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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 seismic loads.

The building systems may consist of concrete flexural

walls, flexural panels and shear walls, as well as steel

beams, columns, and braces. The mUlti-component seismic

excitations 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 ~re considered

by' using the string-geometric stiffness approach or the ATe

3-06 st·ability factors.

The computer program has been developed for achieving

efficiency in hoth 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 modification.

ii



ACKNOWLEDGEMENTS

This study was conducted as a portion of a broad

research program on the analysis and optimum design of

building systems subjected to multicomponent seismic

excitations and building code provisions. The authors

would like to thank the Department of Civil Engineering at

the University of Missouri-Rolla, the Department of Civil

Engineerinfg at Washington University, and the National

Science Foundation for providing facilities and financial

support for this project. The report was prepared with

partial support under the grants of NSF CEE 8213477 and NSF

ECE 8403875. This support is gratefully acknowledged~

.
Drs. Truman and Juang, former graduate assistants in Civil

Engineering at the University of Missouri-Rolla, are the

Civil Engineering faculty members of the Washington

University in St. Louis and of the National Central

University in Taiwan, respectively. Dr. Juang's

collaboration on this project was at the phase of the

computer program documentation.

iii



TABLE, OF CONTENTS

Page'

ABSTRACT ,----------------------------------------------ii
ACKNOWLEDGEMENTS -------~------------------------------iii

I. INTRODUCTION -------------------------------------- 1

II. STRUCTURAL MODEL, ANALYSIS, AND OPTIMIZATION ----- 2

A. STRUCTURAL MODEL ------------------------------ 2

1. Global Degrees of Freedom -~-------------- 2

2. Second-Order Effects --------------------- 4

3. External Stiffness ----------------------- 4

4. Structural Mass -------------------------- 6

5. Steel Elements --------------------------- 8

6. Reinforced-Concrete Elements ------------- 10

7. Primary vs. Secondary Design Variables --- 15

a. R~gular Cross-Sections -------------- 16

b. Steel Wide-Flange Sections ---~------ 17

c. Reinforced Concrete Sections -------- 18

B. ANALYSIS -------------------------------------- 19

1. Static Analysis -------------------------- 19

2. Natural Frequencies and Mode Shapes ------ 23

'3. Dynamic Analysis ------------------------- 24

a. Modal Analysis ---~---------)-------- 24

b. ATC 3-06 Analysis ------------------- 25

C. STRUCTURAL OPTIMIZATION ----------------------- 31

1. Objective Function ----------------------- 31

2. Constraints ------------------------------ 31

3. Active Constratints ---------------------- 32

4. Scaling of the Design -------~------------ 33

5. Termination Criteria --------------------- 36

iv



III. DISCUSSION OF ODRESB-3D ------------------------------ 39

A. NUMERICAL PROCEDURES ------------------------------- 39

B. REMARKS ON PROGRAM USE ----------------------------- 47

IV. DESCRIPTION OF SUBROUTINES ---------------------------- 50

V. DESCRIPTION OF INPUT DATA ------------------------------ 59

A. GENERAL INFORMATION -------------------------------- 59

B. CONTENTS OF THE INPUT ------------------------------ 59

C. PREPARATION OF INPUT DATA -------------------------- 60

D. JOB CONTROL LANGUAGE ------------------------------- 88

E. COMPUTER PROGRAM LISTING --------------------------- 91

VI. SAMPLE INPUT DATA AND OUTPUT SOLUTIONS --------------- 137

A. EXAMPLE I: A TWO STORY STEEL STRUCTURE ----------- 137

1. Description ---------------------------------- 137

B. EXAMPLE II: A TWO STORY MIXED SETBACK STRUCTURE -- 140

1. Description ---------------------------------- 140

C. COMPUTER PRINTS OF EXAMPLES I AND II -------------- 145

1. Input Data of Example I ---------------------- 145

2. Output Data of Example I --------------------- 146

3. Input Data of Example II --------------------- 155

4. Output Data of Example II -------------------- 158

D.- IDENTIFICATION OF POSITIVE MEMBER FORCES ---------- 188

E. OUTPUT NOMENCLATURE -------------------~----------- 190

VII. PROGRAM CAPACITY AND GUIDE FOR MODIFICATION --------- 194

A. PROGRAM CAPACITY ---------------------------------- 194

B. GUIDE FOR MODIFICATION ---------------------------- 195

BIOGRAPHY ------------------------------------------------- 206

v



r. INTRODUCTION

ODRESB-3D, Qptimum ~esign of d-QimensionalBeinforced­

Concrete and §.teel ~uilding 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
I

multi-component seismic excitations. The current program,

ODRESB-3D, has removed the inelastic analysis and the time

dependent dynamic analysis and replaced them with a

structural optimization technique, response spectra

analysis, and ATC 3-06 analysis provisions (3). Therefore,

this program can be used to produce and study the optimal

design of three-dimensional structures sUbjected to static

and dynamic loads.

This manual will be used to provide the information

required for the correct lise of the computer program ODRESB­

3D. It will include a summary of the analytical procedures,

a brief description of the computer program subroutines r 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.
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II. STRUCTURAL MODEL, ANALYSIS, AND OPTIMIZATION

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.

1. 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 assumption

allows every floor to be represented by two translational

and one rotational degree of freedom 'in the horizontal

plane. By allowing the floor 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 freedom are

eliminated through static condensation leaving each

structure with a vertical degree of freedom at each

structural node along with two translational 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

(2.1)



Figure 1.

t

Global Degrees of Freedom per
Floor After Condensation
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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 is based upon the string

stiffness technique, as shown in Figure 2. The string

stiffness technique assumes that the given column with axial

force, pI, creates a second-order moment equivalent to the

axial force multiplied by the drift, ~. In order to enforce

equilibrium an additional shear of pI /L is required, where L

is the length of the flexible portion of the column. This

term of pI /L is used to reduce the lateral stiffness of

structure, therefore increasing the lateral deflections and

increasing the internal moments. Note that DT and DB 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 anyone or combination of the

floor degrees of freedom which act in the horizontal planes

4
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Figure 2. String Stiffness Approach to
Second-Order Effects
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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 ATe 3-06

seismic analysis.

4. structural Mass. When a dynamic analysis is

performed the structural mass matrix must be generated. A

lumped mass system is used where there is mass associated

with each of the global degrees of freedom. The analyses

use both structural and nonstructural mass. The non-

structural mass must be part of the input data, but the

structural mass is 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

MS R i =
q
1:

k=l

q
1:

k=l
(:2 • ;2)

where Ms R i is the structural, rotatory mass inertia for

level i, MVk is the mass associated with node k, xk and Yki

6



Figure 3. Allowable External Stiffnesses
per Floor
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are the distances from the global mass center along the

global x and y axes for node k, and r Ie 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

(2.3)

where MRi , MSRi ' and MNRi represent the total, structural,

and nonstructural rotatory inertia for level i. There is no

mass associated with the condensed rotational degrees of

freedom, therefore the mass matrix becomes a diagonal matrix

with an associated mass for each global degree of freedom.

5. Steel Elements. The steel element cross-sections

can be regular shapes (rectangular, tubular, or circular) or

irregular 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-sectional properties:

the major-axis, minor-axis, and torsional moments of

8
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Figure 4. Steel Elements with the Elemental
Degrees of Freedom
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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 maj or-axis moment of inertia,

section modulus, and the torsional moment of inertia.

The steel braces are allowed two degrees of 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 optimization are based upon

the following assumptions. The elements must be

rectangular (or square) with a fixed depth, h. The steel

must be equally distributed along the major 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

inertia, 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

I =y

I

3

I

3
h (kb I) 3 + (n-I) As (kb' -b") 2 + n As (b '-kb I) 2

(2.4)

(2.5)

At = b(kd) + (n-l) As + nA s

where

As = pbd

d = Ph

d' = (I-P)h

11
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Figure 6. Transformed Concrete Elements
with Respect to a) the Major-Axis
and b) the Minot-AKis
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n = Es/E c

(2.10 )

(2.11)

in which Es ' is Young's modulus for steel, Ec ' is Young's

modulus for concrete, f s ' is the yield stress for steel and,

f c' is 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 lumped steel, k, the

percentage of the effective depth for the cracked section

based upon the position of the lumped steel, n, the modular

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

Ix = bh'[;(kP)' + (n-1)pp(P(k+1)-1)' + npP'(l-k)']]

(2.12)

I y = hb'[ ;(kP)' + (n-1) pP(P(k+1) -1)' + npp' (1-.k) '1 ]

( :2 • 13 )

At = Pbh [k+2np-p] (2 . 14 )

Note that the terms in the brackets'~re independent of the

dimensions of the cross-section, therefore greatly

14



s~mplifying the equations to a constant times 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 mo~t likely will not repre.ent a cross-section

which is realistic. Also, in the optimization process 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 geometric properties other than

the primary design variable are defined as secondary 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 cross-sectional

area. Each secondary design variable is represented in this

form

(2.15)

where Sij is the jth secondary design variable for the i th

element, C1 j' C2j , and C3j are the appropriate constants,

and a i is the it h element primary design variable, (i. e., the

major-axis moment of inertia, etc.).

a. Regular 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 circul'ar 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



1
I y = Ix (2.16)

R 2

A = [:2) 1/2 I 1/2 (2.17)x

b. Steel Wide-Flange Sections. The primary and

secondary design variables associated with steel wide~

flange sections are of the psuedo-discrete variety. The

actual values are discrete but are approximated with a

continuous spectrum of sizes.

The constants to be used in Equation 2.15 can be

determined in any manner which best suits the user. Several

possibilit-ies would be to choose the constants to give an

upper bound, an average, or a best-fit for each of the

secondary design variables. It is important to' note that

these equations do not provide a one to one 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 section as

found in the Alneric:;an 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 Equation 2.15. The

equations are based upon the theoretical derivation given in

Equations 2.4 to 2.14 and are

1
I y = Ix 3 (2.18")

h 8 0 2

1
J = Ix 3 + Ix (2. 19)

h 8 0 2

A (2.20)

= I 3x (2.21)

where Ix is the major-axis moment of inertia, AN' is the

actual concrete area, h, is the depth of the cross-section,

P, is 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 percentage

of steel, and 0 is a constant based on the given properties.

The equation for 0 is

18



o (Pk) 3 + pP (n-l) (P (k+l) -1) 2 + nP 3 p (l-k) 2

(2.22)

Equations 2.18 to 2.21 are derived by replacing the width b

with its equivalent representation in terms of Ix as derived

from Equation 2.12.

B. ANALYSIS

1. static Analysis. The elastic, global stiffness is

assembled through a sequence of transformations. First the

local degrees of freedom are transformed to member-end

deformations which include the rigid 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 column line and frame

coordinate system must be located such that the mass center

is 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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Figure 7. Transformation from Reference
to Global Coordinates
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I

(2.23)

An

where

[A]n =

cos B

-sin B

o

sin B

cos B

o

(-~y cos B + ~x sin B)

(~X cos B + ~y sin B)

1 n

(2.24)

in which I is the identity matrix corresponding to tile

vertical displacements of the columns 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 geometry of each

structure is based upon the reference coordinate system.

The rotational degrees of freedom at the structural

nodes are condensed for the purpose of increasing

computational efficiency 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 j oint rotations

and ultimately the member-end forces are obtained by using

backward substitution.

The static load combinations are comprised of two sets

of independent lateral forces and four sets of vertical

forces. The lateral loads consist of two orthogonal,

concentrated loads for each level. The four sets of

vertical forces are composed of one set of concentrated,

vertical nodal loads and three sets of uniformly distributed

loads. The vertical nodal loads have independent

magnitudes, but must be located at a structural node

producing axial loads on the columns. Each uniformly

distributed load in a set has its own magnitude and can be

applied to any combination of beams within a load

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 load factors

to the various types of forces. The typical formula would

be

L i = "liVl + "2i V 2 + "3i V 3 + "4i V 4 + "SiRs + "6i R I)

(2.25)

where Li' is the it h load combination, "1 i, ... , "I) i' are the

appropriate load factors, Vl' ••• , V4' are the vertical

forces, and Rs and RI)' are the lateral forces.

22



2. Natura"l Frequencies. andcMode· 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~

Structural 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

Jacobi method was used (6). The advantages of this

teChnique are 1) the eigenproblem need not be transformed to

the standard eigenproblem which is advantageous when the

matrices are ill-conditioned, 2) all eigenvalues and

23



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 technique, since this condition can arise when

considering the ATe 3-06 applied loads.

3. Dynamic Analysis.

a. Modal 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 mentioned previously three separate response

spectra can be used in the analysis; one for each direction

of horizontal acceleration and one for the vertical

acceleration. The rotational 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

(2.26)

where Sa (T), is the acceleration response at period T in
k

24



the k th direction, a max is the maximum ground acceleration,

and C1 , ••• ,C 6 are appropriate constants. The equations for

the acceleration response spectrum shown in Figure 8 are

(Sa/amax ) = -26.14T 2 + 13.94T + 0.935

for T ~ 0.4 sec. and

(Sa/amax ) = 0.1606(T-O.4)4 - 1.141(T-O.4)3

(2.27)

+ 2.996(T-0.4)2 - 3.618(T-O.4) + 2.229

(2.28 )

for T > 0.4 sec. This form was chosen in order to provide ~n

adequate numerical representation of the spectrum and to

provide a simple technique for finding the slope of the

acceleration spectrum at a given period, the slope is
r

required within the optimization.

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

provisions provide two options for determining the lateral

forces to be used for finding the seismic structural·

response. The two approaches are called the equivalent

lateral force and modal analysis approaches. Both

approaches assume the structures to be analyzed as two

dimensional structures. This requires two analyses for

each three-dimensional 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 appli.ed.o

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 upon the principal direction forces

(including the eccentricity) 'plus thirty percent of the

orthogonal direction forces. These exceptions are handled

automatically within the program.

The equivalent lateral force technique' is based upon

the we'ight distribution' coupled with the' story height'. The

base shear, V, and mt h level lateral force, Fm' are given as

(2.29)

and

(2.30)

where Cs , is the s~ismic design coefficient which depends on

the soil conditions, building site, fundamental period, and

response modification factors as given in the ATC 3-06

provisions, Wr , is the gravity load of the building, and Cvm ,

is the shear distribution factor for the mth level. Cvm is
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given by the formula

= (2.31)

where wm and wi are the portion of the weight assigned to

level m or i, hm and hi' 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). The lateral forces given in

Equation 2.30 are used to find the displacements which are

used 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, Vi' and the mt h level

lateral force for mode j, Fmj , are given as

(2.32)

and

(2.33)

where Csi , is the modal seismic design coefficient which

depends upon the soil conditions, building site, fundamental

period and response modification factor, Wi' is the

effective modal gravity load determined as
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= (2.34)

and cvmj , is. the jth mode shear distribution factor for the

mth level which is given by

= (2.35)

where Q>m j and Q> i j are the mt hand it h level components of the

j t h eigenvector, and Wm and Wi are the portions of WT

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 ATe 3-06 provisions have their own method for

including P-delta effects, called the stability

coefficient, which is determined by using the formula

e = (2.36)

where Px ' is the total gravity load above level x, ~, is the

story drift, VX ' is the seismic shear force acting between

levels x and x-l, h sx ' is the story height below level x,
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and, Cd' is the deflection amplication factor. If the

stability coefficient is greater than one-tenth, the story

drift is to be mUltiplied by the factor (l+ad) in order to

take into account the second-order effects. The term ad is

found by using the formula

= a/ (l-a) (2.37)

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

f - [1 + a ] = 1/(1-9)
1 - l-a

(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 option 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

1. Objective Function. The objective function is the

actual function to be minimized such as cost or weight of the

structures. The obj ective function used in the computer

program takes the form

n
OP) = 1: 'Y i Vi

i=l
(2.3.9 )

where 'Yi' is the appropriate constants of objective value

per unit volume for element i, Vi' 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 variables through Equation

2.15 giving the relationship

(2.40)

where 1 i , is the length of element i, C1A , C2A , and C3A are

the appropriate constants for the area, Ai' of element i.

The constant 'Yi 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

equal i ty , inequal i ty , s ide or I inking constraints. The

equality constraints find very little use in building

systems since they are generally used to enforce equilibrium

and compatibility which are already enforced due to the

stiffness formulation. The inequality constraints are used

to place limits 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

th~n 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

(l-P t> (2.41)

for upper bound constraints and

(l-P t>
u·-J

(2.42)

for lower bound constraints, where Uj is the actual

structural response, Uj is the upper limit, and Yj is the

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 1 )

provides the proportional thickness of the region on the

feasible side of the constraint and the value (I+P z)

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 algorithm 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. In 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

f·J = j = 1, ... ,.2 1 (2.43)

for upper limit constraints

=
u·-J

j = 1, ... ,.2 2 (2.44)

for lower limit constraints where .2 1 and .2 2 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 design variable is

scaled, the secondary design variables are scaled according

to Equation 2.15 which gives

= (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 quotient it can be written as

=
{~}T [K]f {~}

{~}T [M]f {~}
(2.46)

where [K]f and [M]f 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 provide's

an active constraint approaches the point of discontinuitt

of the secondary design variables with respect to the

primary design variable. Despite this possible instaoility

most problems can be adjusted to eliminate this problem by

reorienting or resizing certain elements within the problem.

Another alternative is 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 displacements 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 become aceive 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 is 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 maximum 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 important since these are

used to terminate an optimization sequence which is either

diverging or converging at a very slow rate. Limiting th~

allowable number of optimization cycles and the allowable

number of analyses will stop the procedure from using

excessive computing resources due to a slowly converging or

slowly diverging solution. (The' slowly diverging system'

usually occurs near the' optimal solution 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 involved 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, P4' which can be written as

(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 condition of

computing resources versus the closeness to an optimal

solution. A good range for P 4 is 0.5% to 5 9<-o. A smaller

percentage of change in the obj ective function requires more

computing time but provides a near optimal solution, whereas

a larger percentage saves computing time at the expense of

optimization.
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III. DISCUSSION OF ODRESB-3D

A. NUMERICAL PROCEDURES

ODRESB-3D is composed of a main program and 51

subroutines and is capable of analyzing and optimizing

building systems subjected to static loads, 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.

Stepl~ 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 ATe 3-06 analysis. The input data is 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 secon9ary 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 SHRWLl, 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 element 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 degrees 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

to global coordinates.

Step 5 - Solve for static and Dynamic Displacements.

The static displacements are determined for each of the

independent load sets by using Gaussian elimination.
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Subroutine GAUSS is used to perform. the elimination process.­

The final load combinations are then found by multiplying

the load sets with the appropriate load factors and

superimposing the results.

The dynamic displacements are dependent upon the method

of analysis chosen. The user has three options: response

spectra modal analysis, ATC 3-0 6 modal analys is 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 load case B. The ATC !-O~

equivalent lateral force procedure uses subroutines:·

ATLINK, ATCCD, LATI, and LAT2. Subroutine ATLINK and ATCCD

compute all the necessary structural information required

within the equivalent lateral force analysis; subroutine

LATl 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 includes the P-delta

effects through the use of ATC 3-06 stability factor, 9.

The ATC 3-06 modal analysis procedures uses subroutines:

ATCDD, ATLINK, MODALA, LAT2, 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

ROOTI, 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 substitution from the base

of the structure to the top story. These displacements are

first transformed into reference coordinates using the

subroutine REFDSP. Subroutine FORCES is also 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 (I-P 1 ) and (I+P 2 ) as

previously defined. If the constraints are beyond (1+P 2 )

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 (l+P2).

Once all constraints are below the highest acceptable

value of (l+P 2), SORT chooses the set of active constraints.

These constraints will be the ones considered within the

structural optimization.

step 8 - Check the Termination criteria. The MAIN

program checks the termination criteria. The program will

not terminate if a scaling is required (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 tot'aT

number of opt'imization 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 termination criteria are satisfied, the program

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 also 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 satisfied the program

would continue to step 9.

step 9 - Determine the Constraint Gradients. The

static response gradients are found by using the virtual

IQad 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 virtual 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 approach 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, FORCES, REFROT, INVERT, GAUSS2, EMAS, and GRAD. The

dynamic response gradients use a pseudo load approach for

finding the gradients. The virtual load vectors determined

in PSUEDO are mUltiplied 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 various 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 subroutines several, transforma­

tions are used. The important transformation subroutines

are ROTATE, REFDSPl, REFDSP3, ROTDIS, and GLOCOR. ROTATE
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and ROTOIS provide the needed rotational displacements in

reference coordinates, and REFOSPI and REFOSP3 are used to

transfer the displacements from the mass center to the

reference coordinates. GLOCOR is used to transfer the

reference coordinates 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 LaGrange 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 equations 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 GAUSS 1 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 controlled by a side constraint

(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 control parameter is usually sufficient. The

larger' the number the slowe,r the convergence. If the lineacr

recurrence relationship gives an element size which is

smaller or larger than the allowable sizes, the, LaGrange,

multipliers must be recalculated. Therefore, the program

goes 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 desig~ variables and

the next cycle of optimization begins.

B. REMARKS ON PROGRAM USE.

The following section provides some information which

may be useful to the user.
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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 problems. 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

fashion.

5. The ATe 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 missing elements.

7. Linking of columns or beams 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. In addition to providing the general flow by

calling the different subroutines, the main program is

responsible 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 XXII.

3. Subroutine GENERA. This subroutine is called from

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 initialize data.

The initialized arrays include member forces, stiffness

coefficients, and masses.

5. Subroutine FORM. This subroutine is used to

formulate the geometric stiffness and structural stiffness

for the analysis procedures. It is also used to arrange the

virtual load vectors used in 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 coordinates for th'e:­

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 geometric 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

coordinates for the bracing elements.

10·. Subroutine REFCOR. This subroutine is called

from the subroutines COLUMN, BEAM, PANEL, and BRAC in order

to transform the matrices encountered from the elemental.

coordinate systems to the reference coordinate system.

11. Subroutine FLOSTF. This subroutine is called

from subroutine FORM in order to place the member

stiffnesses and the fixed-end forces (in reference

coordinates) in the proper locations within the arrays

representing a typica~ floor within the structural system.

These different arrays are used to separate the degrees of

freedom to be eliminated and those to be retained.

12. 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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used to

static

used to

Lagrange

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

perform a Gaussian elimination to find the

displacements.

15. Subroutine GAUSS 1. This subroutine is

perform a Gaussian elimination to find the

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 virtual

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. Subroutine REFDSP. This subroutine is used to

transform the lateral and rotational displacements from
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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 one

active constraint.

27. Subroutine CONCR. This subroutine finds the

values for the secondary design variables related to the

concrete elements. The secondary design variables are

given in Eqns. 2.18-2.21.

28. Subroutine STEEL. This subroutine determines

the secondary design variables for the steel elements based

on Eqn. 2.15.

29.. Subroutine PSUEDO. This subroutine is used to

generate the virtual load 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 violated, or if all

constraints are passive, a scaling factor is determined. If
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used to

It is used

the modal

there is no violation and one or more active constraint's;

these constraints are identiffed and used 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 JACOBI. This sUbroutine uses the

Jacobi iteration technique for finding the eigenvectors and

eigenvalues.

36. Subroutine MODAL. This subroutine is

perform the 3-D response spectra modal analysis.

to generate the dynamic displacements from

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 to find the

Lagrange MUltiplers. It also checks for negative Lagrange
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multipliers. If there 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 is 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 LAT1. 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-~ criteria. It checks for drift

violation and computes the stability coefficient, 9. If the

p-~ criteria is violated, the drifts and displacements are

increased.

44. Subroutine MODALA. This subroutine generates

the modal forces and displacements for the ATC 3-06 Modal
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Analysis Procedure. It· also uses root-sum-of-the-squa-res:-­

method to combine the modal effects.

