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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, narural 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-beam-column elements, finite-segment elements, and

nonlinear bracing elements.

System formulation 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 stiffpess
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-SUPII 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. SOLOI1, elastic static analysis with multiple load cases.

2. SOLO2, elastic or inelastic analysis of a structure subjected to multiple ground

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

3. SOLO3, calculation of either natural frequencies and mode shape or buckling load

and mode shape of an elastic structure.

4. SOLO04, calculation of nonlinear static cyclic response for a given loading pattern that

consists of joint loads, imposed displacements or element loads.

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

dynamic force obtained from the response spectrum.

Finite-segment element, provided by INRESB-3D-SUPII, 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.



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/in® 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
(INelastic Analysis of REinforced Concrete and Steel Building Systems for 3-Dimensional
Ground Motions). Chapter II describes numerical procedures for the program. Chapter 111
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
of UMR’s Civil Engineering Study Series 96-32 on "INRESB-3D-SUPII — Program Listing”.



II. DESCRIPTION OF INRESB-3D-SUPII COMPUTER PROGRAM

INRESB-3D-SUPII is 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, defines the structural model. SOLO1, SOL02, SOL03, SOLO4 and
SOLOS3, 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 defined. Materials that describe the behavior of elements, elements that connect the
joints, and orientation of element are then defined. For dynamic analysis, the lumped mass at
each joint is also defined. 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 determined by the user. Coordinates are defined 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. Define Material Properties Material properties are input and initialized. Twelve

different materials constitute the materials library and are discussed below.



START

, 1. Define Joints and Determine DOF's

2. Defing Material Properties
3. Define EI;ments '
| 4, Initialize Storag; for Stiffness j
5. Input and Fomi Mass Matrix

t

Go to Next Program Block

Figure 1. Bolck STRUCT - Definition of Structural Model



Step 3. Define 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 Stoze 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, I,
I,, and the material’s modula E and G.

b. R/C 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 Hysteresis Model A bending hysteresis model developed for
bending deformations 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 S1 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
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deformations 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 setting 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-OWIG) A hysteresis model

developed for the bending deformations 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 mode] (17, 16) is sketched in Figure 10.

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

developed to model the bending deformations 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-beam-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 setting 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) X, axis goes from end A
toward end B. Orientation of the ECS Y, axis is defined by a vector, ¥, which lies on the ECS
XY-plane. The ECS Z, axis is perpendicular to the X, and Y, axes, right-hand rule. There are
six internal forces Fy Fy, F;, My, My and F; 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 Y, and Z,
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) X, axis gbes from end A toward end B. Orientation of the ECS Y, axis is defined by the

16
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Figure 16. Spring Element:
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user. The ECS Z, axis is perpendicular to the X, and Y, axes, 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 define 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-A 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 parailel to the element’s X, axis. Rigid bodies at the ends of the spring

reduce its length. The spring’s axial force, Fy, at end A is positive in the X, direction.

The Y-axis shear spring and Z-axis shear spring are oriented parallel to the axes of elements
Y. and Z,, 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 F, at end A are positive in the Y,

and Z, directions.
The torsional spring is parallel to the element’s X, axis. Rigid bodies at the end of the spring
reduce its length. The spring’s internal torsion, My, at end A is positive in the X, direction.
The Y-axis and Z-axis rotational springs are about the Y. and Z, axes, respectively. Rigid
bodies at the ends of the spring reduce its length. The spring’s internal moments, My and M,

at end A, are positive in the Y, and Z, directions.

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

of a panel linking four joints. Bending and shear deformations 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 o, 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-A effects.

As shown in Figure 20, the wall has 10 dof at the corner 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 vields 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 defined 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 structural joint. A similar rigid body of length XE is used at the end joint.
The beam’s element coordinate system (ECS) X, axis goes from end A toward end B.
Orientation of the ECS Y, axis is defined by a vector, V, which lies on the ECS XY-plane. The
ECS Z, axis is perpendicular to the X, and Y, axes, right-hand rule. There are six internal forces
Fy, Fy, Fz, My, MY and M; 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 Y, and Z, 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.

29



Figure 23. Finite-Segment Element
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LONG-OWIG, SHORT-OWIG, 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 bodyv of length XE is used at the end joint. There is only one internal force
Fy, 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 X, 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-A 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) X, axis goes from end A toward end B. Orientation of the ECS Y, axis
is defined by a vector, V, which lies on the ECS XY-plane. The ECS Z, axis is perpendicular
to the X, and Y, axes, right-hand rule. There are six internal forces Fy, Fy, F;, My, My and
M; 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 Y, and Z, axes.
Warping torsion and shear deformation are not considered. The member is divided into several
segments; the cross section 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 STABILITY 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 2 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 K;*. Axial deformations are lumped into two. springs at both sides of the
wall. Bending and shear stiffness perpendiculiar 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 defined by the perforated shear wall hysteresis model and axial stiffness is

defined by the R/C axial hysteresis model.

B. SOLO1 - ELASTIC STATIC ANALYSIS WITH MULTIPLE LOAD CASES

This block performs the elastic static analysis with multiple load cases. The flow chart for
SOLO1 is shown in Figure 26.

Step 1. Input Joint and Element [.oadings Joint loads and imposed displacements are nput
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 Displacements 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. SOLO2 - ELASTIC / NONLINEAR SEISMIC TIME HISTORY RESPONSE

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

MK +CX+RX=F (t) =-M'K (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'%, (2)

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

unbalanced force mairix.
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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 caiculated.
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. Epergy 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 1o output files.

Go to step 2 for the next time step.

D. SOL03 - ELASTIC NATURAL FREQUENCY / ELASTIC BUCKLING LOAD

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
SOLO3.

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. Condensation 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 Figenvalue 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. SO1L.04 - NONLINEAR STATIC CYCLIC 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 defined and
stored in the vector {Q}. The loading pattern, {Q}, is muitiplied by positive and negative load
factors to generate cyclic loading cycles. Define F, as the loading factor for the current cycle and
F, as the loading factor for the previous cycle. Total loads on the structure for cycles i and j are
F.{Q} and F{Q}, respectively. The loading from F{Q} to F,{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 F,{Q} to F,{Q} (loading option A). Alternately,
a fixed number of equal load steps may be chosen to load from F,{Q} to F;{Q} (loading option
B). Figure 29 shows the flow chart for SOL04.

Step 1. Input Joint and Element Loadings Joint loads and imposed dispiacements 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, (F-F)*{Q}/N, where N is the number of load steps.

Step 4. Form the Structural Stiffness Structural stiffness is formed 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 medified.

Step 5. Form the Geometric Stiffness Geometric stiffness is formed 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 Displacements 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 S. Combine Displacements Scaled-down displacements due to the applied loadings and

displacements due to the unbaltanced 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 clement 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. SOLOS - 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 chart for SOLOS.

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 Figenvalue and Eigenvector Eigenvalues and eigenvectors are calculated.
Optionally, they can be obtained from SOLO3. 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 Equivalent 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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1. 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 define 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 memory'. Common block
DATA is used by routines MAIN, CKSTOR, STRUCT, MATLIB, ELELIB, DMPDAT FORM,
SOLN, SOL01, SOL02, SOLQ3, SOL04 and SOLOS.

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,
MATLIB, ELELIB, DMPDAT, FORM, SOLN, SOL01, SOL02, SOL03, SOL0O4, SOLOS,
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, SOL01, SOL02, SOL03, SOL04, SOL0S5, COMPT and COMDMP.

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

INRESB-3D-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 SOLO2A.

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

uniform and concentrated element loadings. Called by ELEQL.

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

4. CKSTOR A utility routine that aborts the program if the problem requires more storage
than is available. Called by SOL02, DMPDAT, SOL03, SOL0O4 and SOLOS.

5. COMDMP A utility routine that prints the contents of the dynamic memory. Cailled 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 DYLOA and NODDOF.

8. DIRECT A utility routine called by HYSTO03 and HYSTO04 to determine the current

direction of loading.

9. DMPDAT 1) Writes the results for user-defined output files. 2) Reads the results from
ourput files and prints data. Called by SOL02, SOL02A, SOL04, SOLO4A, and MAIN.

10. DNE Calculates ductilities and excursion ratios for HYST02, HYSTO03, HYSTO4,
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HYSTO06 and HYSTO7.

11. DYLOA Generates dynamic loadings due to base acceleration for multicomponent
earthquakes. Called by SOLO2A.

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, SOLO02A. SOLO4A SOLOSA, ELELOA, ENERGY and DMPDAT.

13. ELELOA Calculates the element loads for the elastic 3D prismatic beam element. Called
by SOLO1A and SOLO4A..

14. ELEQ] - 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. ELEQ2 - Spring Element Calculates the stiffness, geometric stiffness, displacements,

forces, unbalanced forces, etc. for the spring element. Called by ELELIB.
16. ELEO3 - Shear Wall Stiffness Element Calculates the stiffness, geometric stiffness,

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

17. ELEOQS - Bracing Element Calculates stiffness, displacements, forces, unbalanced forces,
etc. for the bracing element. Called by ELELIB.

18. ELEQ9 - Inelastic 3D-Beam-Column Element Calculates stiffness, geometric stiffness,
displacements, forces, unbalanced forces, etc. for the inelastic 3D-beam-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. ELE]4 - 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 SOLOZA and SOLO4A.

22. ETMPLY Performs multiplication, {x}'[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 SOLO1A, SOL0O2A, SOLO3A , SOLO4A, and SOLO5SA.

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. Cailed by MAIN.

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

MAIN, LMATRX, SOLN, WMATRX and WMTRX2.

29. HYSTOQ2 - Axial Hysteresis Model Calculates axial stiffness of R/C elements based on
current {oad and past loading history by the axial hysteresis model. Called by MATO2.

30. HYSTO3 - B1 Bending Hysteresis Model Calculates bending stiffness of R/C shear walls
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based on current load and past loading history by the Bl bending hysteresis model. Called by
MATO3.

31. HYSTO4 - S1 Shear Hysteresis Model Calculates shear stiffness of R/C shear walls
based on current load and past loading history by the S1 shear hysteresis model. Called by
MATO04.

32. HYSTO6 - Takeda Hyvsteresis Model Calculates bending stiffness of R/C elements based
on current load and past loading history by the Takeda hysteresis model. Called by MATO6.

33. HYSTO7 - 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 MATO6.

34. HYSTGS - 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 MATOS.

HYSTO9 - Long-Direction n-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 MATOS.

36. HYSTI11 - 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 MAT11.

37. HYSTI12 - 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 R/C perforated shear walls based on current and past loading history.
Called by MAT14.

36. IDRECT A utility routine that determines the current direction for HYSTO02 and
HYSTO06.

40. INTDVA Reads and stores initial displacement, velocity and accelerations for dynamic
solutions. Called by SOLO2A.

41. INTPO Interpolates response spectral values for the response spectrum analysis. Called
by SOLO5A.

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
ELEO9.

44, INTSCT A utility routine that determines the intersection of two lines in point slope
form. Called by HYSTO2, HYSTO3 and HYST04.

45. IQUICK A utility routine that finds the program’s internal joint number, given the
joint’s ID number. Called by NODDOF, ELEOl, ELEO2, ELEO3, ELEO8, 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 SOLO1A, SOL02A, SOLO3A and SOLO4A.

48. JOILOA Reads and calculates joint loads. Called by SOLO1A and SOLO4A.
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49. KMIN A utility routine used by hysteresis models HYSTO3 and HYSTO4 to ensure that
the stiffness is between zero and initial stiffness, SI.

50. LINACC Calculates dynamic response by linear acceleration method. Called by SOLO2A
and AVEACC.

51. LMATRX A utility routine that prints upper triangular mass, structural stiffness, element
stiffness, geometric stiffness, etc. marrices. This routine is activated by user input bug options
which are described later. Called by FORM, MFORM, ELEO1, ELEO2, ELEO3, ELEOS,
ELEO9, ELE12, SOLO1A, SOL02A, SOLO3A, SOLO4A, SOLO5A, MSOLL, TMPLY,
ETMPLY, UTMPLY and MASSIN.

52. MASSIN Initializes storage for the mass matrix. Called by STRUCT and SOLQ2.

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, ELEO1, ELEC2, ELEO3, ELEQOg, ELE(9, and
ELE12.

54, MATO1 - Elastic 3D Prismatic Beam Stiffness A routine that reads and stores the
stiffness of the elastic 3D prismatic beam element, Called by MATLIB.

55. MATO2 - Axial Stiffness for R/C Elements 1) Reads and stores axial input data. 2)

Calculates axial stiffness with calls to the axial hysteresis model, HYSTO02. 3) Calculates strain
energy with calls to STRENG. Called by MATLIB.

56. MATO3 - Bending Stiffness for R/S Shear Walls 1) Reads and stores bending input data.
2) Calculates bending stiffness with calls to the Bl bending hysteresis model, HYSTO03. 3)

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

57. MATO4 . Shear Stiffness for R/C Shear Walls 1) Reads and stores shear input data. 2)
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Calculates shear stiffness with calls to the S1 shear hysteresis model, HYST04. 3) Calculates
strain energy with calls to STRENG. Called by MATLIB.

58. MATO6 - Bending Stiffness for R/C Elements 1) Reads and stores bending input data.
2) Calculates bending stiffness with calls to the Takeda hysteresis model, HYSTO06. 3) Calculates
strain energy with calls to STRENG. Called by MATLIB.

59. MATO7 - Bilinear Material 1) Reads and stores input data. 2) Calculates stiffness with
calls to the bilinear hysteresis model, HYSTO07. 3) Calculates the strain energy with calls to
STRENG. Called by MATLIB.

60. MATO8 - Bracing Member Material 1) Reads and stores input data. 2) Calculates
stiffness with calls to the bracing member hysteresis model, HYSTO8. 3) Calculates strain
energy with calls to STRENG. Called by MATLIB.

61. MATO9 - Long-Direction n-Web Joist Material 1) Reads and stores input data. 2)
Calculates stiffness with calls to the long-direction open-web joist hysteresis model, HYSTOS.
3) Strain energy calculation not available. Called by MATLIB.

62. MATI0 - Bilinear Material 1) Reads and stores input data. 2) Calculates stiffness for
ELEO9 only. 3) The strain energy calculation not available. Called by MATLIB.

63. MATI11 - 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, HYSTI1.
3) Strain energy caiculation not available. Called by MATLIB.

64. MATI12 - 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. MATI14 - Material for R/C 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. MEORM Reads joint masses and forms mass matrix with calls to FORML. Called by
MASSIN, SOL02, SOLO03 and SOLOS.

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
SOLO1A, SOLO2A, SOLO3A, SOLO4A, SOLOSA and LINACC.

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

JCS cosine matrices, and determines 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 SOLO1A, SOLO2A, SOLO3A, SOLO4A and SOLOSA.

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 ELEO1, ELEO2 and ELEO3.

72. SKYLIN Determines skyline of the structural stiffness, geometric stiffness and mass
matrices. Called by STRUCT, MFORM and MASSIN.

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

57



74. SMAX A utlity routine that determines 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. SOL0] - Elastic Static Analysis with Multiple Load Cases Initializes storage for elastic
static analysis. Called by SOLN.

77. SOLO1A Calculates elastic static response, as described in Section B of Chapter II.
Called by SOLOL1.

78. SOLO2 - Dynamic Time History Response Initializes storage for the dynamic time
history response. Called by SOLN.

79. SOLO2A Calculates dynamic time history response for both elastic and nonlinear
structures, as described in Section C of Chapter II. Called by SOL02.

80. SOLO3 - Elastic Natural Frequency / Buckling Load Initializes storage for elastic natural
frequency or buckling load. Called by SOLN.

81. SOLO3A Calls EIGZS to calculate elastic natural frequency or buckling load for elastic
structures, as described in Section D of Chapter II. Called by SOL03.

82. SOLO4 - Nonlinear Static Cyclic Response Initializes storage for static nonlinear
analysis. Called by SOLN.

83. SOL0O4A Calculates static nonlinear response, as described in Section E of Chapter II.
Called by SOL04.

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

combination approach as described in Section F of Chapter II. Called by SOLOS5.

86. STRENG Calculates the elastic and plastic strain energy. Called by MAT02, MATO3,
MATO04, MATO06, HYST07, and HYSTO8.

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 ELELIB to input elements and calculate initial element stiffness. 4) Calls SKYLIN 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, SOLOSA, INTDVA and DMPDAT.

89. TMPLY A utility routine that performs multiplication for triangular matrices. Called by
SOLO2A, SOLO4A and ETMPLY.

90. VCOS A utility subroutine that calculates the angle between two vectors. Called by
ROTXYZ and ELEOQ3.

91. VCROSS A utility subroutine that calculates the vector cross product. Called by ELEQ3.
92. WILSON Calculates dynamic response by the Wilson ¢ 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 ELEO1, ELEO2, ELEO3, ELEO8, ELEQ9, ELEI2.
SOLO1A, SOLO4A, SOLOSA, 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 ELE0O2, ELE03, ELEOS, ELE09, and
ELE12.

C. DESCRIPTION OF MISCELI.ANEOUS 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 SOL0O3 and SOLQS. Its omission will not affect blocks
STRUCT, SOLO1, SOLO2 or SOL04. Called by SOLO3A or SOLOSA.

2. SDUMP An IBM 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 SOLO2 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 SOLO2A.

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 [Zxxxx, 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 allocation of memory ailows 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=I1Z=1, and
NUMIOI joint numbers are stored in the NZ array. Once storage for the joint numbers is
reserved, the next available storage location is IZ=I1Z + NUMIJOI. Then the joint coordinates are
stored in the Z array, beginning at IZCORD=IZ. Joint coordinates require 3*NUMIJOI storage
locations. Once the storage for joint coordinates is reserved, the next available storage location

is [Z=1Z+3*NUMIOI. 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 5 011
B=|0 5 4 7 10 (3)
0 0 7 6 9
12 11 10 9 8

where B, ;, B,, and B,, are zero. Thus the terms in the upper triangular matrix below the

skyline are
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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.

|

(5)

W 0 ~1 O U o W N

= =
- o

"
)

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

[

MD

w h & N =

13

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) if J>I and (MD(J)+J-I)<MD(J+1l)
=0 if I>I and (MD(J)+J-I)2MD(J+1)

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*10°/8=900,000 variables.

The number of variables in the Z array required for a specific problem is a function of 1)
number and orientatioﬁ 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 SOLO1, 11) number of
element loadings for SOLO1 and SOLO4, 12) number of free dof for SOL0O2 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 .......... -
*- [Z= 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*10°%/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.

ICPT=0 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.
I0OPT=1 Inputs and stores data. Returns the amount of storage required for the material.
IOPT=2 Calculates initial stiffness and initializes the hysteresis model.
IOPT=3 Calculates current stiffness and load for an incremental displacement, given the

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

ratios.

10PT=4 Calculates strain energies, ductilities, and excursion ratios.

IOPT=5 Calculates damage index.
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For nonlinear materials, the subroutine MATxx calls a companion hysteresis model, subroutine
HYSTxx.

A call to MAT=xx is added in routine MATLIB. All communication with subroutine MATxx
is through routine MATLIB. Names of the material and material number (MATTYP=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=1 Interprets input data, calculates transformation matrices, initial structural stiffness

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

IOPT=2 Determines axial load used for the geometric stiffness.

IOPT=3 Recalculates structural stiffness, if any of the components of stiffness has
changed.

IOPT=4 Calculates incremental forces, unbalanced forces and new components of
stiffness.

IOPT =5 Calculates total element forces and energies.

[OPT=6 Calculates fixed end forces due to element loads, if applicable.

IOPT=7 Writes element data to an output file.

IOPT=8 Reads and prints element data from an output file.

IOPT=9 Determines amount of storage required for the element’s materials.
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IOPT=10 Determines strain energy.

1I0PT=11 Determines ductilities and excursion ratios.

ICPT=12  Prints out maximum forces and/or displacements that the element was subjected

1o.

IOPT=13 Sets internal forces and displacements equal to zero. Reinitializes the hysteresis

models.

IOPT=14 Calculates and prints the damage index.

A call to ELExx 1s 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 defined.

SOLO1 ......... Elastic static solution of the structure with multiple load cases. SOLO1 must be
preceded by the block STRUCT.
SOLO2 ......... Dynamic solution of linear and nonlinear structures subject to three-dimensional

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

STRUCT.

SOLO3 ......... Eigenvalue solution for the natural frequency or buckling load of an elastic
structure. SOLO3 must be preceded by the block STRUCT.

SOLO4 ......... Incremental static solution of a nonlinear structure. SOLO4 must be proceeded
by the block STRUCT.

SOLQOS ......... Response spectrum analysis of linear structure. SOLO5 must be proceeded by

the block STRUCT.

Secondary Blocks

BUG ........... Sets flags to print out detailed information.

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 .......... Terminates execution of program.
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NOTES ON INPUT

1y
2)
3)
4)

5)

6)
7)
8)
9)

Input is free forrnat, unless otherwise noted.

Input variables beginning with I-N are integers and should not contain a decimal point.
Input variables beginning with A-H and O-Z are real and may contain a decimal point.
Logical variables are identified in the input description, and have the value .TRUE.
or .FALSE.

Character variables are identified in the input description, and are enclosed in ‘single
quotes’, except as noted.

Character and logical variables must be input in upper case.

Input data is read from unit 05, except as noted.

Output is printed on unit 06, except as noted.

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 ote
‘BUG=K’ 1
‘STRUCT’ (2)

. Structure input is omitted.
‘SOL04’ 3) .
. Solution input is omitted.
‘READ UNIT=21" 4)
‘STOP’ (3)
(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 SOLO4 is read from the disk file and printed in a
report.

(5) Program is terminated.

A. STRUCTURE - DEFINITION OF STRUCTURAL MODEL

These cards define 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 define 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 Number of joints defined by joint coordinate cards.

NCOS Number of joint direction cosine cards input.

NSUPT  Number of joint restraint cards input.

NCOND Number of joint condensation cards input.

NCONST Number of joint constraint cards input.

SCALE  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 defined in inches.

a. Joint Coordinates These cards are used to define 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 defined, or 2) an input or generated joint ID number is less than

or equal

to zero.

ID

X Y 2 TICOS IGEN

AID AX AY AZ

ID

ICOS

IGEN

AID

AX

AY

AZ

Example

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)

NJOINT =7 Note
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oY)
)
(3)
(4)

10 0.0.0. 12 (1,2)
10 0. 0. 3. (2)
1 43-1.20 (3)
-100 000 (4)

Joint 10 has the coordinates (0,0,0) and uses direction cosine #1.
Two joints are generated from joint 10: joint 20 (0,0,3) and joint 30 (0,0,6).
Joint 1 has the coordinates (4,3,-1) and uses direction cosine #2.

Input of the joint coordinates is terminated.

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

in turn define the joint coordinate system, JCS. Joint direction cosines are numbered from 1 to
NCOS. This card is repeated NCOS times.

Vxi Vx3j vxk Vyi Vy3J vVyk

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

¢. Joint Restraints These cards are used to define the joint restraints. This card is repeated

NSUPT times.
ID ITX ITY 1ITZ 1IRX IRY IRZ IGEN AID
ID Joint identification number. An ID 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.
AID Increment between the generated ID number and the last ID number.

Valid joint restraint flags are:

0  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 ote
000000100 (1)
111111100 (2)

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

(2) Joint 1 has all six dofs restrained.

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 1ITZ 1IRX IRY IRZ IGEN AID

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

ITX Condensation flag for translation in the JCS X direction.

ITY Condensation flag for translation in the JCS Y direction.

ITZ Condensation flag for translation in the JCS Z direction.

IRX Condensation flag for rotation about the JCS X axis.

IRY Condensation flag for rotation about the JCS Y axis.

IRZ Condensation flag for rotation about the JCS Z axis.

IGEN Number of additional joints, with the same condensation, to be generated from this
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joint.
AID Increment between the generated ID number and the last ID number.
Valid condensation flags are:
0  Degree of freedom is not condensed.

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

Example NCOND=1

30 000111 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 ISLAVE IGEN AID

ITYPE  Type of constraint.

0 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.
MASTER Joint identification number of the master joint.
ISLAVE Joint identification number of the slave joint.

IGEN Number of additional slave joints, constrained to the same master joint to be
generated.
AID Increment between the generated ID number and the previous ID number.

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

Example NCONST=1
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1 1020 00

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

2. Materials and Hysteresis Model Information These cards are used to input the material
and hysteresis model information. The first card is input once. The second card is repeated
NMAT times.

NMAT

TYPE VALUEl VALUE2

NMAT  Number of materials input.

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

VALUEiQ 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 information 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.

‘ID-BEAM° E G AX AY AZ J IY 1IZ

E Young’s modulus. (force/length?)
G Shear modulus. (force/length?)
AX Cross sectional area. (length?)

AY Y axis shear area. (length?)
AZ  Z axis shear area. (length?)
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J Torsional moment of inertia. (length*)
IY Moment of inertia, about the Y axis. (length?)

1Z Moment of inertia, about the Z axis. (length*)

b. TYPE="AXIMOD’ AXLMOD axial hysteresis model for reinforced concrete as shown

in Figures 2 and 3.

‘AXILMOD’ Kc Kt Kt2 Fy a B uf pBDI

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).

o Unloading coefficient, usually 0.90.
8 Pinching coefficient, usually 0.20.
uf Failure ductility.

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

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

c. TYPE="BEND1’ Material data for the Bl hysteresis model. Figure 4 shows the Bl
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 pSDI
P(1) P(2) ... P(NSEG)
D(1) D(2) ... DI(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. (radiar/length)
BDI 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="SHEARI1' 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.

‘SHEAR1’ NSEG NI DY 8DI
P{(1l} 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 ¢an 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
define the ductility ratio. (length/length)

DI 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’ ET PC DC PY DY PU DU BDI

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)

DI 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 uf gDI

E Elastic stiffness. (force/length)

PY Yield load. (force)

SIE Inelastic stiffness. (force/length)

uf Failure ductility.

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

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

‘BRACE’ E A R YS SHAPE uf @BDI

E Elastic modulus. (force/length?)
A Section area. (length?)

R Ratio of gyration. (length?)

YS Yielding stress. (force/length?)

SHAPE Member cross section shape:
1 For box or equal-leg angle section
2 For I-shape section
uf Failure ductility.
gDI 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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hysteresis model.

"LONG-OWJG’ HA VA uf BDI

HA First buckling displacement. (radius)
VA First buckling load. (force*length)

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

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

B (1).

i. TYPE="TA-BILN’ Figure 8 shows this bilinear hysteresis model.

"IA-BILN’ ELAS SP E TI TMP uf  BDI

REDUCE
ELAS Index for elastic or nonlinear analysis:
0  For elastic material property.
1  For bilinear material property.
2 For box column with consideration of local buckling (18).
3 Same as ELAS=1, but strength criteria of box column is checked.
SP Strain hardening ratio.
E Elastic modulus.
TI Section area, torsional rigidity, or moment of inertia.
TMP Axial yielding load, torsional yielding load, or plastic moment.
uf Failure ductility (if uf < 1, then failure ductility is not considered).
BDI Parameter for Ang’s damage index=0 (currently not available), discussed in
Appendix B.

REDUCE Percentage of critical load, (if ELAS = 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 uf §DI

HA First buckling displacement. (radius)

VA First buf:kling load. (force*length)

RATIO  Strain hardening ratio.

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

#DI Parameter for Ang’s damage index=0 (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 IREV1
IREVZ2 IREV3 IREV4 IECOP SMALL RATIX0 RATIYC TOTA IAUTO
IMATER RATIO3 IR G QRNEE ISTIF

NSEG Number of segments considered. Maximum number of NSEG is 32.
YS Material yielding stress. (force/length?)

EM Elastic modulus.

LIBN Cross section library number.

Box section.

Tube (one layer) section.

Rectangular section.

Wide-flange section.

Tube (two layer) section.

~N Y AW N =

Equal leg angle section.

HH Height for LIBN=1, 3, 4.
Radius of tube for LIBN=2, 6.
Angle leg length for LIBN=7.

Uuu Width for LIBN=1, 3, 4.
Dummy variable for LIBN=2, 6.
Dummy variable for LIBN=7.
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wWwW U direction eccentricity from section reference coordinate origin to applied load

location.
ZZ V direction eccentricity from section reference coordinate origin to applied load
location.
INEB 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.
INEH Total number of section elements in half height for LIBN=1, 3.
Dummy variable for LIBN=2, 4, 6, and 7.
ST Thickness for LIBN =1, 2, 6, and 7, flange thickness for LIBN =4 (length).
IREV1 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.
IREV?2 Dummy variable for LIBN=1, 2, 3, and 6.
Number of columns in flange’s U direction for LIBN =4,
Number of rows in segment U direction for LIBN=7.
IREV3 Dummy variable for LIBN=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.
IREV4 Dummy variable for LIBN=1, 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.
IECOP 0  Eccentricity is not considered.
1 Eccentricity is considered.
Note If IECOP=0, WW and ZZ are ignored by program.
SMALL Length of segments at two ends and center right and left sides.
RATIX0 Initial imperfec:ion ratio in element coordinate X direction.
RATIYO Initial imperfec:ion ratio in element coordinate Y direction.

TOTA Section gross area. (length?)
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IAUTO

IMATER

RATIO3

IR

QRNEE
ISTIF

1 Element stiffness parameter and displacement norm are calculated.
0  Element stiffness parameter and displacement norm are not calculated.
0  For bilinear stress-strain model shown in Figure 8.

2 For Ramberg-Osgood stress-strain model.

3 For elastic case.

Finite-segment element strain hardening ratio.

Parameter for Ramberg-Osgood stress-strain model.

Shear modulus.

Limitation of maximum displacement norm. {10 to 10-%)

Segment stiffness formulation index:

0  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 fDI
P(1) P(2) P(3) P(4)
D(1) D(2) D(3) D(4)
HO HS LWP AD AV

NSEG
BDI
P(i)
D()

HO
HS

LWP

Number of points on the backbone curve.

Parameter for Ang’s damage index, discussed in Appendix B (1). DI 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))

82



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 XGTYPE KGFORM KGCOND

KGLOAD Type of axial force used to calculate the geometric stiffness.
0  Geometric stiffness is omitted.
1  Axial force is equal to input force, 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.
0 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 formuiation 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.
0 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 define 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
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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 VALUEl VALUE2 ... IGEN

AVALUE1l AVALUEZ2

NELMT Number of elements input.

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

NAME A user defined 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.

AVALUEi Incremental value used to generate subsequent elements.
VALUEi erpes = VALUE, 105 + AVALUEI

a. TYPE="3D-BEAM’ This card is used to define element data for the elastic prismatic
3D-beam shown in Figure 15.

‘3D-BEAM° NAME MAT JOINTI JOINTJI V1 V2 V3

XS XE PKG IRELT IGEN

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

MAT Material number. This number must correspond to the material type ‘3D-BEAM’.
The terms EAX, GJ, EIY and EIZ from material "3D-BEAM’ are used to generate
the element stiffness.

JOINTI  Start joint ID number.

JOINT]  End joint ID number.

V1 Projection on the GCS X axis of a vector in the element’s local XY plane. This
vector defines 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.

84



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

Releases the moment about the element’s X axis at the start joint.

Releases the moment about the element’s Y axis at the start joint.

Releases the moment about the element’s Z axis at the start joint.

Releases the moment about the element’s X axis at the end joint.

Releases the moment about the element’s Y axis at the end joint.

[« TR R L I o T

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 define element data for the one-dimensional

spring shown in Figure 16.

"SPRING’ NAME MAT JOINTI JOINTJ KTYPE XLEN V1 V2

vy XS XE IGEN
NAME A user-defined name. Character variable; enclose in single quotes.
MAT Material number.
JOINTI  Start joint ID number.
JOINTJ  End joint ID number.
KTYPE Type of spring.

1  Axial spring.
2 Shear spring in the ¢lement’s local Y axis.

3 Shear spring in the element’s local Z axis.
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4  Torsional spring.
5 Rortational spring about the element’s local Y axis.

6 Rotational spring about the element’s local Z axis.

XLEN Length of the spring used to calculate the stiffness. (length)

Vi 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.

V2 Projection on the GCS Y axis of a vector in the spring’s local XY plane.

V3 Projection on the GCS Z axis of a vector in the spring’s local XY plane.

XS Offset distance from the start joint to the beginning of the spring. Positive in the
direction of the element’s local X axis. (length)

XE Offset distance from the end joint to the end of the spring. Negative in the direction
of the element’s local X axis. (length)

IGEN Element generation parameter. See discussion under 'Element Data’.

Notes

1y Material specified for the spring element may consist of any of the following: 3D-BEAM,

2)

3)

4)

3)
6)

7

AXILMOD, BENDI, SHEAR1, TAKEDA, and ELSPLS.

Spring uses the axial stiffness from the 3D-BEAM material.

BEND! 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.

AXLMOD and SHEARI1 models are usually based on force-translation, and are valid
moedels for KTYPE=1 to KTYPE=3.

Program does not check the user’s choice of model.

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.

Spring stiffness is for axial (force/length), lateral (force/length), torsional (force-length/rad)
and rotational (force-length/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' NAME MATB MATS MATA J1 J2 J3 J4 ALPHA
PKG IGEN

NAME A user-defined name. Character variable; enclose in single quotes.
MATB Bending hysteresis model material number.
MATS Shear hysteresis model material number.

MATA Axial hysteresis model material number.

J1 Joint at the upper right-hand cormer of the element.
12 Joint at the upper left-hand corner of the element.
I3 Joint at the lower left-hand comer of the element.
J4 Joint at the lower right-hand corner of the element.

ALPHA  Fraction of the length from the top of the element to the internal springs.

PKG Axial load used to calculate the geometric stiffness, if KGLOAD=1. Positive is
compression. (force)

IGEN 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, AXIMOD, BENDI1, SHEARI], TAKEDA, and ELSPLS.

2) BENDI model is usually specified for the bending material.

3) SHEARI model is usually specified for the shear material.

4) AXILMOD 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 Note
5 (1)
‘3ID-BEAM’ ‘A1’ 1 1020 0. 0. 1. 0. 0. 0. 100000 2 2,3

0 10 10 0. 0. 0. 0. 0. 0. 000000 3)
‘SPRING” 's172101110.0.0.1. 0.0.0 4)
'SHEAR WALL’ 'W1’3452010121.35.0 (5)

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 11.

(5) A shear wall element is input between joints 20, 10, 1 and 2.

d. TYPE="BRACE’ This card is used to define element data for the bracing member.

‘BRACE’ NAME MAT JOINTI JOINTJ KTYPE SLK V1 V2 V3 XS XE

IGEN

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

MAT Modified Goel’s hysteresis model number.

JOINTI  Start joint ID number.

JOINTJ  End joint ID number.

KTYPE Equal to 1.

SLK K factor for slenderness ratio.

V1 Projection on the GCS X axis of a vector in the member’s XY plane. This vector
defines the orientation of the element’s local Y axis.

V2 Projection on the GCS Y axis of a vector in the member’s XY plane.

V3 Projection on the GCS Z axis of a vector in the member’s XY plane.

XS Offset distance from the start joint to the beginning of the strut. Positive in the
direction of the element’s local X axis. (length)

XE Offset distance from the end joint to the end of the strut. Negative in the direction
of the element’s local X axis. (length)

IGEN 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="TE3DBEAM’ This card is used to define element data for the inelastic

3D-beam-column ¢lement,
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‘IE3DBEAM’ NAME MATMYA MATMYB MATMZA MATMZB MATMXA MATFXA
JOINTI JOINTJ V1 V2 V3 XS XE PKG IGEN

NAME
MATMYA
MATMYB
MATMZA
MATMZB
MATMXA
MATEFXA
JOINTI
JOINTIJ

Vi

V2

V3

XS

XE

PKG

IGEN

Notes

A user-defined 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 hysteresis 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
defines 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)

Axial load used to calculate the geometric stiffness, if KGLOAD=1. (force)
Positive is compression.

Element generation parameter. See discussion under ‘Element Data’.

1) Bending materials specified for inelastic 3D beam element may consist of any of the
following: LONG-OWIG, IA-BILN, SHORT-OWIJG, 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) TA-BILN model is specified for the torsional and axial materials.
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f. TYPE="STABILITY’ This card is used to define element data for the finite-segment

element.

