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ABSTRACT

This report has been prepared as a user's guide for the
computer program, ODRESB-3D, The program uses the
optimality criteria technique of structural optimization to
design and analyze elastic building'systems subjected to
static and multi-component seismicvloads.

The building systems may consist of concrete flexural
walls, flexural panels and shear walls, as well as steel
beams, ceolumns, and braces. The multi-component seismic
exXxcitations can be represented through the use of three
separate response spectra or through the use of the ATC 3-06
analysis provisions. Second-order effects are considered
by:using the string-geometric stiffness approach or the ATC
3-06 stability factors.

The ceomputer program has keen developéd for achieving
efficiency in both computations and data preparation. The
output of each solution can include: the static and/or
dynamic floor displacements, the member forces and stresses,
the natural frequencies, and the eigenmodes, as determined
from each structural analysis, as well as, the member sizes,
the active constraints, the scaling factors, and the
objective function value as determined from each cycle of
optimization.

The main features within this report are: a general
description of the program, instructions for data
preparation, lists of typical output solutions, and a guide
for program capacity medification.
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I. INTRODUCTION

ODRESB-3D, Optimum Design of 3-Dimensiocnal Reinforced-
Concrete and Steel Building Systems, has been developed with
the continuous support and encouragement from the University
of Missouri-Rolla, Washington University, and the National
Science Foundation along with various engineering
researchers and designers worldwide. This optimization
program is an outgrowth of two computer programs, INRESB-~3D
(1) and INRESB-3D-II (2). These programs were used to study
the elastic and inelastic response of building systems to
multi-ccmponeﬁt seismic excitations. The current progrém,
ODRESB-3D, has removed the inelastic analysis and the time
dependent dynamic analysis and replaced them with a
structural ocptimization technique, response spectra
analysis, and ATC 3-06 analysis provisions (3). Therefore,
this program can be used to precduce and study the optimal
design of three-dimensional structures subjected to static
and dynamic leoads.

This manual will be used to provide the information
required for the correct use of the computer program ODRESB-
3D. It will include a summary of the analytical procedures,
a brief description of the computer program subroutines, the
instructions for data preparation, the input, results and
interpretation of two examples, an outline for program

modification, and a listing of the complete program.



II. STRUCTURAL MODEL, ANALYSIS, AND OPTIMIZATICN

A. STRUCTURAL MODEL

The program was designed to analyze and optimize three-
dimensional systems. Each three-dimensional structure is
required to have a plan which can be represented with
straight lines, whereas the elevation can be irregular.
Each floor must be horizontal, and the columns, panels, and
walls must be vertical. The building systems can consist of
any combination of steel columns, beams, and braces, and
reinforced-concrete flexural walls and panels.

l. Global Degrees of Freedom. Each floor is assumed
to be rigid in its own plane, while being flexible in the
planes perpendicular to the slab. The rigid slab assumpticn
allows every floor to be represented by two translational
and one rotational degree of freedom in the horizontal
plane. By allowing the flocor to remain flexible with
respect to the vertical planes, each structural node is
allowed to displace vertically and to rotate about the two
horizontal axes. These rotational degrees of fresedom are
eliminated through static condensation 1leaving each
structure with a vertical degree of freedom at each
structural node (along with two translaticnal and one
rotational degree of freedom for each story as shown in
Figure 1. Therefore the total number of global degrees of

freedom is given by

D.O.F. = NC * NS + 3 * NS = NS * (NC+3) (2.1)



Figure 1. Global Degrees of Freedom per
Floor After Condensation



where NC, is the number of column lines, and NS, is the
number of stories. These assumptions along with the
condensation cause a large reduction in the amount of
computer space needed for the analysis.

2. Second-order Effects. Second-order (P-delta)
effects are handled with two different approaches. The
static and response spectrum analyses use a separate
geometric stiffness matrix, while the ATC 3-06 analysis uses
a stability factor in order to adjust the structural
response. '

| The geometric stiffness 1is based upon the string
stiffness technique, as shown in Figure 2. The string
stiffness technique assumes that the given column with axial
force, P', creates a second-order moment equivalent to the
axial force multiplied by the drift, a. 1In order to enforce
equilibrium an ad&itional shear of P'/L is required, where L
is the length of the flexible portion of the column. This
term of P'/L is used to reduce the lateral stiffness of
structure, therefore increasing the lateral deflections and
increasing the internal moments. Note that D; and D are
rigid zones at the top and bottom of the column respectively.

3. External Stiffness. The computer program also has

" the option of adding external or nonstructural stiffness to
the structural stiffness. These externally applied
stiffnesses can be added to any one or combination of the

floor degrees of freedom which act in the horizontal planes



Figure 2. String Stiffness Approach to
Second-Order Effects



as shown in Figure 3, Therefore, the three-~dimensional
structures can be used to simulate two-dimensional
structures by eliminating any rotational effects or by
eliminating a translational component along with the
rotational component of the structural response. These
external stiffnesses are used when performing an ATC 3-06
seismic analysis.

4, Structural Mass. When a dynamic¢c analysis is

performed the structural mass matrix must be generated. A
lumped mass system 1s used where there is mass associated
with each of the global degrees of freedom. The analyses
use Dboth structural and nonstructural mass. The non-
structural mass must be part of the input data, but the
structural mass i1s generated within the program.

The rotational mass inertia is dependent upon the
distribution of the structural and nonstructural masses on
each level. The structural mass is assumed to be lumped at
each of the structural nodes. Therefore, the structural,
rotatory mass inertia is calculated within the program with

this formula
g 2 2 ! 2 ‘ .
Mggi = L Myp(x, +¥) = I My,r (2.2)
=1 k= k

where M;,; 1s the structural, rotatory mass inertia for

level i, M,, is the mass associated with nede k, x; and y,,



Figure 3. Allowable External Stiffnesses
per Floor



are the distances from ﬁhe global mass center along the
global x and y axes for node k, and r, is the magnitude of the
position vector between the global mass center and node k.
Therefore, the total rotatory inertia about the global mass

center can be given as
Mgy = Mgpy + Myg; (2.3)

where Mp;, MSRi, and My,; represent the total, structural,
and nonstructural rotatory inertia for level i. There is no
mass associated with the condensed rotational degrees of
freedon, therefore the mass matrix beccomes a diagonal matrix
with an associated mass for each glcbal degree of freedom.

5. Steel Elements. The steel element cross-sections
can be regular shapes (rectangular, tubular, or circular) or
irregqular shapes such as I-sections. The wide-flange
cross-sections are the most useful in structural design for
beams and beam columns, whereas the braces can be considered
as single or double angles or rods.

The beam-columns are allowed twelve local degrees of
freedom. Each element has three translational and three
rotational ‘degrees of freedom at each node as shown in Figure
4. Therefore, the analysis requires each beam-column to be
represented by six geometric, cross-secticnal properties:

the major-axis, minor-axis, and torsional moments of
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Figure 4. Steel Elements with the Elemental
Degrees of Freedom



inertia, major-axis and minor-axis section modulii, and the
cross-sectional area.

The beams are allowed six elemental degrees of freedom.
Each beam has one degree of translation and two degrees of
rotation at each node as shown in Figure 4. Therefore, the
analysis requires each beam to be represented by three
geometric properties: the major-axis moment of inertia,
section meodulus, and the torsional moment ©of inertia.

The steel braces are allowed two degrees cf freedom.
Each element node is allowed to displace along the axis of
the member as shown in Figure 4. Therefore, the cross-
sectional area is the only geometric property required to
represent a brace.

6. Reinforced-Concrete Elements. The reinforced

concrete elements used for the cptimization are based upon
the following assumptions. The elements must be
rectangular (or sguare) with a fixed depth, h. The steel
must be equally distributed along the méjor and minor axes
with the amount of steel based upon the chosen value of p,
the percentage of steel per the gross cross-sectional area.
Also, the cracking depth is based upon the theory of working
stress for bending about a single axis.

Both the concrete panels and beam~-columns use the same
working stress theory in order to determine their cross-
sectional properties (4). The panels are allowed six

degrees of freedom while the beam-columns are allowed twelve

10



degrees of freedom as shown in Figure 5. Each corner of the
panel is allowed to translate in the vertical direction,
while the upper and lower faces of the panel are allowed to
rigidly displace in the horizontal direction as shown in
Figure 5. This requires each panel to be represented by
three geometric properties: the major-axis moment of
inegtia, the major-axis section modulus, and the cross-
sectional area. The reinforced-concrete beam-columns have
the same degrees of freedom as the steel beam-columns and
require the same six geometric properties in order to
represent the element.

The working stress model is based upon the transformed
cross-sections shown in Figure 6. The transformed cross-

sectional properties can be derived as

1

I, = —b(kd)? + (n-1) A (kd=d')? + n A (d-kd)? (2.4)
3 .
1
I, = — h(kb')? + (n-1) A (kb'~b")? + n A (b'~kb'")? (2.5)
3
A, = b(kd) + (n-1) A, + nA, ' (2.86)
where
A, = pbd | | (2.7)
= Ph ‘ (2.8)
d' = (1-P)h : (2.9)

11
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£

kK = : (2.10)
£ +E,

n = E/E, (2.11)

]

in which E,, is Young's modulus for steel, E., is Young's
modulus for concrete, f£,, is the yield st;ess for steel and,
f., 1is the yield stress for concrete which provides an
equation in terms of p, the percentage of steel, P, the
percentage of the depth to the Ilumped steel, Xk, the
percentage of the effective depth for the cracked section
based upon the position ¢f the lumped steel, n, the modular

ratio, b, the variable width, and h, the fixed depth as

1
I, = bh? —(kP)? + (n-1),P(P(k+1l)-1)% + ina(l-k)zj}
3
(2.12)
1
I, = hp¥ —(xP)? + (n-1) pP(P(k+1)-1) % + ins(lﬂk)e]}
3
(2.13)
A, = Pbh [k+2np-p] (2.14)

Note that the terms in the brackets are independent of the

dimensions of the cross-section, therefore greatly

14



simpiifying' the equations to a constant timés the
relationship between the depth and width. The assumptions
required by this formulation are: 1) uniform distribution
of steel with respect to the major and minor axes, 2) no
interaction with respect to the bending about both axes, 3)
fixed depth with a variable width, and 4) no tensile strength
associated with the concrete. These assumptions are
somewhat restrictive, but do not hamper the use of the
elements within the optimization.

7. _Primary vs. Secondary Design Variables. Pure
mathematical optimization of a structural system would
require each geometric property to be used as a design
variable. Although this might be the most efficient system
for the given objective function, the set of geometric
properties most likely will not represent a creoss-secticn
which is realistic. Also, in the optimization preccess each
design variable is an unknown quantity, and just as in a
structural problem a slight increase in the number of
unknowns (degrees of freedom) can cause a much larger
increase in computational efforts. Because of these
reasons, a model was developed for both the steel and
concrete elements which would allow each element to be
represented by one geometric property called the primary
design variable. All other gecmetric properties other than
the primary design variable are defined as secéndary design

variables. The model developed provides a continuous

15



relationship between the primary and the secondary design
variables.

The model developed produces an exact relationship for
regular shapes and the reinforced-concrete elements, while
providing an approximate relationship for steel wide~flange
sections. All element types except the braces use the
major—-axis moment of inertia as their primary design
variables. Whereas, the brace uses its crdss-sectional
area. Each secondary design variable is represented in this
form

Cyj
]
Sij - = Cyj 3 + Cyj (2.15)

where S;; is the j'h secondary design variable for the it
element, C,;, C,;, and C,; are the appropriate constants,
and §; is the ith element primary design variable, (i.e., the
major-axis moment of inertia, etc.).

a. Reaqular Cross-sections. Several different tech-

niques can be used to determine the constants in Equation
2.15. For most regular cross-sections such as pipes,
rectangular, and circular shapes these constants can be
determined exactly. For example a rectangular cross-
section with a fixed ratio of depth to width of R provides a
set of equations for the minor-axis moment of inertia and the

cross—-sectional area as

16



I, = vy I, (2.16)
12)1/2
A = — I, 1/ (2.17)

b. Steel Wide-Flange Sections. The primary and

secondary design variables associated with steel wide-
flange sections are of the psuedo-discrete wvariety. The
actual values are discrete but are approximated with a
continucus spectrum of sizes.

The constants to be used in Equation 2.15 can be
determined in any manner which best suits the user. Several
possibilities would be to choose the constants to give an
upper bound, an average, or a best-fit for edch of the
secondary design variables. It is important to note that
these equations do not provide a one to ohe correspondence
for the primary and secondary design variables with respect
to a specific wide~flange cross-section. In other words the
final values for these primary and secondary design
variables will not yield a specific wide-flange secticn as
found in the American Institute of Steel Construction Manual
(AISCM) (5) . Reasonable judgement coupled with the
optimization information must be used in order to select the

appropriate wide-flange cross-section for each element. .

17



c. Reinforced-Concrete Sections. The reinforced-

concrete element equations are based upon the working stress
model and should be considered as a means of finding
reasonable preliminary sizes. The form of the concrete
equations is similar to that of Egquation 2.15. The
equations are based upon the theoretical derivation given in

Equations 2.4 to 2.14 and are

1
= 3
I, o I, (2.18)
1
J = I, + I, (2.19)
hép?
A = (P(k+2np-p)/h%D) 1,3 ‘ (2.20)
1
Ay, = — 1I.° (2.21)
h?D

where I, is the major-axis moment of inertia, Ay, is the
actual concrete area, h, is the depth of the cross-section,
P, 1is the percentage of depth to the lumped tensile
reinforcement, k, is the percentage of depth for the cracked
cross-section, n, is the modular ratio, p, is the percentaée
of steel, and D is a constant based on the given properties.

The equation for D is

18



D = (Bk)? + pP(n-1) (P(k+1)-1)2 + nP%,(1-k)?

(2.22)

Equations 2.18 to 2.21 are derived by replacing the width b
with its equivalent representation in terms of I, as derived
from Equation 2.12. /
B. ANALYSIS

l, Static Analysis. The elastic, glcbal stiffness is
assembled through a sequence of transformations. First the
local degrees of freedom are transformed to member-end
deformations which include the 1rigid zones effects.
Secondly the member-end deformations are transformed to
frame displacements which are located at a reference point
which is a specific column line. This c¢column line and frame
coordinate system must be located such. that the mass center
1s located in the first quadrant of the frame coordinate
system. The last transformation is used to relocate the
frame coordinates to a global coordinate system located at
the mass center of each floor, as was shown in Figure 1.

The frame to global transformation matrix is element

independent and is shown in Figure 7 and is represented as

19
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-1 -
A,
- A2
[(Tlgq = (2.23)
L An d
where

cos B sin B (-ay cos B + ax sin B)

[A)l, =| ~-sin B cos B (ax cos B + ay sin B)
0 0 1 "
(2.24)

in which I 1is the identity matrix corresponding to the
vertical displacements of the coiumns and‘[A]n is the nth
level transformation with the first two rows corresponding
to the x and y displacements, respectively and the third row
corresponding to the rotational displacement. All
transformations must be considered with respect +to
displacements, stiffness, loads, and gradients. This
transformation was given since the input géometry of each
structure is based upon the reference coordinate system.
The rotational degrees cf freedom at the structural
nodes are condensed for the purpose of increasing

computational efficieﬁcy and decreasing storage require-

ments. The condensation is performed using a forward

21



elimination process on a story by story basis from the top to
the bottom of the structure. Therefore, the joint rotations
and ultimately the member-end forces are obtained by using
backward substitution.

The static lcad combinations are comprised‘of two sets
of independent 1lateral forces and four sets of vertical
forces. The lateral 1loads consist of two orthogonal,
concentrated loads for each level. The four sets of
vertical forces are compcséd of one set of concentrated,
vertical nodal loads and three sets of uniformly distributed
loads. The vertical Inodal loads have independent
magnitudes, but must be located at a structural node
producing axial locads on the columns. Each uniformly
distributed locad in a set has its own magnitude and can be
applied to any c¢ombination of beams within a 1load
combination. These uniformly distributed loads are
considered to act along the length of the beams. A variety
of load combinations can be formed by applying lcad factors
to the various types of forces. The typical formula would

be

Ly = Y1V, + Y2V + ¥3iVy + Y43V, + Y5 Re + Y4 Ry

(2.25)

where L;, is the i'" load combination, ¥,;;, ..., Y¢;, are the
appropriate load factors, V,, ..., V,;, are the vertical

forces, and R and R, are the lateral forces.

22



2. Natural Frequencies and Mode.Shapes. The natural-
frequencies and mode shapes are needed in order to perform a
modal analysis. Several points must be considered when
determining which technique is to be used to find the
frequencies and eigenmodes. The efficiency, the flexibil-
ity, the accuracy, and programmability of the technique need
to be considered when choosing an eigenvalue solver.

The natural frequencies and modes of vibration are the
eigenvalues and eigenvectors associated with the
generalized eigenproblem. It is important to note that the
static condensation has no effect on the eigenvalue
solutions as long as no mass is associated with the condensed
degrees of freedom.

Sﬁructural eigenvalue problems generally must be
solved through an iterative technique, since the solution
involves finding the roots of a polynomial of order
equivalent to the order of the stiffness and mass. The
iterative techniques can be grouped into five categories:
1} poly=-vector iteration methods, 2) transformation
methods, 3) polynomial iteration methods, 4) Sturm sequence
property methods, and 5) combinations of the other four
categories. A transformation method called the generalized
Jacobl method was used (6). The advantages of this
technique are 1) the eigenproblem need not be transformed to.
the standard eigeﬁproblem which is advantageous when the

matrices are ill-conditioned, 2) all eigenvalues and
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eigenvectors are determined, and 3) it is simple in theory
and easily programmed. The ability to handle ill-
conditioned matrices was the primary reason for choosing
this technigque, since this cqndition can arise when
considering the ATC 3-06 applied loads.

3. Dynamic Analysis.

a. Mocdal Analysis. Response spectrum or spectral
analyses have been used with considerable success with
respect to earthquake excitations of structures and
structural components (7,8). The advantage is clearly due
to the removal of the time dependence of the motion equation.
The disadvantage is due to the conservative nature of the
solution.

As mentiocned previously three separate response
spectra can be used in the analysis; ocne for each direction
of horizontal acceleration and one for the vertical
acceleration. The rotaticnal degrees of freedom for each
floor are assumed to be free of the dynamic excitation.

The computer program requires acceleration spectra to
be input as polynomials of the fourth degree or less. These

polynomials are of the form

Sak(T)/amax = C, (T-Cg) ¥ + C,(T-Cq) % + C4(T-Cq) 2

where Sak(T), is the acceleration response at periocd T in
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the k*'? direction, ap,, is the maximum ground acceleration,
and C,,...,C, are appropriate constants. The equations for

the acceleration response speétrum shown in Figure 8 are
(Sa/@pay) = —26.14T2 + 13.94T + 0.935 (2.27)
for‘T < 0.4 sec. and
(S,/8pax) = 0.1606(T-0.4)*% = 1,141(T-0.4)3

+ 2.996(T-0.4)% - 3.618(T-0.4) + 2.229

(2.28)

for T > 0.4 sec. This form was chosen in order to provide an
adequate numerical representation ©f the spectrum and to
provide a simple technique  for finding the slope of the
acceleration sp?ctrum at a given period, the slope is
required within the optimization.

b. ATC 2-06 Analysis. The ATC 3=-06 tentative

provisions provide two options for determining ﬁhe lateral
forces to be used for finding the seismic structural.
response. The two approaches are called the eguivalent
lateral force and modal analysis approeaches. Both
apprecaches assume the structures to be analyzed as two
dimensional structures. This requires two analyses for
each three-diménsional structure, one being in each of the

two orthogonal directions. In order to simulate a two
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dimensional system, a "large" external stiffness is applied:
with respect to the torsional and one translational degree
of freedom at each level, while allowing translation in one-
direction along with the vertical displacements at each
node. (This is done automatically within the program.)
The. ATC 3-06 also requires that the principal direction of
excitation have a five percent (of the base dimension)
"accidental" eccentricity from the mass center. The final
design is based upen the principal direction forces
(including the eccentricity) plus thirty percent ocf the
orthogenal direction forces. These exceptions are handled
automatically within the program.

The equivalent lateral force technique is based upon
the weight distribution coupled with the story height. The

base shear, V, and mth level lateral force, F,, are givenas
V = C W, (2.29)
and
F, = CypV (2.30)
where C¢, is the seismic design ccefficient which depends on
the soil conditions, building site, fundamental period, and
response modification factors as given in the ATC 3-06

provisions,'WT, is the gravity load of the building, and C,,

is the shear distribution factor for the m'" level. ¢,, is
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given by the formula

Cyy = ——— (2.31)

where w, and w; are the portion of the weight assigned to
level mor i, h, and h;, are the respective heights above the
base to level m or i, and k is an exponent related to the
building period (1 $ k 2 2). The lateral forces given in
Equation 2.30 are used to find the displacements which are
ﬁsed to determine the elastic member forces.

The ATC 3-06 modal analysis procedure is based upon the
weight distribution and mode shapes of the system being
considered. The base shear for mode j, V;, and the mth level

lateral force for mode j, F,;, are given as

and
Fnj = CynjV;j (2.33)

where Cg;, is the modal seismic design coefficient which

depends upon the soil conditions, building site, fundamental

period and response modification factor, W is the

jr

effective modal gravity load determined as

28



n 2
[,21 “i¢ij}

ﬁj = ‘ (2.34)

n 2
w0y
=1

and Cy,;, is the j*P mode shear distribution factor for the

mtP level which is given by

Wm¢mj
Cynj = ————— (2.35)

n .
RERULIE
1=1

where ¢,; and ¢;; are the m*" and i'" level components of the

:th

J eigenvector, and W, and W; are the portions of W;

assigned to level m or i. The final design values for base
shear, story shears, and deflections are combined by using
the square root of the sum of the squares of each modal
value.

The ATC 3-06 provisions have their own methed for
including P-delta effects, called the stability
coefficient, which is determined by using the formula

P,a
g = —_—— (2.36)
VihexCy
where P,, is the total gravity load above level x, a, is the
étory drift, V,, is the seismic shear force acting between
levels x and x-1, h,,, is the story height below level x,
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and, Cy4, 1s the deflection amplicatioﬁ factor. If the
stability coefficient is greater than one-tenth, the story
drift is to be multiplied by the factor (1l+ay) in order to
take into account the second-order effects. The term a, is

found by using the formula

ay = 0/(1-8) (2.37)

which produces a P-delta factor for the drift of the form

o
1 + — J = 1/(1-8) (2.38)

‘The same factor is to be used for both ATC 3-06 analysis
procedures.
The load combinations for seismic excitations include
the static effects superimposed with the dynamic effects.
The superposition is allowed since the building systems are
assumed to remain in the elastic region. ATC 3-06 actually
takes into account the inelastic effects through their
deflection amplification factors and their response
modification factors. The possible load combinations are
the same as those for static analysis with the exception that
the lateral force responses are replaced with the seismic
responses. The only cption this precludes is the case where

wind or some other lateral force cannot ‘be applied
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simultaneously with a seismic. load. This is: a reasonable-
assumption as evidenced by most seismic codes.

C. STRUCTURAL OPTIMIZATION

l. Objective Function. The objective function is the

actual function tec be minimized such as cost or weight of the
structures. The objective function used in the computer

program takes the form
_ n
o(s) = z Y Vi (2.39)

where 7v;, is the appropriate constants of objective value
per unit volume for element i, V;, is the volume of element i
which is a function of 'the primary design variable, and n, is
the total number of structural elements. The volume is
related to the primary design variakles through Equation

2.15 giving the relationship

Caa
Vi(s;) = 4, = 2;(C.,3, + Cs3) (2.40)

where %,, is the length of element i, C,,, C,;, and C,, are
the appropriate constants for the area, A;, of element 1i.
The constant ¥; is most often used as the specific weight or
the cost per unit volume.

2. Constraints. Constraints represent the restric-

tions that the structural designer would like to impose in
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order to produce the optimal structural system. These
constraints can be of several different types such as
equality, 1inegquality, side or 1linking constraints. The
equality constraints find very 1little use in building
systems since they are generally used tc enforce equilibrium
and conmpatibility which are already enforced due to the
stiffness formulation. The inecquality constraints are used
to place 1limits on structural response such as
displacements, frequencies, and stresses. Side constraints
are also inequality constraints but are generally not
handled in the same mathematical manner as the structural
responses. These side constraints are used to limit the
size of the structural elements within a practical range.
The linking constraints (called linking) are used to force a
certain group of structural elements to have the same size.
| Linking is also handled in a different mathematical fashion
than the inequality constraints. In theory any combination
of these constraints can be applied to a structure, but
numerically this can be difficult. This is one area in
which state-of-art research is being applied.

3. Active Constraints. In order to save computa-

tional time, it is important to choose a reasonably accurate
set of active constraints. The active constraints are
considered to be any constraints which are "close" to the
constraint surfaces. The algorithm checks these values and

compares them to a specific acceptable range as designated
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by the user. The choice.of active constraints is based upon:

these equations

(1-P,) < < (1+P,) (2.41)

C-'||‘_E-'
Iy

for upper bound constraints and

=

(1-P,) £ — < (L+P,) (2.42)

for lower bound constraints, where u is the actual

i

structural response, u; is the upper limit, and u; is the

i i
lower limit. These equations allow the user the flexibility
of establishing a region along the constraint surface which
can be as large or as small as desired. The value (1-P,)
provides the proporticnal thickness of the region on thg
feasible side of the constraint and the value (1+P,)
provides the acceptable region of constraint violation, if
any, for the nonfeasible side of the constraint surface.

4, Scaling of the Design. There must be a set of
active constraints before the optimization algerithm can be
used. Generally, a preliminary design will be either
conservative (no active constraints) or nonconservative (a
violation of one or more constraints). Therefore, some

technique must be used to adjust these design variables such

that a set of active constraints, as justified by Equations
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2.41 and 2.42, will be satisfied. 1In the past, structures
which were linear with respect to their design variables
used a technique called scaling to adjust the designs.
Scaling uses a factor to adjust the design variable which is

the maximum value of either of these two values

£, = — Jo=1,.-.,8, (2.43)

f] = e j = l,-.-,yz (.2044)

for lower limit constraints where %, and %, are the numbers
of possible upper and lower limit constraints, respectively.

The use of scaling for the nonlinear (in terms of the
primary design variable) stiffness and response becomes an
iterative procedure. Once the primary désign variable is
scaled, the secondary design variables are scaled according
to Equation 2.15 which gives

c

2
Sij Cy; (£35) + Cz5 - (2.45)

Depending on which constraint is being scaled and the effect
of the secondary element on that constraint, the scaling can

take several cycles to reach an active value.
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The natural frequencies are also affected in a strange
manner since both the stiffness and mass change when
scaling is used. Thinking of the frequency in terms of the

Rayleigh cuotient it can be written as

. (07 [XKle (0}
w = (2.46)

(037 M1 (9}

where (K], and [M]. represent the nonlinear scaling of the
terms in the stiffness and mass. The effect of this is
highly problem dependent. Scaling can also become
divergent for steel structures if the system which provides
an active constraint approaches the point of discontinuity
of the secondary design variables with respect to theé
primary design variable. Despite this possible instability
most problems can be adjusted to eliminate this problem by
reorienting or resizing certain elements within the problem.
Another alternative 1is to open the range for active
constraints in order to force the constraints to become
active at an earlier stage. Rarely does the divergent trend
occur after the first cycle of optimization. |
Scaling can be oscillatory when a combination of
frequency and displacement constraints are used. This is
due to the fact that the scaling factors become
counterproductive. The displaceménts are affected by the

inverse of the factor, whereas the frequencies, in most
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cases, are affected in a greater sense by the direct
multiplication of the factor. Therefore, an oscillation
between-potentially active constraints can take place where
the structural system forces the displacements to become
active while violating the frequencies, and this resulting
violation causes the frequency to Dbecome active 'while
violating the displacements in the next cycle of scaling.
Because of this oscillatory effect, frequency and
displacement constraint combinations are handled different-
ly. The scaling 1s only allowed to affect the
displacements; and the frequencies are forced to their
active values through the use of a correction term applied
within the optimization algorithm (Lagrange multiplier
determination).

Scaling is important for two different operations
during the'optimization. The first is to find the initial
set of active constraints by using the maiimum factor to
change the primary design variables which in turn changes
the secondary design variables. The second is to force the
design back within the region for active constraints as
defined by Equations 2.41 and 2.42.

5. Termination Criteria. Due to the iterative

techniques used for the nonlinear, structural optimization
problem, termination criteria must be developed. The
criteria have to be able to handle several distinct

conditions. The primary condition is to <check for
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convergence or divergence of the objective function.
Secondary conditions are to limit the amount of allowed
computing time and to check for divergent or oscillatory
scaling. These criteria must be flexible yet easily handled
within the algorithm.

The secondary criteria are imporﬁant since these are
used to terminate an optimization sequence which is either
diverging or converging at a very slow rate. Limiting the
allowable number of optimization cycles and the allowable
numpber of analyses will stop the proceduré from using
excessive computing resources due to a slowly converging or
slowly diverging solution. (The-slowly diverging system
usually occurs near the optimal solutiocn where there might
be a slight constraint violation.)

Divergent scaling, on the other hand, can occur in two
modes, the first being an ever increasing or decreasing set
of factors or, most often, a generation of an oscillatory set
of factors. These divergent scalings are also handled by
limiting the number of optimizations and analyses. These
secondary criteria are used to stop an excessive use of the
computer resources.

The primary termination criteria are inveclved with the
actual optimization of the structure. In the latter stages
of optimization there are very small changes made to the
structural elements which provide a very small change in the

value of the objective function. Therefore, convergence is
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considered by comparing the values for the objective
function at successive optimization cycles to a specified

percentage of change, P,, which can be written as

Iok‘l _Okl

T < P, (2.47)
If Equation 2.47 is satisfied the algorithm is terminated.
Divergence of the algorithm must also be considered.
After several cycles of optimization it is possible that a
new set of constraints will be chosen which will cause a
divergent trend. The algorithm will allow only two
successive iterations in which the objective function
increases in value. The algorithm will terminate after the
second divergent cycle. The termination criteria must be
carefully considered with respect to the conditien of
computing resocurces versus the closeness to an optimal
solution. A good range for P, is 0.5% to 5%. A smaller
percentage of change in the objéctive function requires more
computing time but provides a near optimal solution, whereas
a larger percentage saves computing time at the expense of

optimizatioen.
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IXII. DISCUSSION OF ODRESB-3D

A. NUMERICAL PROCEDURES

ODRESB-3D 1is composed of a main program and 51
subroutines and 1is capable of analyzing and optimizing
building systems subjected to static locads, multi-component
seismic excitations, or a combined loading. The seismic
loads can be applied through multiple response spectra or
the ATC 3-06 provisions, and are directly superimposed with
static loads. The numerical procedures will be explained as
a series of steps.

Step 1 - Read and. Write Input Data. The main program

along with subroutines INFORM and ATCIF read the input data.
MAIN amd INFORM read all structural and optimization
information while ATCIF reads the information required for
an ATC 3-06 analysis. The input data 1is printed for a
check of its correctness.

Step 2 - Clear Arrays and Initializing Input Data.

Since the program is capable of solving multiple problems
within each input, all numerical arrays must be cleared
before each problem is processed. Subroutine INITIL is used

to clear arrays and initialize the input data.

Step 3 - Determination of Secondary Design Variables.
The user has the option of inputing the secondary design
variables if a single analysis is to be performed or having
the secondary design'variables generated if an optimization

is to be performed. Subroutines CONCR and STEEL determine
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these secondary design variables based upon the user input
specified relationships for the steel and the concrete
element properties.

Step 4 - Form the Stiffness Matrices. The geometric
stiffness is formulated in terms of the lumped masses acting
on the vertical members and has to be reformulated after each
optimization since the structural mass changes. Subroutine
OJBECT is used to find the structural mass for the geometric
stiffness, as well as the total weight of the structure.

The structural stiffness formulation starts at the top
of the structure and progresses floor-by-floor to the ground
level. The subroutines SHRWL1l, PANEL, COLUMN, BEAM, and
BRAC are used in conjunction with INECOF in order to develop
the elemental local stiffnesses. REFCOR is then used to
transform the elemant degrees of freedom to reference degree
of freedoms. The individual stiffnesses are combined in
FLOSTF to provide a total stiffness for that level. The
rotational degreés of freedom are then eliminated by using
the subroutine: ELIMIN. This elimination process is
performed on a floor-by-floor basis until the total
reference coordinate stiffness matrix is formulated. At
this point subroutine GLOCOR transforms the system stiffness

i

to global coordinates.

Step 5 - Solve for Static and Dynamic Displacements.

The static displacements are determined for each of the

independent locad sets by using Gaussian elimination.
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Subroutine GAUSS is used to perform the elimination process.
The final locad combinations are then found by multiplying
the load sets with +the appropriate lcad factors and
superimposing the results.

The dynamic displacements are dependent upon the method
of analysis chosén. The user has three options: response
spectra modal analysis, ATC 3-06 modal analysis approach, or
ATC 3-06 equivalent lateral force approach. Each analysis
requires the natural frequencies of the structure, 'and the
two modal analysis approaches require the eigenvectors, as
well. Subroutine JACOBI is used to find the eigenvectors
and eigenvalues for the dynamic analyses. The response
spectra modal analysis is performed within subroutine MODAL
and its displacements are then assumed to replace the
displacements for lateral lcad case B. The ATC 3=-086
equivalent lateral force procedure uses subroutines:
ATLINK, ATCCD, LAT1, and LAT2. Subroutine ATLINK and ATCCD
compute all the necessary structural information regquired
within the equivalent lateral force analysis; subroutine
LAT1 determines the necessary equivalent lateral forces:
and subroutine LAT2 provides the 5 percent required
eccentricity for the loads and calls GAUSS3 to find the
dynamic displacements. It also 1includes the P-delta
effects through the use of ATC 3-06 stability factor, .
The ATC 3-06 modal analysis procedures uses subroutines:

ATCDD, ATLINK, MODALA, TLAT2, ROOT1, ROOT2, and ROOT3,
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Subroutines ATCDD and ATLINK compute all of the necessary
structural data such as story height and mass per story.
Subroutine MODALA finds the modal components of the applied
forces, displacements and overturning moments. Subroutines
~ ROOT1, ROOT2, and ROOT3 provide the root of the sum of the
squares of these quantities, and subroutine LAT2 includes
the P-delta effects.

Step 6 = Solve for the Internal Forces and Stresses.

Once the displacements are determined the internal forces
are determined by using backward substituticn from the base
of the structure to the top story. These displacements are
first transformed into reference coordinates using the
\
subroutine REFDSP. Subroutine FORCES 1is alsec used to
regenerate the nodal rotational displacements in order to
determine the internal forces and stresses from subroutine
REFROT. The combinations of the forces are performed after
each set of forces corresponding to the independent load
sets are found. These combined forces are then used to

produce the stresses determined in REFROT.

Step 7 -~ Determine the Set of Active Constraints.

Subroutine SORT is used to check if any of the user defined
constraints are within the region of (1-P,) and (1+P,) as
previously defined. If the constraints are beyond (1+P,)
they are violating one or more of the constraints of
displacement, stress or frequency and must be scaled.

Subroutine SCALE then resizes the primary design variable by
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the ratio of actual to acceptable response. At this point;
the comptuer algorithm goes back to Step 2 and starts a
reanalysis of the new structure. This process is continued
until all constraints are below (1+P,).

Once all constraints are belew the highest acceptable
value of (1+P,), SORT chooses the set of active constraints.
These constraints will be the ones considered within the
structural optimization.

Stép 8 - Check the Termination Criteria. The MAIN

program checks the termination criteria. The program will
not terminate if a scaling 1is regquired (constraint
violation) unless the maximum allowable number of analyses
has already been performed. If scaling is not required the
main program checks the total number of analyses, the total
number of optimizaticn cycles, and the percentage change in
weight between optimization cycles. It also checks for a
divergent trend between cycles of optimization. If any of
the terminatien «criteria are satisfied, the progran
retrieves the optimal results with the help of subroutines
REPLAC, REPORT, and PLOT. These subroutines provide the
element stiffnesses, the displacements, the eigenvectors,
the natural frequencies and the ATC 3-06 stability factors
for the optimal solution. The structural weight and
frequencies are ﬁlso kept on a per optimization cycle basis
and retrieved for plotting purposes by these subroutines.

These subroutines require file storage space to accumulate
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this data. At this point the program would terminate. If
none of the termination criteria was satisfiea the program
would continue to Step 9.

Step 8 - Determine the Constraint Gradients. The
static response gradients are found by using the virtual
locad technique (9). Subroutine PSEUDO is used to develop
the virtual load vectors for the active static response
| gradients. The virtual displacements associated with these
virtual loads are found using GAUSS4., Subroutine FORCES is
then called and uses ROTDIS to find the virtual rotational
displacements, and the matrix of the gradient of the
stiffness times the actual static displacements. FORCES
then calls REFROT to place the virtual displacements in the
reference coordinate system and GRAD multiplies the matrix
from FORCES with the wvirtual displacements in order to
produce the value for the partial derivative of the static
response with respect to a certain element. These last
mentioned operations of calling REFROT and GRAD along with
the matrix manipulations must be repeated for every element
in order to generate the gradient of the response.

The frequency gradients are found through a direct
numerical épproach derived from the partial derivative of
the generalized eigenvalue equation. This numerical
approach requires the pre- and postmultiplication of the
eigenvectors with the partial derivative of the stiffness

and mass. The stiffness manipulations of this procedure are
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performed in subroutines FORCES and GRAD, whereas, the mass
manipulations are performed in subroutines EMAS and GRAD.
This procedure must also be performed for each element.

The gradients of the dynamic responses use subroutines
PSUEDO, FORcﬁs, REFROT, INVERT, GAUSS2, EMAS, and GRAD. The
dynamic response gradients use a pseudo load approach for
finding the gradients. The virtual lcad vectors determined
in PSUEDO are mnultiplied with the dynamic displacement
gradients. These gradients are determined through the
manipulations of the eigenvectors coupled with the partial
derivations of the stiffness, mass, and frequencies and the
manipulations of the stiffness, mass, .and frequencies
coupled with the gradients of the eigenvectors. FORCES,
REFROT, and EMAS provide the necessary quantities including
the partial derivatives of the stiffness, mass and
frequencies, whereas INVERT, GAUSS2, and EMAS are used to
find the eigenvector gradients. GRAD is used to manipulate
the different matrices and find the final results for the
gradients of the dynamic response.