45. Subroutine ROOT1. This subroutine is used to

find the root-sum-of-the-squares of the modal base 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 ROOT3. This subroutine is used to

find the root-sum-of-the-squares of the modal overturning

moment at the base.

48. Subroutine ATCIF. This subroutine is used to

read and print the ATe 3-06 information.

4·9. 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 load above each level, the height of

each level from the base, and the natural periods for the

structural system.

51. Subroutine REPLAC. This subroutine catalogues

the current optimal design during the optimization process.

As a "better design" becomes available, this subroutine

replaces the previous optimal 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 codes (I through

(XXIII). Throughout the various input codes, there are

various options and omissions which must be followed. The

input stream is exactly as outlined within Sections IV. Band

C. All input is assumed to be read through Device 5, and the

output is assumed to be printed through Device 6. In

addition to these devices workspace or work files must be set

as device numbers 73, 74, 75, 76, and 77. These workspaces

are used to store data during the execution of the program.

In addition to these workspaces" several. files are used to

store, data for plotting. Thesa file~ 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 next section. The major topics are:

I. TYPE OF ANALYSIS AND OPTIMIZATION

II. OPTIMIZATION 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. STORY DATA AND STATIC LATERAL LOADS

X. STATIC VERTICAL NODAL LOADS

XI. LUMPED MASSES AT NODAL POINTS

XII. COLUMN LINE COORDINATES

XIII. COLUMN PROPERTIES

XIV. BEAM PROPERTIES

XV. FIXED-END BEAM LOADS

XVI. BEAM IDENTIFICATION

XVII. COLUMN IDENTIFICATION

XVIII. FLEXURAL PANEL ELEMENT IDENTIFICATION

XIX. BRACING ELEMENT IDENTIFICATION

XX.· STATIC AND DYNAMIC. LOAD COMBINATIONS

XXI. ATC 3-06 ANALYSIS INFORMATION

XXII. OUTPUT CONTROL

XXIII. CONTROL OF THE NUMBER OF PROBLEMS

C. PREPARATION OF INPUT DATA

Special instructions:

1. All lengths must be in inches, since the program uses

the acceleration due to gravity in in/sec 2 •

2. The maximum ground acceleration must be input as in/s 2.

3. All force units must be the same.

4. 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, columns, walls, and

panels must be vertical.

7. Concrete columns and panels assume one cross-sectional

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.

COLUMN

1-5

6-10

TYPE OF ANALYSIS AND OPTIMIZATION (215,F5.1,4IS)

ENTRY·

Eq. 0; terminate program

Eq. 1; continue program

Eq. 0; analysis only - The user must supply

all geometric properties.

Eq. 1; static optimization with stress

constraints

Eq. 2; static optimization with displacement

and stress constraints

Eq. 3; static optimization with displacement

constraints
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11-15

16-20

21-25

26-30

31-35

II.

COLUMN

1-5

Eg. 4; static optimization with frequency

constraints

Eg. 5; dynamic analysis and optimization for

all types of constraints

Optimization Convergence Control Factor; if

6-10 Eg. 0, this will be blank.

Number of steel column property sets

Eg. 0; response spectra analysis if 6-10,

Eg. S.

Eg. 1; ATC 3-06 equivalent lateral force

"analysis if 6-10 Eg. S

Eg. 2; ATC 3-06 modal analysis if 6-10 Eg. S

Eg. 1; X is the principle direction for the

ATC 3-06 analysis

Eg. 2; Y is the principle direction for the

ATC 3-06 analysis

Eg. 1; Y is the nonprinciple direction for

the ATC 3-06 analysis

Eg. 2; X is the nonprinciple direction for

the ATC 3-06 analysis

OPTIMIZATION INFORMATION (2IS,SF10.6)

ENTRY

Maximum allowable number of optimization

cycles
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6-10

11-15

16-20

21-25

26-3'0

31-35

III.

COLUMN

1-5

Maximum number of allowable structural

analyses

Lowest allowable percentage change in the

objective function for termination

Coefficient for the steel elements in the

objective function (weight per unit

volume of 2.84xlO- 4 kip/in 3 is the

default)

Coefficient for the concrete element in the

objective function. (weight per unit,

volume of 8.68xlO- s kip/in 3 is the

default)

Lower limit for the active constraints as

the maximum percentage deviation from

the 1imiting cons,traint 1imit (i. e. ,

input .05 = 5% below the constraint

limit; default = 0.10)

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)

STRUCTURAL INFORMATION (8I5,10A4)

ENTRY

Number of stories in the structure (not

including the ground level)
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6-10

11-15

16-20

21-25

26-30

31-35

Number of' vertical column lines in the

structure

Number of bays in the structure

Number of sets of different column

properties (steel and concrete)

Number of sets of differ~nt beam properties

Number of sets of different fixed end moments

and shears (not supplied by uniformly

distributed loads)

Number of infill flexural panels in the

structure

36-40 Number of bracing elements in the structure

41-80 structure identification information

IV. STEEL DESIGN VARIABLE RELATIONSHIPS

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

= for D1 5 Ix < D2

where Sii = the jth secondary design variable for the i th

element, C ii , C2i , and C3j are the appropriate constants,

and Ii is the moment of inertia for the i th steel beam or

column

COLUMN

1-5

ENTRY

Number of discontinuous curves to represent

the spectrum of secondary design
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variables (i.e. , 1 s t curve for

0:::I x <1500 in 4 , 2 nd curve for

1500:::I<10,000 in 4 , etc. )

Three cards for each set of discontinuous curves as

designated above.

1-10 D1, lower limit for first equation

11-20 D2, upper limit for first equation

1-10 C1 for the minor-axis moment of inertia, I y

11-20 C2 for the minor-axis moment of inertia, I y

21-30 C3 for the minor-axis moment of inertia, I y

31-40 C1 for the crossectional area, A

41-50 C2 for the crossectional area, A

51-60 C3 for the crossectional area, A

61-70 C1 for the torsional moment of inertia, J

71-80 C2 for the torsional moment of inertia, J

1-10 C3 for the torsional moment of inertia, J

11-20 C1 for the major-axis section moduli, Sx

21-30· C2 for the major-axis section moduli, Sx

31-40 C3 for the major-axis section moduli, Sx

41-50 C1 for the minor-axis section moduli, Sy

51-60 C2 for the minor-axis section moduli, Sy

61-70 C3 for the minor-axis section moduli, Sy
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ENTRY

v. STATIC DISPLACEMENT CONSTRAINT INFORMATION

(I5/2I5,F10.6)

Skip if static displacements constraints are not involved.

See input I.

COLUMN

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

ENTRY

Number of modes to be constrained or to be

used within the response spectra or

ATC 3-06 analyses

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

1-5
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One card fo~ each mode 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

I 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 INFORMATION

(2I5/2IS,FI0.6)

If option 5 in input I was no,t 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 Eq. Ii global X-displacement constraint

Eq. 2i global Y-displacement constraint
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11-20

Eq. 3; global rotational displacement

constraint

Maximum allowable dynamic displacement con­

straint. (Assumes the same for both

the positive and negative directions.)

VIII. RESPONSE SPECTRA INFORMATION

(3Fl0.3,I5/(2Fl0.3/6Fl0.0)

where C1 -C 6 are appropriate constants for the spectral

acceleration normalized with respect to the maximum ground

acceleration, a max ' and T is the period of the structure.

COLUMN ENTRY

1-10 Maximum vertical ground acceleration

11-20 Maximum X-groun.d acceleration (global)

21-30 Maximum Y-ground acceleration (global)

31-35 Number of curves needed to represent the

Lower limit for the first division of the

vertical spectra

Upper limit for the first division of the

vertical spectra
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spectrum

Two cards for each curve for each direction.
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1-10

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

C1 for the first division of the-vertical

spectrum

C2 for the first division of the vertical

spectrum

C3 for the first division of the vertical

spectrum

C4 for the first division of the vertical

spectrum

Cs for the first division of the vertical

spectrum

C6 for the first division of the vertical

spectrum

Repeat for the number' of divisions.

Lower limit for the first division of the

x-spectrum

Upper limit for the first division of the

x-spectrum

C1 for the first division of the x-spectrum

C2 for the first division of the x-spectrum

C3 for the first division of the x-spectrum

C4 for the first division of the x-spectrum

Cs for the first division of the x-spectrum

C6 for the first division of the x-spectrum

Repeat 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 C1 for the first division of the y-spectrum

11-20 C2 for the first division of the y-spectrum

21-30 C3 for the first division of the y-spectrum

31-40 C4 for the first division of the y-spectrum

41-50 Cs for the first division of the y-spectrum

5,1-60 C6 for the first division of the y-spectrum

Repeat for the number of divisions.

IX. STORY DATA AND STATIC LATERAL LOADS

(A5,5X,7FI0.0/8FI0.0/F10.0)

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

structure.

COLUMN

1-5

6-10

11-20

21-30

31-40

41-50

51-60

ENTRY

Level identification to be used

Blank

story height

Nonstructural translational mass

Nonstructural rotational mass inertia about

the vertical axis through the mass

of the floor.

X-distance from the reference point to the

mass center

Y-distance from the reference point to the

mass center
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1-10

11-20

21-30

41-50

31-40

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 load 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 load case B in the reference

X-direction

static lateral load case B in the ref~rence

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 a-direction

x. STATIC VERTICAL LOAD AT NODAL POINTS (SFI0.0)

Total number of cards to be supplied at this stage must

be equal to the number of stories in the structure times the

number of the vertical column lines in the structure and

divided by S. For a structure M columns and N levels, the

input data cards should be arranged as follows:

71-S0

51-60

61-70

61-70

71-S0

1-10
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COLUMN ENTRY'

1-10 static vertical load at column line 1 level N

(top floor)

11-20 static vertical load at column line 2 level N

static vertical load at column line • level N

static vertical load at column line M level N

static vertical load at column line 1 level

N-1

static vertical load at column line 2 level

N-1

static vertical load at column line .. level

N-1

static vertical load at column line M level

N-l

Static vertical load at column line 1 level ·
Static vertical load at column line 2 level ·
Static vertical load at column line · level ·
Static vertical load at column line M level ·
Static vertical load at column line 1 level 1

static vertical load at column line 2 level 1

static vertical load at column line · level 1

Static vertical load at column line.M level 1

Note: Positive indicates the force is acting upward.
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XII.

COLUMN

1-5

XI. NONSTRUCTURAL LUMPED MASSES AT NODAL POINTS

(aF10.0)

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 line should be accumulated from the top of the

structure to the first floor. The 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.

VERTICAL COLUMN LINE COORDINATES (I5,2FIO.O)

ENTRY

Column line identification number, in

sequential order (increasing by 1 as

1,2,3, ... ).

6-15 X-distance from reference point to the

column 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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XIII. COLUMN PROPERTIES

(I5,F15.0,2FI0.0,F15.0/8FI0.0/3FI0·9)

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 walls are read directly

after the steel columns.

a. Sets of Steel Column Property Groups. One set

must be supplied for each group of different columns in the

structure.

COLUMN

1-5

6-20

21-30

31-40

41-50

46-50

51-55

56-60

61-65

66-80

1-10

ENTRY

Identification number (1 to the number of

steel column properties, in sequential

order) for this column property set.

Modulus of elasticity

Axial area

Blank

Blank

Torsional inertia

Flexural inertia for bending about the major­

axis

Flexural inertia for bending about the minor-

axis

Rigid zone depth at the top of the column

Rigid zone depth at the bottom of the column

Depth of the (WF) crossection
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1-10

6-20

11-20

21-30

11-20

21-30

31-40

41-50

51-60

61-70

71-80

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 bottom of a member,

respectively.

COLUMN ENTRY

1-5 Identification number (number of steel column

properties plUS one to the total num­

ber of column properties, in sequen­

tial order) tor this property set

EI x - modulus of elasticity times the major­

axis moment of inertia

21-30 EA - modulus of elasticity times the cross­

sectional arm .
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31-40

41-45

46-50

51-55

56-60

61-65

66-80

1-10

11-20

21-30

31-40

41-50

Ely - modulus of elasticity times the minor­

axis moment of inertia

KII - s~iffness factors (for a prismatic mem­

ber KII = 4; for a nonprismatic member

input the appropriate coefficient).

KJJ - stiffness factor (same as KII in

columns 41-45)

KIJ - stiffness factor (for a prismatic mem­

ber KIJ = 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 value remains fixed throughout

the optimization process)

width perpendicular to the minor-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

61-70

71-80

1-10

11-20

21-30

GJ - shear modulus of elasticity times the

torsional moment of inertia

Shear modulus for the concrete

Minimum size for the width perpendicular to

the minor-axis

Maximum size for the width perpendicular to

the minor-axis

Maximum allowable dynamic, reinforcement

tensile stress

Maximum allowable dynamic, concrete compres-

sive stress

XIV. BEAM PROPERTIES

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

COLUMN

1-5

6-20

21-25

26-35

36-45

46-50

51-55

ENTRY

Identification number (in sequence) for this

beam property set

Modulus of elasticity

Blank

Torsional inertia

Flexural inertia

Krr - stiffness factor (for a prismatic mem-

ber Krr = 4; for a ponprismatic member
,

input the appropriate coefficient)

KJJ - stiffness factor (same as Krr in col.

46-50)
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6-10

56 ..... 60

61-65

66-70

71-75

76-80

1-10

11-20

21-30

K1J - stiffness factor (for a prismatic mem­

ber K1J = 2; for a nonprismatic member

input the appropriate coefficient)

Rigid zone at end I

Rigid zone at end J

Depth of the member

Maximum allowable static bending stress

Minimum allowable flexural inertia

Maximum allowable flexural inertia

Maximum allowable dynamic bending stress

xv. FIXED-END BEAM LOADS (2I5,5FI0.0)

One card must be supplied for each different type of

vertical loads on the beams. Input fixed-end moments and

shears for nonuniform vertical loads 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

Input code

Eg. 0; fixed-end forces are applied at the

column faces

Eg. 1; fixed-end forces are applied at the

column centerlines
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11-20

21-30

31-40

41-50

51-60

Fixed-end moment at node I

Fixed-end shear at node 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 (SI5)

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 identification number

for vertical load Case 2

26-30

21-25

31-35

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 ENTRY

1-5 Bay identification number (in sequence) for

this beam

Column line number at end I

Column line number at end J

6-10

11-15

16-20
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36~40 vertical loading set identification number

for vertical load Case 3

XVII. COLUMN IDENTIFICATION (4IS)

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

l-S 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)

II-IS Column line number defining 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

(3IS,FlS.0,FlO.0,2FS.0,2FlS.Oj4FS.0,FlS.0,

FS.0,4FIO.Oj8FIO.0)

omit this input if no panel elements are in the

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

1-5

6-10

11-15

16-30

31-40

41-45

46-50

51-65

66-80

1-5

6-10

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

panel

EI-modulus of elasticity times the moment of

inertia

EA-modulus of elasticity times the cross­

sectional area

Modulus of elasticity of the element

Depth of the flexural panel (fixed during the

optimization)

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

41-50

51-60

61-70

71-80

1-10

11-20

21-30

31-40

XIX.

Shear modulus for the concrete

Blank

Blank

Blank

Blank

Minimum width of the flexural panel

Maximum width of the flexural panel

Maximum allowable dynamic reinforcement

tensile stress

Maximum allowable dynamic compressive stress

BRACING ELEMENT IDENTIFICATION

(3I5,6FI0.0j2FI0.0)

Omit this input if no bracing elements are in the

structure. Two cards per brace; no generation allowed.

COLUMN

1-5

6-10

11-15

16-25

26-35

36-45

46-55

56-65

ENTRY

Floor level identification number at the top

of this brace

Column line number at the upper end of this

brace

Column l~ne number at the lower end of this

brace

Modulus of elasticity

Crossectional area

Maximum allowable static tensile stress

Maximum allowable static compressive stress

Minimum allowable crossectional area
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66-75

1-10

2-10

Maximum allowable crossectional area

Maximum allowable dynamic tensile stress

Maximum allowable dynamic compressive stress

Multiplier for vertical load case 1

Multiplier for vertical load case 2

Multiplier for vertical laod case 3

Multiplier for lateral load case A

MUltiplier for lateral load case B

Multiplier for vertical nodal loads

xx. STATIC LOAD COMBINATIONS (2I5j(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

11-20

21-30

31-40

41-50

51-60

Note lateral load cases A and B are used as dynamic loads for

an ATC 3-06 response 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

41-50

51-60

MUltiplier for static lateral load case A if

response spectra analysis is used or

for dynamic ATC 3-06 load with a

positive five percent eccentricity

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

MUltiplier for the static vertical nodal load

XXI. OUTPUT CONTROL (5I5/I5/l6I5/15/1615)

COLUMN ENTRY

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

Eg. 1. Do print the elemental forces.

6-10 Eg. o. Do not print the elemental stresses.

Eg. 1. Do print the elemental stresses.

11-15 Eg. o. Do not print the eigenvalues.

Eg. 1. Do print the eigenvalues.

16-20 Eg. o. Do not print the eigenmodes.

Eg. l- Do print the eigenmodes.

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

Eg. 1. Do print the displacements.
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1-5

1-5

75-80

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

bottom.

The number of the 1 st column line distribu­

tion to be plotted.

The number of the 16 th column line distribu-

The number of the 16 th bay distribution to be

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

distributions to be plotted.

XXII. ATC 3-06 ANALYSIS INFORMATION (11I5j4FI0.0)

COLUMN

1-5

6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

50-55

1-10

ENTRY

Map area for the effective peak acceleration,

Aa

Map area for the effective peak velocity­

related acceleration, Av

Seismic hazard exposure group

Eg. 0 for a nonbrittle structure

"Eg. 1 for a brittle structure

Eg. 0 if not near an active fault

Eg. 1 if near an active fault

Soil type

Eg. 0 for an irregular plan

Eg. 1 for a regular plan

Eg. 0 for a vertically irregular structure

Eg. 1 for a vertically regular structure

Eg. 1 at all times (moment-resisting frame)

Eg. 0 for a concrete frame

Eg. 1 for a steel frame

Eg. 1 for an equivalent lateral force

analysis

Eg. 2 for a modal analysis

Response modification factor
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11-20

21-30

31-40

Deflection amplification factor

Length of the base of the building in the

direction of the principal loading

Length of the base of the building in the

direction perpendicular to the direc­

tion of the principal loading

XXIII. CONTROL OF THE NUMBER OF PROBLEMS

Stack the problems back to back and place a blank card

at the end of the last 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

IIJOBNAJlli JOB (XXXXRL,PSWD), 'NAJlli' ,MSGLEVEL=(l,l)

I*JOBPARM L=30,T=lO,R=5120

I*ROUTE PRINT ~mVSA.R10

I*ROUTE XEQ IDLE

IIS1 EXEC FRTVCLG,PARM.FORT='LANGLVL(66),NOSOURCE,NOSRCFLG,NOMAP',

II FVLNSPC='CYL,(l,l)'

IISYSIN DD *

source program

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

I/LKED.SYSIJI0D DD SPACE=(TRK,(30,20,5),RLSE)

IIGO.FT06F001 DD SYSOUT=(S"TEXT)

I/GO.FT07F001 DD DSN=&&FT07,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT08F001 DD DSN=&&FT08,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT09F001 DD DSN=&&FT09,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FTIOFOOI DD DSN=&&FT10,DISP=(NEW,DELETE),UNIT=SYSDA,

II DCB=(RECF~1=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK,(20,S))

IIGO.FT11FOOI DD DSN=&&FTl1,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT12F001 DD DSN=&&FT12,DISP=(NEW,DELETE),UNIT=SYSDA,
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II DCB=(RECFM=FB,LRECL=80,BLKSIZE=800),SPACE=(TRK,(20,5))

IIGO.FT13FOOl DD DSN=&&FT13,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT14FOOl DD DSN=&&FT14,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT15FOOl DD DSN=&&FT15,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT16FOOl DD DSN=&&FT16,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT17FOOl DD DSN=&&FT17,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT18FOOl DD DSN=&&FT18,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT19FOOl DD DSN=&&FT19,DISP=(NEW,DELETE),UNIT=SYSD~,

II DCB=(RECFM=FB,LRECL=132,BLKSIZE=13200),SPACE=(TRK,(20,5))

IIGO.FT73FOOl DD DSN=&&FT73,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.FT74FOOl DD DSN=&&FT74,DISP=(NEW,DELETE),UNIT=SYSDA,

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

I IGO. FT7 5.FOOl DD DSN=&&FT75 ,DISP=(NEW ,DELETE) ,UNIT=SYSDA,

II DCB=(RECFM=FB,LRECL=132,BLKSIZE=13200),SPACE=(TRK,(20,5))

IIGO.FT76FOOl DD DSN=&&FT76,DISP=(NEW,DELETE),UNIT=SYSDA,

II DCB=(RECFM=FB,LRECL=132,BLKSIZE=13200) ,SPACE=(TRK, (20,5) )

IIGO.FT77FOOl DD DSN=&&FT77,DISP=(NEW,DELETE),UNIT=SYSDA,

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

IIGO.SYSIN DD *
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/*

input data·
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VI. SAMPLE INPUT DATA AND OUTPUT SOLUTIONS

A. EXAMPLE I: A TWO STORY STEEL 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 of the principle directions with maximum

ground accelerations of O.Og in the vertical direction and

0.3g in both the x and the y directions. The modal analysis

is performed using the first four nodes, and a translational

mass of 0.77 k-s 2/in (1385.8 kg-s 2/m) and a rotational mass

of 745.3 k-s 2 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/cm 2 ) the columns. The beam static. stress was set at 70

ksi (48.3 kN/cm 2 ). The dynamic stress constraints were set

at 9999 ksi (6900 kN/cm 2) 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 control parameter was chosen as 2.0. The

primary and secondary design variable relationships were
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determined from. the AISCM. One, loading.. condition- was:

considered. This load condition uses a load factor of 1.0

for lateral load 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 II: A TWO STORY MIXED SETBACK STRUCTURE

1. Description. A two story setback structure, shown

in Figure 10, consisting of steel beams, columns, and

braces, as well as, concrete columns is 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, Aa , and the effective peak

velocity-related acceleration, Av • It was considered to be

within seismic hazard exposure group 3. The soil condition

was chosen as soft or soil condition 3. The ATe 3-06

equivalent lateral force approach 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-s 2/in (159 Mg) and

a rotational mass of 40490 k-s 2-in (4.58Xl0 7 Mg-cm 2 ). The

second level had a translational mass of 0.408 k-s 2/in (71.5

Mg) and a rotational mass of 10390 k-s 2-in (1.17Xl0 7 Mg­

cm 2 ). The ATC 3-06 provisions require a 5% eccentricity in

the load 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 limit 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 2 ). The concrete

elements had a reinforcement tensile stress constraint of 50

ksi (34.5 kN/cm 2 ) and a concrete compressive stress of 3.0

ksi (2.1 kN/cm 2 ). 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 variables are represented by curves

which were determined from the AISC Manual. The steel

columns have side constraints which require their maj or-axis

moments of inertia to be between 7.00 in 4 (291 cm 4 ) and

20,000 in 4 (832.400 cm 4 ). The missing columns and beams on

the second level must be represented by "small" fictitious

elements. In addition to having "small" geometric

properties, the stress constraints values for these

ficti tious elements have been increased to insure that these

elements will not provide any active constraints. In

addition the side constraints require these elements to have

major-axis moments of inertia between 0.001 in 4 (.042 cm 4 )

and 1.00 in 4 (41.6 cm 4 ).
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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 cm) 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 represent the ATe 3-06

loads. Lateral load case A has a 5% eccentricity in the

positive y-direction, 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 ATe 3-06 lateral loads. Each of the load

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 IS· 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 $/ft3 for steel (.174 $/in3
, 0.010 $/cm3

) and 80 $/ft 3
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(0.45 $/in3 , .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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C. COMPUTER PRINTS OF EXAMPLES I AND II

I. Input Data of Example F

I 5 !. a 0 2
15 ZO I. 0.0 0.0 .ZO .•0

Z 4 4 a a OT1lll STeA' BLDG.
3

10.0 1550.0
o. aU, 0.925 0.0 .500ao .0&716 0.0 O.OZ2I .'5616

0.0 0.'530 .7740 0.0 0.0'23 .73.'
1550. a .ZIOO.O

0.02:651 1.0 20.47 .500BO 0.0&716 0.0 0.0IZ.215 .90516
0.0 0.04615 1.0 1a.002 0.00'.2 1.0 7.60

12100. 20000.
0.051a2 1.0 150.0a .50cao D.46716 0.00.012'215 O.90SIe.