"STARILITY’ NAME MAT JOINTI JOINTJ V1 V2 V3 XS XE IGEN

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

MAT Material number.

JOINTI  Start joint ID number.

JOINTJ  End joint ID number.

V1 Projection on the GCS X axis of a vector in the member’s XY plane. This vector

defines the orientation of the element’s local Y axis.

V2 Projection on the GCS Y axis of a vector in the member’s XY plane.
V3 Projection on the GCS Z axis of a vector in the member’s XY plane.
XS Offset distance from the start joint to the beginning of the element. Positive in the

direction of the element’s local X axis. (length)

XE Offset distance from the end joint to the end of the e¢lement. Negative in the
direction of the element’s local X axis. (length)

IGEN Element generation parameter. See discussion under ‘Element Data’.

Note  STABILITY material model is specified for this element.

g. TYPE="SHEAR-OPEN’ This card is used to define element data for the perforated

reinforced concrete shear wall.

"SHEAR-OPEN’' NAME MATS MATAl MATA2 J1 J2 J3 J4 ALPHA
PKG IGEN

NAME A user-defined name. Character variable; enclose in single quotes.
MATS Perforated shear wall hysteresis model material number.
MATA1 Axial hysteresis model material number for left-side wall.

MATA2  Axial hysteresis model material number for right-side wall.

11 Joint at the upper right-hand corner of the element.
J2 Joint at the upper left-hand corner of the element.
I3 Joint at the lower left-hand comner of the element.
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J4
ALPHA
PKG

IGEN

Notes

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’.

1) SHEAR?2 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.

INMASS FMASS MCOND

ID PX PY PX RXX RYY RZZ RXY RXZ RYZ TIGEN AID

INMASS
FMASS

MCOND

Number of mass cards to be read.

Mass flag.

0 Mass matrix is omitted.

1 Mass matrix due to concentrated joint masses is formed.

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*length?)
Rotational mass moment of inertia about the joint’s JCS Y axis. (mass*length?)
Rotational mass moment of inertia about the joint’s JCS Z axis. (mass*length?®)
Rotational mass product of inertia about the joint’s JCS XY axis. (mass*length?)
Rotational mass product of inertia about the joint’s JCS XZ axis. (mass*length?)

Rotational mass product of inertia about the joint’s JCS YZ axis. (mass*length?)
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IGEN Number of joints with identical mass, to be generated.

AID Increment of joint ID number for generated values.

Example INMASS=1, FMASS=1,

10 8.8.8. 000 000 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  Proportional damping coefficient for mass.
BETA 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.

‘sSoLo1l’

TITLE

NLOAD MAXELD

SOLO1 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 SOLO1 without any other

benefits. Condensation is not recommended for SOLO1.
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2) A separate geometric stiffness (KGFORM=2) is not used by SOLO1. 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 AID DIR VALUE

LOAD Number of the load case that the load is applied to.

ID Joint ID number that the load is applied to.

IGEN Number of identical joint loads to be generated.

AID Increment of joint ID number for generated values.

DIR 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.

VALUE Magnitude of the applied load.

Example Note
1221 °FZ’ -3.00 (1)
2700 'MX’ 335 (2)
0000 'END’ 0 (3)
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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 > 0. This card is repeated MAXELD times, or until the value of TYPE is 'END".

LOAD IELE IGEN AIELE TYPE DIR VALUEl, VALUEZ,

LOAD Load case number.
IELE Element number.
IGEN Number of similar element loads to be generated.
AIELE  Increment of element number for generated values.
TYPE Type of load. Valid types are described in detail below. Character variable; enclose
in single quotes.
‘CONC’ Concentrated load applied in direction DIR. VALUE] 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. VALUE? is between O and 1. Only two values are input.
‘UNIF’  Uniform load applied in direction DIR. VALUE]/ 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. VALUE! to VALUE12 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 15, in the ECS Y
direction. (force)

VALUE3 Fixed end shear, at point A of Figure 15, in the ECS Z
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directton. (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)

VALUE7 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)

VALUELl Fixed end moment, at point B of Figure 15, about the ECS
Y axis. (force*length)

VALUE12 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 vaniable; 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.

VALUE] Values used to calculate the element loads.

Notes

1)  Multiple loads may be put on a single element.
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2) ‘UNIF’ ‘MY’ and ‘"UNIF’ ‘MZ’ are not available.

3) Element load TYPE="FEM’ is not modified to reflect member end releases.

Example MAXELD=1,

1 13 0 0 'UNIF’ 'FZ' -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.

‘soLo02’

TITLE

INTEG THETA ELASTIC UNBAL

IPRINT IWRITE MAXACC SLMASS

TCO AT TF GRAV

SOLQ2 Signifies solution 2. Character variable; enclose in single quotes.

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

INTEG  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 =0 if the Wilson theta

method is not used.
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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.

TO Initial time at the beginning of the solution. (time)
AT Time step. (time)
TF Final time at the end of the solution. (time)

GRAYV Gravitational acceleration constant. (length/sec?)

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 AID

These cards are identical to the ‘Mass’ cards in the block STRUCT. Refer to STRUCT for a

detailed description.
2. Output Data to Disx 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 ANUMB AIUNIT

TYPE

NUMB
[UNIT
IGEN
ANUMB
AIUNIT

Example

Type of data to be written to output file. Valid types are given below. Character

variable; enclose in single quotes.

"DOF’

‘JOINT FX’

‘JOINT FY’

‘JOINT FZ’

‘JOINT MX’

‘JOINT MY’

JOINT MZ’

‘ELFE’

‘ENERGY’

‘SUMRCT’

‘GROUND’
‘END’

Data is printed for a degree of freedom. The degree of freedom ID
number, as assigned by the program, is used.

Data is printed for the degree of freedom corresponding to the joint’s
JCS X translation.

Data is printed for the degree of freedom corresponding to the joint’s
JCS Y translation.

Data is printed for the degree of freedom corresponding to the joint’s
JCS Z translation.

Data is printed for the degree of freedom corresponding to the joint’s
JCS X rotation.

Data is printed for the degree of freedom corresponding to the joint’s
JCS Y rotation.

Data is printed for the degree of freedom corresponding to the joint’s
JCS Z rotation.

Element data is printed.

Structure’s energy balance is printed.

Structure’s surnmation of reactions is printed.

Ground response is printed.

Terminate the input of element loads.

Element, dof or joint number. Set NUMB=0 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 (1)
‘ELE’ 32 11 111 )
‘END’ 0 0 000 3)

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.

3. Initial Displacements, Velocities. Accelerations and Loads This card, used to define initial

conditions for dynamic analysis, repeated until OPTION has a value of 'END’.

ISPl

ID IGEN AID OPTION V1 V2 V3 V4 V5 Ve

ISP1 0 Response due to static loads is not considered.
1 Response due to static loads is considered.

Note If ISP1=1, omit the second input line.

ID Joint ID number.
IGEN Number of joints with identical initial conditions.
AID Increment of the joint ID number for generation.

OPTION Type of initial condition. Valid options are listed below. Character variable; enclose
in single quotes.

‘DISPL’ Initial displacements are given. V1, V2 and V3 are displacements
(length) while V4, V5 and V6 are rotations (radians).

"VEL Initial velocities are given. V1, 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/time?) while V4, V5 and V6 are rotational
accelerations (radians/time?).

‘LOA’ Initial loads are given. V1, 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.

A\ 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) # 0.

3) If the dynamic solution, SOLO2, follows a static solution, SOLO1, 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 Note
221°'ACC°3.00000 (1)
000 'END’ 000000 (2)

Notes

(1) Joints 2, 3 and 4 have an initial acceleration of 3.0 in the X direction.

(2) Initial conditions are terminated.

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 ATG PRINT

vxi vzj Vxk Vyi vVy3j Vyk

NA Number of components of ground acceleration input.

ASCALE Ground acceleration amplitude scale factor.

TOG Time at the first point of the ground acceleration. (time)

ATG Time increment for the input ground acceleration. (time)

PRINT A logical flag. If PRINT=.TRUE., then the 3D ground accelerations are printed.

Vxi 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 1IDIR FMT ECHO REWIND

FORMAT1

FORMAT?Z

ATITLE2

ATITLE?2

A(l) A(2) A(3)

. A(NPTS)
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IN

Input unit number for acceleration record.

NPTS Number of acceleration points to be read. NPTS < MAXACC.
IDIR 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. ,
FMT A logical flag. If FMT=.TRUE., then the input acceleration is formatted and the
corresponding Fortran format codes, FORMATI1 and FORMAT?2, must be input.
Logical variable.

ECHO A logical flag. If ECHO=.TRUE., then the input acceleration is printed. Logical

variable.

REWIND 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=35, then set REWIND=.FALSE.. Logical variable.
FORMATI1 Fortran format code capable of reading the two 80-character titles. (Character
variable; do not enclose in single quote.)
- FORMAT2 Fortran format code capable of reading the input ground accelerations. (Character
variable; do not enclose in single quote.)

ATITLE1 Ground acceleration title, Read from unit IN. (Character variable; do not enclose

in single quote.)

ATITLE2 Ground acceleration title. Read from unit IN. (Character variable; do not enclose

in single quote.)

A() Input ground acceleration. If FMT=.FALSE., A( ) must be separated by blank

spaces or commas. Otherwise, A( ) is input by the fixed format code FORMAT?2.
Read from unit IN. (g’s)

Example Note
21.00.00.01 .FALSE. (1)
100 010 (2)
551 .TRUE. .FALSE. 3)
(A/A) C))
(8F9.6) (5)
ELCENTRO- 1940 EQ DATA  FORMAT: (8F5.6) (6)
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(1)
@
A3)
@
&)
(6)
@)
(8)
9

DT=0.01 SEC +++ E-W DIRECTION + ++
-0.011848-0.008267-0.004687-0.002477-0.004856
5572 .FALSE. .FALSE.

ELCENTRO- 1940 EQ DATA

DT=0.01 SEC ++ + N-S DIRECTION + + +

0.010966 - 0.008610
0.006255
0.003%00 .001545

Two ground motions are to be input.

Vectors defining the X and Y' axes are input.

Input the first ground motion in fixed format from unit 5.

Format code for titles.
Format code for acceleration data.
Titles.

Acceleration data.

Input the second ground motion in free format from umit S.

Titles.

(10) Acceleration data.

D. SOLO3 - EIGENVALUE SOLUTION

(6)
(7)
&)
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.

‘soLo3’

TITLE

OPTION IPRINT IPJT

SOLO03 Signifies solution 3. Character variable; enclose in single quotes.

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

OPTION
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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.
IPRINT Number of modes to be printed.
IPJT Number of modes to be printed with detailed mode shape.

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

SOLO4 Signifies solution 4. Character variable; enclose in single quotes.
TITLE User input title, 80 characters maximum. Character variable; enclose in single
quotes.

MAXELD  Maximum number of element loads.

[PRINT Step increment for printed cutput.

IWRITE Step increment for data written to output files.

UNBAL 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. Ourput 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 SOLO02. 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 ANUMB AIUNIT

2. Joint Loads Cards here are used to apply loads to joints. These cards are identical to the
‘Joint Load’ cards in block SOLOL. Refer to SOLOL for a detailed description. The card below
is repeated until the value of DIR is ‘END"’.

LOAD ID IGEN AID 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 SOLO1. Refer to SOLO1 for a
detailed description. The card below is only included if MAXELD > 0. This card is repeated
MAXELD times, or until the value of TYPE is 'END’.

LOAD IELE IGEN AIELE TYPE DIR VALUEl, 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 thar 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 FACTCR PMAX DMAX N

STEP User input step name, 80 characters maximum. Character variable; enclose in
single quotes. If STEP is 'END’, the current solution is terminated.
FACTOR  Load factor. The applied load at the end of the step is FACTOR. (applied joint

and element loads).

PMAX Maximum value for a free dof joint load per load step. (force or force*length)
DMAX Maximum value for a free dof joint displacement per load step. (length or radians)
N 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 Note
‘LOAD’ 10.0 25. .25 0 1)
‘UNLOAD' 0.0 0..0 20 Q)
‘END’ 0 0..0 0 (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) SOLO4 is terminated.

F. SOLO5 - 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.

‘SOLO5’
TITLE
ICOM NMOCDE DAMP NA NAP IPRT
NSTEP MEIG
SOLO5 Signifies solution 5. Character variable; enclose in single quotes.
TITLE User input title, 80 characters maximum. Character variable; enclose in single
quotes.
ICOM 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.
NMODE 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 Response spectral amplitude factor.

OPTION If OPTION ="DISP’, displacement spectral values are used. If OPTION ="ACC’,
acceleration spectral values are used. Character variable; enclose in single quotes.

PRINT A logical flag. If PRINT=.TRUE. then the spectral information is printed.

VxXi GCS X axis projection of a unit vector defining the X' axis of the input ground
component.

VX] GCS Y axis projection of a unit vector defining the X' axis of the input ground
component.

Vxk GCS Z axis projection of a unit vector defining the X' axis of the input ground
component.

Vyi GCS X axis projection of a unit vector defining the Y axis of the input ground
component.

Vyj GCS Y axis projection of a unit vector defining the Y axis of the input ground
component.

Vyk 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

RSNP1 RSNP2

IDIR 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.
RSNP1  Period value of respomnse spectrum curve.
RSNP2  Spectral value corresponding to period RSNP1.
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) RSNPI1 should be input in increasing order.

3. Effective Mass Limitation

XLIM YLIM ZLIM

XLIM Effective mass limitation in GCS X direction.

YLIM Effective mass limitation in GCS Y direction.

ZLIM 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=cptions’

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 CALCOMP plotter. A listing of program SEE is given in Appendix C.
D Print joint, element, and dynamic loading data.
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.
1 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 balance.
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 OQUTPUT FILES
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This card is used to read and print data written to output files during SOL02 and SOLO4.

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 - REI EASE 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 Note
‘STRUCT’ (1)

. Structure input is ornitted.
'SOLOY’ (2)
. Solution input is omitted.

'RELEASE’ 3)
‘SOL03’ (4)

. Solution input is omitted.

‘STOP’ (%)

Notes

(1) Structure is defined.

(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 SOLO1. Releasing
the memory after the static solution allows the same memory to be used for SOL0O3. If the
memory is not released, then the total memory required would be the sum of the memory
required' for SOLO1 and SOLO03.

(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.

‘8TOP’
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V. RUNNING PROGRAM INRESB-3D-SUPII

This chapter contains 1astructions for running program INRESB-3D-SUPII in the VM/SP
CMS environment on an IBM 4381 computer, in the ATX/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 first 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 ZCOMN1 GEM
MACLIB ADD ZCOMNZ2 GEM
MACLIEB ADD ZCOMN3 GEM

where ZCOMN COPY, ZCOMN1 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, ZCOMN1 COPY, ZCOMN2 COPY and ZCOMN3

COPY should be renamed zcomn, zcomnl, zcomn2, 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 -o 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 -o 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 VSFZLINK VSF2FORT CMSLIB IMSLDOUB UFORTLIB
FILEDEF 5 DISK FN FT05 A ( PERM LRECL 80 RECFM F
FILEDEF & DISK FN FT06 A ( PERM LRECL 132 RECFM F
FILEDEF 10 DISK FN FT10 A ( PERM LRECL 80 RECFM F
FILEDEF 11 DISK FN FT11 A ( PERM LRECL 8C RECFM F

FILEDEF 92 DISK ELCENTRO EW A
FILEDEF 93 DISK ELCENTRO NS A
LOAD INRESE {( 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 FT10
A, FN FT11 A, etc.

2. In the AIX Environment The program is run in the AIX environment by the following

commands.

setenv f£t05001 £n.ft05
setenv £t£06001 £fn.ftCe
setenv £t£10001 fn.ftlo0
setenv ft11001 fn.ftl1

setenv ft92001 elcentro.ew
setenv ft93001 elcentro.ns
exec
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Inpur is contained in files fn.f105, elcentro.ew and elcentro.ns. Qutput is written to files fn.ft06,
fn.ft10, fn.ft1l1, etc.

D. RUNNING PROGRAM ON PC

When running program INRESB-3D-SUPII on a PC, the program is divided into five
independent programs, SOLO1, 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
SOLOQ2 (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. SOLO1.EXE
2. SOLO2.EXE
3. SOLO03.EXE
4. SOL04.EXE
3. SOLOS.EXE

When a user runs one of them, such as SOL02, only the following commands are needed.

>S50102 (Enter)
> Name of Input File: Input File Name (Enter)
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> Name of output File: Qutput 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. EXAMPLE PROBLEMS

A. ANGI E-SECTION MEMBER

1. Description of Input Information

A single angle L2 x 2 x 1/4 is subjected to an eccentric load withe, = -0.41 inand ¢, =
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

ECHG OF INPUT LDATA

LINE . ..o .19, 2200 0. 030, be, 400 oo W50, o 80 L 70, 8E
1: 'STRUCTURE DEFINITICH'
2:  'EMMP@@e- BUCKLING BEHAVICR CF ANGLE-SECTTION HMEMBER'®
3. 2 1230 1. NNODE,NCOS , N3U2T,NCOND,NCON3T  SCALE
4 1 2 Co0 .90 o1 ¢
5- 2 4.3 Q.90 6o g
€: 120 oL ¢ DIRECTICN COSINE
m 1 1111101 T c
B: 2 I 21101 5 G
9: 1 !NMAT
1¢: 'STABILITY ' 16 S0.% 29400 7 2 C -G.41 3.3C4 C € 9.25
11: 21 2 20 2 1 2. 0 9 0.9375 0 C 2.923 3 11¥00 C.011
L2t 0 9 0 . FALSE. XG: AXL. FORM, AS3Y

23: 1 NELEM ELE MAT §J EJ VYI.VYJ.VYK X3 XE

14: "STABILITY' 'ANGLE S2C. ELE.' 1 12 0 .92C0 Q0
15. 2 9 .FALSE. MASS

1§ - 20 | DAMP

17. *3CL04 3CLUTICN!

19: *INCREMEMTAL DISPFLACEMENT CONTROL'

19: 1 €G020 1 .FALSE IMAXELD IPRINT IWRITE UNBAL
20: 'GOINT #X* 1 110 0 2

21 'END *Zz 162 G 32

22: 1 1 £ I 'FX' G.2

23: 0 3 ¢ O "END" 9 JOINT LCAD

Z4: C % 0 ¢ CEND' 'FY' 3 0 | ELEMENT LOAL

25: 'DISP. FRCM 2 ¢ 2.2 ' 1 20 LU
26: "ENZ JOF 2ISP. CONTROL ' 0 2 €C
27 'READ UNIT=1}'

28 rSTCP
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Figure 34. 12*2*1/4 Angle Section
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STRUCTURE. . Exfompialles-: BUCKLING BEHAVICR OF ANGLE-SECTION MEM3ER TIME. 23 37:38, DATE: l1/306/90

S0LITION

=er PROGRAM FEM +=~ COUBLE PRECISICN VERSICN

NODE COORLINATES AND DEGREES QF FREEDCM

TOTAL NUMBIR CF DEGREES OF FREEDCM.......... 12
HUMBER OF DEGREES OF FREFDOM CONDENSSD QUT. . ¢
NJIMBFR CF FPREY DEGREES CF FREEDCHM. e 2
NUMBER CF RESTRAINZD DEGREES OF FREEDOM.,.. . . MJ
NOLCE CO5#% X-COORD Y -ZCCRD Z-COORD X Y FZ MY MY MZ
1 1 9 OC20CE+D0 G6.200C32-C) g OJ3GCOE+LD 1-r 4R 5-R €-R 1 7-R
2 1 34 .s0c 6.JGDOIZ-00 ¢.00CCOE+00 §-® SR 13-R 11-R Z 12-R
NOTZ: R - EESTRAINZD [EGRET OF PREEDOM
< - CZCNSTRAINED DE3RZE CGF FRZEDGM
GIRECTION COSINES
osi 1 VX: 1.0C033 1 +2.00000 J -6.00C80 K VY: 2.C00GC I +1.60300 J +0 CODROG K VZ: C.33C00 I +D CO0OC J +1.0C000 X
STRUTTURE.. : EXAMPLE 1: BUCKLING BEHAVIOR OF ANGLE-SECTION MEMBER TIME: 23:37:38, DATE: 11/30/30
SOLUTION. .
STABILITY FLEMENT PARAMETERS (BOX, TUBE,02 ANGLE)
MAT. NO. - 1 ANGLE SECTICN
NSEG - 18 50.8
EM = 2 940E~04 7
LAG LENGTH = 2 90 L9J0E+ 00
EQCXC =-0.419 .804
LAG SEC.NO. = ¢
THICKNESE - £.250 21
N.R.IN U DIR= 2 20
N C.IN ¥ DGIR- 2 1
NUMP - 3z 2.00
RATIXO = J.CCGE+D0 .QUJE+09D
TCTA - 3.938 a
IMATER - Q L9J0E- 22
IR - 0 1.13CE+024
QRNEZE = 1.000E-C2 1
STRITTURE. .. .: EXAMPLZE 1: BUCKLING BEHAVIOR OF ANGLE-SECTION MEMBER TIME: 23-1317:38, DATE: 11/32/3¢
SOLUTISN. . .
ELEMENT 12. STABILITY ELEMENT
) MATL 5TART END LENGTH  ----------- ¥-AXIS -----c----- START DIST END DIST
ANGLE SEC. ELE, 1 1 1 2 3a.%0 €.G0000 I +1.06C30 J -0.2000¢ K GC.0000E+00 0.2000E~02
ZEZRO MASS MATRIX
PROPCRTICNAL CAMPING COIEZFICIENTS
ALPHA= 0.00000E+0D BETA= 0.030COE-CO
MEMCRY UTILIZATICON .. .......
. £C010, MIMe §.573%
¥--- ELAPSED CPU TIME 0.59 SEC ----*
*--- TOTAL CPU TIME ©.59 SEC ----~
EXAMPLE Ll: BUCKLING BEKAVIOR OF ANGLE-SECTICN MEMEBER TIME: Z22:37:38, DATE: 11/30/30
: INCREMEMTAL DISPLACEMENT CONTROL TIME: 23:37-39, DATE: 11/30/90
STATIC NONLINEAR SOLITION
wnamsasagen —an
INTERVAL FOR FRINTING DATA..........
INTERYAL FOR WRITING DATA TG PILE .....
UHBALANCED JOINT FORCES ARE NOT ADDEL TC THE NEXT JYCLE
DATA WRITTEN 7O FILES
CEGREE CF FRIEDOM 4 3 IS WRITTEN TO UNIT 4 11 JOIRT: 1 DIRECTION: FX
APPLIED JOINT LOADS
OAZ CAST 1 GOINT I 3SIRECTION' FX  [OCFIS; 3 MAGNITUDE  0.:z00CCO .. JOINT DISPLACEMENT...
STRUCTIRZ. .. .. EXAMPLE X EBUCKLING BEHAVICR CF ANGLE-SECTION MEMBER TIME: 23:37.18, DATE. 11/30/3¢
SOLUTICN ... INCREMEMTAL DISPLACEMENT CONTEOL TIME: 23:37.19, DATE: 11/30/%2

. LOADING & 2 MAXIMUM CISPLACEMENTS

GCS

PLACEMENTS

NOTE: MAXIMNM VALUES MAY NOT OCCUR SIMULTANEQUSLY
NDIE DX DY jor4 S 4 RY RZ

812708E-G2 0 GCOOCCE-QQ
LEL1Z7CEE-C2 2 000GOOE+DQ

kS

3 20G300 0. 00COTIE+DD 3 CJJGCOE+0D 3.CORIGDE-CD
2 3 2G02030E+C2 0.00C0D00E+DD A.000C00E-0D ¢ COOGGIEx0D

™
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STRUCTURE. . ... TP~ BUCKLING BEHAVIOR OF ANGLE:SECTICN MEMBER TIME 23.17:3§. DATE:
SOLUTION. INCREMEMTAL DISPLACEMENT CONTROL TIME. 23.37.3%, DATE:
. LOADING 8 o MAXIMUM REACTIONS
MAXIMUM GCS RESTRAINT REACTICNS MOTE. MAXIMUM VALUES MAY KOT OCCUR SIMULTANEGUSLY
NODE X a4 FzZ MX MY MZ
i 3 5900746F-72 2.9973464E-12 7 9SETIILE-0Z  O.090C0IDCE+DC 20 99620
2z -3.3283CA7E-I2 T.7T769510F-12 7 9SETILCE-02 0.030000CE+AL -10.99620
MAX OF ALL-t v oo o oo e e
GCS SUMM 9.30%G86LE 12 -9.1151838E-:0 (0.€674297E-11 0 1599742 -2.15.8136%5-0% -0.2066221E-09
MAXIMUM RESULTANT OF REACTICNS.  FORCE= 1.3315E-11  MOMENT= 0.1600
STRUCTURE. ..: EXAMPLE 1: BUCKLING BEHAVIOR OF ANGLE-SECTICN MEMEER TIME: 21:37.18. DATE:
SOLUTION. . INCREMEMTAL DISPLACEMENT CCNTROL TIME. 21:}7 19, DATZ:
. LGADING @ PEAX ELEMENT FORCES
TOLUMN | LCAD. REFRESENTS THE DOF WHICH HAS MAXIMUM VALUE
STABILITY ELIMENT PORCES..
MAXIMUM VALUES FOR AZL STEP3  NCTE; MAXIMUM VALUES WITH THE OTHER DOFS FORCES ARE PRINT OUT AT THE SAME TIME
ELEMZNT LCAD KGCE AXIIL FY FZ TORSION MY HZ
1 1 PORCE 1 ©1.406562F-12  1.473957E-12  4.938580E-03 -L.4442122-14 4.57195
TCRCE 2 -3 72358352E-1Z 1.94704d4E-12 4.8183¢6E-03 T.327472E-15 <4.5718%
1 2 TFCORCE 1 13.3752 -E.590C07%E-12 2.997346E-12 7.59871E-32 -1.7H5605%-14 10.9962
FORCE 2 -13.07s8:2 -5 9ZEJO%E-12 }.%7635.E-12 7.598711E-02 1.342222F8-14 -10.5962
1 12 FCRCE 1 23,075z -5.59C074F-12 2.897346E-12 T.99871.E-02 -1.78EKD5E- 14 10.9962
FORCE 2 131.975: ©5.92830%E-12  3.77695:E-12  7.%9871.E-02  1.0422228-14  +10.9962
1 ¢ FORCE 4 13.975: +5.39C07SE-12  2.897146E-12  7.%99711E-0Z -..7856Q5Z2-14 16.9962
FORCE Z -13.975% -§.928305E-12  3,776331E-12  7.8987LLE-92 1 042222E-14  -10,9962
1 5 FORCEZ T 13.975: -5.38C075F-12 2.897346E-12 7.%£9971.F-22 1.78%6952-14 1C.59962
FORCE 2 -13.0752 -5.928305B-12 3.776351E-12 7.59871.E-32 L.04Z222E-14 -10.5962
1 g TFORCE L 13,0782 -5.59C075E 12 2.B97146E-12 7 99871:E-02 -L.78898058-14 180.99%62
FORCE 2 -13.07s: -5.928305E-12  3.778351E-12  7.99871:E-02  1.0422223-14  -10G.9962
1 7 FORCE : 18.6123 ©1.4C6561E-12  1.47T3807TE-12  4.8185€EE-D) -:1.¢44212E-14 4.57195
FORCE 2 -18.812% ©1.72I631E-12  1.547044E-12 4. BIBSEEE-0}  T.327672E-15  -4.5719%
1 8 FORCE H 13.975: -5.59C075E-12  2.897346E-12  7.998711E-02 -1.738603E-1d 10.9962
FIRCE z  +13.075%2 +§,928305E-12  3.7T6951E-12  7.9987LLIE-02  1.042222E-14 10.9982
1 3 FORCE 4 13.075% ©5.59C075E-12  2.B$7346E-12  7.998711E-02 -1.785603E-14 9862
FORCE 2 -13.075: +5.928305E-12  3.776%31E-12  7.398711E-02  1.042222E-14 9962
L 10 FORCE z 13.075z -5.5%C075E-12 2.897346R-12 7.998711E-02 -1.785603E-14 10.9962
FORCE Z -13.975%2 -5.928305E-12 3.776%51E-12 7.998711E-02 1.042222F-14 -10.9962
1 11 FORCE z 13.075¢ -5.59C275E- 12 2 .B97346F-12 7.998711E-402 -1.785605E-14 10.5952
FSRCE H 13.0752 +5,928305E-12  3.778851E-12 7 998711E-02  1.G422322E-14  -10.9982
1 12 FORCE B 13,078: ~5.59C075E-22  2.8971346E-12  7.99871LE-02 -1.785505E-14 10.5982
FORCE 2 -13.075: -5.928305E-22  3.776351E-12  7.998711E-02  1.042222E-14  +1i0,9962
STRUCTTRE EXAMPLE 1- BUCYLING BEHAVICR OF ANGLE-SECTION MEMBER = 23:37:38, DATE:
SOLUTION. . INCREMEMTAL ZCISFLACEMENT 2CNTRCL 23.37:3%, DATE:
LOADING & c PEAK OUCTILITIES AND EXCURSION RATIC'S
STRUCTIRE : EXAMPLE 1: BUCKLING BEHAVICR OF ANGLE-SECTION MEMBER TIME 23-37:33, DATE:
SCOLUTION. INCREMEMTAL JISPLACEMENT CONTROL TIME. 23.37:39, DATE:
. LOADING & c CAMAGE INTEX
STRICTURE SAMAGE INDEX- 2.,960008+030
- MEMCRY JTIZIZATION .......... peeew
. Iz §0235, MEM= 8.605% P
- ZLAPSED TPU TIME
- TOTARL CFC TIME 102 24 SEC
STRUCTLRE. . . .: EXAMPLE 1: BUCKLING BEHAVICR JF ANGLE-SZCTION MEMECZR TIME: £3:137:38, DATE:-
SOLUTION. . TINCRZMEMTAL CISPLACBMENT CONTRGL TIME: 23:37:39, LAT
JEGREE OF FREEDCM # 3 IS READ FROM UNIT ¥ 1l JOINT % 1, CIRECTIGN: FX
STEP TIME LOAD DISPLACEMENT YELOCITY ACCELFRATICN
o C.JGO0DE+00 0.0G000E+{0 4. COBCCE-CC D GCICGOE+CO 9 032C0E+CGD
1 G.300CDE+0Q 0.57476 2.CO00CGE-C2 0.GC2G0E+CO 0 00JGOE+GD
z C.000COE-00 1.1430 4.00000E-023 0 CCIO0E+00 0 CJD0QE~ED
3 o J00GOE~00 1.7047 € QC000E-03 0.CCO00E00 9.CII00E~H0
i C.00TCOE0¢ 2 2599 8. GOOCUE 2] 0.CCO00E»00 & CIITOE~H0
g C.J00COE=Q¢ 2.808% L 0.CCOICECY &.CHIECE+D0
8 £.3090C0E=2C 1.25¢8 L. 0 CCOACE+00 O CHCOCE~GO
7 V. I03C0E-GC 3.3965 L 0.CCHICE-00 6.COOCCE+00
B8 C 53COE-3C ¢ 41538 1 0.0CO2CE~00 ©.COOGCE+GD
3 £.208C0E~0T ¢.33a8 I 0.CCHACE-00 5.2003CE+H0
a C J03COE+OC 5.4553 z. 0.CCOICE-CQ O.COOBCE+DC
21 . JUOCOE+IC 5.9655 2 2CJ00E-02 0.CCOACE+TD 0.CCDJICE+DQ
2 O _200C0E+CC 6.4693 2 40dD0E-G2 0.CCOSGE»TQ G.CCOTCE+QC
pixs C.J0CCOE+0C 6.966%9 2 6COGDE-C2 9.CCOOCE+DQ 0.C0o00CE+D0
S €. 900C0E0C 3.4582 2 E0JCQE-02 G.CCOSCE-00 0.COCUCE-DC
5 0 200COE-AC 7.9432 3 GOJ0CE-03 0.CCOACE+00 0.C0CICE-0C
% £.900C0E+0C g.4222 3 20900E:02 0.CCOOCE00 0.CO0GCE-OC
7 £.30900E+3C 8.8947 3.40000E-02 0.CCOOCE+D0 0 C03GCE+GO
] £.20CC0E+AOC 3.3612 3 60J0CGE-Gz Q.COJCE+AC 0.COGICE+DG
pe: ) 303GCE+AC 3.821% 5 oJJ9CE-C2 3 CCOSCE=+nQ 0.COCYCE+DQ
20 00230QE+aG 13 275 4 UCICCE-0OZ Q.CCO03CE-as 0.CO0GICE+DC
2t 003C0CE«aC 12 725 & 20J0CE-02 Q.CCe2CE+OC 0.0003GE+OC
22 LODI0CE 20 11 167 4 4CJ00E-02 2. 0CORCE-IC 0.C0COLE-OC
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23 J.30IC0E+DC 11 6C4 1 5D3CCE-C2 3 QOOCQE-CD J QUI0VE-COQ
24 Q.0€COdE-CO 12.234 4.83C302-92 &.30C0O0E+00 9.20CG00E«00
25 ¢.0GC00E-C0 12.459 £.03CO0E- G2 G.233COJE+D0 9.30G03E+0D
26 0.0CGOIE-C0 12.473 5.23¢002-02 #.30C00E+D 5.20G022-09
27 0.3CCOQE-LO 11.292 5.402¢002-22 E.33GO3E«QD 9.J30G03E+00
28 0.0CCORE~LO 11.899% &€.63CD0E-22 2GOJE+GD 0.J0GOGE+DD
29 0 QCCOOE~-CO 14.191 S B80CO0E-22 LJQ0Q0E+D0 0.20C03E+0D
33 7 0CCQIET-CO 14.493 £.00G00E-02 OGO LE«D0 0.2CGODE+0QD
31 9.0CCOQZ-C0 14.889 § 20000E-22 2.20CQC0E-00 0.J0000E«00Q
2 Q.0CCQIE-CO 15,274 £.40C00E-22 .00C00E-00 Q.00000E-00
33 0.3£C002-C0 15.853 §.5%C002-02 .O0C00E«00 0.00C00E-0D
34 0.0£C00E 16.9023 6 -20C00E+00 G.00G00E-00
33 0 16 .386 7. .Q0C00E«00 C.20%00E+0D
e c 16.725 7. J0CODE+QD G.J0G00E-0D
7 0.0 7.355 7.40C002-32 JCONE+D0 0.JGQQQE~0D
EL Q.0¢c00z-C0 7.356 7.513C002-32 G.3JCOJE«DC 0.3CGCO2E~0D
35 0.NGCO2E-CO T.528 7.80C032-02 T JO0CODE+DD 0.29G00E~00
40 0.J .7.B79 6.006002-92 C.30CODE+DD 0.9GR00E~00Q
41 Q. 18.389 8.20C002-32 G.33CO0E+00 ¢.26GO2E~QD
42 Q. LE.257 5.49C0 £ .30C00E+D0 0.36GO3E+0D
13 o] Lg.411 8.53C0 €.33C00E+D0 G.JGGOCE+DD
44 0.G0GINE+0QD 1B.514 8.33C] £.30C0GE+D0 0.JCGOOE+DD
435 Q. QCCO0E~LD 18,375 9.00C2 ¢.30C03E+30 0.30GO3E+0D
1€ 2. 00C0E~CD 18.513 9.20C2 & 0O3COOE+D0 0.J0GO3E+02
47 ¢ GCO0E-CO LB.ED8 9.43C2 & .30C00E+D0 0.30GOJE«DD
49 2.0CCORE-CO 18,3553 9.39C0 £.3936025+00 0.J0GO2E+03
49 Q.0CCO0E-SY 18.31¢ 9.80C02E-22 7 35C00E+00 0.30G03E-00
5% 7.CG0CI0E-0D L6.432 C. 10822 G.32C00RE+D0 0.J0¢00E+0D
51 2.00C20E-02 18.32 €.10232 G.J0CO0E+D0 0.JCCOJE~CD
92 3 QCCICE+QY 16.235 €. 10400 SOCO0E«00 0. J0G00E«0QD
53 2 GOCIDE-02 le.2%s C.10639 QCOOE+D0 0.00000E~00
54 9.COCIOE-03 7 %3G €.10809 JCO0E+DD 0.300002+09
53 5.CCCSOE-03 7.778 €.11890 QCOLE«0Q 0.06G00E-00
56 5.COO03GE+QD 7 .€36 €.11229 CGOQE+DO 0.00G00E«00
37 2 COO20E-0Z 17.479 G.11432 €.30C0NZ+00 0.30GO3E+DD
53 2.COC2DE+QD 17.3351 €.1163D C.20C0EE+D0 0.3GGOBE+QD
59 2.COQ3NE+Q2 17 172 C.11832 £.COC00E+DD 5.J0GOSE+DD
] J COOQJGE+QD 7.2 G.12G32 3. 32G00E+DD 0.30002E+0D
51 3 CUQIUE«DY 16.37% C.1a232 9CODE+D0 0.30GOOE+0D
&2 2. COQT0E-00 16.722 €.12423 9CI2E+I0 0.00COJE~QD
53 2 COQJICE~0 15 37¢ T.12603 GCOUE«00 0.00000E+00
&4 7 CCCINE-QD 16.136 <.1280 Q.00C00E«D0 0.J0¢00E-00
55 5 COOJGE+DD 1£.295 €. 1323 G.20CO0E+00 0.0GCGO0E-0QD
56 9 COCORE+DD 16 LE4 €.13239 8. 35C05E+J0 0.20G03E«0D
[ 3 COGJDE-02 16235 <.13433 £.30C00E+00 0.20QQ00E~0)
55 9.COCIDE-DD 15.536 C. 13622 ¢.30C0DE+DO 0.3GGQJE~0D
59 9 COGIORE+QD 1£.773 G.13BJ0 5 .30CO0E+DD 0.300022+00
] G.C0000E+0QD LE.ESS C.14C30 .30C00E+D0 0.30G02E+Q9
31 O COCORE-02 15.537 C.l4200 G.33G02E+D0D 3.300032+00
72 O CCCORE-CD 18.427 C. 14420 G.30CGODE+00 0.00GGOE+02
73 3 GCCOOE~LY 1£.312 C.14600 3.J0C00E-00 0.99003E-00
74 0.C0CO0E-CD 18.2%4 €.14802 ©.J0000E-00 0.0000QE-00
75 Q.00C00E-LD 15.13¢0 €.15¢00 ©.30000E«00 0.20003E-00
€ 0.0CCO0E-CD L1g.%¢%9 ¢.15200 ©.00C00E-00 0.29003E-00
i 0.0CCODE-CO 13.886 C.313430 G.20C00E+Q0 0.2006032-00
78 J.0CCODE-CD 14.756 C. 13600 0.30C00E+0D 0.000032~00
79 0.G9G00E+CD 14.599 C.158D00 G.30C00E+D0 0.0000232-09
30 7.C0Q30E+Q0D l4.835 C.lecopo COJE+00 0.00GCOZ-09
381 9.0G0G2I0E+DD 14.512 G.1l6200 E.3JCO0E+D0 3.0000%2+00
82 0 GOQJRE+0D l4.422 C.le400 2.33C0JE+D0 0.000632-09
K] J.COGIRE+QD 14.332 C.1€E600 G.30G02E+D0 3.000022-02
24 0 COQUCE+0Q 14.247 C.16800 G.30000E+00 3.000032-03
85 0.00CIDE-QD 13.163 c.17c00 0.32000E«00 Q.000C2E-02
13 Q0 COQIDE-Q0 14,280 c.17200 0.32000E-00 7.000CIE-QD
87 0. CCCIVE-D0D 14.2020 C.17400 0.J3000E+00 9.000€02-02
88 9. CCLIVE-CO 13,821 G¢. 17600 0.3J000E-0C 9,000002-0D
89 B.00CODE~CD 12.841 £.17800 0.320Q0E-Q0 G.000C0Z~CD
20 nN.QOCGOE~CO 12.75¢ ¢. 18800 0.226Q0E-02 0.000CIE-CD
51 0.GCCODE-LCO 13.680 $.18200 0.20092E-90 0.000C22-CD
52 0.0CCONE-CO 13.615 C. 19400 0.22000E+00 2.000C02~-C)
23 Q0.36C0IE-00 13.542 €.19600 3.0D003E~00 3.030COE~CD
%4 0.4¢CGOE-CO 11.470 G. 18800 5.93000E~9Q2 4.030C0Z-00
S5 0.0CC0DZ+CO 13.401 ¢.1€¢00 0.000C3E~CD 2.031C0E~CD
SE 0.0CCOAE-CO 13.334 6.15200 0.900C0E-09 3.030COE-CD
a7 0.0GCO2=2-C0 12,287 0.154900 0.000ADE-CD 3 003COE-CD
-] 0.9GCO0E-GO 13.202 0.192600 9.000GC0E-QD 2.039GOE~CD
99 0.0CCCOE-CO 13.138 €.196900Q 0.00CCOE-0D 3.00900E+GD
100 0.0GCO0E-CO 13.97% ©.23000 0.000CDE-GD 3.009C0E+GD