Within these gradient calculations variecus fictitious
loads are generated. Most of these fictitious loads were
generated either at the local level or at the global level
with respect to the coordinate systems. Therefore within
these previously mentioned subrocutines several transforma-
tions are used. The important transformation subroutines

are ROTATE, REFDSPl, REFDSP3, RCTDIS, and GLOCOR. ROTATE
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and ROTDIS provide the needed rotational displacements in
reference coordinates, and REFDSPl1 and REFDSP3 are used to
transfer the displacements from the mass center to the
reference coordinates. GLOCOR 1is used to transfer the
reference c¢oordinates to the mass center coordinates.
These different transformations are very important and are
used in the different gradient calculations as needed.

Step 10 - Determine the LaCGrange Multipliers. The

structural optimization is based upon a system which
generates a‘ set of simultaneous equations, using the
response gradients, to find the LaGrange multipliers.
These egquations are also used to enforce the side
constraints and linking constraints as previously
mentioned. The LaGrange multipliers are also used to verify
whether the active set of constraints chosen in Step 7 are
truly an active set. Each constraint generates one LaGrange
multiplier. If the LaGrange multiplier for a constraint is
negative, it will be removed from the active set of
constraints. This is based upon the Kuhn-Tucker conditions
of optimality. Once this constraint is removed, a new set
of equations must be generated without this constraint's
gradients included. Subroutine LAGMU is used to generate
these equations and GAUSS1 solves them by Gaussian

elimination.
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Step 11 — Determine.the New Primary Design Variables.

The LaGrange multipliers are then used to find the
optimality criteria in subroutine CURSE, and it is used to
resize the elements. As the optimal solution is approached,
the optimality criteria for each active element should
approach unity. If the element is passive (nonactive), this
infers that the element is contreolled by a side ceonstraint
(it wants to become the largest or smallest allowable size
for that element). The optimality criteria is used in a
linear recurrence relationship which is controlled by a
convergence control parameter. A value of 2 for the
convergence contrel parameter is usually sufficient. The
larger the number the slower the convergence. If the linear
recurrence relationship gives an element size which is
smaller or larger -than the allowable sizes, the LaGrange
multipliers must be recalculated. Therefore, the program
gees back to Step 10 and regenerates the equations and solves
for the new LaGrange multipliers. This process is repeated
until no more side constraints are required. This resizing
of the primary design variables occurs in subroutine CURSE.
Once the resizing is complete, the program transfers back to
Step 2 in order to resize the secondary design variables and
the next cycle of optimization begins.

B. REMARKS ON PROGRAM USE.

The following section provides some informaticn which

may be useful to the user.

47



1. The use of multiple constraint types is acceptable
and generally performs well. When displacement and
frequency constraints are used simultaneously, scaling is
performed only with respect to the displacements. The
frequency is manipulated through the LaGrange multiplier
equations, therefore it is possible for the program to
terminate prior to satisfying all of the displacement and
frequency constraints simultaneously.

2. A set of extremely restrictive constraints can
cause a non-monotonic convergence and in extreme cases can
cause a nonconvergent problem. Generally, this situation
can be avoided by relaxing or revising the constraints
placed on the building system or to increase the acceptable
bandwidth for active constraints.

3. A convergence control parameter of 2 is generally
adequate for all probklems. If excessive scaling is required
between cycles of optimization a larger convergence control
parameter should be used.

4. The objective function is based upon a per volume
of steel and concrete system. Therefore, costs, weights
or any other appropriate objective function must provide the
coefficients for steel and concrete in a per unit volume
fashien.

5. The ATC 3-06 stability and 5 percent eccentricity

are considered within the program.
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6. All column lines and bays must be represented with:
a column or beam property. Therefore, if a setback
structure is optimized a fictitious set of columns and beams
must be used to represent the missipg elements.

7. Linking of columns or bkeams is accomplished by
assigning the same property set to those columns or beams

that are to maintain the same size.
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IV, DESCRIPTION OF SUBROUTINES

Each of the subroutines' functions will be described in
this section. The subroutines are presented in the order
that they appear within the program.

1. MAIN. The main program is used to read and write
the preliminary, non-elemental data of input codes I through
VIII and XXI. 1In addition to providing the general flow by
calling the different subroutines, the main program is
respensible for checking the termination criteria.

2. Subroutine INFORM. This subroutine is used to
read and print all of the input data except for input codes I
through VIII, XXI, and XXIT.

3. Subroutine GENERA. This subreutine is called frem

subroutine INFORM to generate the beams and columns for a
group of elements having identical properties.

4. Subroutine INITIL. This subroutine is called from
the MAIN program to clear arrays and to initiélize data.
The initialized arrays include member forces, stiffness
coefficients, and masses.

5, Subroutine FORM. This subroutine 1is used ¢to

formulate the'geometric stiffness and structural stiffness
for the analysis procedures. It is also used to arrange the
virtual load vectors used 1in the stress gradient
calculations for beams and columns in order to eliminate the
local rotational components.

6. Subroutine COLUMN. The subroutine FORM «calls

COLUMN in order to form the member geometric stiffnesses and
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structural stiffnesses in reference cocrdinates for the:
steel columns and the concrete flexural walls.

7. Subroutine BEAM. The subroutine FORM calls BEAM

in order to form the member stiffnesses in reference
coordinates and to generate the fixed-end forces for the
steel beams. ‘

8. Subroutine PANEL. The subroutine FORM calls PANEL
in order to form the member gecmetric and structural
stiffnesses in reference coordinates for the concrete
flexural panels.

9. Subroutine BRAC. The subroutine FORM calls BRAC
in order to form the structural stiffnesses in reference
cocrdinates for the bracing elements.

10. Subroutine REFCOR. Thié subroutine is called
from the subroutines COLUMN, BEAM, PANEL,land BRAC in order
to transform the matrices encountered from the elemental
coordinate systéms to the reference coordinate system.

11. Subroutine FLOSTF. This subroutine 1is called
from subroutine FORM in order to place the member
stiffnesses and the fixed-end forces (in reference
coordinates) in the proper 1locations within the arrays
representing a typical floor within the structural system.
These different arrays are used to separate the degrees of
freedom to be eliminated and those to be retained.

l2. Subroutine ELIMIN. After FLOSTF has  been
executed for all elements on a specific level, subroutine

ELIMIN is called to eliminate the nodal rotational degrees
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of freedom and to add the other stiffness coefficients to
those of the previous levels. This elimination is performed
only on the structural stiffness.

13. Subroutine GLOCOR. This subroutine is used to
transfer the geometric and structural stiffnesses from
reference coordinates to the global coordinates at the mass
center. The transformation of a typical floor includes the
lateral and torsional floor stiffnesses which also includes
their coupling and sway effects.

14, Subroutine GAUSS. This subroutine is used to

perform a Gaussian elimination to find the static
displacements.

15. Subroutine GAUSS1. This subroutine is used to

perform a Gaussian elimination to find the Lagrange
multipliers used within the optimality criteria.

16. Subroutine GAUSS3. This subroutine is used to
perform a Gaussian elimination to find the ATC 3-06 pseudo-
dynamic displacements.

17. Subroutine GAUSS4. This subroutine is used to

perform a Gaussian elimination to find the wvirtual
displacements used to determine the static and ATC 3-06
response gradients.

18. Subroutine GAUSS2. This subroutine is used to
perform a Gaussian elimination to find the gradients of the
eigenvectors used in a response spectrum modal analysis.

19. Subreutine REFDSP. This subroutine is used to

transform the lateral and rotational displacements from
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global to reference coordinates. This process is performed
for a single level at a time.

20. Subroutine REFDSP1l. This subroutine is used to

transform the lateral and rotational virtual displacements
used within the static gradient calculations from global to
reference coordinates.

21. Subroutine REFDSP3. This subroutine is used to
transform the lateral and rotational eigenvector gradient
terms used within the dynamic gradient calculations from
glokal to reference coordinate.

22. Subroutine FORCES. This subroutine 1is used to
retrieve the correct static, dynamic, and virtual
displacements for each level, to generate the elemental
transformation matrices to change from floor level reference
coordinates to 1local coordinates, to perform load
combinations, and to print the displacements. |

23. Subroutine REFROT. This subroutine is used to
transform the local statiec, dynamic, and virtual
diéplacements to local coordinates, to compute and print the
member forces and stresses for all load combinations, to
compute the gradients of the elemental stiffnesses, and to
compute the matrix of stiffness gradients times the actual
displacements.

24. Subroutine INECOF. This subroutine generates
the stiffness coefficients for the steel members in local

coordinates.
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25. Subroutine SHRWL1. This subroutine generates

the stiffness coefficients for the concrete members in local
coordinates.

26. Subroutine SCALE. This subroutine scales each of
the primary design variables in order to provide at least cne
active constraint.

27. Subroutine CONCR. This subroutine finds the
values for the secondary design variables related to the
concrete elements. The secondary design variables Iare

given in Egqns. 2.18-2.21.

28. Subroutine STEEL. This subroutine determines

the secondary design variables for the steel elements based
on Egn. 2.15.

29. Subroutine PSUEDO. This subroutine is used to

generate the virtual locad vectors for the static gradients
and to place the eigenvectors within the virtual load vector
for the dynamic gradients.

30. Subroutine ROTDIS. This subroutine is used to
recoup the rotational portion of the virtual displacements
and the eigenvectors for the gradient calculations.

31. Subroutine GRAD. This subroutine performs the

final multiplication of matrices to give the static and
dynamic constraint gradients and the eigenvector gradients.

32. Subroutine SORT. This subroutine checks all
constraints to see if they are active, passive or violated.
If one or more constraints are viclated, or 1if all
constraints are passive, a scaling factor is determined. 1If
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there is no violation and one or more active constraints,.
these constraints are identified and wused in the
optimization algorithm. This subroutine also Keeps the
active set of constraints updated for each cycle of the
optimization.

33. Subroutine OBJECT., This subroutine is used to
calculate the concrete weight, the steel weight, and the
objective function value. It is also used to generate the
structural mass for each level.

34. Subroutine EMAS. This subroutine is used to
calculate the gradient of the structural mass and its
related terms for the dynamic displacement and frequency
gradients.

35. Subroutine JACOBl. This subroutine uses the

Jacobi iteration technique for finding the eigenvectors and
eigenvalues.

36. Subroutine MODAL. This subroutine is used to
perform the 3-D response spectra modal analysis. It is used
to generate the dynamic displacements from the modal
spectral accelerations.

37. Subroutine INVERT. This subroutine generates

the reduced matrix used to find the eigenvector gradients
and stores the inverse of this matrix for later
calculations.

38. Subroutine LAGMU. This subroutine formulates

and solves the simultaneous equations used toc find the

Lagrange Multiplers. It also checks for negative Lagrange
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multipliers. If thére is at least one negative Lagrange
multiplier this constraint is removed and the equations are
resolved. This subroutine is also used to check for passive
elements. If a new passive element is found, the equations
have to be regenerated and resolved until there are no
negative Lagrange multipliers and no new passive elements.

39. Subroutine CURSE. This subroutine iis used to
calculate the new primary design variables using a linear
recurrence relationship.

40. Subroutine ROTATE. This subroutine is used to
calculate the rotational components of the eigenvector
gradients.

41. Subroutine ATCCD. This subroutine is. used to
control the ATC 3-06 analysis. It directs the flow of the
ATC 3-06 subroutines according to which method, Equivalent
Lateral Force or Modal Analysis, is to be used for analysis.

42. Subroutine ITATI. This subroutine generates the

ATC 3-06 Equivalent Lateral Forces. It determines the base
shear and distributes this base shear to each of the
individual levels.

43. Subroutine LAT2. This subroutine checks for

violation of the ATC 3-06 P-s criteria. It checks for drift
violation and computes the stability coefficient, 6. If the
P-a criteria is violated, the drifts and displacements are
increased.

44, Subroutine MODAIA. This subroutine generates

the modal forces and displacements for the ATC 3-06 Modal

56



Analysis Procedure. 1It-also usesuroot-sum-of—the-squareSr
method to combine the modal effects.

45, Subroutine ROOT1. This subroutine is used to
find the root-sum-ocf-the-squares of the modal baée shears.

46. Subroutine ROOT2. This subroutine is used to

find the root-sum~of-the-squares of the modal shear, the
modal drift, and the modal displacement at each level.

47. Subroutine RCOT3. This subroutine is used to

find the root-sum-of-the-squares of the modal overturning
meoment at the base.

48. Subroutine ATCIF. This subroutine is used to
read and print the ATC 3-06 information. |

49. Subroutine. PERFORM. This subroutine determines
the specific seismic data related to the map areas from the
ATC 3-06 provisions.

50, Subroutine ATLINK. This subroutine calculates
information needed for the ATC 3-06 analysis procedures such
as the total gravity lcad above each level, the height of
each level from the base, and the natural periods for the
structural system. 4

51. Subroutine REPIAC. This subroutine catalogues
the current optimal design during the optimization process.
As a "better design" becomes available, this subroutine
replaces the previous coptimal design with the new design

data.
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52, Subroutine REPORT. This subroutine prints the
data for the optimal design once the optimization algorithm
has terminated.

53. Subroutine PLOT. This subroutine writes the
plottable information onto tape or disk. This data can then

be supplied to a graphics program which can plot the data.
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V. DESCRIPTION OF INPUT DATA

A. GENERAL INFORMATION

The input data consists of 23 input cocdes (I through
(XXIII). Throughout the wvarious input codes, there are
various options and omissions which must be followed. The
input stream is exactly as ocutlined within Sections IV.B and
C. All input is assumed to be read through Device 5, and the
output is assumed to be printed through Device 6. 1In
addition to these devices workspace or work files must be set
as device numbers 73, 74, 75, 76, and 77. These workspaces
afe used to store data during the execution of the program.
In addition to these workspaces,, several files are used to
store data for plotting. These files will be explained in

input code XXII for plot control.

B. CONTENTS OF THE INPUT
The input data includes the following major topics of
input. These topics will be outlined in this section and
described in the hext section. The major topics afe:
I’. TYPE OF ANALYSIS AND OPTIMIZATION
II. OPTIMIZAfION INFORMATION
III. STRUCTURAL INFORMATION
IV. STEEL DESIGN VARIABLE RELATIONSHIPS
V. STATIC DISPLACEMENT CONSTRAINT INFORMATION
VI. FREQUENCY CONSTRAINT INFORMATION
VII. DYNAMIC DISPLACEMENT CONSTRAINT INFORMATION

VIII. RESPONSE SPECTRA INFORMATION
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IX.
X.
XI.
XII.
XIII.

XIV.

XVII.

XVIII.

XIX.

Xx . -

XXTI.
XXII.

XXIII.

STORY DATA AND STATIC LATERAL LOADS
STATIC VERTICAL NODAL LOADS '
LUMPED MASSES AT NODAL POINTS
COLUMN LINE COORDINATES

COLUMN PROPERTIES

BEAM PROPERTIES

FIXED-END BEAM LOADS

BEAM IDENTIFICATION

COLUMN IDENTIFICATION

FLEXURAL PANEL ELEMENT IDENTIFICATION
BRACING ELEMENT IDENTIFICATICN
STATIC AND DYNAMIC. LOAD COMBINATIONS
ATC 3-06 ANALYSIS INFORMATION
QUTPUT CONTROL

CONTROL OF THE NUMBER OF PROBLEMS

PREPARATION OF INPUT DATA

Special instructions:

All lengths must be in inches, since the program uses

the acceleration due to gravity in in/sec?.

The maximum ground acceleration must be input as in/s?.

All force units must be the same.

All X and Y distances in the input are measured in the

reference coordinate system, with the correct signs

taken into account.
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5. The reference point must be chosen such that the mass
center of each floor will be located in the first
quadrant of the reference system.

6. Floor plans must be horizontal, cclumns, walls, and
panels must be vertical.

7. Concrete columns and panels assume one cross-secticnal
dimension to be fixed while the other is free to change
during the optimization. The user should be sure to
choose the correct orientation to optimize the correct
direction. The width b is considered as the free
variable.

The detailed instructions for data preparation are as
follows:
I. TYPE OF ANALYSIS AND CPTTMIZATION (2I5,F5.1,4I5)

COLUMN ENTRY -

1-5 Eq. 0; terminate program

Eg. 1; continue program
6-10 Eq. 0; analysis only - The user must supply

all geometric properties.

Eq. 1; static optimization with stress
constraints

Eg. 2; static optimization with displacement
and stress constraints

Eg. 3; static optimization with displacemeht

constraints
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11-15

16-20

21-25

26=30

31-35

COLUMN

1-5

Eq.

Eqg.

4;

57

static optimization with frequency

constraints

dynamic analysis and optimization for

all types of constraints

Optimization Convergence Control Factor; if

0, this will be blank.
column property sets

spectra analysis if 6-10,

equivalent lateral force

if 6-10 Eg. 5

modal analysis if 6-10 Eg. 5
principle direction for the
analysis

principle direction for the
analysis

nonprinciple direction for

the ATC 3-06 analysis

6=-10 Eq.

Number of steel

Eg. 0; response
Egq. 5.

Eg. l; ATC 3-06

‘analysis

Eqg. 2; ATC 3-06

Eg. 1; X is the

ATC 3=06

Eg. 2: Y is the

ATC 3-06

Eg. 1: ¥ is the

Eg. 2; X is the

ENTRY

nonprinciple direction for

the ATC 2-06 analysis

II. OPTIMIZATION INFORMATION (2I5,5F10.6)

Maximum allowable number of optimization

cycles
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6=10 Maximum number of allowable structural
analyses

11-15 Lowest allowable percentage change in the
objective function for termination

16-20 Coefficient for the steel elements in the
objective function (weight per unit
volume of 2.84x10~*% kip/in® is the
default)

21-25 Coefficient for the concrete element in the
objective function. (weight per unit.
volume of 8.68x10”° kip/in® is the
default)

26-30 Lowery limit for the active constraints as
the maximum percentage deviation from
the limiting constraint limit (i.e.,
input .05 = 5% below the constraint
limit; default = 0.10)

31-35 Upper limit for the active constraints as the
maximum percentage deviation from the
constraint limit (i.e. input .05 = 5%
above the constraint limit; default =
0.05)

IIT. STRUCTURAL INFORMATION (8I5,1044)
COLUMN ENTRY
1-5 Number of stories in the structure (not

including the ground level)
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6-10 Number of vertical column lines in the

structure
11-15 Number of bays in the structure
16=20 Number of sets of different column

properties (steel and concrete)
21-25 Number of sets of different beam properties
26-30 Number of sets of different fixed end moments
and shears (not supplied by uniformly

distributed locads)

31=35 Number of infill flexural panels in the
structure

36-40 Number of bracing elements in the structure

41-80 Structure identification information

IVv. STEEL DESIGN VARIABLE RELATIONSHIPS

(I5/2F10.3/8F10.0/7F10.0)

Cyj;
j

Sij = cij I +C3j for D1 < I, < D2
where S;; = the j'? secondary design variable for the i'?
element, Cijs Caj. and Cy; are the appropriate constants,

h

and I; is the moment of inertia for the it!'P steel beam or

column
COLUMN ENTRY
1-5 Number of discontinuous curves to represent

the spectrum of secondary design
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Three cards for each set o¢of discontinuous

designated above.

1-10

11-20
1-10

11-20
21-30
31-40
41-50
51-60
61-70
71-80
1-10

11-20

21-30"

31-40
41-50
51-60

61=70

-

variables (i.e.,

1%t curve for

0sI,<1500 in*, 2"¢ curve for

15005I<10,000 in?, etc.)

D1, lower limit for first equation

D2, upper limit for first equation

C, for
C, for
C,; for
C, for

Cc, for

Cc, for

Cc, for
c, for
C; for
C, for
C, for
C, for
c, for
c, for

C, for

the
the
the
the
the
the
the
the
the
the
the
the
the
the

the

minor-axis moment of inertia, I
minor-axis moment of inertia, I

minor-axis moment of inertia, I

crossectional area, A

crossectional area, A

crossectional area, A

curves as

Y

Y

Y

torsional moment of inertia, J

torsional moment of inertia, J

torsional moment of inertia, J

major-axis
major-axis
major-axis
minor-axis
minor-axis

minor-axis
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V. STATIC DISPLACEMENT CONSTRAINT INFORMATION

(I5/2I5,F10.6)
Skip if static displacements constraints are not involved.
See input I.
COLUMN ENTRY
1-5 Number of displacement constraints. Supply
one card for each displacement
constraint.
One card for each static displacement constraint. If the
previous card Eg. 0, no additional cards are required.
1-5 | Level number (roof = number of stories)
6=-10 Eg. 1:; global X-displacement constraint
Eg. 2; global Y-displacement constraint
Eg. 3; global rotational displacement
constraint
11-20 Maximum allowable displacement for that
direction. (Assumes the same for both
the positive and negative direction.)

VI. FREQUENCY CONSTRAINT INFORMATION (I5/2F10.3)

These are to be inserted for both a frequency

constraint problem and the dynamic response constraint

problems.
COLUMN ' ENTRY
1-5 Number of modes to be constrained or to be

used within the response spectra or

ATC 3-06 analyses
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One card for each nmode to be constrained or used within the:
modal analyses. If no frequencies are to be constrained
insert blank cards. The cards should be ordered from the
lowest natural frequency to the highest.
1-10 Lower limit constraint value for the squared
'natural frequency considered (limit
is the square of the natural
frequency)
11-20 Upper limit constraint value for the squared
natural frequency considered (limit
is the square of the natural

frequency)

VII. DYNAMIC DISPLACEMENT CONSTRAINT TNFORMATION
(2I5/215,F10.8)

If option 5 in input I was not used sKip this input.

COLUMN - ENTRY
1-5 Number of modes used in the modal analysis
6-10 Number of dynamic displacement constraints to

be used.

One card for each dynamic displacement constraint.

1-5 Level number for the constraint (roof =
number of stories)

6-10 Eg. 1; global X-displacement constraint

Eg. 2: glcbal Y=-displacement constraint
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Eg. 3; glcbal rotaticnal displacement
constraint
11-20 Maximum allowable dynamic displacement con-
straint. (Assumes the same for both

the positive and negative directions.)

VIII. RESPONSE SPECTRA INFORMATION

(3F10.3,I5/(2F10.3/6F10.0)

Sa/8nax = Ci(T=Cg)? + Co(T=Cy)? + C,u(T-Cy) 2

+ C,(T-Cg) + Cg

where C,-C, are appropriate constants for the spectral
acceleration normalized with respect to the maximum ground
acceleration, a,,., and T is the period of the structure.

COLUMN ENTRY

1-10 Maximum vertical ground acceleraticn
11-20 Maximum X-ground acceleration (global)
21-30 Maximum Y-ground acceleration (global)
31-35 Number of curves needed to represent the

spectrum

Two cards for each curve for each direction.

1-10 Lower limit for the first division of the
vertical spectra

11-20 Upper limit for the first division of the

vertical spectra
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11-20

21-30

31-40

41-50

51-60

1-10

11-20

1-10

11-20
21-30
31-40
41-50

51-60

1-10

Ce

for

for

for

for

for

for

the first division
spectrum
the first division
spectrum
the first division
spectrum
the first division
spectrum
the first division
spectrum
the first division

spectrum

of the vertical

of the vertical

of the vertical

of the vertical

of the vertical

of the vertical

Repeat for the number of divisions.

Lower limit for the first division of the

X=-spectrum

Upper limit for the first

Cs

Ce

for

for

for

for
for

for

Repeat

x-spectrum

the first division
the first division
the first division
the first division
the first division

the first division

division of the

of the x-spectrum
of the x-spectrum
of the x-spectrum
of the x-spectrun
of the x-spectrum

of the x-spectrum

for the number of divisions.

Lower limit for the first division of the

y-spectrum
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11-20 Upper limit for the first division of the

y-spectrum

1-10 C, for the first division of the y-spectrum
11-20 C, for the first division of the y-spectrum
21-30 ' C; for the first division of the y-spectrum
31-40 | C, for the first division of the y-spectrum
41-50 Cg for the first division of the y-spectrum
51=60 Cg for the first division of the y-spectrum

Repeat for the number of divisions.

IX. STORY DATA AND STATIC IATERAL IOADS
(A5,5X,7F10.0/8F10.0/F10.0)

Prepare three cards for each level from top to base of the

structure.

COLUMN ENTRY

1-5 Level identification to be used

6-10 Blank

11-20 Story height

21-30 , Nonstructural translational mass

31-40 Nonstructural rotational mass inertia about
the vertical axis through the mass
of the floor.

41-50 X-distance from the reference point to the
mass center

51-60 Y-distance from the reference point to the

mass center
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11=-20
31-30
31-40
41-50
51-60
61-70

71=80

be equal to the number of stories in the structure times the
numnber of the vertical column lines in the structure and

divided by 8.

External story stiffness in the X-direction

External story stiffness in the Y-direction

Static lateral load case A in the reference
X=-direction

Static lateral locad case A in the reference
Y-direction

X-distance from the reference point to the
static lateral load case A

Y-distance from the reference point to the
static lateral load case A

Static lateral lcad case B in the reference
X~-direction

Static lateral load case B in the reference
Y-direction

X~-distance from the reference point to the
static lateral load case B

Y-distance from the reference point to the
static lateral load case B.

External story stiffness in the 6-direction

STATIC VERTICAL IL0AD AT NODAL PCINTS (8F10.0)

Total number of cards to be supplied at this stage must

For a structure M columns and N levels, the

input data cards should be arranged as follows:
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COLUMN

11-20

Note:

ENTRY

Static vertical

load

(top floor)

Static vertical

Static vertical

Static vertical

Static vertical
N-1

Static vertical
N-1

Static vertical
N=-1

Static vertical
N=-1

Static vertical

Static vertical

Static vertical

Static vertical

Static vertical

Static vertical

Static vertical

Static vertical

load
load
load

load

load

load

load

load
load
locad
load
load
lecad
load

load

at

at
at
at

at

at

at’

at

at
at
at
at
at
at
at

at

column

celumn
coclumn
column

column

column

column

column

column
column
column
column
column
column
column

column

line

line
line
line

line

line

line

line

line
line
line
line
line

line

line -

level

level
level
level

level

level

« level

level

level
level
level
level
level
level

level

line. M level

Positive indicates the force is acting upward.
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XI. NONSTRUCTURAL LUMPED MASSES AT NODAL DPOINTS
(8F10.0)

Two data sets of lumped masses at the structural nodal
points are required. The first set is for the geometric
stiffness formulation for which the lumped masses along each
column linle should be accumulated from the top of the
structﬁre to the first floor. Tﬁe second set is for the mass
matrix for which the lumped masses along each column line are
based upon the masses distributed on the individual floors.

The input format for each set is the same as input Code
X. Thus the total number of cards to be supplied should not

exceed twice the total number of cards in input X.

XITI. VERTICAL COLUMN LINE COORDINATES (I5,2F10.0)

COLUMN ENTRY

1-5 Column line identification number, in
sequential order (increasing by 1 as
1, 2, 3, ...).

6-15 X-distance from reference point to the
coiumn line, (inch)

16-25 Y-distance from reference point to the

column line, (inch)
The total number of cards is equal to the total number

of vertical column lines in the structure (see input III).
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XITT. COLUMN PROPERTIES

(I5,F15.0,2F10.0,F15.0/8F10.0/3F10.0)

The properties of the steel columns must be read before
the concrete columns and numbered sequentially from one to
the number of steel columns as provided in input I. The
properties of the concrete flexural walis are read directly
after the steel coiumns.

a. Sets of Steel Column Property Groups. One set

must be supplied for each group of different columns in the

structure.

COLUMN ENTRY

1-5 Identification number (1 to the number of
steel column properties, 'in sequential
order) for this column property set.

6-20 Modulus of elasticity

21-30 Axial area

31-40 Blank

41-50 Blank

46=50 Torsional inertia

51-55 Flexural inertia for bending about the major-
axis

56-60 Flexural inertia for bending about the minor-
axis

€61-65 Rigid zone depth at the top of the column

66-80 Rigid zone depth at the bottom of the column

1-10 Depth of the (WF) crossection

74



11-20
21-30
31-40
41-50
51-60
61-70

71-80

11-20

21-30

Flange. width.

Flange thickness

Web thickness

Maximum allowable static tensile stress

Maximum allowable static compressive stress

Blank

Minimum allowable flexural inertia for bend-
ing about the major-axis

Maximum allowable flexural inertia for bend-
ing about the major-axis

Maximum allowable dynamic tensile stress

Maximum allowable dynamic compressive stress

b. Sets of Flexural Wall Property Groups. ©One set

must be supplied for each group of different elements in the

structure. I and J refer to the top and botteom of a member,

respectively.
COLUMN

1-5

21-30

ENTRY

Identification numkber (number of steel column
properties plus one to the total num-
ber of column properties, in sequen-
tiai order) for this property set

EI, - modulus of elasticity times the major-
axis moment of inertia

EA - modulus of elasticity times the cross-

secticnal arm
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31-40

41~45

46-50

51-55

56=60

61-65

66-80

11-20

21-30

31-40

41-50

EI, - modulus of elasticity times the minér-
axis moment of inertia

Ky; - stiffness factors (for a prismatic mem-

ber K;; = 4; for a nonprismatic member
input the appropriate coefficient).

- stiffness factor (same as XK;; in

columns 41-45)

K;; - stiffness factor (for a prismatic mem-
ber K;; = 2; for a nonprismatic mem-
ber input the appropriate coefficient)

Maximum allowable static, reinforcement
tensile stress

Maximum allowable static, concrete compres-
sive stress

Blank

Modulus of elasticity of the concrete

Width perpendicular to the major-axis (depth)
(this wvalue remains fixed throughout
the optimization process)

Width perpendicular to the miner-axis (width)

-(this value changes during the
optimization process)

Modulus of elasticity for the reinforcing
steel

Percentage of steel based upon the gross area

(input in decimal form 2.5% = 0.025)
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51-60 GJ - shear modulus of elasticity times the
torsional moment of inertia

61-70 Shear modulus for the concrete

71-80 Minimum size for the width perpendicular to
the minor-axis

1-10 Maximum size for the width perpendicular to
the minor-axis

11-20 Maximum allowable dynamic, reinforcement
tensile stress

21-30 Maximum allowable dynamic, concrete compres-
sive stress

XIVv. BEAM PROPERTIES

(I5,F15.0,F5.0,2F10.0,7F5.0/3F10.0

COLUMN ENTRY

1-5 Identification number (in sequence) for this
beam property set

6-20 Modulus of elasticity

21=25 Blank

26=35 Torsional inertia

36-45 Flexural inertia

46-50 K;; - stiffness factor (for a prismatic mem-

| ber K;; = 4; for‘a nonprismatic member

input the appropriate coefficient)

51-55 K;; = stiffness factor (same as K;; in col.

46=50)
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56-60 K;; - stiffness factor (for a prismatic mem-
ber K;i; = 2; for a nonprismatic member

input the appropriate coefficient)

61-65 Rigid zone at end I

66=70 Rigid zone at end J

71-75 Depth of the member

76-80 Maximum allowable static bending stress
1-10 Minimum allowable flexural inertia

11-20 Maximum allcwable flexural inertia

21-30 Maximum allowable dynamic bending stress

XV. FIXFED-END BEAM LOADS (2I5,5F10.0)

One card must be supplied for each different type of
vertical loads on the beams. Input fixed-end moments and
shears for nonuniform vertical lcads or for directly applied
end-moments or shears. The computer will generate the
fixed-end moments and shears for uniform load case. Omit
this input, if number of sets of different fixed-end moments

equal 0 in column 26-30 of input Code II.

COLUMN ENTRY

1-5 Identification number for this vertical
loading set

6-10 ‘Input cede

Eg. 0; fixed=-end forces are applied at the
column faces
Eqg. 1; fixed-end forces are applied at the

column centerlines
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11-20
21-30
31-49
41-50

51-60

Fixed-end moment'at hode I
Fixed-end shear at nede I
Fixed-end moment at node J
Fixed-end shear at node J
Uniform load, per unit length, positive act-

ing downward yields fixed-end forces

XVI. BEAM IDENTIFICATION (8I5)

One card per beam must be input from top to bottom and

from bay to bay in the structure (unless the data generate

option is used).

COLUMN

1-5

21-25

26-30

31-35

ENTRY

Bay identification number (in sequence) for
this beam

Column line number at end I

Column line number at end J

Beam property set identification number for

- this beam (linking is accomplished by
using the same beam property set number
for each set of linked beams)

Number of beams in the sequence below to be
generated that have the same proper-
ties and vertical loading as this beam

Vertical loading set identification number
for vertical load Case 1

Vertical loading set identificatien number

for vertical load Case 2

79



36-40 Vertical loading set identification number
for vertical load Case 3

XVITI. COLUMN TDENTIFICATION (4I5)

One card per column must be input from top to bottom and
the column line is used to define the minor axis of the cross

section (unless the data generation option is used).

COLUMN ENTRY

1-5 Column line identification number for this
column

6-10 Column property set identification number
(linking is accomplished by assigning
the same column property set number for
each set of linked columns)

11-15 Column line number défining direction of
local weak axis (Y-direction) of this
column

"16-20 Number of columns in sequence below to be

generated that have the same proper-
ties as this column
XVIII. PANEL ELEMENT IDENTIFICATION
{315,F15.0,F10.0,2F5.0,2F15.0/4F5.0,F15.0,
F5.0,4F10.0/8F10.0)
omit this input if no panel elements are 1in the

structure. Three cards per panel; no generation is allowed.
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COLUMN

1-5

11-15

16-30

31-40

41-45

46-50

51-65

66=80

11-15

16-20

21-35

ENTRY

Level identification number at the top of
this panel.

Column line number at the L side of this
panel

Column line number at the R side of this
ﬁanel

EI-modulus of elasticity times the moment of
inertia

EA-modulus of elasticity times the cross-
secticnal area

Modulus of elasticity of the element

Depth of the flexural panel (fixed dufing the
cptimization)

width of the flexural panel (variable during
the optimization) |

Modulus of elasticity of the reinforcement

Maximum allowable static reinforcement
tensile stress

Maximum allowable static concrete compressive
stress

Blank

Percentage of reinforcing based upon gross
area

GJ-shear modulus of elasticity times the

torsional moment of inertia
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36-40 Shear modulus for the concrete

41-50 Blank

51-60 Blank

61-70 Blank

71-80 Blank

1-10 Minimum width of the flexural panel

11-20 Maximum width of the flexural panel

21-30 Maximum allowable dynamic reinforcement
tensile stress

31-40 Maximum allowable dynamic compressive stress

XIX. BRACING ELEMENT IDENTIFICATION

(3I5,6F10.0/2F10.0)
omit this input if no bracing elements are in the

structure. Two cards per brace; no generation allowed.

COLUMN ENTRY

1-5 Floor level identification number at the top
/of this brace

6=-10 Column line number at the upper énd of this
brace

11-15 Column line number at the lower end of this
brace

16-25 Modulus of elasticity

26-35 Crossectional area

36-45 Maximum allowable static tensile stress

46-55 _  Maximum allowable static compressive stress

56-65 Minimum allowable crossectional area
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66=75 Maximum allowable crossectional area
1-10 Maximum allowable dynamic tensile stress
2-10 Maximum allowable dynamic compressive stress

XX. STATIC LOAD COMBINATIONS (2I5/(6F10.0})

COLUMN ENTRY

a. Types of Loads

1=5 Number of static load combinations
6=-10 Total number of load combinations (static
plus dynamic)

b. Static load Combinations

1-10 Multiplier for vertical load case 1
11-20 Multiplier for vertical load case 2
21-30 Multiplier for vertical laod case 3
31-40 Multiplier for lateral load case A
41-50 Multiplier for lateral load case B
51-60 Multiplier for vertical nodal loads

Note lateral load cases A and B are used as dynamic lcads for
an ATC 3-06 reéponse spectra modal analysis, therefore these
cannot be used for static loads if dynamic loads are also
being used.

c. Dynamic Load Combinations

1-10 Multiplier for static vertical load case 1

11-20 Multiplier for static vertical load case 2
21-30 - Multiplier for static vertical load case 3
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31-40 Multiplier for static lateral lcad case A if
response spectra analysis is used or
for dynamic ATC 3=-06 1lcad with a
positive five percent eccentricity

41-50 Multiplier for the dynamic modal load case if
response spectra analysis is used or
for dynamic ATC 3-06 load with a nega-~
tive five percent eccentricity

51-60 Multiplier for the static vertical nodal load

XXI. OUTPUT CONTROL (5I5/I5/16I5/I5/16I5)

COLUMN ENTRY

1-5 Eg. 0. Do not print the elemental forces.
Eg. 1. Do print the elemental forces.

6-10 Egq. 0. Do not print the elemental stresses.
Eg. 1. Do print the elemental stresses.

11-15 Eq. 0. Do not print the eigenvalues.
Eg. 1. Do print the eigenvalues.

16-20 Egq. 0. Do not print the eigenmodes.
Eg. 1. Do print the eigenmodes.

21-25 Eg. 0. Do not print the displacements.

Eg. 1. Do print the displacements.
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75-80

The number of column line stiffness distribu-
tions to be plotted. Each column
lines primary’design variables are
printed in a file from the top to
botton.

The number of the 1°' column line distribu-

tion to be plotted.

The number of the 16'" column line distribu-

.tion to be plotted.

Use as may cards as needed for the number of column line

distribution to be plotted.

1-5

75-80

The number of bay stiffness distribution to
be pldtted. Each bay's primary design
variables are printed in a file from
the top to bottom.

The number of the 1%! bay distribution to be

plotted.

The number of the 16%'P bay distribution to be

plotted.
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Use as many cards as needed for the number of bay

distributions to be plotted.

