H::JD'::r..s
CY:-:":C C:SPL CONTROL:.. WITH UNEALA.~CED FOR::ES 6r. E~ERGY .6A:..ANCE

SPRIN::> FOECES.
ELEHZlIo"7 :'0.;:;:

S?R:N:::; DUc.-r:LITIE.s AND EXCCRSION F~';:-:OS

ELEMENT Dl1C-::L:l:-":" C'E:FI~A:"10N 11-1 -, ,- :lUcr:LITY
D:JCTll:TY EXCl!RSIO~ DC.:-r:LITY
": s,,92:)0 11.986:' .56746

5::l00C 18 5:);)0 2 B4045
":'.50:)0(' 15.50JC , 07364
2.400C;) ~.2;)OOO 3.~6EC:'

'.O::::C::'C· a.OOCCD lC.4(.60
r-;O~:'It\'EAI\ HYSTERESIS MCDE..s
eYe.• rc DISPL. CaNTRaLL WITH UNB..-\..L.ANC£D FORCES Ii ENERGY EALJ\NCE

1 S:'f\:Jc:'l'RE.
S::>LU7ION

;
1 STRlIcr:JRE.

SQLUTICN.

L:JAj)ING DAM,;o.GE: INDEX

ELEMENT
1
2

D~.Ml\GE INDEX
.55213C
. :8JE E5
.188G'72
.lEGE5""1
. 777 C9;;:

F MAX
5,01166
15. ~ 372
. ~ .9.3:;
16.7662
15 "so:;

D MAX
1.2GOOC
1. 2C~OO
1.200CC

.2J(·00
1.20C::l:)

£SE
.3lE252
2. ;'4 5;:'
1 S9~2B

4 f7:'"1 2
1.0920;:

PSE
1:..45::'2
25.;;: J75
31 95':.
3J.6·nc
84.8456

STRrJ.:'7LTRE D.lJof.AGE I:r.;:JEX- 450C7
1 STRUCT:JRE:. NC!'JL:NE.~" HYS7£P."ESI5 M:J~E:S

~OLUTICN.. CYCLIC :lIErl CONTROLi. WI'I:i Uh"BAL~.NCET' FORCES &: ENERGY BALANCE
TIME: 9:11:37, D~"iE; 5/2'i96
~IM:E:- ?·1::37. r::,,':'E: 5/2:4/96

1 IS :U:AD FRO~ :JS:T tt 2:

SPRIr-;G ?:JRCES.
N::>O'::: : 10 NO:::EJ: 2C SPIU~G n"PE: AXIAl.

37EF T:ME FORCE C: S F L~.:MJ:)I.7 S:-:FFlJESS ESE PS£
.OOJ('C :)JC'OO 0:::000 :11 . .:.0 eCJ::iC'o ocooe

lC · JOOC:) 5 OCIO · ;;: )Oe-C' 1.2:100E· 02 .1}25J ~9220

20 .OCC00 5. C03C .4 )OCO 1.111JOE- 02 .25980 1.365J
J:' COOJG 5.0J50 .5')COO 1 :110CE· 02 · ~ 804 C 2 2450
40 C:):JOC 5.0070 BI)OOO 1 11: OOE- C2 · 43"'i 1C 3. :3:JC
5C .aooeo 5 OG9'J 1 C:)OO : .111.C:)E:- 02 .611C:) 4 .CHC
6C .OGCD:) .97650 .EOOCC 2J.160 .30(,70E-0;: 4 .0060
, v .00C:)0 9451C .6:l()00 6 285(' 21960[-0;: 4. ::l5S:'
60 coaoc ·2 2J~0 · ':'(ICO;) e .25 3C .120(,C , 2720
SO .0'') JOC -3.He:) .2('000 6. 2E 50 29E90 4 .662C