0.0 o. 052ao 1.0 56.0 0.00155 •• 0 0.546

4
Z O••C
Z O••C
I 0.60
I Z a.e.a
000 .00 115.'Z 115.02
3

0'.0 0.4
0.0 0.0 -Z6.141" 13,'3676 0.']5163 0.0
0.4 3.0

.160600 -1..40" 2.'9606 -3.61667 2.22'12 a.o
3.0 loo.a
0.0 o.a D•• a.o •• 36 ..0
0.0 0.4
0.0 •• 0 -26.14.94 13.'3616 0 .•35163 •• 0
0 .... . 3.0

. 160600 -1.140'94 2. '9606 ·3.61667 Z. zz.n 0.0
3.0 100.0
0.0 0.0 0.0 0.0 0.36 0.0
0.0 0.'
0.0 0.0 -26.14194 13.'3676 •• 915163 0.0
a.' 3.a

.160600 -1.1409ti 2.9'606 -3.61667 Z.22972 a.a
3.a 100 .0
a.a a.O 0.0 0.0 0.36 0.0

FIRST • 44. O.1:l77b't 705.3 lZ0 . IZC.
ZOo ZC. 120. IZO.

5ECHIl I ... 0.0776' 705.3 120. IZO.
ZOo 20. 120. 120.

Ie.

70.

70.

7e.

70.

70.

7a.

10.

10.

1e.

10.

10.

10 .

10.

10.

10.".

Z.

Z•

Z•

Z.

Z•

Z•

Z.

4.

' .

'.

......

..

..

4.

4.

'.

......

..

...1470 '000.7.444
1a. 1a.

.14709000.7.444
30. 30 .

. 147C190aO.7.444
30. 30.

.14109000.7.~
3e. 30 •

.1470'000.7.4c.4
30. 3a .

.14709000.7.44tt
30. 30.

.1_709000.1 ....
30. 30.

-.14109COO.1.'"
30. 30 •

9000.

90DD.

9000.

9000.

• aao.

9000.

. 5
9~9.

. 5
"99.

. 5
'"'9.

. 5.....

LIZ

,5
9999.

1.12 .oeo.

1.12

1.12

1.12

1.12

1.12

la.

Ie.

la.

10.

10.

10.

10.
I
I

••
I
1

0.01..0•• 0.01940" 0.01..0.. 0.01940" 0.0194099 0.01 ..0•• 0.01940.. 0.01940"
I O. O.
2 Z'O. O.
1 240. 2ttD.
" D. ZltO.
1 30000. 5.01lZ

a. .5 .5
20000. ..... .... .
2 30000. 5.0112

a. .5 .5
20000. ••••. • •••.
3 30000. 5.0112

a. .5 .5
ZOOOO. .99.. ..••.
4 3aaoa. 5.all2

a. .5 .5
zaooo. 99... • •••.
5 3000a. 5.a1l2

5. .5 .5
zaOOD. 1lI~9'. '999'.
6 300aa. 5.0112

a: .5 .5
ZOOOO. ..9.. • ....
1 30aao. 5.0112

a. .5 .5
ZADOC. 9999. 9999.
5 3aaaa. 5.a1l2

a. .5 .5
zoooo. 9999. 9999.
I 3aoaa.II.50

10_ ::0000. 9999.
3eaaa.II.50
ZCODO. 9999.
JaODO.H.eo
2aaaa. .9.9.
3aaaa.ll.ao
200eo. 91'99.
3aaaa.II.5a
zeaaa. 999'.
30000.11.80 LIZ'
ZOOOO. 9999.
30000.11.80
leaee. 9.99.
3eaae.1Laa
20000. 9'99.
Z I
Z 2
3 3
3 •
• 5
• 6
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4 Z 7
4 Z 8
I 1
1 Z
Z 3
Z 0
3 5
3 6
0 7
0 8
a I

0.0 a.a a.a a.a I.a a.a
1 1

2. Output solution of Example I

DYNA""IC 'NAllSI' WITH PISPlACEMENT hQN5TJ1.lJNT'
T10lQ STOIlT 8UlG.
~EA OF STOAT LlVELS---- Z
"-"18EA OF COLUItN LINES---- 0
NUMBER OF eATs------------ 4
N<nER 0' OI,F. COL. PIlOP- 8
tU1EEA 0' OI'F. aUIl PIlOP- 8
"-"18ER OF OI'F. 'E'------- a
IU18ER 0' PANEL ELEIlENl"S-- a
NUt1BEA OF BIlACING ELEMENTS a
IUlBEA 0' STEEL COL. PIlOP- 8
NUIlBER OF OPT. CTCLES----- IS
NU1BEA OF ....LTSES-------- za
PEOCENTAGE '011 TEOMINATION I. a
PEO. OF CONSTOUNT-LOIlEo·-a.Zo
PEO. OF CONSTllUNT-LIF'P'Eo--a.la
CONVE~G[NtE CON11l0L PAJIA. - z. a
OBJECTIVE '<CTOII-STEEL---- a.3E-a3
OSJECTIVE FACTOIl-COllCIlETE- a. oE-ao

STEEL "'!""E~ A:OPERU eDEFFJCUN'T5 FOR IX SEN'!,!,"" 10 D AND 1550,9

PAOPERTY CONSTAIn" I POWER CONSTAIn" Z
IT 0.0:58900 a.onaaa 0.000000

A 0.50aaaa a.oa716a 0.000000
J a.azzlaa 0.958160 0.000000

sx a.oS3aaa 0.774000 a.aoaaoa
Sf 0.942300 0.731900 o. oaaaaa

STEfl I"IE1'1BER r:rPOPUTT COEFFJrUtrrS FOD IX BE1!!EEN 1550 a AM' lugo

PAOPERTY CCtlSUNT 1 POWER CClN5TAIn" Z
IT a .oz05la 1.000000 za.07aaaa

A 0.500000 O.4e71~a o. 000000
J a.aH4ZZ 0.005160 o. 000000

SX 0.046150 I. 000000 78. 4~ZOOO
ST 0.01:14120 I. 000000 7.640ClOO

STeEL 1'f£1"!!'Er:f PlOlOPE~n CC£FFICUNT9 FOB IX BETl.r'!£N 12100 I) AND 20000.0

PAOPEATT CDIST....... ' 1 POWEll CONSTANT Z
IT O. 0510Z0 I. 000000 159.000000

A 0.500000 0.007160 0.009000
J 0.01242: 0.005100 0.000000

SX 0.05Z000 I. 000000 56. 0000.0
ST 0 .•07550 I. 000.00 0.506000

F~ECUE'NCY COf::'S,"UINTS
0.900 ILOOO
0.000 a.oClO
0.000 0.000
0.000 0.000

DYNAI1IC: pxspuce,.,ENT CO!IS'TPAINTS

l.llll
2
Z
I
1

Ilillll!!2!!•
T

•
T

~
a.900000
O.900CCO
O. ~ODOOO
a .6000ao

Af!PCIN!!E SpECm.!! cngFFlCUNT! FOR Z ACC[L!'UTICH BETWEEN 0 000 AM;! 40P

PU.)(. Ace. CON'STI.HT I CONSTANT 2 CONSTANT '3 CONSTANT 4 cOt~ST.ulT 5 CONSTANT 6
•• 000 0.0000 •.•000 -ZO.1019 13.9300 0.935Z 0 .•000

"ESPOUSE SPECPUl1 CDEFFIC;JEN!S FO" l ACCELERATION BETloI[EH a 400 liND 000

rwc. Ace. CONSTAIn" I CONSUNl" Z CONSTANl" 3 CONSUNT 0 CONSTAIn" 5 CONSTANl" 0
0 .•00 0.1600 -1.1000 Z.0961 -3.6107 2.ZZ07 •.••00

PESPQNSE SPECnLn'l CC!!iFncJ[N!S FO! l ....CCELU ...TION 81THE'EN ] 900 AND 100 9g0

rwc. Ace. CONSTAIn" 1 CCNSTAIn" Z CONSTANT 3 CONSTANT 0 eONSTANT 5 CONSTAIn" 0
0.000 9.COOO 0.0000 D.oooa 0.0000 0.3600 0.0000

146

-.~ ".



~rS!'9NSE 5!"fCT!!l!!l COEFFICWITS Fll!! X AC'C!HIil'ATJON BEMIN o OPO !!!ll ~OP

PWl. olCC. CONSTAIIT I CONSTAIIT 2 CONSTAIIT 3 CONSTAIIT ~ CONSTAIIT 5 CONSTAIIT 0
115.920 0.0000 0.0000 -26.1419 13.'!68 0.'352 0.0000

~ESPQ!"r SPECTlIutl COEFF ICIENT5 FCIII X AC!:EbEPATIQN B'ENEEN Q 499 AND 3 000

PWl. Act:. CllNSTAIIT I CONSTAIIT 2 CONSTAIIT 3 CONSTAIIT 4 CONSTAIIT 5 CON5TAIIT 0
115.920 0.1000 -1 •• 009 2.'901 -3.6187 2.U'7 0.0000

RESPQNSE !PlCTDlJf"I CQEHICUNJ5 FO!! X !CCELEUTION BEll/UN ;5 009 ANp !PO oog

"AX. olCC. CONSTAlIT • CONSTAIIT 2 CONSTANT 3 CONSTAIIT 0 CONSTAIIT 5 allSTAlIT 0
115.920 0.0000 0.0000 0.0000 0.0000 0.3000 0.0000

RESPQNSE spgcT!UI'! cg£fFICIfNTS FO! I ACCELERATION BEMpI a agp AND o '00

PWl. olCC. CONSTAIIT 1 CON!TAIIT 2 CONSTAIIT 3 CONSTAIIT 0 ~ISTAIIT 5 CllNSTAlIT 0
115.920 0.0000 o. 0000 -20.141' 13.9368 0.9352 0.0000

RESPpNSE SPEenum COEFfICIM! Foe T ACCELERiTIRH emEEN 9 '00 "NO 1 PDQ

PWl. ACC. CONSTAIIT • CONSTAIIT 2 CONSTAIIT 3 CClNSTIoNT 0 CONSTAlIT 5 CONSTAlIT 6
115.920 0.1600 -1.1409 2.9901 -3.6187 2.2297 0.0000

RESPONSE 5prcTlIUIl COEFFICIENTS· Fll!! T ACCELE~ATION BO!/[EN ] ooa ..,m 100 Doa

PWl. ACe. CONSTAIIT 1 CIlN5T&NT 2 CONST&NT 3 CONST&NT 0 CONST&NT 5 CONSTAIIT 6
115.920 0.0000 0.0000 0.0000 0.0000 0.3600 0.0000

SIm!! pAYA

llJ!ll..!!!L. III !!llli!l! !!!lliltl ~ lliU !!!U ~ IS.:.!
2 fIRST I~.OO 0.08 7·5.30 120.00 120.00 0.00 0.00

• SECND l~.oo 0.08 7.5.30 120.00 120.00 0.00 0.00

'TlTIC UIIRlb LOan !d'S[' .. !Nt •

J.mJ.....!!l. ~ ll:! l!Z!:J f!:I !I:Il lI!!l:II II! U lSI! m
·2 20.00 20.00 0.00 0.00 0.00 O. aD 120.0 120.0 0.0 0 .•
I 20.00 10.00 0.00 0.00 0 ••0 0.00 L20.0 120 .0 0.0 •. 0

STITle VE!TJCAk gil bO!Q.

lUl'fl' "'59 FeR GEM'nUI: STIfFNESS

m!!!I
2
I

W!!!I
2
I

~
O. DO
0.00

I;2L.J
0.0000
0.0000

~
0.00
0.00

~
0.0000
0.0000

£2L..J
0.00
0.00

£2L..J
0.0000
0.0000

~
0.00
0.00

~
0.0000
0.0000

CQlU!'!~ LINE CQO!P tHAIJ!

.I.ll!:
I
2
3
o

!
0.00

240 .00
200.00

0.00

I
0.00
0.00

200 .•0
240 .•0

llil!!!!...lIl 1 6 !m..l !:l!.U !!!!U ~ 2m P If TF N !li ~ 55
I 30000.00 02.27 Cl7.1't 9000.00 259.06 0.00 0.00 !6 ••5 11.5' 0:50 0:50 30.00 30.CO 20-:00
2 30000. DO &2.27 07.10 9000.00 259.06 O. DO 0.00 30 .•5 11.59 0.50 0.50 30.00 '30.00 ,'to DO
3 30000.00 92.27 "7.14 9000.00 259.06 O. DO 0 ••0 36 .•5 11.5' 0.50 0.50 30.00 30.00 240.00
0 30000.00 &2.27 "7.14 9000.00 259.06 0.00 0.00 36.05 11.59 0.50 0.50 30.00 3D .0. ,e.. DO
5 30000.00 .2.27 ill 7 .1" 9.0•. 00 259.06 ••• 0 0.00 3&."5 1l.59 0.50 •• 50 3•.•0 30.0. Z'o,OO
6 30.00.00 ~2.27 C1i7.J" '00•. O. 25' .•0 0 •• 0 •••• 3O.ltS 11.5' ..5. •• 50 3•• DO 3•.•• 24,00
7 3.00•.•0 4Z.27 47.14 ~ODO. DO :59.06 o. DO 0.00 36.45 II.S~ 0.50 •. 5. 30 •• 0 3D .00 1:4. co
8 3.00•. 00 "-2.21 47.14 •• 0•.•0 25' .•6 0.00 •. O. 36.45 11.59 0.50 O.S. 30 •• 0 3•. DO 24-.00

COl~l snu;s! AND srpr COt;ISWUtlT INFOCI'"ATJON

COl.Y!!Ull ill ~ !Ill ~ ~IN. IX "lX. IX
J 30 .•• 30 .•0 Cjlq;q.oo 9•••.• 0 10 .•0 zaooo.oo
2 30.00 30 •• 0 Qq99. co 9999.00 10 .•0 ZOOOO.oo
3 3D .•• 30. 00 .9.9.00 99.9 .•0 10 •• 0 20000 .•0
0 JO .00 30.00 lJqn.oo 9999.00 I••• 0 20000.00
5 30.00 30.00 iljIQQ9. CO 99Q9.00 10.00 20000. DO
6 3D .•• 10.00 91999.00 99'9.00 1•••0 20000.00
7 30 .•• 30. DO 9999.00 9QqQ.OO 10.00 ZOOOO .00
8 3D ••0 30.00 •••9 .• 0 99".00 1•••• 200.0 •• 0

W!Ull 1 W!1.l lliU W !LL! W III I!.l Q t!li
I 3000•• 00 47.14 qOOO .00 4.00 4.00 2.00 0.00 0.00 30.05 70.00
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r JO.O•.•0 '7.1' ....... '.DD •••• r.oo •••• '.0• ".'5 '0.00
3 30000.00 .'.1. ~ooo.•0 iIlI.OO •• oe z.oo o. DO 0.00 36 .•5 'e.oo

• 30000. 00 47.14 ~ooo. 00 '.00 •• 00 z.oo 0.00 0.00 36 .•5 '0.00
5 30000.00 47.14 ~ooo. 00 •. 00 4.00 Z.OO 0.00 •• 00 36.45 '0.00

• 30000.00 .'.1. ~COD. 00 4.00 •. 00 Z.oo 0.00 0.00 ".45 70.00
7 30000. 00 4'.1. ~ooo. 00 •. 00 iIlI.OO Z.OO 0.00 0.00 3' ••5 '0.00
e 30000.0. .7.1. ~ooo. 00 ..00 •. 00 t .00 0.00 0.00 36.45 '0.00

BEl" STRESS AND SID£ CONSPUNT IHF~"'ATtON

~ Wi IlU t!lli...J l!!!..J
I '0.00 "~~.oo 10. DO 20000.00
t 70.00 ~~~'.ee 10.00 20eoo. DC
3 '0.00 99~~.00 10. 00 20000. 00
4 '0.00 9999.00 10. DO 20.00.00
5 '0.00 9999.00 10.00 20000.00

• 70.00 9999.00 10.00 20000.00

• 70.00 n99.00 le.oo 2e.oo.oo
e '0.00 9999.00 ••• 00 2eoeo.oo

BE,," LOCATIONS

wwu.~ .ll:
I 2 1 2
• I I 2

m m ~:tl.kZ:tl.k1
I 0 0 0 a
2 0 0 0 0

ll!!!! l!L...l a!L...l ~ B!L...!
2 I 3 5 •
I 2 • • e

J..1!!l: lli1I. m W! iII!
1 Z I it a
1 I 2 • 0

COl!.J'!:l ~PER" SliT Ip !:U!UP

U!l!!l 'l!I......l ~ ~ ~
2 I 3 S ..
I 2 • • e

BU." ~OPEPnE' ,1:1) LOAD 5[T W!"!8ERS

B'" HU!"!B£D I

lli1I. ,
~ llilLl W Yo! ill IU ILl g ~ ~ :!ill Y..!.Q

2 3000e .00 47.1" 9000.00 4.00 4.00 2 .00 0.00 0.00 36 .•5 '0.00 0 0 a
I ]oooo.ao 47.14 ~.00.00 4. DO 4.00 2.00 0.00 0.00 16.45 70.00 a 0 a

BA' fo,ft,J1BER 2
lli1I. ~ !!l!U llilLl W tJ..,l !!..LI IU ILl g ~ ~ :!..I.>..O :!>D

2 ]0000 .00 47.14 qODO.OO 4.00 4.00 2:.00 0.00 0.00 36.45 70. DO 0 0 0
I 30000.00 47. 1It. '000.00 "'.00 4.00 Z. DC 0.00 0.00 36.45 70.00 a 0 0

B.a.'!' I:!.I!'18,£P 3
U:ill. , !2!!U lliLl W W W IU Q.,l Q ~ ~ ~ Y..!.Q

2 10000. DO 47.1"40 9000.00 4.00 it .00 2.00 0.00 0.00 36."5 70.00 0 0 •
I lODCO.OD .7.1. ~ooo. AD 4.00 4.00 2.00 0.00 0.00 16.45 '0.00 0 0 a

eu NU!'!§ER •
J.lllj, ~ TOl>S ! lliLl W UJ W !!l Q.,l g ~ l!J.ll ~ ng

2 SDaDO.OO 47.14 9000.00 4.00 it.OO 2.00 O. DC 0.00 36.45 70. DO • 0 0
I 30000.00 47.1c. 9000.00 " .00 " .00 2.00 0.00 0.00 36 .45 70.00 0 0 0

!:C1l1l1N PPgPEPTUS

COl\Jl"lH LINg NO I

lli1I. , ! TOl>S I !!!.U !!!!!....l Ql !!ll ~ Il! l! !!! TS ~ ~
2 30000.00 42.27 47.1'" 'fOOD. 00 2:59.06 0.00 0.00 36.'tS II. S9 0.50 0.50 3a:Co 30.00 2"'. co
I 30000.00 42.27 47.14 qOOO. 00 2$9.06 0.00 0.00 3•.•S 11.S~ 0.50 o.so 30.00 30.00 :4.00
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mu,., LV« NIl •wu. I 6 !2!U !!Y..l !Il!U III a g If n: II! D g ::I
z 30000.00 42.27 47.14 9000.GO 259.06 0.00 0.00 36,'5 11.59 0.50 0.50 30.00 30.00 24.00
I 30000.00 '2.U '7.1' 9000.00 259.011 0.00 0.00 36,'5 11.59 0.50 0.50 30.00 30.00 24.0a

COL\.I1N lINE NO 3
wu. 1 6 !S!!U !!Y..l !Il!U III 1m g If If II! !li kl 55

2 30000.00 '2.27 47.1_ 'aDa. aD Z5oI;.06- 0.00 0.00 36,'5 11.59 0.50 0.50 30.00 30.00 2'~0
I 30000.00 '2.27 47.1_ 9000.00 259.06 0.00 0.00 36 ••5 11.59 0.50 0.50 30.00 30.00 2•. 00

COLl.It't'I lIm; NIl •
W:Il. I a !S!!U !!Y..l !Il!U III a g If If II! ~ g ~

2 30000.00 42:.27 47.14 90ao. aD 259.06 0.00 0.00 36.45 11.59 0.50 0.50 30.00 30.00 2'.00
I 30000.00 '2.27 '7.1' 9000.00 259.06 0.00 0.00 36,'5 11.59 0.50 0.50 30. aD 30.00 24.00

PYN.lP'lIC lQ!D COt'!BIHATISN (!!JlTIpLIEII

l!Lll ng ~ J.ll1 J.!ll N!!!U
0.0 0.0 •• 0 0.0 1.0 0.0

nlE 116l!HSOLUflc.<S Aft:

FR!Q. I IS 19.50

THE U&E_E IS:

·0.1>&0'.59606l0E·02 0.600'0596062.E-02 0.24757156035&E.01 • •• 1I310654llUU·15 ·0.1033537.7869E-l0 •. 151312363323£+.1

·0.106772670165E-13 ·0.072659S02.771!-19

FlIEQ. 2 IS

nlE EI&ENIGIE IS'

-0. 19S<o09.2506ZE·0 I 0.19541l9025862!-01 •. 1954e9025a66E·.1 - •• I954e9025Ot>1lE-01 ••. 1131.5.30••6[·.1 •. 113105018.oH·01

•. I UI05.30.09[·.1 - •• 1131.5030.09[·.1 ••• 157002n.5I>ZE•• 1 ••. 20090770051.E·I' O. 2.931....9151>E-15 0.2305&077074.E.01

-0.9....2935&9...!·15 • •• 2597691 ...51.E·15

'I£CiI. 3 IS 72."

no! U6l!_! IS:

·0.10299277'91I'SE'00 0.102..277.995hOO ·0.102..277._E+00 •• 10299277'''5!+00·•• 7l7l27534I.IE·OI O. 737127534I62E-.I

• •• 737127534162E·0I O. 737127534I.LE-01 0.'15.07.566ooE-I. -0.390900390026E-13 0.2.7036073310E-01 -0.163305202336E·16

-0.692148132305E·13 O. asa531110375ZE-02

FIEQ. • IS

no! EI&EtealE IS:

0.122676520215£.00 0.12267.520215£.00 -O.122676520U5hOO -0. 1226765Z0Z15EtOO o.e7S900670464E-01 0.675900670464E-OI

••. 875900.7046'E·0I -0.87590••7046.!-01 0.S09500460094E-I' 0.2651106'71 21E.01 o. 779490712125E-15 o. 56506013475IE-I.