XXIT. ATC 3-06 ANALYSIS TINFORMATION (1llI5/4F10.0)

COLUMN ENTRY
| 1-5 Map area for the effective peak acceleration,
Aa
6-10 Map area for the effective peak velocity-
related acceleration, A,
11-15 Seismic hazard eﬁposure group
16-20 Eg. O fér a nonbrittle structure

*Eg. 1 for a brittle structure
21-25 Eg. 0 if not near an active fault
Eg. 1 if near an active fault
26=30 Solil type
31-35 Eg. 0 for an irregqular plan
Eg. 1 for a regular plan
36-40 Eg. 0 for a vertically irregular structure
Eg. 1 for a vertically regular structure
41-45 Eg. 1 at all times (moment-resisting frame)
46-50 Eg. 0 for a concrete frame
Eg. 1 for a steel frame
50-55 Eg. 1 for an equivalent lateral force
analysis
Eg. 2 for a modal analysis

1-10 Response modification factor
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11-20 Deflection amplification factor

21=-30 Length of the base of the building in the
direction of the principal loading

31-40 Length of the base of the building in the
direction perpendicular to the direc-

tion of the principal loading

XXTTII. CONTROIL OF THE NUMBER OF PROBLEMS

Stack the problems back to back and place a blank card
at the end of the lasf data set in order to terminate the
program. If.optimization is to be used, it is advisable to
run each problem separately due to the time involved per

problem.
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D. JOB CONTROL LANGUAGE

JCL FOR RUNNING A BATCH JOB ON AN AMDAHL 470V/7 OR 470V/8

//JOBNAME JOB (XXXXRL,PSWD), 'NAME',MSGLEVEL=(1,1)

/*JOBPARM L=50,T=10,R=5120

/*ROUTE PRINT UMMVSA.R10

/*ROUTE XEQ_IDLE

//51 EXEC FRTVCLG,PARM.FORT='LANGLVL(66),NOSOURCE,NOSRCFLG,NOMAP',
// FVLNSPC='GYL,(1,1)'

//SYSIN DD *

source program

//LXED.SYSUT1 DD SPACE=(TRK, (30,20,5),RLSE)

//LKED.SYSLMOD DD SPACE=(TRK, (30,20,5),RLSE)

//GO.FTO6F001 DD SYSOUT=(S, ,TEXT)

//GO.FTO7F001 DD DSN=&&FTO07,DISP=(NEW,DELETE),UNIT=SYSDA,
//  DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
//GO.FTO8FO01 DD DSN=&&FT08,DISP=(NEW,DELETE),UNIT=SYSDA,
//  DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
//GO.FTO9F001 DD DSN=&&FT09,DISP=(NEW,DELETE),UNIT=SYSDA,
//  DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
//GO.FT10F001 DD DSN=&&FT10,DISP=(NEW,DELETE),UNIT=SYSDA,
//  DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
//GO.FT11F001 DD DSN=&&FT11,DISP=(NEW,DELETE),UNIT=SYSDA,
//  DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
//GO.FT12F001 DD DSN=&&FT12,DISP=(NEW,DELETE),UNIT=SYSDA,
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//

//GO.

/!
//GO
//

//GO.

//

//GO.

/!

//GO.

/!

//GO.

//

//G0.,

/!

//GO.

/1

//GO.

/7
//GO

!

//GO.

/1

//G0.

/]
/80

DCB=(RECFM=FB, LRECL=80,BLKSIZE=800) ,SPACE=(TRK, (20,5))
FT13F001 DD DSN=&&FT13,DISP=(NEW,DELETE) ,UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
.FT14F001 DD DSN=&&FT14,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,53))
FT15F001 DD DSN=&&FT15,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB, LRECL=80,BLKSIZE=800),5PACE=(TRK, (20,5))
FT16F001 DD DSN=&&FT16,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800) ,SPACE=(TRK, (20,5))
FT17F001 DD DSN=&&FT17,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
FT18F001 DD DSN=&&FT18,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
FT19F001 DD DSN=&&FT19,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=132,BLKSIZE=13200),SPACE=(TRX, (20,5))
FT73F001 DD DSN=&&FT73,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK, (20,5))
FT74F00C1 DD DSN=&&FT74,DISP=(NEW,DELETE},UNIT=SYSDA,

DCB=(RECFM=FB, LRECL=80,BLKSIZE=800) ,SPACE=(TRK, (20,5))

.FT75F001 DD DSN=&&FT75,DISP=(NEW,DELETE) ,UNIT=SYSDA,

DCB=(RECFM=FB,LRECL~132,BLKSIZE=13200),SPACE=(TRK, (20,5))
FT76F001 DD DSN=&&FT76,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=132,BLKSIZE=13200),SPACE=(TRK, (20,5))
FT77F001 DD DSN=&&FT77,DISP=(NEW,DELETE),UNIT=SYSDA,
DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TREK, (20,5))

.SYSIN DD *
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input data-
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VI. SAMPLE INPUT DATA AND OUTPUT SOLUTIONS

A. EXAMPIE T: A TWO STORY STEEIL STRUCTURE

1. Description. The two story, steel structure shown

'in Figure 9 is used to illustrate the use of the response
spectrum modal analysis coupled with the structural
optimization. The response spectrum shown in Figure 8 is
used for each c¢f the principle directions with maximum
ground accelerations of 0.0g in the vertical direction and
0.3g in both the x andvthe y directions. The modal analysis
is performed using the first four nodes, and a translational
mass of 0.77 k-s2?/in (1385.8 kg-s?/m) and a rotational mass
of 745.3 k-s? in (8586.7 kg-m-s) for each level. The P~
delta effects are not included in this example. No static
displacement, frequency or dynamic stress constraints are
considered, but dynamic displacement and static stress
constraints are considered. The dynamic displacement
constraints are 0.60 in (1.52 cm) for the first level and
0;90 in (2.29 cm) for the second level for both the x and y
directions. The static stress constraints are 30 ksi (21
kN/cmz) the cblumns. The beam static stress was set at 70
ksi (48.3 kN/cm?). The dynamic stress constraints were set
at 9999 ksi (6900 kN/cm?) in order to keep them from becoming
active. The optimization was to be terminated if more than
20 analyses or 15 cycles were required or if the weight
changes less than one percent within concurrent cycles. The
convergence c¢ontrol parameter was chosen as 2.0. The

primary and secondary design variable relationships were
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138



determined from. the' AISCM. One: loading conditiom was:
considered. This load condition uses a load factor of 1.0
for lateral locad Case B since this represents the response
from the spectral analysis. The static loads were ignored
but could have been included by using other load
combinations with the appropriate factors. Therefore,
although the static stress constraints were input they were

not considered since there was not a purely static load case.
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B. EXAMPLE IT: A TWO STORY MIXED SETBACK STRUCTURE

1. Description. A two story setback structure, shown
in Figure 10, consisting of steel beams, c<olumns, and
braces, .as well as, concrete columns 1is analyzed and
optimized with respect to the ATC 3-06 provisions. The
structure is assumed to be within map area 7 for both the
effective peak acceleration, A,, and the effective peak
velocity-related acceleration, A,. It was considered to be
within seismic hazard exposure group 3. The soil condition
was chosen as soft or soil condition 3. The ATC 3-06
equivalent lateral force apprcach was used for the analysis
with a response modification factor, R, of 8.0 and a
deflection amplification factor of 6.5. The primary
direction of excitation was the x-direction. The first
level had a translational mass of 0.906 k-sz/in (159 Mg) and
a rotational mass of 40490 k-s?-in (4.58x10’ Mg-cm?). The
second level had a translational mass of 0.408 k-s?/in (71.5
Mg) and a rotational mass of 10390 k-s?-in (1.17x10’7 Mg-
cm?). The ATC 3-06 provisions require a 5% eccentricity in
the lcad which is included within the program. By calling
for 3 modes to be used within the analysis, the first 3 modes
with be printed for inspection. The equivalent lateral
force method uses only the first natural frequency in its
calculations, but in many cases it is useful to see the first
few modes. This input of 3 modes would indeed cause 3 modes
to be printed and used if the ATC 3-06 modal analysis were
specified.
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The constraints considered were static and dynamic
displacement and stress. The displacement constraints are
based upon the ATC 3-06 allowable drift divided by the
deflection amplification factor. The constraint lirmit was
0.22 in (0.56 cm) per level for both the static and dynamic
analyses. The static and dynamic stress constraints for the
steel elements were 36.0 ksi (24.8 kN/cm?). The concrete
elements had a reinforcement tensile stress constraint of 350
ksi (34.5 kN/cm?) and a concrete compressive stress of 3.0
ksi (2.1 kN/cm?). No frequency <constraints were
considered, therefore three blank lines were inserted in the
input data.

All of the steel elements with the exception of the
braces are considered as wide flange elements. The primary
and secondary design vériables are represented by curves
which were determined from the AISC Manual. The steel
columns have side constraints which require their major-axis
moments of inertia to be between 7.00 in? (291 cm?) and
20,000 in? (832.400 cm?®). The missing columns and beams on
the second ievel must be represented by "small" fictitious
elements. In addition +toc having "small" geometric
properties, the stress constraints wvalues for these
fictitious elements have been increased to insure that these
elements will not provide any active constraints. 1In
addition the side constraints require these elements to have
major-axis moments of inertia between 0.001 in® (.042 ecm*)

and 1.00 in? (41.6 cm®).
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The concrete elements are based upon Equations 2.12 to
2.14. The percentage of steel to gross area was 2.5, and the
modular ratio was 10. Each concrete column had a fixed
crossectional height of 120 in. (305 cm) and a beginning
width of 20 in. (51 cm). The width had side constraints
which keep the width between 5.0 in. (12.7 ecm) and 20 in. (51
cm) .

The analysis considered three loading conditions. The
first load case is a static load case. (Notice that the
lateral loads are not included in this case since both
lateral 'load cases must be used to répresent the ATC 3-06
loads. Lateral load case A has a 5% eccentricity in the
positive y-direcﬁion, and lateral load case B has a 5%
eccentricity in the negative y-direction. Both load cases
include 100% of the x-direction load with 30% of the y-
direction loads.) Load cases 2 and 3 are seismic load caSes
including the ATC 3-06 lateral lcads. Each ¢f the lcad
cases include vertical nodal loads ¢of 5 Kips (22'kN) per node
and there are three different uniformly distributed loads to
be used to represent the beam loads. These are assigned to
each beam's respective vertical load case which is then
assigned to the global load cases.

The optimization must be controlled by a set of input
parameters, also. The optimization was to be terminated
after 10 analyses, 10 optimization cycles, or 2% weight
change. The objective function was based upon cost factors
of 300 $/ft? for steel (.174 $/in%*, 0.010 $/cm®) and 80 $/£t3
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(0.45 $/in?®, .003 $/cm3®) for concrete. The convergence.

control parameter was 3.0, and the constraints were
considered active if they are within the range of 10% below

and 5% above the constraint limit.
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0.9192099 ¢.01%409%
240. 2.
240. 240.
2. 248,
Jeooe. 5.0112
.8 .8
%999, 909,
30000, 5.8112
.3 -5
9999, 999%.
30000, 5.2112
.5 -3
999, ¥999.
30000. §.0112
.5 -5
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sp0cc. 5.0112
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30000. 5.0113
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30000.11.80
cogae. 9999.
3000¢0.11.80
zomoe. 9999,
3pgo0.1l.80
20g0e. 2999,
3ge00.11.60
2000, 999,
jgocc.ll.80
20800, 999,
30000.11.80
200003, 3999,
30000.11.80
20000, 9999,
30005.11.80
20000, 9999,
H 1
2 2
3 ) o [
3 4 0 0
4 S
4 L]

Input Data of Example I

2
0.0 .20 .10
0 OTWD STORY BLDG.
50080  .48718 0.0
5.0 9.0623 .73
50080  0.48716 0.0
Ta.4b2  0.00612 1.0
50080  0,4871¢ 9.0
56.0 0.00755 1.0
13.93676  0.935183 0.0
-3.61887  2.22972 0.0
9.0 0.3 6.0
13.93676  0.935143 0.0
-3.81887  2.22972 0.0
0.0 2.3 0.0
13.9%67¢  0.935183 6.2
-3.81887  2.22972 0.0
6.0 5.32 0.0
745,13 122, 120.
120,
745.3 120, 128,
120,
€.0194099 0.0196099 €.0194099
L 14709600.7. 064
.5 la. 12,
994,
18729080, 7. 900
.5 10. 1o0.
9999
.164709000.7.49%
.5 10. 10,
3999
.14709000.7.44%
.5 0.
9%,
.16709800.7.49%
.5 30. 38,
9999,
L14709000.7. 404
.5 0. 30,
9999.
,14709000,7.44%
.5 1. .
9999,
14709000, 7,444
8 30, 30,
999,
1.12 9000, 4. 4. 2.
1.12 9008, 4. &, 2,
1.12 $000. 4. 4, 2.
1.2 9000, 4. b6, 2.
1.2 9000. 4. a. 2.
1127 so00. 4. 4. 2,
112 s000. 4. 4. 2,
1.12 s000. &, 4. 2.
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2.01246215
7.64

0.0124213
566

0.

0.01%059

8.

24.

24,

5.

2.

5.

za.

COMPUTER PRINTS OF EXAMPLES I AND II

.S5816

.80516

0.90516

0.019%4049

10.

1e.

18.
0.
.
.
7.
70.
70.
7o.

70.

Reproduced from
best available copy.
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2. Output Solution of Example I

YMAMID ANALYS B
TWO STORY BLDG.
MPMMBER OF STORY LEVELSema-
NUMBER OF
NUMBER OF
MABER OF O1FF. COL. FROP-
MATER OF GIFF. BEAM PROP-
NRBER OF QIFF. FEFmwevwme=
NPBER OF PANEL ELEMENTSe=
NPBER OF BRACING ELEMENTS
MPBER OF STEEL COL. FROP-
NUMBER OF QPT. CYCLES:
MABER OF AMALYSES—=-a=mnw
FERCEWTAGE FOR TERMINATION 1.0
PER. QF CONSTRAINT-LOWER--0.20
FER. OF CONSTRAINT-UPPER=~0.10
CONVERGENTE CONTROL PIRA.- 2.0
OBJECTIVE FACTOR-STEEL===- 0.3E-01
CBJECTIVE FACTOR-CONCRETE- 0.9L-064

.y -
aecocamwbrm

T La} R _FROP FF HTS _FOR 1% TWEEW [:] ND
PROPERTY  CONSTANT | POMER  CONSTANT 2

I 0.038900 9.%25000 0.080000

A 0.500800 0.4871460 0.0q0000

4 Q.022l00 0.958160 0.000080

5% 0.453000 0.775000 9.000000

114 0.052100 0. 731500 9.000000
TEE| HYHRER PROPERTY CDEFF. TS FOP_IX B N 8.0 A L]
PROPERTY  CONSTANT | POWER  CONSTANT 2

Ir 0.025510 1.000000 20.470000

A b.500000 0.687160 0.200600

J B.0lgedd 9.505160 0.000000

X 0.0ab150 1.000000 78.462000

sy 0.004120 1.000000 7.640000
Ad FE| R _PROFPERPTY FF NTS F Tl 00.% AMD 20000
PROPERTY EONSTANT | POWER CONSTANT 2

Ir 0.051820 1.800000 159.080000

rs 9.500800 0.457160 0.02%000

J 0.012&27 0.905160 0.p000000

5x a.po5i008 l.cogo0m 56.003%000

SY 0.pa7550 1.000000 0.564000

EREGUENTY CONSTRATNTS

0.500 g.ooo
o.co00 o.o0a0
0.000 g.000
n.coo o.oao

DYNEMIC SPLACEMENT ISTPATNT

LEVEL DIPECTIOHN YALUE
H x 0.500000
] ¥ 0.920060
1 x 0.600000
1 ¥ 0.602000
NTS Fom RAT 4
MAX. ACC. CONSTANT | CONSTAMT 2 CONSTANT 3 CONSTANT 4 COMSTANT 5 CONSTANT ¢
@.000 0.6000 ¢.0000 -26.1a19 13.9368 0.9352 0.0000
RESPY UM COEFF E ACCELERAT TWEEM 0,400 # L]
Max, alC. CONSTANT ] CONSTANT 2 COMNSTANT 3 COMSTANT 4 CONSTANT §  CONSTANT 6
9.000 g.160¢ =l.1a09 2.9%1 =l.e187 2.2297 0.0000
] PECTRLM COEFF [ A RAYION M LLESY ]

MAX, aCC. CONSTANT | CONSTANT 2 CONSTANT 3 CONSTANT &4  CONSTANT 5 CONSTANT &
a.000 0.0000 0.0000 a.to00 Q.0000 D.3&00 0.0000
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RES) ¥ NTS_F Al RAT -3 %

MAX, ACC. CONSTANT | CONSTANT 2 CONSTANT 3 CONSTANT 4 CONSTANT 5 CONSTINT ¢

115.920 0.000D 9.0000 =2b.141% 15.9368 ©.9352 9.0000
R PECTRLH d NTS FOR A AAT TWEEN “
MAX. ACC. CONSTANT I CONSTANT 2 COMSTANT 3 CONSTANT 4  CONSTANT 5 CONSTANT 4
115.320 0.1406 =~L.190% T.99%1 -3.6187 2.2297 ¢.c000
) TR .7} 08 A

MaX. ACC. CONSTANT 1| COMSTANT 2 CONSTANT 3 CONSTANT 4  CONSTANT 5 CONSTANT &
115. %20 t.0050 @.o0t08 0.0080 6.0000 8.3600 G.ooa0

IEMTS FOR

MAX, ACC., CONSTANT | CONSTANT 2 CONSTANT 3 CONSTANT 4  COMSTANT 5 CONSTANT &

115.920 ¢.qeoD 9.¢000 ~24.1419 13.9388 &.9152 g.0000
S| PECTRUM COFFF 8 _F Al RAT 0
MAX. ACC. COMNSTANT 1 CONSTANT 2 CONSTANT 1 COMSTANT o CONSTANT 3 CONSTANT 6
115.920 0.1606 -1.1609 2.9961 ~-3.6187 2.2297 ¢.0000
SPONS PECTRIM FF NTS Y RAT B D0 AN 8,50
MAX. ACC. CONSTANT 1 CONSTANT 2 CONSTANT 3 COMSTANT % CONSTANT 5 CONSTANT 4
115.928 0.0000 5.0000 a.00008 9.&008 0.3800 Q.0200
SIRY paATa
LEVEL MO, I HEIGHT HASS(M)  [Ees2 L1} b1}
2 FIRST l146.09 a.ca 745.30 120.00 120.00
1 SECND 144.00 0.08 765.38 120.80 izo.oo

STATIC LAVERA) LUADY, LASES A AND A

LEVEL WO, XA IY-A -4 4] = - raid ]
2 0.0 0.0 o.08 v.00 .00 .00
1 0.00 19.90 9.00 0.06 9.00 .00
AT YICAL: A
SToRY oL 1 e SOl 3 fpL &
2 0.09 0.0t 8.4q0 s.00
H 0.09 B.00 g.00 $.00
LMB MASS FOR A FFN|

STORY o WD QR o= 4 coL_3 col &
2 0.58900 8.0990 c.0080 5.0008

1 0.6000 g.aoco 0.00%0 o.0800
COLUMe! LINE CORWOINATES
e x 1
1 3.00 2.08
2 Z60.00 9.00
3 245.90 240.00
& .00 240.00
oL Ip H A TES] My MMl o pr 28 p gF
1 30800.30 2.27 47.16 9BDO.GO0 259.04 0.00 0,00 36H.45 11.59
2 30000.00 &2.27 a7.]% 90D0.00 259.06 a.90 .00 3545 11.59
3 30000.89 az.27% &47.14 9000.00 259.04 0.30 0.90 3p.45 11.59
& 30000.00 62.27 &7.14 90D0.00 359.04 a.eo o.00 36.45 11.59
5 30000.239 &2.27 L7.14 S000.00 259.08 a.co a.90 35.45 11.5%
[ Jocon.od &2.27 &7.14 90DD.00D 25%.08 [-191) 0.00 36.45 i1.59
7 30000.20 &2.27 &7.14 909DD.0D 259.00 9.02 0.90 35 .45 11.5%
3 30000.00 e2.27 @7.14 90DD.0B 259.06 B.02 9.%0 .45 11.59
COLLM _STRESS Al COMSTRAINT [NFOREAT
courey 30 EL s aIs ges aIN, Ix max. Ix
[ 3p.00 30.00 99%9.00 9999.00 10.0@ 28000.00
2 3c.80 3n.08 9999.00 9999.00 10.a8 28n800.00
3 in.on 30.00 9999.00 9999.08 10.00 20000.00
& jc.o0 in.co 9999.02 9999.00 19.00 28000.00
5 in.no 30.08 9999.02 9999.00 10.08 29000.00
[} 30.00 in.on 9999.00 9999.00 10.00 20000.00
7 io.o0 lo.02 9999.00 2999.00 10.00 200400.00
8 30.00 in.00 9999.408 9999.00 10.00 20000.00
BEan 0 ELEX T
1

I Imsl K1 bl KLl 'k 2 g
30000.00 47.1G¢ 900c.00 .00 9.00 2,00  0.G0 0,00 36,45
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AT

LN EN-F-F-F-
- TR
cacaococoo
O
66300000

IS
30.00
30.00
30.00
3%.00
30.9¢
30.00
is.oe
30.00

s
30.50
30.00
38.00
30.60
30.00
30.00
30.00
30.00

&

oo
oo

£
26.00
4,20
26.60
24.80
24.00
4,90
400
26.00



t J0200.30 47.14 90g0.20 .00 s.00 t.00
3 30000.30 47.14 9000.00 4.00 4.0¢ 2.00
[3 30000.00  47.14 9000.00 a.00 4.00 2.0b
5 30000.00 &7.18 9080.00 4.00 a,00 2.00
[ 30000.00 47.14 9000.0Q 4.00 a.08 z.08
r 30000.00  47.1¢  9000.00 %.00 4,08 2,60
s 30000.00  47.14 9800.00 4.00 4.00 2.00
AN _STRESS AND £ A NFORR
—BEan 0 585 ges Ju 4.8 1 X,
i 70.00 9499.040 1g.o0 20000.20
2 70.00 999,00 19.00 20006. 20
3 70.00 $%99.00 10.00 20800.00
& 70.08 $999.00 12.00 20000.00
5 70.08 9999.00 12.00 2e000. 00
[ 70.00 9999.08 10.08 20000.00
7 70.00 9999.00 1¢.00 Z6000.00
8 70.08 $999.00 10.00 20000.00
BEARM LOCATIONS
BAY LEVEL IC ¢ BID SEN WiC] VILC2 VLGS
1 [4 1 2 1 3 i [} 4
1 1 1 4 -4 9 ] ] 0
1 z 4 3 3 ] k] ] 8
H 4 3 & ] o [] [
3 H 1 L) 5 [} 2 0 -4
3 1 1 & L] -3 ° L] [
“ 2 2 3 7 - [} L] -3
L 1 2 3 -3 ] [} [
BEAN PPOPERTY SET ID MMRIR
STOBY GAY | BAY 7 BAY 3 PBAY &
z 1 3 s 7
1 z a [ L]
COLU™N, LOCATIONG
LINE LEVEL LI WDIR GEN
i z 1 “ []
i 1 2 L) q
2 2 3 3 -]
4 1 & 3 -]
3 Z 5 2 L]
1 L3 [ 4 L]
4 ! 7 ) L]
* 1 ] 1 L]
FROPERTY
798y COL 1 COL 2 LOL J EOL 9
2 1 3 5 7
1 2 4 Y -1
AM _PROPERT A 4D SET ]
&Y (]
LEYEL e 1 FLEX ] (949 Lo X1} o
2 30000.68  47.14  S300.00 5.00 a._00 z.o0 5.0%
1 30006.00 47.14 9300.00 4.06 4.00 2.00 0.00
AY WRBIE
LEVEL £ Iops ] FLEX] 344 44 L3¢ 134
2 30080.80  47.14 900600 4.08 400 z.00 0.z0
1 30000.00 &7.14 530000 4.00 4.08 z.o0 5.a0
BAY i)
LEVEL £ T9ws FLEX I X1 LEE: x1d 134
2 30000.00 47.14 900000 4_00 4.00 z.00 LI
1 30008.00  47.14  9000.00 &.00 s.00 2.00 0.T0
AY R 4
LEVEL E I0P5 FLEX I .9 94 Xt KL oI
F3 3008B.80  &7.14 $90%.00 &.00 %.00 2.00 o.oe
1 30080.80  &7.1&  5000.00 4.00 4.00 2.00 n.0%
PEPT
LEVEY 14 A TO0RS maJ I RmINT oI
2 30000.90  92.27  47.1% 900C.0C 259.04 0.00 ]
i 30000.00 92,27 4?7.16 9000.00 259.06 9.00
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0.

0.9
.00
a.80
a.00
Q.00
0.00
Q.80

.o 1
oe ELY

pD.so 36,45 T0.80
%1 16.45 70.00
o.o0 36.45 T8.00
a.00 35.45 74.00
0.00 35.45 To.00
0.00 14.45 70.00
.00 18.45 T0.00
D ws el
34,45 7¢.00 ]
14,45 - F0.00 k]
] us vigy
34.45 7a.00 a
14.45 78.00 -]
] v ey
35.45 Ja.00 9
36.45 ye.00 9
C us wel
35.45 70.20 a
36.45 70.0D L]
2 14 ki e
65 11.59 0.50 $.50
145 11.59 0.50 o.50

1s
10700
30.00

Vit

3o.ac
3o.o0

Ss
26.0D
{6.00



LRYEL 1 2 woJ Ml Q7 ) [ 2 b S | o =
H 30000.00 92,27  47.1% 9000.00 259.04 0.00 &.a0 34.48 11.59 0.50 .50 30.040 30.00 26.00
1 30009.00 %2.27 a7.16 9000.00 259.064 8.00 0.00 36.48 il.59 0.30 .50 30.00 18.28 26.00
SO \DNE 40,3
AEYEL £ 4 sl myy mMI W W8 8 B i3 ™o T8 &s ss
H 310¢00.00 42.27 o7.1¢ 9000.900 255.06 b.08 Qe.c0 34 .45 [1.59 ¢.50 .50 30.00 16.00 t4.08
1 300p0.00 42.27 a7.1a 90C0.00 259.04 B.0¢ a.c0 36.45 11.59 .50 9.50 30.00 30.00 £4.00
COLLM( LINE HO._ o
AEVEL £ s ImSI MAJI HMMI o8 N ™I s 33
2 30Q00.00 82.27 47.14 9000.00 259.04 b.00 0.00 36.45 11.59 0.50 .50 30.00 10.00 264.00
1 30000.00 e2.27 at.1¢ $000.00 259.04 0.00 .00 36.45 11.59 0.50 0.50 30.00 .00 24.00
YNAM 14 AT, 1
viel  wez VIE3  WATI Tz ey
[N 3 0.8 a.3 0.0 1.0 2.0

THE EIGENSOLUTIONS ARE:
FREQ. 1 IS 19.58
THE EIGENTIOE IS:

2.870819302825€-02 +0.87C019307034E~02 ~0.8700193028282-02 0.87058103020346E-02 0.6800059%0618E~02 ~0.480605960824E~02
~0.688405360618E~-02 0.5680405960624E-02 D.24757T54FISBEHA] -0, 11310656626 3E-15 ~0.163353747865%E~18 0.151312363323E+01
=D.106772678165E~=13 -0.872659502:T77E~19

FREQ. 2 I8 5L.07

EIGENMCOE I3

~0_ 195389025846 2E-01 §.I9SLE9025862E-01 0.19548 E-01 -0.19548 €-81 -3.1131050380C6€E~01 D0.113165838006€~-01
0.113105038009€-01 -0.113105038009E~-01 -0.1570029365462E+401 -0.200987708516E-14 9.249314049756E~15 0.Z38580770740E+01

~3.9084293589840~15 -0.25978918451&E-15
FREQ. 3 135 72.%8

THE EIGEHMOOE X3:
-0.1029927T74995E+00 0.102992774995E400 -0.102992773995E+00 £.1029927749USE+00 -0.737127534161E-01 0.7371275341826-C1
-0.737127534182E-01  0_73712753a161E-8F 0.4)5087456688E-16 ~0.190988390824E~13 0.207A34B7INI0E-01 -0.163305282388E-16

-0.69216813230SE-13  0.958531e03752E-02
FREQ. s« I3 73.56
THE EIGENTNE I3:
0.122676520215E400 D.12267A520235E400 =0.1226756520215E+00 -0.122676520215E400 Q_A75900670464E-01 0.375900870454E-01

~0.875900670464E-0L -0.5759006 70¢44E-01 0.509500046009%4E-14 0.265L18847121E+0L ©.779490712125E-15 0.565060134751E-14

0.11968866047A€401 ~4.31983181130588-15

LOAD COPBIMATIONS==~~eMEMBER FORCED-eee=(EVEL MO. |

COLUMN FORCES
LINE (QAD TURSIONAL RAJOR AXIS AXTAL MINCR AXIS MAJOR MINOR
MOMENT TOF MOMENT BOT MOMENT FORCE TOP MOMEMT BaT MOMENT SHEAR SHEAR
] 1 0.0008 568.3377 1168 .5198 27.850% =1279.1382 -[311.9847 12.00s0 ~17.9%3%
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COLUHN 3STRES3ES

LINE LOAD
i 1
2 1
3 H
. 1
BEAM FORCES
BAY LDAD
1 1
z 1
3 H
4 1
BEAM STRESSES
BAY LOAD
1 1
2 1
H 1
4 1

§.0000
0.0000

0.0000

TOR-PAX
30,3969
30.396%
18.29%9
10,399

TORSIOMAL
HMOME|
0.¢000
0.0000
0.Go00

0.¢000

I MORMAL
4.1800
9.1600
2.2169

2.2169

$40.3377
560.3377
560.3377

TOP-HIN
-2%.0790
-2%.0790
-29.0790
-2%.0790

CENTERLINE
1

MCHENT
-&054.26407

-2084.2607
-10%4,. 7275
-10%4.7275

J HORMAL

4.1640
4, 1600
2.2169

2.216%

1165.51%
1168.519%

1168.51%

BOT-MAX
12.3430
2. %30
32.3430
32.3630

HOHENTS

J PFOHENT
-2056.2607
=2054.2607
~1094.7275

-1094,7275

LO0AD COMBIMATIONS-----MEMBER FORCES--~--LEVEL ND. 2

COLUMN FORCEY

LINE LOAD
1 1
: 1
3 H

4 i

COLLMN STRESSES

LINE LOAD
1 i

3 1

3 1

L] 1
BEAM FORCES

BAT LOAD

1 1

2 1

3 1

9 1

BEAM STRESSES

BaY (02D
1 1

TORSIONAL

MOHENT
0.0000

0.0000
0.0000

0.%q00

TOP=MAX
194770
19.477%
19.4779

18.477%9

TORSIONAL
HOMENT
@,a603
0.0020
[ .11}

g.quern

I MORRAL
1.6104

MAJOR AXIS

TCP MOMENT 80T MOMENT
734.5104 534.3698
734.5104% 534,389
T¥. 5104 534, 1498
738.5104 534. 3894
TOP=-MIN BOT-~MAX
-19.0630 18.6225
-19.0630 I8.46225
=19.2630 18.8225
=1%.0632 18.6225

CENTERLINE POMENTS

I TMOMENT
=795.2574

~795.2575
=-734.5104

+734.510&

J HORMAL

1.61049

J  MOMENT
=795.2576

~795.257%
~734.5]06

-134.5106

t7.8539
27.a50%

27.4509

B8OT-MIN
-31.0482
-31.0452
-31.0452
-31.0452

-1279.1%2
=1279.1%2
=1279.1362

SHEAR-MAJ
¢.2840
¢.2840
q.2848

0.2840

BEAM END MOMENTS

1 HOMENT
-2054.2807

-2054.2607
=10%4.7278
=109%.7275

AXIAL
FORCE
8.7694
8.76%4
8.7664

8. T4

80T-MIN
-18.2875
-18.2875
-18.2375

-18.2875

J MOMENT
-2054.2607

~2054.2607
=10%4 . 7275

=10%a,. 7278

TOR HOHENT
~795.2576

=795.257%
~795.257¢
=798, 2574

SHEAR-HAJ
0.208%
0.2085
0.2085

0.2085

BEAM END MOMENTS

I ROMENT
~795.1578

«795.2576

~73.5106

-73%.5104
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4 MOMENT
-795.2576

-795.257%6
-734.5104

-734.5104

=1311. 9847
=1311-987
=1311.9847

SHEAR=-HIN
-0.4287
-0.4257
~0.4287

-8.49257

AXIS
B80T MONENT
=775.12%4
=775.1244
=775.1204

=TTE.12%

SHEAR=MIN
-0.2580
-0.2580
-0.2580

=0.7588

12.0060
12.0060
1z.0060

P JOR
SHEAR
8.8118
s.8118
&.81158

&8.8118

-17.9939
=17.9939

-17.%93%

rINCR

SHEAR
=10.9054%
-10. 9854
-10.9054

~10.9954



2 i 1.8186 1.610¢
3 1 1.4874 1.4876

L] i [.4876 1.687%

STATIC AHD OTNANIC LOAD COMBINATION====-=LATERAL AND BOTATIONAL M. C. ODISPLACEMENTS

LEVEL DIRECTION 1

t X 0.9775858

H Y 0.058373%

2 ROTH 0.D0000000

1 X 0.598028

1 Y 0.0227q18

1 ROTN 0.0020000
THE STEEL WEIGHT I3 36.8202
THE CONCRETE WEIGHT 18 0.0000
THE OBJECTIVE VaLUE IS 36.8202

ACTIVE CONSTRAINTS

TYPE LEVEL LOCATION LD IDENT VALUE
LN} ¢ I | ] 1 1 6.9775%
0.01S 1 o 1 1 6.59803
THE EMD OF OPTINIZATION CYCLE 0
THE START OF DOTIMIZATION CYCLE t
3 4 Iesy maI pmI Dt o 2 13 bid ™ b} s
3000000 3905 0. 6¢ T440.98 3.6  0.00 8.00 35.46 11.40  9.50  0.50 10.00  30.00
30500.00 45.89 54.92 10453.29 382.89- 4.00  8.06 3F.37 11.76  ©.50  6.50 30.09  30.00
30000.90  19.06 0.8 744k.06 223.11  0.00  5.00 35.45 11.40° 0.50  0.50 35.03 30.00
30000.00 45.78 54.69 10804.55 301.40 0.00 0,00 37.35 13,75 ©6.50  0.50 30.00 30.00
30000.00 39.065 40.69 T4e8.98 223.26  0.00 0.00 35.46¢ (1.4 ©0.50 0.50 30.00 30.00
30000.00 45.09 54.92 10653.29 302.89 0.60 0.00 37.37 11,76  0.50 .50 30.00 30,00
30000.60 39.06 40.56 764k.D6 223.11  0.60  0.00 35.45 11.4% 0.50 .50 30.00 30,50
°.56 30.00 30.00

3000D.80 45.78 Hh.6% 10604.55 30).60 0.80 600 37.35 11.75 a0.50

E Iors I ELEX ] 1 LSRN S ¥ 2 o ] M3
3up00.00 23.19 &092._54 4.00 6.0 2.00 B.0G 0.00 39.62 70.86
lanog.en 26.66 G4191.3%6 a.08 &.08 z.08 B.oC 0.08 31.99 78.00
l0000.00 23.18 e092.5% 4.08 «.00 T.08 e.80 5.00 30.62 70.88
3toc0.00 26.66 4791.356 a.00 a.an z.09 D.o0 9.00 3.99 78.30
30000.00 22.52° 3979.23 &.00 @.oo ¢.08 0.80 .05 3B. 36 70.00
lcoes.qo 23.64 G198.77 %.00 %.08 z.00 2.80 2.00 30.45 ro.20
lonoen.eoe 22.52 3979.23 o.00 6.00 e.0% 0.20 8.05 30.36 T0.%0
30080.00 23.6&4 &198.77 4.00 .. 00 2.0 o.80 9.0¢0 30.85 70.88

*
c-cvwvwn..E L) """"“"E

THE EIGENSOLUTICNS ARE:
PREG. 1 I3 20.49

YHE EIGENMODE 13:
0.3%1463I7IDLT58E=02 -0 _893]187¢32803E~02 -0.8%1637384255E-02 0.B8SI18TLHB20E-02 D.46657HB887IBBIE=92 =0.64 7245276368602

=0.66576887I8T9E=02 0.6672649274346E~02 0.2691564945622E+01 ~0.109524491125E-04 ~8.5308235531579E=14 0.1608T34650117E40L

=0.333092315253E-05 =0.1]12242934S01E~ 14

FREQ. T IS 51.3%

THE EIGENMODE IS:

-0.148667286265E-01 0.10886¢132929€-01 0.[48667286265€-01 -0.148866138929E-01 -0.722042908854E-02 0.723728838285E-02

0.7220429088546E-02 -0.723726838287E-02 ~0.147843456606E+0]1 0.293819469589E-04 -0.599701436520E-15 0.256455694403E401

D.102061560314E-00 0,127634420565E-1¢
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FRERQ. 3 13 §5.26

THE EIGENMODE IS:
0.77438B112126E=0]1 D._775637090004E-01 =0.774385112126E-01 -0.775437¢90004E-01 0.506401532383E-01 0.507554062224E-01
<0,.508401532383E-0] =0.507554082226E-0]1 ©.Z5D00T73A320E-00 0.284195526195E+01 -0.214490668296E-15 -0.212390576749E-04

0.110032987374E+01 -0.841725630297E-18

FREG. o 18 ©7.¢65

THE RIGERTOE IS:

«0.6457511340100-01 0.644800929398E-01 -0 _64575]11339086-01 0.5645800929396E-01 -0.419342956755E-01 0.420306245481E-01

=0.4193429567582=01 0.420304265485E-01 0.524085TI9ABBE-[2 D.262775089393E-13 0.232061180657E-01 0.326541266515E-12

D.102101237674E-1F 0.9LT70P[681091E-02

LOAD COMBINATIONS--==-MEFMBER FORCES-----LEVEL MO,

COLUMN FQACES
LIME 1LQAD TORSICHAL MAJOR AXIS AXTAL HINGR AXIS AR
MOHENT TOP ROMENT B80T MOHENT FORCE TOP MOMENT 80T MOMENT EHEAR
1 1 0.0000 248.9221 1337.3682 24.6404 -1137.9243 -1203.8785 11.0159
2 1 0.0008 248.5042 1331.4098 24,6400 ~1133.8806 =198, 84849 10.9730
H] 1 0.3000, 208.5710 1337, 3424 24,6409 =1137.9157 -1203.5732 il.0154
& 1 ©.9000 248.5552 1331.4353 24,4404 -1133.8701 ~1198.8431 10,9735
COLUMN STRESSES
LINE LQAD TOP-MAX TOP~MIN BOT-RAX BOT-MIN SHEAR=-F) SHEAR-MIN
) 1 23.0887 -21.9818 26.2349 -25.1650 0.2601 =0. 354k
z 1 23.0655 -21.9891 T 26.2385 =25.1621 0.23%7 =0.3533
3 1 23.055% ~21.9815 26.2383 ~25.1648 0.ze0] =0. 354k
L 1 23.0654 -21.98%0 26.2384 =-25.1&21 0.23%7 ~0.3538
BEAN FORCES -
TORSIONAL CEHTEIRLINE MONENTS BEAM END MOMENTS
BAT LOAD ROMENT T MOMENT J TNMOMENT 1 MOMENT J  mMOmENT
1 1 o.genl -IB65.&129 -1861.7582 ~1865.612%9 -1851.7582
2 H -0.0801 ~1881.735% ~1865.5982 ~labl. 7356 =-18585.5902
3 1 -0.g0a38 -772.1e16 =772.5699 =TI2.161& =772.069%
& 1 0.0e39 ~771.9369 -772.8286 ~771.93%% -772.0286
BEAM STRESSES
BAY L0AD I HoRMaL J KRORMAL
1 1 6.2274 6.2145
-4 1 4.2104 £.2273
3 H 2.836% 2.8360
L] L t.s156 2.85359

LOAD COMBINATIONS-=v=eMEHBER FORCES--==-lEVEL NO. 2

COLLPN FORCES

LINE LOaD TORSIORAL HAJOR AXIS AXTEL MINCR AXIS TAIOR
MOMENT TOP MOMENT BOT MOMENT FORCE. TOP MOMENT BAT MOMENT SHEAR

I 1 o.n000 636_9762 523.23% 8.0631 -753._2518 =727 .690% 8.015%

2 1 0.o0090 430,8500 §23.4325 8.0632 -753.1312 -727.5738 8.0159

3 1 0.0800 430.8674 523.1577 8.063) -753.2185 -727.4783 8.01al

4 1 9.000¢ 63n.958a 523.5148 &.0632 -75%1.11a87 -727.8617 8.uT:
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MINCA

SHELR
=16, 2604
~16.1955
-16.2603

-16.19%

MIkOR
SHELR
-1 2843
-10.2248
-10.2E41

-10.284é



COLUMN STRESSES

LINE LoAD TOP=HAX
1 1 20.9072
2 1 20:.914é
3 1 20,9066
4 1 20.5146
BEAM FORCES
TORSIOMAL
BAT LOAD POMENT
1 1 0.8000
H 1 g.s0080
3 H -0.0001
L 1 0.0902
BEAM STRESSES
BaY LOAD 1 MORTAL
1 1 z.817e
2 1 z.8l71
3 1 2.4074
4 1 2.4069

TOP-HIN
-20.4%42
-20.5015
-20.49%
-20.5014

CENTERLINE MOMENTS
1

BOT-MAX BOT-MIN SHEAR-MAJ
20.0046 -19.5916 0.2053
20.0201 -19.6070 0.2083
20.0041 -19.5912 0.2052
20.0200 =19.606% 0.205¢

BEAM £M0 MCHENTS

HOMENT 4 POHENT I mOmMENT 4 HOMENT
-753.2509 -753.131% -753.2509 ~T53.1318
~-753.1147 -753,2383 -753.1187 -751.23a3
-630.9762 -638,9589 -630.9762 -430. 9589
-630.8500 -632.8473 -637.8500 ~630.5673

J NORTAL

2.8172

2.817¢

2.4073

2.0069

STATIC AND DYMAMIC LOAD COMBIMATION-----LATERAL AMD ROTATIOMAL M. C. DISPLACEMENTS:

LEVEL DIRECTION 1

H x 0. 9199634

2 Y. 8.06779%

H RATH 0.000000¢

1 X 9.4827343

1 Y 9.0262M7

1 ROTH ©.0000000
THE. STEEL MEIGHT I3 19,8483
THE CONCRETE WMEIGHT IS5 0.0000
THE CBJECTIVE VALUE IS 29.548%
ACTIVE CONSTRAINTS

TYPE LEVEL LOCATION LoD
0.018 2 ]

D.013, 1 L]

THE END OF QPYIMIZATION CYCLE 1.