ICC · :JQOC::: 7 35 7 0 2 5~lEGE 0'7 2? J6~ :.3":'2J , · 5850
1:.C .cecoo -22.220 - . 2C GeC 1:: . :0 4."1 ;;8':- .75)0
;20 GOOJ[o -,,, . '4(: ., :·000 111. H' 11 14(' :):0:)
- 1~. C8:)Oe· ·66. EGG · oSCCOO 1:1 lC 22.17C 08-; C.
14(- .00J0C . BE. 88:) .8C00') 111. :(1 3'7 . E90 · :24C
13C JOO,:O -11::'.1:: ·1 C::lOO :11. 10 57 . E&O .. 145C
160 OCCO:) - 87 7"':'0 · '79JC'C 11: . 10 35 =9J .3:; )0
1 '70 0C::::'C -64 . ,~C .5eOCC III H' 20 58(' , . 368')
:8:) CJDac, -41. 1:.C .3700:) 1:.1 Ie , 'Z<!·: , (,410
.::l ,~ OJJO(,. ._, .7EO .16C:J:' 111. :0 3.003': 4 67 :::C
2JCo · :)00("0 .J ::lEi..:. J 5 OCOOOE· Q£ ;;:0 :6:) 23590 :.. 75lC
21C .000C::: .35e50 · ~6JG0 6.2850 .18':'2:)2· Ol 75EO
220 .oecoo .67 i3e. · 4"'i JC::: 5 285Co 6 5 E430E- J.2 5. <;05:'
230 000JO .9SEO .69)00 t .23 3C 222SC 243C'
;;..::) C::lOI)C 4. J 16::' .99'):)J 6.2':: 50 45 2 ~U '772C
250 .O':::'OCO 0:E 1 1 )00 : .111C:JE'- 02 6E66::' · S62.C
2(;( · JOlie:) N90 9")CC HI.31.C! .1:.35:' · S?CS,
2'( · (,ICCOQ 27' 3C .781)CC 5 '72,0 · J4C90E"0J · ')'75:'
2eO ('CC:JO ; .lS :0 621;00 .72?C 3 . ~Jj9CE· 02 t15E c'
2~::: CODOC ... ) OeJ 460:)J "':' 2'70 :2:)['0 ~ · e39C
30:' cnoc C;;'C 3C:IQO . "'2;J 24""1 :0 e. 1,20
3H' . OOC-C,' 9' JC' · :<. :JC'C 5.727,) ., 195:' e. 5'J6:)
32C · :)000J -;. C90C -, . C:)('CCE-02 27.290 1 7680 s. )(,,0
3}( oe:::::Io ;20. OCO · 19( 00 1:1 lC , 512C ~ 34 ~ (I
340 COOCC ·r ':' 7 ~, · 34( J:) 111 ,C 5.3 ':::!.C 5;( C
~ 5: .OJ-:'00 ·!;3 550 3GC 00 :11. 10 16 290 ""1.65;;:0
:;5':' 2['OC':: - :;6 .6EC' ~3:'C'0 11:" . 1:' E. OF.E ~ E 019::'
3""1(- wc CO,:, • 1. 7 . ., .5C :i.f,;: CC 11:'.10 3. ;;:62C' 8 . 2:5~
33C · .:'OC:::..:' ;:. 3..20 9. 9~99 OE-:)3 li:.51C . 4284C' (,920
390 C:) 0'::: c .53=9::'1 lBCJ:) 1.5.51C 1 6E"':'6CE (2 49,2<:
4C::- .OJJOC ...... IS::.C 3')000 5 .' 270 361:0E c.:2 .52JC
C':: · :)OOC::: 1.68<;( .520C( 5 .727 ::i .7G4CJE· 02 .6640
'20 JCCOO 2.662C .690CC 5 72'n .19: 50 S'2C:!
'3C .OCCJ(I 3.636C SECD:) ; 72iC · jS72(: nc
~ 4G .000'X, 4.6le:::' 1. C'J:]J :.. "; 27C ·~ i, 1 C "';"10

'50 C::l:]OC 5 C:2C' 1 ZOJO :. . 11:'CO::- C2 72450 . ·HC
46J OJJOO ~C::lQ 1. U:::C Ie II:' .;ID::i 45C

STRUCTURE.