LOAD COl'tllIH.UllHS··· ••IllPlllEI FOIItES--••• LEVEL ....

taL.- FOIICES

LINt: LOAD TDlSIDHAL
_ENT
a.OelOD

....JlllI AXIS
TOIl IlllMEIIT 8DT IlllMENT

560.3377 1168.5196
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AXIAL
FOIICE

27.8509

"IHOR '~1S
TOP _EIfT SOT _ENT
-1279.1362 .. 1311.9867

"'JOII
SHEAR

12.00.0

"IHO!!
SHE~

-17.9939

Reproduced from
best available copy.
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•••••• M'.n77 IIM.5196 l7.a509 -1279.1362 -1311.9867 1E...b. -17.9939...... M •• n77 ]168.5196 27.850'9 - 1279.] 362 -1311.9867 12..0060 -17.9939

4 ...... 5/0'.]]77 IIb8.5196 27.85'9 -127q.I362 -1311.9867 1E ...b. -17.9939

COl.lftl STIIESSES

LINE LOAIl TOP-/W( TOP....IN BOT-/WC 8DT-"IH SHEAR-..... SHEAR-II1H

3'.3969 -29.0790 32.365' -31."52 '.284' -1:J.Il'tZS7

30.3%9 -29.'70' 32.3630 -31. '4S2 '.284' -'.4257

30.3%9 -29.'19' 32.3630 -31.'452 '.284' -'.4257

3'.3%q -Z9.,79. 32.3630 -31. '452 '.284' -'.4257

BE.... FOIICES

_SIONAL CEHTERLINE IOlENTS BE.... ENIl I01EHTS
BAT LOAIl IUlENT I _ENT J rDlENT I I'IIlP1ENT J I'IIlP1ENT

I I ...... -Z'54.a'7 -2'54.2b07 -2054.a07 -Z'54. Zb07

0....0 -Z054.2U7 -Z054.2U7 -2054. Zb07 -Z05'" 2b07

'.0"0 -1'94.7275 -1'94.7275 -1094.7275 -1094.7275...... -1094.7Z75 -1094.7275 -1094.7275 -1094.7275

BEAll S11IESSES

BAT LOAIl I HQllIUL J _ML

4.lb" •. 1600

'.lbOO _.1600

2.21b9 2.21U

2.21b9 2.21b9

LD'" CDI1BIHATlIJ<S-----/1("8ER FDIICES-----Uvl!L NIl. 2

CQLUPlH .ORCES

LINE LlI.lD TORSIONAL MJDII AlCIS AlCUL "IHIlA AlCIS MJDR rtl"""Cm
I'IIlP1ENT Tm' _ENT BOT !O'[NT FORCE TOP _ENT BOT _ENT SHEAR SHE.A~

0.0000 7!'l.SI04 534.3898 8.7b94 -795.257b -77S.IZ"" 8.8118 -IO.905't

'.'00' 754.5104 53'.38Q8 8.7b94 -705.257b -775.12"" 8.8118 -1 •. QOS4

O. Dooa 734.51'4 534.38Q8 e,.769'1 -795. 257b -775.12"" 8.8118 -10.9054...... 7!'l.51" 534.3898 8.7U4 -795.25" -775.1244 8.8118 "10.905-4

LINE LDAO

BEAll FORCES

BAT LO'"
I 1

BE,," STIIESS[S

TOP-/W( Tm'-"IH 8DT./W( BOT-"IH SHEIJl-MJ SHEAR-PItH

19.477. -IQ.0630 18.U25 -18.2'75 '.2'85 -0.258'

19.1l't7'T9 -19.0630 18.U25 -18.2075 '.2085 -0.2580

19.4779 -19.0630 18.bZ25 -18.2075 Q.20es -Q. ,S80

19.4779 -19.0630 18.b225 -18.2'75 D.ZD8S -0. ~S8D

TORSIONAL CENTER1.1H[ t'D'tENTS BE A.., EJo4) PC'IE'NTS
_ENT I r!Dt'ENT J "OMENT I MOMENT J ttOr"lENT
0.0000 ·7Q5.Z57b -705.Z57b -795. ,,576 -795.Z570

O. DODO ·795.257b -7Q5.257b -795.2576 -7Q5.257b

O. DODO -714.5104 -7!'l.St,4 .714.5104 .. 734 .5104

0.0000 -7]4.5104 -734.5104 -734.5104 -734.5104

BAY LO'" I NDIlML

1.6104

J NDIl""L

1.UD4
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1.610~

1.4ll74

1.4ll74

1.6104

1.4ll74

1.4ll74

STATIC AMI DTNAmC UWI CCftlI"'TI~-----LATEIlALAMI IOTATI~L ". C. OISPLACEIlENTS

LEVU OIJlECTI~ I
2 X 0.977S856
2 , 0.0503746
2 10'"" O. Dooooeo

X 0.5'00284, 0.0227418
RllTN 0.0000000

,""E STEEL ..U~ IS 16.8202

ll<E CCN:IIETE WEIGH' IS 0.0000

ll<E lIIlJECTIYE YAWl! IS 16 .0202

ACTIVE ClIIlSTRAINTS

TTP! L£Y[L
O.DIS____ 2
D.OIS,____ I

LDCATI~

o
o

LOAO
I
I

IDENl'
I
I

VALUI!
0.97759
0.5900]

..............................................
ll<E EMl 0' DP1'II1IZAnllN C'CLE

ll<E snIT Cll' OPTlmZATIlIN C'CLE

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

WJ.!!i.lR C ! I2!!1.J ~ I!I!!...l RI QI g 2 !l n! !2 C »
I 30000. DO ]'.05 litO.69 7600.90 22].20 0.00 0.00 ]5.46 11.00 0.50 0.50 30.00 ]0.00 2"'. aD
2 ]0000.00 ItS.59 54.92 10653.29 ]Oz.e9- 0.00 0.00 ]7.]7 II. 7. 0.50 0.50 ]0.00 30.00 24.00
3 ]0000.00 39.04 40.66 76"4.06 223.11 0.00 0.00 ]5.05 11.40 0.50 0.50 ]0.00 ]0. DO 24. DO
0 ]0000.00 '5.78 54 .•• 10600.55 301.60 0.00 0.00 ]7.35 1I.7S 0.50 0.50 ]0.00 30.00 20.00
5 30000.00 39.05 40.09 7600.90 223.24 0.00 0.00 ]5.46 11.00 0.50 0'.50 ]0.00 3D .00 Z4.00
6 30000. DO ttS~e9 50ft. 92 U6S].29 302.89 0.00 o.ClO :n.37 11. 7~ 0.50 0.50 30.00 30. DO Z4.00
7 ]0000.00 ]9.04 40.66 7644.06 22].11 0.00 0.00 ]5.45 11.00 0.50 0.50 30.00 ]0. DO 24.00
8 30000. DO '5.78 54.69 10604.55 101 .•0 0.00 0.00 ]7. ]5 II. 75 o.sa 0.50 30.00 30. DO 2".00

lli!!....m C Ttl1>S I WlU W !I.I.I W ~ g.j g ~
I ]0000. DO 23.10 Q.092.56 4.00 ".00 2.00 0.00 0, DO ]0.62 7a.CO
2 '300CD.DC 26.64 4791.16 4.00 It. 00 2.00 0.00 0.00 ]1. 99 70. 00
] 30DDO.CD 2].10 40'92.56 lilt .00 ".00 2.00 0.00 0.00 ]0.62 70.00
4 30000.00 let.64 "'791.36 4.00 't.OO 2.-00 0.00 0.00 ]1. 99 70.00
5 30000.00 22.52' ]979.23 4.00 11.00 2.00 0.00 0.00 ]0. ]0 70.00

• ]ooao .ao 23.6lt 4198.77 4.00 It. 00 2.00 0.00 0.00 ]D.as 70.00
7 ]0000.00 22.52 3979.2] 4.00 4.00 2.00 0.00 0.00 10.16 70.00
8 ]0000. DO 23.64 4195.77 4.00 _.00 2.00 0.00 0.00 ]0.05 70.00

ll<E UGEtlSOLUlIDNS AlIE:

'"EO. I IS

ll<[ EIGE>D1Cll[ IS:

0.0'.037300250[-02 -0.0'3107602023[-02 -0. 091017]84255E-02 0.0'3107002020E-02 0 •••57.007]00IE-D2 -0 .•07249n0340[-02

·0.665166373879E-02 0.6672ct927"'3461:-02 0 .Z69IS494S82zhOI -0.10952469112:5[-04 -0.538,85531579£-14 0.140873690 IJ 'E.GI

-0. ]33092315253[-05 -0.: 122429349DIE-14

FAEQ. 2 IS 51.16

TltE UG[>D1CllE IS:

-0.14M67286265£-01 0.1Q.&864138929!-GI a. 148667286Z65E-Ol -0.1488641389Z9E-Ol -0. 72.Z04290S8S4E-02 O.72.3728838285E-02

D.7ZZ042'000SU-02 -0. 723728830207E-02 -0. 147843050.0U+01 0.2.381_958'[-0" -0.59970143652DE-15 0.250OS50,.003E+OI

0.102061508114[-04 O.1276!64~CS'5E-14
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FREQ. 3 IS

ll4E EIGENIlCllE IS:

0.774lMllZ!Z6E-01 0.775637490004E-0I -0.774lMIUIZ6E-0I -a. 775637490004E-01 0.50640153ZJa3E-Ol 0.50755408ZZZH-01

-0.50640153Z383£-0I -0.S0755408ZZZ6E-01 0.260407738320E-04 0.284J95526195E.Ol -0. Z!4690468296E-15 -0.212390576749E-04

0.1I0032987]74E.0I -0.841725U029TE-16

FIlEQ. 4 IS 67.65

ll4E EIGEtKllIE IS:

-a .645751134910E-01 a.646800929398E-01 -0.645751134908E-01 0.6....800929396E-0I -0.4l9342956755E-01 a.4Z0306Z4S4a1E-01

-a .419342956758E-01 a.420306245"aSE-01 a.6240'5719438E- U 0.262775089393£-13 O. 23206118065TE-OI O. 3Z65412665lSE-'2

0.IOUOIZ37874f-13 0.91709168109lE-02

LOAIl CD1BINATICIIIS-----PlEI1alR FOIICES-----LEVEL 0Cl.

CQlUlN FOIICE5

lINE LOAD TClIISICNAL .....JOR "'IS AXIAL "IHQI! "'IS PllJClII ",INC;;
I01ENT TOP IlQ!1ENT BOT IlQ!1ENT FORCE TOP I1OI'lENT BOT "!lPIENT SHEAR StlEU;I
a. Dooa 2''8.19221 1337. 368Z 2'" .6404 -1137.9ZU -1203.5755 11.0159 -16.2604

0.0000 248.5042 1331.609& 2'.6404 -1133.8806 -1195._ 10.9730 -16.19QS

0.0000 .. 2Q8.6710 111'7.3426 24.6160'" -1137.9157 -lZ03.573Z 11.0154 -l60.2603

0.0000 248.5552 1331.6353 :'.6404 -1133.8701 -119&.8431 10.9735 -16.19~

COll-"' STRESSES

L1HI! LOAD

BUIIFOIICE8

BAt LOAD
I I

BEAll STRESSES

TOP-IVJC rop..I1IN BOT-IVJC BOT-III" 51UlI-PllJ SHEIJl-IIlN

23.0557 -21. 9&IB 26.2389 -25.1650 O.2:IttOl -0.35"4

23.0655 -Z!.9891 26.2355 -25.16ZI 0.2397 -0.3538

23.0554 -Z!.9515 26.2lM -25.1648 0.%401 -0.3544

23.0654 -21.9890 26.:_ -25.1621 0.23'97 -0.3538

TOASICt<AL CENTtRLINE _ENTS 8EAII Et«l POIENT5
~ENT I _ENT J I<QIIENT I PIQ/IENT J I<OI1!NT
0.0001 -1865.6129 -1861. 7552 -1865.6129 -1861. 755Z

-0.0001 -1861.7356 -1865.5902 -1861. 7156 -1865.5902

-a. 0038 -772.1616 -772.0699 -772.1616 -nz.a699

0.0039 ·n1.'9369 -712.0286 -771.9369 -772.02.86

BAr LOAIl I _ .....L

6.2274

6.21""

E.5356

J _"AL

6.2145

6 .2273

2 .8360

Z.5359

LOAD tCl1BIHATIQN9-----"'Er1BIEA FCIRCES-----LEV'EL tel.

COLlJP'lo& FORCES

LINE LOAD TORSIONAL .....JOlI "'15 A.XIAL "IHOll 'xIS ".J~ 111NO~

1"':000ENT TOP ~Etn BOT ",,"[NT FOlICE. TOP P'tOMEHT eOT I1OI'1ENl SHEAR SHf"'R
0.0000 630.'9762 523.2396 &.0631 -753. ZSlO -727.bQ04 8.015':' -lel-a"l

0.0000 630.8500 Sz].4U5 •. 0632 -753.1312 -727.19738 8.0159 ~ 10 .,2.;.419

O.OOGO 630.&674 523.1577 8.063J -753.238S ~727.6783 8.01"'1 -10.264J

0.0000 630.95.5 5a.51'5 8.0632 -753.1187 -727.8617 B.Oln ·10.;:846
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COL,", STRESSES

LINE LDAIl

BUltFOIICES

BU LDAIl
I I

BEAll STRESSES

au LDAIl

TOP-IW( TOP-/tIN BOT-IW( BOT-/tlN SNEAll-tu..J SHEAR-/tIN

20.9072 -20.4942 20.0046 -19.5916 0.2053 -0.261_

20;9146 -20.5015 20.0201 -19.6a70 0.2053 -a. 2615

20.9066 -20.4936 20.0041 -19.5912 0.2052 -0.2634

20.9146 -eO.5014 20.0200 -19.6069 0.2054 -a. 2635

TQ115IllNAL CENTEOLINE IOl!HTS 8EAIl ENI _ENT5
IOCI't[NT I _ENT J I'ICI1ENT I _ENT J _ENT
o.ooao -753.2509 -753.1314 -753.2509 -753.131_

o.ooao -753.1187 -753.2183 -753.1187 -753.2183

-0.0001 -e30.9762 -630.9589 -e30.9762 -630.9589

0.0002 -630.8500 -630.8673 -630.8500 -e30.8673

J NlIl!I1AL

2.8172

2.8171

Z.~074

2.8176

5UTIC ANI onwm: LDAIl c:IlNllNATI_----LATlIIAL ANI OIITATIlJoI&L It. C. OISPLACEItEHTS

L(Y[L
2
2
2

OIOECTI..­
X
Y ,

Oll1ll

x
Y

IIlI1lI

I
0.9199636
0.0677994
0.0000000

0._827363
0.0262317
0.0000000

THE, STEn WEIGHT IS

THE l:llICllETE W£IGNT IS

THE CBJECTIVE VALUE IS

2'.8483

0.0000

29.8483

TYPE
O.OIS _
0.015 _

LEVEL
2
1

LCll:UION
o
o

LOAD
I
I

IOENT
I
I

VAI.U!
O. '1996
O.it8Z74

.........................................
THE EHII OF OPTI/tIZATI..- CYCLE

THE STAlIT 01' oPTI/tIZolTI..- CYCLI!

.....- .

..........................................
THE EHII OF OPTI/tIZolTI..- CYCLE 8.

'nIE 5TAlIT 01' OPTI/tIZolTI..- CYCLE

......................._...................
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n!E 'INAL OPTIII.lL AESUL TS IJIE:

~ 1 ! !l!!!Ll !!ALl tmLl 01 Q§ g M: T, n! I:i g ~
I 50000. 00 ".06 10.7! 1754.65 66.99 0.00 0.00 ZZ.OI '.01 0:50 0.50 50.00 50.00 /4.00
Z )0000.00 57.'2 57.5& 7006.95 ZOO .ZZ 0.00 0.00 14.87 11.50 0.50 0.50 50.00 50.00 24.00
5 30000. 00 1'.&5 11.5& 1'07.65 71.05 0.00 0.00 ZZ. ,/ '.17 0.50 0.50 30.00 30.00 24.00
0 30000. DO 25. '5 19.04 3305.35 10&.0' 0.00 0.00 26.6Z 10 .17 0.50 0.50 30.00 ]0.00 24.00
5 30000.00 1' .•0 11.0' I&I'.IZ 6&.69 0.00 0.00 Z2.00 '.0& 0.50 0.50 30.00 30 .00 Z4.00
6 30000.00 25.5Z 1&.46 31'3.6& 105.13 0.00 0.00 26.26 10.11 0.50 O. SO 30.00 30.00 24.00
7 30000.00 1'.31 10.99 le02.12 68.24 0.00 "a .00 2Z.30 '.06 0.50 0.50 30.00 3D .00 24.00
& JClaco .00 /5 ••5 16.37 3177.61 104.71 0.00 0.00 Z&.n 10.10 0.50 0.50 30.00 30.00 Z4.00

~ 1 Il!!!.U WLl W IU.! W gJ: ILl g !!:i
I 50000.00 5.61 204.09 '.00 '.00 Z.00 0.00 0.00 1••6. 70.00
Z 30000.00 12.42 741.22 •. 00 4.00 2.00 0.00 0.00 1'.66 70.00
3 30000.00 3.52 "'.01 _.00 •. 00 2.00 0.00 0.00 14.60 70.00

• 30000. 00 10.57 62•• 2Z '.00 •. 00 Z.00 0.00 0.00 16.'2 70.00
5 30000.00 0.30 15.35 '.00 •• 00 Z.OO 0.00 0.00 &.16 70.00
6 50000.00 0.5L /6.a •. 00 '.00 Z.OO 0.00 0.00 '.Z4 70.00
7 ]DOGeL DO 0.5L 15.56 4.00 •• 00 2.00 0.00 0.00 &.21 70.00
6 30000.00 0.50 26. O. 4.00 •• 00 Z.OO 0.00 0.00 '.22 70.00

[IGEl/VALlI[S AN) EIGENV[CTllRS

0.160.6'11 5947£'03 0.4074Z80798&OE-OZ -0.57060'&00Z40E-OZ -0.536'0'59610IE-OZ 0.559579IIZ468E-02 a.2.0071.26717E-02
-0.419089808628£-02 -0. 379417561046E-02 O.3810aSZ88758E-02 a.317422:S671lt7EtOI -0.1"022664703E-Ol -0. it 702913662Cl8E -03
0.125Z650Z'Z7\E.01 -0 .6201633818IZE-OZ -0.1'11 75.54114E-03

o.5777G18944478E+D3 O. Z1869931'20.E-02 -0.554636299I99E-05 0.7'8.08.75Z81E-0. -0.2Z966775936ZE-OZ 0.IZ.10411.Z36E-OZ
-0.4704.165&3Z7E-05 0.1'1500401081 E-03 -0.155930186596E-OZ 0.52608& 7556 78E-0 I O.31744-'10185824E"'01 0.797852.1811:180£-02
-0.42,8167145761E-OI O.906351597148e+oo O.272224]9J.173f-02

0.10096'8Z760'E·0' 0.5.7.5 746'504E - OZ -0.76300'7'0'Z0E-OZ 0.19/ 'Z"2.50SE-OZ -0.133033092'8'E-OZ O. Z677506S36HE-OZ
... 0.420410150184E..02 O. Z1933914 I 03SE-02 -0. 1858025 7~540E-OZ o.~50852Z9196lE+OO -0. a I 00a3zS9YtSE+ 00 o.2~Z93896~8lo1E-01
-O.Il~%J"Q063SE.QJ -Q . 1675IeS6Cib80E.oa 0.75Zoa65S6357E-OZ

O. 107135!4IH,u.o". -0. ZI77705Z....7£-02 o .14.574'56S00E-OZ o .8IZZ9S869640E-OZ -0. 78&141S7ZSZ IE-OZ 0.67"'135510432£-03
-a .11 Z34&OSS75.E-OZ 0.3&15SS013650E-OZ -0.3673&B4S5IbSE-OZ -0.113&.5IZ0/06E-OI -0.362351575624E+OO 0.140 97088852 7E -0 1
o.Z68982906760E-01 -0. 7160~0l'920E-OJ O.3!5SI74b529'lE-OZ

9T&TIC LO&D ClftlINATIClN----_EA .QIlCES-----LEV!L ~.

COLL"l 'OAC!5

LIHE LO&D

CCL'- STRESUS

UHE IC&C

8E"" 'OACES

B&Y LC&lI

8U." STRESSES

8U LC&C

YQIl51CN&L II.lJQIl lXI5 AXIAL "INCA lXI5 ....JCA P"IINCA!

I'IllIlENT TO'l' f"OtENT SCYPOOEjIT 'QIlCE TOP _ENT seT _ENT SHEAJ;! SHEAR

Z.osa. -8Z•. 1856 /6ZI.6705 '.&810 -531.1'\' -676.HOZ IZ.48Z5 -8.3&S6

1.0SSZ -1515.6553 306•. 7054 6.6S54 -_.&037 -381.6917 12.1809 -5.0866

I. OZSS -125&.5435 Z91Z.356Z 5.&9/5 -Z06.3]lo5 -/3'.5181 11.9015 -3.C'6Z

1.0ZlI -70•. n16 lon .•065 •• 1065 -Z05 ••56' -2306.7767 Z. ZIZ8 -3.0884

TOP-tU)( TOP-"IH BOT-IWC BOT-P"IIH SHEIJI-II.lJ SHEAA-P"IIH

16.7a.7 -16.4U9 /5.Z334 -Z•. 06S6 0.3536 -0. ZZ.I

ZZ.I7I' -Z1.6SS' 31.78Z' -31. Z696 0.4695 -0.1%0

IS. n.3 -15.Zazo Z•.•081 -Z•• 44bZ O.lt66. -0.1213

13.3051 -IZ.8Z55 16.3036 -15.8Z3& 0.oe69 -0.IZI3

'TORSIONAL CENTERLINE _ENTS eu.,.. EI"IJ _ENT5
"!lI'IENT I PmP"lENT J I'IC:'1ENT "C'1ENT J I'IC:'1ENT

-1.&:40"9 -603.2S5. -666.7IZI 0.0000 o. 0000

-O.9Cj106 -'354.0454 -354. BO&Z 0.0000 O.ooao

~0.O237 -24.0654 _,c.. 9060 o.oaao 0.0000

-0.0049 -62.1952 -62.16.1 o.oaoo 0.0000

I NClAII.lL J NlII!"&L

10.651. &.6410

5.5493 5.3617

4.23eo 4.3&2Ci

11.0075 11. 0020
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STAnc Lll.ID ~IHATICI<-----I'I[I'IlER FOIICES-----LEVEL NO.

COL,,", FOIICES

LINE LOAD

COL~ STRESSES

LIN! Lll.ID

TORSIOH.I.L PlAJOR AXIS AXIAL I'IIHOR AXIS PlAJOll I'IINtlR
/'Ill/'IEIll" TOP /'Ill/'IEIll" BOT /'IlII'I[1ll" FORCE TOP /'Ill/'IEtlT BOT /'IlII'I[1ll" SHEAIl SHE.LR

1.2750 25.8315 S47.02U 2.0343 -27Z.7b81 -272.087Z b.OU5 -l.7837

1.3753 57.0806 11".0954 1.9.91 -29•. 5239 -321. 9133 9.9734 -<i .253.

I. 3173 57.0831 1321.6983 1.8901 -1.2.7534 -108.5289 9.57.0 -2 .•22S

1.3061 25.590. 728.be10 I. 0855 -1.2.380. -loe.Oboe 5.n81 -2.0170

TQP-/'IAX TOP-t1IN BOT-IWC BOT-I'IIN SHEAR-PlAJ SHEAR-I'IIH

18.bl34 -.8.3990 n.1181 -n.5.47 0.318. -0.1985

19.182. -18.0897 29.1461 -Z8.9544 1,"5024 "O.21ltZ

9.MII -9.6862 18.0"90 -17.8541 0.4036 ·0.1043

9.7130 -9.5073 1".4398 -14.2341 0.2713 -0 .1 ••5

BUI'IFOIICES

BAY LOJJl

BE"'" STRESSES

BAYLOAIl

TORSIONAL CEIlTERLlNE /'Ill/'IfKn BE"'" E'CI I'IO/'IEIlTS
I'IO/'IEIlT /'IOt1ENT J /'IllI'I[1ll" /'IOI'IEIll" J /'IOI'IEIll"

-0 .•S02 -27Z.7573 -ZOO.5077 0 •• 0.0 0.0000

-0 .•S03 -142.3998 -1.2.7U5 0 .•00. 0.0.00

-0.0108 -26.2907 -U.05n o. aOOD 0.0000

-0.0162 -56.6214 -56.6239 0.0••0 0 .••0.