THE START QF OPTINIZATION CYCLE

[t 2N

THE ENO OF OPFTIMIZATION CYCLE ]

THE START OF OPTIMIZATION CYCLE

IDENT  vaLUE
1 0. 9199
i 0.48274
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EHEAR-MIN
-0.2634
~0.2815
~2.2636

-0.2615



THE FINAL OPTIMAL RE

E

E
Jese0.00
3npos.oo
3o000.80
3ppac.ng
30000.00
3%000.00
3jopee.an
1b006.09

£
30000.0
30000.0
30000.0
30000.0
30000. 01
30006. 0!
30000.0
30000.0

AN B —
® o .ldﬂl—E

SULTS ARE:

EIGENYALUES AND EIGEWYECTORS

0.160489113%TEQS
-0.419089308628E-02
0.125285029271E+01

0,5777a89004 186401
=0.4704%16583527E-03
=0.420147145761E-01

0.100%:9827¢43E+04
=0.420410]50184E-02
~0. 139541400638k +01

0.1071353491728«04

=0.112348085759E-02
D,2¢3982506740E+0)

COLUMN FORCES

LINE LOAD
! 1
2 1
3 1
L 1

COLUMM STRES2ES

LINE L0AD

1 1

2 i

3 1

@ 1
SEAM FORCES
BAY LOAD

1 1

2 1

. 3 1
4 1

BEAM STRESSES

BAY LOAD
1 1
2 1
3 1
[ 1

4 I3 1 pad I PN 24 2] ]
19.08 10.73 1754.63 &4.99 B.00 9.00 22.01
17.42  37.58 7004.5 206.22  0.00  0.00 34,87
19.85 11.58 1%07.85 71.95 8.020 0.0¢ 22.%2
25.95 19.06 J305.33 1e3.09 0.08 9.00 28.62
19.40 11.09 lal%.12 68.69 D.09 .00 22.50
25.52 18,46 3193.68 LC5.13 0.90 9.00 2a.28
19.3) 10.99 1m0z.l12 58,26 0.80 0.00 22.30
25.45 1837 3177.51 104.71 0.0  0.00 28,23
TIOR3 I ELEX D 344 Bl KlLd DI 2
I Y.61 206.09 4.00 &4.00 2.00 8.00 0,00
0 jZ.42 Tl.2Z  4.00 &.00 2,00 0.00  0.00
[] 3.52 199.01 .80 &.00 2.00 0.00 9.00
9 10.57 426.22  4.00  4.00 2.00 0.0 0.00
L] 0.30 15.35 .00 &.00 R.00 0.00 0.00
L] 0.51 26.26 4.00 4.00 z.00 9.00 0.00
L] .31 15.58 4.080 4,00 2.00 9.00 9.00
L) 0.50 26.06 4.00 4,00 2.00 9.00 9.00
0.44T428079880E-02 -0.570604800240E-02 -0,.83450955¢101E-02
=0.379417581044E=02 0.381008288758E-02 0.317422547347E«01
=0.420183381812E-02 -0.1911739341148-03
0.218699319209E-02 -0.534634299]199E-03 (.798908575281E-04

0.191500401081€-03
0.904351597148E400

Q.597437449504E-02
0.2193%9741035E-02
=0.167518569¢806+00

=0.217770524447E-02

~0.15393018465%6E-02
0.2722262911738-02

=0.763009790920¢8-02
-0.185802576540€-02
0. 752488554 357€-02

4.1649574958500E-02

0.5260848755478E-01

0.192924929505E-02
0.650852291 94 1E+00

D.81229584 M G0E-02

aF r ™ b ]
%.01 e.50 0.50 M0.00 30.00
11.30 0.50 9.50 10.00 30.00
¥.17 0.50 0.50 30.00 30.00
10.17 0.50 0.50 .00 30.00
9.08 0.50 9.50 30,00 30.00
1o.11 0.50 0.50 3p.00  30.00
9.04 0.50 Q.50 30.00 30.00
Lo.10 0.50 ¢.50 ¥0.00 30.00
[}
14.6%  70.00
19.66  70.00
14,60 70.00
18.92  70.00
4.18  70.00
§$.24 70.00
8,21  FvO.UO
$.22 70.00

0.539579112468E~02
=0, 166022664703E-01

=0.2296477399362E-02
0.3174441858249E+0]

-0.133033092984E-02
-0.810083259345E+00

-0.788147572521E-02

9,2900719267178~02
~0.970271364208E-03

9.124104114234E-02
0.797852181680E-02

0,267730853633€-02
0.262938966843E-01

0.674135510432E-03

0.381558013870E-02 -0.3673884531688-02 -0, 113895120206€+01 -0, 362351575624€+00 0Q.140970888527E~01
=0.7160344019202~-0) 0.385517445293E-02
STATIC LOAD COMBINATION-----MEMBER FQRCES-----LEVEL ND. 1

TORSIONAL MAJOR AXIS ) AXIAL MIMOR AXIS MAJOR
MOHENT TCP FMOMENT Q0T MOMERT FORCE TQP rMOMENT BQT MONMENT SHEAR
2.0889 8261856 26216708 6.8310 -531.1919 -67Th.3302 12.4825
1.0582 ~1315.6553 106%. 703 6.6554 -344,8037 -387.6917 1z.1809
1.0258 =1258.5435 2972.3562 5.8925 ~206.3%45 =23%.5181 1L.9¢015
1.0211 -708.7716 1023, 4085 6.1063 ~205.956% -238. 7767 2.2128
TOP-MAX TOP-RIN BOT -MAX BOT-RIN SHEAR-MAJ SHEAR-MIN

16. 7847 -16.4189 25,2334 =24 0450 0.333% -0.2241

zz.1719 -21.658% 31.7826 =31.24%6 0.w5695 -0.19¢0

15.7263 -15.282% 24.9081 -24.44b2 0.4800 -0.1213

13,3051 -1z.825% 16,3036 -15.8238 8.0889 -o.1213

TORSIONAL CENTERLINE MOMENTS SEAH {ND MOMENTS
MOMENT I MOMENT J  MIENT I HMOMENT J  mOMENT

-1.2%4%9 -403,.255¢ -486,7121 0.5000 0.0008

-8.9%06 -184. 0454 -354.84682 a.ooeo 0.aoe0 )
-0. 0237 -24, 0854 -76. 9080 @.o00D o.oo0d

-0.004% -62.1952 =b2. 1661 5.0000 a.0000

I NomAL J NORRmAL

10.6518 &.8410
5.349% §5,3417
4,2380 «, 1824
LL.007s 11.0020

154

=
g6.00
24.00
2&4.00
24.00
24.0D
g2a.0D
26.00
2a.0Dd

MINCR
SHEAR

-8. 3856
-5.08&8
-3.09¢2

=3.0884



STATIC LOAD COMBINATION-=«==MEFBER FORCES----<(EVEL NO. 2

COLUMN FORCES
LINE LOAD TORSIOMAL HAJOR AXIS axIaL HINOR
POMENT TOP MOMEWT BOT MOMENT FORCE TGP MOMENT
1 1 1.27580 25.8315% 847.02¢1 2.0343 -272.7681
S 1 1.3753 57.080¢ 1379.095% 1.90%1 -290.523%
3 1 1.117% §7.08%L 13216983 1.8%01 -142.7534
4 1 1.3061 25.3%40 78,4870 1.9855 -142.38%0
COLUMN STRESMES
LINE LOAD TOP-maX TOP-MIN BOT-MAX BOT-MIN SHEAR-MAJ
1 1 ’ 18.6134 -18.3999 23.7181 -23.5047 . D.3l80
2 1 19.1820 -18.9847 29.1%e7 -28.9544 B.502¢
3 1 9.8811 -9.6842 18,0490 -17.8541 0.49%8
e 1 9.3 -9.5073 19,4398 ~14.2301 2.2713
BEAM FORCES
TORSIOHAL CENTERLINE MOMENTS ' BEAM EMD MOMENTS
BAY LOAD HONENT 1 HOMENT J MOMENT I HMOMENT 4 MOMENT
H H -g.4592 -272.7873 -290.5077 ¢.0%00 0.00C00
2 1 -0.4593 -162.3998 -142.7695 &.oao0 0.0000
3 1 -¢.0108 -26.2907 -26.0532 2.0000 9.00Q0
4 1 -0.0162 -56.6214 -54.6239 ¢.0000 0.%0060
BEAM STRESSES
BAY LOAD I wofmaL 4 HORMAL
H 1 9.8145 10,4532
2 1 5.2249 5.2335
3 1 7.6096 4.9961
L] 1 14,9255 19. 9261

STATIC AND OYMAMIC LOAD COMBINATION-----LATERAL AMD ROTATIOMAL M. C. DISPLACEMENTS

LEVEL DIRECTION 1

& x 0.9177551

2 A 0.830347Y

2 RO™ 0.002892¢

1 x 9,3768472

1 Y 8.1797925

i ROTH 8.0086670
THE STEEL WEIGMT I8 10.972¢
THE CONCRETE WEIGHT IS g.3000
THE TOTAL MEIGHT IS 10,972

3. Input Data of Example IT

1 s 3. 16 1 1 2
10 ¢ 2. 9.171% 0.0a51 .10 .08
2 1c 11 20 114 3 B TTWO STORY MINED $STRUCTURE

on.e 1550.8

9.0389 . 925 2.0 9.5008 ASTIb 3.8 3._ge2l
9.2 0.e530 TG e.0 0.0421 7Y

155

- 95818

Ax15

BOT MOMENT
-272.0872
=321.9133
~148.528¢

-148.0648

SHEAR-MIN

~0.1%88
-0.2142
=0.1043

-0.1045

MAJOR
SHELR

6.0615
9.97TH
9.574%
5.2381

MIMIR
SKER

=3.7837
~4,2530
-2.0228
=2.0170



SECND

FIRST

185¢.0 l2100.0
0.02681 1.9
0.0 0.04415
121090, 0000,
0.08182 1.0
2.0 0.05200
'S
1 l .22
H H .22
2 1 .04
2 1 )
3
3 4
1 1 .22
1 2 .22
3 1 .44
2 2 44
144,
«ge. agn.
106,
a50. asn.
s. 0.
3. 5.
1o, 10.
1 0.
2 'R
3 'R
Y 0.
5 ze0.
6 2¢0.
? 2e0.
a s00.
¢ 400,
1 600,
1 ofee.
8.0 5.28
20000. s,
las00.
8.2 5.25
20000, 6.
3 30000,
4.9 5.28
zo0ee. 3.
. 380,
2.0 5.28
oo, 3.
30000,
4.0 5.25
20008. 3.
[ 30000,
4.0 5.2%
F{L1:H 3.
3ocon.
a.0 5.28
20008. 36.
s 3a000.
4.0 $.28
20008, 3.
10600,
4.6 5.28
29000, 38,
10 3a600.
8.6 5.25
20000, 36 .
30600,
4.4 5.25
20000. 36.
12 30009.
20008, 3.
13 30000.
i.0 1.
i.0 9999.
14 30009.
1.0 1.
1.0 9999,
15 30000,
1.0 1.
1.0 9999,
16 30000,
1.9 1.
1.8 9999
17 36546000000,
3000 120,
20. 0.
18 3456000000 .
3008. 120.
20, .
19 3454000000
3000, 120.
20, .
20 356000000,
1008 128,
20. 53,
1 10000,
s, 20003,
2 30000,
5. 20000,

a.
120.
3o00.
420.

0.
zle.
a2Q.

0.
210,
%20.

20.47
1.0

59.08
1.0

.a078
oo,

L9058
on.

1)

.o

-008
L.
995
005
1.
9999
008
1.
999

2880000

2880000

20.
3

3.
2880000

20.
3.

zeanpae.

ke,
3,

11.8

6.0

11.8

3.0

0.5008
Th. 442

0.5008
6.0

10393.8
oge.

4048%9.3
0o,

a.
5.
i0.

.25
999,

-23
F999.

.23
9y

.23
9899,

.23
9999,

.23
999,

.23
9909,

.23
9999,

.23
999,

.23
9999,

.23
9999,

1.
9999,

1.
9999

9599,
“000.
300%0.
9099,
4800
309000,
5999,
“000.
30800.
9999,
“noon.
g0
9999.
1.12

.12

0.48716
0.00412

0.48718
0.00755

atb.
3g0.

5.
5.

<187
3s.00

-1a7
3%.00

147
.00

-1e7
3%.00

47
3s.00

<147
.00

<147
3s.00

L1447
36.09

<147
36.00

187
38.9¢0

<147
34.00

la?
36.00

.01
190,

808
108,

.am
100.

.ao1
100.

4. L
.025
.02;

.oz8
200, 4.

a00. ..

9.0
L.0

9.2
1.2

218,
210.

5.
5.

Y. 00
3.0

200.
200. T.0a
.8

T.0
3.0

250.

-002 .002
100,

-gez (00T
100

-B02 .9B2
108,

2. 50,
1600.

g. 50,
1600.

50.
1600.

2.

z. 560.
1600.

0.0124215
[ o]

0.0128215
5o

5.
18,

9999,
9999,
180.0
180.0
1g0.8
180.0

3.0
1150.

3.9
1158.

3.0
1150,

1150,

156

90516

0.9051e

5.
0.

7.0

7.0

.00}

.00l

-ogl

N1

Ve - e
ao oo oa

a.2534.80

8.2536.00



3 30200, 1.8 1.1z 400, .. .. t. B8.2534.00

5. 20006, 3.0
. 30000, 11.8 1.12 a00. 6. 8. 2. 4.25% .00
s, zo008, 3.0
5 36000, 11.8 1.12 4g0. N, 8. L. 8.28% .00
s, rogos. .0
3 30000. 1.8 1.1e apo. . s, B $.258%.00
5. 20000. 3.0
T gooe. 11.& 1.1 “00. .. . 2. 5,2534.00
5. z0p00. 3.0
3 noee. t1.8 1.32 ag8. 4. 4. 2. 8,2534.00
5. 20000. 3.0
L] 32000, 11.8 1.12 agR. 6. % 2. 8.253.00
5. Zogoe. 3.0
10 30060. (1.8 1.12 480. A, 4. 2. 40.0 4.2534,00
5. 20009. 35.0
11 30000, 11.8 1.12 ago. .. .. 2. o0.0 4.2536.00
S. 20000. 3.0
it 30000. 11.5 1.12 A00. . L E. 42.0 8.2534.00
S. 0000, 35.0
13 Joneo. 11.8 1.12 &08. &, . 2. eb.® 8.253.00
S. 26000 34.0
€3 30000. 1.8 1.12 &q0, [ .. 2. 66.0 8.2536.00
5. 20000, 3.0
15 30000, 11.8 1.1t ago, &, A, 2, sR.0 3.2534.0¢
5. 10000. 3.0
1% 30000. 11.8 1.12 Ao, . 4, 2, $0.0 a.2536.0¢
S. 20000 3.0
17 I0000. 11.8 1.1z 400, A, &, 2. 60.0 8.2534 .00
5. 20000. 3.8
18 30000. 11.8 .00y 508 A, .. 2. 8,2599. 99
.00t 1.0 1000.
1% 30006, 11.8 .80l .o 8 L 2. ‘ 3.2599.9¢
001 1. 1600
20 3o0c0. Ll.8 -gol .o0e &, .. 2. 8.2599.99
.001 1.9 1000,
11 30000. 11.8 o0} 00 &, 8. 2. 2.2599.99
.00} 1.0 1000,
14 30000, 11.8 N .00% .. .. 2. 8.2599.%9
.001 1.0 1000.
1 1 0. 9. a. . .02
2 1 0. 0. o, 9. .05
3 1 [ 18 9. 0, , e .02
1 1 2 18 L]
H 1 H 1 [] 1 [ 3
4 L 5 10 9 1 [ 2 3
z 4 5 1 ] I t 9
3 14 ) 12 ] 1 0 3
3 9 4 13 0 H H 0
L) 2 3 19 []
. 2 3 2 [] 1 ] 3
s 3 -+ 20 []
5 3 L) 3 -] 1 [} 3
3 s 7 la [] 1 3 3
[ Y £ 3 T 15 ¢ 1 S 9
? ¥ 19 18 [ ] 1 [ 3
7 s v 17 0 1 2 0
5 L 5 2 L]
[ 1 3 LY ] 1 [} 3
9 L 7 2 L]
? « 7 5 9 1 [ 3 -
la 5 ] ) ] H [ 3
1e 5 [ 7 ] 1 2 0
1} 7 1o [ ] [] 1 [} 3
i T ’ L] 1 4 [ ]
FRN ¢ ) s [ ]
1 1 s ®
¢ 1s 3 k]
2 [ 4 3 k]
3 15 L] ]
3 3 « 2
¢ 1s 1 ]
« e 7 ?
[ ] .3 ]
L3 ® s ?
s 17 ? ]
6 18 ? ?
? T e ]
H s 19 ]
] 9 5 ]
& 10 5 []
? 19 1B 2
5 20 1B L]
10 11 7 3
10 12 7 L]
1 3 2 0000, 9.08 3.0 24.0 1.0 20.
3.0 24.0
1 2 3 0000, %.00 .0 6.0 L.e 0.
3.0 2%.0
1 3
1.0 0.0 Q.0 a,0 Q.0 1.0
1.2 1.9 1.0 1.0 8.0 1.0
1.2 1.0 1.0 2.0 1.0 1.9
1 1 1 3 1
4
s 7
2
|4 H]
7 T 3 1 1 3 1. 9 i 1 1
3.0 4.5 500, 20,

'—-i
%)
~




4.

Qutput Solution of Example II

YMAMIC AMALYSTS WITH BYSPLACEMIMT A TN,
THO STORY NIXED STRUCTURE
NWUHBER OF STORY LEVEL3=e-= 2
MIBER OF COLUMN LINES 10
HIMBER OF BAYS«ewewnnne 1
NUMBER OF DIFF. COL. PROP- 20
NUBER OF DIFF. BEAM PROP- 22
NATSER OF DIPF, FEF--===== }
HUMDER OF PANEL ELEMENTS-= 0
HOEBER OF BRACING ELEMENTS 2
NGBER OF STEEL COL. PROP- &
NeBRER OF OPT. CYCLES----- 10
NMMAER OF ANALYSES-- - 10
PERCENTAGE FOR TIRHINATION 2.0
PER. OF CONSTRAINT-LOWER--0.10
PER. COF COMSTRAINT-UPPER--0.35
COMVERGENCE CONTROL PARA.- 1.0
OBJECTIVE FACTOR-STEEL-==- {.ZE+0D
OBJECTIVE FACTOR-CONCRETZ- O.5E-01
Ad R_PROPERT FEICTENTS FOR TWEEN
PROPERTY  CONSTANT ! POMER  CONSTANT 2
14 0,038980 0.925000 8.000000
A 0.500800 ©  0.48716D 0.000800
4 G.022100 0.958140 9.000000
b2 0.453000 0. 774000 £.003200
3 9.042300 0.731900 d.008000
T) PER ™ AND 0
PROPERTY  CONSTANT | POWER ~ CONSTANT 2
Ir 0.026510 1.000000 20.972000
L) g.500800 0.487160 8.000000
J 0.012622 0.905160 0.002000
X 0.0466150 1.0e0000 78.662000
st 2.004120 1.c20000 ?.4640000
T R PROPER PF NTS FOR BETWEEN Al L]
PROPERTT  CONSTANT | POWER  CONSTANT I
iT 0.031820 1.0200800  ]59.080000
A ©,500000 0.487160 5.000800
J 0.012622 ©.905[60 £.005008
X 8.052000 1.c00000 56. 008680
w 0.007850 1.000000 9.566000
T, SPLACENENT A
LEYEL  RIRECTION VALUE
[l X 0.220000
1 Y ¢.z20000
14 x 0.8&0000
H x 0.%40002
FOEQUFNEY COMNITRAINTS -
0.008 ©.900
0.000 0.000
6.000 9.008
AR TR
MYEL  RIBECTION
H X 0.220000
1 T 0.220050
H X ¢.440000
H T 0.440800
STORY DATA
bi:) HETEMT mASStHY mesz XM hdd.1)
2 SECHD las. 00 0.4} 1039%.80 420.00 2l0.¢0
1 FIRST 144.00 6.91 4048930 300.90 210.00
TATIC LATERE ADS. ., CASES_A &
EVEL MO, FX~h FY-4 rof-4 j2.87:] FY-B M-8
400,00 400.00 5.00 0.00 8.60 5.00
1 «50.00 a50.00 0.02 0.00 5.80 5.00
STATIC VERTICAL WODAL LOAQ
STORY oL oL 2 coL_3 coL s coL_s CoE_ 6 oL 7 coL &
2 0.08 0.00 0.00 0.2 5.00 S.g0 5.00 500
1 5.00 5.00 5.98 5.00 10.00 10.00 10.00 10.%0
LMP MASS F. A TIFF!
sIORY oL 1 coL_.? coL 2 LoL_e L& coL 7 LoL_g
2 9.0000 0.go0n 0.con® g.00n0 a.pg00 .0000 0.6050 8.000@
1 2.0002 0.0000 o._sooe 8.0020 o._ss00 0.0000 0.0080 2.0000

158

5.0
lo0.00

OL_2
0.0087
0.¢060

E-Y
0.0

eop
oo

5.08
ig.0s

coL g
0.0008
o.o000

o o
o 6'5

i
==



e X X
1 0.00 .00
14 0.00 120.00
3 0.00 300.00
- 0.00 520,00
5 240.00 2.00
5 40.00 210.00
7 240.00 420,00
.| 400.00 0.00
9 400.00 210.60
10 $00.00 420,00
couw 1o & TESI mALI
1 3¢000.08 .62 3.54 2e0.09
2 30000.00 b.62 3. 54 teo. 00
3 30000.400 h.62 1.5¢ 200.00
9 30000.490 6.62 1.54 200.08
5 30000.00 5.62 3.5¢ 208.08
L] 30000.900 4.2 3.54 200.0¢
? 30400.00 6.52 3.54 200.00
[ ] 300%0.00 6.482 3.54 290.00
? 30000.00 4.82 3.54 200.0%
16 30000.00 4,82 3.54 200.00
13 30Q00.00 4.62 3.54 200.400
i2 J90%0.00 6.02 3.54 200.00
13 30000.80 0.02 0.00 o.00
14 300¢0.80 2.02 0.00 0.00
15 3locoo.20 Q.02 9.00 o.00
1s 30000.00 9.02 0.00 .00
o 3 X KX
17 2633972, 1734, 731lB6. 9.9
1.3 2633972, 173%. 731leé. 4.9
19 2633972, 1734, T3ea. 4.0
20 2633972, 1739. 7TMaee. 9.0
COLN STRESS AWp SIOE COMSTRAINT INFCAMATION
coLgm 12 18 53 35}
1 36.00 36.00 16.00
2 36.00 36.00 3s.00
3 36.900 36.00 36.00
L] 38.00 16.98 36.00
5 36.00 36.080 .00
& 36.00 3s8.00 3s.20
7 34.00 36.00 16.00
& 3% .00 36.00 I4.00
9 16.02 35.00 3a.00
- 3o.00 34.00 36.00
11 16,00 3¢.00 3e.00
12 16.00 14.00 36,00
13 100.40 16¢.00 $99%.00
1s 100.00 10¢.00 9999.00
i3 1006.00 100.00 9949.00
1 180.00 168,00 9669,00
£ourm ID 3
17 50.00 3.00 568.00
18 50.00 3.00 50.00
19 50.00 3.00 30.00
20 50.00 3.00 50.00
2EAM D £ Tesgof
1 30000. 00 €. 88 “00.00
2 3000¢.00 4. 88 %00.00
3 30000.00 ¢.88 400.00
- 30000.00 ¢.88  400.00
5 30000.00 é.a8 %00.00
[ ] 3e900.00 a.88 400.00
7 3eoo0D. LD 6.88 *00.00
.} Jaon0.00 6.88 aQn.00 - &.00
9 30880.¢0 &.88 ago0.%0 4.00
10 3opoo.co 6.88 4¢0.00 4.00
1 30000, 00 6.88 4go.D0 .00
12 Idepo.00 &.58 400.00 a,00
13 i0epo.c0 4.688 4090.00 4,00
14 30ge00.00 4.88 400.00 %.00
15 3¢epo.o00 4.068 400.00 4,00
H.3 lgzpa. g0 &.08 “go. 00 4,80
17 3gpon.g0 6.88 400.00 4,00
ia 3opo0.00 0.00 9.00 %.00
1¢ I0000.00 0.00 Q.00 4,00
20 oot.cd .00 g.00 %.00
21 30000.00 0.0¢ g.00 %, 00
2 30000.00 0.90 Q.00 &, 00
BEAM STRESY AMD SIDE CONSTRAINT JHFOPMATION
pEAM ID 5By DES HIN, I
t 3&6.00 35.00 5.00
4 3&.00 36.00 5.00
3 36.00 3.08 5.70
L} 36.00 35.00 5.00
5 36.00 35.00 5.00
& 3%.00 35.00 5.00
7 14.00 315.00 5.00

;

w
~
™

L X Y Y ]

VOB YUUOODH O
60 OCO0OD00O00CNOOGD

E
B

[
o oo o

i}
.00
16,00
1%.00
3&.08
148.00
.00
3s.00
3s.00
3s.00
.00
36.00
36.00

9999.00
9999.00
$999.00

?99%.00

E
E

.00
2,00

eccocoocoooo
5685888828238
3
3
a

2.08

2.00
2.00
2.00

ER R O N I O A A A 4

4.00 2.00
4.00 2.00
4.00 2,60
4.00 z.90
@00 2.90
4.90 z.90
.00 2.40

HiX,
20024.00
£0080.00
20000.00
20000, 00
20000.600
20000.00
20000.00

OB
4.00
2.00
8.00
2.0¢
.00
4.00
0.00
9.00¢
9.00¢
0.0t
.08
0.00
0.00
0.00
b.00
9.0¢

<]
58.1
50.0
$0.9
0.9

159

2
1a.062
14.62
1s.62
19.62
14.62
1e.62
Ia.62
la.62
is.62

ia.é2
1e.62

mAx, IX
2000C. 08
2e8008.08
29000 .00
2%000.00
23000 80
20000.08
20000.0%
20000.00
20000.00
zpeos. o0
20000.00
20000.00

1.00
1.o0
1.00
1.00

AX

20.00
20.00
20.¢80
20.80

]
17.18
17.10
17.10
17.10
17.18
17.10
i7.10
17.30
17.10
i7.10
17.10
17.19
17.19
17.10
17.18
17 1o
17.10

1.27
1.27
1.27
1.27
1.27

b4

a.
9.
9.
0.
0.
a.
0.
0.
0.
q.
Q.

3]
3
b3
3
3l
31
31
31
31
31
3

0.31
1.00
1.00
1.00
1.80

6
3%
36
3%
38
3%

36.

kY
38
38
3

3.
36.
36.
6.
36.
36.

99
99
99
99
59

2
120.0
120.¢
120.0
120.8

-
0¢

.0¢
08
00
08
N
(4]
-ge
.08
.0
.00
oo
a0
a0
oo
oo
oo
.99
.99
.99
.99
99

™ n
0.23 3é.00
0.23  3&.00
0.2} 3&.00
Q.23 36.00
0.2} 36.00
9.23  Js.c0
0.23 36.00
0.23 16.00
2.23 36.00
0.2} .00
£.23  34.00
9.23 36.00
1.00 100.90
1.00 Jj00.490
1.00 100.0¢
1.00 i00.ge

] £
20. 0360000
20.030008.0
20.030000.0
20.036000.0

e
36 .40
34.00
36.00
36.00
36.00
16.80
le.00
le.00
16.00
1,00
.20
3s.00
100.00
100.480
100.00
100.00

.

9999.00
999,00
999,00
9999.00
$99%.00
999,00
¥29%.00
399%.00
9995.00
993,00
9999.00
9999.00

1¢0.00

190.00

180.08

190.00

EQ 4
0.0452707138.

0.G2E&707138.
0.0252707138.
0.8z52707138.

&
1150.
1180,
1180,
HER



] 35.00 3% .00 5.00 20000.00
9 3%.00 34.00 5.00 20000.00
1o 35.00 346.00 5.00 20000.00
11 36.00 36.00 5.00 20000.00
12 36.00 3%.00 .09 20000.00
13 35.00 36.00 £.00 20000.00
1% 36.00 36.00 5.00 20000.0¢0
i5 36.00 36.00 5.00 20000.00
16 35.00 34,00 5.00 20080.00
17 3%.20 .00 S.00 20009.00
1] 99.9% 100¢.00 ¢.co 1.0
13 99.99 100¢.00 Q.00 i1.00
20 $9.99 1000.00 0.00 t.00
21 99.99 1009.00 t.ce L.08
22 99.9% l000.20 ¢.co 1.80
|44 (] 214 LY = B []
1 1 0.000 9.000 2.000 Q.000 9.020
2 1 0.000 9.000 2.000 . ¢.000 0.050
3 i 4.000 0.900 ¢.000 ¢.o000 0.020
AM ATIONS
BAY LEVEL IC K RID SEN ¥AC] ¥LCZ YLCZ
1 H 1 T 18 [ [] [ []
1 1 1 t i $ 1 0 3
& ] [] $ to ] 1 [ 3
t 1 4 5 u ] 1 t ?
3 2 9 & 12 (] 1 ] 3
3 1 L L] 13 ® 1 2 L]
4 Z 2 3 19 0 ] [ 0
4 1 2 3 2 9 1 0 3
L] 2 3 4 20 Q [} [ ]
L] 1 3 4 3 L] 1 ] 3
& H 4 7 14 ] i Q 3
L] 1 [ 7 13 9 1 2 ?
7 2 9 10 3] Q H L] 3
7 1 A 1% 17 ® 1 2 9
L] 2 1 5 2 [] [ 0 L)
L] 1 L 4 Q H L] 3
[ 2 4 T 12 a a 0 0
9 1 4 k4 5 [] 1 L] 3
1a 2 5 ] 4 -] 1 ] 3
1¢ 1 5 L] ? o H H ]
11 2 7 10 4 ) 1 ] 3
3] 1 T 10 9 ] 1 ? 9
BEAN PEOPERYY SET D WUMBER
STCRY BAY | BAY I DAY 3 BAY 4 PAY 5 BAY § BAY T BAT A BAT 9 BAY [0 BAY 1]
2 1& 1e 12 19 (1] 1e 16 21 22 L] 4
1 i 1 13 z 3 15 17 4 -] 7 9
Ay AM_1DBADY. A0 CAY
3T0%Y BAY 1 PAY_ 2 BAY 3 BAY & BAY 5 DAY & DAY 7 DAY § BAY 9 [AY 0 PaY ]
2 [ 1 1 ] [ 1 1 [] [] i B
H 1 H 1 1 1 1 1 1 1 1 1
GENERATED BEAM LOADS. ., L1080 CAS
SroRY pAY | BAY 2 DAY 3 BAY 4 BAY S RAY 6 PBAY 7 PBAT 9 QAT S BAY 10 BAY )]
z ] ] ) ] ] ) [ ) ] ] ]
1 -3 14 2 o L] 2 ? 0 b ] 2 2
NERAT AN (L DADS . LOAD CAS
SIoBY paY | DAY 7 PBAY 3 BAY & DAY J BAY & PBAT 7 PAT 8 BAY 9 PAT IC pAY 1
2 L] 3 3 o Qe 3 3 0 -] 3 3
1 3 ] [] 3 3 a L] 3 3 ] [

COLUAM _[OCATIONS

LINE LEVEL €10 WDIP GEN
1 z 13 5 [ 4
1 1 1 5 [
2 H 1a& 3 a
2 1 H 3 Q
3 2 15 4 [}
3 1 3 4 L]
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£OLUMN _POOPERTIES

LUMM_ L INE MO

LEVEL E 4 loEs] LI
2 3520000 0.02 E 9.20 0.00
1 30000.00 &.62 3.54¢  200.80 5.23

LEVEL 13 oRs 1 may ] mINI
2 30000.00 e.02 ¢.00 0,30 0.00
1 30000.00 6.62 3.5 200.00 5.23

QULUMM LINE WD, 3

AENEL £ A TeRs 1 iJ I piN]
2 30000.00 0.02 Q.00 0.0 0.e0
1 30028, 88 6.62 3.5 200.00 5.23

COLLMM LINE MO, &

LEVEL 3 & IoRsl Eal I RIND
2 FUTLLRT 0.62 6.¢0 e.80 2.02
1 10000.00 8.42 I.5¢  200.00 s.23

COLUMH_LIN]

LEVEL E A IORS I TS . (VI
F] 18000.00 s.62 3.5 200.00 5.23
L 30000.00 6.62 3.64  200.0% 5.23

COUUMM_LINE WO. &

LEVEL 1X 4 LS'F]
4 2633972, 1736, T3S, “.9 4.9
! 2633972, 1736, 7346, e.9 4.0

COLUMH_LINE MO, 7

LEVEL E & IORS I MAJ I MINT
2 30060.06 6.2 3.5¢  208.80 5.23
i 30008.60 6.62 1.5 2080.00 5.23

COLLMM LINE NO, 8

LEVEL E A IORS ]l MALTI mINT
2 30005.00 6.62 3.5 200.00 5.23
I 1800308 6.62 3.56  200.00 5.23

COLUMN | THE HO___ 3

LEVEL 1X 4 XII . £F]
F3 2633972, 1734, 73166. 4.0 4.0
4 2633972, 17%. 73S, 6.0 .0

COLUMM LINE HO_ 10

LEVEL £ 4 IoRs I mall pIN
2 30030.00 6.62 3.54  206.00 5.23
1 30069.00 8.62 3.5 z08.00 5.23

TaT AD COMBINAT fRNTIP

el e vicd wal LALZ HDL
i.0 e.0 8.0 e.c 0.0 I.e

DYMAM, 0AD Ha T PLIER

el wez ey an Jarz oDy
1.2 1.0 1.D 1.0 9.0 1.3
1.2 1.9 1.0 £.0 1.0 1.3

ATC-3 ovISIoNsS

SENERAL INFORMATION :
AREA MAP MRDER FOR AA -
AREA MAP WUMEZER FOR AV
SEISMIL COEFFICIENT AV = (TABLE 1~8)
SEISHIL INDEX = eeemmrane (TABLE l-A}