OISPlJl.CE~"T DEF:Nl\:-:::>r-.: !J1-
ENE~GY ~EFrNATION ~:. ('2-
ENERGY DEF:NA7::JN !;2: C::"

N:J~!..INEAR HYO::TERESIS MCDEl...E

"' 9S;;:
"' SE7
_1 o:.~

El­
E~·

1:;. =':'
11: j;. :J"TE: 5/2':'!~ 6
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SDLUTIO~J :.'':''C:.:C DIS?:' ':ONTRO:":' WI7E :JNB':'..l.,.,\lI;C'2L FORCES • ENERGY EA:.AKCE TI~;:, e;,: 11 J' , DATE 5/2.; /96

ENERGY DATA ., f\EA:l FRC~ :1NI". • "
~TE? TIME INP::JT EUS:-:C S"'rc,IN KI~E7IC pL.ASrIC S'!RAIN D~.MPINED R2I.A'r:'lE ERROR •

( .000GO .0000(' GCJN · O:)OOJ .0CC')0 · (lcoae, .OCO:::
IC · oooeo 3.';33C , 1"8 · :J:)·:'O:· 2 C569 .0'::')')':- 4. H6,:,
2C .OOOCO 15. "'92 6.654 S . .) :'\~O~ 6 E80C .OC:J:'C .61£ :'
,C · :)ooe::. 27.66S :C. 166 · JOCO;::; 1;. C320 · C'O'JJC 6629
.:.C · aOOCJ 4C. 2:' :2.058 · COCO·] 27.6SC C00CC :597
'C. .OGC'OJ =3.3('0 1.3.0= S .IJOCJf' 3E. ?76 CODOC 8,':' 2
6C · Deco·:, " =32 .; . ~307 .OOOJC 38.16'; CJGC'O C:J4 =
70 IjCC:JC J~ E 5.: .32-5 :) .0000C " .665 0:)000 .117 Z
EO .OOOJO 40 442 2. 36J~ · (c:Joe ~7 · £ 37 .oocco .0994
90 C'000(' .. 385 ~. 0'11 CC~C'C 41 ~)E2 .OOCC:) O~99

lC:: CODOC SJ. S}2 5.61lC· oooco .. '76 ~ .OOCCJ .89 E ~

'I:' C:):)O~ 60.392 11.8~9 .OOOCO 46 7CJ · JOOO::;' . 1 41 ";'
:2J 0:':'(:0 '6 854 2C:.666 .OOOC:) 55. 732 · :JOOOO .5923
:30 .oooco 96.33E 33. '68 .0::>00::;' 6' · :13 .00000 .4629
14('1 .JaOCo 125.04 5C. E96 · :):)000 i3 .887 , ocooo .36': 2
15G · JOOO:' 156 66 ., 2.356 · 00C00 8' . C'9 , OCO~O .28, 6
HC · :"CCOO :2€ =9 41.076 .00C::>0 85 · CE.:. .000 JG .35'75
1'7(. · aceoc :OE .92 21.903 .OOCJC' B' . 5H· .00000 .4248
lOC · OC ':;},) 96 919 11 6>3 .00c:,,(· B< 842 · coooe .47 a3
190 .oec:)o 9. J66 5 3922 0000C BE. 507 COOOC 4950
2C:, 0C'0~'(, 9'" ";' 01 3 . ~7 3E · ('GOOC S3. B44 · C::>OOO .4944
:::1:" OOOJC' 1:J] 9 ~) .: .4911 · ceooe 98 . 927 OOGOO .4680
Z2':' cooac ::Z .09 6. =933 CC:lOC :05 .02 .00000 · (, 3 ~ 6
2E. C:lOwC 122. 14 , 33E ~ CC100 : 12 25 .oocco 396:
2~ c O':'::),)C 13,g . 04 12.329 CO:)CO :20 62 .OOCC:) · JE2e
250 .OJJOC 147 · '4 IE.55E: 000CC' :30 " · ;)OCOJ .511 :..
2E c' 00JC'O 13~ 1 ~