I_L J _PIAL

0.BI.5 10 ••532

5.2209 5.2385

7.0096 6._3

1•. OZ55 1•. 9261

STATIC ANI DTMUlIC LOAIl ClMllHATION-----UTEIIlL ANI _UIONAL 1'1. C. DISPUCEl'l[Kn

LEVU DIRECTION

X
f

ROTll

0.91n651
O.630!r.76
0.00200Z6

x
Y

ROTH

0.3768.72
0.17979:5
0.0006670

THE STEEL WEIGHT IS

THE CONCRETE WEIGHT IS

TllE TOTAL WEIGHT IS

1O.972b

0.0000

10.9726

3. Input Data of Example II

00.0
0.OM9

0.0

I5S•• 0
O. '25

CI._530

.10 . os
ET\IO STORY I'IIXED STRI.CTUIIE

I Z
0.045l
3 0

.95816..0221•. 0
.7319

o .500e
•• 0

....,.,..

16 I
0.1719

20 zz
5 3.

10 2.
10 II

I
10

2
3
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15se.e IZlee.e
e.ezul I.e ze.'7 e.5eee e.<>8716 e.e e.OIZ.215 .90516

e.e e._15 I.e 7e.~z e. ee.u I.e 7.6iI
IZlee. zee.e.

o••51ez I.e 159. ee e.5e.e 0.48716 o.e e.eIZ'215 e.ge516
•. e 0.05Z00 1.0 56.e •. ee7ss l.e 0.566

•I .ZZ
I .22
Z ....
Z ....
5

5
I .Zl
I .22
I ....
I ....

S!Ot! I.... ."076 103n.e .ze. Zle.
Itoo. ....0. eoe. '00.

FIRST I.... ..e58 _9.3 3Oe. ZlO.
'50. .5e. eee. '00.

e. e. e. e. 5. 5. 5. 5.
5. 5. 5. 5. 5. 5. Ie. Ie.

Ie. Ie. 10. 10.

I e. e.
Z e. 120.
5 e. sec.
• e. .zo.
5 z.o. e.
6 Zlto. ZlO.
7 z.o. 42e.
e t.oo~ e.
9 60e. Zle.

10 60e. 420.
I sacoo. 5.CI .1.7 ZOO. 7.....

e.o 5.U .3ee .n 56.ee 56.0 9999. 7.0
zecca. 56. 56.

_.
Z 5eeeo. 5.el .1.7 zee. 7.....

e.e 5.15 .3ee .13 56.CO 56.0
_.

7.0
20000. 56. 56. 9999.
1 3Oeoo. 5.el .107 200. 7.....

'.0 5.U .30' .n 56.eo M.e
_.

7.e
zooeo. 56. 36.

_.
• 300n. 1.01 .1.7 zo•. 7....

'.0 1.15 .30' .n M.CO 16.'
_.

7.'
nooe. 36. M.

_.
5 3eooe. 5.el .107 zee. 7....

'.e 5.25 . see .21 M.ee ·56.' 9999. 7.e
zeeee. 56. 36. '",.6 3eeoD. 5.el .1.7 zeo. 7....

'.0 5.Z5 . see .21 56.ee 36.e
_.

7.e
20000. 36. 36. 9999.
7 3eeoe. 5.01 .1.7 zea.. 7.....

'.e 5.15 .5e. .21 56.'0 56.e 9999. 7.0
zeeDe. 56. 56.

_.
• 300ee. 5.el .107 zoe. 7.....

'.0 S.Z5 .3e8 .21 36.'0 56.e
_.

7.0
zeeoe. 36. 36. 9999.
9 leooe. 5.el . 1.7 ZCO. 7.....

'.0 5.25 .3e8 .21 36.'0 36.0 9999. 7.0
zeeee. 36. 56. 9999.

10 30eeo. 5.01 .1.7 zeo. 7.....
e.o S.Z5 .3ee .Z3 36.ao 36.0 9999. 7.0

zooeo. 56. 36. 9999.
II ]Ceee. S.el .107 ICC . 7....

e.e 5.25 .308 .Z3 56.oe 56.e ",.. 7.e
zooee. 56. 36. 9999.

12 leeeo. 5.'1 . 1.7 200. 7....
5.0 5.15 .3e8 .21 36.00 36.e 99". 7.e

zeeoe. 56. 36. 9999.
13 '0000. .ees . aOl .•el .eez

1.0 I. I. I. ICC. 100. lee.e .eel
La "'9. 9999. 9999.

I' 3eoeo. .005 .DOJ .002 .eez
I.e I. I. I. lac. lOe. lee.o .eel
1.0 9999. 99''9. 9999.

15 10000. , 005 .001 .•ez .ooz
I.e I. I. I. ICC. 100. lee.e ..01
1.0 "qfjl, 9999. '"9.

16 10000. .ees . aOI .•02 .eez
1.0 I. I. I. loe. 100. loe.e .Del
1.0 ""~A 99". 9"'.

'7 ]lt56000000. zeaeeee. 4000. .. .. Z. se. 5.e 1.0
5eoo. 120. ze. 3eoDe. .015 1600 • lise. 5.e

ze. se. 5. '999.
18 ]"56000000. 2HOOOo. 111000. '. .. Z. se. 3.0 I.e

5eDe. IZo. ZD. 10000. .ezs 1600. lise. 5.0
ZD. 50. 5. 'n,.

19 3456DeoDDD. zeaeeee. 4000. '. '. z. se. 5.e I.e
3eeo. IZD. ze. 10000. .en 16ee . lise. 5.e

ze. se. 5. 9909.
ZO 3456000000. zuaoao. 4000. .. .. Z. 50. 3.0 1.0

3eeo. lIe. ze. 5Deee. .eZ5 1600 . 1150. S.e
ZD. 50. 5. 9"'.

5eeDe. 11.8 1.12 QOO. .. .. z. e.z536.ee
5. zeDDe. 36.e

5eDDe. 11.8 1.12 ItOD. .. .. z. e.z536.ee
5. zoeee. 36.e
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30000. 11.8 I.U UO.

_.
-. e. 8.e536.00

I. zooaO. 36.0

- 10000. 11.8 I.U _00.

_.
-. e. 8.636.00

I. eGOOO. 36.0
30000. 11.8 Lie _oa.

_.
-. e. 8.636.00

I. 10000. 36.1
3oaOI. 11.8 1.le -... _.

-. e. 8.U36."
I. ZOOIO. 36.0

31000. 11.8 ioU _00.

_. _.
e. 8.2536.00

I. ZOODa. 36.0
8 ]0000. 11.8 I.U _00.

_. _.
Z. 8.Z536.00

I. zoooo. 36.0
)0000. 11.0 1.12 ttOIlt. -. _.

Z. 8.2536.00
I. ZOOOO. 36.0

10 30000. 11.8 1.le 400. -. -. e. 60.0 8.2536.00
I. ZOOOO. 36.0

II 10000. 11.8 ioU _00.

_.
-. e. 60.0 8.2536.01

I. zoooo. 36.0
U 31100. 11.8 I.U _00.

_. _.
e. 60.0 1.2536.00

5. ZOOOO. 36.0
13 30000. 11.8 I.IZ _00. -. -. Z. 60.0 1.2536.00

I. ZOOOO. 36.0
L_ 30000. 11.8 I.IZ .00.

_. _.
e. 60.0 1.2536.00

I. ZOOOO. 36.0
IS 10000. 11.8 I.U _00. -. _.

Z. 60.0 0.2536.00
5. ZOOOO. 36.0.

16 30000. 11.8 1.12 _00. -. -. e. 60.0 0.2536.00
5. ZOOOO. 36.0

17 30000. 11.8 I.U .00. .. _.
e. 60.0 0.2536.00

I. zoooo. 36.0
10 30000. 11.0 .001 .00_ -. -. Z'. o.zn'."

.101 1.0 1001.
n 31100. 11.0 .001 .00<0 -. -. e. 0.25"."

.001 1.0 LOOO.
ZO 31001. 11.0 .001 .00<0 -.

_.
Z. 8.ZI"."

. 001 1.0 10oa •
eI 30000. 11.0 .001 .00<0 .. .. Z. o.u","

. 001 L.O 1000 •
ZZ 30000. 11.0 .001 .00_ .. -. Z. 0.25"."

.001 1.0 1000.
I I O. O. I. O. .OZ
Z I O. I. O. I. .05
) L O. O. O. O. .OZ
I I Z LO I
I I Z I a
Z 6 5 10 I
Z 6 5 II 0
3 , 0 IZ 0
3 • 0 13 I

• 2 3 I' a
• 2 3 2 I
I 3 • 2D I
5 3 • 3 a
6 6 7 I. O·
6 6 7 IS a
7 • 10 16 0
7 • 10 17 0
0 I 5 ZI 0
0 I 5 • 0, • 7 zz 0

• • 7 5 a 3
10 , 0 6 I 3
10 , 0 7 a 0
II 7 10 0 a 3
II 7 10 , a •

I 13 5
I I 5
e I. 3
Z e 3
1 IS •
1 3 .... 16 7

• • 7
5 I 5, 6 0
0 17 7
0 10 7
7 7 10
7 0 10
0 • 5
0 10 5

• I" 10 0

• ZO 10 a
10 II 7 0
10 IZ 7 0

I 3 2 :SOODO. '.00 36.0 Z'.O 1.0 ZO.
36.0 2'.0

Z 10000. '.00 36.0 Z'.O 1.0 ZO.
36.0 2".0

3
1.0 0.0 0.0 0.0 0.0 1.0
I.Z 1.0 1.0 1.0 0.0 1.0
I.Z 1.0 1.0 0.0 1.0 \.0

I I

1
7 I 3 a

D.O 6.5 ooa. '-ZOo
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4. output Solution of Example II

pTH.&",rc .aNAL,.!!, W!TJoI nnpUCf"'cNT C0N5T'!ArNT!
T\IO STOll. ~IXEO STRUCTURE
NU>1eEA OF STOllT LEVELS---- 2
NUl'1BEA O. COLLI1N LUIlS---- 10
>Ol!lEA O. BATS------------ II
NU>1eEA O. DI'F. COL. PIIOP- 20
tM1BEA OF DIFF. 8EA~ PROP- 22
H\JI18EA OF 01". FEF------- 3
N.Jt1!lEA OF PANEL ELE~ENTS-- 0
NlD1llEA OF BOACING ELE~ENTS 2
tOlBEA OF STEEL COL. PRDP- 16
IfJM8EA OF OPT. CTCLn----- 10
NUteER OF AlULYSES-- ..·---- 10
PERCENTAGE FOO TER~INATIDH 2.0
PEA. OF CONSTRUNT-LOWEA--O.ID
PEA. OF CONSTRAINT-UPPEA--O. 05
COINEAGENCf COt{TIlOL PlOA.- 3.0
OBJECTIVE FACTOO-5TEEL---- O. 2E-00
D8.JECTIVE FACTOIl-CONCIlfTE- D.SE-OI

STEn MEI1§E'R PJilOPERTT cg!FFICt!NTS FOR IX BETWU'"

PRDPIEATY CONSTANT 1 _EA CONSTANT 2
IT O.03SQOO 0.925000 0.000000

A 0.500000 0.437160 0.000000
J 0.022100 0.950160 0.000000

SX 0.453000 0.774000 0.000000
ST 0.042300 0.731900 0.000000

o g!NJ .S50

STUb MEI'!BER P!!'OPERTI mfFICUN!S EO! IX BETW![N 1550.0 AND '2100

PROpeRTY CONSTANT I ~A CONSTANT 2
IT 0.026510 1.000000 20.470000

A D.SDDODD 0.'07160 0.000000
J 0.012422 0.905160 0.000000

sx 0.046150 1.000000 78.462000
S7 D.DD4IZD I. 000000 7.640000

STEEL r:r£1"!e[l~ PROPER" C'O[I'FICInrrs FaR IX BETWe£H Ulaa a AND ZOOOO

PROPEAlT CONSTANT I ~A CONSTANT Z
IT D.D518ZD 1.000000 159.000000

A 0.500800 0.437160 O.OOClOOO
J D.OIZ'ZZ 0.905160 0_ OClCOOO

SX 0.052000 I. 000000 56.000000
57 0.007550 1.000000 O.Sbt.OOO

STATIC DI5PLACE,..ENT CC'N5I!.IM'

.um
I
I
2
2

FD£OU~T cOmrnU,IHT'
O.OClO 0.000
0.000 0.000
0.000 0.000

llilU:
0.210000
0.220000
o.~ooao

o.~aooo

RTN"""XC DJ!PUCCtmtI r:PN!TJ'AlHD

J..lW,
1
1
2
2

STaR''' OAT ..

UllJ....!!2..
Z
1

III
SEC,.,
FIAST

~
o .Z2000G
0.2.2.0000
O.Ct40000
0.440000

HEr<;HT
144.00
144.00

""5511'1'
0 .... 1
0.91

~
10393.00
140"89.30

!!!U
420.00
300. DO

YO'll
2"i"i:OO
2JO.00

~
0.00
0.00

I!.:.!
0.00
0.00

STU Ie: LAT,£P&l LOADS CA5ES A Arm 8

~ F)(· ... FY~" !!m.:..! ~ FY'~8 !:l!l!l:.§ l!! l! .!!!! y~

2 40F:'OO 400:00 0.00 0.00 0:00 0.00 0.0 0.0 0.0 0:0
I '50.00 ·50.00 0.00 0.00 0.00 0.00 0.0 0.0 0.0 0.0

STATIC VUTIC.lL ..mAL LOAD

~ kl!.I.....J ~ ~ ~ ~ ~ ~ ~ ~ ~
2 0.00 0.00 0.00 o. 00 5.00 5.00 5.00 s. 00 5.00 S. CO
1 5. DO 5.00 5. DO 5.00 10.00 10.00 10.00 10.00 10.00 10. 00

Ll.II'IP ".55 FC'! GEQ"!'lnt!C STTHmS5

ll!l!U: kl!.I.....J m..l ~ ~ ~ ~ lli-.1 ~ lli..J ~
2 0.0000 0.0000 0.0000 0.0000 0.0000 O. 0000 O. COOD 0.0000 0.0000 0.0000
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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cpll!!, bOO CPOINAY!S

~ ~ 1
1 0.00 0.00
t o. DO 1t0.DD
J O. DO JDD. DO

• 0.00 '20. 00
5 2'0. 00 0.00
6 2'0.00 210.00
7 2.0 .00 '20. 00
0 600 .00 0.00
9 600.00 210.00'

10 baa .00 '20.00

I;!lli!!UIl & a Ill!!...J &Ll l!I!!..J I2I III II If II :D! n Q »
I JOOOO.OO 6.6Z J.~ ZOO.OO s.n 0.00 '.00 1•. 62 S.U 0.31 o.n ».00 36.00 '9'9'9.00
Z JOOOO.oo b.6Z J.~ roO. 00 s.n 0.00 0.00 1'.62 S.IZ O. JI o.n » .00 ~.OO ~'9.aD

J JOODo. 00 b.62 J.54 200.00 s.n 0.00 0.00 1•• 62 S.U 0.31 o.n Jb .00 36. DO 99'9'9. 00

• 30000. 00 b.6Z J.54 200.00 S.U 0.00 D.DD 1•. 6Z 5.IZ O. JI 0.~3 36.00 3b.OO ~99cL 00
5 30000.00 6.62 J.50 tOO. 00 5.n 0.00 0.00 1'.6Z 5.IZ O.JI o.n 3b.00 lb.OO ~999. CO
b 10000.00 b.62 J.5' tOO.OO 5.2J 0.00 0.00 1••6t S.IZ 0.31 o.tJ 36 .00 36.00 9999.00
7 JOOOO.OO 6.b2 J.54 ZOO .00 S.U 0.00 0.00 1.... 62 5.12 O. JI 0.2J Jb .00 36.00 9999. DO
0 JOOOO.OD 6.62 J.54 200.00 S. tJ 0.00 0.00 1'.b2 5.IZ 0.31 0.2J ]6.00 3~. 00 ~999. CO
9 JOOOO.OO 6.62 3.50 200.00 5.23 0.00 0.00 1•• 62 5.1! 0.31 0.23 36.00 36.00 9999. CD

10 JOOOO.OO b.b2 3.50 200.00 s.n 0.00 0.00 1•• 62 5.12 0.31 o.n 3b .00 36.00 9999. DO
II 30000.00 b.6t 3.5' 200.00 5.23 0.00 0.00 lQ,.62 5.12 O. JI o.n 36.00 36 •• 0 9999. CO
IZ 30.00.00 6.62 3.54 200.00 s.n 0.00 0.00 14.62 5.lt 0.31 0.23 36.00 30.00 9999. CO
13 30000.00 0.02 0.00 0.00 0.00 0.00 0.00 1.00 0.55 1.00 1.00 100.00 100.00 100.00
I. 30000.00 0.02 0.00 0.00 0.00 O. DO 0.00 1.00 0.55 I. 00 1.00 loC .00 100.00 100. 00
IS 30000.00 O.OZ 0.00 0.00 0.00 0.00 0.00 1.00 0.55 1.00 I. 00 100.00 100.00 100.00
16 30000.00 O.OZ 0.00 0.00 O. DO 0.00 0.00 1.00 0.55 1.00 J. 00 100.a..c 100.00 100.00

~ U a U w w w n g » &J; ..J! ...!! Eli !!Jl ~ ~
17 2U39n. 1730. 73166. '.0 ..0 t.O 50 •• 3.0 1.0 JOOO.O I!D.O 20 .•10000.0 0.OZ5Z707130. 1150.
10 t6J397!. 173•• 73166. ..0 '.0 2 .• 50.0 3 .• 1.0 3000.0 IZO.O 20.030000.0 0.0252.707138. lise.
19 tU397t. 173•• 73166. •• 0 ..0 2.0 50.0 3.0 1.0 1000.0 ItO .0 20.DJCOOO.0 o .025Z7D7130. liS' .
ZO tU397Z. 173•• 73106. ..0 •• 0 2.0 50.0 3.0 1.0 JOOO.O ItO.O 20.010000.0 • •OZ5Z7.7130. 115•.

COLUMH Sn;tESS AND SIDE CMnAIm IN!9!MUIOM

~ m m m ~ llI!1.....D ~
I ».00 36 ••0 36 .•0 5'.00 7.00 zoooo.oo
2 36.00 J6.00 36.00 36.00 7.00 20000 •• 0
J 36.00 36.00 36 .•0 36.00 7.00 20000.00

• 36.00 3b.00 36.00 36.00 7.00 ZOOOO. DO
5 J6.00 36.00 36.00 J6.00 7.00 ZoDOO.CD
6 36.00 36.00 36.00 36.00 7.00 20000. 00
7 36 .00 36.00 36.00 36.00 7.00 20000. aD
0 36 .00 3b .00 36 .00 J6.00 7.00 tOOOO.OO

• 36.00 36.00 36.00 36.00 7.00 !DODO .•0
10 36.00 36.00 36.00 36.00 7.00 ZOOOO •• 0
II 16.00 36.00 36 .00 J6.00 7.CO tOOOO. O.
It 36 .•0 16 .•• 36 ••0 16 .•• 7.00 2.0••.••
13 10•.•• 1.0.00 9999.00 9999.00 •••• I. 00
I. 10•.•0 10•• 0. 9999.00 9999.00 ..0. I. 00
15 '.0.00 100.00 '999.0. '9".00 0.00 I. 00
16 10•• 0. 100.00 9999.00 9999.00 0.0. 1.00

~ m &2 m RQ Ill!!....!! !I!!....!:I
17 50.0. 3.0. 50.00 1.0. S.CD ZO .00
10 50.0. 3. O. 50.00 J. O. 5.0. ZO .00
19 so .•• 3 ••• SO .•O J.OO 5.00 2•• 0.
2. 5•••• 3.0. 50.0. 3. D. S.D. 2•. O.

WIl..lIl & !2!!U ~ W W W Q1 Il..! II I!ll
1 500••. O. 6.00 .00 ••0 lI. DO ".00 2 .•0 •• 00 0 .•• 17.10 36.0.
2 500••.•• b.eo liDO. 00 lI.oO ".00 2.00 0.00 0 .•0 17.1. 36.0.
3 30.0•. O. 6.00 .0•. 00 •. DO • .•0 2••• • ••0 0 .•• 17.10 36 .•0

• 30000. O. 6.00 • 00.00 •. 0. •••• 2.00 •• 0. 0 ••0 17.10 36 .00
5 J••••••• 6.00 ODD ••• fI..OO •••• 2 ••0 0.00 0 ••• 17.1. 36.0.
6 :so•••. o. 6.00 •••••• -'.00 •• 0. 2 .•• •••• 0 ••• 17.1 • 36.00
7 3••••• 00 6.011 ODD.DD -'.00 ".00 2.00 0 ••0 0.00 17.1. 36 .•0
0 30000 ••0 6.011 -'00.00 - •. 00 •. 00 t.OO 0.00 0.00 17.1. ~.OO

9 300••. 00 6.aa 400.00 4.00 lI.OO Z .00 0.00 O.OC 17.10 36.00
10 30000.00 6.sa 400.00 4.00 4.00 2.00 60.00 0.00 17.10 lb ••0
II 30.00. D. 6.00 iGI0D.DO 4.00 •. 00 2.00 b•••• 0.0. 17.10 36 •••
12 '!CCloC.oo 6.00 400.00 4. DO tt.OO 2.00 00 .•• 0.00 17.10 36.00
13 JOO.O. O. 6.eo ttoo.oo tt.oo tt.OO Z.00 bO.oo 0.00 17.10 36.00
I. JOOO•. O. 6.SS "'00.00 "'.00 4 .00 2 .0. bOo 00 0.00 17.10 J6.0D
15 lOOOO.OO 6.eo "'00.00 tt .ao 4.00 2 .•• bOo CO 0.00 17 .10 lb .••
Ib 1••0•.•0 b.eO ,400. DO tt .00 "... 2.00 bD. DO 0.00 17 10 36. DO
17 )0000.00 6.88 400.00 '" .00 4.00 2 .00 bO.OO " .00 17.10 3~.OD

10 30000.00 0.00 0.00 4.00 4.00 2.00 0.00 •• 00 l. 27 1jI9.1iI9
19 JOoOO.OO 0.00 0.00 4.00 it.OC 2.00 0.00 0.00 1_ 27 99.1jI9
20 30000.00 0.00 0.00 4.00 4. 00 2 .•• 0.00 0.00 I. ::7 q9.9'
21 JOOOO .00 0.00 0.00 '" .00 4.00 2 .•• 0.00 0.00 l. 27 99. cn·
22 30000.00 0.00 0.00 4.00 ".00 Z.ao 0.00 O.OC I. 27 99.99

BEA'" '~!5!1 AND 9IP£ eMYIIJUNT INfOP"UION

...Jl&!!!....1I ~ W WL..J ~
I 36 .•0 36 .•0 S.D. 20000.00
2 36 .•0 l6. O. 5.00 :0000.00
3 36.00 36.00 5.0. 20000. CO

" lb.OO J6 ••0 S.D. 20000.00
5 16.00 16 •• 0 5.00 zooco.ao

• 36 ••0 36.00 5.00 20000.00
7 36 ••0 Jb .•• S.D. 20000.00
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e 36. DO 36.00 5.00 ZOOOO. DO
9 36.ClO 36.00 5. DO ZOOOO.OO

10 36. aD 16. DO 5. DO ZOOOO. DO
II 16.00 36. DO 5.00 ZOOOO.OO
12 16. DO 16. DO 5.00 ZOOOO. DO
13 36. DO 36.00 5.00 20000.00
I~ 16. DO 36. DO 5.00 ZOOOO.OO
15 36.00 36.00 5. DO ZOOOO.OO
16 36.00 36 .00 5.00 ZOOOO.OO
17 36. 00 36.00 5. DO ZOOOO.OO
Ie '9.99 1000. 00 o.co 1.00
19 99.99 1000.00 0.00 1.00
ZO 99.99 1000. DO 0.00 I. DO
ZI 99.99 1000. DO 0.00 I. DO
ZZ 99.99 1000. DO 0.00 1.00

U!..lI! 'llIlI !!l. :tl. !!! Y!! II
I I O. DaD O. DOD 0.000 0.000 O.OZO
Z I 0.000 0.000 0.000 0.000 O. 050
3 I 0.000 0.000 0.000 0.000 0.020

eE'" LOCATIONS

W l.mJ. 11: .& m W :tl.U :LI,g :tJ.U
I Z I Z Ie 0 0 0 0
I I I Z I 0 I 0 3

• 10

• II

12
13

4 19
4 2

5 4 ZO
5 4 3

6 14
6 15

10 16
10 17

ZI

•
9 2Z
9 5

10 5 6
10 5 7

II 10 e
II 10 9

BE"" PrI0Pf~TT SET tp 1:U1!IE!