-+ - MEMCRY UTILIZATION e et
--- II= 60215, MIMe B.5035% .-

FSED CFU TIME 0.14 SET -
AL CPL TIME 132.18 SECT -

122



“u
L

o
L

AX1AL FORCE(kips)

<) — — — —

Q.1
AXIAL DEFORMATION (in)

Figure 35. Axial Load-Axial Deformation 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 atl members. Each member is
divided into 16 segments and the initial inperfection is not considered in the calculation. Four
joints are used to define 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/P, = 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 P
- Q
2 3
L = 540"
D= 24"
L L
t = 0.75"
X P,=1972 kips
1 4
T Y F s
GCS

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 IN2UT DATA

LINE  ...f...19....0...29 .1 ..38.... ...4€.. 1. 5D T TN 1 PR U 1
1: 'STRUCTURZ DEFINITICN'
2 . ONE-STGRY BUILDING °
3 4 1400 1. NNODE, NCOS , NSUPT,HZCHD,NCONST  SCALE
4 1 ©0.00 9.00 ea tc
5 I 340 0.6 oI ¢
€ 3 54 540 o -t
7. L J Cco 540 ac 1 ¢
a 106 C L @ DIRECTICN CGSINE
2. 1 1121311 02
20: 2 col:i1o  ©2
3 1119 €2
4 riii11 co
13 3 MMAT
14: 'STABILITY MATHL' 15 36 280CC 2 I1.6
15: 309000 3. 294215 1120630
16: 'STABILITY MATA2' 1§ 36 28000 2 11.6
17 £0830033. 004245 L 190910
18 'STABILITY MAT$3' 16 3& 23300 2 1: ¢
18 €5 0007W. £04zé5 11 0.3103
25: 3 0 € .FALSE. iXG: AXL. FURM,
21: 1 MELEM
Z2: "£TABILITY' 'TUBE MPMBER . ' 1 1 2 a5 130 9
23: 'STABIZITY' 'TUBE MEMBER z ' 2z 2 3 20 1290 2
24+ 'STABILITY' 'TJUBE MEMBER 3 ' 7 4 2 10 loc 2
25: G 0 FALSE | MASS
%: ¢ C ! DAMP
27: 'SOLCL SOLUTION'
28: 'APPLY AXIAL LCAD AT JOINT 2 AND JOINT 3
29: 1. . KLOAD MAXELD
33 1 'z 3 ¢ 'FX' -788.5%5 !JOINT LOAD FCR P/PY-0.4
31 1 3 3 © 'FX' -7EB.535 iSCINT LOAJ ECE P/PY=0.4
32 5 9 3 € 'END' D
33: 0 9 € 2 ‘END' R b oL
3¢: ‘50L04 SOLUTION'
35: ' INCREMEMTAL DISPLACEMFNT CONTROL AT JOIKT 3!
36: 1 5000€ 2 FALSE. MAKELD IPRINT IWRITE UNBAL
7: CJOINT FY' 3 1l 9 2
38; C'END T2 130 6 2
I$: 1 3 G 0 'FY 20
40: 3 © § 0 'IND* O {COINT LOAD
4l: 2 G 9 0 'END® 'FY' C O | ELEMENT LOAD
42 'LISP. FROM O TO -2 1 © 0 208
45 ‘END OF CISP. CONTROZ a3 0 3
44 'READ UNIT=1l'
45 'STCP'
3. Output
STRUCTURE. . .: SNl : CNE-STCRY EGILDING TIME: 23:41:C%, DATE: 11/30/9%0
SCLUTICN ....
*++ PROGRAM FEM rv+ DCUBLE PRECISICN VERSICN
NCDE CCORDINATES AND DEGREES OF FREEDOM
TOTAL ¥UMBER CF DEGREES OF FREEDCM.... ... . 24
YUMBER OF DEGREES OF FREEDOM CONDEHSED OUT.. ... 0
NUMBER OF FREE DECREZS OF FREEDOM. .... ...... . 5
NUMBER OF RESTRAINED DEGREES OF FREEDCM........ 13
NCDE COSE  X-COORD ¥-COCRD 2+ COORD Fr FY FT MX My Mz
L L 3.G00D0E+00 O COGYOE+00  0.500COE+0D 62 7R 3-R a-R  10-R  I1-R
z 1 540.00 0.COOD0E+DO  C.0NCGOE+CO 1 2 12k 13-R 1a-R 3
3 1 540.00 540 20 6.030C0E+C0 4 5.2 15-R  17-R 18R 5
a 1 £.90C0E-GO 546 00 0.00000E-00  19-R  20-R  21-®  22-8  Z3-R  Z4-R

KCTE. R - RESTRAINED C2GHEE OF FREEDOM
T - CONSTRAINED DEGREE OF FREEDOM
DIRECTION COSINES

co5¢ Iy VX: 1.0000¢ I -0.30€00 J »2 CCOOC K VY 0.C30C0 I ~1.200C2 & +»2.032C0 K VZ: ©.23009 I +D.CIJ0C J +1.0000] K
E....: EXAMPLE 2: ONE-STCRY TUILDING TIME; 231:41:08, DATE: 11/30/5%C

STABILITY ELEMENT PARAMETERS (BOX.TLUBE,OR ANGLE)

MAT. NC -

NZI3 - s - 3 <

EM - ~IBHW - Z
RASICS - DInMY VAR, = 0,JJCE-JC
ECTXC - 2CCY0 = 0.J30E+JG
1/4.5ET.NC. =~ DUMMY VAR - 10
THICKNESS - IEV1 - )
IREV2 - IRIV3 - :
IREV4 - IECOF -

HUMP - SMALL -

RATIXD - RATIYO =

ToTA . =

IMATER - -

IR - 9 -

QRNE = I.304E-0Q2 - -
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2 TUBE SECTICN
16

NSEG - s = 25,0
EM ~ 2.9CJ0E-~0a LIBN - 2
RAapIUS - 1il.8 SUMMY VAR. =~ 0.32CE+5C
ECCXo = 0.0098+c0 ZCCY2 = ¢ 98CE~DC
1/4 SEC.NQ. = 13 DUMMY WAR. = pi3
THICKNESS = £.750 IREV] - o]
IREV2 - J IREV] - o]
IREV4 - 3 IECCP - 2
NUMP - 40 SMALL *= 0.0
RATIXZ = 0.0QQE-00 RATIYO = 3 00DE+D0
TCTA = 425, TAUTO - 1
IMATER - 1 RATIC2 » 2.J0JCE-D2
IR - q G = L.39CE«04
DRNEE = 1,0038-C2 ISTIF - 1
MAT. NOQ = 3 TJBE SECTION
NSES - 1€ ¥s = 36,2
EM = 2.5QCE-D4 LIBN - 2
RADIU3 - 1l % COMMY VAR. = J.0G0E-00
2CCXD - 3 CGEE-2C ECCYD = 3.000E+JD
./4.832C.NC. = -c JUMMY VAR, - 1c
THICKNESS = 3.753 IREV] - [
IREV2 - o] ZREV3 = c
IREY. - 2 I=LCP - Q
- 47 SMALL = 30.90
= £.00CE~30 RaTIYC = 0.CCOZ+6T
= 4q:5, IATS0 - 1
- ) RATIOZ = 3.000E-02
IR - < G = L.3Q00E=J4
QRXEE = 1.0022-02 ISTIF - .
STRCCTURE. . . : EXAMPLE 2: CNE-3TORY 2UILDING TIME: 23:41:03, DATE: 11/30/%0
SCLITION. . ot
ELEMENT 12, STABILITY ELEMENT
k] HMATL START END LENGTH - ---------- Y-AXIS - - ETART DIST IND DIST
TUBE HMEMBER 1 H L 1 2 543 C ¢.A3C00 T «92.00003 & +1.029CC0 X 9.C30CGE+00 0.0J0CE+0C
TUBE MEMBER 2 2 2 2 3 542 0 C.90C3¥0 I «0.00000 J +1.00CC2 X @.Q0C0E~CO C.0000E+0C
TUBE MEMBER 3 3 3 4 k) 840 0 C.00000 I «0.0CC0Q J ~1.20C02 K ¢.COCCE-CO C.QOCOE~CO
ZZR0 MASS MATRIX
PROPCRTTONAL DAMPING COIEFICIZNTS
ALFHA= 0.0COGOE+CO BETA= ©.0C0OC0E+0Q
MEMORY UTILIZATICH .. . ..... -
- IZ= 152898, MIMe21.643% -
ZLAPSED CFU TIME
TOTAL CPU TIME
STRUCTURE. . + EXAMPLE 2: CNE-STCRY 3UILDIKG TIME: 23:41:09, DATE: 11/10/90
SCLUTION. .. ¢ APPLY AXIAL LOAS AT CCINT 2 AND COQINT 3 TIME: 23:41:12, DATE: 11/30/90
SOLUTION k1, STATIC - ELASTIC ANALYSIS
NUMBZR OF LOAD CASES .... ....... 1
APPLIES JOINT LOADS
LCAD CASE. 1 JOINT: 2 DIRECTICN- FX DOF (5) 1 MAGKITUGE: -788.853
LOAD TASE: 1 JOINT: 1 DIR=CTICN: FX JOF (3) 4 MAGNITUC2: -788 852
STRUCTURE . .: EXAMPLE 2: CNE-STORY BUILDING TIME: 23:41:99. DATE: 11/20/90
SCLUTION.... : APPLY AXIAL LOAD AT JOINT 2 AND JOINT 3 TIME: 23:41:12, CATE: 11/10/9¢
GC5 JISPLACEMENWTS. LOACDTINS # 1
NODZ X foa 4 oz RX RY RZ
- 0.30¢0002+C0 0.00GD3IE+37 2.CO90L0E-0D 3.C02JC0Z-CO 3 GO3CCOE+GD 0 CCOOCCE-0Q
2 -0.268714 3.976333E-16 3 .000009E+0D 2 Chade 3. COJGLOE+CO 5 333907E-16
1 -0 268714 0.000300E+00 J.009C03E+0D 7.C006632-09 2 COCCCRE+CO -5 613214E-15
4 D JCOJJ0VE+0DT 0 GGOICOE+DD 9.00GCO0E+GD 2 0JCGODE-0I 3.C03CCIT+GI J.002CGOE+DQ
STRICTURE. .. EXAMPLE 2: GNE-STCRY BUILDING TIME: 23:41:09, DATE: 11/20/99
SOLJTZION.....: APPLY AXIAL LOAD AT JOINT 2 AND COINT 2 TIME: 23:41:12, DATZ: 11/20/%0
GI5S RESTRAINT REACTICNS, LOADING o 1
HCZE FX FY FZ MY MY MZ
M 1.2673243E-4kz D 02900222+21 9 CGAICOTZ+30 D J0JCGCCIE«DD 2 (9827472-10
2 .GO0J00CE~ACG JD.0D3402DE+D} A C00JCIDZ+20 ). G0ICCOIE+0D O CGCIOAGIE+CY
3 4545346E-14  2.008L030E+0d 9 S30C0ICE+SC  0.CO0SCCCIE+Dd O 0O0J00C02E+0)
4 2311372%E-12 1 ag Er00C 0.COCCODCE<IC  0D.COICCI0E-IQ -2 2173%25E-19
SUMMATION 15877 ~¢o -3,78148925-25 G, 20G0UGCE+CC C.QOCGOQQE+D0 0,09GQ00CE«DC -42597%.¢
STRUCTURE. ... EXAMPLE 2: ONE-STORY BUILDING TIME: 23:41:0%, DATEZ: 11/3C/90
SOLUTICN. . .: APPLY AXIAL LOAD AT JOINT 2 AND JQINT 3 TIME: 23:41:12, DATE: 11/130/90
STABILITY ELEMENT FCRCES...
E_EMENT LOAD NODE AXIAL Y FZ TCRSICH MY Mz FLP,SF
1 1 3ISPL L 4.00CHT0E+D3 ) 0O3CQ0E+0D 0 COQUGIE+0T 2.500CCOE+LD 9 QCQUCCE-CC G.0QQUUQE-D0
ZIspL 2 -0.268714 D QOOCO0E«00 -3,976283E-1€ 0. C0ICCRELCD 5.333907E-16 €.DCCO0CE+03 Q. 0DOCE+D0
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1 1 FORCE L 788.550 0.36003GE~30 L 1€7324E-1%  C.OCCODDE-00  2.0989275E-10 J.0COOUCE-00
FCRCE 2 -733 832 0 GOOJGOE+CA  1.167324F-12  0.2CO3OCE+38  4.2395276E-19 O COODOOE~CO &, GQOE-CD
z L DISFL 2 3.9763832-18  ¢.0CCI0CE+0C  -0.268714 G.3GOJICE+3CG  5.3333572-16  0.00GDACE+ID
DISPL 3 Q.200C00E-Q¢  ¢.0GCUOCE~GC  -C.268714 C.JG0300E+3G  -5.513314E-16  0.DCGDOCE+I0  0.300E+0C
Z 1 FORCP 2 1.187224E-12 C.QGCOOCE~DC 6.528748E 12 C.20CJ00E+20  -4.205755E-10 $.0CGUGCE+D0
FORCE ] -1.187323E-12 G.OCCUOCE-QC T.853742E- 12 C.00C000E+D0 4.431965E- 10 C.QCO0Q0CGE+00 0. QNCE+3G
3 1 DISFL 4 3.0CICCEGD 9.20QC0E-I0 O 09CCITEIT ¢ GOCO0JE-0D 2.000000E-0C £.000Co0E-00
DISFL 30 -3 268714 0.200CGE30 Q Q0CCOOE-20 0. 00CO0DE~00 -5,513314E-16 £.000C00E+00 Q. 02CE+D0
E) L FCRCE 4 78E.850 G.000CODE-0D 1 23.6874E-12 0.Q00000E+C0 -2 217372E-1C 2.009C0OE~00
FCRTE 3 -78E. 850 3.000C00E+0L  -1.231874E-12 0. 00C000E~00  -4.434743E-LC 0.203C00E-00 C,00CE«DC
THE STATICS STRAIN ENERGY 2F SYSTEM = 212.9
. MEMORY OTZLIZATICN . . .
IZ= 153935, MEM421 BE2® -
- - ELAPSED CPU TIME 2.95 SEC -
- TOTAL TpYU TIME 4.398 SEC
STRUCTCRE ...: EXAMPLE 2: ONE-STORY BUILDING TIME: 22:41:0%, DATE: 1./32/9¢
SOLUTICH. . INIZREMEMTAL CISPLACEMENT CJONTROL AT JOINT 3 TIME: 23:41:15, DATE: 11/10/9¢
SOLUTION 24, STATIC NONLINEAR SOLUTION
INTERVAL FOR FRINTING DATA. .. ....5C03C
INTERYAL FOR WRITING DATA TO FILE. H
UNBALANCES JOINT FORCZS ARE NOT ACDED TO THE KEXT CYCLE
ZATA WRITTEN TO FILES
CEGEEE CF FREEDOM 4§ 15 IS WRITTEN 7O UNIT & 1o JOINT: ki DIRECTION: FY
AFFLIED JDINT LOADS
LCAD CASE: . JCINT. 3 DIRECTICN: FY  [GOF(S} 15 MAGNITUDE: -2C.0CCO .. .JOINT DISPLACEMENT...
STRUCTURE. . EXAMPLE 2: CNZ-STCRY BUTLIIRG TIME 23.41:99. DATE: L1/33/9¢C
SCLUTION. .. INCREMEMTAL DISFLACEMERT CCNTRCL AT JOINT 3 TIME. 23.4..15. TATE: 11/30/9¢
. LOADIMNG &k bl MAXIMUM DISPLACEMENTS
3CS DISPLATEMENTS
NCTE: MAXIMUM VALUES MAY NOT OCCUR SIMJILTANEQUSLY
NODE DX DY DZ RX RY RZ
L ©.CODGOCE<IC  2,000GOGE-CC  ¢.2JG00J0Z+2C  ©.026CO0E+D0  £.00C000E+0D  0.02G66202+00
2 +0.eE3312 -13.9871 3.290C00Z+00 0 G3GOODE+00  G.0JGOOOE~0D -1.171492E-02
1 -0.645647 -2C.300C 0.003CO0E+00 A C3G000E+03 0.0J0000Es00 -1.3049112-02
4 ©0.CCDOCCE+DZ  J.CCOOGCE+00  0.C00GDOE+00  3.GOGIGIZ+03  0.CI00002+00  3.000COOE+00
STRJCTURE. . EXAMFLE 2: CNE-STORY BUILDING TIME: 23:41-C%, DATE' 1171C/99
SOLIUTION. ... INCREMEMT AL DISPLACEMENT CONTROL AT JGINT 2 TIME: 23:41-15. DATE: 11/3C/92
. LOADING & 3 MAXIMUM REACTICKS
MAXIMUM GCT5 RESTRAINT REATTIONS NCTE: MAXIMUM VALUES MAY NOT OCCUR SIMULTAMEOUSLY
NOSE2 FX FY FZ MX MY MZ
1 H40.210€ 24.6G287 0.060000CCE-0G  0.3GD00COE-CO  0.0JC0Q0COE-CO 14145 98
i 0.000GCODE-CO  €.3JD0GJU0E+C{ 0.00GOOGCE-GG € .JCUQOCOE+CO G.J0000COE<CO  C.000300QE-0G
3 C.0000CO0E-CO -52.07221 C.ACCO0CLE-CC C.J0COO0CE+C0 €, J002J0Q0E+CQ0  C.20COQ0CE-00
4 78B 3674 27.%31100 C.O0CCROCCE-CC C.ODCCIOCE+CO  C.0002JC0E~DQ 14€15.91
MAX OF ALL - s v v mr i m e me ettt et e e NN rEaE Nt R A ve s R AT e m e e At AL E R T A e md o mm A
3CS SUMM. 1577.703 0.39475028-CE  C.JCGCOOGLE+Q0Q ¢ .08CCROCE+G0 C OOCOQUOE+GT  -425600.4
MAXIMUM RESULTANT CF REACTICNS, PURCE=  1578. MCMENT=  4.Z580E+CS
STRUCTURE EXAMPLE 2: ONE-STORY Bi ILDING TIME: 23:41.C9. DATE 11/3C/90
SGLUTICN. INCREMEMTAL DISPLACEMEMT CONTROL AT JGINT 2 TIME: 23:41.25. DATE 11730799
LCADING % 2 PEAK ELEMENT FORCES
COLOMN ! LCAD! IEPRESENTS THE DOF WHICH HAS MAXIMUM VALUE
STABILITY ELEMENT FORCES ..
MAXIMUM VALUES FCR ALL STEPS NOTE- MANIMUM VALUES WITH THE CTHER DOFS FORTES ARE PRINT OUT AT THE SAME TIME
ELEMENT LOAZ NODE AXIAL FY F2 TCRSICH MY MZ FL?, 3P
1 1 FORCE 1 842.211 0.000200E+00 ~16.38312 0.3C0A0CE-30 14146 0 J.C0D0COE+LC
FORCE Z -B40.211 €.GCCD0CE+0D 16.3832 0.36099CE~3C 13673 5 3.CUDOCOE+CQ
1 3 1 €29.882 £.8CCDIEE+IT -24 6029 G.3002008+96 12143.7 ¢, 0000COE-DC
2 -629.882 0.3GG0J0E+3G 24.6029 G.0000J0E+30 10965.2 ¢.00CJ0CE-0C
1 c 1 3aC.211 0.000C305+00 -15.1832 0. 00CQ00E+0D 141496.0 C.0CCODCE~DC
2 *34C.2.1 2.000C0CE~CD i5.3632 0.9Q00000E~0D 13473.5 C.OCOOQCE~IQ
1 < L 40,211 2.0QJC00E-0D ©16.2832 2.CIC0002E+00 4146.0 G JCG0020Z2+0D
2 -84¢.211 3 QJ2000E-0D 16.3832 2.C30C00E-0D 36713.5 C.JCGCI0Z+00D
: 9  FORCE M s29 as2 3 £020CIE-CD -24 €029 9.CD2CCOE+CD 12149.7 G.J00CODE+0D
FGRCE z 829.832 2 CODICOE-CO 24 .€329 J.COJCGCOE+CO 16965, C ©.J00COIE+0D
H 11 FORCE 1 843.211 0.COBICBE+CO -16.3532 3 0CJ0COE-CO 14146, 0 0, 009C00E-CC
FCRCE 2 840 211 0.¢00JCOE+CO 16.5822 0 0GJI0GUE-GQ 13671 § 0.009C00E-CO
P 1 FORCE 2 24.6C22 0.00GICOE+C0 41,0321 0 0CO00CE-00 -10965 0 2 0300COE~GO
FIRCE 3 -24.8C23 ¢.0CCOTQE-DC -41.0321 0.0COAOCE=DC 11191 3 J 02D0COE+GO
2 3 FIRCE Z 16 .3822 C.OCCOICE~DC 51 2626 0.0C093CE~D0 -13673.5 3 COOJCOE+GC
FORCE 2 15,5832 C.QCCOACE~DC *51 3636 €.0GOJICE+DC -14053 . ¢ 3.COO0OCOE+GC
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2 S FCRCE 2 16.3832 €.02CEI0E+TD 51 506 0.090023E+30 -13673.3 2.C000COE=00
FORCE 3 -15.3832 C.GCCIGUE+GO S£1.3508 9. 29093GE+ 36 -14055.9 0.030C00E~02
2 7 FORCE 2 24.6C2) 0.¢000C0E-CD 4..3321 0 SCI00CE-00 ©10985%. ¢ 0.000000E+03
FORCE 3 -24.8C29 0.CO0DCIE-CY -3..90321 0 0GITICE-G0 slaa21.1 ¢.0G0Co0E+00
z ¢ PORCE 2 16.23832 3 Q3J000E+0D 51,2608 J.002CCOE«CO -13671.5 ¢.000Q00E«00
FORCE 3 -16.13832 J.003C03E«0D ©31,269¢ 2.C00CCIECY Sl4059.2 ¢, DCO00GE~Q0
z 11 FQRCE 2 16 13822 3.000CA08~3Q 51 360¢ J.02C0Q0E=00 -13571.5 0.C00000E~0C
FCRCE 3 -16 1812 0.D0COICE+I0 -51 3606 C.00COOCE+SD -14259.% G.CODDCOE~00
3 1 FCRTE 4 768.320 C.JCLOUCE+D0 1 221874F-12 . Q0093CE+DIC -2.217372E-10  3.032009E-CO
FCRTE 3 -788.35C C.OCCODCE+D0 -1 .22L874E-12  0.70093CE+DC -4.424745E-10 3 000000E=-Q0
3 ) FGRCE 4 T47.081 9.0C00C0E-CO -27.5310 0.3C000CE-G0 12717 . ¢ T.000C0IE+00
FORCE 3 -745.061 0.00C2COE-CO 27.5310 0.0C300GE-00 11402.4 .000C002+00
3 5 FCORCE 4 T37T.48% 0.CO00CIE-D +22.9%832 3.0090GOE+L0 14617 .9 ¢.0C00002+00
FORCE k) 737 489 3 J9JGORE-QD 22.9832 J.CO%CCOE-CT 1a059 23 C¢.0CCO0CE+J0
3 7 FORCE 4 ~85.850 2.00240QE+00 1 231874E-12 0.COCCIE+00  -2.217372E-10 C.0CCOUCE«IC
FORCE 1 +733.830 2.900C008-20 1.23LE74E- 12 0.0000Q00E+09 -4.4347452 10 Q. 3CCOUCE+DC
3 9 FCRCE 4 747,261 0.00Q00CGE~DCQ 27 5310 0.00CO00E~ Q0 127.7.0 0 CQOZCOE~QQ
FCRZE 3 ST4T. 6L 0 Q0COOCE-OC 27.5310 C.I0CIICE~I0 114C2.4 2 COOO0CDE-GO
3 1. FORTE 4 737.48% C.GCCICAE~CD -22.0822 Q. 0C03CE-0C 14617.9 3.000000E~00
FORTZ 2 -737.489 0.3009G0E~CO 22.9822 0.3COOQCE-DO L4059.9 0. 000C¢0E00
STRUCTURE . .: EXAMPLE 2: ONE-STORY BUILGING TIME. 23-41:09, DATE: 11/30/80
SOLUTION.....: INCREMEMTAL SISPLACEMENT CGNTRGL AT JOINT 2 TIMZ: 23.41:15, DATE 11/30/9D
. LOALING = a PTAK DUCTILITIES AND EXCURS:ION RATIO'S
STRUCTURE. .. .- EXAMPLE 2. ONE-STCRY BUILLING TIME: 23:41:C9, DATE- 11/38/90
SCLUTICN .... [IXCREMEMIAL DISFLACEMENT CONTROL AT JCINT 3 TIME: 2%:4l:15, DATE: 11/20/9%0
. LOADING 4 3 DAMAGE INDZX
STRUCTJRE DAMAGE INDEX= G.000C0E-C0
- M
MEMORY UTILIZATICN .. .. .... - -
IZ= 153344, MEM=21 S05% ...
- ZLAPSZD CPU TIMZ  6§25.83 SEC - -
*--- TOTAL CF5 TIME €29.95 SEC -- .-+
STRUCTURE....: EXAMPLE 2: CNZ-5TCRY 3BUILDING TIME: 23:41:09, DATE: 11/30/90
SOLUTION. .. .: INCREMEMTAL DISPLACEMENT CONTROL AT JQINT 3 TIME: 23:41:15, DATE: 11/20/9¢
TEGREE CF FREEDM K 15 I5 READ FRCM UNIT # b JCINT 8 3, DIRETTION: FY
S5TEP TIMZ LOAD DISPLACEMENT VELOCITY ACCELERATICN
b] C.J0GCOE+CO £.454932-14 0.GOICCE-CO 7.00DCOE+CO 0.CDOCOE+CO
2 Q.006002-00 -1.5236 -0.23000 3.0D2COE-CO 3.09D08E+GD
1 0.9CC09E+C0 -3.c472 -0.43000 0.D02COE~CD 2.099C0E+CO
€ 0.QCCO2E-CO -4.5707 -0.89CC0 0.20000E-02 2.CO0C0E-CO
8 0.0CCO0E-Q0 -6.6941 -C.89CC0 0.23C0JE-C2 9.000C0E-02
19 2.C0CH0E-CR -7 6175 =1.3C00 0.20C000E-00Q 0.200008-02
12 3 SQUJI0E~0QD =% 1408 -1.2C30 ¢.00CO0ECQD 9.200Q002-00
14 0.C0030B-00 ~10.€64 *1.4€20 ¢.00CO0E+0D 0.30000E+00
16 J COOO0E~00 -12.187 -1.6000 C.00CI0E+20 G.2GC00E~Q0
15 9.COI0GE~0D -13.712 +1.8000 €.00Q20E-2¢C G 3CCODE+I0
20 2.0202CE«20 35.2M =2.0000 0.0COICE+I0 C.OCCO0E=J0
22 09.09909CEY2D -16.757 -2 2003 0.GCODGE+IC €.0COYCE+IC
24 0 20J0CE+D0 -18.280 -2.4905 0.CCOOCE+CC C.G000CE+D0
26 G.00000E+00 -19.803 -2 6060 0.CCOICE+DC ©.0800GE+3C
z8 0.000C0E+30 -Z1 326 -2.9900 0.GCROQE+00 0 COGIGE+0C
10 0. 300C0E+0C -22 849 0ace 0 0030CE+G0 0.C00ICE+20
12 G 200CCE+0C -24.372 20C¢ 2.000CCE+00 0.CO000E+00
34 £.360C0T+C0 -25.835 -31.49C¢C 2.002CCE00 2.CO000E+CO
36 €.0GE0dE-00 -27 417 -3.60C0 2.D00C0E=GD 2 QJ3GOE-CO
38 Q.0C000E~-CD ~23.240 -3.3000 0.000COE-QD J 0J0C0E-CO
490 0.00C00E~00 »30.4%3 -4.0000 ¢.92C02E-0Q J.000C0E-COQ
42 0.GOCDCE-CY -4.2000 T.23000E~00 0.000{0E-CD
44 2 Q00J0E-QD -4.4C00 C.22000E~0D 9.000€02~-02
46 9 CODICE+QD -4.6C00 ¢-00G00E+CD 9.000092-00
45 J COQIGE+0D -4.8C09 C.J0CO0E+0D 0.950G00E+00
30 9 COOGDGE+0D -5.0093 C.00C00E+0D 4.00GEOE+00
52 3 GIDICGE+I0 -3.2090 C.000202+20 4 3GCOJE+0Y
54 0.0020GE+20 -5.40280 G.000J02+30 0.3GCO0E+QD
56 1.00D0CGE+D0 -3 6029 £.000002+20 ©.9GCOCESD0
LY ] 0.02D0CE+20 -5.8000 €.000DCE*D0 $.9CGCROE~J0
(14 3. 02330CE+00 -6 .Co00 C.COOOGE~D0 C.OCCOO0E~JU
€2 0.0000CE+00Q -6 2200 Q. 0C¢03CE~OC C.0CCI0E-2C
64 0.0000QE-00 -6 4060 0.0COICE-0OC €.0CQ00E~2G
€5 G.0000CE-00 -6 300 0.CCOICE~0C £.0000CE~D2C
68 F.000C0C0E-20C 6.8%0¢ ¢.CCIJCE~GC 0.0000CE+30
70 G.00000E+20 *7.03CC 3 CCHGRE+GO 0.CO0JCE+DC
72 3.000C0E~00 3 COJQLE+GO 0.COQOCE+D0
7 ©.900COE+Q0 . 9 00JICGOE+GO 0.COCICE+0OC
78 C.0GO00E+DC . 3 C0OCOE+LC G.CODACE+00
73 C.0GGQ0Z+00 - 3 GO0JCDE+CO G.COROCE+00
30 0.0CCODZ+00 g 3.GDOCDE*CO 3 CODOCE+CO
az G.0CCO2E-CO -g. 3.CONGOE-CD 3 00D00E+CO
3a 0 0QGDOE+GD -8. 2.080CIE-O2 2.00200E+CO
86 7 COCIRE+-02 -8 3 JI002E-0Y 3.002C0E-CO
88 S COCORE-0D -8. G.JJC0IE0T 3. 0G0CIE-CO
kL J COOJUE«0T +2.40 9. 30C00E~00 G URICIT-CD
52 2 CO0UCE«QY =3.2¢20 &.A0C00E-0D 9.200C02-¢)
24 2 COO0O0E«0D -8.4832 FICOUE+0Y Q.
36 9. CI00CE DT -€.6¢30 C,COCRL200 G
38 3 CYDQCE-DD -§.8001 c. +96 G.
1ac 0.0390CE+JT <19 993 c. 26 2
inz 9.0309CE +20 -12 209 G.on 2¢ [
104 0.0920CE+00 -19.499 0.0C02CELIC C.0CCOOE+00
106 0.0000CE+00 -10.500 0.CCO0CEQC C.0CGO0E-D0
108 9.29900E+00 0.CC0ICE-QC C.00CI0E=Q
110 C.0006CEDC 0.CCOOCE-2C C.0CCICEXD0
112 ¢.J003C0E-DC D.CCOOCE-DC 2.00Q3CE¥J0
114 &.JGOCOE+DC 0 CLINCE-00 Q.0000CE+DC
118 ©.300C0EGE 0 CCOOCE+DT Q.0003GE+2C
118 C.30BCOE~GC 0.0COOCE*CO 0.0002CE+DC
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i2¢ 00GCOE«CC -51 391

<. C.02CO2E+DD 0.23C00E+00
122 0.&CCO0E~CO ~51.443 0. CCOICE+IG 0.0000CE+DC
123 0 GCCODE-CO -51.11¢ T.0000CE«00 C.0CCINE=IC
126 3.0CC00=-Cc0 -51.145 c. C.OCCIVE-ID
i28 C.3J00C0OE+00 -53 975 : 3.20C00E«00
130 G.J00COE+NC -53 798 JCO2E-0D g 99
132 0.000GAR+00 -S0 616 JCOJE+0D 0. 03
133 0 GDADCE+IO0 -c0.418 0.030CIE-0D 2. <o
136 J COCDCE+0D -3C.224 - 2.000C3E-CY 0.000C0E~CO
133 2.CO000E+@0 ©49.9457 7 0Q9CQE-CD 3 0DOCDE=CO
140 0.0CCOOE-GO -49.711 3 CTOCOE-CD 3 QOJCDE~CO
l&2 0.3CC00Z+C0 -49.442 -1 0 CCOGCE+CD 3 CIO00E+GO
Lad C.JCGO0Z+00 -49 163 -z 0.CCODCE+OD D CJ90CE+GO
145 C.J00COE+QOC -48 978 Q.CCOOCE+DS 0 CDQOCE-OC
148 .209CCE-0C -4 572 - ©.CGOIEE+IL 9.0000CE+9C
1s¢ o.,002CCE~T0 ~a8 z42 - C.00GIGE+IC G .G00DCE+D0
152 0,0920CE-30 ~47.925 - C.09Co0Z+06 C.0CCINE+D0
134 0 OJICCE~TD “47 596 - 3.29C00E+00 G.3CCODE+0D
136 9 COJCOE~JD -47.252 - 0.JJC00E«D2 % .2GCOOE~0QD
138 3 COOJDE-QD -16.400 - 3 FI0CIE~02 G.JCCOJE+QD
180 2.COCINE~DI ~4€.3435 2 J00CIE-0D 0.20C003E«Q0
162 0.0CCIDE~CD ©96. 150 J QQOCOE-CY ©.000032-C0
154 0.0QCC022-C0 -45.925 J QQDGOE~CO 2.099C0E-CO
186 €.0CC0IE-CO -45.459 2 COOGDE-G0 2.00J3G0E~CO
158 C.3C0GC3E~CO -45.064 C.CCOUCE»T0 J CIJICQE~00
b C.I50CIE+0C -4d 704 - Q.CLOJCE~TO 0.CDJCCETQ
72 C.J00COE+DC -ad d22 - Q.GCODCE+DO0 0 COOOCE+OC
T4 ©.000CAE+DC -43 94 €_G00DGE+DC 0, 0000CE+DC
17 3.3390CE+0C -43 S4B £.03CI0Ze3C C.00QICE+D0
178 0.00J0CE+I0 -431.150 0CO0Z+20 C.0CCIGE+D0
1&C 9 QQIICE-J0 -42.749 ©.20C00E+00 ¢.JCCBOE«0D
182 9 QJJ0CE+D S42.343 1.22002E+G0 C.JCCGIE+0D
134 2 COIVCE+20 -41.932 1.,J3002E+00 0.00000E+090
186 ) COO09GE=0D ©41.51%8 3.000G2E+00 0.000632-00
188 2 COQIUE-QD -42.0685 - 2.009C0E-CY 9.000C0E~CO
199 0.0CCO2E~CO -40.4666 -19.4¢C 3 0QJGOE-CO 2 0J0C0E-CO
92 0.0CC032~C0O -40.231 2.C00GOE-C0 J CIILOE~GO
34 c. 39,734 C.CCOOCE-DO Q COO00CE~GQ
195 C.- A2 155 Q.GCO0CE»TO 0,C00DCEXOC
198 C.JDOCOE+DC -18 312 -15.800 C.CCOICE~DC 0.300DCE+IC
2ce ©.D00GCE+DC -39 465 -20.000 C.000JGEDC C_.GO0D0E+IE

B e e el .