A

SEISHIC WAZARD EXPOSURE GROUP (TABLE
SEISMIT FERFORMLHCE CATEGORY (TABLE
RESFDONSE MODIFICATION FACTOR ({TiBLE
DEFLECTION AMPLICATION FACTOR (TABLE
SOIL TYPE -~
STRUCTURAL TYPE -
£Q. 1: WMOMENT-RESISTING STRUTTURE
EQ. 0: WON=MOMENT-RESISTING STRUCTURE
MATERTAL OF THE STRUCTURE svevmeemcesmmmcncnsssns
EQ. 1: STEEL FRAME
€EQ. D: CONCRETE FRAME
STRUCTURAL COHFIGURATION :
PLAN CONFIGURATION =ew=
VERTICAL CONFIGURATION -
EQ. 1: REGULAR
EQ. 0: IREGULAR
SOIL PROFILE COEFFICIENT ~+-~ (TABLE 3-A) =ve-eme

1=&)
I=A}
3-8}
3-8}

{3} SIFT ACCOFOING Y0 TaB 1-€
FLOSA MO, ALLDWABLE VALUE (IN)
1.6e0an

2 ‘ 1.46000

Reproduced from
best available copy.

o1
8.00 g.co
o.00 o.ol
R 28
g.00 9.00
e.o0 9.08
34 o8
0.00 5.0C
0.80 s.00
ox oa
[-1%-1.] 0.o0Q
B.00 0.00
pr 08
0.30 a.00
B.@d 2.00
k) 13
2.0 0.0
2.0 50.0
or ]
0.00 [ -].4
2.00 0.08
or BB
8.08 0.00
a.o00 8.00
KL I3
z.0 50.0
z.0 5e.0
oI oB
0.90 6.00
0.00 2.00
?
7
9.4¢0
9
3
o
8.00
&.50
3
i
L
1
il
1.500

162

SEISHIC COEFFICIENT AA —r===- {TABLE 1-8) -=m====

OVERALL

LENGTH AT BASE [IN} -~

13 i o 15
0.55 1.00 l.00 1pa.28
5.12 2.3 0.23 3600
13 pid m is
0.55 1.00 l.o0 1loo0.cR
5.12 3l 8.23 36.00
13 ped iy Is
.55 1.90 l.060 les.oc
5.12 D.31 Q.23 3 .00
54 ™ I5
8.55 1.0 1.00 l0D.00
5.12 0.3 0.23% 36.06
BF ™ ™ 5
5.12 0.31 0.23 .00
5.12 0.31 0.23 34,00
s g D W g8
1.6 3000.¢ [20.0 20.¢ 30000.
1.¢ 3000.¢ ([20.¢ 20.4 30000.-
13 L4 ™ s
5.12 0.3L 0.23 35.00
5.12 2.31 0.23 36.00
14 b2 ™ he
5.12 6.31 ©.23 36.00
5.12 G.30 0.23 36.00
33 Kk o
1.0 Jopo.o 128.0 20.0 13000
1.0 3000.0 120.0 20.0 170060.
gr i3 ™ 13
5.12 9.31 n.23 15.00
5.12 0.31 0.23 356.00

cs
100.00
36.00

&3
100.00
36.00

s
180.60
36_c0

[2:3
198.00
3,20

RO

9.0252707138.
0.0252707135.

cs
365.00
.00

b3
36.08
36.08

eg

)
106,00
9999.20

58
rac.o0
99599.08

[
100.00
9995.00

ss
i00.00
9995.00

55
299%.00
9595 .60

J [
l115¢.0
115¢0.0

ss
$999.50
9954920

ss
9599 00
9999.80

&

0.3252707138. 1150.0

0.8252707138.

cs
3% .00
36.00

1153.8

55
999900
3999.00

0.400



THE EIGEMNSOLUTIONY ARE:

FRER. 1 18 11.73

THE EIGTNODE I85:

9.3328538455076-02 0.10853547837SE~04 D.196535478352E~04 0.332653845507E=-02 ©.4&32107790980E-02

9.432[077909708=02 =0.T5T301832991E-02 -0.127268646703E-08 ~0.757991832970E~62 0.331256]150822£~-02

D.195623119319€-04 0.331254190822E-02 0.[71480067575E-02 0. 383204570725E-05 0.171480047574E-02

0. 8002297034 7GE-08 ~0.499958447606E-A2 D.[27090787541E+0] -0.104505755622E-21 «0.25711388%61E-17

=0.20570695122¢E-21 0.634441321437€-12

FREQ. z 13 50.14

THE EIGEMMDDE IA:

0.270315545%77E-02
“0.140429107573E-01
9.163992508202E~0%
0.115690026 )1 25E-09
0.3934662764BE-21
FREQ. 3 Ia
THE Elﬁémi I8: -
b.5031a8601805E-01
0.118470045684E°02
©.125674719340E-03
0.2697432586838~02

0.4617075977290E-18

0. 1646247156429E~04
G.117218708276€-01
0.272840626420E-02

0.625649347145E~02

-0.112856293756E~17

471.99

9.163212546192E-03
2.415309al 7078E 00
0.4029940072018-01
0.240360762073E+00

-0.8328921043526~15

THE PERIOD USED IN THE CALCULATIONS IS

LATERSL FORCES:

4TORY MO, YALVE
1 0.318LD8E 02
2 0.291464E002
ORTFT:
STORY MO. VALUE
1 0.106738E+01
e 9.198009E 01
THETA:
STORT MO. VALUE
1 0.111899E-01
2 0.698035E-02

THE EIGENSOLUTIONS ARE:

FREG. 1 18 ¢¢.00

THE EIGENMODE IS:

0.159429716411E~08
0.18%14%42972TE-Do
=~0.902899%462815E-02
-2.,6303053185612E+00

0. 1632125660460E-03
0. 391 331543916E~02
0.79563410708SE+01

=0.108%4009924L~02

0.45542

0.278155459%75E-02
0.1172147082732~01
~0. L5090t 4604E-09
8. 3226 70255702E-21

0.543148601806E~01
0,4353458174T7E+00
0.786219548096E-01
=0.140921884981E~12

=0, 1654241075 748-01
B.272840826420E-02
~2.90289946281 3E-02

~0.333832434089E-17

G.118470065685€+82
Q.4029%4007202E-01
0.795634107083E+01
=0.34 75587775066~ 14

0.651771222227E~05
€.195623119321E-04
=0.4999558467614E-02

0.429329751777E+00

~0.261563093050E-04
0.163492508207E-04
0.429649147203E-02

.860211888565E+00

0.11392¢4022530€+400
0.125674719061€-03
0.28036076207GE+00

0.869463321653E-03

G.422611293840E-02 0.127CP02101212E+00 ~0.127090214112E400 -0.422611293660E-02 0.308%7474118E-01 =0,21982380922828-12

=0.308547474]121€-01

9.30906¢6830038E-01 -0.157687721144E~13 -¢.309068530833E-01

0.419107588114€-02

=0.126648501i44E+00 ~0.419107588114E-02 0.19996294G500E-01 -0.156802770622E-12 -0. 199442 %450 3E=D1

~0.83096208[610E~[4 =0_[9946301556432-01
D.417355]164480E+00 0.]130831747830E-00

~0. 1750441 108 74E-21

0.127949327118E+0)

2.904505020027E-08

0.1266028011445 400
8. 199430155663E-01

0.302650817049E-2]



FREG. T Is

THE EIGEMMCOE 18:
F.127745137349E~01

274.2)

.398402668957E+00

$.721945703024E-01 -D.605174496308E-01

-0.368865563895E+00 ~0.116746040915E~01

-0.509319772762E-18

0.3257041C1634E-01

D.84818007802%E+00 -0, 8973874833 E-03

FREQ. 3 13

THE EIGEMMOOE I3:
D.543109521037E-01
0.118470158143E402
0.125651035051€~03

0_26935354MT1E~02

“71.9%

0.163181931515E~-03
0.435192268782E400
0. 60290600 1298E-61

0.280252138749E+00

=0.179388901338E~13 -0.7264582249%67E-15

THE PERIOD USED IW THE CALCULATIONS IS

LATERAL FORCES:
STORY ND.
:
ORIFT:

STORY NO.

LOAD COMBINATIONS---

COLUMN FORCES

LINE 104D
1 1
1 2
1 3
H 1
2 H
H 3
3 1
3 2
3 3
4 1
4 2
° 3
5 1
s 4
s 3
¢ 1
4 2
L) b )
r 1
7 2
? 3
[} 1
a H
3 3

‘9 1
9 2
9 3
1 i
10 2
1D 3

VaLUE
D.31B5106E+82
D.291444E402

VALUE
B, IM?RAE-GI
D.763241E-81

=0, 39850264 8957E+00
=0.170722156724E=17
-0, 3833121 7024401
-0.352303592745E-23

9.163181931349E-03
9.391180733546E~02
£.795634929315E+8)

2.119364273346E-07

2.10472

-LEYEL NO. 1

TORSICNAL MAJOR AXIS
HOMENT ToP MOMENT BOT MOMENT
0.o00n -42.71Y14 -22.778%
0.008% 113.8751 191.5480
-0.0003 1126663 190.0545
0.0p000 -5.4782 -2.739
8.00%8 -11.1356 ~.7257
-0.0028 -8.6571 -1.8223
g.0000 $.9282 2,739
G.0006 13,6259 7.6001
-Q.0008 18,1144 10,5635
Q.0000 =42,717% -22,7788
9.0006 112.7710 1%0.23463
=0.5008 113.87%2 191.7299%
9.o000 =11.6%28 ~7.266]
0.0008 5.7429 137.481%
-0.0008 4.8789 136. 1605
[-0%-1.1.1-4 a.0200 n.oogn
L. L) -427.3381 l467.0529
40,4348 =719.1752 Z1T%. 10406
113 =11.4926 =?7.2681
a.p00s 5.0067 136. 3562
=.0008 5.8707 137.6756
6.0000 56 _6231 25.8917
0.008¢6 381.5478 285, 384G
-0.2008 3013197 284, 3809
a.poon 00000 0.0000
450049 -735.1920 2170.6191
-6Q.436¢ -4&48. 7605 1158.814%
z.oog0 5G.6231 25.a917
0.0008 301.8072 2845549
-0.0008 3e1.6352 285.5579

=0.127745137369E~0] «0.711%5703024E-01
0.605175496308E=-01 0.1167440409156-01
0.612008234705E-1¢6 0,383312178244E-01
=0.604234478340E+00 -0.757779051540E-04
B.543109521034E-01 0C.118470188143E«02
0.435192264T61E+00 C.402944441291E-01
0.786209986741E-901 0. 7956349293]4E-01
0.364548531589E-13 -0.171333699344E~15
AXIAL MINOR AXIS
FORCE TOP POMENT BOT mOMENT
2.1317 -0.2238 «Q.1119
©.a77% -0.4507 -6.20313
0.892¢ -0.3230 -0.0%80
1.2267 0.1523 0.1133
~1.3993 -0.4056 -3.7164%
-0.s008 “0.400¢ -3.704¢
1.2247 0.1523 0.1133
=2.2078 ~0.4023 =3.7062
-3.0062 =8.4059 =3.7180
d.1n7 0.2238 0.1119
0.8411 9.57%3 0.3117
Q.5258 0.7070 B.al1%0
2.0932 -1.0266 -2.5133
-20.0984 -2.8528 =1.3930
-20.053¢6 =-2.77%¢& =1.3385
3.8046 -37.5741 33.i54k
=18.923& 1839, 1665 -4390.9490
~18.9234 1839.1665 -4390.965%0
2.0932 1.0266 0.51133
-20.283% 3.1351 1.6009
-20.3264 3.2083 1.8544
5.9879 -1.1187 ~B.55%
~16.0932 ~2.90:28 -l.s8018
-l6. 1382 -3.0002 ~1.4726
31.9028 -37.2881 33.2973
-18.83%1 103%9.1277 -43190. 9886
-18.2391 1039.1277 -4390.9884
5.0879 1.1187 2.55%
-16.35% 3.3311 1.2178
-16.3148 3.2158 1.5453

164

=0.843283134357E-16
0.368045563495E€+00
=0.325704101634E-01
0.482308725775€-23

0.113923378741E+90
0.125651035224£-03
0.280262138750E00
-0.206893328361E-07

RAJCR
SHEAR
~0.4548
21210
2.1022

-0.0571
-0.il01
-0, 4728

L0571
L1879
L1853

a0

L4548
L1042
-123

»
NS

S1317
0.9%46
0.97%4

0.9000
7.2003
-1037
S1317

a.9817
0.9%68

a

.55%1
D259
PhT7e

Fy

[ R%-1.1:1-3
9.9482
4. 9309

Q.5591
4. 0690
4.8777

MINOR
SHEAR

=0.
=0,

=g

oo

a

=0,
=0

-0

~0.
L2766
L L7064

coo

-a.
-23.

-3,

coo

i3
8545

Dece

.bols
=0.
=2,

RR1Y
2e85

.ooLe
-0,
-0,

DiEs
-1

L0222
L0052
.0078

2107
€15%

-028%

0307

-a107
L3109
.0338

2117
£299
oIl

8277
2768
i768

0117
L0351
L5339



COUMN STRESSES

LINE LOAD TOP-MAX TOP-HIN BOT-MAX BOT-MIN SHEAR~MAJ SHEAR-NMIN

1 1 1. 993k ~i.3a87 1.2005 -0.56582 ~8.06a7 -0.0004
1 z 8.5154 ~,2502 7.21%4 -6.9682 o.3208 -0.B007
1 3 4111 %1018 7. 1288 -6.8588 0.3177 ~2,0004'
T 1 p.44s8L 0. 02%8 0.3409 e.0299 ~0.0086 o.0003
[4 L 0.39640 -0.8170 1.TISS -2.2028 =0.014b =0.0043
t 3 a.4223 -0.4039 17883 -1.%%9 -0.0118 -0, 0043
3 3 9.4s0L -0.0893 2.3009 0,729% 0.0088 a.0003
3 2 B.3816 -1.0289 1.75% -2.%289 6.0224 -0.0043
3 3 0.3353 -1.2420 1.7508 -2.6595 ©.0280 -6.3043
s 1 1,993 -1.3%%a7 1.2098 -0.5452 -0.0087 0.0004
13 2 . 5325 ~4._378% 7.2330 &, 9758 0.5180 9.000%
a 3 4.0368 ~4.3872 7.33%7 +7.0882 0.3209 o.o812
5 3 1.2940 -9.¢13 0.83Y%1 -0,2004 -2,.0199 -0.0018
L] 2 -1.4317 ~4.4430 2.66% -8. 7448 0.1503 ~0.0045
s 3 =1.492¢ -6, 5481 2.6314 -3, 6430 0.le80 -0,0043
[ L 0.1292 -0.5033 0.1227 -0.0029. 9. aaga 0.0089
[ 2z 1.5034 -5.0109 6-b224 -0.0109 0.0062 ~8.213%
[ 3 1,8740 -0.010% 4-7935 -8.912% £.5658 -0,03%
7T 1 §.2a40 =3.4133 0.8331 -0.22%04 =-0.0199 0.8036
7 2 -1, 3467 5. 7828 2.701% -8.8327 0. 1484 8.10050
7 3 -1.2472 ENS 2.75% ~b.9137 9.1507 0.0051
13 1 3.3129 -1, 7789 1.y890 -0.43513 0.0845 -0.0018
L3 2 19.0100 ~1a.4744 5. bd44 -13.5489 0.b168 -p.bE4S
] 3 10,0825 ~16. 9208 88740 -13.5541 0.6147 -0.0847
L} 1 0.1347 -9.0032 a.129¢ -0.002% o.0000 2.0080
3 ? 1.5783 ~n.0109 a8 -0.0109 0.0057 -0.013%
9 3 1.5850 -9.910¢ §.5481 -0. 0168 0.0028 ~0.0L3%
10 1 3.3129 -1 7749 1.94% -¢.4811 0. 0895 e.0018
1 2 10,1754 -15.1201 6. 7644 <13, 7184 2.4150 0.00s3
10 3 18,1426 -15.87a0 87768 -13.7043 0.8163 9.4051
BEAM FORCES
TORSIONAL CENTERLINE PONENTS BLAN EHD MOMENTS

BAY LOAD HRTENT I npmENT 4 pEieNY L HOMENT J MOMENT

1 1 -0.1823 9.1405 b . 1392 o, i%05 1592

1 H 0.4042 9.2591 -90.0172 0.2593 -98_ 8172

1 H 9.4840 B.1315 -101.08389 L9311 -107.830%

H 1 -0.0420 108.268% -2.832% 16.6728 -2.6329

3 H 0. 1103 403.5584 “b.4S09 99 %677 -5.490%

2 3 0.1133 4088080 . -4.2783 103.0812 -6.2763

3 ) 8.1770 141.2342 -2.504% 131127 -2.60B9

3 2 1.0871 801.5349 ~6.3420 98,4455 -t. 3628

3 3 1.0922 595.1a14 e 34 4. %258 -5 4368

o t 0.0000 49,6178 46,8178 49.6175 ~49,6175

[ H -p. 0014 L9 £52% ~108.42%9 10%. 1529 -108.829%

4 3 v.0020 L0%.6881 =108, 0947 199.5081 -108.0%7

5 3 0.1523% ad,13%2 =3.1605 B L 1 =-3.1505

5 z -g.aq38 99.5918 -0.379% %, 9919 -8,3793

5 3 -0, 408D 91.%801 -0.5071 31,5801 -p.507L

s 1 9.0420 148.2883 ~2.6329 16,4725 “2.832%

[ 3 -0.1118 [ 1 H -7.27% 81997 -7.17%

. 3 -p.10%8 382, 3278 -7. 4542 85,5751 “7.4AME

7 1 -.1770 143,232 -z.8089 13.1327 -E.838%

v 2z -L.a817 575, 7214 -1.571 52.3%b -9.377%

7 3 -1.0865 581.5158 -7.3028 86.4543 -7.3026

[ 1 -0.0634 62 8499 ~130.5152 42.8899 -13p.5152

[ : “B.1944 -114.2826 ~881.5617 =104, 2824 -601.5817

3 3 -0.1915 -113.8740 -200. 1487 =113.07490 8001987

L] 1 0.0634" 42,8899 -130.5152 42,8699 -13¢.5152

L] 2 0, 2000 ~113.,77% -650.2363 -115.1779 ~sp0. 2145

° 3 0.1999 “11%.3863 -601.85)6 -116.3863 ~601 6514
to ; -0.D068 230.6998 -L7%.7779 2306954 -1T6. 7179
] z -0 0048 58%5.7349 -880.3432 599_73a4 -889. 3432
1 3 -0.0092 b0l 1224 -a78.7412 6T1.1224 -a478.7012
1 t 1.0068 239.4958 -174.7779 230.5958 -17%.7779
11 3 0.0066 400 YaLs -878.6950 690, 9448 -878.8950Q
11 3 0.0039 599_5572 ~880.5379 599.5572 -880,5170

BEAM STRESIES

BAY LOAD T NOWRAL J NORMAL

1 [} a.00%% 0,435

H 2 0.0035 2.0951

i 3 q9.0438 2.1595

2 1 8. 3564 0.06563

2 2 2.1362 1.1387

2 3 2.2034 6. §3a2

=
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BRACING ELEMENTS

BRACE
1

1
1

2
2
2

BRACE STRESSES

P R L Y L

PO

1
2
3

,
wnr wn-B

BRACE 1CAD
1 1
1 2
H 3
4 1
2 d
2 3

COLMN FCRCES

LINE LOAD
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
3 3
4 1
4 2
4 3
S 1
5 2
5 3
5 1
6 2
& 3
7 1
7 2
T 3
& 1
& 2
a 3
9 H
9 2
9 3

0.2803
2.1051
2.0184

1.060¢
2.3331
2.30406

0.943%
2.0308
1.9881

D.3586
1.8881
1.8185

0.2003
1.7184
1.8052

0.9183
B.%028
e.&l70

2.9163
2.a192
z.0a50 "

4. 9311
12.819%
12,8490

%.9511
12.8452
12.8156

AXIAL-FORCE
0.6512
~0.2806
1.0450

0.6512
-1.6301
-2.%5%

AXIAL

0.872%
-a.e318
0.1181

9.972¢
-0.1811
-0.32aé

TORSIONAL
HOMENT
6.00c0
».0000
».0080

$.0000
%.0080
©.00C0

8.0020
£.0000
$.0080

5.00B%
D.0020
8.0080

D.0080
2.0013
~0.0018

8.0000
.06l
-115.7622

£.0000
o.oell
~0.0018

0.0000
@.0013
-8.00le

©,0000
946.0414
=115.7622

§.0600
0.1360
2. 1419

1.060¢
2.3220
2.3108

0.0034
0.0081
0.2108

0.0563
0.1556
0.1802

4.0600
8.182¢
0.1561

2.7008
1z.8584
12.8282

X.7898
12.8301
12.8603

3.735%9
18.817%
18.7823

37359
18.7866
18.8215

~REMBER FORCES-----LEVEL MD. ¢

HAJOR AXIE
TOP HCMENT BOT MOMENT
¢.9002 =0.0002
0.0035 0.0031
0.0035 0.3031
9.0000 =0.000]
0.0000 =0.0001
0.2000 0.%000
.8000 0.%001
9.00%1 0.0001
f.088] 0.0002
0.9902 -0.0802
0.0035 8.0031
0.0835 0.0831
-155.730% =88 _4abl
-116.6038 -4.0263
-118.2875 -5.%30
9.0030 0.0000
19,9665 bk, 1393
31.1411 744, 8737
-155.7305 -88.4kb0
-118.1423 ~5.8279
-118.4586 -3.8863
161.5932 11%.9777
€03.1581 577.7083
&01.565% $76.2593
o.0000 0.0080
31.3957 741.0055
17,6487 462.988%

AXTAL
FORCE
0.0%00
0.0%00
0.0800

0.0200
0.0000
0.0000

0.0000
©.0000
0.0000

2.0000
$.0000
9.0000

9.6201
b 3565
~h.3e8}d

-8.6082
-7.783%
-7.780%

§.0201
e GFZ4
-k _&SQ6

-0.034]
-7.0579
-7.0824

-0.5598

-7.75%8
-7.75%&

166

HMINOR AXIS

TOP MOMENT BOT MOMENT
0.0000 0.0c00
0.0q00 g.ocoQ
0.0800 0.0c00
6.c000 0.ge00
0.0200 0.0008
0.800¢ 0.0000
0.0000 0.0020
£.0000 0.0000
0.0000 b.oote
.0000 v.0000
b.oo0Q .0000
0.0000 $.0000
-} .58559 -1.547%
-2.46530 -3.4511
-2.5099 =3.344
D.98e? 37.6581
0.88¢¢ ~1039.38%¢
0-884¢ ~1039.38%
1.5859 1.5479
3.1738 1.8832
3.M70 4. 0899
~1.6927 =] .6854
-2.6070 =3.4548
~2. 7660 =3.6274
-0.8901 36. 9341
-2.8890 ~184l.30465
-2.88%0 -1841.3065

MAJOR
SHEAR
0.0co0
0.020¢C
o.qcoa

©.otoe
0.0000
Q.0%00

0.9000
b.0000
9.00e0

b.0000
8.0000
b.00e0

=l.6%0
-0.8377
=0.8629

0.00¢0
J.a2n
5.3890

=1.6%¢0
=-0.8409
-0.8357

1.9554
8.703%
8.179%

0.0008%
5.5028
3.3377,

MINCR
SHEAR
o.oceo
g.aoeo
o.ogae

[LN-1-1-1+)
1)
0.Qood

0.0608
0.0000
s.Qo000

v.0080
9.09¢0
0.00Q0

-p.02le
=0, 0424
~0.0404

D.2884
=7.21l8
-7.3118

0.021¢
0.04%5
0.051«

-0.0213
=0.0421
~0.044%

0.2503
=7.0514
~7.1251&



10
10
10

COLUMM STRESSES

-

LINE LOAD
1 L
1 H
1 3
H I
z e
4 3
X 1
3 4
3 3
4 1
Q 2
4 3
5 1
5 Z
5 3
¢ 1
[ 2
¢ 3
7 1
? 2
? 3
[ ] 1
] 2
] 3
9 1
L] H
9 3
10 1
10 2z
0. 3

BEAM FORCES

BaY LOAD
1 1
1 2
1 3
2 1
4 2
z 3
3 1
3 z
3 3
- 1
4 2
4 3
5 1
5 4
H 3
[ ]
[ H
[} |
7 1
7 2
7 3
] 1
8 2
5 3
9 1
? z
L 3
19 1
1] 2
10 3
11 1
1l 2
11 3

BEAM STRESSES

BAY LOAD

1
i
H

1
2
3

b.0000
0.0013
-0.0016

ToP-Mmax

0.0728
0.9%49
0.9562

0.9128
9.0510
8. 004d

0.0124
9.0832
0.0788

g.0728
0. 5810
0.9997

5.4543
4.9001
9,894

~g.4021
=0.0388
0. 0384

4.4583
5.1951
5.2009

6.7292
22.2551
22.2308

=0.0019
-0.0330
~0.0363

6.7292
22.577%
2z2.5822

ToRs1oHAL

mOMENT
0.o%00
0.0000
2.o000

~Q.493%
-G.4455
-g.8ad7

0.%450
1.e827
19067

o.00b8

0.4934
G.%411

0.445%

0.0000
¢.0000
0.0000

0.c000
0.0000
0.0000

=0.0048
0.0008
=0.0053

0.0048
9.00a8
-0.001%

1 NORTMAL

¢.0008
0.%00%
0.0000

161.5932
¢0l. 7083
603.2975

TOP-HMIN

-0.0722
-3.9M16
-0.9529

-2.0124
-2.0510
-0, 00bé

-0.0184
-5.0632
-0.07¢7

-9.0722
~0.9778
-0.995

-6.4522
-$.2200
~4.2087

=0.00¢4
=0.0048
=0.0085

-4 .452¢
-+, 5470
-¢.5583

-4.7401
=26, 3888
=24.421l¢

=-0.0003
~0.004%
-0.004%

-4 . 7401
-2a.7881
-4, 722¢

1189777
576.3962
$77.8152

BOT-MAX

0.4729
o.&72e
0.8532

0.0202
0.1325
81178

0.0724
.a780
0.&973%

3.9632
1.1787
1.1826

8.0512
1.57%0
[.6448

39482
1.4712
14604

5.2045
1.7397
21,7688

G.0500
1.6518
1.5798

5.2045
12.0518
22.0229

CENTERLINE MOMENTS

T MOHENT
0.9%000
0. 0000
0.0000

149,4079
184 .6856
3¥s0.2727

166 4808
3ea. 2565
3si.3830

9.0000
@.0000
0.05000

4.0000
-0.0001
~9.6001

149.4079
e, 7109

159.1M¢

144, 4808
156 .8608
743.734%

=-0,8002
-0.0036
«0.0038

-0.0002
=-0.0035
~0.003¢

156.2756
117.055%
110.7343

156.2754
118.5895
116.910&

J NORMAL

0.0036
0.0059
0.0008

4 MOMENT 1

9.9000
9.0000
§.0000

-1.5511
-2.651%
-&.5045

~1.6%7%
=2.6061
=2, 7913

0.0000
0.0000
0.0000

0.0000
0.0000
2.0000

-1.5811
=3.1090

=3.3183

~L.6%78
=3.4240
=3.2387

=0.0014
«0.0064
+0.0040

=6.90]6
=5.0060
-8.00&1

=162.03452
=50k .6008
=603.0125

~162.0382

-403.15186
=604.7399

167

-0.0361
=7.2030
=7.1784%

BOT-HIN

-¢.0718
-0.8693
~0.84%%

-0.0202
-g.1329
=0.1178

=0.1¢b8
«0.18%5

-9.0718
=0.8748
=0.8%]

=3.9471
2. 4954
24969

=0.00048
=0.9045
=0.5065

=3.9871
=2.0231
-2.8217

-3.2154
-23.8730
-23.9093

-0.¢003
-0.0065
-0.0045

-$.2154
=24.2290
-gv. 1920

1.6627
3.4200
3.2410

SHEAR -HAJ

0.00Q0
0.001%
0.001%

0.0000
¢.q000
9.0000

0.0000
Q.00
0.0001

9.9000
0.601%
o.001%

=0.25463
=8,1266
«0.1304

8.oz00
a.081%
g.003]

=0.2563
=0.1301
=8.1263

6.295%
1.2354
1.2362

6.0000

BEAM EMD MOMENTY

MORENT
b.0000
S.0000
2.0000

17.1e31
77.5338
8l.4818

13,6855
80.0707
78.2139

0.0060
0.00¢0
©.0000

0.0000
=0.0001
=0.0001

17.1631
63,4189
39.4707

13.6855
57.6791
62.7358

-8.0002
=0.00%8
=0.0035

~0.0002
-0.0035
=0.003

154.2754
117.0554
118.7343

156.275%
1i8.5895
116.%106

4 MOMENT
0.0000
9.0000
a.go0?

-1.5811
-2.6539
-2.5045

=1.6975
=2.608L
-2.791%

0.¢000
0.0200
0.0000

0.0000
0.0000
0.%000%

-} 5511
=3.1690
=3.3133

-1.4978
=} 4269
-3.2397

=0.00[4
«0.9061
=0.0840

=0.0014
«0.0040
=3.0061

-167.0382
=406.6008
~403.0125

-162.0382
~603. 1518
-60&4.7199

1.6854
%.2356
%.0630

SHEAR=MIN

0.0000
o.ocod
b.0000

8.0000
£.0%00
0.0040

0. 0000
o.0c00
5.9000

o8_g000
0.0000
0.0020

=-0.0013
=0.0064
~0.0061

o.sogZ
-0.0042
=0.80&2

0.0533
9.0075
0.0078

-0.8035
=0.0D64
-0.0B67

a.g00l
=0.0062
=8.0042

9.0038
8.0080
4.0077

1.95%4
6.1013
8.2022

0.0235
0.0532
0.0587



z 1 0.3649 0.0332
2 i 1.6573 0.0567
2 3 1.7417 9.0535
3 1 0.2925 09.0363
3 2 1.7118 ©.0557
3 ] 1.6077 2.0597
L3 1 0.9¢03 0.0003
L] H 0.0001 2.0007
a 1] 0.0013 p.ooln
s t 0.003¢ 9.0005
5 z ¢.0123 0.0013
5 3 ¢.0189 0.08027
3 H 0. 3409 6.0332
[ 2 1.1556 0.0677
(] 3 t.in2 2.0729
? 1 0.2928 0.0353
7 2 1.2372 0.0732
7 3 1.3a10 8.06%52
[] 1 0.0182 9.2238
] 4 0.564% 3.960%
L] 3 o.5s10 0.9571
hd I 9.0342 9.1238
L] t 0.5611 0.9571
L4 3 9.5645 0. 9609
10 1 3.3406 3.4638
10 H 2.5021 12.9234
10 3 2.5340 12.885%
1 1 3. 3504 3.4636
Il 2 2.53¢% 12.892¢
i 3 2.4998 12,9264

STATIC AND DTRAMIC (0AD COMBINATION-=~~-LATERAL AND QOTATIOMAL M. C. DISPLACEMENTS

LEVEL ODIRECTION 1 2 3
z X -8.0061468 0.6435713 8.4438713
H \d o.n00BEOR 0.0855182 0.0851835
z ROT™ 0.ap00CED ©.0000965 -g.0800081
1 x -0.0016356 0.1545337 2.15a6337
1 Y o.gopToRO 8.0015952 0.0020685
1 O™ o.ov00800 0.g300021 ~g.a000028
THE STEEL WEIGHT IS 15.7a11
THE CONCRETE MEIGHT IS 120.0980
THE OBJECTIVE VALUE IS 70676 . 2542
ACTIVE CONSTRAINTS
TYPE LEVEL LOCATION LOAD IDENT VALUE
D.BIS, 2 ] 2 1 0.46387
D.oIs . 2 (] 3 1 0.463587
THE €MD OF OPTIMIZATION CYCLE [
THE START OF QPFTIMIZATION CYCLE 1.
COLUMN 1D E 4 TORS ] WA) I RIN] :ay of 2 RE IE ™ 15 =] 53
1 10000, 50 7.9% .95 254,14 5.53 Q.¢0 8.0 15.43 5.3 8.3 2.23  36.00 36.00 9999.00
2 30000.50 5.4 243 135.93 3.63 0.g0 6.00 13.38 4. 7% 5.3 £.23  35.00 3600 956%.00
3 30000.00 5.4¢ .43 134,94 3.43 0.00 .00 13.)8 %, 74 2.3 .23 3 .00 3,00 9599.00
L] 30000.00 T. 44 LIS ] 54,15 4.53 0.00 9.%0 15.43 5.3 2.3 8.23 3b.00 36,08 999,00
5 30000.00 «_30 1.51 82.38 .30 9.9¢ ¢.00 11.8¢ o, 1 09.3) 8.2} Y.00 3o.00 566,90
L] 30400.00 5.55 3.47 196.08 5.13 Q.00 2.00 16.5¢ 5.1¢ 2.3 8.23 .00 34.00 999900
7 30000.00 4.2 1.81 82.33 2.30 8.00 0.00  11.9% «.3 -3 0.23  36.00  3&.00 $999.00
-3 36000.00 6.55 3.47 [96.08 5.13 .00 0.00 14.86 5.8 % 1 0.23 36.00 .00 9999.00
9 30000.00 [L.76 [8.98 651.eQ 15.59 Q.00 0.0¢ 19.0% $.43 0.3 0.23 38,00 16.00 §995.00
10 30000.00 6.95 1.90  221.28 5. % 9.00 0.00  14.96 5.82 2.3 0.23 36,00 36.00 ¢999.00
11 30000.00 11.76 1D.98 431.60 15.8¢ Q.00 0.30  19.0% 4.41 9.3 0.2 36.00 16,00 5649.00
i2 10000,00 4.95 3.90 221.38 .74 Q.00 0.00 14. 9% 5.22 0.3 0.23 36,00 16.00 §$95%.00
13 10000.00 8.02 0.00 0.00 0.00 0.00 0.90 0.9¢ 0.51 1.00 1.80 100.00 100.00 100.00
I 30006,00 0.02 2.00 9.00 0.00 0.00 0.%0 0.99 °.51 1.00 §.08 100.00 100.80 100.00
i5 30000.00 .02 .00 0.00 .00 0.00 Q.00 0.9¢ 9.51 1.00 1.00 100.00 100.00 100.00
5] 30000.00 .02 .00 0.00 0.00 ¢.00 0.00 2.99 9-81 1.00 1.00 100.00 100.00 tog.00
SQLUNN_ 1P X 4 344 #F) X1 -} €3 33 £C £ u £8 20 ) &
17 1794783 1182, 23148, “.0 .0 2.0 52.9 3.0 1.0 3080.0 120.0 13.630000.0 Q.0251817931. 1150,
18 2260649. 1488, 48246. 4.0 “.0 2.0 50.0 3.0 1.0 3060.0 120.0 17,230800.0 §.0252126715. 1150.
19 17947768, 1162, 231ad. 4.0 “.0 .0 50.90 3.0 1.0 3g00.9 126.0 13.630000.0 ¢.0251817975. 1150.
0 2260678 1688. &é2dd. %, 0 .0 2.0 50.0 3.2 L.0 3098.9 120.9% 17.230050.0 ©.08852306724. 1150.
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oduced from

E:gtr available cOPY:




BEAN ID £ RS KExJ] KM A4 KN O
1 3co0b.c0 4.67 286.87 4.00 4,00 2.00 D.00 Q.00
2 ldeon.00 &.87 266.72 %.00 4,00 2.00 5.00 0.00
3 igsocn.eo &.67 266 .99 4.00 4.00 2.00 £.00 .00
L] 30000.60 7.84 458._38 %.00 4.00 2.00 D.00 0.00
5 ipnco.ed 7.84 a58.37 9.00 4.008 2.00 s.00 0.00
5 30080.00 T7.67 a36.08 s.00 4.00 2.o0 s.oR 0.00
? mnoes. oo 5.90 %Ni.00 .00 4.00 2.%0 - -1-3 0.00
3 1000D0.80 7.7 634.06 4.00 4.00 2.en 2.00 0.00
3 30000.00 5.90 3A1.08 4.00 4.00 2.0 B.0E g.en
1o 30060.40 .64 2865.29 4. 00 4.00 z.00 €0.00 o.eo
11 30000.00 LN 2] 266.07 &.00 4.00 2.00 60.00 8.080
1z 10000.00 4.71 769.59 ».00 »_00 2.00 6C.00 8.00
13 30009,.00 470 TLt0.62 &.00 4.00 z.o0 60.00 09.00
1a 3000000 & &0 265.67 .00 4.00 c.00 50.00 o.00
15 x0008,00 .66 2866 .14 L. (.3 4.00 g.ee 60.00 .00
16 go0n.00 a4.71 169.29 &.00 4._00 2.00 &0.00 .00
17 1g000.00 4.70 268.86H &.00 4.00 T.00 &0.00 v.00
12 3gn0n.o0e8 a.80 0.e0 %.00 &.00 2.00 0.00 2.00
19 3goaoe.oe n.no 8.00 &.00 “.00 2.00 0.00 9.00
0 30000.00 .00 0.0D &.00 4.00 2.00 a.00 D.00
21 30000.00 8.00 0.08 .00 4.00 2.00 0.0 7.80
22 30000.00 8.00 - 1] &.00 4.00 2.08 8.00 9.00

LEVEL & LC 13 4 -] [ ]

1 3 H 30000.50080 &6.%0001 34.00000 24.00000
1 2 3 30000.%0000 5.99995 346.0%0000 2&.40000

THE EIGENSOLUTIOND AR

FREQ. 1 13 10
THE EIGENTOCE I3:
0.291800697854E-02
0.58580437465%8E-02
0. 151779693984E-04
~0.6%36653052T2€-05
~0.2649376431632E-13
FREQ. 2
THE EFIGEMMOE IS:
9.432125913330L-02
-Q.198212279514E-01
0.230393206582E-04
0.9210/0873163E-05
-0.202786253057€~12
is 463

FREQ. 3

THE EIGENMODE I8:
0.534595807619£-02
0.187466 904652802
0.1097695405452~02
0.473096438758L-03
0.20663229470462-07

.23

o, l523¢927m$l’-00
-0,820753302102E-02
9.290802952338E-02
-0.0694559380878:02

0.746731 169825K-10

3

8.2311905757342-0%
09.9213371114328-02
0.633453239078E-02
0.629363210495E-02

9.240365903953E-09

25

~0.1421381186938-02
2.22864448430191-01
2.48891850%0128-01
0.213186576806200
0.940018913104E~05

THE PERICD USED IN THE CALCULATIONS 13

'] u
15.81 35.08
15.40 3s.08
15.61 36.00
17.63} 36.00
17.63 3s6.0¢
17.44 35.00
16.4%  db.oo
17.4% is.00
16.49 346.00
15.58 .00
15.5% 36 .00
15.44 3 .00
15.463 35.890
15.59 36.00
15.463 36.00
15.4& 3690
15.63 36.20

1.18 59.99
1.16 99.9%
1.1 9939
.18 9.9%
1.1 99.9%

0.152029497886E-04  0.291764%03375E-02 0.5848323013026-02 0.7131996304326-05

-0.,109010794269E-04 ~0.620563405908E-02
0.169607486265E-02 0.3646874861228-05

D.131751853979E+01 -0.503519320477E~10

D.231632406609E-04 0.432172142475£~-02
9.15a6638197028-04 D.920998136179E-02
-0.11579036577ak-01 -0.152371808522E-04

~0.5239430849702400 0.901898551682E-13

0.139795745393L-02 0.4508746749358-01
0.740676049913E-0F 0.279552674%82E+00
0.841537243505E+00 $.273732039719E-01

=0.107550355298E-02 «0.26¢506670083E-07

0.45542

69

0.2908382854 T6E-02
0.16958713469E~02
=0.5002317¢8520E-10

=0.1952146 T4955E-01
¢.9334079a 7350802
-0.1157790a8824E-01

0.5239a7880719E-11

0.153587053475E+01
0.40308432642465E-02
0.102703%11918E«02
0.478460306T917E-0S

0. 151699256826E-04
-0.46%621221930€-02

0.4185019374635+00

~0.26927231 16 94E=04
0.229951932828E-0¢
0.62P6056349408-02

0.884414111421E+00

0.638255599447E-01
=0.111758%2120E-02
0.174360898101E-01
0.88570003620uE-03



LATERAL FDRCES:
STORT HO.
I
z
DRIFT:

STORY HO,

THETA:
STORY WO,

YaLUE
0.307955€+02
9.277537E+02

VALUE
€.132904E481
©.268569E401

VALUE
B.141991E-02
©.940153E-02

THE EIGENSOLUTIONS ARE:

FREQ. 1 1Is
THE EIGEMOE IS:
9.292530355%006-02
=0.253756301198E-01
=0, [0835148940E+00
=0.511378908763E-04
0.419064575240E+00
FREQ. 2 13 24
THE EIGENTROE IS:
0.6281725716477E-02
0.53737204T5752E-01
=0.299572843755E+00
0.9P31230374232E-04
0.8732204633544F+00

FRER. 3 I3

S

EIBEWODE IS:

-100655443871E-01

. 1858673551 76E+D2

- 1544983046 256E-27

-503039233561E-03

-118855057395E-02

LATERAL FORCES:
STORY NO.
1
2
ORIFT:

STORY NO.