, 1144 DaDe:· 13:.. .2' · :)OCO:' · 529~
2'( .OOX'O 1 ~.: 4( 8"'; 30 .O;)OC:' 130 " · JOOO') .5487
25l .O'')OCO 132 9C .637 : · :l:lOOJ 130 .51 00000 _5=<..9
25C · ::>OOCO 13' 16 · 3£C 3 · ;):)000 13: .06 .DCOOO .5552
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G. FOUR-STORY SHEAR BUILDING DYNAMIC ANALYSIS USING MEXICO

EARTHQUAKE ACCELERATION DATA CE-W)

Description of Input Information

A four-story shear building (Fig. 59-a) is subjected to the 1985 Mexico earthquake loading

(Fig. 59-b). Masses of the stlUcture are mt = .29 k-sec2/in, m2 =.288 k-sec2/in, m3 =.288 k­

sec2/in, and m4 =.252 k-sec2/in. Young's modulus and shear modulus are 3600 ksi and 1400 ksi,

respectively. Cross-sectional area, torsional moment and moment of inertia are 11.8 in2
, .95 in4

,

and 14000 in4
, respectively. Find the dynamic response of the structure assuming the time

increment is 0.02 second for time duration of 24.98 seconds with linear acceleration method.

-.2000,-----::-----,'°,...-----,'s:---=------:
s.=nd

a. Four-Story Shear Building b. 1985 Mexico Earthquake Acceleration Records (E-W)

Figure 59. Four-Story Shear Building
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H. INELASTIC DYNAMIC ANALYSIS

tlF =0.2

E=25000 ksi;

tlF =0.2

E=25000 ksi

ILF=0.2

E= 11150 ksi

ILF=0.2

E= 1 ksi

SP=0.05

TMP=0.2

SP=0.05

TMP=0.2

SP=0.05

TMP=l

SP=0.05

TMP=l

ELAS=O

TI= 1 in2

ELAS=l

ELAS=l

TI=0.04 in4

Bending in element's local Z axis:

Axial material:

TI=O.04 in4

Torsional in element's local X axis: ELAS =0

TI= 1 in4

Description of Input Infonnation

A one-bay frame (Fig. 60) is subjected to inelastic dynamic analysis with linear acceleration

method. Input force is F(t) =O.02sin(7rt) kips. Structural mass is equal to 0.0002 k-sec2/in at joint

3. Time increment is 0.01 second with time duration of 1.5 seconds. Gravitational acceleration

constant is assumed as 1 in/s2
. Time increment for the input acceleration is 0.1 second. The

element is IE3DBEAM. Its hysteresis material properties are bilinear hysteresis models (IA

BILN) as follows.

Bending in element's local Y axis:

2

b
N-

4
//~'//

240"
...-------'-------.,.,.

Figure 60. Inelastic Dynamic Analysis of One-Bay Frame
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SCDE

1
2
),

1 STR:.JC":'URE
SOL:J7:::>f" .
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.OO-:-COO
000COC.

000000
.oo:)coe-

.":, '2'579E'O~

, '27579:::-:)}

-- 42;5'SE·03
42;579[-03

- •. '275'7~E-C3
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FORC::: .ooeo,)o
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I. ONE-BAY FRAME OF TUBE SECTION ELEMENT INCREMENT

DISPLACEMENT CONTROL

Description of Input Infonnation

Find the structural member internal force of a one-bay frame (Fig. 61), which is subjected

to displacement change. The sl:ructural member is modeled as a stability element of tube section,

for which the finite-segment (STABILITY) has the following properties NSEG = 1, YS = 36 ksi,

EM=29000 ksi, HH=11.6 in, INEB=lO, INEH=lO, ST=O.75 in, SMALL=30 In,

TOTA=424.5 in2
, RATI03=O.03, G=13000 ksi, and QRNEE=O.Ol.

lJ.
2 3 -,.

T ~

~
£

~I c"'I rz!