ORY UTILIZATION PR
153344, MEM=21.306%

ELAPSED CPU TIME
- TOTAL CRU TI

[

(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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Figure 37. Lateral Load-Displacement Relationship
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C. TWO-STORY TRUSS STRUCTURE

1. Description of Input Information
Figure 38 shows a twc-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 El Centro earthquake, E-W component, is calculated. The
east-west component of the El 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

ECHQ OF INPUT LATA

LINE i 0. A2 RO £+ TR 1o OO N % NS Y -1 1 I T 1 R I :11)
STRJC'ILTRE DEFINATICN®

2: 'TW3-5TORY TRUS5 STRUCTLRZ!

2: € 1 & 0 0 1 INNOD'E , NCOS, NSUPT, NCOND, NOCNST ~ SCALE
4. p 3 o J 0

5 re J 72 2 G

] 3 2 l44 0 L C

kN 4 72 0 0 1¢

8: 3 72 72 < i

I 8 72 s4q ¢ 19

L 100 ¢ 149 DIRECTION COSINE

1l: ) S U O s3] ! RESTRAINTS

12: & 111l [ ! RESTRAINTS

13: 2 2¢1111 11 | RESTRAINTS

14 5 901111 11 i RESTRAINTS

15 2  NMAT

16: °*Z2RACE MAT#1' Zz905C 9 1.8 3 2 Z0 0

17: 'BRACE MATH#2' 29020 7 1.39 3% 2 20904

pi:| 3 ¢ 9 .FALEE. PHGLOAD ... .

19 a | NELEM

20, 'BRACE' 'MEM. 1* 1 2 13 1 . 13¢ o4 Q

Z1: 'BRACE' "MEM, 2' 1 1 2 11 10¢ ] c

22: 'BRACE' 'MEM. 3 2 8 € 11 L0¢0 (<] [}

23: 'BRARCE' 'MEM. 4 2 4 5 11 109 Q2 [}

24: 'BRACE' ‘MEM. 5 103 & 11 210 (o] o

2%: 'BRAJE' 'MEM 3 1 2 5 11 a0 co ]

26: 'BRACE' 'MEM 7 2 2 6 11 301 90 3

27: '3RACE’ 'MEM. B' 2 1 5 11 101 G o 3

28: 2 1 .FALSE. ! MasSs

2 2 0 3 0.3 ¢.3 0902093 11 IC PX PY PZ
33 s o013 33 o3 Q2002903 11 I PX PY PZ

11 .L.306 0 00143 iTAMP
12: 'SOLY2  SOLUTICN'
13: 'STRUCTURAL RESPONSE DUE TO 1940 EL CENTRO E-W CCMPONENT’

J4: 'WILSCN' 1.4 FALSE. .TRUX. | INTEG THETA ELASTIZ UNBAL
3%: 1000C 30 2400 LFALSE. | IPRINT IWRITE MAXACC 3[MASS
36, 0 C.0901 10 386 t* TC DT TP GRav

7. 'ELE* 8 180 0 &
13 'JCINT FX' & 27 0 0 C
39. 'END' 0 2 0 Q0

40: 0 i ISPL

41: 8 9 C 'END* QOO0 C 2O

42: 1 1 9.01 2.01 .FALSE. INA ASCALE TO DT FRINT

43: 160 € L0 1 VI VXTI VXZ...

44: 15 245C 1 .TRUE. LFALSE. FALSE. | IN NPE IDIR FMT ECHC REWINT
451 'ACA)

€+ fgFa §°

47 'READ UNIT=.8"
48 'READ UNIT=27'
4% 'STCP'
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Figure 38. Two-Story Truss Structure
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Table 1. MATERIAL PROPERTILES OF STRUTS
Member A(in?) | E(ksl) | o (ksl) r (in) L (in) L/r P (kips)
Y max
Size
5%5x%0.5 9 29000 | 36 1.8 72 40 307.8
A%4%0.5 7 29000 | 36 1.39 72 51, 230.6
4x4%0.5 7 29000 | 36 1.39 101.82 73, 209.47




3. Output

STRUCTURE. . .: TWO-STORY TRUSS STRUCTURE TZMB: 13:4%:95, [DATE: 12/01/90
SCLUTICN. ... .
**+ FROGRAM FIM *e DOUBLE FRECISION VERSION

NODE TCOCRDINATES AND CEGREES OF FREEZDOM

TCTAL NUMBER OF GEGREES OF FREF2DOM. .. ... A i6
NUMBER CF DEGREES CF FREELCHM CONDEKSEDR CUT 2
NUMBER CF FRXZF DEGREES OF FREELCM.. ..... . a
NUMBER OF RESTRAINEZD DEGREES CF FREZDOM........ 23
NOLE COS# X-COCRD Y+ SOCRD Z-COCRD EX FY FZ MX MY MZ
1 1 3 CCOODESD0 3. 030C0EC0 J.£090CE-90 9-R 1€-R 11 -’ l2-R 13-R 14-R
F L 3.CCO0GE«JD T2 92c0 3.C000CE~20 Z 2 i5-2 15 -R 17 -8 18-R
3 L 2.0000CE~2¢ 144 o0 9 CILOCE-00 2 4 L3R 20-R 21-R 22-R
4 1 72 300 C.ID0CIE-CY 9 CICCOE-QD 23-R 24-R 25-R 28-R 7R 28-R
5 1 72.9090 T 00d ¢ QJIGCOE~CO 5 ] 2% R 33-R J1-R 32-R
§ 1 T2.000 124,82 ¢ QCLCOE-CD 7 8 33-R 34-R 33-R R
NCTE. R - RESTRAINED DEZREE OF FREEDOM
C - CGONSTRAINED DEGREE OF FREEDQM
JIRECTION TCSINES
[ele - I | YE: 1 Q000C I ~G.00C0U J +3 CGCOCC K VY: © 00CCC I +1.20CGCI J +9.000C0 X VZ: 0.00020 I -D.000CC J +1.0C000 K
STRUCTURE. TWO-STORY TRU3S STRUCTURE TIME: 13.49:03, JATE: 12/01/9C
SCLUTION. ... .
BRACE FYSTEZRESIS MODEL FARAMETERS
MAT . 2 A R & SHAPE MAX DUC BETA
1 29¢Co.0 9.0000¢ 1 sfGa0 35 0Co0 2.3602C 23.60ng0 0.400300
2 29060.C 7.30000 1.29020 16 0Gae 2.CC09C 20.0300 0.4009C0
STRUCTURE. ..: TWO:STCRY TRUSS STRUCTURE TIME: 13:49:25, DATE: 12/C1/90
SOLUTION.....
ZLEMENT 5§. ONE (LOCAL) COF STRUT ELEMENT
B MATL START END --TYPE--- LENGTH - «=v------- Y-REIS  vr-c----aaen START DIST ENT DIST
MEM. 1 1 1 rs 3 AXIAL 72.C0 1.0C003 I +C.08C00 JF -0.00003 X O ODOJE+0DD 0.0000E+00
MEM. 2 2 z 1 2 AXIAL 72 €2 1.20099 I -C.38600 F »C.00002 X O GR00E+Q0 0O GGR3E+GO
MEM 3 b 2 5 [ AXIAL 72.62 1.2C009 T -.09C30 J +0.20600 K C.QROQE+00  0.GOROE+30
MEM 4 4 2 4 5 AXIAL 72 02 1.0¢000 I -G.0G000 J +G.0CC00 K G.00CGE+Q0 O.CDOGE+0D
MEM. S E) 1 3 6 AXIAL 72,00 0.06002 I +«1.0G000 J «G.0C000 K Q.Q000E+C0 C.CODJE=0Q
MEM. ¢ & 1 2 5 AXIAL 72.00 0.9¢300 I «1.GG000 J «¢.0C000 K C.Q00CGE-CC 0.0J03E«09
MEM, 7 7 2 2 € AXIAL 191.3 2 00000 I «0.CCOO0C J ~1.00020 K C.QOCCE«GC ©.0J00E+02
MEM. 8 8 2 1 H AXIAL 121.8 3 0020C I +0 CCOOC J ~1.00000 K Q.00CCE-CC  G.OJ00EQQ
STRUCTURE... : TWC-STCRY TRUSS STRUCTURE TIME: 13:4%-¢5, DATE: 12/01/20
3OLYTICN. .. .:
LUMPED NODE MASSES
NGCE MX MY M2 IXX IYY 1zz IXY Yz Y2 IGEN INC
2 ©.2ceo J3.3c09 €.34ca 0.9CCOE+CD  {.06G22+0) O.CQ0J2E+CG3 © G3IJ0E+20 0.0230E+30 O CH00E+00 1 1
S @.2cco J 1300 ¢.3LCo C.3CL0E+CD  0.0003B+03 ©.{GOJE«CO O G3IJCE+30 D.009LE+30  3.0330E+00 1 1
THE MASS MATRIX IS NCT CCNDENSED WITH THE STRUCTURAL STIFFNESS MATRIX.
PROPCRTIONAL DEMPING COIEFICIENTS
ALPHA- 1.1C6 BETA= 1.43000E-32
- MEMORY UTILIZATION PN
- IZ= 1527, MEM= 0.213%
+- -+ ELAPSED CPU TIME .15 SEC
r--- TOTAL TPU TIME ¢.15 SEC -
P e m e trasaae e o -
STRUTTURE. .. .. TWO-S3TORY TRUSS STRUCTURE TIMZ2: 13:49-C5. DATE: 12/31/90
SCLUTICN ... .. STROCTURAL RESPCNSE JUE TO 1840 EL TENTRC E-W CCMPONENT TIM2: 13:49:65. DATE: 12/01/90

SOLGTION W2, WIL3ON THETA METHCD OF NUMERICAL INTEGRATIOH

THETA. ... ... .. .« o0t viunnns . 1.48600
INITIAL TIME .. S s R 0, 000¢00T+00
TIME STEP e e e s 1.200¢01
FINAL TIME . . R 17 2¢20
ACTELERATICN OUT TO GRAVITY .. . 166 <G
STEP INTERVAL FCR PRINTING ... ..l10CCO

DATA WRITTEN TQ FILES

TEmemAE=ruERssamAsemwwE

ELEMENT # B IS WRITTEN TO TNIT & 18
DEIGREE OF FREEDCHM # 7 IS WRITTEN TCQ UNIT # 2?7  JCIKT: a CIRECTION: FX

EXTERNAL DEFCRMATICKS

NOT INCLUDE STATICS CASE

TSRCUND ACCELERATION REZCRD
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TNPUTING TRANS_ATICNAL ACCELZRX

ZCN RECCRD 3 1,

FRCM UNIT. 15

1940 IL CENTRC £3 DATA FORMAT: {8F%.6)
DT=0 0. SEC.. E-W DIRECTICN 24G0 CATA
THE RECORD CONTHRINS 2420 PCINTS, BEGINING AT ME 1.J00CJCE-22 WITE A TIME INCREMENT OF: 1.30C0O00E-D2
DIRECTION COF ACCELERATION. L W000C I «0.92C009 7 -6.20C00 K
MAXIMUN AT TIME MINIMUN AT TIME AVERAGE STAHNDARD DEV. RMS
INFUT ACCELERATION D.2149%0 1.880C ~0.16133 11040 -8.8433€E-05 5.48353E-232 S.4684GE-22
MAXIMUN AT TIME MINIMUN AT TIME AVERAGE STANDARE DEV RMS
X-AXIS ACTCELZRATION C.21432 1 88330 -C.16138 11.C40 +8.84396E-C5 5.46%51E-02 & 4834GCE-22
Y-AXI5 ACCELERATICN G.390COE«C0 2.5CCODE-02 C.00CCOE+LY 2.00C008-02 0. 000(QECO ¢.GCCOOE~QQ 0 COOO0GE-J0
Z-AXIS ACCELERATICN 0.203C0E+00 2 . 23CO0002-C2 G G3LO0E+LQ Z.030QCE-C2 3 GOJCOE+OC & J0C0IE-C) Q.00500E=20
STRIUCTURE . . TWD-STORY TRUSS STRUCTIRE TIME 13 49:05, DATE: 12/01/80
SOLUTION. ... : STRUCTURAL RESFCONSE DUE TC 194C¢ EL CENTRC E-W COMPONENT TIME [3 49:25, JATE: 12/31/80
SYSTEM DISFLACEMENT | FIRST ZILEMENT REACH TO CRITICAL LOAD
*+ ELEMENT 8 FIRST REAIH TO CRITICAL LOAD =+
GCS CISFLATEMENTS, LOACTHS ¥ 1 STEP- 4446, TIME: 4.4480
NCDE o 4 o bz RX RY RZ
L 0.20C0092-C0 2 COCO0CDE-CY J.0LIICOE-CD I CGOACCOE+CD 3 0CICOCE-CC
2 -0.232311 3.L002C0E~LC 0.0CIV00E-CO o 002QC0E-T0 0.CCOOCCE~CC
3 C.q235¢2 §.CO0000CE-CO 0.3C020CE+Q0 ¢ OCO0QQE-DQ 0 COOQTCE~-CO
4 C.020CCOE-CC [ ¢.GGCIACE+TT 0 2360Q3CE-0C G.3C00ICE-OC 0.00C30GE+00
3 -C.234845 $.5387141E-02 C.0CCORCE-OC £ .00CCINE+DD C.JG03CE~+DC £.30C000E+aD
a 6.414675 3.103242E-C2 C DCTOICE+IC L. COCLOOE+20 C.CACI30E+2E 4 .33C0DBE+2)
3TRUCYURE : TW2-STORY TRLSS STRUCTCRE TIME: [(2:4% 05, DATE: 12/Cl/9C
SCLUTIOK STRUCTURAL RESECNSE DUE TC 194C EL CENTRO E-W CCMPONENT TIME: 12:4%.65, DATE: 12/CL1/90
MAXIMUN VALUES FCR aLL STEPS
375 MAXIMUM CISPLACEMENTS
NCTE: MAXIMUM VALUES MAY NOT OCCUR SIMILTANEGUSLY
NCDE DX ny Dz RX RY RZ
1 3 9CI90CE~ID 3 CCIINCCE~OD 1.002C0Q0E«09 9. 2, C0DCCOE~CD 3 CCODOOE~CC
2 -9 645847 -2 621933E-¢2 2.000GQ0E-00 2. 3 GUQCLOE-CO 0 CCODCCE-~QC
1.0 7310 -2.830377E-22 2 0JJ9CIE-CD J.002200E-CO 2 GDIQCOE«CO 0.CCGODGOE-OC
4 3 000JINE~CO ©.Q0CITOEQD o CJ2CGCOE~-CY 0.0CIJ00E+C0 ¢ JCO0OCE~-Q0 0.0GOJC0E-QQ
S5 -0.83803¢ B.394839E-22 ©.CO0000E-CO 0.0C00ICE~Q0 ©.0C000GCE-QC ¢.000JCDEDD
6 -0.70E348 C.117262 ©.000200E~0O 0.0C00CE-DC 9.20002CE-30 C.00C00JE~DD
STRUCTJRE TWO-5TIRY TRUSS 3ITRUITURE TIME: 13:49%:0%5, DATE: 12/C1/%0
SOLUTICN. STRUCTURAL RESPCNSE DUE TO 1940 EL CENTRD E-W JOMPOHENT TIME: 13:49:05, DATE: 12/C€1/90
MAXIMUN VALUES FCR ALL STEPS
NemmesSEMmmesANEsemmsaABAnwa==a
GOS MAXTMUM VELOCITIES
NCTE: MAXIMUM VALUES MAY NOT OCCUR SIMULTANEQUSLY
NODE DX DY =¥ 4 RX RY RZ
1 9D OCGHICE+OD 3 CCODCQE+GC 0.050G0GE+0D i CODC0CIE«0D 7.COC000E+DD 3.000000E+00
2 4.77518 9 666626 3.033C03E«0D J.COQOCOE-02 9.C00CCOB+0D J3.0CIGCQE+QQ
2 -9.26874 -0.813723 J.0030C0E+0D J.0003C0E-CO 7 ¢DICCOE+CO 0.GCOOCCE+CC
4 0.00CDO0IE+CO 0.C0CIC0E+DD 3 CJI0C0E-CD J.0CIICOE+CO 9.G02GCOE+CD 0.CGOJGCE+CO
5 4.89738 1 43832 9 GDOQCOE+GO 0.0C0000E+GO 0.0C2GO0E~CD 0.00Q3CGoE+0Q
& +8.03179 2.14%527 0.G00000E-Q0 Q. 0¢000CE=-00 0.9C000CE~0C C.OG0CO00E20
STRUCTCRE . .: TWO-STORY TRUSS STRUCTJRE TIME: .3:49:05, DATE: 12/01/%0
SOLUTION.....: STRUCTURAL RESPONSE DUE TO 1240 EL CENTRO E-W COMPCNENT TIME: 13:49:25, CATE: 12/01/3¢
MRXIMUN VALUES FCR ALL STEPS
GCS MAXIMWYM ACCELERATICHNS
NCTE: MAXIMUM VALUES MAY HOT OCCUR SIMULTANEQJSLY
NOGE 234 oY 32 RX RY RZ
1 3 GCJ0DGE+0D 3 GCOBCCE+GL 3.030C00E+D% bl J.conce J OGODCCE=-CO
2 119,187 28.7199 3 03Q002E-03 3 3 ¢09CE D CGOOCCE-GC
2 19G¢.872 39 098%4 3 Q0D9C0E-CO 2. 2 0CIUGOE~CO 0.CCOI0GE-CO
4 0.30CC00E-0QQ G.00C000E«JT ¢ COQ0COE~CO D JCO00CE~CQ 0.0C000CE-QC 0.%0CO00E~00
H 118 038 -43.5181 0.000200E+00Q 0.20000CE~QC Q. 00022CE~OC £.30C00BE+ID
£ 182 681 *HhE.4972 C.0CCROCE~TC £.20C03CE-2C C.20CIBCE+ QL $ . 33C003E+3) )
STRUCTORE. . - .: TWCO-STORY TRISS STRUTTIRE TIME: 13:4%.05, DATE: 12/GL1/90
SOLUTION. . STRUCTURAL RESPONSE DUE TO 1940 2L CENTRO E-W CCMPONENT TIME: 12:49.G5, DATZ: 12/0L1/9¢0
MAXIMUN VALU2S FCR ALL STEPS
MAXTMUM GCS RESTRAINT REACTICHS NCTE: MAXIMUM VALJZS MAY NOT CCCUR SIMULTARECUSLY
NCDE X oY FT M MY MZ
1 14E 2414 224 7425 3.03J0GD2E+3D 3. 3 GCLOAE-30  J QCJ0G0JZE~CO
Z 0.34C22aCE+J0 0.7°L0206ALE-OC 3 $3J0422E+D0 J.C el GIE+0D O CCOOCCOE~CO
I 0.20C003GE+0G3  C.O0C0J3CE+)8 O COCALCOE*0C 0.0CIJ0GIE-3D  © 9£JA0CI2+0D  0.LEOOCCCE+GO
4 C.00GO0COZE+QD] 2¢42.32:7 0.050030C0E-00  ©.JCODSGIE-03 0. 2L020C3E-C3  C.000090CE-2C
5 ¢ €.JJ9CO20E~22 G.CCCIOGCE-GC C.20002COE-CY  0.20003COE-CS C.O0L000CE-SC
3 C. 0.3JJCOGOE+Id C.OCCOICCE-CC C.ICCCINOE-CU  C,T0CIICOESCGO  C.D9C00QCE-QD
MAK GF ALt - * * % - -4t 0 s mmc s mmm s ot tatnmat ot s me o s bt a e a e ueer it
GC5 SUMM. 148.2404 -310.24625 0.000C000E+DD ¢ CIDOOICE~CC  £.40C0Q0CE~-DC  -17447.52
HMAXIMUM RESULTANT OF REACTIONS, FORCE= 1484 MCMENT= 1 T44EE+04
STRUCTURE. . TWC-5TORY TRUSS §TRICTIURE TIME: 13 4§3:05, DATE. .2/9:/%2
SOLUTION. STRUCTURAL RESPONSE 372 TO 12949 EL CENTRD E-W COMPONENT TIME 13:49:05, JATE: .2/31/%0
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MAXIMUN VALUES FCR ALL STEPS

BRACE FORCES. ..

ELEMENT

@ 1O B o

5TRUCIURE.

SOLUTZION.

MAXZMUN VAL

STRUT DUCTILITIES AND

ZLEMENT

GG A e

8
STRUCTURE
SOLUTICN

LoAD
0

- 1
: TW2-STQORY TRLSS STRU

MAXIMUM LCAD AND DISPL

TYPE NODEI KOC2J7

AXTAL
AXIAL
AXTAL
AXTAL
AXIAL
AXIAL
AXIAL

2

(Y SISt

3

P T NP

STURE

PORCE DISPLACMENT
-11.6577 S2.215321E-)2
-%5,04&35:0 ©2.8215%32E
191,791 QLEINIISE-G2
242,327 8.594829E-42
-42.7€25 -1
117,778 3.249C572-G2
119.54€ 3.996153F-02
-20%.545 ~0.44C829

< STRICTURAL RESPONSE DUE TO 1740 EL CENTRC I-W CCMPINENT

JE3 FOR ALL STEPS

i- DUCTILITY DEFINATICN &1
DUCTILITY
0J00COE~GC

DOoOoc o0

'

LI0CEQIE-c0
.JOGCISE-QD
LOC0020E«00
LACOCICE+QD

CDIZ0CE-00

CODDUCE+D0
3.483C1

TWD-STORY TRJSS STRUCTURE

STRUCTURAL RESPONSE DUE TO

CXILRSION
¢.00C000E+C0
0. Q0CI0IE+0D

oo

o

2.488C1

MAXIMUN VALUES FOR ALL STEFS

EXCTRSION RATZOS.

L3C03J0E 00
UCOOQCGE=QD
J00340CE~2C

2.C0JGOQ0E-2C

-CINCLOE-CO

1340 EL CENTRC I-W COMPONENT

ZLEMENT DJAMAGE INLEX T MAX D MAX ESE P5E
1 1. T99030E-03 -11.6577 -3 215921E-0) 8.%203E5E-C3 3.0C3IOGE+GC
2 1.466745E-02 25.0451 -2.B2Z1933E-02 4.852356E 04 2.0020CGRE+CE
3 2.0196732-¢2 131,781 1.812315E-02 3 561702E-402 3.C002CDE-CO
4 4.508C8SE-Q2 242.327 8.58483¢%2:22 2.10¢31 2 CIU0CQE-QD
H €.593166E-03 ~42.7€26 -1.1796582-02 7.3204492-23 0 QJCCOIE0D
€ 1. 317%67E-22 :17.778 2.249037E-02 0.21774% G.00CCODED0
? 2 27185CE-22 L.9.584 5.996133E 02 0.125229 C.0C0CCOCE~Q0
8 ¢.243464 -59.9398 -C.440883 2.3C532 139.98%
STRUCTUREZ DAMAGE INDEX= £.24c80
STRUCTURE . TWO-S5TORY TRUSS STRUCTIRE
SOLUTION STRUCTURAL RESPONSE DUE TO 13¢9Q FL CENTRO Z-% COMFONENT
MAXIMUN VALUES FCR ALL STEES
PEAK ENERGY VAL:
Max IMPUT ENERGY............... 266.60
MAX ZLASTIC STRAIN ENERGY.. .. 29 .4BE
MAX PLASTIC STRAIN ENERGY...... 112.48
MAX KINETIC ENERGY ... .o a2.448
MAX DAMPING ENERGY v . 104,80
MIMORY UTILIZATICN .........
Tz 12132, HMEM= 1.734%
LAPSZD CPU TIME 218.32 SEC -
TOTAL SPU TIME 216.47 SEC -
STRUITURE. TWO-STORY TRUSS STRUCTURE
SOLUTION... .: STRUCTURAL RESPCNSE DUE TC 194 ZL {SNTRO E-W JCHMPONENT
ELZMENT # 4 IS READ FRUM UNIT # S
BRACE MEMBZR FCRCES. .
NODET : by HNOGET: 5 3RATE"S TYPE: AXIAL
STEP T FQRCE CISFLAMMENT STIFFNESS ESE PSE
C 2.0200CE+30  0.00C008+00 0, 00000E+20 1994.C £.30003E+00 O GLOOCE=QQ
g0 5.0000CE-02 &.3.369E-04 1994.¢C 6.64680E-04 3.79470E-19
100 L. 9000C0E-9QL 2.25390E-03 1994.0 5.063%0E-33  2.00Q0C0E-CC
150 o 159¢0 3 3Q420E-03 1994.0 1.08830E-02 9.000CQE-CO
202 €.200C0 4.2240C0E-G3 19%94.2 1.77830E-02 0.2J000E+00
259 £.25¢00 3.3619CE-C2 1894 .3 1.1266CE-D2 G.20000E+Q2
309 9.3CC00 3.1993¢CE-03 1884 .0 1 C2230E-¢2 ¢.20CODE+Q0
350 0.25C00 2.80140E-03 1894 .2 % B3390E-C3 C.03CODE+IQ
431 2.40000 5.929CG70E-03 1994 .0 3.57740E-C2 C.O00D0E+DC
&30 3.45Q00 2.61530E-03 1994.0 6. 0.00030E+00C
500 2 5g000 7.195€622-34 1924.C 5. 0 GOCOCE+DG
55¢C 0.5500¢ +2.96840E-04 1924 € 3.7 0 CCOOCE+0C
€0C o 8330C ©2.1i%40E-23 1994.0 4.47740E-01  J0.GCI0CE-QQ
€5C 2.45000 3.81%60E-01 994.0 1.45430E-32 2.Q00C0E-G0O
760 0.70000 5 §132¢E-C3 1394.2 31.38870E-02 0.00%COE~CO
750 C.730C¢ 4.9924CE-C2 1394.2 2. -92  2.30GCIE-0)
809 €.590009 -7.5029CE-C) 1984 .2 5. 02 0.00CDOE+0D
659 0,85C09 -2.27790E-02 1894.9 0. CG.Q0CQDE+0D
920 ¢.3CC00 -3.27410E-02 1994.0 2.22C40E-16
330 3 55000 sF.32220E-02 18984 .9 C.Q0020€+00
Lo 1.0020 -1.7587022-022 1934 .@ 1} C.00030EIC
133¢C 1.3558 -4.569902-23 1924 C 2. 02 O.CCOOCE+DC
116¢ 1.1060e 1.24430E-22 1994 C o 0 CCIRCE+OQ
1120 1.156C 2 08620E-92 1954 0 C.431390 1.06200E+CO
12¢0 1.25C8 1 354 © ¢.3820¢ J.009COE=CE
1250 1.25C0 L 2 1994 © 1.4742CE-53 2.009COE-CQ
) 1.2060 -3.3%€9CE-C2 1994.2 1.123c 2.39CG00E*02
1132 1 1502 -6.4125CE-C2 1994.3 4.059¢ ©.32C00E-02
1400 1 402 -%.11200E-02 168<.9 6.5580 $.90C0CE-2)
-430 1 4530 “6.57.40E-02 1994.0 4.437 C.20C20E+20
1520 1.506¢ +2.395202-02 195%4. 0 3.571%0 €.00CI0E*20
153¢ L.550¢ 2.914522:02 1994.¢ 0.94672 0.00030B+00
160G i.€94C 8. 34213E-D2 1924 C 6.9170 0.CCODCE+OC
1eZ0 1.€56G¢ S 33229E-92 19¢4.C 8.71320 3 CCOO0E+C0
17C0 1.74Ca 5 821-0FE-42 1334 .0 4 6320 9.000COE+00
1753 1.75C0 € .643°CE-C2 2394.0 4.39310E-232 D2.000CCE*CD
1209 1 ECCO -5.8706LE-{2 1294.3 3.4135¢C 2.002CQE~-CD
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TIMZ:
TIME:

TIME.
TIME:

TIME:
TIME:

TIME:
TIME:

AT MAXMUM LOAD NOTE MAXIMIM VALUES MAY NOT CCCUR SIMULTANZOUSLY
STIFFKESS

12:45-C5. DATE:
12:4%:05, DAaT:z:
L~

13-49:Q05, DATE:
13:45:05, DATE,

13:49:95, 3DATE:
13.4%:05, DATE:

12:49:05, DATE:
13:49:05, DATE:

12/01/99
127081790

12/91/9¢
i2/917%0

12/01/90
12/01/%¢

12/0./90
12/01/80
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L 4228C
L4ZE9C
L4071¢
Liglco

BWdNAVARQOVA LN OOQ WM IO EmO 0 UG- -dr
C v

6169CE 32

-5324CE-£2
.529ZCE-L}
-Cdd43CE-02

13?5CE-G2

.6334CE-G2
.634SCE-GZ

2026CE-G2
4585CE-01

S086CE-02
43910E-02
43360E-0

61370E-02
9147 CLE-02
14300E-01
13650E-02
33530F-52
S37B0E-22
71529E-93
54929E-92
99220E-22
3G590E-02
76850
J43302.02
111922-02
T4TIVE-I2
B&292E-02
J0540E-02
88530E-02
51440E-04¢
958302-04
17210E-02
13€40E-02
35320E-02

-653002-02
2647 0E-52

S2EB1UE-Q3
155QE-02

.B42B0E-G2
L J3450E-92

63630E-03

S43420E-¢2

238J0E-02

-1€32CE-Q)
.0327CE-C2

1358¢C

3S511GE-D2
4362CE-D2
83110E-02
4816 0E-02
1C880E-02
28910E-02
75440E-22
121€9E8-22
137932
J03ED
3c1Ln
53840Z-92
95502 02
1800E-02
BECTUE-02
T9LI0E-Q2
12250

L 13020

. 12689

.01950E:¢2
.5673CE-C2
-0545CE-C2
. 3425CE-C2
.5891CE-CZ
.627SCE-C2

3 2:3¢
0.31c
3.307C
G..341C
1 958G
5 1450
5 9440
C.5278¢
1 7459
2 8374
1 T3EQ
1 288¢
2 198¢
.599%0
-29450
.611380
.35C60E-22
.75C40E-JZ
1.9280
4 314D
2 3730

MO OO

4 98250E-C2

3 75790

1 21400E-C2
1 Q3Z=0E-C2

1 S1€30E-G2

J 65860
2.93%0
1.7780

0 47410
1.880C
2.130¢C
1.452¢C

9323C
z437C

7254CE-02
1459C

<3420

. I885C

9£21¢C

1 72350

2 6820

1 3050

1. 3375002

§.21450E-J2
2.831150E-J%

€.36310

¢
G

DOBAROO

1 43190

9.22.50E-02
1.27862
2.2880

2.8994)

1.66.0
97 060E-C2
3135810
7226C
L752C
5222CE-03
L4580
.41370
.48120
.17850
.04 240E-22
27300
.1C900
.3G740E-03

DO O00OWOO O~

BLCULUNMDWS L.

2.0

CI3QE+ 0
440

E. dd4C0o

66 .