55.92

0.108712627483E+00
0.208477737732E-01
=0.290087575716E-42
=~0.157057423021E-01

=0.2087969452522E~05

7.12

0.318898904 | 33E+00
=0.352991419099E-01
=0.584710393603E-02

0.231746092923E~01
-0, TPB845273190E-03

*53.29

=0.750230998645E-02
0.434758240498E~01
0. 4D4L819506778E~01
0.211061685142E+00

0.135881544633E-04

FERIMD USED IM THE CALCULATIONS IS

YALUE
0.3079E9E4+D2
0.277537E+02

vaLue
0.453284E-01
0.886930E-0]

-0.108710520877€+400 -0.262542924721€-02

-0.976499652141E-06 -0.208275871877E-01
0.137021076114€-01 0.260635979959E-08

-0.211659920528¢6~13 0.131708518005E401

=0.318392481305E+00 -0.420188787224E-02

0.200052405203E-05 0.3525830012388-01
=0.224356804403E~0] -0.631142153912E-0¢

0.757517053554E=13 =0.6164850387574L+00

0.26TTITHAN549E-02 0.645418145231E-01)

0.7B4237I54182E-03 B.27672TLS1T44E-00
0. 156770460391 E+01 D.28%920207417E-01

0.1144606380063E-07 5.267870962300E~02

0.11236

170

0.251596779L82E~D1 D.526589225934E~06

0.260275081495E-02 5.10838358952E+400
=-0.137077780287E-01 ©.157209003764E-01

-0.310895249704E-06 D.2366450164631£-13

=0.573210224628E~01 -0.137543444902E-05

0.584693200291E-02 0.299578371%9E+00

0.224571580219€~01 -0.232034804990E-01

=0.43544 73151 71E-04 -0.294734463488E-12

0.209783413738E+01  0.4441720487550-01
0.756090340760E-02 ~0.1%815146625E-02
$.101817032959€+02 G.331284747452E~01

0.478661712170E-05 =0.209844752223E-07



LOAD COPBINATI

COLUMN FORCES

LINE LOAD
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 )
3 3
+ 1
. 2
* 3
5 1
5 2
s 3
L3 1
L) 2
s 3
7 1
7 2
? 3
-] 1
3 2
[3 3
9 1
9 z
9 3
i0 1
10 2
10 3

COLUMN 3TRESIES

LINE LDAD
1 1
1 2
1 3
2 1
2 2
t 3
) 1
3 t
3 3
. 1
4 z
- 3
5 1
5 z
5 ]
6 1
6 2
6 3
7 1
) 2
? b o
8 1
-} 4
a 3
9 1
9 2
9 3
10 1
10 2
10 3

BEAN FORCES
BAY LOAD

1 1

1 2

1 3

2 1

2 2

2 3

1EMBER FORCE LEVEL NO. 1
TORITONAL MAJOR AXIS
MOHENT  TOP MOMENT  BOT MOMENT
0.000D -52.1198 -36.,0256
0.9003 175.1212 284.0729
-0.0013 173.5069 281.9187
0.0000 -5.1829 -2.5915
0.0005 =11.3453 -5.0087
=0.0007 -9.293% -2.8270
0.¢000 5.1829 2.5918
0.0008 13,3493 7.3387
-0.0007 15.4012 9.7204
0.0800 -82.1189 =36.0264
a.0608 173.8081 202.3838
-0.4013 175.4192 284.5380
0.0000 -27.2928 =21.3109
0.0808 57,4043 1803486
-0,0010 54.0629 178.6088
€.0024 0.028% =0.0147
41,1269 —401.4583 1439.8749
-46.8005 =700, M2 21921512
0.a000 -27.2512 «21.3155
0.0004 56.3834 179.0105
-0.0010 57.78850 180. 7507
8.0000 45,2839 13,0448
0.0007 1476544 244.9131
-0.0012 148.0434 243,939
0.002¢ -0.0178 0.0124
41,3271 -714.4028 2075.753¢
-45.4007 ~%22.6753 10497033
0.0000 45,3005 13,9683
0.0007 168.1920 2643708
-0.0D12 147.8027 245.34%¢
TOP-MAX TOP-HIN BOT-HAX
2.0181 -1,4540 1.4827
$.8458 -5,48854 8.9470
5.7224 -5.3800 8.2%80
0.5572 -0. 0845 9. 4852
0.9948 -1.0880 1.%020
0.5152 -9.a389 1.9018
0.5571 -0.0885 0.48%2
0.4709 =].28%9 1.8911)
9.4502 ~1.35134 1.8913
2.8180 -1.4539 1.0827
5.8751 -5.5229 8.9745
5.9985 ~5.46482 9.1935
2.1272 -1.3803 1.5357
1.4508 -7.3511 «.8591
1.35% ~T7.2497 6. 7475
0.4273 -0.9206 0.2737
0.5673 1.4%08 7.0228
0.6518 1.5614 1.2549
z.1273 -1.3808 1.5358
1.5651 -7.6896 4. 9027
1.863481 -7.5911 9.9943
2.937% -1.5816 1.5143
8.5869 -9.7177 6.7659
6.6982 -9.7886 6. 7683
0.4327 -0.0209 9.2798
0.5597 1.5861 7.2088
0.577% 1.49¢8 4,922
2.997% -1.5821 1.5143
4. 7900 -9,9859 6.8764
4.7307 -9.91%) 6.3760
TORSIOMAL CENTERLINE MCHENTS
HOMENT I MomE
-0.0995 0.2618
0.3332 0.4477
0.338% 0.3048
-0.0788 148.9718 -2.6264
0.157% £89. 1788 -7.4872
0.15%1 §92.8211 =7.3165

AXIAL
FORCE
2.0974
1.3399
1.3472

1.2853
-1.5817
-a.8839

1.2858
-2.2260
~-2.9039

T.0976
1.3095
1.3022

i.447]
=19.333
~19.2%%0

3. 7856
=18.6913
-18.6913

2.8472
=19.4775
-19.511%

4.7116
=17.8304
=17.370&

&.payz
=18.1195
=18.1195

&.7116
-18.0733
~18.0352

BOT-NIN

0. 8080
=-8.60466
-8,4786

«0.01586
=2.4739

-2.2255.

-3.0186
~2.7061
-2.9545

-0.8885
-8.56223
~8.7532

-0.7889
-10.7597
-10.6378

-g.9112
6.6099
6.7810

~0.7089
=10.8472
=10, %493

-Q.1586
-11.8947
=11.9087

=0.0112
6.7810
6.5362

=0.1589
=12.07é4
=12. D644

MINCR

TOP MOMENT
=0.372¢
-D.8476
-b.663%

2.099%
-0.%363
-0.3316e

0.099%
-8,3321
=0.3348

0.373%
J.0265
1.210

=1.4959
~& . 5688,
- . 4798

-172.8517
29,0124
2%%.0127

1.69%7
. 85845
“.9738

-5.8039
4. 7561
& 8703

=172.6232
2%, 1628
294.1631

1.6054
3.2659
5.1316

SHEAR-MAJ

-0.0823
0.6289
.4253

=-9.0099
-p.gz08
-b.e152

8.8099
D.0263
8.8319

-0.0823%
9.42860
9.4929¢

-0.0515
0.2520
0.2487

0.0070

-0.0515
0.2495
0.2528

D.0592
9.3%22
0.3%1¢

9.0000
0.006%
£.0030

b.0592
0.3921
0.3827

BEAM END MOMENTS

I HMCMENT
9.2635
0.4877
09.3048

17.158%

8%.9310
92.5355

171

J  ROMENT
—lake . 7151
-87.7826

=100.03465

=-2_b26&
=7.4872
=7.3165

AXIS
30T MOMENT
=0.1868
=0.3916
=0.2343

0.1923
=2.9724
~2.9629

0.1923
~2.9652
-2.9747

0.]gea
0.5654
@.7027

~0.7688
-2.26471
-2.1821

4. 9603
-3419.5101
-3a19.51el

9.7473
24795
2.5445

-a.8019
-2.3163
-2.4026

95.0566
-3419.4753
-3419.64752

o.s027
2.6863
2.5986

SHEAR-PIN

-0.20%5
-0.8012
~0.0003

6.5004%
=0.0042
-8.0042

0.t
-0.0042
-0.0042

0.000$
0.8015
9.0018

=0.0024
«g.0072
=$.0671

-0,0004
-0.0146
~0.0146

.0024
$.0878
0.0060

-0.0024
-0.0873
-5.0073

=5.0004
~8.014é
=0.0166

P.0%26
t.0079
9.0077

Lk JOR
SHEAR
=-0.412)
3. 1808
3.1627

«0.0540
=¢.1136
-0.0828

0.0540
0.1437
0.1743

-0.8121
3.1480
3194l

=-0.3372
1.8515
1.62%7

[-N-1-1-}
7.2115
10.355¢

-9.3373
1.6347
1.8545

¢.qll9
2.7282
2.7221

0.0000
$.4518
2.4933

0.911%
2.72e1
2.7302

MINOR
SHEAR
-8.003%
=0.0086
=0.0082

8.0020
-0.0230
=-0.0225%

0.8020
-0.023%
=0.0230

0.0038
g.010%
0.0133

=0.0156
-0.0473
-0.0463

-g.54l1
=21.7008
-21.7048

0.0156
g.0811
c.0522

=0.0187
=0.04%1
=0.0508

-0.5387
=21.7034
-21.703

0.0167
¢.0551
0.0537



e

e8P

PeE Yy~ * ¢ wun

LR

12
10
10

i1
11
i1

BEAM STRESSES

WA= e - P IS R e e LA

-

BAY LOAD
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
3 3
“ 1
2 2
4 3
5 i
5 2
5 3
® 1
s 2
6 H
7 1
? z
7 1
8 1
8 2
8 3
v 1
9 H
s 3
1Q 1
1Q 2
ie 3
11 1
[ B 2
11 3

BRACIMG ELEMENTS

BRACE LOAD
1 1

i
1

BRACE STRESSES

4
3

1
H
3

BRACE LOAD

1
1
1

1
H
3

0.075%
0.3278
0.3334

0.0000
-g.onl}
0.0013

0.0995
=0.3332
=0.3330

2.0788
=0.1588
-0.1%72

-0.0754
-8.3122
-0.3267

=0.1101
-0.3597
-0.3591

e.l101
0.3713
0.3M119

9.0620
0.0129
0.008%

=0.0028
-0.0107
-0.0152

T HORMAL

0.4077
0.0143
0.008%

0.502%
Z.6345
2.7

93727
24418
2.%421

1.4597
LIRLLS
3.1%7%

1.307e
2,799
2.7291

0.5028
2.3753
2.3004

0.3722
2.0150
2.1147

1.004s
13751
1.3440

1.0045
3, 3498
3.3809

5.4745
13.7228
13.754%9

5.¢76]
15,7474
13.7151

AXIAL-FORCE
Q.550%
-¢.l6l8
¢.8582

9.5810
-1.3¢08
-2.4818

ALl

g.0918
=-G.0018
g.1430

160.6875
575.4515
370._&159

499020
i29.1283
i09.-3282

&4 7195
95.5977
93.3458

148.9727
5766459
572.8286

180. 8655
553_59%
558.7726

52.219¢
~175.4565
-173.862%

52.2187
~174.1684
-17%.7545

26,3630
567.3961
568.7351

226.3565
568.a651
567.1261

J HORMAL

1.3078
2.85%0
2.9248

2.0770
0.21%
2.2144

0.2376
0.5978
0.6181

1.95%7
3.1868
3.1809

2.0077
9.0192
9.0245

9.0769
9.23¢64
0.241%

9.2379
b.sded
0.8657

2.5138
12.547¢9
12.5189

2.51al
12.523
12.552¢

a4.4068
24.317¢
2a.2708S

a_6a06%
26.2775
24.32ab

=2.1674
~20.5507
=21.2459

49,9024
~108.%72
=108, 7673

=0.2635
=0.4562
-0.8382

~2.6254
~5.0679
-8.2387

-a.173¢
-23.5693
-22.8741%

-1%0.68082
-652.313¢
-650.8087

-1308.6927
-¢51.031%0
-652. 5434

-162.2028
-1005.4779
-1203.5315

-182.2071
-1803.8895
~1805.835%

~J

12.8103
33.9370
39.5102

49.9020
109.1283
109.3z82

46,7195
75.5%77
93,3458

17,1892
B81.06s5
78.511s

12.810S
49.2337
T2.6587

§2.219
-175.4565
-173.8424

52.2187
“17%.1684
-175.7545

2z4.3810
567.3981
568.7351

226 .31565
56B.4451
567.12061

=8.167%
=-20.5507
=21.2659

—%9.9024
-108.9%472
~108.7473

-0.243%
-0.6552
=0.8382

-2.4254
=8.0679%
-8.2387

-8.1730
~23.5693
-22.8761

~130.6842
652313
-~650.80587

-130.6927
-&45[.0390
-652.5434

-182.2026
-1005.477%
-1803.5315

-182.2071
-1063.8855
-1805.835%



LR

-

0.0%13

=0.2263
«-0.4136

LOAD COMBIMATIONS=~==-MEMDIR FORCES---~-LEVEL NO. ¢

COLUNM FORCES

LINE LOAD TORSIONAL
HOMENT

1 1 0.0000
1 2 0.000G
1 3 o._go00n
2 1 o.o008
2 z 0.7008
4 3 8.0000
3 1 0.o08e
3 z 0.0000
] 3 0.8008
'3 1 0.0000
4 2 0.p008
L) 3 0.0008
5 1 9.0000
5 H 0.0007
5 3 -9,0009
6 1 0.0069
¢ 4 74.8690
6 3 =100, %440
7 1 0.0000
7 2z 0.0007
7 3 -0.0009
[] 1 0.0000
s H 0.0047
8 3 =0. 0044
9 1 0.0069
9 2 74,0687
9 3 ~100.3438
1¢ 1 9.p008
10 H 0.0047
10 3. =0, 0064

COLUMN JTRESSII

LINE LOAD TOP=MAX
1 1 0.028%
1 H 0.892)
1 3 0.8723
z 1 0.007a
H H 0.pl48
2 3 0.0011
3 1 0.007¢
3 H 0.0227
3 3 0. D43
L] 1 0.0259
e z 0.8994
9 3 0.9192
s 1 8.4884
s 2 1.8684
s 3 1.9042
6 1 -0.0020
] H -0.058¢
] ] ~0.0582
7 1 8.4884
7 2 2.1928
? 3 2.1571
[] 1 4.3681
] H 16.0657
[] 3 14.1579
9 1 +0.0035
9 z -8.0506
9 3 -0.0546
10 1 4.3693
10 H 14.5787
10 3 14.4905

e

MAJOR AXIS

TOP FOMENT  BOT MOMENT
0.000¢ -0.0003
0.0026 8.0021
o0.poza 8.0021
o.0008 0.0000
0.0000 00002
0.0008 -g.8002
0.5000 0.2000
0.0001 8.0003
0.z001 0.0002
0.8008 -0.5203
0.002% 0.5021
0.3028 0.o021
-102.6518 -68.3575
-10.7081 27.2955
-1z.2022 25.8516
0.0007 -0.0273
15.5020 4141289
25.0333 720.9407
-102.6149 -48.3338
-11.9795 26,0017
-10.4838 27.4751
207.2874 136.8435
032.6769 857.4957
830.29%0 855.1547
-0.8006 0.019%
27.4147 T 736.1%48
169493 a36. 3186
297.29%7 136.8312
830.5689 855.3653
833.0268 857. 7066
TOP-MIN BOT-nAx
-6.5254 0.1337
-0.83% 0.8148
-0.297 0. 798¢
-0.007% 20098
-0.2148 e.1002
-6.0011 0.0832
-0.00% 0.0495
-0.0277 RN
-0.£433 0.1305
-0.025% 0.1337
-0.89%¢ 08210
-0.9168 0.3s18
-g.3488 5.9871
-3.498% 3.5512
-1.5308 3377
-0.0026 9.535%
-0.0452 1.8027
02425 17
-8.3487 5.9870
-5 3527 3.6897
-3.3329 3.654%
-6.4263 3.3293
-15.4381 15.1278
-15.5500 15,2102
93026 0.5353
-6.0392 1.1209
-0.0a26 1.0138
-a.4278 3.3299
-15.9899 15.6058

-15.2%980

ilable copy.

Reproduced from
best ava

15.522%

AXTAL

F
Q.
a.
9.

0.
~3.
~3.

=0.
-7.
-7

0.
-3.
-3.

-0.
~8.
-8

~0.
-7,
7.

-9,
-8.
-8.

DRCE
2008
aooe
ogoo

o000
d008
acoa

d000
a0
o080

0000
gooo
ooon

2998
5012
4858

6206
8747
877

2999
5856
5978

g0
1861
1679

459
41zs
4125

3a22
Jou2
2785

BOT-RIN

=0.
=0.
=a.

-5.
=5.
-5

=5.
-5.
-5.

-3,
-16.
-i8.

a.
1.
1.

-3,

-17.
-i8,

173

1333
8123
T¥16

2498
102
i34

DLsE
1135
1305

1332
8185
839

B75
1815
so2e

-8507
-5555
.5383

3473
3506
5341

3875
5160
4024

o500
6953
5732

3281
ole8
2305

MINGR

Top MOMEMT
6.0000
0.0000
0.cugo

0.0000
0.0000
0.00%0

0.0000
0.0600
4.0080

9.0000
0.0000
0.0000

~1.02%93
~2.0354
-1.9545

1.0322
9.2a804
8.2804

1.o283
2.3030
2.3840

~6.5982
-i2.6392
=13.0453

-9.212¢
-0.8232
-9.8232

6.6039
15.1083
ia.5022

SHEAR-MA

~9.0001
5.00lé
8.0015

b.0000
b.o000
2.0000

0.0000
5.0001
5.00041

-0.0001
9.080815
0.001&

.2765

-0268
.ozl

1
oo

g.a000
9.00:5
0.00q4

-0.2765
0.g227
2.0275

0.2032
0.9578
0.5984

g.0000
0.90048
0.002¢

9.2052
D.9553
0.9%81

[ 5,04 ]

B80T MOTMENT
0.0000
Q.0000
0.0800

6.Q000
0.9200
0.0000

¢.0000
¢.0000
g.0c00

&.0000
0.0000
©.0000

=077
-2.545¢%
=2.4693

173.c093
-294.3287
-294. 3290

1.0188
2.8014
2.8780

-&.56563
-15.8075%
~16.3860

172,723
-294.82328
-294.8232

4.5706
1a8.3341
17.7578

SHEAR-MIN

Q.0000
0.0020
0.0000

0.0090
0.0¢00
0.0000

6.%00%
0.goon
o.eond

- 1.1-4 ]
o.0022
e.o0%n

-0.02013
-0.08074%
-g.go72

0.g012
-g.00l7
-0.0017

9.0033
0.0%83
0.0685

-0.0¢78
~9.0167
=0.8174

9.001¢
-9.0017
-0.0017

0.0078
0.0197
0.01%0

MAJOR
SHEAR
0.0000
0.o000
0.0000

0.0000
o.9000
0.0000

9.0000

9.0000
0.2000

9.0000
09,0000
Q.0000

-1.187¢
0.1152
0. 0948

-0.0002
Z.9815
5.18C4%

-1.1872
0.08976
9.1180

2.38%8
11.7373
11.7045

0.0201
5.3028
3.1202

2.3898
11.7084
11,7412

MIHCR
SHEAR
0.0000
a.good
8.0080

9.0000
0.0902
9.0002

9.0000
2.0000
®.0038

2.0000
0.0000
0.0000

=0.0142
-0.6318
=0.0307

1,2086
-2.0429
~2.0420

08,0142
9.03154
0.01s8

-0.091%
-9.1%¢2
-0.2048

1.19%3%
-z.050
-2.05H

0.0%18
v.2322
0.2240



BEAM FORCES

BAY LOAD
1 1
1 z
1 3
H 1
2 2
4 3
3 1
3 4
3 3
a 1
L] 4
@ 3
5 1
5 2
5 3
] 1
] 2
[ ] 3
7 1
7 4
? 3
8 1
& 2
& 3
9 1
9 2
9 5

10 1

10 2

10 3

1 1

11 2

11 3

BEAN STRESSES

BAY LOAD
1 1
1 2
1 3
H 1
H H
H 3
3 1
3 2
3 3
b 1
b 2
L] 3
5 1
5 z
E 3
6 1
& 4
& 3
7 1
7 g
T 3
L] 1 -
8 4
L] 3
L4 1
L] 2
L] 3
1% 1
1% 2
18 3
11 1
11 2
11 3

TORSICNAL
HOHENT
¢.0000
4.00080
¢.0000

«0.5158
-8, 1608
2. 1396

C. 1081
0.40%
e.9150

e.0080
0.0000
¢.0080

[0 ]
0.49000
0.2000

0.5163
0.1398
0.1408

=0.1060
-0.4138
-0.4082

¢.0000
¢.0000
¢.0000

¢.0000
0.0000
0.0000

¢.0054
0.0129
Q. 0049

-3.0052
~0.007%
=2.0156

1 NORHAL

0.000%
9.0014
9.0003

0.51%8
1.9762
2.0754

7.3978
1.8307
1.7970

0.00k0
Q.0989
9.0020

8.0033
0.0148
2.0539

68.5180
1.6523
1.5530

n.3982
1.2860
1.4997

0.0192
0.5118
0.5985

0.8102
0.5087
0.5120

2.0627
0.2189
Q.2u68

2.0820
@.242¢
e.2125

CENTERLINE MOMENTS

I MOMENT
0.0000
¢.0000
0.0000

150. 1980
370.57¢08
175.134%

1e2.5s82l
160.5825
359.3467

0.0008
g.0000
0.0000

0.0008
-8.000}
~-0.0001

150.19%3
355. 0638
150,301

142.5627
133.1678
338.3774

0.0000
=0.Q024
=0.0024

6.Q000
=0. 0024
=0.0024

108.1e4}
10. 5505
12. 3454

103.134%
12,123
10.e284

J HORMAL

0.0033
0.0055
g.0014

2.030a
g.0802
0.057%

0.1913
0.3e05
0.3783

g.o0l0
0.0014
9,0035

¢.0006
g.oo023
0.2033

0.2303
0.95673
0.070%

8.1918
09.6335
8.6200

¢.2335
c.eos7?
8.8035

g.2388
0.€035
0.0057

G6.1465
16.65¢60
16.6089

4. 1068
18.6180
18,6639

J HOMENT
0.0000
0.48000
0.4%000

10346
-2.0488
-1.%9595

-6.593%9
=12.4263
=13.0404

0.g00d
0.0000
0.0080

6.g000
a.go00
0.0000

-1.0335
-2.3108
-2.39%

-4, 5987
-18.1012
~1%.4872

-9.0811
-0.0037
-0.0037

-0.0011
-0.0037
=0.0037

-107.3938
«833. 0664
~830.713%

+~207.4087
-831.0686
+833.4350

BEAM EMD FMEOHENTS

1 HOHENT
0.2000
e.0000
0.0000

i17.5778
&7.2787
70.6562

137139
$3.1093
58.8349

0.0000
¢.0000
9.0000

0.00c0
=0.%001)
~0.9001

17.5769
56,2807
52.9010

13.7158
44.2916
48,5516

0.c000
=0.0024
=0.00%4

0.4¢00
=0.002%
=0.002%

105.1¢83
10.8505
123456

103.13a3
12.1201
10.4284

4 HOHENT
¢.0000
0.0000
¢.0000

-1.0%48
-2.0485
-1.3595

=€.5934
-12.q283
=13.8409

8.0000
0.0000
0.9000¢

0.0000
e.0000
0.c000

«1.0335
-2.310¢

=2.39%

-$.5987
-15.1012
-14.4872

~0.0011
=0.0037
-0.0037

=g.0011
-0.0037
-¢.0037

-207.3935
=831.0849
-830.713¢

=207.4057
=831.0626
-933.4350

STATIC AND DYMAMIC LOAD COMBIMATION--=-=-~LATERAL AND ROTATIOMAL M. C. DISPLACEMENTS

LEVEL
z

2
2

DIRECTION
x

Y
ROTN

I
~0.0482172
6.0500000
0.o3o0o0%d

H
0.4845132
0.8063410
0.0000076

3
0.4845133
0.05460258

-0.0800105

174



i X -0.0090358 g.1776870 0.1776870

1 Y 0.000¢000 0.0018068 0.0023773
] ROTH 0.co00000 g.0000022 =-0.0000036
THE STEEL WEIGHT I2 12.8383
THE COMCRETE WEIGHT IS 92.3758

THE OBJECTIVE VALUE I3 55776.7€49
LARGEST SCALING FACTOR

LEVEL 2
D.01S 0
LCAD CASE 3
FACTOR, 1.1012
goLw 1D £ 4 IR mJyI pmel @I o8 13 =3
1 30000.00 7.19 4.89 279.85 7.13 g.a0 Q.40 15.77 5.4b 0.31
2 30000.00 5.72 2.86 1a3.58 3.97 ¢.o0 2.00 13.47 a.83 g.31
3 I0002.00 5.73 2.6& 168.5% 3.97 0.00 0.20 13.467 %.8% 0.31
4 10000.00 7.7% 4.89 279.86 7.13 0.00 0.00  15.77 5.46 6.31
3 30000.00 4. 50 1.68 m.71" 2.52 0.o00 B.cd 12.23 %.39 0.31
L] 30000.00 5,87 3.81 Z15,91 5.561 0.e0 0.02 16.88 5.19 0.31
7 30080.00 450 1.46 90.68 2.52 0.co Q.00 1z2.23 4. 39 0.3
a8 30000.00 §.087 3.81 e15.92 5.%1 0.00 g9.00 1&4.88 .19 a.31
9 Jonan.o0 12.33% 12.0& 717.52 17.0a o.00 0.00 19.81 4.55 0.31
10 300d0.00 7.28 4,28 z63.56% 5.28 g.o0 0.00 15.29 E.32 0.3)
1t 3ogon.00 12.3} 12.08 717.52 17.0% 0.%0 9.00 19.51 6.55 B.31
2 30000.00 7.29 4.20 243.77 &.28 B.00 9.02 15.2% 5.32 0.31
13 Joo00.00 0.02 o.o00 8.00 g.00 0.¢n a.oo 1.01 0.52 j.o0
14 30000.90 9.02 o.00 Q.80 8.00 a.g0 g.on 1.01 0.52 L.08
18 38000 .00 9.02 9.00 Q.00 9.00 0.oe 0.90 I.01 0.52 1.00
16 30000.00 p.02 0.00 .00 0.00 £.0a0 e.o0 1.91 9.52 1.00
LT e A Ir Xl ki KN I8 # m
17 1976358, 1301, 30508. 4.0 [N -] 2.0 $¢.0 3.0 1.0 Y000.0 l2o.¢
18 2989153, 1639, e174%. 4,0 4.0 2.0 50.0 1.0 1.0 1go0.0 120,08
19 1976349, 1300, 30509, 4.0 %.0 2.9 50.0 1.0 1.0 3cod.0 120.0
20 248%162. 1639, 61730, 4.0 4.0 3.0 50.0 3.0 1.0 Xo0.0 120.0
I oIRS I mexl sl kal h 7] e b
13 3go00.00 5.12 293.47 $.00 4.00 g.00 2.00 0.00 15.95% 4. 00
2 30e00.00 .12 295,70 4,00 5.00 2.00 a.00 e.ud ls.f?5 34.00
3 !Dﬂﬂp.ﬂﬂ $.12. 293.89 - «. 00 %:00 2.00 0.00 0.80 15.98 36,00
9 l0000.00 a.40 504.75 9.00 %.00 2.00 ¢.q0 a.00 is.62 3.0
5 1g006,00 8,60 3p0e.79 - -, 00 4,00 2.00 0.00 0,00 18.02 k00
4 30640, 00 8.20 480.18 «, 08 9.00 2.00 [ -1} 0.90 17.82 36.00
7 30000.00 6.48 175,50 4,00 §.00 2.00 0.00 a.gd 14.868 36.00
] 300002.00 a.20 980,18 <, 00 4,40 2.00 0.00 g.e0 17.82 36,00
9 30000.80 6.48 175.53 %.00 -%,00 2.00 0.00 Q.00 16.88 15.80
1o 3ooog.o¢ 5.09 292.12 4,00 4,00 2.00 50.00 .00 15.93 36.00
11 30000.00 5.11 292.99 4,00 9.0Q 2.00 40.00 9.00 15.5a 16.00
12 30000.00 5.17 296.87 4,00 4.00 2.00 %0.90 0.00 15,99 3s8.00
13 1p6c0.90 5.18 295,79 4,00 %.00 2.00¢ &0.00 @.00 15.97 3s.00
1% 30006.00 5.09 292,32 4.¢0 4.00 2.00 40.40 ¢.al 15.53 38,480
15 30000.00 5.11 293.0é .00 “. 02 2.00 60.00 d.00 15.9%% 36.00
1% 30000. 50 8.1¢ 294.53 4.00 4.00 2.00 90,00 0.00 15.98 1a.00
17 30000.00 5.15 295.62 .00 4.00 2.00 40.00 [ -1 15.97 34,00
18 10000.00 9.00 0.00 %.00 4. 00 2.00 0.00 g.00 I.1& 99.99
19 10000.00 .00 0.00 %.00 4.9 2.00 0.00 ¢.ol l.18 99.99
20 30000.00 .00 9,00 4.00 .00 2.00 b,00 0.00 1.18 99.99
F43 3I0000.00 0.00 0.00 4,20 “.00 2.00 0.00 0.60 1.i8 99.9%
F£4 30000.00 0.00 .00 4,00 4.00 2.00 0.00 0,90 1.1&8 99.99
BRACING ELEMENT JNFORMATION
UL (RTINS £ 4 n s
H 3 2 30000.00000 6.60701 15,00000 24.00000
1 2 3 30000.00800 &, 60h%5 36.00000 24.00000

THE EIGENSOLUTIDNS ARE:
FREQ. 1 13 11.28

THE EIGEMMODE IS:
0.3029070760085E-02 ©.168265855TBAE-04 0. 1643540954]1358-06 O_3J0Z849798105E-02
D.6178D1979355E-02 ~-0.651279215464E-02 -0.11421]140F892E-04 -0.651086259171£~02
9.[63542687891E-04 D.2301850127418E-402 0.]!!3972!759?5;02 #,.3842581 386 10E-05
-0.674220656267E-0F ~D.99227401601496-02 0.131176291G67E+01 -0.57118535879:E-14

=0.3094344555226-13 0.78905309a015E~10

175

oI
0.2% 36.00
0.23 Is.00
.21 15.00
0.2% 1s.00
0.23 35.00
0.2% 16.00
0.23 36.00
0.2% 36.00
0.23 35.00
0.23 315.00
0.23 15,00
e.23 1s.00
[.00 100,00
1.00 lod.od
1.00 1980.00
1.00 1o0.08
)
15.230000.9
18.930000.¢
15.010020.0
18.93%0000.¢

=]
36.00
.90
1s.a0
36.00
3e.00
36.00
36.00
3e.00
36.00
36.a0
36.00
36.00
10¢.00
100.00
100,00
100.49¢

[

33
£€999.00
9999.00
$999._00
9999.00
9999.00
9999.00
$999.00
9799.00
9999.00
9999.00
9499.00
¥669.00

100.80
lo¢.00
100.00
100.02

€9
0.0252007243,

2.02525509¢2,
0.0252007257,
2.0251550912.

0.6177904&|9%2)E-02 0.75435062M90E-05

C.ID[S8B7IPT?IIE-0Z B.143556240554E-06

9.181375721 758E-02 -0.492449314653E~02

=8.5433916 75306E-10

0.4125650480643E+00

¢
1150,
1180,
1150,
180,



FREQ. H
THE EIGENTOOE I8:
0.452272585178E~02
-8.203675715710E-02
0.250464883514E-04
0.95908%7I2TLHE~05
=0.238114538254E-12
FREQ. 1 18 %
THE EIGENMODE IS:
0.559038217175E-02
0.183118923148E+02
0.1204977574328-02
0.491620604884L8-03
0.217814525203€-07

13 40.65

©.251420639903E-04
0.959712116448E~-02
0.453473022730E-02
G.655307082984E-02
0.257931500925E-0Y

3.58

-0.153340593305E-02
0.238097500132E-01
0.501509703862€-01
9.218850239591E+00

0.976269054814E-05

THE PERIOC USED IN THE CALCULATIONS IS

LATERAL FORTES:
STORY MO,
:
DRIFT:
ITORY ND.
:
THETA:

STORY NO.

VALUE
0.31161TE«02
0.200986E+02

VALUE
B_108452E401
B.223128E+0)

YALUE
o.[16081E~01
0.781073E-02

THE EIGEMSOLUTIONS ARE:

FREG. 1 13
THE EIGEMMODE 1S:
0.258625522705E~02
-0.264%9414135388-01
~0.111920537477€+00
-0¢.507713550578E-04
0.416550134925E+00

FREG. 2 13

THE EIGENMODE I3:

5a.11

0.1122929093578+00
0.217459931147E-01
-0.256!65!29&0!!-0}
-0.1638165258295E-01

=0.2370384253358-05

256.¢0

0.684824360340E-02  0.338432632344E400
0.612230231933E~0L -0.371292018545E-01
=0.316316624163E400 -0 6336017501432-02
g.92561 TB-UETUI IE-04  0.244B2620TTHAE~01

0.865686618040E400 0. 773970727120E-03

$.251911269584E-06
. 145015759396 -04
=0.120864251083E-01
=0.514629TZ9228E+00

0.153099210746E-02
0.756470526871E-03
0.8303156 72402E+400

=0.114270056 998E-02

0.e5542

=0.112294248979E+00
0. 94545534 PBaE -06
0.143056653710€-01

=0.24303865490¢E-13

~0.33LT5R56TI2E-00
0.197T7023FabsE-05
~0,24073492547IE-0L

0.898247025378E~13

0.652320752066€-02
0.9593592143388-02
=0.1591348565%E-04
0.108162461432E-12

C.667881193059E-01
0.286952293583E400
0.267598580053E-01

-0.2250998256 ME-07

-0.258638831280E-02
-0.212252¢84515E-01
0.258829384808E-06

0.130852359025E+01

=0.4604840673095E-02
0.3708608665064E-01
~0.633794]134425E-08

=0.611625334446E+00

176

=0.203670280441E-01
£.453024140434E-02
-0.120854547813E-01
0.670158822473E-11

0.152278772847E401
0.4197E87614125E-02
0.120304570326E+02

9.5200155930469E-05

Q.264779973354E-01
0.254151985578E~02
-0.1431158428472E-01

~0. 35682995649 97E-0¢

=0.61[676241255E-01
0.63358526921TE-02
0.260925117436E-C1

=0._526730250255E-04

=0.281182340440E-04
0.24997E2241656E-04
0.655702024731E-02

0.288050581001E+50

0.428388729731E-01
~-8.128531467557E-02
0.181712512722E-01

0. 62784083 31E-03

0.520822325892E-08
¢.111922485718E+00
0.16¥975068¢15E-01

0.271103295803E~13

~0. 135484471 144E-05
0.3143229508365+00
=0.245132025736E~01

=0.35272795210E~12



FREQ.