S:T~T lli.J ill:...J ~ ~ ~ ~ B!!.....2 ~ §!.!.-! ~ w:....u-Z-
II 10 lZ 19 ZO ,. 16 ZI 2Z • e

I I II 13 Z 3 15 17 • 5 7 9

&EN£R.lTED BfA" 60,1.09. LOAO C..!E I

STORY lli.J lli..J ~ ~ §!!......J ~ !l!l..-1 illJ ~ ~ e..u..J..l-Z- 0 1 I a • I 1 • • I ,
1 I I I I I I 1 I 1 I· I

GENEUTE'D SEA'" LOADS . LOAD CAgE I

J!!2!!! lli.J ~ ~ ~ ~ ~ !l!l..-1 Il!.!.J ~ Ul...I.l! w:....u
Z • • • • a 0 • 0 • • 0
I • I I • 0 Z Z 0 0 I Z

GENERUED SUi'll LOADS . LOAD CA!lE

ill!!:! lli.J ~ ~ ~ ~ ~ l!.!-...1 ~ §.!!...J en !O Il!.!...l.!
2 0 3 I • • 3 I • 0 3 3
I I 0 • 1 3 • • I 3 0 0

COll.~ LOCATIONS

J.I!!g llm W ~ mi
I I U 5 •I I 1 5 0

14
Z

IS
3
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eou,"" PDOPEPTtES

COLlJI<N LINE NO. 1
~ I ! TOI" I !!!L.l !!!!LI .IU 1m Q !lr If TW II ~ ~

~ 30000.00 O.O~ 0.00 0.00 0.00 0.00 0.00 1.0& 0.55 1.00 I:CO 100.00 100.00 lao. 00
I 30000.00 6 .6~ 3.54 200.00 5.23 0.00 0.00 14 .•~ 5.1~ 0.31 0.~3 16.00 36.00 9999.00

COlU!"IN LINE NO ~

.b!..U.I. I ! !!!!!U !!!L.l !!!!LI .IU Q§ 2 ~ TF Il:! T' g; ~
~ 30000.00 o.o~ 0.00 0.00 0.00 0.00 0.00 LOB 0.55 1-:00 1.00 100-:00 100.00 100.00

• 30000.00 6.6~ 3.54 ~oo.oo 5.23 0.00 0.00 n.~2 5.1~ 0.31 o.~3 36.00 36.00 9'999.00

COllJttN LrN! NO 3
w:fl. I !

_. I
l!!L.I !!!!LI .IU Q!l Q ~ IE Il:! n g; ~

2 30000.00 0.02 0.00 0.00 0.00 0.00 0.00 I. OB 0.55 1.00 1. 00 100.00 100.00 100.00
I 30000.00 6.62 3.54 200.00 5.23 0.00 0.00 14.~2 5.12 0.31 0.23 36 .00 36.00 '99'99.00

eOLl.I"fN LIN£ NO •
~ I ! !!!!U !I!.Ll !!l!Ll .IU Q!l Q !lr If Il:! T' g; ~

2 30000.00 O.O~ 0.00 O.ClO 0.00 0.00 0.00 LOB 0.55 LOO 1.00 100-:00 100.00 100.00
I 30000. DO 6.62 3.54 ~OO .00 5.23 0.00 0.00 14.62 5.1~ 0.31 0.23 36 .00 36.00 9999.00

COlU!'1N LINE NO. 5
lllli I ! ~ !l!.Ll !!l!Ll l!! 1m Q !lr TF Il:! T, g; ~

2 30000.00 6.6~ 3.5'" 200. DO 5.23 0.00 0.00 1".02 5.1~ 0:31 0.23 36:00 30.00 9999, DO
I 30000.00 6.62 3.54 ~OO. 00 5.23 0.00 0.00 14.02 5.12 0.31 0.23 36.00 36.00 9999.00

COl..lJI"Itf LIN! NO. 6
ll.W. ll! ! .u W !lll W n g ~ & ..l! ...!! lJ! !Q d §

~ 2633972 . 1734. 73166. •• 0 •. 0 ~.O 50.0 3.0 1.0 3000.0 I~O.O ~O .0 30000. 0.0Z.52707138. 1150.0
1 2631972. 1734. 73166. •• 0 •. 0 ~.O 50.0 3.0 1.0 3000.0 120.0 ~O.O 30000. 0.025,707138. 1150.0

COll!'!H LINE NO Z
~ I ! TOIl. I !I!.Ll ll!!Ll .IU 1m Q ~ ZF TW T' ~ S.

2 30000.00 6.62 3.54 200.00 •. ~3 0.00 0.00 14 .•2 '.12 0:31 0:i3 36-:00 36.00 9999-:00
I 30000.00 6.6~ 3.5'> 200.00 •. ~3 0.00 0.00 14.62 5.1~ 0.31 0.~3 16.00 '36.00 9999.00

COlLt1N LINE NO e
lllli I ! !!!!!U !!!L! !!!!LI .IU 1m 2 !lr If TW n g; ~

~ 30000.00 ~.02 3.54 200.00 •. ~3 CLOD 0.00 14.62 5.1~ 0.31 0:i3 36.00 36.00 9999.00
I lODOD. 00 ~.02 3.54 200.00 5.23 0.00 0.00 1'" .~2 5.12 0.31 0.23 3~. 00 36.00 9999.00

COLlI'IN LINE NO. •
lllli ll! A .u ill !L!..I W 12 'Ii }ll Il; ..ll ...!! ~ ~ ~ §

~ ~6339Z~ . 173•. 73166. •. 0 •. 0 ~.O 50.0 3.0 1.0 3000.0 120.0 20_0 ]0000. 0.0252107138. 1150.0
1 ~U397~. 1734. 73166. •. 0 •• 0 ~. 0 50.0 3.0 1.0 3000.0 I~O.O 20.0 30000. 0.0,52707138. 1150.0

counl bINE NO 19
lllli I ! TtlII. I !!!L! l!!!U .IU 2D Q §! TF TW T' g; 5.

~ 30000.00 6.62 3.5. ~OO. 00 5.23 0.00 0.00 1•• 62 5.12 0:3. 0:i3 36-:00 306.00 91j1lil9~0
I 30000.00 6.62 3.54 ~OO. 00 5.23 0.00 0.00 14.02 5.1~ 0.31 0.~3 3b.OO Job. 00 9999.00

9T.l.TIC lOAD CDr1BIHITtDN Il'!JlTIPqrp!

~ ~ :a,g 1.!.!1 i.!U
~1.0 0.0 0.0 0.0 0.0

DYNAHIC lOAD cpttBIH& TYON IHULTIPlU~!

)(J.£J. ~ ~ J.!!1 .1m !!!l!ll
1.~ 1.0 1.0 1.0 0.0 1.0
1.2 1.0 1.0 0.0 1.0 1.0

ATC-] snEll:; ""OV...lllSl!!ll
GENERAL IHFORIUTIOH ,

AREA ..,AP tol.I"IBER FOR U ...... -- ---- ......... - .... -- ... _....... _
AREA I't.I.P Hl...It1!:ER FQR AV - ..--- ---......-- ..------- .. -- .. -
SEISMIC COEFFICIENT AV -_._-- .TABLE I-B'
SEISMIC INDEX --_•• _••_------ 'TABLE I-AI
SEISMIC HAZARD EXFlOSURE G'P.OUFI ITlEILE I-,ll
SE1SMIC PERFORM:.UCE CJ,TEC~Y [TABLE I-II
Ii1ES~ONS[ ttOOIFtCATION F.CTQA {TaaLE ]-BI
DEFLECTION ."PLIC.l.nCIH FACTOR £TABLE 3-BJ
SOl L TYPE --- - - -- --- ---- ---- - ----- -- -------- ---__
ST~UCfln'lAL TYPE --------------------- .. - .. ------ .. __

EQ. I: r1OI"lENT-RESISTtHS STR'UC'T'lJR'!
Ea. 0: NON-HOt1HH-RESISTING STRUCTURE

I1ATE~I.L OF THE STRUCTu:lE -------------------.--­
Ea. 1: STEEL FRAME
ea. 0: COHCRue FRAI'1E

STRUCTUUL COtIFtGURATIOH :
PLAN CONFIGURATION ------------------ .. - .. -------
VERTICAL CONFIGURATION ------------- .. - .. --- ... - ... -­

Ea. 1: "EGUlA.R
Ea. 0: IAEGUUR

SOIL PROFILE COEFFICIEtn ---- £TlEILE 3-A J -------

ALLQW68l[ ORIFT ACCoPOING TO TAeb! 'J-C

7
7

0.400

•
3
o

e.oo
0.50

3
1

1.500

SEISMIC COEFFICIENT ... ------ (TABLE I-B) -0-----

OVERALL LENGTH .T BASE I IN) ----------------- _

0.400

bOO.OO

FLOOA NO.
1
~

ALlQl.IABL.E VALUE I IN»
1. 44000
1. 44000

Reproduced from.
best available copy.
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nt£ £IS£HSOLUTIete ....£:

FI£Q. IS II. 73

nt£ £IS£IftlD£ IS,

0.3328S386SS07£-02 0.I96S35478375£-04 0.1965354783S2[-04 0.332853865S07£-02 0.432107790980£-02 0.OSI771222227£-OS

0.432107790979£-02 -0.757991832991£-02 -0.1272toao4670U-04 -0.757991832978£-02 0.331254190822£-02 0.195623119321[-04

o .19S023119319£-04 0.331254190822[-02 0.171460007575E-02 0.3a3204S707Z5£-05 0.171460007574£-02 -0.499958467014[-02

-0.800229703474£-05 -0.499958467606£-02 0.127090797541['01 -0.104515755022£-21 -0.257113889601£-17 0.429329751777£.00

-0.205700951220£-21 0.034441821437£-18

2 IS

nt[ EIS£IftlD£ IS:

50.14

0.270355459477£-02 0.164624710429£-04 0.104624710411£-04 0.2703S5459475£-02 -0.144424107574£-01 -0.241543093059£-04

-0.1"""2410757][-01 0.117218708276£-01 0.1891491139727£-04 0.11721e708273£-01 0.27Z840020420£-02 0.lo:l49ZS08Z07E-04

0.163492508202£-04 0.272840626420£-02 -0.90280_28IS£-02 -0.ISO_4604£-04 -0.90289_2813[-02 0.629649347203E-02

0.1156903241!5£-04 0.629649:147185£-OZ -0.03430S318612['00 O. 322070255702E-21 -0. 33383Z434089£-17 0.860211888560£'00

a.393466276416E-21 -0.112846295756E-17

3 IS

ntE £ISEIftlD£ IS: •

0.5431"8601805£-01 0.I05ZI2546192[-03 0.1632IZ546460£-03 0.5431"8601806£-01 0 . 118470045685[+OZ 0.113924022530£'00

0.125674719340£-03 0.402994007201£-01 0.79563410708SE'01 0.786214548046[-01 0.795634107083£'01 0.280300702074E.00

0.26974325868U-02 0.28036076207U.00 -0.108_009924[-02 -0.140923884911U-18 -0.3475S8777500[-14 0.809463321053£-03

0.01 707S977290[-18 -0.832892104352E-15

nt[ Pt:IIllII USED DO nt[ CALCULATll»fS IS

LAT£IAL FllIICES,

0.45500Z

STillY 1llI.
I
2

DIIFT:

STillY 1llI.
I
Z

ntETA:

STORT IC).

1
2

Y&LU!
0.318106£'02
O.291'-641!.a2

VALUE:
a.loc.73ahOJ
O.n8009!.01

VALUE
0.11 189'n·Ql
0.095035£-OZ

nt£ EIGEHSOLUTIOIIS ....£:

FlED. IS 60.00

nt[ UG£HPOCIlE IS:

0.42Z01IZ93040E-02 0.127090214112[.00 -0.127090214112[.OD -0. 42ZoI1293640E-02 0.308947470118£-01 -0. 219823009Z20[-1 Z

-0.30894747itI2U-OJ O. !0906U]08J8!-OJ -0. 1176877Z1J~E-13,-0. 30906683Q83aE-Ol 0.419107588114£-02 O. 12'66lta.801144E tOO

-0.12064880LI44£'00 -0.419107588114[-OZ 0.199402944500£-01 -0.150802770022£-12 -0.1994OZ94450U-01 0.1990301550.3[-01

-0.8109620516181:-14 -O.19%30155663E-OI -0. J7S4441 US74!-21 0.127949327118£.01 0.9045090200207£-08 0.302650817049£-21

a.417'39'1814"89E.OO 0.130831747830£ ..06
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F~EQ. 2 15

TlIE EIGE'"lOE 15:

0.7Z1905703024E-0I -0.605174496308E-01 -0.170722156724E-17 0.605174496308E-01 0.1I6746040915E-0I 0.368ab5563895E.00

-0.368665563895E'00 -0.1I67460409ISE-0I -0. 38331Z17a244E-01 0.612008236705E-16 0.383312 178244E-01 -0. 3ZS704101634E-01

-0.50nI9772762E-IO o. lZ5704101634E-01 -0.35Z3035927'5E-Z3 -0.60'>234478360E'00 -0. 757779053540E-04 0.48Z3087Z5775E-23

O.84e18007eCZ4E'OO -0.8'97'].87483394[-03

F~EQ. 3 15

TlIE EIGENI1ClOE IS,

0.5431095Z1037E-OI 0.163181931515E-03 0.163181931349E-03 0.543109521036E-01 O. 111l470188143E'02 0.11392337874IE'00

O.1J847018814]E+02 0.435192268782£'00 O. 391180733566E-02 a.4351'9226878U+OO O.402964641291E-Gl o. 12S6510152ZttE-03

0.1Z565103505IE-03 0.402964641290E-01 0.795634929315EoOI 0.78620990674IE-0I 0.795634929314E'01 0.280202138750E'00

0.269639354491E-OZ 0.280202130749E.00 0.1I9364273360E-07 O. 344548531589E-13 -0.17I333099344E-15 -0.Z0689332836IE-07

-0.179388901838E-13 -0. 726498ZZ4967l!-15

TlIE PEJlIOO USED IN TlIE CALClIUTIDIl5 IS

l.4TERAL FIIICrs,

5Tt11!Y NIl.
I
2

DRIPT:

5TIIIT NIl.
1
2

YALlI!
D.315106E+02­
0.291464E·02

VALUE
O. ]9'.7].8£-01
0.76374IE-01

t.OA.D COtlBINATIOHS-·· .. -I1EreEA FOQCES-----LEVEL tI),

COL..... FORCES

LINE LOAD TlIISIONlL ~lJlII lXIS lXUL ~1~ lXIS ItlJOll I"lItI!m
"",,[NT TOP I'01EHT !CT I'IOI"I'ENT FO~CE TOP ftOI'l'ENT BOT PICI'lEHT SHEAR ~E)"R

0.0000 -42.7114 -2Z.7785 2.1317 -0.2238 -0_1119 -0.4548 -0.OC:3
0.0006 113.8751 191.5480 0.8774- -0.4507 -0.2033 2.1210 -O.OQ':'S

-o.oooa 112.666a 190.0545 0.8'926 -0.3230 -0.0960 2: .10Z~ -Q.OO:::9

0.0000 -5.4782 -2.7J91 1.2267 O.ISZ3 O. J 133 -0. 0571 0.0018
0.0006 -11.1356 -4.7ZS7 -I. ]"9] -0."056 -3.716" -0.1101 -D. D~eo

-0.0008 -e.b571 -1.a2:3 -0.6008 -a .'f0:0 -3.7046 -0. one -0.0:'S5

Cl.oOOO 5.4782 2.739. 1. 2267 0.1523 0.11 33 0.0571 0.0018
O. 0006 13.6359 7.6601 -Z.2078 ..o.'t0~3 -3.706~ o .1't79 -0.C:'C5

-0.0008 16.1144 U.5635 -3.0062 -0.'t059 -3.7180 0.1853 -0.0:&0

0.0000 -42.7174 -22..7785 2.1317 0.2238 0.1119 -0.4548 C.O~::3

0.0006 IIZ.771O 190.2363 0.&411 0.5791 0.3117 Z.104:: o. OO~=
-0.0008 111.9792 191.7299 0.8ZS8 0.7070 0.'"190 2: .lZ3.:l 0.0076

0.0000 .. 11.6926- -7.Z6bl Z.0932 -1. 026b -0.5133 -0.1317 -0.0107
0.0006 5.74Z9 137.481'9 -2C1.0%b -2.8528 -1. )930 0.9Cj1':'0 -0.C':95

-0.0008 4.678'9 1:36.1605 -20.0536 -2.7796 -1.3395 0.9794 -o.Q&:ee.

0.0000 0.0000 0.0000 ].8C46 -'37.5741 3'3.1544 C.OOOO -0.0]07
45.0"9 -"-27. 33bl 1461.0529 -18.9234 1039.1065 -4390.9690 7. ::01 -::3. ,764

-60.4]66 -719.1752 217't.l04b -18.923"- 1039.1665 -41'il0 .%90 IC .1037 -Z3.:'764

0.0000 -11.b926 -7.2661 Z .0932 1.02b6 0.5133 -0.1117 0.0107
0.0006 5.0067 136.3542 -20.2831'+ 3.1351 1.0009 0.9817 o .C3:9

-0.0008 5.8707 137.6756 -20. ]264 ].20a3 1.b544 0.9Cj168 0.0338

8 o .ClCClO 54.6231 25.!917 5.0879 -1.1187 -0.5594 0.5591 -0 ,0117
a 0.0000 ]01.5478 ,85.3844 -Iit.093' -2.90,8 -1.4010 4.0759 ·0 C:'99
a -0.0008 301.3191 284.3809 -16.1382 -3.0002 -1.47:6 4.0674 -0 0311

0.0000 0.0000 0.0000 3.9029 -37.Z881 33.Z~71 0.0000 -0.0:'77
4S.044Q -735.1 '20 2170.6191 -18.8]91 10]9.1277 -4'!'ljIO .1jI8e~ q. 9~8~ -ZJ .,2708

-60.4366 -44a.7605 115a.8144 -16.8391 1039.1277 "4390.9884 4, ljI'!C9 -Z3. ::768

U o. 0000 54.b2'31 2:5.8917 5.0879 1.1197 0.5594 O.55lj1l o .Oll?
10 0.0006 30Lttc72 284.5544 -16.3596 3.3331 1.7170 4. Obljl~ o. C:J;~l

U -o.oooa 301.0352 2a5.5579 -16.3146 3'235a 1.6453 4.0777 0.0339

j,6t!



C1lL~ ST1'£SSES

LIN! 1.0&0 roP-1tIlX TOP-HIH BllT-1WC IlOT-I'lIH SHUll-IV.J SH£AIl-.,IH

I 1.,"1L ·1.34a1 I. IOq5 -0.5651 ·0.ilfIa7 -D. GOOl,
,

I •• 5154 .... 1501 '.Z134 -6 ...aI o. 3~O~ -0.oaD7
) '.'111 ".IOIS 1.Ue<> ".8sas 0.1177 -0.000'

I 0.00601 -D.089S 0.3'009 0.0199 -D.oOU 0.0001
( 0.1900 -0.6170 I.ms ·2.1015 '0.0166 "'G.CI"4!]