66

49
59
59
59

.44C0

44L0

-B3ZC
L4990
L 499C
L4990

8co
.760
.7€0
.760
760
-760
-760
-760
-760
-?&60
750
2640
1)
)
760
760
750
.76C
-7690
1
.769
LTe0
-1
LTEC
L76L
6L
LTED
LTEL

.4%0
. 400
-400
.400
.44¢
4ac
L40¢

-050

. 360
.60
LJ6G
26
Q€L
L06C
30
0EL
0&d
CEC
Gad
gs0
680
L300
350
-480
2949
3l
640
243



7600 7 .6C00 l01 1c 9.12420 318.205 Z 562C 81 152
7550 7.6500 43 820 3.88359E-32 1994 ¢ $.49:50 91.340
7796 7.7006 +42.310 S.36342E-32 1994 O £.44500 91.440
7780 7.750¢C -68.080 4.277992E-22 3%a © 11620 91.440
7300 7.390C -394, 160 2 06800E-22 -63.ZEC 2 €430 32.360
7850 7.350¢Q *46 . 41C 4 22420F-02 liag.o C.62290 92 .5ED
7400 7.99€0¢ iC.550 3 B2420E-02 17e% .0 31.2738LF-22 32,380
79590 7.9%500 11.55¢ 97 E319GE-G2 172%.9 3.9229CE-3Z 32.28)
8060 8.2000 i18.340 9..2560E-Gz 13290 0.4251C 32.189
8050 8.0300 0.57%3¢ 6.9¢18CE-C2 1%29.32 3 TOSOCE-CS 22.180
a1c0 §.10C0 -.5.86¢ 5.981.CE-¢C2 1723.3 7 273BJE-C2 32 380
81%0 8.13C0 -L.a8d0 6.8228CE-C2 172%.3 2.3E75C0F 04 32 380
8200 §.20C0 (2% €00 5,1968CE-C2 1722.0 3 25310 %2 3806
8250 5.25¢C¢ +23 360 5.52620E-02 1722.40 J 1£320 Sz 13¢
81C0 8 2062 ©5.3540 6.564CQE-02 1729.¢% 1 525C0E-C2 92.18¢C
8159 5 2322 10,270 §.63910E-02 1728.% 0.265C0 92.38¢
8490 8 4009 a3.3¢c0 ¢ 11750 1722.¢ 2.2212 92.38C
4459 g 4509 38 919 C.13120 1994 .¢ 2.4542 93.286¢C
35090 3 5000 13.9312 9.83990T-72 1934 ¢ 1.25679 231.26¢
8550 9.5533 -3 €453 7.674407-32 1934.¢C 2.33230E-02 9).260
6630 9.6090 59.303 4.5 1994 C 1.2250 31.260
ES50 9.5530 -49 €79 5. 1931 ¢ $2.270
€730 8.7000 49 809 C.i 1991 © 93.270
750 8.7500 10%.4 o. T18 £0 93.420
EBOT 8.8000 129.10 o z18.G0 130 8D
8850 &.8530 1234 20 2. 1394.0 124 33
8500 2,800¢ 1.925¢ 2 554.2 134.29
8e3C E &30C ~21.83¢% f 1994.2 129.%9
230C $.2006¢ -75.42¢ o 1$94.3 . 104,20
335¢ $.3500 -54.29¢C o. 1994.3 0 7391¢ 134.30
3160 %.13C0 10.59¢ 2.1 1594 .3 3 C3360E-42  I04.30
51290 2.15C0 16.73C 0. 1594 2 7 GLE4OE- G2  134.90
92C0 3.20C0 20.450 0. 1994.0 3 12490 104.90
$250 2.2560 9.2360 o, 1994 .0 2.14960E-C2  104.%0
4309 9.3000 “6,51C0 [+ 1994.0 1.0€280E-C2  104.%0
4152 ¢ 1%00 -20.370 G. 1994. 3 2.10410 104.90
9409 % 4000 -32.732 c. 1994.¢ 9.26870 1c4.90
9459 9.4500 *22.¢5) C. 1924.C D.12.90 1Ca.90
9500 .50 7 4782 2. 1934.¢ 1.401322-02 104.9¢C
9550 9.5530 &3 579 a. 1934 C 1.6.32 1C4.3¢
9620 $.6000 56 159 Q. 1934 .¢C 0.79630 104.9¢
9550 8.6520 9,578 Q. 19984.2 L.84510E- 02 104.9¢
974ac 3.7300 -56.920 o3 1954 3 o BLZ49 164.80
375¢C g 7543C -35 420 b3 62.520 1.5100 166.60
3BEC 3 320C -82.3%0 K 62.530 1.7280 110.00
agsg 2 3300 19.81¢ 2 394.0 3.34490B-32  110.€0
9960 y.9000 T3 .57¢ b 1354.0 1 5880 10.¢0
%950 2.93C0 95.17¢ 2.1 1994.9 z.27z0 110 ¢o
MAXIMUM DUCTILITIES AND EXCURSION RATICS
DISPLACEMENT DEFINATICN: Jl= 1,488 E.= 2 458
ENERGY DEFINATION d1: J2= 36.31 EZ= 36.25
ENERGY DEFINATION j2: Jl= 2.228 El= 2.4¢9
MFMCRY JTILIZATION
1Z= 12139, MEM=
ELAPSED CPU TIME C.532 SEC ----*
TOTAL CTPU TIME 218.98 SEC ----"
STRUCTURE. .. .: TWC-STORY TRUSS STRUCTURE
SCLUTICN. ... STRUCTURAL RESPGNSE DUE TC 194C EL CENTRO E-W CCMPCMENT
DEGREE CF FREEDOM & 7 IS REAL FROM INIT # 27 JCINT § 6§, DIRECTION: FX
3TEP TIME LJAD DISFLACEMENT VELOCITY ACCELERATION
0 C.DRICOE+DC G.0DCCOE+CO 3.GO0JGCE+GO 0.CCOGOE+00 0.00CICE+3C
50 S 0GOCOE-02 0.56232 2.3122EE-C3 8 B6227E-02 1.&85C
b} 1.060C0E-01 0.75374 8 31945E-G3 J 17423 -0.23063
159 C.150GD 0.5292% 1.634C5E-02 % 01561E-C2 -1.B919%
200 ¢.20000 0.46752 1.86368E-02 +2.309:3E-02 -3.3528
250 GC.25000 1.6217 1.538%68E-02 "6 .4BIL4E-C2 1,383
300 Q.iCca0 1.1193 1.28964E-C2 -§.2388%E-C2 1.31:2
50 ¢.35C00 2 4767 1.19839E-02 4.34790E-C2 4.5028
420 ¢.40C0% 3.94643 2.13%33E-02 9.268889 .
450 ¢.45C) -1.6213 2.49656E-02 -3.27473
520 3.50C29 1 1052 L. 74A3S3E-04 -9.54292 5.5928
S50 2 55C00 2 a6@d -1.43550E-02 4.81462F-02 14.233
530 2 60000 3.28012 3.44294E-03 6.2€115 -3.B9050E-C2
550 2 65000 1.5196 1.065002-52 2.33308 ¥.1335
720 9.70020 1.7250 2.89464E-52 §,32705 -3.5088
750 2 75000 ©1.58530 3.19%5268-02  -0.1€374 22.1301
&30 J.809000 “9.0514 -1.759932-22 *l.€519 -25.742
830 3 -4.6905% -0. L0885 -1.€.59 18 872
200 2 “6.6275% +¢. 15943 <9.35223 25 173
95¢ 2 -5.5838 ~0.14804 0.78303 20 282
1090 ©5.1116 -8.84158E-22 2.4931 7.2428
1350 -1.3427 ~1.212872-32 1.4434 z
1196 . ¢.7:1807E-902 C.87773
1156 8.76209E-32 c.33119 .
1200 0.1C657 -C.25636 .
125C 3.21713E-92 -2 6613 -£4.272
130C -0 14238 3 9625 £.9703
1356 -0.30725 -2.2446 £3.458
149¢ sy 15874 -CL L9660 19,207
148¢C +0. 31895 2 3089 57.884
1500 -3 13478 1.9312 17 85C
1350 T 13740 5.823C -13.9057
1620 3 317985 1.7538 -81.458
1650 J 46763 =0.54432 -98.672
17co J 229z9 =4.723C r82.31%
1750 3 67364E-C2 -6.4558 T 6394
16GO -3.27142 -3.13897 49 235
1853 -0.45332 -2.65G3 71361
1900 -0.4866% 1.0467 61.597
1959 -0.35622 4.1465 3E.314
2¢09 -3.92228E-¢2 6. 143 12.8713
2¢50 .207713 £ 2655 -41.702
2120 .40926 2.5391 -71.867
2159 $.43225 -L.83C3 -97.87
22310 9.21638 “6.60685 -81.274

TIME:
TIME:

12:49:05,
13:49:05,

DATE:
DATE:

12/01/92
12/01/990



12020 5.3498
2530 2,5170
eehi} 17.59%
0520 3.6%82
1¢o0 12,751
150D 7 8105
200D € 38912
2509 g pvsg
iced J.4085%4
3509 -7 2625
&G0 -14.513
40D 1¢.515
SCCI 16 .5%d
5500 4 £B04
[-Xofele] 8 83286
€500 10.8%3
e 7 3232
7509 8 1112
; 8 C649
€500 S 6174
9c03 1 2022
9£02 12.72%
[Ffalepi] 0.87821
G502 2..589
Pslote) i2.717
15¢0 5.8120
L2060 1.0934
‘ +7.9%88
14 181
-3.0C89
8.1631
3.
.33
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-C.16408

-, 36016

-0 FT7EY
2.11362
Q.2559¢
Q..2€682
-2.43282E-C2
-8.€84.2E-0z2
“2.1178%
©2.17201E-02
2 17193

3 29175

0 22482

3 39282E-402
-0 16393

-0 22634

-2 34894E-02
$ 143G€E-22
©. 14549
Q.167¢9
0.12403
1.2.801E-22
-3.39128E-02
-5.791€1E-02
-0, 14463
-0.2211%
-0.26531
S7.8141%2-02

©.1621%
-6.,392822-03
-G. 12615
-G.21860
-G.1€355
2.71318E-02
G 13620
L.58784E-02
-0. 13058
-1.65T62E-02
§.57351E-02
¢. 18767
6.22117
6.82204E-02
-0.16993
-G.42889
52928
2.61446
-£.70564
-1,6295¢C
-0.42515
~d.27329
-0.134C2
9.2238LiE-C2
0.2798¢
3.20471
o.2835%
3.18347
€ 7B69SE-G2
2 .l40%
3 20%72
3 23los
J.1231%
-7 SEET78E-02
-9 13554
3 569838E-32
0.28123
©.37231
0.24322
2.49553E-52
-6.1627%
-0. 14895
1.547932-32
¢.19274
Q,32216
0.29110
9.55C24E-92
-5.87240E-22
-5,23208E-02
2.47533E-62
8.15612E-22
G.12812
6. 18755
6.17781
©.14398
6.4317CE-C2
-1.65421E-€2
s2.62012E-C)
9.2933.F-c2
Q..5871
0 L1489
3 2%82€E-02
-6 55243E-21
9.63896E-02
0.17092
D.11229
5.8i651E-33
-5.76043E-32
5.20344E-02
0.2B855
¢.43035
0 281
4.06128E-33
S2.21764
-C. 27482
-7.244508-22
C.1143¢
C.29122
¢ l2ziss
¢.21423
Z.8€043E-92
-G 11263
-2, 19529
-E.15781E-¢2
9.457CCE-C2
0.15644

-7 .7C&95E-22

1684
387
3 8245
2 2008
1.3128¢
-4.44889E-22
-2 2942
"1.6426
~0.32¢%9
-1 0C0%

-0.71232
2.8511
1.8%83

-9.31423E-02

L5232

-0, 62695
2.4135

2651
3957
58B1
3456
RERF.1
LECI9
L3573
L4i61
L2984
L4018
9.8583%
D.34644
J3.51163
-J 14988
-1.2041
-1.8470
-0 35477
1.4345
1.9708
D.48218
-l.4134
-2, .528
9.9640C
2 451
9.2918EE-02
-1 9186

B R W NN R L

73 .6632
177.36
16.950
*58.214
-.36.29
8.3185
41¥.335
6 ZBBFLE-DZ
6C. 115
46 . 826

-118 .65
6.9270
B3 307
3 979
-z.4l24
-25,082
-T8.627
41,90
J B€q82
73,300
-4.4890
-Ll.EL0

6 005i3E-G2
41.9%6
-12.005%
-35.293
1.7818
<4C. 852
-8 ,8051
41.3585
143489




8220 §.0000 2.25244 g 14899 -2.61831 =% 6309
3C50 8 cs502 -3 3115 C. 10905 =1.1449 +1€.010
B100 9.1¢00 4.1308 4.576372-22 -G 93072 31,548
150 8.1500 -2.2842 4.366062-92 ¢.73732 1€, 115
£230 3.2000 -11.636 7.16575E-32 -C.14451 -44.C84
8250 a.2500 -1.1510 1.76868E-02 -1.2667 25.215
8300 &.3000 13.158 1.97397E-02 1.939: 72.318
B350 8.3500 1.5697 0 17164 3.3252 -2..53)
aanc §.4000 9.5647 0 23800 1.7517 -24.273
§450 5.4500 -2.1992 0 33758 -0.53726 -67.522
8500 §.5000 -2.4225 3 22881 -3.5927 -42.535
8536 6.5500 4_E673 3 96IT9E-CZ -3.01.9 53.877
8600 & £20C . -5.3126 -3 Z0376E-C2 -3 32733 1027
8ESC 4.6 13.cc7 -31.735€9E-62 2.0264 59.49¢
8700 8. 12 s22 2. <. z5.918
8720 a. 8.6697 3. 3 75 €16
38c0 8. 10 817 a. . 48 977
B850 8. 3.2805 0.47080 34 767
89¢0 5.90C3 -1.2519 0.3338%2 47 082
3552 A.95C3 4.4622 0.12210 73,612
20CD & GoC) 2.54254 5 4PLl65E-02 7 437
5059 2.C80) -4 €187 0.12743 13.744
9:00 9.1€09 -2 5124 C.28451 5.5542
9:59 3 1502 -7 8523 £.132325 51.640
5280 3 2C90 -7 73334E-02 0.29026 -7 2380
9250 9.2500 7.3954 0.22811 33.712
9320 9.1030 -4.5624 0 24491 -17 626
9150 9.1501 0 22257 3z.03cC
2420 9.4000 0 14537 47.635z
9430 9 45990 0 16440 37.2357
9500 8.5000 3 27150 1.732¢
9550 9.589¢C 2 27954 29,954
954C 3.¢300C 2 409876 7.379
agsC 9.650C 2.268713¢ 38.803
s70C 9.736C 8§ ES379E-C2 43,640
3750 9.7360 -2.CE9L7E-02 19.145
3860 3.80C0 -1.70479E-02 61.390
%350 3.85C0 3.137138 40,732
9960 3.9060 0.37230 £5.962
5950 3.9560 0.43025 75.455

MEMCRY UTTLIZATICN ...... ces

Iz= 12139, M2M= 1.734%

ELAPSED CPU TIME €.11 SEC --
. TCTAL IZPY TIME 219.29 SEC ----¥
e ehacmeaeccrareaaaeo- -

Note  Gdof are printed for the six dof of each joint. Sffix -C denotes a constrained, ‘slave’

dof. Sffix -R denotes a restrained dof.

140



AXtAL LOAD(KIP)

290 -

100 -
e
-100C -
.
=200 - /
_3001 — T : — —_ :
-0.8 -0.6 -0.4 -0.2 0.0

DEFORMATION (IN.)

Figure 39. Hysteresis Loops of Member 8

141



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

in*. Modulus of elasticity is E=3600 ksi. Masses of individual floors are 0.252, 0.288, 0.288,
and 0.29 k-sec/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

ECHZ CF INPTC DATA

LINE ....-.. I0....0...2C....... 0. oo L L0080 L B0 T e 80
i: 'STRUCTURE CEFINATION®
2: ' SkelEESy: SOJR STORY SHEAR BUILDING'
3: 51 2079 1.90 NNCDE,NCOS,NSUPT,NCORD,NCONST SCALE
4: 1 5.20 3.0¢ ¢ 0019
9: 2 £.20 9.00C 144.09 1 90
6: k) £.290 5,80 27C.00 1 9D
7: 4 C.20 0.CO 396.33 1 D
g: 5 0.0 9 €0 322.00 10
EN 169 0.6 COSINE
10. 1131 111°: (] | RESTRAINT
1L. 201 .211.: 31 | RESTRAINT
12, i NMAT
13: *32-BEAM ' 2300 140C 11.8 0 0 2.95 9677 745 2€77.,74%
13: ¢ 0 ¢ FALSE. KO : AXL, FORM, ASSY
153 4 NELEM
16: ‘3D-BEAM' 'MEMBER 1°* 1 L 2 0 i C 2 C 1 09JC0o0¢ 43
17: *5D-BEAM' 'MEMBER 2" . 2 3 ¢ 1€ Q0 C 1 400%C0 3
18: '3D-BEAM™ 'MEMBER 3' I 3 4 01 ¢ $ G 1 Cnoaco )
19: 'ID-BEAM' 'MDMBER 4* 1 4 S5 9 L0 ¢ 0 1 CO0QCY 3
26: 4 1 .FALST. MASS
21: 2 3.29 0D.z23 ©.29 3092€693C 39
22: 3 3.288 0.269 C.73E 3090630 9
23: 4 9J.zBB C©.283 £.288 900630 €D
2¢ T 9 252 ©G.252 ©.2%52 00D 000 ¢ 9
25 ¢ O DAMPIKG

26+ "5CLOS - SOLLCTION!
27: "RESPONSE SFECTRUM ANALYSIS'
28: 'S5RSS METHOD' ¢ €.25 1 & 4 +ITCM NMODE DAMF NA NAF IPRT

29: 3 1¢ HSTEF MEIG

30: 1 ‘DISP' .TRUE. [ASCALE,JPTION,FRINT
3Lz 1 8¢ c1¢t

32- 1 I ICIK

332 )

14: D 124 2 033

I3: § 154 D.262

I6: 2 244 0..55

¥ 0,723 1.29

ig: 0 J 0 .XLIM YLIM ZLIM
39: 'STCP’
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Figure 40. Four-Story Shear Building
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3. Output

STRUCTCRE. .
SCGLUTION.

ewAEND FoUR STORY SHEAR BUILDING

*v¢ OROGRAM FEM »»~

SCUBLE ?RECISICN YERSICN

NODE TOCRDINATES AND DEGREES OF FREEDCM

TCTAL NUMBER OF DEZGREES OF FREEDOM.. ... .. 30
NUMBER CF DEGREES CF FRIEDOM TONDENSED QUT. . o
NUMBER OF FREZE DEGREES CF FREEDCM. . P 4
NUMEER OF RESTRAINED DEGREES GF FREEDOM. 26
NOZE cose X-COORD Y - COCGRD Z -COCRD FX
i 1 9.CCOQ0E«d0 2.003GCEuC 3. 0003CE-2C 5-R
z 1 ¥ CCOBGE-J0 2.000C0E+20 144.9¢C M
3 1 2.0000CE0¢C Q. 270 0C 2
4 1 C0.00Q0CE~DC n.00g [og] 185 00 3
5 - ¢.J00COE-DC €.0C0092-9) £22 GO 4

NOTE PR - RESTRAINED CEGREE OF TREEDOM
< - OCNSTRAINED DEGREE OF FREEDOM

DIRECTION COSIRES

T0S1 L VX: 1.3ECCO0 I -3 GCOD0 J +0 23003 X VY
STRCTTURE. .. .: EXAMPLE % FOUR STORY SHEAR BUILJING
SCLETICN. ..

i-D ELASTIC BEAM ELEMENT

MATL. E GAMMA AX AY AZ

1 3 60Q0E-C3 1 4CQE-03 LI.3

STRUCTURE.. .. EXAMPLE T FCOUR STORY SHEAR BUILDING
SOLUTICN. ... :

SLEMENT 38, 3D BEZAM ELEMENT

0 3000 I -1.00030 J <.

LX

0.003E~*30 J.00%E-00 £&.95C

% MATL START ENC REL €T LENGTH  --=e-- -0
MEMBER 1 1 L 1 4 las. 0 J.coa00
MFMBER 2 H N 2 3 126 .0 2.02000
MEMBER 1 3 1 3 4 L126.0 2.092C0
MEMBER 4 4 1 4 E] “2€.0C 2.929¢2
STRUCTURE... : EXAMPLE %: FOUR 3TCRY SHEAR BUILDING
SCLUTION. .. .-
LUMFED KOLE MASSES
NCDE MX MY M2 IKX vy
2 2 29802 0.250¢ 0 2390 D.CQ0QE*0C 0.C0JIE~JC
3 2.2880 ©.2880 2 2880 0 COQQE»00 J.CJIGE-20
4 9.29890 0.288¢ 2 2880 2 COJDE+J0 O OQ0QCE~-0C
S 0.2520 C.2522 2.232¢ 3 C230E+9C  D.Q00CE-3C

- THE MASS MATRIX IS NOT CONDENSED WITH THE STRUCTURAL 3TIFFNESS

FROPORTIONAL DAMPING COIEFICIENTS

AmAA-musE-EmssssmmsarmaEsms=was=anE

ALPHA= 0.00GCQE-0C BETA= (.CGCCO0E+00

1z2=
ELAPSED CPU TIME
TCTAL CPU TIME

STRUCTURE. ... ZXaMPLZ 5: FOUR STCRY SHEAR BUILDING
SOLUTION. .. RESPCNSE SPEITRUM ANALYSIS

(=Y

2
3

Y-AXIS
+1.G000¢
+1.C000C
-1.03000
+1.00000

122
LQ02¢E-QC
LCOQCE-DC
Q00QE-00Q
.J00QE~DD

MATRIX.

++ RE3PONSE SFECTRUM ANALY3IIS =*

KOTE: MCDAL CCMBINATICK APPROACE CAN BE 3RSS OR CQC

3TRICTURE. .. EXAMFLE 5: FDUR ST2RY SHZAR 3UILDING
SOLITION .. . RESPCNSE SPZCTRUM ANALYSIS

SCLUTION #3, SRSS MOTAL COMBIN ON METHOD

AEesEsEEEMsEESsssesEAETREEEEEEEammsdes=EE.

NUMBIR CF MODES CONSIDERED ......
DAMPING RATIQ FOR ALL MODES . .......
KO OF SEISMIC CCOMPONENTS CTUNSITERET
XC. OF INPJYT POINTS FOR SPECTRM ... ..

MCDE: 1 2 2

FRZZ IRRAD/SEC): §.5913 25 780 4C.5%9

FREQUENCY ‘HZ): 1.382s 4.1032 6.46:6

PERICD i332C) €.72276 C.Z24272 & 13475
EIGEMNVECTIORS:

DCF ! 14 46203 1 Ccon L.pcco

4

S 469
B.0324
0.12450

~0.53627

144

FZ MY

7R 8-R
12-R P
i7-R -8R
22-R 23R
27:R 29-R

2CC00 K vZ.

iz
-67BE+G3

+D.C00C0 X

Xy

JQ0COE-0QC
JGOQE+0QQ
-QCCOE«CO
.OCLIECO

coan

= R-E-1

TIME: 11:22-40, DATE:

09/28/53

0.00200 I +C.JCCG03 J +#1 CO0J50 K

5

oo

LJGCOE-GO
-J0GOE=C0
LOCCOE-CO
SBECOZ+0D

TIME: l.:22

TIME: 11:22.

TART 2IsT
LGCQAQE-02
.QCOQE~0J
CCOIE+0D
LCCRNE«IT
TIME: 11:2

NOOO O

I¥Z

G

TIME: 1.:22
TIME: 11:22°

.4C. DATE.

4C, DATE

END SIST
L0060~ 00
L00032-C0
.CCOQE~CD
.GCOOE~0D
+40, DATE.

IYZ

L000E-QC
>.0C00E-QC
LOCCOE«Cd
.0CC0E+00

4¢, DATE.
40, DATE:

140, CATE:
:49. CATE:

09/29/93

€o/29/93

BXG
1.0020
1.000
1.30¢
1.00¢

€2/29/%3

IGEN N

£9/29/93
C9/29/93



DOF ¢ 21 c.7z111 L 74774 0.€2721 1 0coc
DOF ! 3) 0.3708568 -C.1E932 -0 E32%2 0.97158
DOF ¢ a4 L.0000 -0.%829¢ ¢ 4211 0.470Ce
STRUCTJRE. ... EXAMPLE 5: FOUR STORY SHEAR BUILDING
S2LUTION RESPONSE SPECTRIM ANALYSIS

=+ DISPLATEMENT SPECTRUM VALUES :INPJUTING TRANSLATIONAL #
DIRZCTION OF COSINE: 1.0206C0 I +0 €010C J +0.0C000 K
FERICD SPECTRUM VALUE
. GOCCO0E+70 . 0O0COJCE-JD
€.124000 ©.39C000E- 21
€. 154080 €.620000E-01
G.244007 ©.155000
¢.723¢C0 1.19000
GLOBAL BASE ACCE. -SPETTRUM VALJES IN THE £ DIRECTION
8¢ .88 2.8 pRCE) 1c2.5
GLOBAL BASE AICEZ.-SPECTRUM VALUES IN THE ¥ DIRECTION
0.200CE+2G 2 GCIDE+4CGO O €00JZ+03 G.03C02-C3
GLCBAL BASE ACUCE. -SPECTRUM VALUES IN THE I DIRECTION
0.000GE-D0 © CCODE~0D € .0QCOE~CC §.0J00E~ED
GLOBAL BASE DISF. -SFECTRUM VALUES IK THE X DIRETTION
1.189 G.1547 & 27EGE-CGZ 1.C¢3BOE-G2
GLOSAL 2ASE DISF. -SPECTRUM VALUE3S IN THE Y OIRZCTION
0.00CIE-C0  C.OJ00E~CO  C.J30CE-0C 0.000CE~OC
SLOBAL BASE DISP.-SPECTRIM VALUES IN THE I DIRECTICH
D.GOCOE-CO  G.JI0CE~-DC  0.DODCE~DC  0.0Q0GE#IC
STRUCTJRE. . . XAMPLE 5: POUR STCRY SHEAR BUILDING
SOLUTION RESPONSE SPECTRUM ANALYSIS
EFFECTIVE MASS IK GCS" TRANSLATIONAL DIRECTIONS
EFFECTIVE MASS LIMIT IN 3I5" X DIRECTION IS 0.000CC0E+C0
EFFECTIVE MASS LIMIT IN GI5" Y DIRECTION IS C.CO0CCOE-CY
EFFECTIVE MASS LIMIT IN 3I35* Z DIRECTION IS 0. GOOCGOE-CY
NCTE: TOTAL STRUITURAL MASS IN X DIRECTION IS 1 1180C
NCTE: TOTAL STRUCTURAL MASS IN Y DIRECTION IS C.00CDQCE~DC
NCTE. TOTAL STRUCTIRAL MASS INK 2 DIRECTION IS 0.20800GE»OC
MC3Z GT3 X-DIRECTIIONtR) GTS Y-CIRECTION(®) GCS Z-DIRECTION (&)
z £.93311 3.CO0CE+DD
z €.5752E-C1 0.CO0CE+CO
3 $.8291 2 2.C00CE+DO
L] G.1111E-22 C.0D0COE-CD 3.CO0CE+D0
STRUCTURE....: EXAMPLE &' FOUR STORY £HMZAR BUILDINC
SOLUTION. ... .. RESPONSE SPECTRUM ANALYSIS
TCTAL MAXIMUM STRUCTURAL RESPONSES
I D.OF DISFL : P D.0.F. DISPL P D.0.F. LISPL :
z 2.6715 2 1.64G 3 i.31E
4 1.45%
STRUCTURE. ..  ZXAMPLE 53¢ FGUR ZTORY SKEAR BIUILLING
SCLUTICH...... RESPCNSE SPECTRUM ANALYZEIS
TOTAL MAXIMUM EQUIVALENT EARTHCUAKE FORCES
S 0OF FORCE PV BECF. FORZE ' DO.F FORCE
2 5B.45 2 B4 . €6 3 29 1€
i62.9
STRUCTURZ. . EXAMILE §5: FOUR STCRY SHEAR BUILDING
SOLUTICH . i RESPONST SPIUTRUM ANALYSIE
TOTAL MARIMUM CLEMENT FCRCES-
AL BZAM FORCES. ..
ELEMENT LOAD NCDE AXIAL FY TORSION
i 1 1 C.OLCo00ESLY 2.000C00E+0D €. 00CO0DE~QN £753
2 . 00CO00E- . 000C02E+0D €. 00C000E-+DA £3589,
2 1 2 C.O00CQUTE-CTD 3. DIVCODEDL ©.03C003E+0C 4387,
3 €.20C000E-TD 0 CIDGQIE~0C G.CIC00JE~ 02 4887 .
3 z E} [ < COJGCIE-QD G.CIUQ0QJE+0D 35535,
4 (L T CI20CIE-QT G.CI0CO0E- 02 3893,
< Z [} G. C CODQCIE-CT 0.€JI0080E-00 1809
FORCE < €. 3700032E-C0 0.CODOCDE-CT Q.CARCCIE-CY 1805,
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TIME: 11:22°'40, DATE. 09/29/93

P2 0F FORCE i+ D.O.F. FCRCE ' D.OF. FORCE |

1 17.59 2 . 3 28.88
4 28.72

R R R L T *

v- MEMORY UTILIZATICN .. . . ... --

R L] 2601, MEM= 0 1°2% -

ELAPSES CPJ TIME C.12 SEC -
- TOTAL CPU TIME €.2€ SEC -
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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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Figure 41. Structural Configuration

’Z

ote In Figure 41, the number in a circle stands for element type, where
Box bracing member

Inelastic-3D beam-column (bilinear hysteresis model)
Finite-segment element (box-section, bilinear stress-strain)
Long-direction girder

Short-direction girder

Shear wall

Perforated shear wall

Elastic-3D beam-column

o o 3 O Lt AW N

I-shape bracing member

—
o

Inelastic 3D peam-colurmnn (Takeda hysteresis model)

[
—

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

I Box bracing member
L(length)= 250 in, [ 12%6*5/16, A(area)= 10.6 in?, r=2.5, L/r=99.6
2 Inelastic 3D beam-column (bilinear model)
Wi12%65, A= 19.1in*, I,=533in*, L= 174in*, Z,= 96.8ir’
Z,=44.1in*, J = 2.18 in, M, = 3484 8 k-in, M,,= 1587 k-in
3 Finite-segment element (box section)
[J 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 k,= 7000 k/in
Pre-yield tensile stiffness k.= 6000 k/in

Post-yield tensile stiffness k,= 60 k/in
Yield force F,= 2000 kips (for unit length)

Bending hysteresis curve
NSEG (number of points on backbone curve)= 4
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M (k-in)
'y

!

9z 870y 17 4 rad 105

- Figure 42. Bending Hysteresis Curve

03 11(Dy 23 5 (10°)

Figure 43. Shear Hysteresis Curve

7  Perforated wall
Axial stiffness
Same as (6)

Shear hysteresis curve
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k-in rad
7000 4.0*10°
6500 1.7*10°3
5000 0.7*10°
2700 0.2*%10°3
(for unit length)
k-in in/in
200 5.0*10°
180 2.3*10°
150 1.1*10°
80 0.3*107

(for unit length)
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006 022 046 1)

Figure 44. Shear Hysteresis Curve (for true width)

L'=90in, w=75in, AD=0.2in’, AV=0.11in}, LWP= L/w
8 Elastic 3D-beam-column
W12*65, A= 19.1in%*, I,= 533 in’ .= 174 in®, J.=2.18 in*
9  I-shape bracing member
W10*49, L=250in’, A=1441in’, r=254in
10 Inelastic 3D beam-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
! PC= 250 k-in
PU |
: DC= 0.00001 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-in,  Strain hardening ratio 3%

12 Finite-segment element (Ramberg-Osgood stress-strain model)

"‘\

™~ \‘\a slements Tube section: 12*1/2

Figure 46. Finite-Segment Element

3. Masses, Static and Dynamic Loads

~ 7
7 ~ ’
' /
NL VAN
/’. /
/

Figure 47. Structural Concentrate Masses

Static loads
Dead load (DL) for all floors = 80 psf, for roof = 60 psf
Live load (LL) for all floors = 90 psf, for roof = 20 psf
(a) First floor
DL+LL= 140 psf, slab area= 600*200= 120,000 in’= 833.333 ft’
Total load= 140*833.333= 116,666.67 lbs= 116.67 Kkips
Total beam number= 10

Uniform load for each beam= 116.67/(10*200)= 0.0583 k/in
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Total mass M,;= 116.67/386= 0.302 k-sec?/in
M. = 0.02 k-sec’/in M= 0.2 k-sec’/in
(b) Second floor
DL+LL= 140 psf, slab area= 200*200= 40,000 in’= 277.78 ft?
Total load= 140*277.783= 38.89 kips
Total beam number= 4
Uniform load for each beam= 38.89/(4*200)= 0.0486 K/in
Total mass M,= 38.89/386= 0.1 k-sec*in
(¢c) Roof
DL+LL= 80 psf, slab area= 200%200= 40,000 in*= 277.78 ft*
Total load= 80*277.783= 22.22 Kips
Total beam number= 4
Uniform load for each beam= 22.22/(4*200)= 0.0278 k/in
Total mass M,;= M,= 22.22/386= 0.0576 k-sec?/in

Dynamic loads

(G)xFactar*

o s

! L
1 2 3 4 Time {sec)
01 —
|
02 —

Figure 48. Dynamic Load History

Note *Factor can be adjustable.
Load conditions
Elastic (1) Static loads
(2) Static loads with P-A effect
(3) Dynamic loads only
(4) Dynamic loads and static loads
(5) Dynamic loads and static loads with P-A effect
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(6) Eigenvalues, buckling

Inelastic (7) Static increment displacement

(8) Dynamic loads

4. Member and Joint Numbering

r

L

N

& &
T 2 (3]
@ (17
i G 4 e
g ® ®
z ()
38 P . )
/ " @'\ @
' B ® A : @
@ L / Q\l — — e
o !
- t/ i;
Yraaad " a Vs
Figure 49. Member Numbering
8 7 6 5
9 Pl - 10
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- - = 13 13
15
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24 23 e 21
25 L 26
16 1 57
| L375 32
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Figure 50. Joint Numbering
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0.5 Rotational Mass

0.0144 0.0144 0.0144 0.0144
0.0144 0.0144 2 0.0144 0.0144
= : M=, X 0.025
0.025 0.025
0.03775 0.03775 0.09442
10.0875
0.03775 0377 :
N,/ {0.0875 0.09442 0.00667
- ~/ { i
L Ny j
o / — — o
//"‘ 7/ i f 2(\

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

6. Input Data

Accumulated Mass (k-sec?/in)