L 4
'/'7 0 200 Step

540"

Figure 61. One-Bay Frame of Tube Section Element

Input and Output

Input

EC'HQ OF INFUT DATA

LISE .:, .::.::> 2C. 3J 40 ,5e tic lv 8C'
l: I STR:.JCTL"RE DEFINI':'I::l~ I

2: 'SX~PLE:: ONE-S':'ORY Bl·I:.oI~G

4 1" J C 1. SN0!)E. t-;::os . NSi,;PT, ~::ON:;. N::CNS:- SCALE
,. 1 O.CO OCC .G010
5: 2 S4C 'JCC 00:'0
6 . 2 5<' C 54 C .00 1 0

O.CO 54(' COO 1 0
5' 0 {.1 (, 1 (. DIRECiICtl CQSIN2
t;. .:1111 DC

10: OC.lilC DC
1:: 0 :. 1 1 1 DOC
1<: ;. :. .1 1 1 1 a (:
l~: 3 ::-;MJ.7
14: 'STAE::'ITY ~ATR:' 1 3E 29JOC 2 11.6 0 C :J 1:) :0 [·.,5
1=. J C ;j C 0 ~c 0 C <'24.5 :. 1 C.O~ J :3::lVC Q (1
16: 'STAE::'lTI !"[ATI;.;Z' 1 36 29::l::iC 2 116 0 C :) 1J :0 o,;s
1"7 :1 c ::. C 0 3C 0 (. ':;2<..5 :. 1 C.C~ ~ :300C c C1
16: 'STAE::'I'Ii' ~.::'.TI;2' : 36 29:)(00 2 11.6 0 C :) 10 :0 C,"iS
19: ~ C 0 C 0 ~c ::: c '<:".5 : ! C.O~ :J :~J0C 0 Cl :
20: n Co J F.~::.sE, :KG; AXL, FOFJ-l, ASSY
21 3 ~ELE:.~

22 'ST~.BI:'ln" 'TUBE ME~=:R:' : 1 :2. C (0 C I)

23 'STi\EI:'I7Y' 'TUBE ME~=:R 2 .i. 2 ~ G C' C IJ
24 'STABI:'ITY' 'TUBE MEMBER ~' ~,~ C C' C ij

25 C 0 FA:..SE, l'l.A.SS
26 C 0 DAMP
2; 'S::>LO~ SOLUTION'
2«: I : NCREMEtC'hL :'ISFuc~nT :O:.J7F.oL }'.T ':OINT 3'
29 :!. 5::>OCO 2 . FALSE ~x=:~ :P?HlT IWRI'!'E UNBAL
3G 'ELE' 2 lC' J 0 (0
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c
o

3.

2.
',}OI~T FY' 2.1 ::>
'EN:J :2 13 0
1 0 'FY' ·2:)
) 'E.~~' : JC:NT La.lo.D
J • END . •FY • C, C, EL.E!o!E.'r. LeAr:

E: 'DISF FRCY.-i:J 7::J· 2C 1 0 C :2C:J
j. 'Eh':J OF t:sr. COh"TR:JL GOO

'F.EAD :IN'!T·:.:) l':S!7·11,
',STOP'

Output

:. S:K:"lc.w:'lTRE
SO:,1J7ION

EXA.lo!PLE I: ::::SE· STO?Y EIJIL~:NG TIH:::' 9'18.33, DATE: 5!24/9E

..... PROG~ FEM DOL"Bi..E PRECISION VERSICN

2'
0
5

:;.
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2
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KD~2 COC~DINATES AK~ DEGREES OF FREED::I<

TC':"AL NUMBER OF DEGREES OF ffiEED::I<.
NUMBER OF ~EGREES OF FRZE:JOM CCNDEN'sE:> :J:.T:".
N:::M32R OF FREE DEGREES :Jf ?R..E£OOM.
r-:~JMBER CF RESTRAINED DEGREES :JF :n.EED:)M.

CIRE::'TIOK COSINES

ces i \lX' 1 C::>ooo
1 STR:"'CTJRE. EXAHP!£

SOLUTICN ..