THE EIGENTOOL I18:

3 I

463,55

0.110610406141E-01 ~0.273444344 T58E-02

0.1812705045978+07 0.477521054180€-01

0.2199650949878-02 0.9964846584228-01

0.5201698119296-03 0.2162834789¢1E+00

-0.124979161184€-02 0.147517237351E-04

THE PERIOD USED IN THE CALCULATIONS 13

LATERAL PORCES:

STORY MO,
1
2

CRIFT:

STORY NO.

YALUE
0.311817E+02
0.2A0986E+02

VaLuE
g.417214E-0}
0.815575E-01

0.273899204312E-02
0.817415406028E-03
0.166098775161E401

9.124150297795€~07

8.18776

LOAD CONBINATIONS-~-=-MEMBER FORCES-=--=(CVEL NO. !

courM FORCES

LINE LOAD
1 1
1 z
1 3
z 1
2 z
z 3
] 1
3 :
s s
- )
. z
a 3
5 1
5 z
H H
& 1
¢ 2
¢ 3
y 1
7 :
7 3
s !
s :
s 3
L] 1
° 2
° 3
1o !
10 H
10 3

COLUMN 3TRESSES

LIKE LOAD
1 1
1 i
1 3
2 1
? Z
t 3
3 1
3 2
3 3

TORSIONAL MAJOR AXIS
MCHENT  TOP WOMENT  BOT MOMENT
0.0000 -51.0334 -34.6736
0.0008 181.14% 252.074%
-0.001% 49,5138 269.8949
0.0000 -5.1969 -2.5988
0.0008 =11.3241 -4,987%
-9.0007 -9.2461 -2.5753
0.0000 5.1969 2.5984
0.0005 13,3526 7.3508
~0.0007 15,4278 9.7833
0.0000 -51.0326 ~34.6737
0.0008 149.8136 250.3710
-0.9013 1514564 252.5545
0.0000 -26.6652 -20.3978
0.0007 34,7932 153.57%6
-3.0010 33,3723 151.8t16
©.0025 0.0260 -8.0183
41,9040 ~406.4538 1459.4555
-$7.1560 -70%.238] 22236000
¢.0000 -26.4736 20,6020
£.0007 33,697 152.2120
-0.0010 35.1133 1539862
.0000 43,1123 13.584)
¢.0007 1419929 2246626
-0.0012 142.3854 223.6700
0.0025 -0.0173 6.0123
41,992 -723.3564 23101.0316
~67.1562 ~a28.4193 1081532
0.0000 23,1281 13.5875
0.0007 142.5333 224103
-0.0012 1421411 225.0947
TOR=-MAX TOP-MIN BOT=MAX
1.8512 -1.3108% 1.3189
“.728% -k L4327 T.6002
«.6120 -%.3142 7.2787
8.5203 -3.87%9 P.4503
0.4285 -0.967 1.5808
0.%48]1 -8.7990 1.5709
0.5202 -8.0759 D.4502
0.4020 11731 1.5563
0-380% -1.,3888 1.5548

0.681189%58561E-¢1
0.283577D50538E+00
0.285402819277E-01

0.280918564233E-02

AXTAL
FORCE

2.
1.

1.

- 1.
=1.
=0.

1.
-2.
-2.

2.
1.
1.

2.
-19.
=19,

3.
-18.
-18.

2.
-15.
-19.

4.
-17.
=17

4.
=18.
-l8.

a,
=17,
=17

1070
1524
1602

2719
5407
8613

e
2072
8860

o7l
1212
1134

4634
3268
T

7828
718%
7189

w634
4724
5073

(114}
6211
e6le

[L3 ]
1418
1433

L1+
8685
Bzal

BOT=-MIN

=9,
=7
-6,

-0.
=2,

7781
106é
5809

aBs?
1869

~1.8713

-0,
-2.
=2,

177

0058
76
5629

MINCR AXIS
TOP "MOHENT BOT HMOMENT
-0.3727 -0.1863
-9.8382 -0.3847
~0.4517 -0.2275
0.0970 0.17a5
-0.2872 =L.064d
=0.2845 =2.62%50
0.0970 0.178%
-0.2850 ~2.¢373
-0.2877 -2.6470
0.3726 0.1063
1.0206 9.5625
1.2068 0.7¢18
~1.4898 <0. 744 ®
--.505¢6 -2.215%
-4, 4140 -2.149%
-185.7138 109.1%42
382.1382 =34691. 9041
382.1386  =3691. 941
1.4895 9. 7447
4.8232 2.449]
4.9129 2.5144
-1.59% -0. 7998
-4, 7019 -2.2888
% . 3547 -1.3787
-185.482% le9.3119
382.2580  -3091.9482
382.2586  =3691.9481
16012 0.8008
5.1%4l 2.4592
5.0752 2.3723
SHEAR-MAJ SHEAR-TIN
-0.0764% -9.0005
0.3593 -0.8011
0.3559 -0.0008
-9.0095 0.0003
-a.2198 -2.00%
-0.0143 -0.0038
9.8095 6.0003
0.8251 -2.0038
0.8308 -6.003

B5.303173099773E+01

D.992702918797E+01

0.456389651131E-QF

0.8305642967426-02 -0.215012267428E-02

0.3662855652760E-01

MAJOR
SHEAR
=0.5%52-
2.8002
2.7737

=0.854]
=0.1133
=0.0821

0.0541
0.14338
0.1%49

=0.5952
2.7791
2.805¢

=0.3268
b.3081
1.2860

pn.oool
7.3128
10.5187

=0.3269
1.2811
1.3132

2.3937
2.5482
1.5481

-8 -1.1.1-]
9.5672
&.5384

0.383%
£.5461
2.5503

0.518%0331743E-05 -0.227398451584E-07

MINIR
SHELR
=¢.0039
=¢.0088
=0.00s1

o.¢019
=0.020+
=0.0223

Q.001%
=0.¢I03
=0.8206

0.00¥
0.03169
0.0113

=0.0155
=0.0467
=0.045¢

=0._5314
-312.596<9
«22.98a%

$.01i85
£.05¢5
0.051¢

=0.0167
=0.0585
=5.04%%

=8.58%0
=22.%2e0
=20.98=3

6.0167
8.05-5
5.€531

! Reproduced from

Y
best zvailable copy. ’/J\\\

|
i
L




BEAR STRESSES

4 1
9 -
4 3
. 5 1
5 2
5 3
s H
s 2
s 3
7 1
-7 2
7 3
8 1
8 2
s 3
[ 1
e 2
s 3
10 1
io 2
10 3
BEAM FORCES
BAY LDAD
1 1
1 2
1 3
2 1
2 2
2 3
3 1
3 2
1 3
IS 1
[ !
I 3
5 1
5 H
5 3
3 1
6 F
[ 3
? 1
7 2
7 3
& 1
8 Z
L) 3
$ 1
L] 2
L] 3
10 1
10 2
16 3
11 1
11 2
11 3

BAY LOAD
i 1
1 2
1 3
4 H
2 2
4 3
3 1
3 4
3 3
4 1
4 z
% 3
5 1
5 4
5 3
[] 1
L] z
L} 3

1.4811
4.7564
4.872%

1.9¢84
9.46589
0.5815

o.l808
p.sliz
D.6888

1.9¢e6
0.5568
0.6421

2.6727
%.0268
2.0822

0.3856
0.6%961
D.6204

e.6728
».2181
%.1807

TORSICHAL

TIOMENT
-0.6970
0.2841
0.266%

-0.0753
0.1875
g.1c90

0.0727
0.3170
0.3226

o.o00%e
-9.0¢11
o_ogla

0.o97e
-0.2z882
-0.2859

0.0753
~a.1087

=0.1071

=0.072¢
-0.321%
=0.3189

=0.1100
~0.3557
=0.3552

0.1100
0.3673
0.3678

0.0827
.0122
0.0077

~0.0027
=0.¢100
=0.81a5

I HORPAL

0.8071
9.013F
9.onas

0.4b39
2.4711
2.5615

0. 328
2.2857
2.1921

1,3545
2,9436
2.9706

1.2128
2.5939
2.5301

0.4s318
2.2252
2.1548

=1.3104,
=4.4587
-4.5872

=1.2491
0940
=-b.0014

~d.0l8&1
0.555¢%
9.4404

=1.24%92
-4.2272
-4.3227

-1.3872
~8.8648
8,93«

«~3.0181
2.5486
a.56¢64

-1.3876
-3._1208
-9.0543

1.
7
?

1.
LB

3.

6.
6.

1.
3

1.

a.
6.

b.

1.
5.

5.

3188
4974
5289

4059
5013
“]53

2562
2629
4587

4060
5418
4274

4076
5986
5947

2517
“307
1697

“076
701t
7018

CENTERLINE MOMENTS
4 HMOREWT

1 moRENT
0.2827
9.4825
0.29&5

148.4293
S98.4411
594.1348

140.4765
£74.603¢
571.4718

49.8909
109.16133
109.4205

44,8944
95.57%7
95.2¢12

1sa.2302
577.5718
5T3.4771

140.4747
§54.5804
559.70%¢

s1.1307
=151.4375
~la9.08018

§1.129%
=150.1067
=-151.7423

2247724
581.9832
583.3411

2267660
583.0617
581.7059

4 MORMAL

1.2128
2.6550
2,7183

2.0M12
2.2007
g.1960

a.219%
0.5678
0.5647

1.3545
2.9572
2.9502

o.0071
9.0177
0.0228

b.e7il
9.2165
o.221¢

-4 .
-97.
-100.

-2,
7.
-7

-8,
-20.
-20.

-49.
-1e8.
-ie8.

-2.
-7

-8
-t3.
-22.

=131,

=31,
=629,

=131,
~629.
~31

=184,
=584
=952,

-184.
~983.
-985.

6940
a9l
L7Is

6lé2
mn
2055

1447
2885
987

a9
9284
a5

2627
8531
a3%0

alse
1T
1330

1503
3222
6233

95461
2232
4589

a2
b2

404

6634
75302
7772

6578
%29
l1s1

=-0.7781
=7.11%87
=7.243)

~0.6888
-5.1293
~9.0332

-0.0107
7.0114
7.223%

-0.4884
-9.2118
=9.3080

-0.1221
=10.437
=10.4479

-0.8107
1.198
6.911¢

~0.1229
-10.4058
-10.5%44

=0.07¢¢
0.3566
0.3%00

=0.D476
0.1908
0.187¢

0.0000
0.0045
0.0064

=0.047¢
0.1880
0.1%i2

0.0841
0.3498
0.34%0

Q.0000
0.0085
0.0028

0.0541
Q.34%¢
0.315¢0

BEAR END MOMENTS

I MORENT
0.2627
8.4825
0.29%5

17.9561
90.8518
93,4407

12.6674
846,656
81.1908

49.890¢
149, 1633
189.49208

04 .6944
95.5737
93.2412

17.09504
81 .8257
79.2189

12,6677
69.7923
73.2563

§1.1307
-151.437%
~149.8018

£1.129%
-150.1067
=151.7e23

226.7726
581.9832
583. 3411

224, 7468

S83. 0637
581.7959

178

4  MOMENT
44,4940
-97.8391

«100.1714

-2.8182
=7.377%
~7.2085

~8.1447
~20,2845
-0.9874

=49, 8913
~108.9264
~108.6892

-0.2627
-0.6531
-0.8390

-2.6150
=7.9612
~8.1330

-4.1503
-23.3222
=22.6233

«131.9561
-%31.2232
-629.5989

=131.9642
-429.9343
=631.4806

=106.46634
-%84.7502
-382.7772

=186 56678
-953.1629
-965. 11861

0.0005
0.0014
0.8017

=0.0023
L0048
~0.004¢

=¢.0002
=~0.014%
=-Q.0}40

0.0022
0.007¢
4.0075

-9.0022
=~0.0087
~0.006%

-9.0002
~0.8190
=~0.8140

0.0023
q.2075
0.0073 .



oer Jd4d-

cew

e
1e
L]

11
1
11

BRACING ELEMENTS

wwhe M-

-

BRACE LOAD
1 1
1 2
] 3
z 1
? 2
T 3

BRACE STRESSES

BRACE LOAD
1 1
1 2
1 3
3 1
H 2
3 3

9.3422
1.8852
1.9780

D.9129
2.7037
E.8745

0. %129
2.6800
2.7092

5.0054
13.e6%
13.0941

5.0449
13.0870
13.0565

AXIAL-FORCE
0.572e
-0.2922
0.833s

e.5729
-1.3954
-2.5215

ANIAL

0-0B67
=0._0GG2
0.1262

0.0857
-0.2113
-0.381&6

0.2202
0.43060
0.8111

2.3559
11.269%
11.2822

11.2¢47 -

11.27%%

49.1451
22.1045
22.06492

q.19a9%
22.046%
22.1112

LOAD COMBINATIONS-----MEMBER PORCES-----LEVEL NO. ¥

COLUMM FORCES
LINE LOAD
I I
1 2
1 )
2 1
2 2
2 3
3 1
3 2
3 3
a 1
4 ?
“ 3
5 1
] 2
5 3
s 1
6 2
6 3
4 !
72
7 3
[ 1
& 2
s 3
s 1
s 2
9 3
10 1
10 2
lo 3

TORSIOMAL
MOHENT
0.0000
g.0000
o.0000

0.0000
¢.0000
0.0000

9.0000
0.0000
0.0000

0.000o
0.0000
0.0000

0.0c00
0.0007
=0.000%

0.0068
T5.8697
=102, 7006

¢.0000
0.0007
=0.000%

0.0000
0.0047
~0.0064

6.0043
75.86%95
-102.7003

ga.oaen
0.0B&7
=0.0084

MAJOR AXI3 .

TOP MOMENT BOT MOMENT
0.0001 -0.0803
0.0022 0.00z0
0.0022 0.pale
0.0000 0.0000
0.0000 -0.0001
0.0000 -0_0001
0.0000 ¢.o00n
[N} ] e.o001
0.o081 0.0002
0.0001 =0.2003
0.0022 n.cozo
0.0022 0.on2e
=100.3743 -55.0757
=26.3950 16.3393
=25.9111 12.8765
©.0009 -0.026%
15.6887 w]9.3285
25.34l12 729.6959
=100. 3411 -65.0529
*25.6773 13.0683
-26.1621 14.5288
210.9388 I4l.4786
811.2526 842 4404
808.8427 B4O. 0691
-8.0009 8.019%
27.7153 745.3797
15.1532 460.1816
210.9506 141.4671
B09. 2045 840.2876
Bll-616u2 B852.6592

AXTAL
FORCE
0.00G0
B.o0000
9.0008

0.0000
g.ooo0
B.0000

0.poco
[LN-I1-1]
[N L]

0.ooono
0. 0000
u.ooap

0.315%
-3.5%38
=3.5763

-0.6187
-7.45%00
=7.6899

0.3155
~3.674D
-1.6885

-0.3593
-8.0615
-8.083%

-0.45185
~7.9249
~7.424%

-0, 35%

-8.1970
~8.1750

1798

MIMDR AXIS
TOP MOMENT  BOT MGMENT
0.0080 0.ooae
0.0000 0.0000
0.0000 0.0000
0.goeo 0.0000
0.0000 0.0000
0.9008 ¢.0000
0.0000 0.0000
0.0000 ¢.0000
0.9000 0.0800
0.9000 ¢.0a00
0.0000 a.0000
0.0000 .0000
-1.0256 -1.0137
-1.9939 -2.5017
-1.9124 -2.4268
1.0086 185, 8644
Q.3776 -382.3544
0.377% -382,3547
1.02a8 L0129
2.2827 2.7607
2.3452 2.68378
-6.5790 =4.5478
~12.2440 -15.5%89
-12.8532 -18.1784
=3.2187 185.33%
=-Q.7998 =-182.8945
-0.7%98 ~182.8949
6.58%1 6. 5518
14.9267 168.1381
14.3176 17.558¢

MAJOR
SHEAR
0.0000
9.000d
2.0000

6.o0to
0. 0000
0.0000

0.0000
0.p00g
0.000¢

v.0000
9.9000
0.0000

-1.155%
~0.0698
=0.0905

=-0.0002
5.021¢0
§.219

-1.155%
-0.087%
-0.0s6%

2.4471
11.4840
11,4508

n.o001L
5.3687
3.led0

2.967)
11,4548
11.4880

MIKOR
SHEAR
0.0000
9.0000
0.0000

e.0c00
9.0000
9.0000

9.0000
0.0000
0. 0000

0.0000
0.000C
b.ooea

=0.0142
=0.0312
=2.03¢1

1.2977
~2.852¢
-c.652¢

0.0141
9.034%
0.0%e0

=0.0612
=6, 193
-2018

1.2955
=2.0b4é
=2.4646

L0912
-2296
-it1a

soo



COLLMN STRESSES

1INE LOaD
1 1
1 4
1 3
2 1
2 4
t 3
3 1
3 2
3 3
L) 1
L) 2
L) 3
5 1
5 2
5 3
L] 1
[3 2
[ 3
7 1
7 2
7 3
-] 1
8 2
& 3
v 1
i g
g 3
10 1
10 2
18 3
BEAR FORCES
BAY 1LDAD
1 1
1 2
1 3
2 1
2 2
2 ]
3 1
3 2
3 3
“ 1
b 4
a 3
35 ]
5 2
5 3
] 1
3 T
b 3
? ]
7 4
7 3
& 1
& 2
& 3
L ]
% 2
s 3
10 1
10 2
10 3
11 I
il H
1 3

BEAN STRESSES

BAY 104D
1 1
! 2
1 3
2 1
2 2
2 3

TOP-rax

0.032¢
a.778é
0.7598

0.c06%
0.013%
0.00I3

0.006%
0.025%
0. 0604

0.8327
0.7855
0.8042

T.7305
2.5866
2.620%

=0.0022
=6.053L
=6.0500

7.7303
2.89%00
2.8561

41038
12.7297
12.8121

-0.0932
=0.0Gsl
-0.0501

. 1041
13.2060
13,123

TORSIONAL
TOMENT
¢.o000
a.8088
0.g003

-0.5031
-0.]892
-0.1882

9.10%%
9.3977
0.4033

9.0000
0.0000
0.6000

9.0000
L9141
9.0000

0.5035
0. 1884
0.18%

-0.1a93
-0.4021
-0.%%5

0.0c00
0.ocod
0.0c00

0.o000
o.oQc0
0.0000

9.0083
0.0117
0.0838

-0.0882
-0.008%
=0.¢ia%

I MORMAL

g.0008
0.0012
0.0003

0.4782
1.8681
1.9583

TOP-MIN

-0.0322
-0.7763
-0.7875

=0.004%
-0.2133
=-0.00t3

-0.0069
-0.8257
=0.0404

-0.0322
=0.7532
-0.801%

~7.5900
=b. 1520
-.2102

-0.0825
~0.06065
~0.0611

=7.5903
=4.52356
- 4953

%1613
=[4.8374
-14.1235

=0.0039
=0.0541
-0.8605

-4.1628
-[4.5358
~14.0a98

BOT-HAX

0.1181
0.7048
0.684%

0.0a30
0.a915
0.0778%

0.0430
0.1¢6d
o.1220

2.1
9.7108
9.7301

5.4054
2.3538
2.1%07

h.aTa7
1.862%
1.1624

5.4083
2.4704
2.6375

3. 1528
I3.7982
13.8755

D.4743
I.1710
1.0728

3.1530
[&.2455
I6.1662

CENTERLINE MOMENTS

1 MORMENT
0.8002
¢.o000
e.p002

1899934
3r2.z271
377.0518

1823691
35186466
355.5625

9.0090
9.0800
.08o0

D.0008
=9.0801
-0.0801

149, 9925
355 .5385
i5:.71os

142.59¢0
LEO R ]
340.40%92

-0.0001
-0.0022
=-%.0032

=¢.0001
~$.0022
=-8.0022

100.875¢C
24.5878
26.102¢9

100.8457
25.8458
34,3852

J NORHAL

9.0012
p.0077
0.0012

0.02el
0.0547
0.0522

4 TOMENT
9.0000
9.0000
0.0200

-1.0309
-2.0058
.=1.9168

-5.5737
-12.2323
-12.84%5

D.0000
2.0000
©°.0000

T.0000
0.0080
0.0000

~i.oz%a
=-2.2690
~t. 3586

-4.5789
-1%.920¢
-16.30%2

-0.001]
-0.0038
-0.0034

~0.0011
-0.0036
~0.0036

=211.0480
~811.4503
-809, 2480

=2i1.0599
~809.6065
-812.0107

B80T-MIN

=0.1126
=0.7023
-0.482¢

-0.0430
-0.0935
=0.0775

=0.06%0
=0.1060
=0.121%

-0.1126
=0.7082
=0.7279

«5.2683
=3.%91
=3.7805

0.5354
0.95968
1.1058

=5.2681
-4, 1088
=%, 2767

=-3.2107
=-l5.10¢0
=15.1868

8.5349
1.1152
1.0879

-3.2113
~15.575%
~[5.494&

SHEAR-A)

=0.0001
g9.o014s
G.0014

¢.0000
9.0600
$.0000

g.0000
8.0001
0.0001

=0.000)
0.001%
0.00]4

~0.2568
=0.3155
-0.0291

0.9%0c0
a.o823
0.0040

~0.2568
=-0.0195
-6.0]49

0.1935
0.93I5
9.9288

0.g008
D.G0&1
D.002%

0.1985
0.9251L
0.9313

BEAR EMD MOMENTS

I MOMENT
0.paoe
0.pooe
£.0000

17.4327
68,4695
71.8702

13.5847
63.9568
59.46445

®.0000
.0000
9.a020

®.0000
=3.0001
=8.00081

17.4317
57.3186
53_8958

13.5869
46 9282
%9 2361

-0.p0012
-0.p022
-0.po22

-0.g001
-0.0022
-0.0022

180.8790
24.5878
6. 1029

100.8457

25.8698
24.3552

180

4 TORENT
0.0020
0.000D
0.00%0

=1.0309
=2.0055
=-1.9140

=-6.5737
=12.3323
-[2._8495

D.on0e
9.0008
D.0go0

D.0000
D.0800
».o00g

=}.0293
-2.2690
-2.3586

-4.5789
~14.9206%
-le. 3032

-g.o@1l1
-8.6036
-0.0036

-8.0011
-0.003¢&
-0.0028

-211.0480
-811.46503
-889.2460

-211.05%¢%
-&09.6065
-812.01¢7

SHEAR=-MIN

0.0000
0.8000
0.copo

0.5000
e.o000
0.2000

&.0000
4.0200
a.0000

¢.0c00
¢.0000
g.0400

=0.0031
=0.0069
=0.0067

g.o0010
~5.0020
=0.0020

g.0031
Q.0078
§.0080

=0.0074%
=0.0157
-0.0164

0.00i0
-0.5020
-8.0020

0.0074
0.3136
o.o190



3 1 0.3853 0.1770
3 2 1.7220 0.3293
3 3 1.6053 5.3440
L3 1 a4.g089 [-A-13-14
L3 2 0.000% g.0053
a 3 9.8017 ¢.0031
5 1 8.0032 0.008s
s 2 £.0138 0.002)
5 3 5.0205 o.0031
& | B8.4750 8.0281
s 2 1.5618 0.9613
6 3 1.3685 2.0643
7 1 9.3881 21173
? t 1.2107 9.6023
7 5 1.3268 .3654
® 1 0.0145 5.2248
s F 0.4661 0.7267
s 3 0.4i30 0.7247
v 1 9.0188 0.2268
s H 0.e433 07287
e 3 5. 0abh 07267
15 1 1.8720 3.9163
4] 2 0.6553 15.0614
10 3 0. 6aen 15.0168
n 1 1.8714 3.9168
1 2 0.4871 15.9235
n 3 0.4519 15.0681

STATIC AND DTHAMIC LOAD TREINATION-~=-~-LATERAL AND ROTATIOMAL M. . DISPLACEHENTS

LEVEL DIRECTION 1 4 3
2 x =-0.0378021 0.40ja228 0.4015229%
2 Y 9.0000000 0.0052316 0.0055477
i ROTN .0000000 ©.0000048 =0.0000097
I X =-5.0073350 0.144808] 0.1448851
1 A 9.0000000 0.001b824 g.0021887
1 ROTH 0.0000000 0.0000021 =g.0000033
THE STEEL KEIGHT I3 13.4971
THE CONTRETE NEIGHT IS 191. 11

THE CBJECTIVE VALUZ IS 4103 494 R

ACTIVE CONSTRAINTS .

TYPE LEVEL LOTATION LOAD IDENT VALUE
D.BIS 2 Q 2 1 0.60152
0.715 —_— 2 8 3 1 0.40142

THE END OF QPTIMIZATION CYCLE 1.

THE 3TART OF OFTIMIZATION CYCLE T .

THE EMD OF OPTIMIZATION CYCLE L
THE START OF OPTIMIZATION CYCLE ?.
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THE FIMAL OPTIMAL RESULTS ARE:

OLLIMN I3 A Ioes 1. mAJl minl pr 1) )
1 J000%.00  17.05 22.79 139.00 31.55  B.00  ©.00 22.48
H le0e0.00 2.8 0.60 3131 0.9  B.00 0.00  §.62
3 3o0e0.e0 2.8 ©0.60  31.32 0.9  D.00  0.00  9.62
o 30020.00 17.05 22.78 1395.61 31.54  0.90  0.00  22.68
5 30000.00  3.66  1.10  58.76 !.68  ©.00  0.00 11.09
6 l0000.00 |2.78  12.%% 77Z.18 18.26  0.00  0.00 19,84
7 36000.00  3.64  |.1D S8.76 1.68 ©0.00  6.60 11.09
s 30080.00 12.78 12.92 T7L.88 18.26  D.00  ©0.00 19.84
9 3oace.oo  1s.6L  21.e4 1322.89 35.02  0.00  0.00 22,4l
10 30000.00 .80 1.8 103.55 £.84  D.00  0.00 }2.40
1 30090.00 16.61 21.4& 1322.78 30.61  0.80  0.00 22,4l
12 3080000 4.8 1.89  106.03  2.86 0.00  0.00 2.4l
13 30000.00  ©0.02  0.00 0.00 ©0.00 0.00 0.00  0.93
s 30000.00  0.892  0.00 .00 ©0.90 080 0.00 0.93
15 30000.00 0.02  ©.00 .80 0.00 ©0.00 ©.00 0.9}
18 3000%.00  9.0Z2  0.90 2.00  0.00 0.00 ©.08  0.93
coLum 1p het A KII K4 K4 IS €3
17 558493, 43, 1143, .0 4.0 2.0 50.0 3.0
1a 558493, 3G, 1141, 4.0 ..0 2.0 58.¢ 3.0
19 658493, 434, 1183, &0 6.0 2.0 50.0 3.0
20 658493, 436. 1193, &0 4.0 2.0 50.0 3.0
pean 19 [ IoRs Y FLEX ] KIT [} K14 o1 .pJ
1 30000.00 1.J2  60.00 4.00 4.00 2,00 0.00 0.00
2 30000.00 .12 40.01 406  4.00 2,00 0.00 0.0
3 30800.00  1.12  60.B2  4.00 4.00 2,00 0.00  0.00
“ 30000.00 13.56 810.83  4.00 4,00 z.00 0.00  0.0C
5 30000.80 13.5¢ B810.56  4.00 4.00  2.00 0.00 0,00
6 30000.80 10.82 44l.50  4.00 © 4.00 Z.00 .00  0.00
1 30000.00  7.09 413.05 4.00 4.00 g.00 90.00  0.09
s 30000.00 10.82 4&L.55 4.00 .00 z.00 0.06  0.40
° 30000.00  7.10 &13.18  4.00 .90  2.00 0.08  0.80
19 3ogpe.co 1.08  57.8] .00  4.00 2,00 60.00 0.00
n 30000080 .10 59.29 .00 4.00 2,00 60.00  0.00
12 30000.80  1.17  62.71 .00 4.00  2.00 60,00  0.00
13 30000.00  1.17  63.10 &.00 4.00  £.00 60.00 0,00
14 30000.00 1.08 58,16 4.00  4.00 .00 60.00 0,00
15 30000.00 1.11 59,36 .00 4.0  2.00 40.00¢  0.00
1% 3000000  1.16  62.20  &.00 4.00  2.00 60.00  0.00
t7 3000000  1.17 62,76 .00 .00  £.00 &D.00  0.00
13 30000.00  0.00 0.06 4.00 4.88 2,00 0.00 0,00
19 30000,00  0.00 9.00 4.60 4,00  2.00 0.00 0.00
20 30000.00  0.00 B.00 6,00 4.0  Z.00 0.00  9.00
21 30000.00  0.00 0.80  &.00 4.00 2,00 0.00  9.00
22 30000.00  0.00 0.00 400 4,00 z.00 0.00 0.00
BRACIMG ELEMEWT [NFORMATION
LEVEL \T IS £ ) b ] =}
1 3 & 30000.00000 1.34878 36. 00000 2e.00000
12 3 3pooo.ocene 1.3870 3600000 za.00000

EIGENVALUES AND EIGEMVECTORS

0.89758a325805E+02
0.6226491939770E-05
0. 1645885796 12E-04
-0.102057503C60E-01
0.312215558753E+40

Q.473267280166E+03
~Q.278546947051E-04
0.435B194637906E-06
Q. 983641515684E-02
0.969858253068E+00

0.1803017242691E+DB
0.528984415280E-04
0.2311722236%0E-03
0.1208044036795E+02
-0.513824910422E-03

0.100674620589€+04
0.307750992133E-05
0.582419564855€E-01
0.9898237938921E-02
0.7344213106467E-13

9.228167345220E+05
-0.7537546491 JOE-D5
0.131930202807E¢ 00
«0.15422918099¢E-01
-0.455240500208E~12

0.180301337744E+06
9.527143300686E-04
0.393090465439€~03
0.128062308794€002
0.890434167809E-08

. 25992266652 1E-02
7608224676 98E-02
1439515346 30E-06
LB7805440269E-04
235133566L955E~12

. T712420654B9E-02
23969487349 7E-01
-437700&11B43E-04%
. IB7048248267E-Q4
L42a21502037E-12

-0.378429057610E-02
0.15744%925508E-02
-0.259499821615E-03
Q.3818685753853E-01
-Q.106741697785E-07

0.492823932401E-0)
-0.544860293732€-92
~-0.582367935220E-91
-0,500572186067E-05
0.945614330692E-00

0.681432480320€-03
0.%49521757707E-02
-0.131918798963E+00
0.227723312203E-0%
0.915052112804€+00

-0.377955304058E-02
0.180030)20876E-L2
+0.421370401874E-03
Q.382401851958E-0)
0.727525455257€-03

—
Reproduced

best available copy

from

0. 149357151 12E-04
-0.117787064901E-01
9.259326175650E-02
-0.101346E41205E-01
-0.715481376473E~09

0.43798077081LE-0G
0.120160139817E-08k
9.771731529429E-02
Q.981207535002¢€-02
0.laesaal9e528E~08

0.269026358351€-01
©.l4809871402uEr02
=0.215534601032E~-04
Q. 10857773719 74E+00
-0.556992550228E-05

0.Se2es%s83181E-01
0.1140759528538E-01
=0.484498420553E-01
=0.98294] J96583E-02
=0.100048271512E-05

0.134316961074E 00
-Q.188515428459E-01
=0.678235658503E-08

0. 153000490 246E-01
~0.20206573559628-03

0.457502576600E-03
0.14B09471le43Er02
=0.C207136797T53E04
0.124835690153E+00
=0.453853557037E~08

- 1442980703264E-04
. 2853252444 1 HE-04
-3%5783718857E~03
-1440019%1253E401

caowa

0. 43886 1844493E-04
8.287515114106E-04%
-0.140103221617E-01
-0.4635651188385E+00

-0.302052334079€E-02
0.555525984358E-01
0.674164382313E-01
0.151835319122€-02

-0.5828180223784E~¢]
-0.81055e025904E+08

0.212589833463E-02
=-0.738601018323E-1]

=0.13430%4841909E-00
0.151299086652E-04
=0.134640721565E=02
0. 341789095238E-12

=0.490479940832E~03
0.556301728444E~0]
0.675510503627E-01
-0.119512007521E-07

18

BE I T ] [=] 33
7.45 0.31 B.23 3500  35.00 9999.00
3.58 6.31 n.23 36.00  36.00 9999.00
5.58 6.31 0.23 36.00 36.00 9959.00
7.45 0.31 0.2% 356.00 36.00 9959.40
&.04 .31 0.23 34.00 36.00 999%9.00
6.64 0.3 0.23 36.00 36.00 999%9.00
4.04 .31 0.23  36.00 36.00 99%9.00
b.54 e.31 0.2} 36.00 35.00 9999.30
7.3?7 .31 9.23 35.00 34.00 959900
4.51 9.31 0.23 36.00 36.00 9999.400
7.37 .3t 0.23 34.00 36.00 $995.50
&.51 8.31 D.23 36.00 35.00 9999.00
o.48 1.00 1.00 100.00 190,00 LlOC.%D
[ 1.00 1.00 180.00 |00.00 100.3D
0.48 1.00 ]1.00 ]6c.00 Jod.oo 100.0%
0.48 L.00 1.60 100.00 100.00 100.00
3 ES 2 = ] 20 4 &
1.0 3oeo.8 120.40 $.030000.0 9.605 659634, 1150.
1.8 3000.0 120.0 5.03D000.0 9.025 65561, 1150.
1.0 3g00.8 120.0 5.0300008.3 0.025 65%53&. 1150.
1.0 3300.9 120.0 5.030000.0 0.025 659634, 1150,
'} NS
11.1% 35.00
11.14 36.00
11.10 35.00
20.0¢ 36.00
20.0¢8 34.00
1%.03 .00
17.282 36.00
19.03 16.00
17.23 36.00
11.08 36.00
.l 346.00
11.28 36.00
11.28 36,00
11.08 36.00
11.11 34.00
11.23 .00
11.25 36.00
9.92 $9.99
0.93 $9.99
0.93  99.9%
0.%3 99.99
0.93 9599

0.259069855458E-02
-@.117579791397E-01
9. 3279445314408 -05
-Q.138559176227E-12

0.771061244643E-02
0.119943910805E-0a1
-0.1853768731%6E-04
0.217954438342E~12

-0.271401220724E~04
9.123283247304E 00
0.390655565150E-04
0.13546653511%E-07

=0.49296552366%E-03
=0. 013306159676 €E-01
0. 1653369988016-05
0.136043393647E+01

=0.5214699057803E-03

0.la7ls2117223E-01
=0.385295635912E-05
~0.650795043787E00

=0.266 3488484 1 ZE-04
0. 1444058462532E+00
0.389475495785E-04
=0.181449449608E-02

0.760558910775E-02
B.259376%61037E-0C
0.397674269848c-03
D.217791018549E-09

-2.2396959760995-01
8.771912389035E-02
-0. 140630904 738E-01
~0.926870350360E-09

D.188%09402877E+00
-0, 314630386694 E-02
2.55704Q0597495E~-03
-8.102271226860E-06

0.542608%335838-02
Q.48435715T01EE-Q3
-0.216572845261E-43
-0.265844412834E-06

-0.941735I36105E-00
0.677973458534E-03
0.135873345000E-C2

=0.44062096476%E-05

B.La8799L62673E400
=0.31403336PLETE-OL
0.633653480356E-03
=0. 124844434 124808



STATIC LOAD COMBINATION-=e=ofEHEER FORCES-----1EVEL MD.

COLUN PORCES
LINE LOAD
1 L
1 2
I 3
2 1
z 2
F 3
3 1
1 2
1 1
% 1
a 2
Y 1
5 1
5 2
5 3
+ 1
& F
5 H
7 1
7 2
7 3
2 i
2 2
s 3
v 1
¥ 2
¥ 3
19 1
18 2
1c 3

COLUMN STRESSES

LINE LOAD
1 t
1 2
1 3
2 1
2 2
t 3
3 1
3 2
3 3
@ 1
L H4
s 1
5 1
5 2
5 3
s 1
s z
s 3
7 1
F 2

7 3
s i
e 2
& 3
s 1
¥ 2
¥ 3

10 1

19 2

10 3

BEAH FORCES

BAY 10AD
1 1
1 2
1 3

TORSIONAL

MCHENT
0.0000
0.01%
=0.0207

0.3000

0.000)

=0.0005

9.0000
9.0003
=0.0008

0.0000
g.0ll4
-2.0207

0.0000
2.0048
=Q.0117

-9.0238
12,2941
~57.3157

¢.0000
[91-11
-g.0l17

a.0000
9.0010
=-0.0017

=2.0235
32,2943
-57.3187

c.o008
¢.g010
-0.0017

TaP-MAX

1.198%
7.0a97
6. 7068

1.e188
1.3482
1.397¢

1.8186
1.0343
1.9954

1.190%
7.1833
7.4888

37926
15.4395
15. 1392

1.0022
9.3559
0.5978

1.7905
15,7974
18.09277

6.23%1
6.8193
&, 7284

1.0702
¢.8a29
Q.4is7

¢.2437
7.1589
7.0467

TORSIONAL

MCTENT

~3.0049
@.054)
4.0553%

MAJOR AXTS
TOP MOMENT  BOT MOMENT
-68.0058 -23.8248
653.4818 1540, 1446
6400148 I511.7802
-5.5686 -2.7842
=12.50%0 =5.7151
c10.9147 =-3,9880
8.549% 1.7849
14.3571 7.7182
18.9518 9.4437
-57.9987 -23.812¢
436147 1519.0317
456.8780 15473341
-38.2238 =16.2478
477.258% 909.8098
443.4832 890, 95388
-0. 1481 -0.1238
-183.0898 1342.8360
~432.636¢ 2023.1490
-38.2138 -16.2374
47,0767 895, 8431
480.48521 919.4959
¢1.0202 30.8042
88.517¢ 132. 7680
oe. 1862 1514978
8.5112 -0.2534
-633.1172 1667.5708
-399,9882 1019.6462
61.2737 . 31.0236
&6.4537 132,588
a8, 9838 133.84e1
TOP-NIN BOT-RAX
-0. 998 0.6137
-5.480¢ 13,4508
—6. 1842 13,0204
-0.3097 3.90m1
-2.5819 1.8218
~2. 1448 L.7293
-8.3098 a. %848
-5.179¢ L.9038
~3.0118 L. 998G
-0.%a68 0.86)36
~6.6268 13,5249
~6.9212 13.9851
-3.449¢ 1.%079
~19.110% 15,1466
-18.7693 15,0087
-0.6407 0.6731
0.4043 3.8112
0.6476 «.0505
-1.0488 1.9688
-19,4859 15,5643
-19.7972 15,9071
-4, 3086 1.6285
-15.84¢5 €.7502
-15.1598 §.76l8
=0.0407 a.74190
0.6733 39442
0.4508 3.1213
-5, 3184 3.4266
~15.4918 8.9852
-15.3784 69911

4. h482
9.9223
8.3352

CENTERLINE HOMENTS
HOMENT J

FMOMENT

=kd. 1610
-$5.977%
~$7.5644

AXTAL
FORCE

T.0556
&.8513
. 7738

1.4868
=1.7611
~}.2638

1.,4366
=2.34061
~2.8376

2.0556
4.7433
4.8207

1.8758
=23.4529
=23, 3028

4130
=16.802¢
=16.8825

-23.4304

4.6345
~19.7633
-19. 7458

4. 9987
=14, 9628
14,9621

*.6324.