0.01440
0.01440
0.01440
0.03%940
0.01440
0.03%40
0.01440
0.03940
0.01440
0.03%40
0.01440
0.01440
0.13382
0.13382
0.00578
0.17930
0.17930
0.10430
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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
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7. Output
(Case: SOL04 -- Nonlinear Cycle Analysis With Unbalanced Forces)
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‘TE3DBEAM' 'MZMBEF 32' € 6 3 ! 4 5 24 22 b oz C 0
"30-3ERM* 'MEMBER 34° E 1€ 24 1 £ 2 08 &0C30C el
'1G-3EAM' 'MEMBER 33' & 17 23 -1 a 3 002 C 4o023C 0
1 ECHC OF INFUT DATA .
Z H L1o. PO & L A R - L LED L TFDL L ..92
'30-BEAM® 'MEMZER 36° 9 16 22 -1 8] cC o0 2 0y €
TSTABILITY' 'MEMBZR 35' B 25 16 T o (LI ]
*IEZDBEAM® 'MEMEZR 38° 2 2 3 ENE -] 13 24 b oo 0 C
'MEMBER 23' 7 2¢ 17 1 3 c ©o
IDBEAM* ‘MEMEER 40 z 2 2 3 4 5 3022 1 ¢ oL ¢ ¢
-BEAM® 'MZMBEE &41' % 31 19 1 d 2 085 £1.£54 [kt Tol N}
-3ATAM* 'MIMBER 42 2 32 21 1 ) 3 0 % T1l.£54 CLIoe ©
-BEAM® 'MEMBER 43¢ 2 2C 21 G071 %071 £ o ¢ GCo208 3
-BEAM® 'MEMEZR d&° 3 2L 1% R R e co C £o0dac pl
-BEAM® *MEMBER 45° 3 3€ 20 1 0 &£ 06 2.251 cogoss D
'MEVBER 46° 3 0 01232 [
'MEMBER 47°* z 32193 ¢0 C
‘MZMBER &8° z 920 G C €
'"MEMBER 4% 1 1¢0 oC ©
'MEMBER 397 1 160 oC ©
"MEMBZR 51° 1 16¢ 9¢C¢ o
12¢- 'SHEAR WALL' *MEM3ZR 18 17 29 32 1 58 21 ¢
153 'SHEAE WALL® 22 22 34 33 1 83 z1 4
11 ‘SHEAR_CPEN' 2 1€ 24 35 28 1 40 2¢ 2
132 1t M H MCCND
223:1 C.0144 C 2 [E N VO A I«
134 L0235 £, g CoDoc¢Ic 52
1:5 2775 & o) [ SR R VI S VO | 11
12€ TE775 0 S L6502 08
37 €9442 a. ¢ ecoC03 02
138 0Ces7 C. < 2¢30¢C3 €232
13 95442 2 ¢ $cod3C0 €3
140 L8775 0 n 2¢cQ0o0Co0 CO
xdl: .02735 © k4 2066300 i1
la2 .2 0.2 kg ¢cecocoac 0¢
132 L0132 €.3133 2 s €Cc032C oC
las C 9 012503060 CO
125 ¢ o ceaocC3o 1
146 co Cco2Go00 00
147 ¢ e to0o3€Cc00 DO
l1e8 206 | DAM?
143 '50L54 - INCREMENTAL STATIC SOLUTION'
150, 'NONLINEAR CYCLE ANALYSIS WITH (NBALANCED FORCES*®
z - 3G .TRUE. | MAXELD IPRINT IWRITE UNBAL
[E
c a0
121
[ ]
[ER ]
& C 9
Jc¢co
3¢90
O
G C-C
¢ &
[ ]
G oo
¢.2222
« JCINT LOASS
F 20
) [d
H 20 H e H 3. 5% 6% s B3
THREE: STORY EUILDING TIME: 16 45'2€, DaTE: €7727/9:
SOLUTICN. ...
*=* PROGRAM FEM ==~ DOUBLZ PRETISION VZRSICN
NCDE OCHSTRAINTS
TONSTRAINT, 1
CONSTRAINT. 2
TONSTRAINT. 7
CINSTRAINT. &
CONSTRAINT, 3
CONSTRAINT, 4
CCNETRAINT, E)
CINSTRAINT. €
CONSTPAINT. il
CONSTRAIN 1z
ZONSTRAINT, 13
JONSTRAINT, 14
CONSTRAINT. 16
SONSTRAINT. 17
CONSTRAINT. 18
CONSTRAINT, 13
CCHNETRAINT. 21
CCNSTRAINT. 22
CCHETRAINT, F)
CONSTRAINT, 2%
CONSTRAINT, 2€
CONSTRAINT, 1%
TONSTRAINT, ' 237
2D-RIGID BIZY  CONSTRAINT, MASTER 2i
NODE COORDINATES RND DEGREES CF FREEIDCM
TCTAL NUMEBER OF DE IS CF FREESOM.... .... 47
: EEDOM CONDENSE.L CUT. . . 55
2 CGT F ESREZS OF FRCEDOM . ... .. . ]
CF RESTRAINED TEGREES OF FREEDCM . ... . 17
NCDE CTCS5% X- COBEL Y-£20CRD Z-CODRD Fx FY Fl Mx MY M2
: : Q 2¢COCE-CC £ 00200%+00 I3C .00 S5a-C =7-7 1 2 5 38-C



2 1 204.¢C0 57-C 4 3 € 36-<
3 1 a¢o. e €%-C b [ 9 51-C
4 1 500 @0 €0-7 19 11 12 51-C
L 1 820 €C € 13 4 15 51-C
€ 1 430 ¢ 3 16 <7 18 €1-C
7 1 200¢.¢C 57-C 1¢ 2¢ 21 58:C
H i 2 0CEUOE«CC 5%-C 22 23 24 SE-T
9 M 10C.00 57 1213k L34-R 135-k SE

1€ z 80C.0% 58 136-R 13%-R 136k 1

11 1 4C0 65-C 25 26 z7 64-T
12 1 6C0 €2-C 28 s 3c 5e-C
13 i 5C0 €2-C 31 iz 32 24-C
14 1 &03 on 62 34 35 1s 64T
15 M 890 CC 63 134-F 1aC-R Lsl R 64

1c 1 0 JanGGE«sU c 65 37 36 3% £7-C
o7 1 z29¢.00 c. 3 a0 41 42 678
ie N “0C.357 G 20unCEdC 5 %2 44 43 7.3
1@ M 600.92 0.22000E-2C §o- 146-7 14s5-C 1478 7c-C
20 1 7¢C.900 105 CG 69- 145-C  1é6-C  147-C 70-C
21 1 svd.oC 200.00 €S- 145-C  14€-C 147-C 70-C
22 1 <00 CC 2ic. o8 €6 a7 48 87-C
ek 1 200 C¢ 2CC. 90 €6+ 5¢ 51 €7-C
s 1 © JCCO0E+0C z0¢.oc 66 =3 54 €7-C
28 A 208,00 100 oc 33 142-R 144-R €7

28 z 546,00 133, 0¢ 65-C 72-7 73-K 67-C
27 1 533.312 130 co 69 146-R S7T-R 7

23 1 ©.CIDN0E+DG C.00CCRE-C C.000CCE«RT 75-R 77-R 76-K 73-R
2 1 202 e bl C.J0CO0E-CC S1-R g2-R B3-K 6&-R B5-R
35 1 40l CcC < 0.9CCOBE-CC 87-R 88 R 89K 30-R ¢1-R
i1 1 #30 € bl 0.2CCo0E-00 91-R 94-R 95-R 9&-R %7 -R
3z 1 . o UGGIQE+0C 96-R $9-E  122-R 1CI-R  102-R  183-R
33 i 48,00 0 CO039E«D0 126-h  1C7-E 108-R  105-R
1g N 20,50 2.L0000E=D3 112-R  113-B  114-R  1.5-R
ig 2.00003E-CC 0.$300CE4RD 1i6+R  113-RK  1206-R  12I-k
36 1 768.60 €.020CCE+CO 1z8-R  125-R 55 126-R
37 788.€0 100.CC C.O00COE+CC 129-R  133-F 13.-R 132-R

1
NCTE. R - RESTRAINED DEGREZ OF FRZEDCM
& - CONSTRAINED DEGREE OF FREECCM

DIRECTION COSINES
€25 1} Y¥X: 1.200CC I =C.0290C J -0.6000¢ K VY: 0 I3CC0 I +1.93GCO0 S +3.00003 K VZ: 0 0CCIC I +0.00CC0 J .0GC0D K

£TRUCTURE . : THRZE- STORY BLUILDING TIME- 16:45.06, DATE (7/27/%94
SOLUTION.

GOEL HYSTZRESIS MODEL PARAMETERS

L L T T Ty

MAT . z A 3 e SHAPZ MAX DUT BETA
1 2%360.C 1C.5000 2.,¢1000 15 .03CC 1 I0CoD 1z.0032 o 26200¢
1 STRUCTURE. ...: TEREE' 5TCRY BUILDING TIME: 16:45:CG5, DATE: 07/27/94
SOLUTION. ...
BILINEAR INTERACTIVE MATERIAL PROFERTIES
MAT ELAS g E TI ME MAX DUC BETA REDU F
2 1.00030 C¢.320C0CE-©L 29000.C 5353.000 3464.30 -2.039C¢ 0.353¢GR0E-CCE.00GCITZ-CO
3 2.00000 2 3¢CCU0E-CI 2%0CC. 0O 17& €32 1587 &4 - Z.00000 0.00GOOJE+QGD CCO00OE+DD
$0.0000C0E-300 3CO000E-Q1 13000 2 4.18900 C.0ONRCQE+CE-2 0CCT2 4 CCDODAE-J3C 0020CCE+IT
£0.00CCCCE-0OC . 30002CCE-01 29800 & 13.19cC¢C 0.20CC3IZ+06-2.C004D ¢ Q0D3JCCE~T20C.2JCOGECC
1 STRUCTURE... THREE-STORY BUILDING TIME: 1€ a5:06, DATE: 27/27/94
SOLUTION. .
TAKEDA HYSTERESIS MCDEL- FCR UNIT LENGTE MEMBER
MART. BETA El CRACK YEILD ULTIMATE
[ L. 23050¢ G.2500CCE~CE 257,000 1592.¢2 1550,0¢
0.13CC00E ¢4 C.150002E-C3 €.8ELCOCE-C3
STRUCTURE. . THREZ- STCRY BUILDING TIME: 16:45 06, DATE
SOLUTION B
STABILITY ELEMENT

=7 BOX SECTION

- 4 YS = 3€.¢

= 2 H0LE-0¢ ZIEN - M
- 1z < BUX WILTH = lZ.C

= 3 9CCE+DD ECCYC = 2.039=2-C0
= %.00 H H.SEC N0, = 4.33

= 0.373 - i
- [3 4 B
- [ - o
- 32 = iT.E

= £ J00E-D23 = & QUCE+CC
* 14 - ¢
- b = 21.C¢00E-C2
- 2 = 1 330E-Ca
= 1 0CLE-22 - 1

160



MAT NO = § TUBE SECTION
NSEG - 4 b = 36,0
Y] - 2. 800E-0Q LIBM - 2
RADIUS = 5 5C DUMMY VAR. = 0.C00Z-CC
ECCXC = 3 ICCE-D2 ECCYC = 0 GOOE-CE
1.9 SET.NC = DOMHT VAR = 3 QGOQE~CC
THICKNESS - IREVL -
IREVZ - IREV3 -
IREVS - IECOF -
. 3MALL -
- RATIYC -
- IAUTD -
- RATIZY -
- g -
. IST:ZF -
1 STRUCTURE. TAREE- ETCRY BUILDING
SOLUTICH. . . .
30 ELASTIC BEAM TLEMENT
MATL. E FAMMA ax LY 34 1%
£ 2.900E-0¢ 1.200E-Ca 1% : 151 19,1 2.18
i STRUCTURE... THRIEZ- STORY BUILDING
SCLUTIOH. . . .
PINC-SUARET TOWER LONG DIF. HYST MODEL PARAMETERS
MAT H& VR BETA
iG J.4GCCODE-C2 2046(.05 1.200030
1 STRUCTURE....: THREE-STORY BUILS
37,27/34
SCLUTICN
PINC-SUAREZ 7
MAT. K& VA RATIC MAK DUC EETA
11 5.50GEO0E-CZ 295¢C.00 G.30CCIVE-CL-2 9CCOD 3.2¢0093
1 STRUZTURE. THREE=-ST2FRY BUILZING
AT 27794
SOLUTICN
GJEL HYSTERESIS MODEL PARAMETEFRS
MAT E A 3 T8 SHAPE
12 29000.3 14 400C 2 54000 3¢ G000 2 56992
TEREE-3TORY BUILLING
EILINEAR HYSTERESIS MIIEL PARAMETERS
MAT, XE KIE MAX DUCT
L2 3 10GOCJIE~-0% G H00CCIE-TL i2.00C¢
THREE-STCRY PUILDING
eoLzTIon.
AELMOT HYS MODEL- FOR UNIT LENGTH MEMEER
MAT 3¢ .~
L4 e 1 67,000 200500
1 STRUCTURE. . THREE-STCRY BUILSING
a7 3 &
SCLUTICN
MEER
BrT2
JE-0E ¢ 200000

STRUITURE THREE-STORY BUI_DING
727095

SOLUTICN. ..

0r

SRELRL HYSTERESLS MODEL DATA UNIT LENGTH MEMEZR

MAX ZUC

12.02c¢C

BET2
¢,223CCe

ALPHA
3 80200l

161

TIME: 1€.45:0€&, DATE- 07727/91
Iz
Th.
TIME: 1€ 45:0€, DATE: 07/27/%4
TIME: 16:45 C6.
TIME: 16:45 C6.
JETA
¢.,220000
TIME 1456:485:06,
TIME: i€:4%-2¢,
BETA MAX 20CT EETA-DI
9 2C02aD 15 2CGO C.2200CC0
TIM=: 16.45 €6,
R
6‘703300E-35
G ITOONDE-D4
) 400003E-04
TIME 16:45:0&,

DATE:

DARTE:

DATE

DATE

SATE:

DATE



EACKECNE

AXIMIT

SHEARZ KY3TE

BACZKBCNZ

1 3TRUCTURE. . .

3727798

SOLLTION. .

ELEMENT 08,

MEMBER 1

1 STRUCTURE. . .

oT/27 /34

SOLUTION. .

ELFMENT

25,

o

ELEMENT CE.

MEM3ER 2
MEMBER 4
MEMBER 5

1 STRUCTURZ
%35 /9¢

HYSTERISIS MOTEL

7 7C00

CURVE POINTS MAT

16

NI
ic¢

THREE-ETORY BUILDING

FCR L

sC S5TL
L 5300.06
THE STORY BUILDING

THREE-STORY BUILTING

3D BEIAM ELZMENT
& MATL START
1

2 1
THREE-STORY BUILIZING

IEITBIZAM ELIMENT
# START ENT

2
MATERIAL # (FX -
THREE-STORY BUILIINS

SOLUTICN. .. ...

TLEMENT €2,

MEM3EF. &

1 STRUITGRE

SOLUTZICH.

TLEMENT ©32,

MEMBER 2

MEMEZER 190

e
o

Toan e

(PRI

30 BEAM ELFMENT
F  MATL START
K - 3
1 il 1
< a9 &
THREE-STORY BUILDING
IZIDBEAM ELEMENT
B START IND
& 7 €
MATERIAL K JEX

THREE-STCRY BUILDING

3T BEAM ELEMENT
b MATL START
7 ¢ £

8 g b
THREE-STCRY BUILDING

IE:DBEAM ELEMENT
L] START =HD
Q P 3

E . FX

5
d ~IAL ® 'FX 1
THFREE-3TORY BUILDING

3D BEAM ELEMENT

*  MATL START
11 2 P
12 &
13 o 12
12 & 1<
1z s 1€
z < <

6L,

© 1.C000

s
3]

.40000C

D
2

REL CD

LENGTH

222

Ber
a

w

in

[
(MX

REL €D

LENITH

200
3

ENL REL <D
7

4
iMX

LENZTH

200
5
20¢

[
*MX

.C

1MX

RIL

DY

Tz
ac

SETA

.-

LENGTH MEMEER

FCR WHCLE LENGTH MEMPER

HER D

S-Al-L

LENGTH
aod
26
2c(.
2¢0
-30.
30

Louooon

1 +3.C200C 7

i, 'MY-B'-11

BETA STRZSE
02009249 B2 0000
15C.002
18¢.200
2a¢.393¢C
PY ALFHA
2009.0¢ 2.90000¢
STRESS STRAIN
3C.03GC 3.60000CE-01
:50.3CC 3.22900C
160 aCC 0.4890000
100. 400 1.23¢C0
LEHGTH  r-ccrercee- Y- AX1S
20¢.2 £.09000 1 +1.0006C J
--------- YOAXIS e

35
Q€033 J +03.¢COD0 ¥ O

L IMY-A)-10 , IMY-B)-1C , tMZ-AD-
LENGTH = - --v-oo-rns Y+ AXIS
G0 8 ¢.094C0 +1.20600 J
233.¢ S2.00002 T <0 26C00 T
235.¢C T.CCO0D2 1 +1.00003 J
......... YRXTSE  cceeemeneres
€C09¢ 1 -1.02906 3 -€.32000 K C.
LIMY-R} 10, (MY-BY-13 , (MZ-A)-
LENGTH  sevrerreves Y AXIS

200 ¢ I 0060 I «1.06002 J
230.¢ S1CE0dD 1 42.0002¢ J

- .09
1, (MY¥-B)-11
oLacs 2

Y-AXIS

L e

+0.33{C0 K C
. MT-Ar -

1
c J
s L )
c. J
1. g
1. V0L <

€ 110CC0CE-
0.23CL0aE
6.300C22=-C02
TIME 16-¢3 (6, JATE.
BET2 MAX DUCT. BETA LI
2.260030 15,0000 ©.2204CC
TIME: 1€£:45.0&, DATE:
TIME: 18 4%°C6, DATE:
------------ START DIST  EXD CIST ?Re
+0.90CC0 K C.200CE-02 C.0090E~CD 3 UCCOE~D4
TIME: 16 45:06, DATE:
START DIET ENZ DIST FEG
COQCE+CC 0.G300E~CD d.LC00E~GC
2 (MZ-B) 3
TIME: 16.45:08, DATE:
START DIST ENZ DIST PKG
+G.00CCY K 0.20C0E+3¢  0.000CE+Ql (.COCJIE-OC
«2.0C000 K D QCCRE-DC O QUCOE-W 0 CCOQE~+DQ
<0 COCO2C K 0 CQOJE+0C D DCEIE+DC  C.OUJ0E+CO
TIME 16-45:236, DATE
START DRIST ZND L[IST PES
0ODCE~0D Q.9CGOE~ DL £.J34GCE+DD
K IMZ-Bt - 3
TIME 16:45:06, DATE
""""""" START DIST END DIST FEG
CCo20 K 2 CGQOJE-CO  Q TC(CQE-OC
+f €SO0 K & COODE-CO  0.000JE-0C
TIME.
START DLIST END DIST PKS
.05%3CE+0D £.000ZE+G0 £ .CODCE+0D
3 IMZ-BY- 3
QE00E+DC O JCCGE-GC O
1, MzZ-E K
TIME. 16:¢5:0€., DATE:
"""""" START LIST IND DIST FKG
L0000C K 0. CUO00E+CO 2. 0CCOE«20 G O00J0E+CO
¢ 000OC F 0. CUI0E«CE  Z.C0D0E-0C ¢, 000GE-CO
=C.300GC K ¢ QIJ0E-CI  0.COOUOE-0{ 0.J00CE-Q2
-0, K C.002CE+0> C.0Q000E«CO © GOGCE-0QQ
G, ¢ JUUCE~CD  C.OJJUE~0O 5 €58
2.0 ¢ 2CGICE-TL  CL.OQUGE-CO T 558




MEM2EER 17
ZRUCTURE

ELEMENT £2.

MEMEER 18

. STRUCTURE

72 4
SOLUTIDN

ELEMENT 0§,

MEMBER 1¢

1 3TRUCTURE

0%/27 734
SCLUTICH

LLEMENT 3¢,

MEM2ER 20

ELEMENT 08,

MEMBER 2.

1 STRUTTURE.. .

1 STRUZTURZ
G727 /34
ACLUTION

ELEMENT €5,

07/2% /8¢

SOLUTION. ...

ELIMENT 2%,

MEMEZR 24

1 STRUCTURE.
CTr27 494

ELEMENT

ag,

MEMEER 2%

STRUTTURE .
2798
SGLUTION

3
o7

ZLEMENT €h.

MBEF z:Z

O w

TSl ARa

SCLUTICN

ELEMENT

0.

RUZTURE.....

0.

c.

G.

13 3 1z 3 75 03 L.000CC 1 +0 20CE9 O +C ICGCO K
THREE-STORY BUILDING
% START  END  LENGTH  -orrece-s-e Y-RXIS -e-e--ceess START SIST
18 18 178,00 L06230 1 +0.03200 J -C 23CL0 K €. IG00E+d0
MATERIAL & - (FX .+ 5 , ™MK - & ,AMY-A¢c 2 . (MY+Bi- 2 ., (MZ-Ai- 3, iMZ-Bi-
THREE-STCGRY BUILDING
3D BEAM ELEMENT
# MATL START END REL €0  LINITH  +rcrre--ee- YeRXIS  rrccteeeaes
19 Fl 12 4 75 €C 1 €623¢ I -0.CI36¢ J -C.D000¢ K
TEREE-STORY BUILDING
IEIDBEAM ELEMENT
£ START  END  LENSTH - -ceee-o-ee YrAKIS  cmercrenees T DlsT
27 1% 12 %5 oC L.00CCO I +0 2CC00 J +0 CEII0 K 0OUE+CO D
MATERIAL & . (FM )- 5 , (4K )- ¢ ,(MY:R)- 2 , SMY-B:- 2 . (MZ-A'- 3 , (MZ-B!:
THREE-STORY BUiLDING
3D BEAM ELEMENT
4 MATL START END REL CD  LENGTH  ----------- YoRKIS e
21 S 12 35,39 1.303CCO I +0 OCC3ID < +2.CEDOD K
THREE-STOEY BUILSING
TE3DEEAM ELEMENT
B START ENZ  LENGTH  rvr:-:----- Y RRIS coecerrecaan START DIST
22 23 13 78,22 L.0000C I +0,009CC J +0.000C0 ¥ O 0CCOE-0C ¢
MATERIAL & : «FX - 5 , MX - 4 ,(MY-Ar 2, {MY-Bi- 2 ,!MZ Av+ 3 , 'MZ-B' -
THREE-STCRY BUILDING
1D BEAM ELEMZNT
$ MATL START ENZ REL €D LENGTH = -------cn-- Y-RNIE  -a-ceeeeses
23 9 14 B 5 GG 2.00080 T +€.0900C J -C.232LC0 K
THREE-STORY BUILDING
1E3°5EAM ELEMENT
a4 START END  LEMGTE YOAXIS e STHRT DIST
24 iz 475 ¢ 0002 T +) £OO0L J +{.0000C K ¢.0JICE+0D
MATERTAL B (FX - 5 MX 0 4, IMYSAY- 2, (MYSBI- 2 (MZ-AY- 3, (MZ-B)-
THREZ-STORY BULLDIKS
3T BEAM ELEMENT
% MATL START END REL CL  LENGTH -~ - ----- Y-AXIS - cce-e-- -
25 Ed 2l n 182. ¢ 1.00000 I +J €Go0a J +0 00228 K
28 s 7% 3 159 0 1.60000 I +3 ©OG0S J +0 €003C K
. THREE-STCEY BUILDINS
IEIDEEAM ZLEMENT
B START ENS  LENGTH Y-AXIS oo - START DIST
27 18 17 2002 . ~1.003CC J 4D, 3CCLE-DC O
MATERIAL 8 : IFX - & , IMX i- Al- €, IMY-B)- 3. MZ-BI-
THREE=STCRY BUILDING
2D BEAM ELEMENT
E MATL STAPT END REL €D  LENGTH  «r--reeeo- YORKIS  cerereeees
28 Fl hd 18 200 0 0 0000C I +1.0208C J +0.30000 K
TRREE-STORY BUILIING
IE3ZBEAM ELEMENT
m  START END  LENGTH +--- START DIST
29 i€ te oe.c K 0.GIJEE+QD
MATERIAL # + FX 1- 5 , MK 1~ 2, MZOAD- I . {MZ-B)-

TH

=3TCGRY BUILDING

163

G.3300E+G0 € QCI2E-CE 5 558
TIME: 1%:43 Q€. DATE:
END DIST PKG
JOGCES T 15 2.
3
TIMZ: 16 45 C6. TATE
START DIST END L[LST P¥Z
0.CHQOE+CO  0.GQOZE-OC 5.558
TIME 16:45:0¢, DATE.
END DIST PKG
LCO00E«CD 15,21
TIME 16:45:76. DATE
STHRT DIST ENC DIET PKC
0.9GGOE+DE  C.033CE+CO 5 558
TIMIZ: 16:45 C¢6. DATE:
D CIST PKG
DCLQE-O¢ 15 21
3
TIME: 1€:4%:35. DATE
START DIST EXD LDIST PK3
€.0D22LE+0D G.LO00E-OC 5.558
TIME 16:45:66. DATE
END DIST FES
J2UCE-DD 15.21 H
3
TIMZ: 15-35 C6. ZATT
START ZIST END DIST PEG
2. C000E-OC O 0CCCE+QD 5.558
J 0GGOE-0C O OCCOE+DJ0 5.558
TIME: 1€-4{%:06, DATE:
EXC DIST FKG
OCCODE-ZC 0Q.2CCOE+D0
3
TIME 1€:45:36, DATE
START DIST END 2I8T PKSG
C.03902-82  G.COICE-GC D GLOCE-DD
TIME 16:45:0€, DATE
END DIST PEG
C33IOE+CC 2 GOGIE-DL
3
TIME (6:45:0¢, DATE:



ELEMENT 28,

EJLTTION. .

ZFLEMENT %
MEMBZR 31

1
57/

ELEMENT (&,

MEMBER 34
MEMBER 133
MEMBER 16
1 STRUCTURE
37427734
SOLUTIGN

ELEMENT 12.

MEMEER 57

1 STRUCTURE. ...
07727 /84
SCOLTTION.

fm7
SCLU

ELEMEXT 12,

MEMBER 23
1 STRUCTURE.

SOLTTION

ELEMZNT 2¢,

MEMBEE 44
MEMBER 45

1 STRUSTURE
07,2722
SC_UTICK

ELEMENT C2,

MEMSER &6

STRUCTIRE. . .

1
Q7727 /34

TIDKR

ELEMENT (5,

STRUZTURE. ..

3D BEAM ELEMENT

5 MATL START ZND RSL CT LENGTH  ----------- Y-BXIS oo 3TART 2IST END DIST FEG
30 9 15 21 230.0 -1 €093C 1 -0.€096C J +£.0003C ¥ 0.CODJE~-GO  J.(GGEIT-0C C.00%02+CO
THREE-STORY BUILDING TIME 16:45:08, DATE
SIDPREAM ELEMINT
a STAPT  FX[. LEXNGTH R Y-RXIE oo EXL FKE
i1 22 2i 202, C.0JLce 2. 000CY X JCTIE-%C ¢ 2000E+2C
MATERIAL 8 . Fx .- = . [MX - & ‘MY A'- 2 , IMY-Br- & ., MZ A - Kl
TFREE-STORY BUILDING TIME: 1¢:45.0¢, DATE
30 BEAM ELEMENT
MATL START ENL' REL CD LENGTH R A b & ¥ - R START DIST END DIST PXS
e 23 22 20 2 £.00600 1 ~1.000€C J -0.00000 ¥ C.DOO0CE<02 (.0200E-00 3 OQCCE+02
-STGRY BUILTING TIME: 15-45 €6, DATE
TEZDBEAM ELEMENT
START  END  LINSTH - ---------- T-AXIS  ce----e----- START DIST ENS DIST PEG
2¢ 21 293.¢ 2 GCO0G I +1.G000% J +D GO99C K D.CGOOJE+CD  0.CDDOS+CO  ©.GODYE-OC
MATERIAL & EX 0. 5, MX Y- 4 L iMY-AY- 6 . (MY-BY- 6, (MZ-A3- 3, (MZ-B)- 3
THREE-STORY BUILDING TIME: 18 4%
A0 BEAM ELEMENT
& MATL START ENZ REL CD LENGTE - -r---r---- Y-AKIS ----o------- START DIST ENZ DIST PKG
34 & 1¢ 23 200 0 ©1.90CC0 I +0.0CCO0 & +2.000C3 X 0.3GGOE+JC  0.2G0CE+«0J  0.GCGIE-DG
15 s 17 22 233.¢ ©1.60005 I +6 9CC35 O +5.0C0BD X O GCCOE-OC  G.OCGCE+OR  §.CODIE-OC
36 ] iE 2z 233.C ©1.0C0D0 I +9.40035 J +5 CCODO X 9 DOGSE-0C O J€COE+D0 € .GODIE-OC
THREE-STCRY BUILDING TIME: 16:45:36, DATE.
STABILITY ELEMENT
% MATL START ENS  LENGTH  -------- S Y-ANIS  ---e------- START DIST ENS DIST
kR e 26 18 183.¢ 1.20C00 I +2.0C002 J +0 0DCC2D X D.CGCODE-CC O CCOCQE<GC
f TIME. 16:45:0€¢, DATE
IE3IDBEAM ELEMENT
® START END LENGTF - T-RKIS - START DIST END ZIST PXC
i 35 26 15C.3 . 0 I +C.30006 I +0.00CCC X €. 0000E+OC 0 weCOE-0¢ O 2CQOE~20
MATERIAL & : (Fx .- % . (Mx - a4 ,(MY-Al- 2, iMY-Bl- 2 . 'MZ-A'+ 3 , MZ-Bi- 2
THREE-STORY BUILDING TIME: 16:453 G€. DATE
STA3ILITY ZLEMENT
B MaTL  START  END  LZNGTH  ----------- Y-AKIS STARET DIST END DIST
L] - 23 17 15C.0 1.00020 I +0 0033¢ J ¢.0000E+0D C.00DDE~QO
THREE-STGRY BUILDING TIME: 16 &5 €6, DATE:
IE3ZBEAM ELDMENT
L START ENZ LENGTH  r---r----e- Y-AXIS s--r-e---ven START DIST ENT DIST FFG
43 3¢ 2r 152 @ €CO00 X 2 GCODE-CC  3.C330Z«00 0.COOJE-GC
MATERIAL & (Fx CE o, Mx - 2 ,tMZ-AY 3 (MZ-B- 3
STORY BUILL IME. 15.4%:06, CATE:
10 3EAM ELEMENT
¥ MATL START  EXD REL €3  LENGTH - --------- ¥-AKIS --------rer- S$TART DIST END TIST DRG
‘L & 31 19 185G, 0 1.000C0 I *C.000CC J +0.220¢C¢ K C.OUOCE«0QC  C.0900E«C0 5..65
42 & iz 25 15C. 5 1 22CC0 I <C.J0000 J +0.00CCY X ¢, IT0CE-SD CLORQCE~CD S..65
<2 & HY z1 152 6 0.70711 T +0.70711 & +0.00CCY X ¢ J020E+20 C.TOCCE-0Y D.C0Q0CIE-OC
LT ] Zi 1 152 € 9 70713 I =0 7C711 & +2.6C000 K O 2CCOE-0C O DCCOE-00  ©.CJ00E-0C
H ] 16 ze 127.9 5.6000C I +1 06030 J +3 €CCOY0 K 3, 08CTE-0C O CCCOE-2d 2 231
THREE-STCRY BUILDING TIME 1€:45:35. DATE:
CNZ ‘LICAL! DCF SPRINS ELEMENT
a START END - -TYPE:-- LENGTH  =r----r--e- Y-AXIS --c-cc-ere-- START DIST EXND DIZT
€ 22 a7 1€ BENDING-Y 1 000 O €CCO2 I +L 000OC J ~0 CCOSD K 0 DCCOE-DC ¢.0230E+GC
TEREE-STORY BUILDING TIME: 16 4%:0€, ZARTE:

CHEZ 'L

STRUT ELEMENT
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+ MATL START ENL» --TYPE-- - LENGTH START CIST IHD DPIST
MEMREPR, 47 a7 12 20 i AXKIAL 285 3 £.939CE-02 ©.CODOE+e
MEM3ER 46 43 1z 3z 24 AXIAL 280 o C.030GE*03 0.COD3E-aC
MEMZER &9 % 1 2@ 23 ARIAL 25G.2 C. 0.COUDE-GC
MEMBEFR &€ 50 1 3% 22 AXIAL 28C. 2 c Q.C003E~2C
MEM3ER £1 51 1 3l 21 AXIAL 250.0 C. C.CO0JE-0C
* STRUCTURE. . . THREE-STORY BUILDING TIME: 16:45.C&, DA
ELEMENT 3}, Bs/C SHEAR WALL CLEMENT
ELEM BEND SHEAR AXIAL JOINT JOINT JOINT JCINT LENGTE WIDTH ALPHA ks
£ MATL MATL MATL El 52 22 23
MEMEER 52 52 15 16 14 15 17 25 ac 0 B 1 C0o 59 21
MEMEER 53 53 15 16 1 22 23 23 13 20C.0 1.C00 &5 21
1 STRUCTURE. .. THREE-STORY BUILDING TIME: 16:45.0€, DATE:
07727 /%4
SALTTION
ILEMENT 14. R/C SHEAR WALL ELEMENT( SHEAR SPAN LENGTE RATIO= 0.COCCE-CCr
ELEM SHEZAR AXIAL1 AXIALZ CJOINT JOINT JCINT JCINT LENGTH WIDTH ALPHA PKS
& MATL MATL MATL a1 he 3 kq
MEMBES 24 34 18 w W L8 24 5 238 L50.% 2¢3 0 1.020 4C.2¢8
1 STRUCTURE THREE-STORY BUILCDING TIME 1€:43:0f. DATE
37/27/92
SCOLUT ION
LUMPED NDDE MASSES
NODE MX MY MZ Ixx Iy Iz IXY IYZ IYZ IGER INZ
1 2 4433E-02 1 4433%- CCODE-UQ § 0039E+CO C.D3G0E<«03 2 GOGOECC & 00OSE+00 C.00DDF+CC O CLOOE~GC ? 1
11 2.50392-C2 2 TCDOZ- CCOE-c0 0 002DE~00 < .22CLE+00 2,00Q0E-CC  C.Q000E-00 C,00J2E+0C O CCOQE-QC 3 1
16 1 77552-C2 3 775%2- CCOHBE-CC O COIOE-0D [ .2200E+DD  2.GQOO0E-CC C 0020E+00 C.00JDE-CC 0 CLQOE+GC 1 )3
18 E.77332-62 3 7750%- CCRJE~-C ¢ CC202-00 £ .2300E«RZ  OJ,0L00E.CC  C,0005E+Q00 C.Q023E-0C 0O CLOQGE~QO ) 0
1% 3 4422Z-02 T 4420C CCOOE-LC 0.CCL0E-CO0  C.DDQ0E+25 J.QQQQE-CC 0 QO02D9E+00 C.CO002E-CC O CLINE+QO ) 0
20 & BTIIE-C3 € 5T700E- LCIOE-C 0 CCOOE-00 C.0200E+02 D,0CQO0E-LC  0,.0002E+00 (.Q003E-0C O CLODE-QC [¢] 0
21 9 4420Z-C2 9 4420%- LCOOE~-L  Q CED22-00 L .0QO0QE+D2  D,Q0O0QQE-CC ¢ QOJ2E+00 (C.0032Z-00 O COOQE+GC ] o
22 E.7759ZT-G2 5 17S0E- L 0 CGIOZ+00 € .D08GE+D5 5.GOOOE-CC 4.GQI3E+DC €.0033-0C 2 CGGOE+Dd a 0
23 2.77533%- 3 73SOE- ¢ 0 CGI5=-00 € .DDEGE+33 5.50G00E~CLC O COIZE-00 € @ CCOOE+QG 1 3
25 £.2090 0 2Cc3C 3 e 0 CCY G0 £ .DJ0DE+S5  D.0400E-LC O QOI3ZE+0C C. 0 CLONE+(O i 0
27T 1.333 1 3390E-C2 © £ 0 0¢30T-00 <L .00D0E+32 2.0060E-CC 0 G09%E+00 € 0 CLORE~GO 2 o
35 {.003: 0 {C332-CcC © ¢ G 9C2I=-G0 € .5060 3.GCGOE-CC @ € O CCODE+04 a o
S €.003 4 CCGDE-CL  © G U GB3IIZ-00 C.00AGE+3S  2.GGOOE-CC @ € CLODE+GE 1 1
15 C. 0 CG3BE-CT 3 ;¢ 0 CO093T-00 C.3000E- o 0 0092E-00 € CCODE+GD 3 0
25 C. 0 CCOBE-CC 0 50 0 GOJJIE+00 C.090DE+33 3 G 003JE+00 €.0033Z-GC G CCODE+GDH 3 0
TH=Z MASS MATRIX IS NGT TNSEZ WITH THZ STRUCTURAL STIFFNESS MATRIX
TIONAL DAMPING COIEFICIINTS
3TTA= C.00D3GE-03
ELAPSEZ €PU TIME 1 25 SEC -
CTAL CPU TIME 1 39 SEC --- -
1 STRUCTURE. .. THREEE-STORY BUILLING TIME
DT 27/%8
S50LUTICN NONLINZAR CYCLE ANALYSIS WITH UNBALANTEZ FORCES TIME 15:45:C8, JATE:
SCLUTION 84. STRTIC NONLINEAR SOLUTION
- PVAL FOR PRINTI 520
INTERVAL FDR WRITING 1
UNBALANCED JCINT FCRCZS ARE ADDEL TO THE NEXT CYLLE
DATA WRITTEN TC
5 2 mIT & 17
b El S UNIT K 1l
[ a7 If T UNIT & 13
= 39 I L UNIT & 20
a 22 13 UNIT & N
3 7 13 T UNIT & 22
[l 29 IS UNIT & 23
3 3E IS O UNIT & 24
4 4c I3 : UNIT = 25
e a7 I3 THIT £ 2%
® sC IE UNIT & 27
ELEMINT @ 5z I3 UNIT & 26
ELEMENT & 15 3 NIT & 23
APFLIED JOINT LO&D&
LGAD TASE I JCINT: £ 3, 56 MASNITUDE. {.2222CC
LCAD TASE  t JTINT. Ft ., 56  MAGNITUDE: <.2222C¢
1 CCINT- Fit o, 52 MAGKITUDE. €.2222C¢
1 CCINT: Fit 3] 12, 6.  MAGNITUDE: ( 2222CC
1 CIOINT. Fa 3. 15, [ MASHITUDE- £ .2222CC
I CCINT: Fx 59. 19, 51 MAGNITUDE: <C.2222CC
I COINT: FX 55, 1, 5¢  MASKITUDE. <{.22220C
I JGINT 24 £5, 24, 5 MASNITUDE- ¢ z222C¢
1 STRUCTIRET TEREE=3TORY BUILDING TIME: 16:45:35. DATE:
T2 94
SQLUTION NONLINEAR CYCLE ANALYSIS WITH UNBALANCED FORJES TIME: 16-<5.38, DATE £7/27/¢84
1 STRUCTURE, , THREEE-STORY BUILDING TIME: 16:45:0s, DATE:
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(727784
STLTTION. .