• JOOO[, J ... oocoo K VY:
ONE,S70RY BC'I:.DIN'::>

.OOCOJ I ·:.OOC'JO J .... oceao K ""Z: .OJOC::> .. coaOC J "'1.00COO K
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STABli.I7"'1 E:..EMElTr.. -............-.-

!'of}..T NO ~UBE s£cr:Of'"
SS::::::; 1 YS 36.0
E~ 2.900E"C4 LI3N
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ECCXC · OOC ECCYO ·cco
.1/, .SEC.f"'O - 1C .0 DU!'!MY VAA. 1C. :)
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:RE"""2 0) IRE'/::'
lRE"'-.'4, Co I ECOf
Nl'l-!? (,c SM>-LL 3C 0
RA':"IXC (·co RATIYe .00·'
TOT;' ... 25. I;":J':':J
:MAT2~ RA:'I03 , 'JOCE-02
rR G 1. 300E+C4
OK.~2E 1. (oL'CE- 0,;:: :STr=- 1

MAT. N:=>. T:.JE:: SEcrION
NSEG YS 36.0
EM 2.9L'CE·O' L:B~

Rl..:lI:":S ll.6 DL!J'!MY VAS<. · DOC
E'CCX:' 00 ...., E:'CYO .'J:JC
:.:, .SEC.NC. le.o D:JloNY V;'_P.. 10. C
n'!I::ID.fESS .75C IRE".·1
!RE"'~'2 C :FE""3
I F'.E'':' 0 IE:-CP
"~l<? <J SM.;:'L )0 C
RA7IX:, · J:Jn RA':'IYO .OOC
7CTA ':2:' . IAL'Tc
:f'oI'';'.TEI\ 1 RATIO] ) CC:JE- 02
IR 0 ~ - 1 300E+ :J'
~K.~2E 1 OO:"E- 02 IST:r 1

~.z..T. N:J.
NSE-:;
EM
1\;'_"";::Lt3
E:CX:J
:;,/4.S=:::.NO
7HICla'~ESS

IRE".... 2
IRE'J'
!'Ii;JMP
R.;.TIXCo
70T.~

I!o1.':"7E!\
!F
CR.NE£

TtTaE
1

2. ~o:)=:.c,
.11. 6

Gcr
.1('. C
· ";' 5:)

o
'0

000
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.;.. 0JC:E·:J2

.3ECTICN
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:'I2N
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ECCY)
::~V.:.,F.

:F.E"".':
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!E:OP
S"'-Ai.L
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IS':"IF

3E: '.1

:,J(

.O"C
.iC .0

).j (

· .'00
1

· OuGE·:)£
1. 3);:E·':;4

S7R:,1C7l."RE
S::n...l':-IO~

EXAM?:'E I: CNE-ST80RY B:;:LD':::NG 7:ME 9.18:D, DATE: 5;2'!~6
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TUEE ME}t$=:R
'!'UE=: !-tEMBEF.
7L=E "EMBER

:=:1\0 l"'.ASS MATR:X

!-1;TL STAR':"
1
2

EN!
2

LENGTrI
54 J. 0
54 Co. 0
54 Q.::

. ('00)(0 I

.0('·0:'C I

. ((eoc I

Y-AX:~

.GOOOC ~T .1. CO-JOC ¥.
COJ0C J "1 cJooe :<

• (:j:)00 ...T .1 C~!O(-O K

S':'~.P.':' [;IS':"
OCJO

. [00')0

. CO-JC

EK:: ['I:3T
OCO-j
['C:)(I

.1..-0:]0

PR:>FGF.T:iON,\l :J~PIN::; CCIEF::'IENT5

.1..L?I-l.~- 3ETA- CJ00C

57F.JC':'C'?E EXAMF:'=: 1; :>:-.IE-STORY BUIL::!KG
5Ci..:'..1T::>~J. ~r~cR.EM...:...-...rr.~.:' :::iSPL;,.CEMENT CO!'."':'~:::l :"7 ';OI~"T )
SCL'JT:O~J '!l(,. STA':'I·: NOSL:NEAR SCll'T:CN

INTER"AL FOR PR:IJTIlIG CA7>..
INTERV!'ol. FOR WR:TING DA7A TO FI:'E.