=20.04%0
=10.04¢9

BOT-NIN

=0.3725
=12.8914
=12.4504

0.1280
~3.1382
-2.8720

q.1249
~3.6492
“4%.1124

~0.3728
=12.9684¢
=13.3995

-1.6143
-19.0173
~-18.6457

~0.0209
3.aM2
3.9847

=1.86101
~19.2848
=19.0045

-1.6951
=19.%82¢
~14.9147

-0.9209
4.5285
3.2334

-1.7013
=15.3108
=15.3228

BEAN END MOHENTS
4

HINOR

TOR MOFENT

-5.0770
-12.3412
~19.7351

d.0068
-2.0549
-0.0539

9.004%
=0_08542
~0.0552

5.8745
14,2005
15.8062

=-17.0545
-4]1.2184
=69.5115

=£9.1745
~16.11%3
~lb. 119

17.03%
63.5234
64,6307

=L.9715
=7.2315
-7.3226

=29. 1664
-ib. 1222
=16.1225

.$8a5
7.6020
7.6007

SHEAR=-MAJ

-9.033}
$.89315
0.876%

-2.0%16
=-§.0672
~0.838s

d.0218
2.0872
.0658

-0.0133
0.880%
0.a%80

=0.02%
0.7539
0.7%1

0.800¢
0.0157
Q.0223

~0.029%
09,7409
2.7566

9.1329
0.3157
0.3148

0.0000
0.0198
0.009¢

0.13%2
0.31é4
.17

I POMENT BOMENT
0.%809 9.00900
g.eo0d (111
¢.000d c.aeoe

83

AXIS
BOT FEETENT

~Z.538%
-5.6270
-3.80891

-¢. 0011
~g.8a21
-~0.8354

-0.0218
=0.8375
~0. Bkt

2.5374
7-6436
%.3810

~8.5283
-30.1737
-29.6076

=15.0118
=106.7%25
~106.79%9

8.51%3
32.3923
32.9632

-0.7858
=}.521%
=3.6006

~15.0078
=106.7919
-106.7924

0.9922.
3.6407

3.8533

SHEAR=NIN

=0.9031
=0.0073
~0.0080

0.3000
~0.0023
=0.0023

0.00ad
-0.2023
=0.c023

D.ge3l
£.008%
0.q103

-~0.8139
~0.0497
-2.84%0

-0.0t07
-0.0az0
-0.0q20

0.0139
.052%
0.0531

-0.0063
=0.015¢6
-0.0158

-¢.0007
-5.0020
-9.0020

0.0043
9.01e68
2.01e¢S

PAJOR
SHEAR

-0.5683
15.2335
16.9438

-0.0588
=0.1264
-0.1035

0.ps580
0.1533
0.1764

-0.5681
15.0170
15.3074

-5.3783
9.832a
9.6058

-0.0819
&.8061
9.6563

=5.3781
. bbaT
9.6913

9.6333
1.515%
1.5017
g.0012
8.57%4
“.30%4%

g.ball

1.5225°

1.5267

MINOR
SHEAR

-0.0529
=0.1246
-0.1¢1é

0.0000
~0.00%2
=0.0082

.0000
+0.0082
«g.0062

0.4052¢9
Q.1517
0.E74%

=0.1777
-0.6347
~0.46258

~8.3085
-0.853%
-0.8535

9.1775
0.6689%
Q.46777

-0.0820%
-0.0747
-8.0759

-8.3088
-G.8536
-a.2536

o.0207
g.e8c2
0.9795



muw R AP vwE N

ENEVEVERE X 2 3

sHe Sac

BEAM STRESIES

W G e W T e ~ N W

-

]
]
3

DAY LOAD
L |
1 2
] 3
2 ]
z 2
2 3
3 L
3 2
3 3
L] ]
4 :
“ 3
5 1
5 2
5 L
L] 1
b 2
L] ]
? 1
? 2
T 3
L3 1
L] L
L] 3
L] 1
L] i
9 3
1 1
10 2
10 3
n 1
13 2
n 3

BRACING ELEMENTS

BRACE

1
1
1

N

LoAD

1
2
3

~

-0.0322
0.049q
9.0508

0.0376
8.08758
o.caog

o.0000
-0.0008
0.0016

0.004&9
-0.0550Q
=0.0537

0.0323
-4.0808
=0.0691

=0.0374
-0.0787
=0.074s

=0.6264
=2.4188
-2.3999

0.5282
2.6707
2.68%4

0.0686
0.2254
p.z2ite

~0.0680
«0.2361
=0.2411

I HORMAL

9.a129
a.9210
0.7737

0.9360
a4.114)
%.3089

g.2170
1.0758
2.7993

&.615)
19.0679
10.0672

4.0%a1
8.7378
8.5905

0.9363
3. 3653
31705

0.2161
1.789]
2.0655

06.7176
2.08606
T.%180

b.7178
T.962%
8.128%

5.2628
11.3631
11.4733

5.26146
11.6441
11.33«0

AXIAL-FORCE

9.291%9
0.0B48
L9231

9.2918
-0.8e98
-1, 181

131.82%
a99.0328
502.2914

115.9720
47a.5530
“569.3979

49.7298
108.q872
108.479%%

b, 1627
.181T
92.5749

131.856%
4«86 5787
“83.3167

115.8706
450.327%
455 4519

55.0113
-453.5364
=-$40.072¢

58.0052
6434701
654 .9323

252.4085
544 5070
550.2707

252.6010
549.0048
543._7200

J NORMAL

4.09%0
4.5085
9.0558

1.9108
§.7107
4.6253

2.997a
&.5035
$.0838

4.56153
10.070%
1%.0716

0.4126
1.0085
1.2357

1.5068
7.0105
7.0918

3-0195
9.8188
v.6381

1.6818
12.8587
12.7168

1.6820
12.7558
12.8977

2.664473
21.8061
21.454l

2.68139
2]1.e824
21.6344

-20.3988
71,6609
-70.7715

-13.57s8
-99.7388
-101.7579

-49,.7324¢
-108.5193
-loe.s273

-4.44649
~11.7299
-13.31a7

-20.3718
=74 _v032
=75_7742

=73, 56837
=109.5332
=107.5180

-135.932%
=1039.45%4
=1027.%889

=135.9282
~1030.84%0
10423176

-126.8227
=1036.2497
-1820.9508

=126._834%4
~1030._5657
=1037.8575
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0.0000
¢.0000
0.0000

e.0c000
0.0000
0.0000

¢.o000
0.0002
0.%000

0.0000
0.5000
9.t000

0.0000
0.0000
g.0000

0.0000
0.0000
0.0000

b.0000
9.0000
9.9500

0.00h0
0.0000
0.0000

0.0000
0.0a00
g.0000

0.000¢
0.000¢
9.0000

0.0000
0.5000
0.000¢

&.0000
0.000¢
0.c600¢

9.0000
0.0000
0.2000

0.0000
9.0000
Q.0000

0.0000
0.0000
0.0000

9.0000
5.0DDG
0.¢0000

0.50%0
0.5000
0.0000



BRACE STRESSES

BRACE LOAD
1 1
1 2
) 3
2 1
2 z
2 3

AXTAL

0.2144
0.0628
0. 68404

0.216%
~3,65%7
-1.2813

STATIC LOAD COMBINATION-----MEMBER FORCES----=LEVEL MD. 2

COLUMN FORCES
LINE LOAD
1 1
H 2
I 3
] I
2 H
2 H

3 1
H H
3 3
4 1
4 2
4 3
s 1
s 2
3 3

8 1-
[ 2
[ 3
7 i
7 ]
1 3
] 1
s 2
) 3
3 1
Ed H
9 3
10 I
10 2
11 3

COLLMN STRESIED

LINE LO4p
I I
1 2
1 3
i 1
4 2
2 3
3 1
3 2
3 3
4 i
L] 2
9 k]
3 )]
5 ?
5 3
L] 1
L 2
L] 3

TORSIOMAL

MONMENT

2.00¢0
9.0000
D.ooce

0.0000
9.0d%00
#.0000

0.0000
0.0000
$.0000

0.0000
2.0000
9.0000

.0009
2.0012
=0.0e19

-0.0908"

70.9583
«~107.67¢66

o.0008
D.0012
=.0019

9.0000
2.0243
-0.0367

=0.0908
70.9553
~107.076¢

0.02000
0.g243
=0.0367

TOP=MAX

9.1970
0.421%
9.379%

0.0z12
£.0454
4.0891

0.0212
o.2835
s.11%97

o.la7d
0.4489
2.49902

12,9989
a.3695
7.8082

-0.¢068

HAJOR AXTS

TGP MOHENT BOT HOMENT
-0,0002 00008
0.0008 0.0005
0.0008 0.0005
.11 -0.0002
=0.004L =0.0003
p.ado0 -0.2003
9.¢000 o,o002
0.0002 5.0008
2.0003 0.6005
-0.0002 -0.000%
2.0%08 0.0008
2.0000 o.0008
-99.7130 -78.2303
a.2760 17.1641
4.7749 14,1861
-0.0168 0.118
11.1828 395.4929
17,3021 4316113
-99.7122 -78.2290
5.4418 14.71%0
8. %405 176984
1416451 45,7649
902.4978 $30.6563
893.78% w6928
0.1136 ~0.4097
27.8689 ©87.3323
16.0373 13,4042
191.6169 65.5234
395.4337 53,2333
$04.1714 $51.7992
TOP-AIN BOT-FAX
-a.1270 0.383?
-0.8202 ¢.3310
=-0.3783 a.z2905
-0.821% 0.1813
=0.0453 0.2074
-0.0¢%0 2.1658
~0.0212 0.1813
-0.0834 2.2533
-0.11%¢ .2982
-0.1070 0.3¢37
<0.4481 0.38524
-0.48%% 2.3529
~12.8837 19,8832
-10.2517 10,0046
-9.7a08 9.8531
-0.0062 0.6655
-0.1718 0.5856
-0.1636 9.8336

AXTAL
FORCE

0.0000
9.0000
0.0000

0.gqoot
o.Qoog
2.0800

ﬂ.ﬂéﬂﬂ
a.po20
9.0008

D.oeog
0.0¢00
5.¢000

9.l187
=3.4284
=3, 4471

~0.6054
-7.3470
~7.3409

8.1187

=3.811Y

=3.49315

«0.4067
~5.0935
9. 098

=0.0178
~5.0)48
=$.0146

-0.a27?
-9 2642
=9.26411

BOT-AIN

-8.3037
~9.3362
~0.28%8

-2.15813
-~0.2873
“0.1653

-0.1813
«0.2831
-0.2551

-3.3037
-0.3517
-0.3%22

19.5181
tl.agse
11.44E5

8.57¢2
8.6693
9.9204%

4]

MIMNOR AXIY
TOP MOMENT  BOT PEMENT
0. 0060 9.0000
¢.0000 0.2000
6.0008 0.0000
o_0030 0. 3000
0.8000 6.0000
0.0000 0.0020
o.0000 ¢.o000
9.c000 0.9000
o.oo00 0.9008
0.ooE0 &.0000
o.0008 0.0000
0.2000 a.0080
-2.927%' -2.6445
-7.1132 -7.7778
-5.9580 -7.8397
0.320r 29.2391
B.024é 16.019&
0.8248 16.0187
2.9182 2.6377
7.6609 8.274%
T.8l42 §.6i28
=-32.1381 =31.673%
-72.008) ~82.730%
-74.0303 ~%4 6548
¢.0133 29.0914
~8.0746 15.%76
«0.0744 15.967%
32.257& ¥1.7673
81.8973 182.0773
79.8737 100. 1583
SHEAR-PAJS SMEAR-MIN
~0.0e03 0.0000
0.00C5 0.0000
0.0005 ¢.0000
-0.0001 ¢.0000
-0.0002 a.gooo
-6.0¢01 o.0000
0.0081 0.g000
9.0002 0.0030
$.0003 0.gocd
-0.000Y 6.0000
9.0805 ¢.0000
2.0805 0.g000
~0.3392 -6.0186
0.04as -¢.0284
0.0361 -g.0278
9.0900 0.0085
50085 6.0083
0.0107 0.0003

MALOR
SHEAR

3.o0000
9.0008
D.0808

8.0000
Q.poco
a.pocy

0.000¢
0.0000
0.0880

0.poed
e.oooc
0.0800

-1.2357
a.1787
0.1317

8.1 54
€.8239
. Ge52

-1.2357
8. 14w00
0.]ase

1.4A03
12.86%1
12.7531

=0.0021
“. 7562
2.%857

I.4385%
12.7727
12.8887

MINCR
SHEAR

o.caoo
o.Qusd
9.0000
&.qu0d
0.020d
0.3009

#.0a00
9.0000
9.0000

0.0000
9.0000
0.00a0

=0.0347
~8.1034
-0.i814

0.2053
0.11]%
e_il1s

0.033%
B.1ie7
9.1127

-0,6631
ri.ledl
-l.171%

9.2821
o.118%
B.110%

[ )
1.277
1.2502



7 1
’ 2
7 3
.3 1
] 2
] 3
9 1
9 2
9 3
10 1
10 2
10 3
BEAM FORCEIS
BAY LOAD
1 1
1 2
1 3
2 1
2 H
2 3
3 1
3 2
3 3
a 1
L3 ?
L 3
5 1
5 ?
5 3
L] 1
. 2
L 3
7 1
7 2
7 3
L] ]
8 2
B3 3
9 1
9 H
. 3
10 1
10 2
10 3
11 1
1 i
11 3

BEAN STRESSES

BAY LQAD
1 1
1 2
1 3
2 1
1 ?
H }
3 1
3 2
3 3
“ 1
“ 2
a 3
5 1
5 2
5 3
s 1
[ ?
s 3
? 1
? ?
7 3
a 1
8 ?
8 3

12.9342
8,.736L
?.2574

5.1200
15.9348
ts. 1098

0.0000
-0.1103
-0.1215

5.1387
17.080%
16.9067

TORSIONAL

MOMENT

=8.15%
-B.o12L
=0.0125

~0.0067
9.0358
0.0399

0. 1605

0.0066
-0.0388
=0.03%8

9.000¢0
9.0000
2.0000

2.0000
2.0000
2.0000

0.2366
8.5997
o.5801

-0.2322
-0.6282
-0.4458

1 NORMAL

9.0023
0.0064
0.0023

1.772%
“. 4816
4.5840

0.2962
1.7839
1.665%

0.0080
0.0057
0.0103

0.0132
0.0411L
68.0813

1.7653
3.7200
3.5153

0.2939
n.grzz
0.5900

2.088%

8.36%0
0.3806

-12.869]
~10.664]
-11.1752

-5.1690
-17.0298
-17.2052

-0._0028
-2.1207
-2.1357

=5.1838
=18.19%1
~18.0195

10.
10,
io.

4.
18,

19,

s,
19

19.

5780
3474
7988

4200
8861
0549

6759
asas
$330

4«30
9680
agol

CENTERLINE MOMENTS
J  MOMENT

I PMOMENT

3.0000
g.0000
0.o0c00

150.7176
J39.8120
J4p.8796

117.8828
276.4802
27B.6977

0.noog
0.co00
0.0000

[ -1.1.1-5
=0.0001
~0.0002

150. 7341
3z8.500%
325.5773

117.7493
248.9132
254 .6609

0.9002
-¢.a008
-0.0008

o.0002
=0.2008
-0.0008

99.8729
-8.2630
-4, 7633

99.8730
-§.4203
-8.9278

J NORRAL

0.0131
0.03%%
0.01%

0.3022
0.7366
0.719%

2.8514
6.4069
6.5388

a.so0e0
a.822
0.0384%

0.0023
a.o1e8
9.0149

a.2993
08.7879
9.8%46

2.8905
7.3353
7.1509

0.1203
0.4705
0.4873

=3

-7
=-7.

=31.
=71.
=73,

0.
o
=0.

-3
-8.
-8.

-32.
-81.
=79,

9.
=0,
-0.

-0.
=0.
=-0.

-141.
-402,
-493.

-l6l,
-465,
=904,

oogo
1.1}
agoo

1640
7129
5380

9815
LL.11
583

gonl

coon
ogoo
ooog

1874

a7l
20

0Zs2
aTh
2z2re

0bn3
[131]
a0le

[:12 ]
oolo
oolo

6384
5337
7995

4103
475
abez

~10.5098
-12.2753
-12.7168

4, 6699
-19.9a81%
-20.1503

0.50a7
0.9351
0.6992

& . 4791
-21.0812
=-20.9130

-0.3362
0.0384
b.c50e

0.0867
a.7748
0.7873

0.0000
[ N-T8Y]
0.0069

0.086%
0.7690
0.7760

BEAM EVD MDMENTS

I MOMENT

0.ooot
a.oaon
a.ooon

f9.0000
o.0o000
o.coon

a.co0e
9.0000
0.0009

a.0000
e.00¢0
9.0000

0.0000
0.c000
0.0000

0.9000
0.0d00
0.0000

0.0000

0.0000
0.0000
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J  HOMENT

a._paeo
0.0800
0.0800

0.0080
0.oo0m0
0.0000

0.0D00
0.8000
o.opoo

0.0000
0.0000
¢.0000

¢.0000
0,0000
0.0000

0.o000
0.q000
0.¢000

0.0000
0.9000
0.0000

0.
2.
0.

Q.
Q.
e.o003

a10¢
0lo4
clee

0267
&gy
o7es

0ags
ooos

0248
0769
8753



9 I 0.9833 0.1283
* H 0.3620 0.4677
9 3 0.3704 9.a710
10 H 1.a811 z.1005
1] £ 0.122% 13.384%
5] 3 0.4706 13.2548
1l I 1.0810 2.099%
1l 2 0.0a83 13.2787
11 3 9.1324 13.4283
BRACING ELEMENTI
BRACE LOAD AXIAL-FORCE
BRACE JTREISEY

BRACE LOAD AXTAL

STATIC AND DYMAMIC LOAD COMBINATION=-=<<LATERAL AND ROTATIONAL M. C. CIJPLACEMENTS

LEVEL CIRECTION 1 2 3
2 X =-0.100564] G.4408221 0.4408222
H Y =0.0000035 0.,0194%2¢ 0.0187559
H ROTN 0.0080000 0.000019 =¢.0000012
1 X 2.0008538 0.1989768 0.1989793
1 Y -9,00000%9 0.0058058 0.0075328
1 ROTN 2.0000000 0.0000061 =~0.000D10%

THE ITEEL WEIGHNT IS 12.6700

THE COMCRETE WEIGHT IS 30.000¢

THE TOTAL WEIGHT I3 23267.2318
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D, IDENTIFICATICN OF POSITIVE MEMBER FORCES

The positive direction of moments is in the same
direction as the local axes of the members. The positive
local axes can be identified by using the following methods:

1. Start from the column at the origin of the
reference coordinates. The positive weak axis of this
column must coincide with one of the positive reference
coordinates. The positive strong axis of the member can be
located by using the right-hand-screw rule, which states
that the index finger points at the weak axis and the thumb
to the strong axis.

2. The positive local axes of the other columns,
flexural walls, and panels can be located by rotdting the
column at the origin of the reference coordinates in a
counterclockwise direction, if necessary, such that the
positive weak axis of the member being studied.

3. The positive major axes of a beam are always
oriented such that when facing the beam with end i to your
left and end j to your right, the positive major axis at each
end points out toward you.

4. The positive axial force 1is assumed to be in
tension, and the positive torsion is based on the right-
hand-rule, which states that the thumb in representing the
torsional vector points away from the member axis.

As an illustration, the positive axes of the vertical
members of Example II are shown in Figure 11. The origin of
the reference coordinates 1is located at column 1 whose
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Figure 1l1. Positive Axes for the Vertical Members of

Example II
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positive weak axis coincides with the x-axis of the
reference coordinates. Use of the right-hand-screw rule
yields the strong axis as sketched in the figure. For the
shear wall, which is identified as column 6, the positive
weak axis must be ‘in‘the direction shown, because the
counterclockwise rotation of célumn 1 séts the weak axis of
the column in that direction. The pesitive major axes of
the beém in bay 1 are in the y-direction at column 1 and in
the x-direction at column 2. The internal forces of a few
typical members in Example II for lcad case 2 are shown in
Figure 12, in which the arrows signify the positive lcad
directions.

E. OUTPUT NCOCMENCLATURE

This section will be used to define different terms
found within the output:
STS = static tensile stress
SCS = static compressive stress
DTS = dynamic tensile stress
DCS = dynamic compressive stress
TS = tensile stress
CS = compressive stress
8BS = static bending stress
DBS = dynamic¢ bending stress
In the sections defined as active constraints and the
largest scaling factor, there are several types, locatiens,

and identifiers.
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0.006 in-k
0.877 kf

-0.457 1in-k

e

r—i

P 113.9 in-k

COLUMN 1
LEVEL 1

-0.203 in-k

_JrLti:191.s in-k

0.006 in-k

;0}877 k

-98.01 i

n-k  0.259 in-k

45.04 in-k
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1039.2 in-k
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FLEXURAL WALL
(COLUMN 6)
LEVEL 1
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Figure 12.

LEVEL 1)

-0.285 k

Internal Forces of Typical Members of

Example II
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Types:
COLUMN =
BEAM =
PANEL =
BRACE =
DISP. =
FREQ. =
D.DIS =
D.COL =
D.BM =

D.PAN

li

D.BRE =
- Locations:
- COLUMNS
BEAMS
PANELS
BRACE
Ident:
DISPLACE
¥ =
y =

z =

static
static
static
static
static
natural
dynamic
dynamic
dynamic
dynamic

dynamic

= column

bay

= panel

brace

MENTS
1l
2

3

COLUMN STRESS

TOP-MAX = 1

TOP-MIN

l
N

BOT-MAX = 3

BOT-MIN

i\
S

column stress
beam stress
panel stress
brace stress
displacement
frequency
displacement
celumn stress
beam stress
panel stress

brace stress

line

number

number
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BEAM STRESS

I NORMAL

J NORMAL =
PANEL STRESSES
TOP-MAX =

TOP-MIN

BOT=-MAX

BOT-MIN

FREQUENCY
1ST FREQ =
2ND FREQ =

All other terms are

1
2

explained within the input procedures.
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VII. PROGRAM CAPACITY AND GUIDE FOR MODIFICATION
A, PROGRAM CAPACITY
The computer program is written in FORTRAN IV with
fixed commons and dimensions. The capacity of the program
is limited by the following constraints:
+ The number of floor levels in the structure is not
more than 10.
» The number of bays in the structure is not more
than 15.
+ The number of cclumn lines in the structure is not
more than 14.
+ The number of panel elements in the structure is
noct mere than 20,
+ The number of braced elements in the structure is
not more than 40.
+ The number of sets of different fixed-end moments
and shears for the beams 1s not more than 10.
» The different column properties are nét more than
45.
+ The different beam properties are not more than 45.
+ The total number of load combinations is not more
than 10.
+ The total number of active constraints is not more

than 30.
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» The total number of modes to be used for a modal
analysis is not more than 5. The dimensions are
set for 10 modes, but COMMON/INV/ along with
subroutine INVERT allow only 5 modes in the
optimization.

B. GUIDE FOR MODIFICATION

The modification of the program capacity can be
achieved by changing the numbers for appropriate variables
in the following common and dimension statements:
COMMON/DATAl/CLN(NC,2), CP(26,NCP), BP(1l5,NBP),

FEF(5,NFEF), LB(NST;NB,3), LDB(NST,NB, 3),

LCC(NST,NC,2), LP(3,NPAN), IFEF(NFEF), PP(22,NPAN),

LT(3,NTRU), TP(9,NTRU), LIM, ID, GST, GCO, NSTEEL,

NSTEE2, NATC, NLDDD, NTOT1
COMMON/DATA2/QQ (4,NB,NST)

COMMON/DATAS5/COCOL(9,NC,NST), COBM(5,NB,NST),

COPAN(5,NPAN), CODIA(2,NTRU)

COMMON/DATA7/BLOAD (NST*NC), A(NST,15), AMA(2*NST*NC), IF,

IFC, X1, Y1l

COMMON/FORM1/S(LS), C(MM,MM), SB(LS), EF(MN6,NAD1),

PF (NAD2,LIM+N9)

COMMON/FORM2/KH (NNL) , SD(MM), E(MM,NE), EB(MM,NE)
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COMMON/FORM3/SL(LSL), NC, NSNC, N, NFR, NF, NL, KLAT,

LILAT, MLAT

COMMON/F04/SF4 (LS,NST), CF4(MM,MM,NST), EF4(MM,NE,NST),
KH4 (NNL,NST), RF4(MM,3,NST), RF5(MM,LIM,NST),

RF6 (MM, 1,NST)
COMMON/STIF1/SS (NSTC,NSTC), SG(NSS,NSS), STIFFF (NSTC,NSTC)
COMMON/TRAN1/D(NST,1,2),AA(l,6),RR(NSTC,6),U2 (NSTC,6)

COMMON/GEN/NST, NDF, NTF, NTOT, NAT, NFQ, NSD, IDUMNM,

BHED(NST), NSS, JDUM, T(6), RLAB(3), IS, I3
COMMON/JUNK/JK(3), MMJ, MNJ, JUK(57), SPAC13(368)
COMMON/STIF/STF (N2)

COMMON/MAT/E1l, G
COMMON/NEW/R66 (NN,NLD) , R(NN,N9+6), XM(6,NLD), FM(8)

COMMON/STRES/SCOL(NST,NC,6,6), SBM(NST,NB,6,2),
SPAN(NPAN,6,5), SDIA(NTRU,6,1),F2, CON(LIM), Pl, P2,

DIS(NST,3), LCON(5,LIM), L6, L7, L8, L9,CONCO(8,LIM)

COMMON/EIGNV/EIGV (NSTC), EIVEC(NSTC,NSTC), VAL(NS), N10,
N9, Cl(N9), L2(N9), XMAS(N9), XMAS1(N9), ISMN,
L3(NS), L4(N9), MODE, PHIM(N9), DPHI(N9),

PHIL1 (NSTC,NS), DPHIM(NS), PHI(N9), UVAL(NS)
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COMMON/GRAB/T2 (NST,NC,LIM), T3(NST,NB,LIM),

T4 (NST,NPAN,LIM), T5(NST,NTRU,LIM), RRR
COMMON/PASS/PPASS (NPAN) , TPASS (NTRU), IPASS, IPASS1

COMMON,/DYNAM/VMA (NSTC), FMA(NSTC), DDIS(NST,3),
X2 (NSTC,N9), PQ(N9), ETA(3,N9), VM1(NSTC), SAA(3,N9),

PHII(N9), VN(NSTC,N9)
COMMON/INV/PHIL (NSTC,N9)
COMMON/JUNK2/MN6, NAD1, NAD2, LSL, ISEC
COMMON/JUNK3/PSID2 (NSTC, LDLIM)

COMMON/RESP/C11(3), C22(3), C33,(3), C44(3), C55(3),

C66(3), C77(3)
COMMON/CODE1/HT (NST), WTT(l), WWW(NST,1)

COMMON/ATC1/U(NST,N9), V(NST), DDDIS(NST), DELT(NST),
RM(NST), CV(NST), SUMWFL(NS), SUMWF2(N9), WBARM(NS),
CSM(N9), RMOMNT (NST+1), CVXM(NST,N9), FMODAL(NST,N9),
DELXEM (NST,N9), VMMODE(NST,N9), RMMODE(NST+1,N9),

DRIFMO(NST,N9), VMODAL(NS), TETA(NST), PP1l(NST)

COMMON/ATCI/IACTIV, ISOIL, MR, ISF, NANALS, NNNNN, MMMMM,
NBRITL, ISH, NPREGR, NVREGR, IS1l, NH, AAl, AV, 5888,

R888, CD, RL, RL1l, Pll, P12, DELA(NST), IKE

COMMON/STEP/C111(15,NUM22), DIX(2,NUM22), NUM22
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COMMON/SPEC/ DD11(2,NDIV,3), CCll(6,NDIV,3), NDIV
COMMON/PLOTT/IPRF, IPRS, IPRE, IPREM, IPRD
COMMON/JUN3/ISPA(16), SPA(208)

DIMENSION RLAB3(11), PDIS1(NSTC,LIM), AMA2(NST*NC),
AMA4 (NST), AMAS5(NST), P6(12,LIM), RKAPPA(NST),
TT(N9), FS(NSTC,2), FFF(NST), VALL(N9), VM2 (NSTC),
VM11(NSTC,2), VM12(NSTC,2), FM2(8,N9+6), OBJI(NOC),
OBJS(NOC), OBJC(NOC), PERIOD(NOC,N9), VM3 (NSTC),
NCPL1(NC), NBPL1(NB), COLIN(NCP), BMIN(NBP),

X99 (NSTC,N9), FINA(NSTC,6), ... in MAIN

DIMENSION PA(NST,2), PB(NST,2), AJAV(NC) ... in subroutine

INFORM

DIMENSION BJAV(NC OR NB, whichever is larger), ... in

subroutine GENERA

DIMENSION AMA2(NST*NC), AMA4(NST), AMA5(NST), ... in

subroutine INITIL

DIMENSION PDIS(NSTC,LIM), LCON(5,LIM), NTP1(LIM) ... in

subroutine FORM
DIMENSION NTP1(LIM) ... in subroutine ELIMIN
DIMENSION A(NSTC,NSTC), B(NSTC,6) ... in subroutine GAUSS

DIMENSION A(LIM,LIM), B(LIM) ... in subroutine GAUSS1
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DIMENSION A(NSTC,NSTC), B(NSTC,2) ... in subroutine GAUSS3

DIMENSION A(NSTC,NSTC), B(NSTC,LIM) ... in subroutine

GAUSS4

DIMENSION A(NSTC,NSTC), B(NSTC,NSTC) ... in subroutine

GAUSS2

DIMENSION RF(NSS,LIM), D(NST,1,2), R(NSTC,6) ... in

subroutine REFDSP

DIMENSION RF(NSS), D(NST,1,2), R(NSTC) in subroutine

REFDSPl

DIMENSION RF(NSS,LIM), D(NST,1,2), R(NSTC,LIM) ... in

subroutine REFDSP3

DIMENSION PDIS(NSTC,LIM), FM2 (8,N9+6), PDIS1(NSTC,LINM),
AMA2 (NST*NC), AMA4 (NST), AMAS(NST), FM4(12,N9),

P6(12,LIM) ... in subroutine FORCES

DIMENSION FM1(8,N9+6), FM2(8,N9+6), PDIS(NSTC,LINM),
FM4 (12,N9), LCON1(5,N9), PDIS3(NSTC,N9) ... in

subroutine REFROT

DIMENSION PDIS (NSTC,LIM), PDIS1(NSTC,LIM), PF(NAD2,LIM),
AMA2 (NST*NC), AMA4(NST), AMAS(NST), P6(12,LIM) ... in

subroutine PSEUDO

199



DIMENSION PDIS1(NSTC,LIM), PDIS(NSTC,LIM), LCON(5,LIM) ...

in subroutine ROTDIS

DIMENSION PDIS(NSTC,LIM), T(8,LIM), FM2(8,N9+6),
XM(6,NLD), LCON(5,LIM), AMA2(NST*NC), AMA4(NST),
AMAS (NST), QL(N9), T6(NSTC), PPE(NSTC,NS), DPHI2(NS),
DPHIM2 (N9), T7(NSTC), P6(12,LIM), LB(NST,NB,3),

PD(NSTC), CONCO(8,LIM) ... in subroutine GRAD

DIMENSION CS(N9), FM2(8,N9+6), XM11l(6,NLD) ... in

subroutine SORT

DIMENSION AMA2 (NST#NC), AMA4 (NST), AMAS5(NST) ... in

subroutine OBJECT

DIMENSION LCON(5,LIM), AMA6(NSTC), AMA2(NST*NC),

AMA4 (NST), AMAS(NST), ... in subroutine EMAS

DIMENSION A(NSTC,NSTC), B(NSTC,NSTC), D(NSTC),
FM2 (8,N9+6), XM12(6,NLD), AMA2(NST#NC), AMA4(NST),

AMAS (NST), X2L(NSTC,N92) ... in subroutine JACOBI

DIMENSION B(NSTC), AMA2(NST*NC), AMA4 (NST), AMAS5(NST),

FN(NSTC,N9), ... in subroutine MODAL

DIMENSION AMA2 (NST*NC), AMA4 (NST), AMAS(NST),

X3 (NSTC,NSTC) ... in subroutine INVERT

DIMENSION R{LIM), R1(LIM), S(LIM,LIM), S5(LIM,LIM),

CPASS1(NCP), BPASS1(NBP) ... in subroutine LAGMU
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DIMENSION R(LIM), CON(LIM), LCON(5,LIM), CPASS1(NCP),

BPASS1(NBP) ... in subroutine CURSE
DIMENSION T6(NSTC), PD(NSTC), ... in subroutine ROTATE

DIMENSION DM(NSTC,NSTC), TT(NS), FS(NSTC,2) L2(N9),
FFF(NST), RKAPPA(NST), TTT(N9), SS(NSTC,NSTC),

SG(NSS,NSS) ... in subroutine ATCCD
DIMENSION FFF(NST), RKAPPA(NST) ... in subroutine ILAT1

DIMENSION SK(NSTC,NSTC), SS(NSTC,NSTC), SG(NSS,NSS),
FS(NSTC,2), FFF(NST), RKAPPA(NST) ... in subroutine

LAT2

DIMENSION TT(NS), SK(NSTC,NSTC), SS(NSTC,NSTC),
SG(NSS,NS8), FS(NSTC,2), FFF(NST), RKAPPA(NST) ... in

subroutine MODALA
DIMENSION X(N9) ... in subroutine ROOT1
DIMENSION X(NST,N9) ... in subroutine ROOT2
DIMENSION X(NST+1,N9) ... in subroutine ROOT3
DIMENSTON RKAPA(NST) ... in subroutine ATCIF

DIMENSION SD(NST,15), Cl(N9), AMA4(NST), TT(N9), VAL(N9)

«.. 1n subroutine ATLINK
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DIMENSION X(NSTC), LP(3,NPAN), LT(3,NTRU), COLIN(NCP),
EMIN (NBP), X9 (NSTC,N9), FINA(NSTC,6), U2(NSTC,6),

VM3 (NSTC) ... in subroutine REPLAC

DIMENSION CC(16), X(NSTC), LP(3,NPAN), LT(3,NTRU) ... in

subroutine REPORT

DIMENSION OBJ(NOC), PERIOD(NOC,N9), L2(NS), XM(6,NLD),
OBJS (NOc), OBJC(Noc), LC(NST,NC,2), LB(NST,NB,3),
COLIN(NCP), BMIN(NBP), X99(NSTC,N9), FINA(NSTC,6),

NCPL1(NC), NBPL1(NB}) ... in subroutine PLOT

The following commons serve several purposes
throughout the program and should be medified accordingly
in the various subroutines: FORM2, JUNK, STIF, and JUN3.

The variables in the COMMON and DIMENSION statements
are listed as follows in which the numbers in parentheses
represent the program capacity in the present form:

NC = Number of vertical column lines in the structure
(14).
NCP = Number of sets of different column properties
(45) .
NBP = Number of sets of different beam properties (45).

NFEF

]

Number of sets of different fixed-end moments and
shears due to vertical lcads acting on the beams
(10) .

NST = Number of stories in the structure (10).
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NB
NPAN
NTRU

NLD

NS

NUM22

NDIV

NOC

LIM

LDLIM

2 B B

Ls
Ic
NE

u

Number of bays in thé structure (15).

Number of flexural panels in the structure (20).
Number of bracing elements in the structure (40).
Total of static and/or dynamic load combinations
(10).

Number of modes used in a modal analysis and/or
frequency constraint proklem (10). (Optimization
during a response spectra analysis allows only 5
modes.)

Number of subdivisions for steel element secondary
to primary design variakle relationships (3). |
Number of subdivisions for the pelynomial
representation of the acceleration response
spectra (4).'

Number of optimization cycles (50).

Number of constraints (30).

Number cf allowable dynamip displacement
constraints (20).

2 * NC

2 * MM

MN + NC *# NST + 3 * NST + 3 + NC

MM + MN + 6

(MM * (MM+1))/2

MM * MM

NC # NST + 3 *# NST + 6 + NC

NN - MN
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LSL =

NNL =

NADl =

NAD2Z

NSTC

il

NSS

N2

(NNM * (NNM + 1))/2 + NNM * 3

NN + 3

MM + 6

MM + MN

NST # NC + NST * 3

NST * 3

96 * NC *#* NST + 18 *# NB * NST + 8 * NTRU + 40 #*

NPAN + 336

As mentioned previously the number of modes allowed

during the optimization of a response spectra modal

analysis problem is limited to 5 due to both program

statements and commons. Therefore, if more modes are

required, these changes must be made:

1.

A new two dimensional array must be added to
COMMON/INV/ for each additional mode (i.e.,

X9 (NSTC,NSTC), XlO(NSTC,NSTC)-for medes 6 and 7,
respectively).

A new line for each new mode must be added to
subroutine GRAD after line 4%12. These lines
would be similar to lines 4908 to 4912, with the
new-arrays being substituted for the correct
mode.

Three new lines for eacﬁ new mode must ke added
to subroutine INVERT after line 6284. These

lines would be similar to lines 6273 to 6275 with
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the new arrays  and mode numbers being substituted

within thé new lines.
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