. STRUTCTURE. ..

07,/2%
50L

1 STRUCTURE.

95 02T 94
SCLUTICHN. - .

1 3TRUIZTURE
€127 734
SGLUTICN

1 STRUCTURE
C?/27 /94
SOLUTICN,

TRUCTURZ
27734
CLUTICN. .

13
av/
S
MORE THAN
MORE THAN
MORE THAN
MORE THAN

1 STRUCTURE. . .

2727 /4%

SOLUTION. ...

ION. ...

.. ¢ NOMLINEAR CTYCLZ ANATYSIS WITE UNBALANCED FCRCES
THREE-STORY EUILDING
NONLIMEAR CYCLE ANALYSIS WITE UNBALANCEDR FCRCES
TEREE-STORY EBUILDING
NCNLINEAR CYTLE ANALYSIS WITF NBALANCED FCRTES
TUREE-STCRY BUTLDING
NONLINEAR CYILiE ANALYSIS WITF UWBALANCED FCRTES

THREE-STORY BUILDING

NONLINEAR T 2 ANATYSIS WITH UNBALANCED FORTZES

TEREE-STORY BUILDING
...+ NOMLIHEAFR CYCLE ANALYEIS WITH UNBALANCED FORCES
IN MATOCS. IELNC
IN MATSS. IELNC
IN MAT28, [ELNC:
ES IN MATOZ. IELNC:
THREE=-STORY BUILDING

[ NERE )
[V RN

NONLIKZAR CYCLE ANALYZ]3 WITH UNBRLANCED FORCES

, LOADING & ¢ MAXIMUM LDISPLATEMENTS

GI8 DISPLACEMENTS

NOZE

WM M e

1 STRUCTURE.
27727,94
SOLTTION.

NOTE MAXIMUM VALUES MAY NOT OCCUR SIMULTANEODUSLY

DX DY Dz RX RY

3. +3 1B2326E-(2 3.339812E-C2 S.B23E94E- 05 7 28551¢E-33

1. +2 1CL73%E-C2 §.390€20E-C3 -4.5%9072E-0% Z.

3. -2 €.130599 -1.087744E-904 1

1, -1 *8.647556CE-C3 €.623351E-90% 5. i .

3. +1 -8.41€801E-C3 €.623351E-03 S5 6E39€7E-

k) -2 €.12451% -1.087754E 04 2 C3JSZJE-

3, -2 1CC799Z-C2 5.6¢6703E-C3 -5.439397E- 0% 2.B21374E-

2 *3 1EB232€E-(C2 3.¢83453E-C2 .. QLlBCIGE-24 € D7BBEIE

2 -z C.O20C00E-CL G.020CL0E-OC 0. Q022CCEDO

3 “1 € C.322%00E-CC 3. 003LC0E-0C G.0Q2OCCEXDD

2 -3 Q.130523 -, B45728E- 04 5 48846l

2 -4 “€.544751E-C3 L. 080956E- 04 7 368ILICE-L3

2 g -5 .¢9CLi5SE-C3 . 06COSEE-04 T.45T0L2E-03

2 -3 25203%6E-¢2 0.124622 -. . 8453732E-0G4 8 §011.18E-03

Z -2 L75B5IE-¢2 C¢.22CL00E-CC ¢ 000CCIE-OC C¢.O00OOCCE-LD

= -8.43456E : 2 223C2¢E-¢2 %.135183E-05 E.1594C7E-C3

& -2.796086E- 02 6.554¢87E-C3 L. Q43290E-4¢ 4.189095E-12

& ©4.748€°5E-02 0 126C5° -4, 5357EJE-Ca Z.%33€25E-02

. +3.88585%E-03 0 OOCCO0E-00 C.000CCOE-(0 CLO000CCE-CD

3 - ©1.325214E-02 0.00CC022-00 C.000CCIE~GD ¢ . ODGOCCE-D

& 511023E-C2 -} BESES9E-0Q3 0.00CCIIECY €. 000CO0E-CD C.OD0DCIES

0 1l08Bdé S4.7348€TEE- 02 @.12C183 -1.535T43E-C¢ 2.625888E-02

o 2.7280€8E-02 5. o £.098853E -
-8.434568E- 23 2. E. 1.0830C2E-
©3.352371E-02 £.2 Q2E~&0 . 0000CCE-OC
©3.72483CE-02 o. €.000COIE-CD C.OD00CCE-GD
-7 COTEEEE-0Q} Q. C.J00002E-CO .2 {CE-CO
9.C0 CE-00 o C C.O00CO2E-GO C.O0U0CCE-CC
2.Co CE~02 Q. €. 000CLIE-CD C.200DCQE-CC
cCo CE+O Q. £.00GLOGE-CD C.0CQLE~GC
.00 CE~0%3 4 C.00000YE-CD G .IIGOCCESCD
O COOISCE+QD G C.O0CCO0E-CO C.230GL00E-CC
G.CQCIOCE+GD 8 C.S0GO09E~CC €.200000E=CC
G.COO0DJCE+DD G. C.O0CO00E+COQ C.3JGH00E+CC
.C003DCE+0D 0. C.34G00CE«CO £.20C000E-CC
9 [} C.J3GGO0ZE+CC 2.3520B2E-C4
5. . 0LCC3IE-00 C. J0GO00E+CT C.J2GG00E~CT

THRZZ-STORY

NCNLINEAR CYCLE ANALYZZIS WITH UNBALANCED FGRCES

,  LOADING & z MAXIMUM REACTICNS

MAXIMUM GT

SOLUTION, .

S RESTRAINT REACTIS

FX FY FC MX MY

LJ0CT0GDE+CE
JISCCO03E+CE
.02CL0GoE+Ce
J0C0GO0IE-CR
20CCC0DE-CO

[y

Qoo oo

a

-192 772
B 27,9801
LGCCODPESd0  C.JJCCCRIESCO
E545¢€

-
RESULTANT 2F REAITIONS. FORZE~
. THREE-STCRY BUILDING

NCKLINEAR? CYCLE ANXLYSIS WITH UN3ALANCED FCRCES
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TIME:

TIME:

TIME:

TIME:

RZ

4074635E-C5
S4L7835E-L(5
11C213E-L5
11€2122-C5
11C212E-C5
11¢2132-C5
4£76358-C5
A0T7515E-C3
4C7635%-C5
11¢212=-C5
176272¢2-44
17623€2-Cq
17623€2-C4
L1762%€E-C4
176236E-04
TE3IV4T7E- 05
763047E-03
?63247E- L5
16242E-05
LIBBI4IE-O5
L366243E-03
T6I047E-05
.TE3047E- 0%
L783047E-03
LFHINQTE-OZ
.783I0ATE-OS
. 366243E-03
EQ0CICE-IT
COOCOCE-DL
€0000CE-DD
SCDSLOCE+DD
COOJGCE- Q0
.COCOOCE-2D
-COQUQCE+ Q0
-CODOGCE+ DG
-COO0CCE+ OG
.CDOOCGTES DT

O PR 0D D D DD 0 b e O UTUTU O OS n

G DG

=3

TIME:

NOTE. MAXIMIM VALUES MEY NCT OJCTUR SIMULTANEOUSLY

MZ

LCOU0CCGE-DD
.LOJ0RCOEs GO
LCOXDOGCE-CT
LCO0RCCEnD
CIVOOCCOE-DD
LC3200CCE+DD

s en

Mmoot

C.CII00QQE~D2
i.7695955E-
1.76859%5SE
0.CO0000QE~C
1.B445649E-0C2
1.BG4S€E43E-Cz
r2f.51€22

o, CCR00CCE-aD

1€:

16

ié

16

1€

.08.

DATE:

9727 /94

TIME. 16:43 U€.

16: 45 C6.

DATE.

OATE

145:

:d5:

TIME:

08. DATE:

TIME:

98, DATE-

TIME:

45:05. DaTE:

TIMZ

DETE :

16 45 .C6.

18 45.Ce,

avraT/d

a7/27/94

16 43 Cé.

0727734

1E 45 Ce,

7127794

DATE:

DATE-

LATE



LCADING # C
COLUMN ¢ LOAZ!

30 BERM FORZES.

MAXIMUM VALUES

TLEMENT LOAD
1 2 FORCE
FGRCE
1 ?  FCACEZ

2 s

z L

< 3

1 5

L k-

M 1z

1 Il

1 b3

COLUMN ¢

PERK EL
REPRESEZNTS

FOR
NCDE

o

[N RS TRN R N VR Y

REPRESENTS

ZE3D BEAM FORCES..

IMENT

ALL STEPS
T

FOETES
THE DOF

NGTZ
L

.02JCCOE+2C
3. 02DCCO0E+DC
¥ QJICCOE+Q

NEIZH

MAAIMUM VALUES WITH THE CTHER DOF3 FOECES ARE FRINT QUT AT THE

& E =-18
4.6 -18
1.1 -le
1.1
4.
a.6
-l

4.607B59E-13

-4.60%8E9E-13

4 6507859F-13
4 6C%BS9E-18
1 12E412E-18B
1 118412E-16
4.6C76855E-18
4 .€J7B5SE-18
1
1
&
4
H

.CJIJCLOCE+JL -1.128412E-15

-1284.12E-15

16

CODDLCE+ 0% - 1B
THE DOF WHICI

HAS MAXIMIM VALTT

FZ
-3.25142
25142
3.525%
2.90z57
L25142
25142
1.02357
10257
25112
25142
2514z

[
L
]
N
ut
3

23 0237
3.25142

.0S2586E-
L€20256E-
LEZC256E-
.0328882
.032%8
.62C256E-C2
.620255E-C2
-03Z5B6E-CZ
.O5Z5B6E-€2

&
w
o
~N
w
3
O g N e S Y P SE N R TN

TOREICN

.O52586E-02
Z.052586E-0Z

©20256E-
623256E:
OE235EEE-
C52366E
62325€E-
€2925€E-
CS255€E-
T5253€L.
C52586E-

9z

MY
1107 1%
T43.182
2€ZZ.32
182Z.83
11C7.1)
742 182
2652.32
1852.83
1107.10
S43 182
1107.:0
743.162
2652.212
1952. 83
1195 1¢
743.182
2652 12
1952.83
1107.31¢0

SAME TIME

am

P T N A T A

-199102E-1¢6

MARIMUM VALUES FCR ALL STEPE NOTE: MAXIMUM VALUES WITH THE OTHEE DOTS FCRCES ARE PRINT DUT AT THI SAME TIME
ELEMENT LOAL NGDE AXTAL =Y Tz TORSION ¥ Mz STEFAG

2 L FORCE F 21.7547 1.94079%E-0Oc -9.30774 3 C72046E-35 836 298 5 78258
FCRCE 3 -21.7547 -2 943799E-02 9 .30774 +3.C72046E-23 1073.25 < 08831

Z Z FORCE 2 21.2635 € 122466 -9 45736 2..53567F-03 B23 173 11 §6332
FORCE 3 -21.2635 -0 1204€E € £574E -2.1513567E-03 331 2.7 12 2239

2 1  FORCE 2 5.82C63 -4 235B613E-32 -14.8391 1.0089B7E-C2 1595.€C 4.504969
TORTE 3 -5.92¢C3 4 Z35813E-G2 14.933%1 -1.00898%E-C2 1412.22 +1.9€€93

2 & FORCE 2 6.820C3 -4.£315813E-02 ©14,9331 1.006987E-C2 1575.6¢ -4.503€68
FORCE kY -6.8200)3 ¢.22CBL3E-02 14 9331 -1.20888%E-C2 1412 2 -3.9€€92

2 5 FORCE z 6.8204d2 -4.22CR152-02 ©14 8381 1.J0289B7E-C2 1975.86C -4.50469
FORCE 3 ~6.82043 4.2358132-C2 14 5281 -1.038987E-C2 1412.22 *3.2€€92

2 & FCRCE z Z1.2635 0.12C36% 2.152587E-Q2 820.1%% 11,8692
FGRCE -22.2635 -0.120456 S2.15356%E-02 a91.317 w2.221%

2 7 FCRCZ z 21. 1.940783E-C2 3.072046E-03 808.29¢ 3.782€8
FCRCE K -21. -1.940798E-C2 -3.07204€E-03 1073.25 4.€98¢51

2 & FCRCE 2 21.26235 C.1204€¢6 Z 1S35€7E-03 B2G.179 12,6693
FORCE 3 -21.2615 -C.1204966 -2 1535€7E-23 ssL 317 12 2232

2 9 FORCE 2 6.Ec00z -4.2258.3F-02 L2321l 1.CCB9ETE-J2 1575.60 4.5C48%
FORCE 3 -6.820C3 4 2338BL)E-0: 14,8321 1.CCB3E7E-J2 1412.22 -3 96693

2 10 FORCE 2 £€.5zC03 -4 2158.3E-92 ©14.93%0 1.CC83B7E-02 1575.6¢ 4.5C469
FORCE 5 -6.82CC3 4 2158:1E-32 14.93%. +1.008987E-02 1412.22 -3 9€63)

z 11 FORTE 2 5.52CC3 -4 235813E-9:2 “14.9380 1.008987F-02 1575.¢6C 4 50489
FORTE 3 -6.820C3 4.Z35BL3E-0Q2 14.9331 *1.006987E-C2 1412 22 -3 96653

z 12 FORTE rd 21.2€e25 J3.2Z046¢ -9.05748 2,153385E-C2 B22.179% 11, 5€93
TORZE kS -21.2e2¢ -3.1Z84%¢€ 9.0574% +2.153887E-C2 991.317 12.2239

CCLUMN |+ LOAD: REPRESENTS THZ DOF WHICH HAS MAXIMUM VALTE

FJR ALL STEPS N3”E- MAXKIMUM YRLUES WITH TEE CTHER IZOQOFS FORZES ARE FRINT SMME TIME

NCDE
k)
4
3
4
3
&
k]
4
2
4
4
3
4
a
& ("
k) 2.
4 a.
2 2
H 2
& bl
5 o]
4 ]
5 <)
4 4
S C
9 4
E [
4 ]
g [
4 o
5 2
4 [y
& [
4 a
£ 4
1 &
5 2
4 J
E 3

LOCCOO2E-

fiege o)

2CCOCTE+CO
. 2CCOQZE+CO
+J0C00JE+C
L J00CCIE~ 0T

LGGCIDIE+I0

0GCODIE+ZO
OCCA0DE~

CCCOUOE- G

LJ00CCCE-D0
LAD0CGCOE-LC
.00JCLOE- JC

0OC0COOE- DL
002CCOE«JC

LQIDEC0GE+ Q0
.Q20000E+ 20
L Q2J00CE+ 0D

022000E«J0
cT+a0
COJ0GCE- 00
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450122EF-15
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SAME TIME
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LB ¢ GCSGOCTE<2C &.89C455E-18 -Z.G18%€7E-T2 1163.37

26 K 7 Q OGCOCRE+CD -8 .666E41E-18 2 65454zZE-Q2 Sl

18 0 OCCOGIE-LO §.55€841E-LE -1 654542E-02 -z

28 a 17 O CGGOGIE+CO -8 BSE3L1E-LE 3 65454ZE-02 -1

15 $.0008CJE-OG € 55E€S5¢1E- LG -3.6%4542E-02 -<

28 5 17 €.000CCOE-0C  -B BESB4IE-18 1.£54542E-02 -1,
1B C.O0GCCOE- G 5 66654.E-13 -1.€545422-02 154,77 -2 G7SS97E-19%
2r 3 ried [s; ICLQUE-SC -§ EEHBELE-1S 3. 1863 27 -1 932782E°15
L02270QE~ 20 E 666841E-18 T F54%42E-42 1543 77 -2.{7883TE-13
zE H -B.E90433E-15 . 2 4lB987E-C2 €5 -L.7O069BEE-1T
§.290453E-18 i S2.4LE9STE-L2 37 1 T9Uul3SE-1%
23 o -E.€€6B41E-2 *17 3 4542E 2 o -1.982789E-13
. . 6608L1E-56 1 s 3 4%42E-62 2.073397E-1%
28 Lo 2 -6 . EE6ELL =13 3 459242E-02 -L.9BZ7E9E- 15
< §.6€6E41E-18 17 -3, 554542E-02 -2 3397215
2E FEs O OCLOQ0E«CY -8.666E41E-18 “37 1} 535d342E-%2 15€2.237 -L.3B27E9E-15
O O0CCOO0E«CD 2.B6EELIE-1E 17 ~¥ 65¢34ZE-02 1543.597 C375597E-15
28 12 0 DCCOODE«CY -P.686841E-18 =17, 3 654542E-32 1583.37 . 98278%E- 1%
FCRCE 0 HCCOOJE«CE . 55€841E 18 17 *3 §94542E-22 1542.7 2 C75587E-1%

COLMN ( LOADS REP’ESENTa THE DOF WHICH HAS MAXIMUM \’AZ.U‘IE )

IESD BEAM FORIES.

MAKIMOM VALUES FOR ALL STEPS NCTE: MAXIMJUM VALUZS WITH THE OTHER DOFS FDRC-S ARE ”RIN" OL’T AT THE SAME TIME
ELEMENT LOAZ NOIDE AXIAL FY EZ DRSION Mz STBFAG
2% i FORTE 18 S0.474804 ©1 69597 2.176100E-C2 32:.%8852 -47 5808
FORCE 19 0.4748B34 1.69537 2.17€200E-C2 15.6414 -47.1802 ¢
2 2 e -0.a74804 -1.€5597 -2.17€2CCE- 92 3z3.552 -47.58c06
9 0 472634 1.€5597 2.1762CCE-02 15,8414 -47.33¢2 ¢
23 3 1@ -C 318074 1.73860 -3 735247E-32 561.505 -71.925%
19 €.315074 3.75e€0 1 795247E-32 184.252 -31.868%90 2
= 4 16 41 3e131 C.4743Ce -2 176203E-02 321 852 47 S5BIs
19 -41 3831 G 4748CA 2. 1762J990E-02 15 €414 -47 . 38553 4]
2% 5 FORCE ie 15.4993 -0 318274 3 73e8C 1 563 5CB -31.92259
FORZE 13 -16.4953 O 31BOT& 2 7388C 1 184 .252 -3..6890 o
F4s) ° FORCE 18 41.3a21 -F. 47480 -1 &95%7 -2.176200E-C2 323 552 -&47 SEODS
FORCE 1 -4 1.3832 G.474824 1.69597 2.1762DDE-G2 15.6414 ~47.2€03 C
22 K FORCE ZE &l 2831 -3.474804 1.69537 -Z.1%€200E-C2 123.852 -47 . 56CH
FORCE 9 -4 1. 3830 G.a74834 1.€9537 2.17€ZGOE-CZ 18.6414 -47.38C3 4
23 B 16 41.3651 G.ATIETS -1.€9597% Z.1762GCE-Oc 323.55z - 47 .58C6
15 1.3831 C.474604 1.€95%7 2.17620CE-02 15.6414 -47.33¢2 ]
23 ¢ FCRCE 18 16.4923 -¢.318074 -3.736EC 1 795247E-02 S€1.505 -31.5258
FQRCE 19 -16 4333 €.318974 3.73860 1 795247E-22 1B4.252 -J1.685%0 2
29 11 FORCE 1A 41 3821 -.4748Ca 89597 -2 322 552 47 5806
FORCE 13 -41 3B133% ¢ 474504 83587 rd 15 €414 -47.28923 3
ras 11 1B 16.4&553 T385C -1.795247E-02 562 =8 31.3259
19 -16.4953 1.75%247E-02 184 252 -3L.EB%D o]
29 12 FGSRZE 18 61 3331 -3.4748604 -1.69557 SZ.176200Z-C2 323.552 47 S5SEDL
FORCE 19 .3832 G.474802 1 €9597 2.178200E-C2 15.6414 -&7 . 2E03 [
CCLUMN | LOAD) REPRE‘EGTS THE DOF WAICH HAS MAXIMUM VALIZ

3 BZAM FORCES. ..
MAXIMUM VALUES FCP ALL STZPS NOTE: MAXIMUM VALUES WITH TEE CTHER DOFS FORCES ARE PRINT OUT AT THE SAME TIME

E_TMENT LOAD NCD= AXTAL FY FZ TCRSION MY MZ

e 2 fcaez 1% G QCCOGIE+CE -8 .225325E 17 C.033CCOE-CC G.0022CCE+DD 3 ©6CC22C=-C0 -4 .596150F-1%
FCRCE 21 0 HCCLODJE+CO 4.225223E-17 ©.CJ3CCOE-IC ¢ CCIIGCE+ 20 4 . §33325E-13

ic € FCRCE 1e Q.DCCOCIE-GO 4.223323E- 3.CJ3GHOE~ QL & CCIJDDE+ [S -4 .5BG¢159E- 15
FORCE 2 0.3C2CoIE-DC & 225339E- 2.CIJ3F0Q0E+2C o CCOOOOE+DD © OCGCOOJE+CO -4 B3ISD2SE-1%

Ely & FGRCE 19 $.000CCGE-QC -4 2233529E- T 3.CCO0A0E~+2D C.3CCO0ZE+ES - 4§ 1c

c. 4 225529EF- 2 3. Ge00I2E+0D GC.300CL3E~QC q s

C.032 4 225333E- 11 < 2.00GGIIE«QQ C.2OGCCOE-3C L 15

.00 4.225339g-17 4] G.r0GEI3Z+GO C.Q33CCGE+DC ¢ .€9%029E-15

ENTS THE DGF MHICH HAE MAXIMUM VALUE

STEPS NOTE: MAXIMUM VALUES WITH THE CTHER DOFS FORTEE ARE PRINT CUT AT TEE SAME TIME

AXIAL Fy F2 TORSION MY MZ STBFAS
43,5619 *C.47480Q -1.236%54 Z 176148E-92 2€0.689 <47 .53C6
“€3.5617 C.474804 1.25E54 I 17514EE-02 -E FE10L 47.33Cc2 o
&3 S813 .4743 Zz 1751456E-22 26C.58%
43 56LC G 37488 175143E-02 -6.98101 ]
22.574 DAl [ 3 oeT1se -1.2.2588E-¢2 34 €97
22.574 ToasueTa 1 971%E 1.212588E-02 1%3 218 o
43.581C “0.874aBYg 1 258%; Z.176148E-C2 261 6EF +47 EEOS
t42 581d 0.474824 1.258%4 2,176 48E-C2 ~§.98.01 t47 3803 <
22 5748 tCLe2CITY 1.871%58 -1.212588E-C2 6C0.097 $43.187¢
5748 €.e30870 1.971%8 1 212%g8E-02 L94.218 - 38,897¢C 4
-C. 1.2585¢ Z €L .68 -4%.380€
t I 25854 2 -3.98101 $47.3802 2
31 7 FORT 22 i H B 26L .¢8% 17 5806
FORLE 2t o H z. +B. 98101 =47 .3853 2
i1 6 FORTE 22 Su. 474809 -1 25854 -2 250 683 7 S80%
FORCE 21 3.474699 1 28853 Z. +E.BEICL <47 1803 0
31 2  FORIE 2 22.574¢€ s0.aiCdTy +3.371%5 -1.212588E-C2 5C0.097
FORZE zl t22.574€ 0.90047 3 5 97158 1.2125688E-¢2 194.21€ ¢
a: 10 FORIE 2% 42 551G c0.4TREDS ©I.2585¢ i 17€14BE-02 260.6859 -47.5906
FORCE 2% 43.88B10 G 474804 1.238%2 ¢ 17E14BE-U2 -E BE101 +47.38063 <
EDe 11 PCRCT 22 22,8548 S 42037 C 1 Z1258BE-22 £0L.037 -40.1979
FORCE 21 “22.5748 C 4LTe7C 1 212988E-Y2 1%4.219 -39 6972 2
31 1z FORTE 2z 43 3810 -G 4T4BTY +L 25854 s2..76148E-02 260 68% -47 5808



TOLTMN

FCRCE
| LCAD

3D BEAM FDRIES..
VALUES FOR ALL STEES MOTE
AYIAT

MAEXIMUM
ELEMENT LDA.b
2z
3 3
30 4
3z H
Iz €
32 §
3z 3
312 1c
3z b
2 12
CCLUMN

IE1> BPEAM FCORCES. .

MAN THMUM
ELEMEINT LCAD
22 2
i3 3
3z 4
a2 9
33 €
32 3
13 £l
33 1c
kR |53
33 L2
COLUMN
3D BEARM
MAXIMTH
ELEMENT LOAZ
EE] 2
54 1

14 ]
54 B
14 e
18 2
za 12
54 1
kT 12
15 2

a5 S
15 6
b1 ]
15 &
33 16
35 1
33 12
i€ 2
kL 3
335 4
16 E)

FCRCE
FORCET
FORCE
FORZE

VALUES
FORCE
FOPRCE

FCRCE
FCRCE
FORCE
FORCE
FORTE
FCRCE

FGRCE
FORCE

FORCE
FORIE

FCRIE
FCRCE

FORCE
FORCE

FORCE
FORTE

FORCE

FCRCE
¢ LCAD}

VALUES

FORTE
FORTE
FORCE

Zt

RLFRESENTS THE 007

ICEE

REPRESENTS TKT DOF WHIZ

-431.5810

GCCIQOE-CY
COOJE~CO
GCTOE-Q
LQUICUOES QT
.COODOCE- 20

JCC00E~S
‘JOGOUOE‘EU
L 0CCCIE-DC
003CCOE-GL
LQOTHCOE-DC
LCIINOCE~ D0
.CO0BDUCE-QD
CCCIICE-0D
g 4

L JDLCCIE-GC
L200CC2E-DC
02 CCOE-QC

OO0 VUODDAOGD GO D000

£.4726C4

MAXIFUM VALUES WITH TEE CTHER DOF3 FORTES ARE PRINT CUT
FY FI TCRSION MY

*B.BRULSBE-LE 2 637362ZE-02 1021.51
£.830456E-1E +2 62TBE€ZE-22 128,53
-5 68684.E-15 31 990%€1E-22 212C.18
5.666841E- L6 +3.99C351E-02 161,72
-S.EGEBGIE 18 3820935 . 2127 18
8. . +3.¢00951 1631 72
N 3 2220.18
a. -3 iECL.72
-E.566841E 18 3 212c. 18
£ 66684 .E-18 -3.993:6;:- 166..72
<§ B90458E-18 2 €97B62E- 1%21.51
B.EP0L33E- LG t2.697862E 1213.93
-8, 1.59C981F 212).18
8, *3. 95088 1E- 1631 72
-y 3.950%61E- 2.20.1€
8. -3 390%61E- 160152
-8 3 99%%6. 212C.18
H -3 9908l 1eCl.%2
"3 . 3 S90NELlE-D2 2120.18
3 & 18, 6095 -3.990361E-02 1501.7
M HAS MAXIMUM VALUE

1.258%4
WHICH HAS MAXIMUM VALUE

2

174 148E-02

-3 %8101

THE

[SY R SR

[N

N N e

[SEEE ST

3TZPS NOTE MAXIMUM VALUES WITE THE QTHER DOFS FORCES ARE PRINT OUT AT THE
Y

FCR ALL

NODE AXTAL
24 C.300CCHE-OC -3 GCULELE-1B
21 C.043CCRE+JC 3 4CB4ELE-18

4 D.COQ3ICE+00 -3 .40E461=-14

2 3 GOQIADGE~CO 3.43B461E-1E
24 £.000000E- OC 3.4038962E-13
2z £.00AaCCOE-0C 2 40B4€EE-19
24 4.03300CE+J0 -3 .4C8461E-18
22 3.CO200CE-00 3.4084612-18
2z 0 0CCOJ0EY00  -J.498451E-LE
2z O GCLDOLE~CO 3.4004€1E- 1€
24 C.200CCIE~GE -2 40B¢ELE-13
21 £.002CC0E~DC 3 4CBce.E-18
24 0.COCOOLE~O0 -3.408481E-18
z22 C.CO00OLE-QC 3.49B421E-18
21 O OCCODOE#CE - 3.4084d61E-1iE
23 0.0CTO0DE-GT 1 408481E-18
2¢ C.O000CCOE«OC -3 4CBLELE-15
23 G.03J0EQE~JC 3.4GB461E-15
24 2.L0000LE~0C 1.406431E-18
i 3 GOCID0E.CT 3.40E481E

REFRESENTS THE DOF WHICKE

FIRIES. ..
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e

oL
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-

3.1

a1

-3

71836
.71998

HAS MMIHUM '»’ALUE

am e oo

o

-

TCRSION
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m o
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ao
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BASZJEE-G2
88B248E-T3
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.838248E-01
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.88824BE-C2

436 .

€07

87%.
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€60
555

- 2536

740
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743
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25€
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.25¢
740

255
L7440

. 25€

.76l

o

-

-

[

-

-

-

-

5

e

(3]

MAXIM M "-\LJES WITH THE OTHIR DOFS FORCES ARE PRINT JUT AT THE
Mx

2333848

WOl SRR R R R Mm@ N e
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1£2514FE-18

ur
ar
e}
a
~

o

MR & DD

[N R R RS XS NE SR N VY ST RN )
~
o
s
&
n
oo

2z2514E-
-770492E-
77C4a90z-

68463 2E

L222E1RE- L
L2226 14E-

SE354GE

M NOO TN AOoONaDNNOR0N

oMo Bbo oL

[aR=N-R-REN]

£5539C
22133¢C
321350

. 274560

274562

.13649"
- 155497

.3zl3aT

3211332

.274560

27E5€0
as2117

1=
~]
ul

RETTITS

"o

BV IR RR |

NS R-RF RN

— 0

G L S OO0 O

TORSION

S€12C24E-C2
SE15C24E-C2
S4lZI0QE-C2

-0z

BI3924E-G2
4121CCE-22
412100E-22

964355E -1
96855 5E -
12B313
129912

M0
P RO M RYRTRD

L1289112

128913
L2312
12820z
XR343JE-22
JE3L54E-D2

IR, NV Y-V

7.