Uh3A:..ANCEC- JOINT fCRCES /In NO':" A.!::DED ':'0 THE NEXT cYCLE

T:~E lE·3]. :J.;':"E :: '24/:;<6
TIME. S 16:~4.. :lATE'. 5 1 24/:;16

ElEM.E~ /:z 2 IS "''R!:-rE~ TO UNIT I:. D
DE:;REE OF ~REEDQto!. I:. 15:S ~"'RI':'TEK ~c UNIT r:;

A?PLI=:D JC!N'T ~A.::.3

:'1 JC:NT; ~IF..EC7IOlJ FY

L:)AD :::ASE:
STRC:::TURE.
sC:'CTIm: .

STRl':-rUJ;,E
SC:'CTIOK.

LOADI~G t;:

JC:r-IT 3 DlRECI'I::::>N. FY DOF:S! 15
EXAMP:'E Ot.. £·.3TORY B:J::,rIN3
IN3EMEMTA:" DISF:'AC~~ :::ONTf\O:" AT JOINT

EXAMP~E ::.: ONE,STORY BUILCING
I~CRE~Al DIS?LAC~ENT CCNTRC:' A"': JOlh-:' 3

MAXIMl~ DISPL:"C~N':'S

MAGr-;:TlTJ::E:: ·20 COOO .. Jonn' I::rSPLACD-SNT.
TIME: 9:19:;::!, DATE: 5:'2(,i96
TIME: 9:18:3(" Dii.TE: 5/2'/96

TIME' 9:1E:33, DA':"E: 5/24/9E:
7:HE 9.1E:34, :A':'E: 5!24i96

GCS ::lSPLACE~NTS

N07E MA.X~M""JM VALUES HJl..Y Ncr: XCUR 5IMU:'TANECUSLY

NOSE DX DZ RZ

j,
1 STRUCTl"R E
SuLU7Im~ .

. G00(CO ccooce . GCOJ00
·.399738 ·19.562i COOOCO
- .334";' 50 20 acoc 0::>30C:J

.OJOOOO .OOOCO:: .0:):)00::'-
EXA.'1:FLE I. :J~E-STORY :aUIL:H~G

I~CR.E=-rr."- JISPLACEMElI' C)l'-RJL AT ~OINT

.0000(0

. GOODCJ
COOOO:)
C:JOOO~

. CJOOOO

.OJOOOO

.OOCOJO

.OOC:)J(

000000
-".22E54BE·02
·2.23e449E·u2

.ooc::>OC'
TIME .
TIME .

~8;~;. DATE:
9-:'8.34, DATE

5/24!~6

5/24/96

M}J{IM'L'M ::';CS RESTRAINT P.EA:..-rIOt-;S NO':'E: MAXIMUM VALUES MAY NO':' ::>O:CUR SIt-!ULTANEOUSLY

Nor'E FX F"{ FZ I<Y

9, 2' :::26
OOOJJOC
[.C000(0

4 -97.2':'G23
M.:....'{ 8F AL:'··-
G:::S Sl'M'i. .303:";'55::: C4

1J9 6446
. :):]00:)JC

·22;.0349
1l:.399~

:'OC'GEOE· C2

135==,00E Ot­
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., 8E~61~OE·06
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':'6~='527E C6

12E=83CE-05
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.54e19:'OE-C:;
2.16':' 8:)40E' C5

. 10";' 524'E 02

1.3935460E C3
9.59437C::>E C4
9 99~911J:::-04

1 2957ij'1:JE'03

5149E32E-:J2

34'H 2 20
.0000000
(Coocer.
~5136.98

:'5_E40~5

M.~X:Ml.'"M RESJr..T~_~:- OF RE,.crION,S, FORCE" 1. OCi 1E- 03 M:Jt-!Etrr-
1 S7RJC':'lTRE EXAMPLE!: CNE-ST:JR":' EU:LD::NG
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J. SHEAR WALL STATIC ANALYSIS