) D••r2J -0.60J9 1.1US -1._" -O.DlIO ...O.Oo-J

0.00601 -0.oa95 0.3'009 0.D2Qq O.OOU O.OOOS
0.3616 -J. ate9 1.'596 -2.4ib4 0.022' -D.CO'l
O.33IS -1.2.10 1.75oa '2.6595 O.OIalI -0.004)

• I I. 99)1 ·1.3461 1.10" ·0.5651 '0.0667 0.0004

• 2 '.5325 ".I'D! '.Z1S0 -6.0188 0.3180 0.0009
4 3 •• 61&6 ".3872 7.3J1a -'.O&!lI •. 3t09 o.01)U

5 1.10060 ·0.6I3S '.D!SI -a.zaG_ -0.01" -111.0016

5 '1.')11 -o.043D i.60ft," -a. 7"'0 •. 1503 .. O.OC4S

5 ·1 .•n6 .... 5691 I.6014 -6.6630 0.1<060 -0.00'1

O.I2QI ·D.OD33 o .U21 ·0.0019, 0.0000 0.0000
1.5034 -0.0109 6.621' -0.Dl09 O.C1a~z ..D. al]lt
1.5740 "'0.010" 6.7935 "'0.010Q 0.0058 -D. 0134

I. Z0060 -0.613] 0.6331 ·0 .ZOO' -0.0199 0.0016
-I. 34a' - •. 70Z0 Z.7016 ·8.8S27 0.1480 a .OOSQ

·1.Z878 .... a5l>s 1.1696 ·a.'I3. O.lSQ7 D.GaSl

6 3.312Q .1. n09 1.9ll90 -0.'511 O. 0645 -0.0018
6 10.0100 -14.6744, 6.6_ '13.5"'" a.blbO "'O.oac..s
8 10. DOIS ...tt. qz06 ".6'6.0 -13.55'01 0.tl147 -0.0041'

9 0.IS07 ·0.0032 O.IZOD -0.0020 0.0000 0.0000
9 1.5783 '0.010' 6.70]1 -O.oIOD 0.0051 -o.on4
0 1.5090 -0.0109 6.5'063 -0. DlOD 0.00Z6 -0.0134

10 ).3IZ9 ·I.no. 1.9890 -0.0511 D.o60S o.DaJ8
10 !D.I7SI -15.1201 6.16154 -13.7134 0.6150 O. aOSl
10 10.1016 -15.07'0 11.7766 -n. joDa] 0.6163 o.OaSl

StAl< Fllllcn

_SIOHAL CEom:llL I)IE _!4TS 8(101\ £141 _HTS
an LOAD tolEIl1' I HCHE'" j HOO!HT _tHT J IIOmHT

I I '0.1521 0.1605 _.13'1 0.1605 • .... 13n
I I 0.00'1 O. ZS9~ '90.0171 O.Isn .90.0171
I 5 0._0 0.1315 -1D1.O'ao O.I3U ·101.0~00

I -0.0"10 I.O.Z&6~ -~.U:D 16.67U ·I.UZ.
I 0.1103 60J.5S8' .. .,.c.ClI09 ,q..%J7 "6."'O~, 0.1133 600.0060 . -6.1763 103.9U: -0.2761

3 I o.lno "'.UOZ '1. &009 13.IIZ7 -Z. &009
] I 1.0&71 'Dl.S1It.CI -6.3620 98 ....'5 -6. ,,"lO
1 , I.O'Z.2 595. 7~11lt ..... 6568 .... ;""2,58 .... 6)60&

0 I 0.0000 "O.61TS •••. 61TS _Q.611S -49.6J75

• : "0.001'" 109.lS19 -108.6199 109.15n -100.6199
0 3 O.OOIC 109.6661 -\00.090' 109.6801 -108.09'07

5 0.1525 ".1392 ·0 .1605 ".nQ: -0. L605
5 "'0.403.5 .... '9'!9 -C. 370' "'.'~19 -0,3193

5 "'O.ttD4D 01.9801 ..Q.SD7I 91._1 -0.5011

6 0.0020 IOWI .:80~ -1.6UQ 16 ...ns ·1.UI9
6 -0.1126 _.7SSZ -7.1_ 611.1407 ".1'96
6 -0.10'10 "'.301'5 ·7 ......1 OS. 9751 ·7....:

,0.ITn 163.13'o! -'.6009 13.1127 ·!.8069
"LO'11 51'5.7I1. -,.S,? sa. 3"6 ....,.57'7'-'
'1.0665 501.5150 -7.JOZ6 54 .4541 .,. SOI6

a ·o.ou, 41.8699 -nO.SI5z "2.869Q -J30.SIS1
8 -0.19LO -1\'.162' -601.5617 -1I'.2SZ0 -60\.5..1'
0 -0.1'91S -l1S.C74Q .-oDD.14D1 "'UJ.D140 "&00 .1ft61

0.0634' 4Z.e6Cl1'" -nO.SI5% 412:.86'" -110.5152
O. lOOO -1\5.Ln9 -tlOC).l,3b§ -In.I179 "'bDD.23!!:l5-

O.l'Q" -11_. !U! -6a~.6S1" -11't.3863 ..601.651111

to -D. DDft& 150.6956 -174.171' no ...OS8 -174.777Q
10 -0.0044 sn.73'-''l '""&80. J"'U sn. 73"~ -sea. )0432

10 "O.ClOCliZ tlOL. L2.2.4 -OT8.79Il 601.lU.4 -a18. '0)2

II (I.D048 2)0.6958 -174.777Q 239 .•"0 -114.777~

II O.oce6 600. MAt& -878.6950 oDD. q46te -070. D050
\I CL 00]9 599.557% -&e9.SS10 599.Ss,n -680.5:170

8U" SUlsSIS

au LOAD t _ .....L J _I'IAL

G.GO!.or. a~~]5

0.9055 %.0951
o .00Ia %.1505

Z I Q.3S6't 0.051>3
I Z 1.1366 0.118'
Z , I. Z030 0.134%
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4
4

•
5
5
5

7
7
7

8
8
8

10
10
10

II
II
II

BRACING ELEP'fE'N'TS

IlIlACE LOlD
I I
I Z
I 3

BRACe 5TWESSE9

8RlCE LOlD

o .Z803 O.C1600
Z.1051 0.13.0
2.01S4 0.1419

1.0.0. 1.0.0.
Z.3331 2.3Z20
Z._ 2.3105

0.9435 0.0034
Z.0305 O.OOSI
1. ...1 0.0108

0.356" 0.0503
1.8851 0.155.
1.8185 0.1.02

0.ze03 0.0.00
I. 7184 0.1620
1.8052 0.1561

O~916!. 2'.7898
2."Z8 12.8584
2.4170 lZ.ez8Z

0.91.3 2.7898
Z."192 12.8301
2."50 . lZ.eo03

4.9311 3.7359
lZ .8194 18.8174
lZ .8490 18.782:3

ft. 9311 ).7359
lZ.8452 le.7864
IZ.815. 18.8Z15

AXIAL-FOIlCE
0.651Z

-0.2846
1.0"50

0.6512
-1 .•301
-Z.93"

AXIAL

0.0724
-a.oUe»

0.1161

0.0724
-0.1811
-0.3Z88

LOAD CCftlINlTl~-----ll!teEA 't:ltClS· ... ---LEVEL let. 2

COLU9l FOIICES

LINE LOAD TDII9IDHlL PUJOl! AXI9 AXIAL "IHCIl AXIS PUJOl! I1INC';:ll
_ENT TOP t'IOI1ENT BOT 1'01!NT' FORCE TOP "'lItt,rr SOT POOI'lENT SHEAR SHEAR
0.0000 O.ooa2' -O.OOOZ 0.0000 0.0000 0.0000 a.Oooo O. ceCD
0.0000 0.0035 0.00.51 O. aODa O. aooe 0.0000 0.0000 O.ooco
0.0000 0.0035 0.0031 a.C1aGG 0.0000 0.0000 0.0000 0.0000

0.0000 a.ClODO "'0.0001 o.ocoo D. CODa 0.0000 0.0000 o. o~oo
0.0000 O.OCoD -0.0001 0.0000 O. 0000 0.0000 0.0000 D. Deco
0.0000 0.0000 0.0000 0.0000 0.0000 a.Clooo 0.0000 o. cooo

0.0000 O. DODO 0.0001 0.0000 0.0000 0.0000 a.ceoo 0.0000
0.0000 a.'C1001 0.0001 O.ClOOo O. Doca 0.0000 O. ceoc 0.0000
0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0002. -0.0002 0.0000 0.0000 0.0000 0.0000 Q.ooeo
O. 0000 O.00J5 0.0011 0.0000 0.0000 0.0000 o. 0000 0.0000
0.0000 O.OO3S 0.00]1 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 -155.7806 -&e.4't60 O. O~Ol -1.5559 -1.5479 -1.69600 -0.0216
0.0013 -1I•.• 03S -4.0263 -It. 36o~5 -Z .•SJo -3.4511 -0.8377 -0.0'tZ,4

-0.0016 -ue.2875 -S ...SO -4.3'-8] . -2.5099 -'3.3144 -O.6t..Z9 -0. 040't

0.0000 0.0000 0.0000 -0.b08' o. '9867 37.bSBI 0.0000 O.20SC.
96.0414 19....5 .... 1)93 -7.7809 0.8866 -1039.3896 ).22)0 -, _" 15

-US.7622 31.1lftll 7't't.8737 -7.7809 0.8866 -1039.3896 5.3e90 -7.:: lie

0.0000 -155.7806 ·eS.'t""60 0.02.01 1.5559 1. 5479 -1.6960 0.0:16
0.0013 -llS.I'tZ3 -5.8279 -it.it7Z4 J.lns 3.9532 -0.8609 0.01.,95

-0.0016 -116.4586 -).eS.3 -"".4906 '5.3170 "".0899 -0.8357 0.0514

Q.OOOO 161.5932 119.'9777 -0.0161 -1.6927 -1.bese. 1.9554 -0.02JS
0.0013 60],.1581 577.7083 -7.0579 -2..6070 -3.45':'8 8.':005 -0.0":1

-0.0016 601.5659 57•• Z8n -7.0824 -Z.7860 -3. b~74 8.1795- -0.04"5

0.0000 0.0000 Q.OOOO "'0.5598 -0.8901 36.9341 0.0000 o. ,503
96.0414 )1. )957 761. 00550 -7.7595 -2.8890 "'10"1.306S 5.S0:S -7. ::514

-1150.7622 17.b487 ""62.9869 -7.75950 -2.8890 -1041.3065 3.3377, -7. ~S14
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10 0.0000 161.5932 119.9777 -O.036J 1.6'27 1.6e5" 1.955" 0.02:!5
10 0.0013 601.7053 576.3962 -7.2030 3.~2DO ~. 2356 0.1013 D.DS'3Z
10 -0.0016 603.2975 577.0152 ·7.17" 3.2~10 ~.OUO 0.2022 0.OS07

COLLI9< ,TRESSE'

LIN! LllAII TOP-lUX TOP-IIIN BClT-PWC SOT-IIIN SHEJJI-1tAJ SHEJJI-flIN

0.0120 -0.0722 0.072~ -0.0710 0.0000 0.0000
0.97'-' -0.9716 0.0726 -0.0693 0.0019 I). aeoo
0.9562 -0.9529 0.0532 -0."99 0.0019 0.0000

0.0129 -0.0129 0.0202 -0.0202 0.0000 0.0000
0.0510 -0.0510 0.1325 -0.132' 0.0000 0.0000..- -0._ 0.11711 - •• 11711 0.0000 0.0000

0.0129 -D.01!9 '.0202 -D.OU2 '.0000 0.0000
O.D63Z -D.063Z 0.19<19 -0.1_ 0.0001 0.0000
0.07'8 -0.0767 '.1595 -0.1595 0.0001 D.OOOD

I 0.0720 -0.0722 0.0729 -0.0710 0.0000 0.0000
2 0.9010 -0.9778 0.8780 -0.8148 0.0019 O.DaClD
3 0.9997 -0.9965 0.0973 -0.0991 0.0019 0.0000

6.9S03 ....522 3.9932 -5.9071 -0.25U "'0.Do!3
9.9001 ".2200 1.1757 -2.4'50 -0.1266 -0.0064
... 8944 -6.Z0S7 1.1026 -2.lft969 -0.1304 -0.0061

6 -0.0021 -0.000. 0.0512 -0.0009 O. DODO a.caoz
6 -O.OSOO -0.00'115 1.5720 -0.00~5 0.0019 -o.aoc.z
6 -0.0360 -0.0011' 1.6_ -0 .00~5 0.0031 -0.00"2

6.4S05 ... 9522 5.9932 -3.9071 -0.2563 0.0035
5.1951 ..... 5470 1.~712 -2.0231 -0.1301 0.0075
5.2009 ".5503 1.96... -2.0217 -0.12U o. D07&

6.n9Z -6.7_01 5.2095 -5.215" 0.2955 -0.0035
22.2551 -29.3005 21. 7397 -23.0730 1.2399 "'0.0064
u.zaas -2,.._216 21. 7605 -23.9093 1.2362 -0.0067

-0.0019 -0.0003 D.050~ -0.0003 0.0000 0.0001
-0.0330 -0.0045 1.6516 ... 0.00ct5 0.0032 -0.0042
-0.0363 -0.00~5 1.5795 -0. 00~5 0.0019 ·a.DClItZ

10 6.1292 ... 7901 5.2095 -5.2159 0.2955 0.0035
10 22.5779 -2'.7551 22.0510 -2~.2290 I. 236S 0.0080
10 22.5522 -Z'.7220 22.0229 -2'.1920 1.2396 0.0077

DE'" PlIKtS

TllIl'IDNAL CENTERLINE IIlIlENn DE'" E>Il POlENn
au LO'll IlOIl!NT PClENT J IOlENT _ENT J IOlENT

I 1 0.0000 0.0000 a.DaDa o.aooo 0.0000
I 2 0.0000 o. oDeD 0.0000 0.0000 D.Daoo
I 3 0.0000 0.0000 0.0000 0.0000 DaDoOD

-O,Cl934 199.9079 -1.5511 17.IUI -1.5511
-0.4955 3".605~ -2.6539 77.5335 -2.6539
-O.~O7 390.2727 -!'.SOiCIS 81.'0010 -2.5~5

0.9450 1".'0000 -1.6'75 13.6055 -J .6975
1....27 300.2505 -2.60~1 eO.0707 -2.6061
1.<0467 381. S030 -2.7913 75.213. -2.7913

• I 0.0000 O. DODO 0.0000 0.0000 0.0000

• 2 0.0000 0.0000 0.0000 0.0000 0.0000
~ 3 0.0000 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000 0.0000
5 O. 0000 -0.0001 0.0000 -0.0001 0.0000
5 0.0000 -0.0001 0.0000 -0.0001 0.0000

0."934 199.'079 -1.5511 17.IUI -1.5511
0.9<111 364. ne9 -5.1690 63 .• 18" -,. &"0

0.9<159 S59.1316 -3.3103 59.9707 -3.3103

7 -0."50 19<1."00 -1.6975 15.6e55 -1.6975
7 -1.""'63 356.0600 -'.ftZiCl9 57.0791 -'!. ct24"
7 -1,1ft423 !63.731t3 -1.2397 62. n50 -3.2397

0 0.0000 -C.0002 -0.0019 -0.0002 -0.0019
0 0.0000 -0.0036 -0.0061 -O.OG'!t:l .. 0.0061
0 0.0000 -0.0035 -0.0060 -0.00]5 ·0.0060

0.0000 "0.0002 -0.0014 -0.0002 -0.0014
0.0000 -0.0035 -0. 0060 -0.00'35 -0.0060
0.0000 "'0.0036 -0.006& ,,0. 0036 -0.006&

10 -0.0090 156. ::754 -162.0182 156.275~ -162.0382
10 0.0008 117.0554 .. 604.000e 117.0554 ..604.0009
II -0.0053 110. 7~3 -603.0125 118.73"3 -60].GUS

II 0.00'0 156.2759 -162.0102 156.2754 -162.0382
II a.OOtoe l1e.58~5 -603.1516 ue.5895 "'603. UI6
II -0.0013 116.9106 -604. 73~9 U6.9106 -004.7399

OE"" 'TRESSES

OAT LOAl! I HllIl/U.L J _ ....L

D. 0006 0.0036
0.0009 0.0059
0.0000 0.0008
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3
3
1

•••
5 1
5 Z
5 1

•••
10
10
10

II
II
II

0.366' O.033Z
1.6573 0.0567
1.7417 Q.0535

0.2925 0.0363
1.7115 0.0557
1.6077 0.0591

0.0003 0.0003
0.0001 0.0007
0.0013 0.00:0

0.0036 0.0006
0.0123 0.0010
0.018' 0.0027

0.366' 0.0132
I. 3556 0.0677
I. 2712 0.070.

0.2'25 0.0363
1.2372 0.0712
1.3010 0.06'Z

0.0352: 0.2230
0.~'5 0.960'
0.5610 0.'571

1.lser I. rrse
1.5611 1.'571
1._5 0.9609

3.3404 3.4636
2.5021 12. '23'
2.53&0 12.0894

3.3400 S.4636
2.534' 12.0.2.
2."''90 12 ••26.

57ATIC AMI OTN&llIC LOAD CCJrlIlIHA7I0II-----L.A7ERlL AMI RD'TA7IC»llL ". C. OlSPLACE"EIlT'S

LEV!L OIR[CTIllH I 2 1
2 X -0.0061060 0."30713 0."3&713
2 T 0.0000000 a.DClSSICl2 0.0051035
2 ROT>! O.OQOQOClD 0.0000065 "'0.00000S1

X -0.0016356 0.15'6337 0.15'6337
T 0.0000000 0.0015952 O.OO2D4ab

IID'Tl< 0.0000000 O.000002J "0.C10ClOOZ8

TllE sun WUGHT IS

TllE COHCIIH[ WUGH7 IS

TllE OBJEC7IVE VALUE IS

ACTIVl! CllHS'!1lUtml

13.7'11

120.0000

70676. ZSfII2

'l'TPl
0.015 _
0.015 _

L[YEL
2
2

LOCATICH

•o
LOAD

2
S

IOEH'I'
I
I

VALUE
O.441a7
0."'-]&7

................................................
TllE EI'Cl OF OP7I"IU7ICH CTCLE

Tll[ 5URT OF OP7I"IU7IllH CTCLE

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

COLlMI Ig 1 ! !2!!.LI ~ I:!I!U Il! Q§ g 8F TF TN ~ ~ ~
1 ]0000.00 7.41t 4.45 25"'.14 b.S3 0.00 0.00 15."-1 5:-36 0-:31 0:23 36. DO 36.00 q9~q. 00
2 JOODO.OO S."', 2: . .:.1 13".91 1.63 0.00 0.00 13.3e 't.74 O. :n 0.21 36.00 )6 .00 ljIqqq.oo
1 10000.00 S.~6 2."1 134.94 3.63 0.00 0.00 13.3& 4.7/'t O. SI 0.23 !tI.oo 36. DO 9999.00

• )CODa. 00 7... .... 25'.15 6.5] 0.00 0.00 15.'-3 5. S6 O. SI 0.23 le. .00 16. DO qqqq.oo

5 30000.00 ".30 1.51 02.3& 2: .30 C.OCl 0,00 II .... 't.31 O. SI 0.23 16 .oc 3b.Oo qqqq.oo

6 300ClO. DO •. 55 3.'7 1'96.0e 5.13 O.CICI '.00 1·.56 5.10 0.31 '.23 36.00 36 .00 ,~~,. 00
7 10000.00 ".29 1.51 02.33 2. SO O.CD 0.00 11.% " .11 a .31 0.23 3e..00 }6 .oc ~qn. 00
a SOOOO.OO 6.55 3.47 196 .00 5.13 0.00 0.00 14.S~ 5.10 '.31 0.23 36.00 ]6 .00 99Q9.00

• ncco. DO 11.76 10.'8 &51.60 15.5' 0.00 0.00 19.09 6.4'3 0.31 0.23 3&.00 36 .00 qqq~. 00
10 30000.00 6. q5 3.90 221.25 5.74 0.00 0.00 14.9b, S.~2: 0.31 0.23 3&.£10 36.00 qQ9q. DO

II 30000 .ao 11.76 10,'8 .51.60 15.5' 0.00 0.00 19.09 6.4] 0.31 0.23 36.00 36.00 qqc,q.oo
12 30000 .00 6.95 S.90 221. 38 5.7' 0.00 0.00 14.96 5.22 0.31 0.:3 36.00 36.00 qqo;q, 00
13 30000.00 0.02 0.00 O. 00 0.00 0.00 0.00 O. '9~ 0.51 l. 00 I. 00 100.00 ICO.OO 100. 00
14 30000.00 0.02 0.00 0.00 0.00 0.00 0.00 0.9'9 0.51 l. 00 1. 00 100.00 100.00 100.00
15 30001). 00 0.02 0.00 0.00 £1,00 0.00 1.00 '.99 0.51 1.00 I. 00 100.00 100.00 10£1 .00
16 30000.00 0.02 0.00 0.00 0.00 0.00 0.00 Q .9'9 0.51 1.00 1.00 100.00 100.00 100.00

~ 1lI ! II !Ill !LLl !ill ~ c. .:l.:i g ...2 w !5 00 J ~
17 179<o7B3. 1102. 231.0. •. 0 4.0 2.0 50.0 s:O 1.0 3000.0 120.0 1i:'63000C':'0 O. OlSI1517,31. 1150.
10 2260469. 14eo. 46246. '.0 4.0 2.0 50.0 3.0 1.0 3000.0 120.0 17.2.30000.0 0.02.52306715. 1150.

I' 17'94778. 1182.. 23140. •. 0 '.0 2.0 50.0 3.0 1.0 JOOO. a 120.0 1'3.630000.0 0.OZSI817QZ:S. 115' .
20 2,260478. 1488. 46246. '.0 ..0 2.0 50.0 S.• 1.0 3000.0 !ZO.O 17.230000.0 o. 0:S2306n4. 1150.
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H.!!UIl 1 ~ !..l.ll.J ill W ru QI lU g ~
I 30000. DO 4.b7 Z06.57 .... 00 4.00 2. DO 0.00 0.00 15.61 36.00
Z 30000. DO 4.67 266.72 4.00 4.00 2.00 0.00 0.00 15.60 36. '0
3 3DODD. DO 4.67 206 .99 4.00 4.00 2. DO 0.00 0.00 15.61 36. DO

• 30000.00 7.84 '59.39 4.00 "'.00 2.00 0.00 0.00 17.63 36.'0
5 30000.00 7.84 '59.37 '.00 4.00 2.00 D. DO 0.00 17.63 36.00
6 3DODD.DD 7.47 436.06 •• DO '.00 2.00 0.00 0.00 17.44 36. DO
7 30000.00 5.90 341. 00 '.00 4.00 2.00 0.00 0.00 16.1ft' 3b.OD
9 10000. DO 7.'7 436.06 4. DO 4.00 2.00 0.00 0.00 17.44 l6.00
9 10000. 00 5.90 341.D3 '.00 4.00 2.00 0.00 0.00 16.'9 36.00

10 3DODD.DD •. 0' Z65. Z9 4.00 4.00 Z.DD 60.00 D. 00 15.59 36.00
II 3DODD. DO 1It.66 ZU.D7 4.00 4.00 2.00 60.00 0.00 15.59 36 .00
IE '0000.00 It.71 Z69.59 '.00 "".00 Z.OD 60.00 0.00 lS.t.4 36 .00
13 10000. DO 4.70 Zb9.62 '.DO 4.00 Z.OO 60.00 0.00 15.63 36.00
I' 3DOOD. DO '.64 265 .•7 't.OO 4.00 Z.OO 60.00 0.00 15.59 36.00
15 30000. DO '.66 266.14 •. 00 Itt. 00 2.00 60.00 0.00 15'.60 36.DO
16 10000. DO Q.71 Z69.29 4.00 1t.0D 2.00 60.00 0.00 15.6' 36. DO
17 30000.00 1t.70 Z69.46 4.00 "'.00 2.00 60.00 0.00 15.63 36.00
10 30000. DO 0.00 0.00 4.00 II. DO Z.00 0.00 D. DO 1.16 99.99
19 3DODD. DO O. DO 0.00 4.00 4.00 Z.00 0.00 D. DO 1.16 '99.99
ZO 30000. DO 0.00 D. DO '.00 4.00 Z.00 0.00 0.00 1.16 99.99
21 30000.00 0.00 0.00 '.00 '.00 Z.OO 0.00 0.00 1.16 99.99
22 3D000.00 0.00 0.00 '.00 4.00 Z.DD 0.00 0.00 1.16 99.99

pACltC ELE"'!NT IN!Q!!!ATlpN

W!U. l& J.' ( ! 12 l:2
I 3 Z 30000.00000 6.00001 36.00000 2'. 00000
I Z 3 30000.00000 5.99995 36.00000 Z'.DDOOD

T>IE UGEHSOWTIONS ARE:

I IS

T>IE UGEIftlDE IS:

10.23

0.Z91900.97954E-OZ D. U234927I>8DSE-0' D.15Z'Z9497506E-04 D•.29176.963375E-DZ D.5D4D3Z3DI30ZE-D2 0.71319963043ZE-05

D._3746098E-OZ -D.6ZD7533DZ1DH-OZ -0.ID901D7M269E-D4 -0.6ZD5634459DH-D2 D.nOO1029S476E-OZ D.151699Z506:6E-04

0.1517796.3_E-D4 0.Z9D90Z9523lOE-OZ D.1696D7486265E-D2 D.364607496IZH-05 D.I69587l34694E-DZ -D.4b96ZIZZI93DE-DZ

-0.6436653D5Z7ZE-D5 -D.469055930DOn"02 D.131751053974hOI -0.5D351932D477E-14 -D.5DD23176G5ZDE-ID 0.'19501 937""3~.aa

-a. Z6.537'1I63H-13 D. 746nll699I5E-ID

FREQ. Z IS 36.05

T>I! ElGEIftlDE IS:

0.'3ZI25913330E-OZ D.231190575736E-04 0.231632606609£-04 D.'321721'2476E-OZ -0.195214674955E-01 -0.269272111690E-04

-0.195ZIZ279514E-01 D. 9ZI33711143ZE-02 a . 158463919700E-04 D.92D99913617.E-OZ D.'3340746735DE-02 O. 2Z9951932928[-0'