Ry,

R e Gt

Ve

[ERAN

o G e b

Ve

e e R Ly e

LOE278BE

LL1262a4E
LE28C52E

.3€CC23E-C

-1
-1,
-1
-1
-1
3
2
-1
-1,
-1
-1
-1

1
S43L€57E-1
-45Sd47E-1
.4BG447E-1

1

.2153174L-

€
€
5
5
S
<
s
is
.306649E-15
5
b
L
H
5
5
5

L215174E-

SAME TIME

fCéBEBE 1=
790235

LOTERRTE-LS
.98Z278%E-13
T75%%7E-15
8§2TESE-1S
¢753%7E-15

."=C4’=E 15
L9827TB9E-13
.J75597E-15

9B27B8E- 15

.G75597E- 15

982765E-15
C3I55%87E-13
882788Z- 15

LG75599E- L5

SAME TIME

WL STEFAG

1IB2E4E-LS

. 222C52E-15

L150122F-15
L242929E-15

1501228-1%

. 242329Z-15

13CIZZ2E-15
.24282%E-15

-1501Z2E-15

242%29FE-15%

L1BQi22E-15
.2428229%9E-15

12212ZE-15
24292%E-1%

LL9C122E-LS
.242929E-13

L1530122E-15%
L24292%E-15

3AME TIME
MZ

.46944'5 1(-

338E43E-

FETSEE-

.276756E-15
~3E0022F-15

302349E-15
4Cl857E-15

215274aF-15
.3G7GEZE-15
.21517&ER-15
ICTG32E- 15

401657 %
dE9ELTE
455447 E-

J072EZE-
215174E
icv39

[ k]

LEL517RE-L

1J7962E-L

G



22 CG.22{0C0OCE+CT 2. zE2€ 14F-1¢ g S75%f¢ - 57 5965 -1 ICT9B2E" 15
ic € 16 GC. CCOE-OC -4 77049CE-14 S 523469 1. 52 4471 -1 ICBE &
22 0 S4N00JE-OC 4 TVL4eCE- 18 C.E244€% -1 5z.4d50 -1 alls Is
36 & iE 3 OCLDOCE-CO S.854€9ZE- L€ 0.455063 2 43.5954 1.466447E- 16
22 2.60CGI3GE-02 -5 B54632=-18 £.433Ca3 -2 1337C6E-02 42.5382 3.&584d7E I8
€ 5 1B £.COQLO0EC0D -2.222€1¢=-16 -C.5753€8 1.525€28E-C2 £7.5¢71 -1.2i5174E-15
22 0,020 "[CE 2.2z2614E-18 ¢.o7 <96: -3.525638E (2 57.58€% -1.3Q7982E-15
16 18 18 e R 3 < -4.3€7578E-C2 3% 7665 - - .5
22 C.0% uCOE-C\C 4 3 4.5€737RE-02 33 7662 -1 z
18 <. CCTE-DC H z Z B£531BE-C2 57 5871 i
22 0 J0CUOOE- LD 2. -1 8C5412 22 37 5383
18 S NCCOUNECT 4 1 O13Z7EEE-Q2 32.4¢71 H 305='~:EE'15
25 J.00QLIUECQ] 3 ©1.13Z78SE-02 5Z.445¢ 1.421457E-15
REPRESENTS THE DOF WHICH
FORCES. ..
FOR ALL STERS NCTE' MAKIMUM YALUZE WITH THE OJTHZR DCFS FORCES ARE PRINT OUT AT THE SAME TIMZ
NOZE IsL 7Y FL TOR3ION MY MZ FLF.
2§ -€2.8114 15 4685 E.7GlCEIE- 02 4.44379 *9 72443 702,292
i€ g2.8114 “1€ 465% -8.76ICBLE-C2 4.3353%8 tZ.78415 1775 22
28 -62 €:.4 16 . 46¢E 8 73IlELE-C2 -3 2445 T02.091
16 B2 €114 16 . 4E66 -§.79L2§1E- 02 -2.7E84L% 75.71
2¢ -82.81l4 15 . 4668 §.79L021E- 22 N 2445 7C2.063
6 £2.5114 -1€ 4683 E.791C81E- 02 -2 78415 2775 73
28 -82.6114 16 .45¢¢ 6 79L08L1E-C2 9.72448 732 093
% BZ &ll¢ s1b.48€€ -8 TFLIBLE-C2 2.76418 177,32
5 -82.€114 <5 . J€68 8,721081E- 32 4.4437¢ -%.72445 76z €52
1 #2.81 -15. 4688 §."81CE1E-2Z 9.33578 *2.76415 1775.73
37 & FORIE 26 cBZ.65114 1€ 46683 €.791C81E- 02 4.443%8 9 72445 702 091
FORTE ié £2.8114 - 1€ 4666 -8, 75.081E-¢2 -4.33578 2.76415% 1775 72
3% 7 FORCE 28 -B2.8.114 16 .49¢&¢€ 8 T9108LE-02 4 4478 8.72445 702,032
FCRCE 18 62 €114 S lb . 4566 -8 TS108IE-02 -¢. 33578 2.76415 1775.73
37 £  FORCZ 25 -62.6114 15 .49¢€6¢ 6.7910£1E-0Z 4.46379 S.72445 7C2.055
FCRCZ 1€ gz.elld -16.466% -E.TSICE1E-G2 -4.35576 2 76415 775,712
37 3 FORCE z2e -82.8114 1€ 466§ B.791081E-C2 4.¢64779 -9.72d4¢ 332.093
FORTE 15 g2.8.24 16 45€EE -8 79108_=-C2 -4 31578 -2 FE&Ll5 17728 .73
37 1L FORCE 26 “B2 €114 15 . 4E6¢ 8.781031E 32 4.44379 -9.72445 7€2.08>
FORCZ 1€ 82.6114 -18. 4666 §.791CELE- 02 d4.335%¢ S2.76413 TR
37 -1 FCRCE 25 -46.58%3 5 Zabes “1.905424E-C2 1.76748 312125 223 354
FORZE 16 46.53¢3 5 Z¢8€¢ 1 2C%424E-%2 3.74988 6 .26661 56€.19¢
% 12 FORCE 28 <B2 €1l 18.4€68 6.T3iI081E-02 4.4437¢8 +R.72445 7C2.093
FORCE 16 §2.611¢ 5.4€66 -8.721081E-0z2 4.33578 +2.76415 1775.73
COLUMN ( LCAD) REPRESENTS TEE CCF WHICE HAS MAXIMUM VALUE
ICiZ BEAM FORCES. .,
MARIMUM VALUES FOR ALL STEES NOTE MAXIMUM VALUES WITHY THE CTEER DOFS FORCES ARE PRINT QUT AT THE SAME TIME
ELEMENT LQAS NODE AXIAL F¥ FZ TORSICH MY MZ STBFAG
36 . FORCE i5 -1J€ 458 L2.315C G.132:20148 1 E445€5E-02 ©18.089¢
FORCE 24 106 .458 -i2.1050 0.135024 -1 G445€5E-22 -2 GL2BE &
38 2 FORIE 3= 12 3:i50 C.13€C1¢ 1.B8&43€8E-01 Z6.28%4
FORZE 24 *1& 3150 G 116014 -1.B445€5E-C2Z -2.01266 [«
IE 3 FORIE i5 106 46E 12,3150 1.8q4585E-02 ©18 3E94
FORCE 24 1€ &68 -.2 31%¢C -1.844S€5E-02 t2.G128%5 2
iE + FCRCE 15 -106.408 12,3250 ¢ 136014 1.84¢365E-22 -18.36832
FCRCE 24 106,468 12 3.%°2 “C.13€EC14 1.B34565E-72 sZ 1256 [«
38 % FORIE EH) 108 . 468 ¢ 136014 1.944565E-C2 -18.38¢4
FORCE 24 106. 4666 -0 126014 +1.8445852-¢C2 -2.01266 [
kN3 £ F'JPf‘E i5 -lT€. 468 Q. 1 64495€3E-72 -15 1894
24 106 .456 - -, -1 B4¢3€5E-22 -2 CLZB€E o
38 7 s 106,688 12 3153 c 1.B43%85E-C2 -LE.38¢2y
24 6. 468 iz 1150 «€.126C104 -1.8¢3563E-C2 2.312€6 <
235 B 35 106 €3 12,3130 1 <18 3834
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CIZUMN LCAD! REPRESENTS THE DOF WHICH HAS MAXIMIM vALJL
STABILITY ELEMENT FORZES. .
MAXIMIM VALUES FOR ALL STEP3 NCTE: MAXIMCM VALUZE WITH THE JTHEIF DCFS FORCES ARZ PRINT 3 °T AT THE SAME TIME
ELEMENT LOAD NODE AXIAL FY Fl TCRSION . »Z FLP SP
EE] 1 FCRCZT 2% c28.%53¢ 2 €574 £.37662 <€) 4068 83.457E
FORCE T ZE. 9638 ~Z €57 +& 28135¢C &.2834 138 3EE
ac 2 TORCE 23 -17 &E72 £.G9L30 T8C¢” -38 "3l 157.:181
FORCE 1% 17 €671 CELPEEC S0405 S92 £4l% £83.755
b 3 FCRCE 25 §6330 3.75347 +58.7438 385 .182
FCRZE i 5330 -S 504CB -32.9413 735
k) 4 FDRTE 23 B £ad3l & T30eT -6E.T43F 57 1eL
TORTE par 5 334317 -5 5{40% -E2.9491¢ EX 7EE
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IZ2L BEIAM FORCES
MAXIMIM VALTT
ELEMINT
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ac I_
ac 3 FORCE
FGRCE
an 4 FORCE
FORCE
19 5 FORCE
FORCE
ER 3
a0 -
1 3
ac 5
4% 10 FORCE
FORCE
4t 11 PORCE
FORCE
ac 12 FORTE
FORCZE
COLUMN ¢ Loz
5D BEAM FORCES
VAELUES
FORCE
FORCE
[H 3 FORCE
FORCE
41 4 FORIE
FORCE
<1 5 FORCE
FORCE
4 & FORCE
FORCE
I § FORZE
FORSE
41 % FORTE
FCRCE
41 o FCRCE
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1S MAXTHUM VALUE

NOTE: MAXIMUM VALUES WITE THE
Z

0.8146:.2 5.73G47 -€8 7438
Bi4613 S.5C403 -32.841%
. B13613 5 75847 B.7436
-81461: -5.5C0402 £2.8415%
-7%€225 5.:7682 ~63. 4069
-7a€225 -5.29250 -49. 2834
5 79047 6E.743E
-5.50402 ~82.911%
T 75047
S.50409
K]
Bldell -5,
.B14a€3 £.750467 “66.7438
.Bla6z3 <8.504C% +52.34¢15%
LBl4613 $.75047 6E.7438
Bl4€l3 +5.504C% 52.3415

OTHER JOFS FCRCES ARE PRINT CUT AT
TCRSION

N FXIRL Fi B d
kx| S20.6311 C.531.21 G.818602 5683C1E-G2 ~72.0483
23 25.6311 -C.52:1321 -0.816€02 -1.5683C1E-C2 "50.4440
34 -7 CC4S5 &.8722% 1.20876 L. B44565E-CG2 -88.8546
23 7.CCa55 -4.87229 *1.20876 .B44565E-C2 ~62.45%€
34 7 CC4a53 4.87229 1.00876 L.844565E-02 -58.B549
23 7.CC455 -4.8722% S.. 00876 .B4ad568E-22 "62.45%¢
34 7. CCa55 4.87229 L.GO87¢ 1 844365E-02 -88.,8549
23 766455 -4.87229 -L.00876 -1 B44565E-C2 "E2 4596
34 S.p0ass 4.87229 1.00376 1.844565E-02 ~8%.8548
23 T .0G04ES -4.87229 .. G0ETe -1 4¢565E-02 “62.459%6
34 -3 . 00455 67229 1.00576 1 B445€5E-02 *88 ES4C
23 T.004s5 .B72z9 I pogTe -1 BE45ESE-T2 -62.4536
34 20 €311 G 501121 2 816602 1 S6830.E-22 .C463
23 20 €311 -G S501lzl -0 El6802 -1.S6BZD1E-92 L4442
3e -7 . 0D&ES 4. B72Z% 1 ¢0B76 1 B4<43€5E-22 -88.6548
23 7.004C85 &.B7229 -1 60876 -1 B445€5E-32 <€2.452¢6
3& §.872:z9 1 6087¢ 1.8445€5E-22 -38 €549
22 4.87229 -1 CC87¢ -1 B445€5E-22 82,4598
34 cT 0045 4.872z8 1 Q0876 1.6445€5E-32 88 @540
22 7.00&55 4.8722% “1 €876 -1.8445€5E-22 2.4598
3¢ 4.87229 1 00B7¢ 1.8445€5E-02 +88 5549
23 4.87228 -1 CLB76 -1 E445€5E-32 82 45935
34 -7 00455 4.87229 1 CCB7¢ 1.8445€3E-02 -8B 854%
22 7.303455 -d.8722¢ -1 CCB7¢ -1.6445€3E-22 '62.,459¢6
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LOAD AKD DISPL AT MAXNIMUM LOAD HOTE MAXIMUM VALUES MAY NOT OCCUR SIMULTANECUSLY

ELEMENT LCAD TYPE NODEI XNODEJ FCRCE DISPLACMENT STIFFNESS
(13 ¢ BENDINZ-Y 37 e 236.1308 Z 36308JE-04
S0EL FORTES MAXIMUM LOAD AND DISFL AT MANIMUM LCAD HNOTE. MAXIMUM VALUES MAY NCT JCCUR SIMULTANECQUSLY
ELZMENT LOAD TYFE NODEI NODEZ FCRCE ZISPLACMENT STIFFNESE
B 4 AXIaL 29 18 +37 7482 -5.851764E-C2
(3] < AX1AL 3¢ 24 ~11% 223 *7.137750E-02
48 L AXIAL 22 23 -25 1C4H +2.123060E-C2
5% g AXIAL 30 22 41 9247 J.41206iEC2
51 0 AXIAL 31 21 -3.82248 -3 1087
R/C SHIZAR WALL FORTES... MAXIMUM LOADS ANZ DISPL AT MAXIMUM LOADS NOTE: MAXIMUM VALUES MAY ROT JCIUR SIMULTANECUSLY
CRMENT LJAL  JINWT-I JONT-2 JNT-2 JNT-3 MOMENT RCTATICHN SKEAR SHEAR DISEL BXIAL AXIAL DISFL
52 2 18 1? e 12 ~3534.69 ~6. 0477 85E- 04 ll.€821 €,57L208E- 03 2 €2311% 2 3379CLE-22
: 2 22 23 EE} 1z ~3363 .65 *5.914224E-04 S32.3444 -2.213121E-02 2 141s¢C % 104C12E-22
HTAR WALL FORTES MAXIMUM LCADS ANU DISPL AT MAXIMUM LCADS NOTE: MAXIMUM VALUES MAY NOT OCCUR SIMULTANEOQUSLY

DA INT-1 JNT-2 JNT I JONT-4 SHERR SHEAR ISPl ARIALD AKIAL DISFL L AXIALZ AXIAL DISBL 2
2 1€ 24 i35 238 & €440¢ 4.983043E-C2 0.484€05 2. Q23024E- 02 S ETH645 2 3Bi227E-0:¢
C TEREE-STORY EUILDING TIME :€:45:35, DATE
27794
CLUTION BOMLINEAR CYCLE ANALYSIS WITE UNBALANCED FORTES TIME 15.45 OB. DATEI C7/27/%4
LCADING < PEAK IUCTILITIES AEND EXCURSICGN RATIO'S
TEISBEAM  TUCTILITY (BASEZ ON DEFINITION 1*:
TLEME A IMYB TMZAL IMZB: b FK ¢
2 [ o 0CCOoD 0.2330¢C0 G 005 3.6000% ¢ 0G53D
IEIZBEAM DUCTILITY (BASEDL ON DEFINITICN 1+
TLEME MY MYE" TMZAL iMze; PMX iFX
% L.¢0 2,66C3T 0.Z2CCT G fccee o ccoon J.¢002<
IEITBEAM DUITILITY ‘BASED JN DEFINITICN 1°
ELEME MY A MYE ! H H4.4 {FX
@ 0.3580C 1 0GC3a 2 €8a2ae 2 CO034
13 [siRielile . 00C3Y 2. L Co0% 2.CGCRD
ZESDEBFAM DUCTILITY (BASED ON TEFINITION 1. -
ELEMF MY AL IMYS TMZA H H FX
18 2.720000 0.02%00 T 42add £.0022¢C a.¢3080
IEIDBEAM DUCTILITY:3ASTD GN DEFINITION L1::
ELEM® CMTA IMYB S TMZA) iMIE iFx ¢
27 [k o] il C.099CC T .28l62 €. 106110 < O 020CL
IZADBEAM DJCTILITY(BASED CN DEFINITION L::
ELEM= TMYE TMZA TMIB . ‘FX
2z ¢ 02200 7 84733 + C7e0Q T [SN =L vy




IZ3DREAM  DUTTILITY {BASZD GN DEFINITITM
ELEMR LMY A MYB!

MZE. MY
zd £ 00330 3 BCECO T .33C5% c.50827 0.33CCT 0 3CCo0
IE2TRZA TUCTILITY (BASED ON DEFINITICH 1) "
EL=M3 PMYAL IMPAL tMZB! WX PEE O
27 o (o0l 7 ¢330 Gl 0.033:2¢ C.20060 C.J0GL0
ITIDIEAM  LITTILITY(BASZIG ON DESINITION 2
ELEM% MYAT MYB ! iMZA iMZB
2° 2.G6872 IS 3.co90c e C.

IEIDBEAY DUTTILITY (ZASZ0 CN DEFINITIOM 1)

ZLEMH MYAL MYR IMIE O EX O
M 0.1 i 3.83306 L CeLon 3. G 0020¢ G.8300E
IEZ2SEAM DUTTILITY 'BASZD ON DEFINITION 15 :
E_BMs IMYAS IMYB IMZA MZE! PMX iFX
33 ¢.39%06GC J.coon0d 2 £CCOD 0 00230 I £Coon 3.C9300
JESCBEAM DUCTILITY (BASED ON ZEFINITION
E_EM#& IMYAL MY H MY iFX
E £.9D25C 3.C0037 o 2.:C00D 3.C0090
DUCTILITY (BASED DN ZEFINITIOM 1}
™ ' TMTAG iMZB® VX iFX
3 0GG30 J.00(LT 0.3Ec00 3. 40002 3. CO0GH
SPRING DUCTTILITIES AND EXTURSICGN BATIOS
ELEMENT !- SUCTILITY DEFINATICN &1 -1 - DUCTILITY DEFINATIOR #2 -! - DOCTILITY DEFINATICN #3 -
SUCTILITY EXCURSICN LUCTILITY EXCURSION DUCTILITY EXCURSION

a6 G ZJECCCOE-DC 5 CCO03TSBE+DD C.D3BCCOE-GE C.DO3G0CCE+CGE C.G3ICGOE+OC 0 CCO00CE+0D

STRUT JUCTILITIES AND EXTURSION RATIOS

ELIMENT - DUCTILITY DEFINATION #2 -
DUCTILITY EXCURSICN
&7 C.D33CCOE-IC U CCOD3DE+D0
3] ©.0933CCOoE+IC 2.&6000395-00
e £.033CGCE~ DT 3
50 £.CD33002+00 J
51 L.CO3GO0CE+Q0 2.G6000302-CC

R/C SHEAR WALL DUCTILITY AND EXCURSION RATIOS

R - - PENDING COMFGNENT cee e SHEAR COMPONENT ------------ ‘ - --- AXIAL COMPONENT ---------:-- '
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52 2 0 aC 3 cc L. Co C.o0 C.oo2 3.0C .03 0.00 J 60 ¢ 0o .03 0.22 1.17 0.022 1.0a ¢.00
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o 1,00 J.Go I &0 G Co .00 0.0 1T €.02 1 @ec o CC .63 €.00 17 c.00 1.G0 [
* TYRZE-STORY BUILDING TIME: 15:43.06. DATE.
NCNLINEAR CYCLE ANALYSIS WITH UNBALANCED FORCES TIME: 16:45:€8. DATE: 07/27/94
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92864 €.12814E-02 b
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& I25E17E-04 7 .29695E-35

IEEEEEN - - SHEAR COMPONENT
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8. Drawing of Internal Forces
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Figure 52. Drawing of Internal Forces

180

262k

d. Member 52 (Shear Wall)



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 area is A=4.59 in%, torsional moment of inertia is J=24.5 in*;
moments of inertia about bending are I,=11.7 in* and I;=22.1 in% Young’s modulus is

E=30000 ksi; and shear modulus is G=12000 ksi.

10kips -,
! t (0,4832)

(0,18,32)

10

Unit: inch

(60,0.20)
z (36,0,20)
Y
/! 4 60,00
L X A0

Figure 52. Space Frame Subjected to Vertical Loads
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B. BUCKLING ANAT YSIS

Description of Input Information

Perform 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 in?; torsional moment of inertia is J=0.95
in*; moments of inertia about bending are I,=44.1 in* and I;=310.0 in*; Young’s modulus is

E=29000 ksi; and shear modulus G=11600 ksi.

Pe

sH

N

et e §Q'L..|. _‘:0_"..1__!‘_(.'" -

Figure 54. Buckling Analysis of Four-Element Column
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C. NATURAL FREQUENCY AND MODE SHAPE ANALYSIS

Description of Input Information
Find the natural frequencies and mode shapes of the elastic plane shear frame (Fig. 55).

Cross-sectional area of the column is A=6 in*; moment of inertia is 1=166.66 in*; Young's
modulus is E=30000 ksi. Structural transnational mass is M =0.01294 k-sec*/in; rotational mass

moment of inertia is RXY =62.1118 k-sec’-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 Information
A two-story plane shear frame (Fig. a) is subjected to triangular dynamic loading shown

in (b) and (c) applied at mass m, and m,, respectively. Moment of inertia of the structural
member is 1=107 in* the elastic modulus is E=30000 ksi; and structural masses are
m,=m,=0.414 k-sec’/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,(1)=30k=m, g and F,(t)=20k=m, g,
then the m, =0.07763975 k-sec*/in and m, =0.05175983 k-sec?/in. Before applying the
triangular load, assume that the structure is in vibration with initial accelerations a,=72.4638
in/s® at m, and a,=48.3092 in/s® at m,. Time increment is DT=0.01 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 Information

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 uf=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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Figure 57-a. Axial Bilinear Spring Figure 57-b. Loading Conditions
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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, BENDI1, SHEAR] 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
AXLMOD: Ks=111.1 kips/in, Kt=33.3 kips/in , Ki2=0.01111 kips/in, Fy=5 Kips,

a=0.9, $=0.2, uf=20., DI=0.2.
BENDI1: NSEG=8, NI=10, DY=0.16 1/in, DI=0.2. (Fig. 58-c)
P (kips-in): 6.12 8.080 9950 12.01 13.67 1549 1591 300
D (1/in): 0.065 0.120 0.181 0485 0.731 1.069 1.155 10.0
SHEAR1: NSEG=8, NI=10, DY=0.16 1/in, DI=0.2. (Fig. 58-c)
P (kips-in): 6.12 8.080 9.950 12.01 13.67 1549 1591 30.0
D (1/in): 0.065 0.120 0.181 0485 0.731 1.069 1.155 10.0
TAKEDA: EI=2.5E7 kips, PC=6 kips-in, DC=0.1 1/in, PY=15 kips-in, DY=0.5 1/in,
PU=30 kips-in, DU=10 1/in, DI=0.2.
BILINEAR: E=50 kips/in, PY=1S5 kips, SIE=0.5 kips/in, uF=10, DI=0.2.

B

g .
L

0 v

] 2

8 19

4 ]
D (1/in)

a. Axial Spring System b. Cyclic Displacement Control c. Bend and Shear Hystersis Curve

Figure 58. Axial Spring System

Inputr and Output
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G. FOUR-STORY SHEAR BUILDING DYNAMIC ANALYSIS USING MEXICO
EARTHOQUAKE ACCEL ERATION DATA (E-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 structure are m,=.29 k-sec?/in, m,=.288 k-sec’/in, m,=.288 k-
sec?/in, and m,=.252 k-sec’/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 in?, .95 in®,
and 14000 in*, 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.
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= H
m; % % E
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¥
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a. Four-Story Shear Building b. 1985 Mexico Earthquake Acceleration Records (E-W)

Figure 59. Four-Story Shear Building
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MAXIMUN VALUZS FOR ALL STEPS
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1T 622E-92 1 49LE+21 1.8 .ooc 622 952 1 400204 1.40CE-C4
FOUR ETCRY SHEAR BUILDING TIME. :1:42:42, [ATE: ©5/724/36
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HE STRUCTURAL STIFFNESS MATRIX
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SOLUTION . . DYNAMIC ANALYSIS USE €771 E-W COMFCHENT 47 -6 28EC ¢ TIME 1L 4z-47, DA 5/24/30
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H. INELASTIC DYNAMIC ANALYSIS

Description of Input Information

A one-bay frame (Fig. €0) is subjected to inelastic dynamic analysis with linear acceleration
method. Input force is F(t)=0.02sin(t) kips. Structural mass is equal to 0.0002 k-sec?/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/s*. 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: ELAS=1
TI=0.04 in*

Bending in element’s local Z axis: ELAS=1

SP=0.05  E=25000 ksi;
TMP=0.2 uF=0.2
SP=0.05  E=25000 ksi

TI=0.04 in* TMP=0.2 uF=0.2
Torsional in element’s local X axis: ELAS=0 SP=0.05 E=11150 ksi
TI=1 in* TMP=1 uF=0.2
Axial material: ELAS=0 SP=0.05 E=1 kst
TI=1 in? TMP=1 pF=0.2
2 3 F(t)=002sin(m)
ry & —»
:% .
y_ it 4
240"

—
.

Figure 60. Inelastic Dynamic Analysis of One-Bay Frame
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208



963 a Ge €20 1 ¢C
&.C o 120 16
240 J. ¢ 13
2492 0.¢2 1 0
9= DIRECTIOK CISINE
1 i RESTRAINTS
1 1 RESTRAINTS
- * RE
4 ot
' CONSTRAI
KNMAT
ELEMENT 1115¢ 1 L z 3.04
My C 25200 .04 C.
MZ' 1 ¢ = G
Ms' @0 2
FX' ¢ <.
J G
*NELEM
'ZEIDBEAM ! 1L:.9¢00C¢C Q
'IE3CBEAM ° Z 3 ¢ r¢c 90 2
'IEIDBEAM ° £ 221Co20020 ]
1 - FALSE. T
3 0.J06Z2 ©.C03 Q¢ oC oz I PX FY PZ
C {

'"INZLASTIC AN
‘LINEAR" FALSE INTEG THETZ ELASTIC UNBAL
31 106 1 1ls FALSE. i IFRINT IW| E MAXACTC SLMASS
32: 03 2.0: 1.5 2 ITC DT TF GRAV
33i; 'EXD' 0 2 C D20
24 o I3p2
3% ¢ O C 'END? L - €0 C 0 v ID TGEN DI OPFTICN. .
EX- B3 ¥ a1 TRUE «NA ASTALE T0O DT PRINT
37: 1 G 2 210 POVEID VXS VX
36: 1C5 16 1 .FALEE T FALST tIN KPTS ZDIR FPMT ECHC REWIND
13 USE FiT)=C.02*3IN'FI*T. AS THE EXTERNAL FORCE
43 THZREFCRE ACCELERATION AT, =~FiTI/MASS =« 1DC*SINCPI*T)
al: ¢ oo 20.56G2 £g8.779 80.%0c 95,1686
42 105 63Y 95, 1¢% 85,902 56.779 3c. 802
473 R -32 902 -8B 779 -8 902 +45.10¢
e -1C3 oGl
45 'STOR"
Qutput
» STRUZTURE. : INELASTIC DYNAMIC ANALYSIS 11 37. 5, DATE: 24796
SCLUTION, . ., .:
=** PROGIAM FEM *** ODOUBLE PRECISIOR VZRSION
NOZE CONSTRAINTS
KNCDE: 2 IS RESTRAINED., CCNSTRAINT 2 IS§ IGNCREL. .
NCDE - z IS RESTRAINFD, CONSTRAINT ¢ IS5 IBNORES. ..
XY  PLANE CCNSETEAINT. MASTER I SLAVL: z
NOLE COCRDINATES ANL DECREES CF FREEDCM
TCTAL NUMBER OF DEGREES OF FREEDCM. C o e 23
NUMEER OF DEGREES OF FREEDOM CONDERSED CUT. 2
NUMBER DF FREE DEGRIZES OF FREEMCM. . .. 1
NUMBEZE 0OF REITRAINED DEZREES CF FREEDCM. . . 20
NODE COSe X COORD - FX i d FZ MY
1 1 062G &-3 5-R &R -R B-R -2
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I. ONE-BAY FRAME OF TUBE SECTION ELEMENT INCREMENT
DISPLACEMENT CONTROL

Description of Input Information

Find the structural member internal force of a one-bay frame (Fig. 61), which is subjected
to displacement change. The structural 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=10, INEH=10, ST=0.75 in, SMALL=30 in,
TOTA=424.5 in’, RATIO3=0.03, G=13000 ksi, and QRNEE=0.01.

A
2 3
g
2| oy
7l £ 2
| = .
| :
g
r ! { k .
—— e 1] 200 Step

5400

Figure 61. One-Bay Frame of Tube Section Element

Input and Curput
Input

ETHO OF INFUT DATA

LIXE .. .o .32 ... .., éC.. ... 3 P L O - | -1
L: 'STRICTURE DEFINITION'
2: 'CXAMPLE I: ONE-STORY BUILDING *
4 14230 1 NNGDE.RTCS . MSUPT, NCOWIZ  RTCNST SCALE
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5 M ¢ 1 ¢ : DIRECTICN COSINZ
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10 2 0Ll il ocC
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12 3 INMAT
14: °STABILITY MATHI' 1 3£ 2930C 2 11.¢ O ¢ 3 12 -0 C.7%
If. 3¢ 3 € 0 2C 0 C 424.5 D1 0.3 0 L3N D ClL
16: STABILITY MATRZ' 1 36 2995C 2 11 6 0 € 2 13 18 &
17 € oL Q3C ¢ C 424.5 I1c. 3 1399¢C c1
18: 'STRRILITY MaTk2' 1 35 29000 2 11.6 O C 2 19 16 .35
19: 26 0C Q0 26 & € €ié.5 I C.02 9 1220 D C1 L

20: N ¢ 3 FALSE. 'KG: AXL, FORM, ASSY
21. : NELEM

22: *STABILITY' 'TUBE MEMBEZR . ' 1 1 2 ce 1 c4 G
23: 'STABIZITY' "TUBE MEMBER 2 ° % 2 2 [ O S 1] <
24: 'STABILITY' 'TUBE MEMBER 3 ' 1 ¢ 3 Lo O B o} ¢
25 € 0 FALSE. | MASS

26 ceoe H DaAMP
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"JOINT FY' 3
"END vz
1 2 0 O 'FY?
3 L C J "END
2 ¢ C s 'END*
'DISF FROM 3
'END OF LISF. CONTROL * v 0 a
'"READ JNIT-12 UNIT=I1
'ETCPY
I FTRICTURE EXAMPLE 1: OXNE-STOFY PUILTING

SOLUTION

wr* PROGRAM FEM *rv DOLUBLE PRECISION VERSICHN

K322 JOCRDINATES AND DEGREES OF FREEDDM

TGTAL NUMPER OF DEGREES OF FREEDOM. .. .. ... 24
NUMEER OF DESREES GF FREEDCM CCNDENSED OJT.. .. ¢
NCMBER OF FREE DEGREES OF FREEDOM... ... ..... 5
KJMBER CF RESTRAINED DEGREES OF FREEDOM. ... pe}
NDZE TOSE X-COCRL Y- 2CCRD 2-CCORD
2 H 05602 L000¢o .000¢0
2 : 540.00 00000 -0000G
3 1 54C.9C 546.20 .0630¢
4 1 00006 545.9¢ £000¢
NOTE: E - RESTRAINED DEGRZF OF FREEDCM
T - CONSTRAINED DEGRET OF FREEDOM
CIRECTION COSINES
VX- 1 Co00G I - 20000 F -.00C00 K A2 &1
EXAMPLE I ONE-STORY BUILDINS
STABILITY ELEMENT
= 1 TUBE SECTICN
- 1 YE = 36,0
= 2.900E+C4 LI3N - 2
- 116 DUOMMY VAR = 000
= .onc ECCYC - .cco
1/6.SEC.KG = 1IC.0 DUMMY VAR. = 1C.2
THICKNESS = .752 IREV1 - c
ZREVZ - 9 IREV: - [
IREVS - IECOF . b]
iiw hd - 40 SMALL = 3C 0
RATIXC - ¢oe RATIYC = 0063
TOTA = 425 I1a8UT0 - M
IMATER - 1 RATION = 3.99CE-¢2
IR - 4 G = 1.300E+¢4
QRNZE » 1.0GCE-0Z ISTIF L] 1
MAT. NO. = 2 TJEE SECTION
NEEG - B YS = 36.0
M = 2.9{CE-T¢ LIEN - 2
REDIUS - 11.% DY VAR - Q0
ECCXZ = 0dv EICYo - 03¢
L 8. SEC.NC. = 10,0 DY vakR = I0.¢
TREIZKNESS = .75 IREV] = o
IREVZ - 4 IREV - I
- [ IECC? - ¢
- &0 SMATL = 1<
- agn RATIYS = .0
- 423 TAUTC - H
- 1 RATIO? = 3 G¢cozZ-02
- 7] s = 1 300E+0&
= 1 QUlE-Q2 ISTIF - 1
MET. NOJ. - 3 TUBE 3ECTICH
HEEZ . ¥S - 36 0
EM = 2.292Z+C8 LIBN - 2
RAZIUS = 11.% DUMMY VAR, = 330
EZCXR2 - [ ESCYS = oA
1/4.8ET.NO = 1C.¢ SUMMY YAR = ic.0
THICKNESS « ,3§0 IREVL - o
IREV2 - 5 IREVS - c
iREV4 - ) IEZOF - ¢
NiMP - a0 SMALL -
RATIXG - gco RATIYD .
TOTA - 425 IAUTG -
IMATER . i RATIOZ - :.0Gh
IF . 2 3 - 1.312
LRNEE = L.Q3CE- 2z ISTIF - M
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5 MATL START E LENSTA =+ c=eceee- TARIE e START DIST ENZ DIST
MEMBZR 1 1 L 1 2 542.0 2 - jilelela) JC00
I MEMBER 2 2 z 2 1 %50 <1 €2008 ¥ c0ac ocon
MEMEEF. 3 El 3 4 3 534.3 +1 CO0C0 K coac Leoan
ZERG MASS MAT
PROFCRTIONAL DAMPING SCIEFICIENTS
LLEHA= 00330 3ETA= Co03¢C
N ExAMF" L: ONE-STCRY BUILLING TIME % 1E-33, DATE  :°23/46
CISPLACEMENT CONTRIL AT JOINT 3 TIME. & :1E:34, DATE. 5/28/36
NEF.R SCLUT [}
INTERVAL FOR WREITING DATA TO FI_,E
UNBALANCEL JOINT FORCES ARE NOT ACDED T3 THE NZKT CYTLE
DATA WRITTZK TC FILES
ELEMENT & 2 IS WRITTEN TC UNIT & 13
D=SREE OF FREEDCM = 1% IS WRITTEN 12 UNIT & a1 JCINT: 3 TIRECTICH FY
PLIED JCINT LOAZS
LDAD TASE: JOINT 3 DIRSCTION. FY  DOF(S: 1z MAGKITUCE: -20 C0O0 1-_,INT c"'-PL.P...DCNT .
. STRUCTURE. EXAMPLE I ONEZ-3TORY BUILLING THE: : DATE: 24798
SCLUTIOK. ... .: INCTREMEMTAL DISFLACEMENT CONTROL AT JOINT 3 TIME: 5 15:3-‘.. DATE: S§s/24/96
- STRUCTURE EXAMPLE 1: ONE-STORY BUILLING TIME- 9:1%:55, DATE: 5/24(96
SCLUTION. . INCREMEMTAL DISPLACEMENT CCNTRCL AT JCINT 3 TIME 5.18:34, DATE: S5/2¢/96
LOADING & o MAXIMUM D1SPLACEMENTS
GCS DISPLACEMENRTS
NOTE MAXIMOM VALUES MAY NOT OCCUR STMULTANECUSLY
NOZE DX =1 1 oA RX RY RZ
M LG000CO ccoace L6LQ200 .0008C0 LCI000C 236007
2 -.239738 +19.9627% cooace LGeDecd L0000 -2.228548E-52
5 - .1347592 20 QCO0 [ekededeToe] COoRGaD SGDCOIT -2.238449E-02
] .@3c002 .099C23 .023003 capcos .04G39C .G0COnE
1 STRUCTURE EXAMELE I. ONE-STCRY BUIL3ING TIME. 9 18:13. DATE: 5/24/36
SGLUTION..... INCREMEMTA. DISPLACEMENT CONTROL AT JOINT 3 TIME: 9-.8.34., DATE  5/24/93%
LOASING & o MAXIMUM REACTIONS
MAXIMI™ SC5 RESTRAINT REACTIONE NOTE: MAXIMUM VALUES MAY NOT OCCUR EIMULTANEQUSELY
NODE FX b4 FZ Mx MY MZ
1 19% 6445 Z 128%B3CE-C5  1.39354608-C3 34942 20
z S32E003 1 5323BA0E-€3  9.39437CDZ-04 Rleddstslile]
2 -227 1 .54815:DE-CZ 9 ccoocce
4 2.184B240E-C5 1 15136.98
T ) 3 P L I R P
GIS SLMM. iGTS247E-02 ‘14"53‘5-02 15,4028
MAXIMUM RESULTANT OF REXCTIORE. FORCE» 1.0C%1E-03 MOMENT = 1564
1 STRICTURE © EXAMMEFLE CNE-STORY BUILDING TIME: S-18:33, CATE: ©$/24/9¢
SOLJTION, INCREMEMTAL DISPLACEMENT CCNTRCL AT JOINT 3 TIME 2.18:34, TATE: ©/24/9¢6
. LCADING & ] PEAF ELZMENT FORCES
CCLUMN ( LOALW REFRESENTS THE DGT WHICH HAS
MAXIMUM VALUE
STABILITY ELEMENT FCRCES .
MAXIMUM VALUES FOR ALL STEPS NOTZ: MAXIMUM VRLUES WITH THZ CTFER DOFS FORCES ARE PRIKT OUT AT THE SAME TINMT
ELEMENT LGAD NCDE AXIAL H FZ TCREION M MZ FLP,SF
z 1 TFORCE 1 87 2702 1.235590E 06 109,645 2.C590Q07E- Q5 14842.2 -1 323546E-C3
FORZE z -97 . Z7C2 -1.235590E-C£ 153 645 L. 41C333E-9% 26195 & -5 SS4ETDE-C4
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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 in?, J=2.18 in*, I,=533 in*, and I,=174 in*, respectively. For
shear wall, bending. shear, and axial material properties are BEND1, SHEAR1, and AXIMOD,
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.

AXIMOD: Ks=7000 kips/in Kt=6000 kips/in = Kt2=60 kips/in Fy=2000 kips

a=0.9 $=0.2 uf=15 BDI=0.2
BENDI: NSEG=4  NI=10 DY=0.7E-5 1/in  #DI=0.2
P (kips-in): 2700 5000 6500 7000
D (1/in): 0.2E-5 0.7E-5 1.7E-5 4E-5
SHEARI: NSEG=4 NI=10 DY=1.0E3 l/in @DI=0.2
P (kips-in): 80 150 180 200
D (1/in): 0.3E-3 1.1E-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.

T 15 kips

LT

2

120"

Figure 62. Shear Wall Static Analysis

Input and Qutput
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Drawing of Internal Forces
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Figure 63. Drawing of Internal Forces
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DUCTILITY AND EXCURSION RATIO
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Three definitions of ductility are considered in this study. First and most common is the

displacement definition shown in Figure Al. Let displacement ductility be defined as

H1=E&£{ (A-1)

when A, represents maximum displacement, rotation or strain in the structure or element, and
A, 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 1s 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 defined as

. PSE i
=1+ Eop (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 defined as

. PSE
CSE

Hy=1

where CSE is the constant strain energy corresponding to displacement at yield.

For each ductility ratio, a corresponding excursion ratio exists; this ratio is given by
€=y (u-1) (A-4)

and the summation is carried out for each half cycle.
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DAMAGE INDEX
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Damage index is a parameter 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

Ao, B

DI=—T2+ d( PSE) (A-5)
Ault Py Ath ‘({

where A, is maximum displacement, A, is failure displacement under monotonic loading, F,

is yield force, and (3 is a hysteretic energy coefficient. For RC shear walls, Sheu (24)
determined $=0.20, based or. NCKU walls SW1a 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,, for each component

is used as the weighting factor. Thus

.2 SEiDI;

> s,

where the summation is carried out for all members. A sample calculation of the damage index

(A-6)

is included in Section B.1 of Chapter VI.
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