Description of Input Information

A shear wall structure (Fig. 62) is subjected to static loads. One shear wall and two

3DBEAM elements comprise the structural system, For 3DBEAM, elastic modulus is E=29000

ksi and shear modulus is G= 13000 ksi. Cross-sectional area, torsional moment of inertia, and

moment of inertia are A=19.1 in2
, J=2.18 in4

, Iy =533 in4
, and Iz=174 in4, respectively. For

shear wall, bending, shear, and axial material properties are BEND1, SHEARl, and AXLMOD,

respectively. Fraction of the length from the top to the internal springs is 1.0, and the axial load

used to calculate the geometric; stiffness is 69.21.

AXLMOD: Ks=7ooo kips/in Kt=6000 kips/in Kt2=60 kips/in Fy=2000 kips

0:=0.9 (3 =0.2 Ilf= 15 {3DI=0.2

BEND!: NSEG=4 NI=10 DY=0.7E-5 lIin {3DI=0.2

P (kips-in): 2700 5000 6500 7000

D (l/in): 0.2E-5 0.7E-5 1.7E-5 4E-5

SHEAR1: NSEG=4 NI=10 DY=1.0E-3 l/in {3DI=0.2

P (kips-in): 80 150 180 200

D (l/in): 0.3E-3 1.lE-2 2.3E-3 5E-3

Note: While the input data can be used for inelastic analysis, only the elastic properties of the

materials are used in this example.

65

i 15 kips

.- r::'4---~~""""""""~

l 3

120" 90"

Figure 62. Shear Wall Static Analysis

Input and Output
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Three defInitions of ductility are considered in this study. First and most common is the

displacement defInition shown in Figure AI. Let displacement ductility be defIned as

II = ~axl
r1 ~.

(A-l)

when ~max represents maximum displacement, rotation or strain in the structure or element, and

~y is yield displacement, rotation or strain. Ductility for the elastic 3D prismatic beam element

is not calculated. For the reinforced concrete shear wall element, ductility is calculated for the

bending, shear and axial components of deformation. The type of spring element determines if

ductility is calculated for axial, shear, torsional or rotational deformation.

Cheng et al. (14, 9) have proposed several energy-based ductility defInitions. Both variable

strain energy and constant strain energy formulations are used in this study. Figure A2 shows

the variable strain energy defInition of ductility which is defmed as

PSE
~2=1+-­

ESE
(A-2)

where PSE corresponds to the plastic strain energy for the current half cycle. The constant strain

energy defInition of ductility is shown in Figure A3 and defmed as

PSE
~3=1+-­

CSE

where CSE is the constant strain energy corresponding to displacement at yield.

(A-3 )

For each ductility ratio, a corresponding excursion ratio exists; this ratio is given by

(A-4)

and the summation is carried out for each half cycle.
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Damage index is a param~ter developed by Ang et al. to assess the damage in a structure

(22, 23, 1). Total damage or collapse is indicated by a damage index greater than 1.0. Let

damage index be defined as

DI= ~ax + f3 Id( PSE)
~It Fy~t 0

(A-S)

where .6.max is maximum displacement, .6.u1l is failure displacement under monotonic loading, Fy

is yield force, and {3 is a hysteretic energy coefficient. For RC shear walls, Sheu (24)

determined {3=0.20, based or. NCKU walls SWla through SW6.

For the elastic 3D prismatic beam element, the damage index is not calculated. For the

reinforced concrete shear wall element, the damage index is calculated independently for the

bending, shear and axial components of deformation. The type of spring element determines if

damage index is calculated for axial, shear, torsional or rotational deformation. For each of the

shear wall element's components and for the spring element, a damage index is printed in the

output. For the entire structure, the damage index is calculated by taking a weighted average of

each individual component's damage index where total strain energy, SE j , for each component

is used as the weighting factor. Thus

"SE.01.
01= L 1 1

LSE 1

(A-6)

where the summation is carrif:d out for all members. A sample calculation of the damage index

is included in Section B. 1 of Chapter VI.
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