0.230393Z0659H-0' D.433453Z39078E-DZ -0.11579D365770E-01 -D.1523710DbDZSE-D. -a .115779D9DD2'E-01 D.629665634940E-OZ

0.92101007316][-05 D.629363ZID495E-02 -0.623443D84970E'DD D. 9DIMD55168ZE-13 D.5Z39978007I9E-11 O. 094414111421E.DD

-a. ZD2796Z53057E-IZ D. Z'D365903953E-D9

FREQ. 3 IS

T>IE ElGEHI100E IS:

o .5365959D7619E-02 -D.I'ZI3DII969lE-DZ D.1397957.5393[-DZ D.65D0746749l5E-DI D.1535D7053475E'01 a .438Z55999447E-D I

o. Je7~6'904652'f.02 0.22&466843019£,-01 O. 740676049918E-03 0.2795::26 74982E+00 O. 4,0308lt]2:426SE-02 -0. 111758966120E-02

o .10976'5'l0565E-02 a .46891eSQ9DI2E-OI O.MI5372435aSE.aa a. 27373:a39719[-I:II o. IO~7a39!191eEHl2 0.1 743bOaq8~OlE-01

0.2D663Z0967D6E-07 D. 9OD018913104E-05

T>IE OERICO USED IN TIlE CALCUU.TIllN5 IS 13.45542
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LAT!I1lL FIRCE5:

STORY NO.
I
Z

OAIFT:

STCIlT NO.
I
2

nonA:

STlRY NO.
I
2

YALUE
0.307959E·02
o .277537E.02

VALUE
a.13Z~04E.+Cl

0.268569E+Ol

VALUE
o.14199IE-01
0.940158E-02

THE EIGEN!OlUTIClNS ARE:

FAEQ. I 15 55. 'Z

THE EIGEIe'IOOE 15:

0.24/530355904E-02 0 .10071/627~3hOO -0.10071052007n.00 -0. /4/5Io/9/47/IE-0/ 0./5359677_/E-01 0.5Z458'2259l4E-06

-0. ZS37563DI1gef ..U 0 .ZG&4777377'SZE-Ol -0.976l199652141E-06 -0.zoeZ79071e77!-OI o. 2402.75081695E-02 O. I08:3a3589452E.ao

-0 .100301~_OE'00 -0.240:87575716E-0/ 0.137021076114E-0I O. /60635.7..5.E-06 -0 .137077700/87E-01 0.157/0'003766[-01

-0.511370'00763E-06 -0.1570574/30/1E-01 -0.21165"205/0E-13 O. 131708510005E.01 -0. 3108'52..704E-06 D. 236645016631 E-13

FAEQ. 2 15 2"7.12

noE EIGE!'rUlE IS:

0.62817/57147n-02 0.3100'0'04133E.00 -0. 3Iee'240U05E.00 -0.620lee707224E-OZ -0.5732102246/0E-0I -0.1 3756_'0/E-05

0.573724475782E-0I -0. 35/"I6I90..E-01 0 ./0005/405/03~-05 0.352583001230E-01 0.se46.5/0'Z'IE-02 O. 2..57ae71 ....E.00

-0.2'9957Z&41755E+OO -0. SStt710193603!-02 -0. 224596804lt03E-Ol "'0.631142153912[-0' O.2Z45715e02:19!",Ol"'0. Z32D34eo't990E-OI

O••31230374/3ZE-06 0.2317460'2'23E-OI O. 757517053554E-1 3 -0.616850357576['00 -0.435467115171E-04 -0. 2"'7J_3~eE'12

0.07J2206MS44E'00 -0.70_5273190E-03

FIIEQ. 3 15 463.2'

THE EIGEHl'lOIlE 15:

0.10065546ee7IE-01 -0.250230"8665E-0/ 0.24773764.56.E-02 0.64541014'23IE-01 0.20970l413730E'01 0.464172685755[-01

a.194698306258[-02; O.~n50b77eE-Ol a. 158770640191!E:+Ol l:l. 289920207417[-01 0.101617032959£ t02 O. 331264747652E-O I

0.50]0392835'61 E-01 0.211 0614a5J42E"OO 0 .1146063-80068E-07 0.267870962.300£-02 O."'8461712170E-05 -0. 20l;S46ZSZ223E-07

-0. 1 leeS5QS7'395E-OZ O.131j180IS6....b!!!-04

THE PERIOD USED IN THE CALCULATIc.15 15

LATERAL FORCES:

0.11236

STOAY NO.
I
2

DRIFT:

STOAT HO.
1
2

VALlIE
O. 3079SQE. 02
0.277537£.02

VILU!
0.453204E-01
O.&e6930E-OI
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LlWl CClOlBINATlllNS-----NEIIlEA FClAC~S-----l~YH III.

COlLlWl FClIlCES

LINE LIl.&D TlIISICNAl IUJCII AXIS A>CIAL NI_ AXIS IUJOIl NI~"OI'I

rQ1urr TOP rQ1E~ 80T IOlDlT 'OIlCE TOP _E~ 80T IOIE~ SHElII SHEAR

0.0000 -52.1198 -36.0266 2.0974 -0. H36 -0.18U -0.6121 -0.0039

0.0008 175.lE12 28'1.0729 I. 3399 -0.80"74 -0.3916 0.18U -0.0006

-0.0013 173.5069 EOL 9187 1.3472 -0.6639 -0.2343 0.1627 -0.0062

0.0000 -5.1629 -2.5915 I. 2853 O. 09~S 0.1923 -1:1.(1540 0.0020
0.0005 -11.3453 -5.0087 -1.5617 -0.0340 -2.97Z4 -0.1136 -o.ono

-0.0007 -9.2936 -2.6270 -0.U09 -0.3316 -2.9629 "'0. 0828 ...0. DZZ9

0.0000 5.1829 2.5914 1.28S- 0.0995 0.1923 0.0540 0.0020

0.0005 13.0493 7.3367 -2.ZZ60 -0.3321 -2.9652 o .14H -0.02:9
-0.0007 1S.40lE 9.7206 -2.9036 -0.3346 -2.9747 0.1745 -0.0230

4 O. 0000 -52.1189 -36.0266 2.0974 0.0736 O.leU -0 .6121 0.0009

4 0.0008 173.6051 2eE.38311 I. 3095 1.0265 0.5454 3.1680 0.0109

4 -0.0013 175.4193 28'1.5380 I. 0022 LEIOI 0.7027 3.1941 0.0133

5 0.0000 -27.2425 -21.3109 2.4471 -1.4959 -0.7480 -0.3372 -0.0156

5 0.0006 57.-'40 180.3_ -19.3304 -4.5I>U -2.2071 1.6515 -0.0473

5 -0.0010 51>.0629 178.6086 -19.2990 ...... 4798 -2.1821 1.6297 -0.0463

6 0.0026 0.0264 -0.0147 3.7856 -172.8517 94.9400 0.0001 -0.5411

6 41.3269 -'\01.4163 1039.6769 -16.69\3 294.0124 -3419.5101 7.2115 -21.7048

6 -65.60OS -700.9<162 2192.1532 -16.6913 29<1.0127 -3419.5101 10.3556 -21.7048

0.0000 -27.2512 -21.3155 2.4472 1.4957 O.747S -0.3373 0.0156

O. 0006 56.3634 179.0105 -19.4775 4.8645 2.4795 1.6347 0.0511
-0.0010 57.7850 180.7507 -19.5119 .... 9736 2.S4'o5 1.I!lS65 0.05:Z:

8 0.0000 05.2839 13.9648 0.7116 -1.6039 -0.8019 0.ft114 -0.0Ib7

8 0.0007 141.e.Slt" 244.9131 -17.8304 .... 7561 -2.3163 2:.7262: -0.0491

8 -O.OOIE 148.0430 24].9]49 -17.8706 -4.8703 -2.4026 Z.72;::1 -0.0505

0.0026 -0.0176 0.012' 4.0'32 -172.6232 95.0566 0.0000 -0.5087

'1. 3271 -71' .4028 2075.7530 -18.1195 29<1.1628 -3419.4753 9.4538 -21.'006
-65.8007 -422.6750 1069.7033 -16.1195 29<1.1631 -1419.4752 4.4933 -21.7036

10 0.0000 .5:3005 13.9683 4.711' I. 6054 0.8027 CL4116 O. OlD7

10 0.0007 148.1920 Z"'.370S -18.0753 5.2459 2.6648 2.7261 0.0551

10 -0. DOlE 147.8027 245.3496 -18.0352 5.1316 2.598'1 2.730: o. asH

COLLIWl ,TIIES'es

lIN! LIl.&D TOP-fW( TOP-NIH 8CJT-fWC 8CJT-NIH SHUII-IUJ SHEM....!H

2.0181 -1.4540 1.4527 -0.8866 -O.OeEO -0.0005
5.645& -5.4854 6.9670 -6.6066 0.4289 -0.0012
5.7224 -5.3600 6.8360 -6.'756 0.4253 -0.0008

0.5572 -0.0865 O·te92 -0.0186 -0.0099 O. 000_
o._~ -1.06'· 1."20 -r.IIIII7]9 -0.0208 -0.0042

0.5152 -0.n6' 1...18 -2.2US· -0.0152 -1.OIM2

0.5571 -0.0865 0.4892 -0.0186 0.0099 0.000'0
0.4709 -1.2859 1.5911 -2.71161 0.0260 -0.0042
0.0502 -1.51]4 1.8'\3 -2.9545 D. 0319 -0.0042

2.0180 -I. 4539 1.0527 -0.8665 -0.0623 0.0005
5.8751 -5.5229 a.9745 -6.6223 (1.4260 O.OOlS
5.9965 -5.6482 9.1035 -6.7532 0.4296 0.0018

2.1272 - I. 3603 1.5357 -0.788' -0.0515 -0.0024
I. 4505 -7.0511 4.85~1 -10.7597 0.:520 "0. 0012
I. 3596 -7.2497 4.7'75 -10.6576 0.2487 -0.0071

6 0.lt271 -0.0204 0.27]7 -0.0112 0.0000 -0.000'-
6 0.5673 1.4908 7.0228 6.6099 a .00c.8 -O.01't6
6 0.6518 .. 56llt 7.2349 6.7810 0.0070 -0.01'06

I 2.IZ73 -1.0804 I. 5358 -0.788' -0.0515 0.002'e.
2 1.5451 -7.4896 ".902:7 -10.8'172 0.2:495 0.0078
T 1.6361 -7.5911 •. 9943 -lo.9Cl93 0.2Sze 0.0080

2.9374 -1.5816 1.5140 -0.1586 o .059Z -0. DOZ.
•. 5869 -9.7177 6.7659 -11.8967 o.392:Z -0.0071
••6~Z -9.7886 6.7663 -11.9087 0 . .3916 -0.0073

0.4027 -0.OZ04 0.279a -a .0112 O. 0000 -0.C004
0.6597 1.5661 7. zose 6.7elO o.00b" -0.014'
0.5774 I. 496a 6.92:2:1 6.5362 0.00]0 -0. 014'

10 Z.9175 -1.58ZI 1.5140 -0.1589 0.05'1'2 0.002:4
10 4. 7~C10 -9.9899 6.8i64 -12.0764 0.3921 0.0079
10 it.7307 -9.9191 6.a760 ·12.06>44 0.3927 0.C077

6UN FClACES

TOIl'IONAl CE~EAlINE rQ1[~S BUN [NIl 1lON[~
BU lOAD _t~ _t~ J -[~ _E~ J """E~

I I -0.0995 0.26OS "44.7191 0.2635 -44.7191
I 2 0.3332 0.4877 ·97.71528 0.4877 -97.7SZS

I 3 0.33:34 0.0046 -100.0345 O. ]0,..8 -100.0345

-0.0786 14S.9716 -2.6266 17.158' ·Z.6266
0.1576 56'.1765 -7.487Z 6'.9810 -7.4812
0.1591 592.8231 -7.3165 92.5155 -7.3165
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O. 0755 140.~~75 -8.1~74 12.8103 -8.1674
0.3278 575.4915 -10.5507 83. '370 -20.5507
0.3334 570.4159 -11.1459 80.5102 -21.145'

4 a.ooaa 't~. 9020 -49.902" 4'9.9020 -4'9.902"-
4 -0.0011 109.1283 -108.9472 109.1283 -108.9472
4 0.0018 109.3281 -108.7473 109.3282 -108.7473

5 0.0995 44.7195 -0. 2~35 44.7195 -0.2635
5 -0.3]32 95.5977 -a.~552 95.5971 -0.~5S1

5 -0.3330 93.34S8 -0.8382 9]. 345a -0.8382

~ 0.07811 14lI.9727 -2.6Z54 17.1592 -2.6Z54
~ -0.1588 576."59 ~. a~79 81.a~65 -8.0079

• -0.1572 572.8206 ~.n87 78.511. ~.1387

-0.0754 1.0 ....55 ~.1730 IZ.8IOS -8.1730
-0.3322 553.69911 -2].8693 69.2337 -2].56'9]
-0.3267 558. 772~ -12.8741 7Z.~587 -22.8741

-0.1101 5Z.21% -I 3a.~842 52.21% -130.6842
-0.35'7 -175.45~5 ~52.3U4 -175.4565 -~52.3134

-0.3591 -173.8424 -~5a.8087 -173.8'024 ~50.8a87

0.1101 52.2187 -130.~927 52.2187 -130.6927
0.3713 -174.1404 ~51. 0390 -174.1404 -651.0390
0.3719 -175.7545 ~52.54]4 -175.75'05 -~52 .5434

10 0.0028 22~. 3~30 -182.2028 226.3630 -182.1028
10 0.0119 567.3%1 -1005.4779 867.3961 -1005.4779
10 0.0084 568.7351 -1003.5315 5~8. 7351 -1003.5315

11 -a. 0028 22~. 3565 -182.Z071 21~. 3565 -182.1071
11 -0.0107 506e.iQI651 -1003.8895 568.4651 -1003.88'5
11 -0.0152 567.12~1 -1005.8359 567.1261 -1005.8359

aE.... snUSES

an LOAD IHlJlllAL JHlJIIIAL

0.0077 1.3075
0.0143 2.8590
a. 0089 1.9243

0.5029 0.0770
2.6369 0.2194
2.7l18 0.2144

0.3727 a. 237~
2.4418 0.5978
2.3421 a.~181

J .4597 1.4597
3.1921 3.1868
3.1979 3.1809

1.307. 0.0077
2.7949 0.0191
2.7291 0.0245

0.5028 0.07~9

2.3753 0.23~'

2.3004 0.2414

a.372a 0.2379
2. alSo 0.6860
2.1147 a.~~57

8 1.0045 2.5138
8 3.3751 12.5479
8 3.:l44a 11.5189

I.DaCt5 2.5101
3.3498 12.5136
3.3809 12.552~

10 5.4746 /11.4.066
10 13.7225 ZCi.3176
10 13. 7540Cj1 24. nos

II 5.4741 0lil.4064
11 11.7474 24.2175
11 13.7151 2ft. 3246

8UCING ELE"EH'TS

BRACE LOAD A~IAL-FCllCE

1 I 0.5509
1 2 -a. :628
1 3 O. BSBZ

0.5510
-I. 3608

\0'-2.4818

8llACE STllIESSES

8llACE LOAO AXIAL

a. 0918
-0.0438

0.1'130
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o.nlo
-0.2260
-0.'136

LlIAD COIeINATIClN!I----_�ltrtlER 'CIICES-----UVEL ICI.

COLLnf FCIICES

LINt: LOAD TCRSICNAL IlAJCR AXIS AXIAL ~IHCR AXIS IlAJOR ~INOR

IC1ENT TOP _ENT IlOT IDn!NT FORCE TOP _ENT BOT IU'ENT SHEAR SHEA.R

0.0000 0.0000 -0.0003 0.0000 o. 0000 0.0000 o. 0000 o. 0000

O. 0000 O. 002' O.OOZI O. 0000 O. DODO 0.0000 0.0000 0.0000

0.0000 a~ ODZlI O.OOZ! O. 0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 O. DODD 0.0000 0.0000 o.oooa 0.0000 0.0000

0.0000 0.0000 -0.0001 0.0000 0.0000 0.0000 0.0000 O. 0000

0.0000 0.0000 -0.0001 0.0000 0.0000 0.0000 0.0000 O. 0000

0.0000 O. 0000 0.0000 0.0000 D.OOOD 0.0000 0.0000 0.0000

O. 0000 0.0001 0.0001 0.0000 O. 0000 0.0000 0.0000 o. 0000
0.0000 0.0001 0.0002 0.0000 o. 0000 0.0000 o. acco 0.0000

• O. DODO 0.0000 -0.0003 0.0000 0.0000 0.0000 0.0000 O. 0000

• O. 0000 O. 002' O.OOZI 0.0000 0.0000 o. 0000 0.0000 0.0000

• o. 0000 O. QDZlI O.OOZI 0.0000 0.0000 0.0000 D.DODO 0.0000

5 O. 0000 -102.651' ....0.3573 o.299S -I. 0293 -1.0177 -1.11!17~ -0.0142

5 0.0007 -10.7061 27.2955 -3.5012 -Z.0356 -Z.5459 0.1152 -0.0310

5 -0.0009 -12.Z0ZZ 25.0516 -3••eoo -1.9545 -Z.<o093 0.0900 -0.0307

O. 0069 0.0007 -0.0273 -0 .6206 1.03Z! 173.00'3 -0. 0002 1.2006
70,0690 15.5020 '1 •. 1209· -7.67.7 0.200. -Z.... H07 z. geJ5 -;:'0':'020

-100._0 Z5.0333 720.9487 -'.fl7e.7 0.2000 -Z.... 3Z90 5.IOC. -Z.04Z0

0.0000 -102.6169 -<00.3335 O.2~ 1.0Z03 1.0160 -I. 107Z 0.0142

0.0007 -11.97'5 26.0317 -3.505' 2.3030 z.eOJIt o. 0976 a .03SO
-0.0009 -10.'+03& 27.075i -3.5970 2._0 Z.0700 0.1100 O. D2~S

0 0.0000 207. Z070 136.0035 -0.3020 -6.590ll -6.5663 Z.3090 -0.091"
0 0.00'-7 032.6769 057.'957 ·8.1601 -12.0]92 -1S.e07S II. 7373 -0.1'?6Z

0 -0. 0060' 030. Z990 055.IS07 -a.1079 -13.0453 -16.3&.0 11. 70.5 -0.,0441

0.0069 -0.0006 0.0199 -0.41"'" -0.2IZ0 172."7%3 0.0001 1.19!13
70.0607 27.0107 736.1900 -7.0125 -0.0232 -Z90.0220 5.30Z0 -LO.531

-100 ... 30 1'.9&93 03ft.3IM -7•• IZ5 -0.023Z -2.... 0232 3.120Z -2.0531

10 0.0000 Z07.2.n 136.0312 -0.302Z 6.bD39 6.570. Z.30.e 0.0915

10 0.0047 a30.6,09 055. _3 -0.3002 15.1000 10.3301 II. 700. a.23::
10 -0.0064 033.0Z60 057.7066 -0.Z705 1'.5020 17.7576 11.7012 0.,,40

COLLftl STIlESeu

LINt: LlIAD TlIP-fWC TOP-1lIN 1DT-fWC IDT-~IN SHUII-""" SHUll-ruN

o. 0259 -0.0254 0.1337 -0.1333 -0.0001 0.0000
0.0'21 - ••Oll% 0.811\8 -0.0IZ3 0.0016 0.0000
••1723 -0.1697 0.7.0 -0. '9111 0.0015 0.0000

o. Dia7_ -0. 0070 0.0'95 -0. Don 0.0000 0.0000
0.0105 -0.0105 o. J002 -0.1002 O. 0000 O. DODO

O. 0011 -0. 0011 O. 0032 -0. our O. 0000 0.0000

0.OO7ct -0. 0070 0.0095 -D. D4~S O. 0000 0.0000
D. D277 -0. 0277 0.1136 -0.1135 0.0001 0.0000
o. Di43'- -o.o.n 0.1306 -0 .1305 0.0001 0.0000

O. 0259 -0. 0255 0.1337 -0.1332 -0. 0001 O. 0000
0_e~94 -0.&969 0.e210 -0.0105 0.0015 0.0000
0.919Z -0.916e 0.0"10 -0.03 ... •.•016 O. 0000

e.tteec. -e.3000 5. 'e71 -5.0075 -0.2765 -0.0033
1.060<> -1 .•'09 3.l51Z -5.leI5 0.0268 -0.0074
1.1lIoltZ -].5:88 3.3770 -5.0020 D.C2Z1 -0.0072

-0.0020 -0. 0026 0.5359 0.0507 O. 0000 0.0010
-0. 0516 -0. Oc.S2 1. .027 1.5655 •. 00:5 -0.0017
-0.'552 -0.04'S 1.1117 1.63e3 0.0044 -0.0017

8.4ee4 -0 .)497 5.9070 -5.0"73 -0.2765 O.•033
2.1928 -3.0627 3.6807 -5.3506 0.CZ2? 0.0083
2. J571 -1.03Z9 3.8544 -5.5301 0.0;:75 O. 00e5

0.36el -4.4263 3.3293 -3.3075 O. Z03Z -0, 0078
14.0697 -.5."01 15.1:'76 -16.5160 0.9978 .. 0.0167
14.1579 -15.5500 15. ZIOZ -16.6024 0.9950 -0.0174

-0. 0035 -0. OOZO 0.5353 o. 0500 '.0000 O.•010
-O.OSO't -0.0392 1.120. 1.6453 o. 0045 -0.0017
,,0.05'tB -0. 0026 1.0136 1.573Z Cl.OO26 -0.0017

10 0.3693 .....275 3.32" -3.3001 0.2032 0.0075

10 10.5707 -15.90n 15.6056 -17.016e 0.9953 O. 0197
10 14.4905 -15.0'e. 15.5229 -16.9]ClS O.~gel O. gl'~O
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8EAIl FClIlCES

8AT LOAD
1 1
1 2
I 3

8
8
8

10
10
10

11
11
11

8U1l STlIUSES

8AT LOAD

~

~

~

7
7
7

8
8
8

10
10
10

11
II
11

TClIlSICNAL CEHTERlINE IlQIIEHTS 8EAIl END !'O'EHTS
MOMENT I r<CMENT J r<CMEHT IlCMEHT J r1DMEHT
O. DODD O. DODD 0.0000 0.0000 0.0000
o. oDeD O. DODD O. DODD 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 D. DODD

-0.5158 150.1950 -1.0346 17.S778 -1.0:l46
-0.1406 HO.S706 -2.0465 67.2767 -2.0~65

-0.1396 H5.3349 -I. 9595 70.6562 -1.9595

0.1061 142.5621 -6.5934 13.7139 -6.sn4
0.~094 3bO.SSZ.S -12.4263 63.1093 -12 .~263

0.4150 354. ]667 -13.0404- 58.8449 .. l3.0ttQ4

0.0000 0.0000 0.0000 O. DODD O. DODD
0.0000 a~DOCIO o. 0000 0.0000 0.0000
0.0000 O. DODD O. DODD 0.0000 0.0000

0.0000 0.0000 O. DODD O. DODD O. DODD
0.0000 -0.0001 O. DODD -0. ODD! O. DODD
0.0000 -0.0001 0.0000 -0.0001 0.0000

0.51U 150.1943 -LOBS 17.5769 ·1.0BS
0.1398 355.0688 -2.3106 56.2807 -2.3106
0.1~8 ]50.3016 -1.399lf1 52.9010 -Z.399ll

-0.1060 142.5627 -6.5987 13.7158 -6.5987
-0.4138 B3.1676 -15.1012 44.2916 -15.1012
-O.40SZ 319.3774 "14.~72 48.SSI6 -14.4an

O. DODD C1.0000 -0.001l 0.0000 ... 0.0011
O. DODD -0.0024 -0.0037 -0.0024 -0.0037
O. DODD -0.0024 -0.0037 -0.0024 -D. DOH

0.0000 0.0000 -0.0011 D. DODD -0.0011
0.0000 -0.00Z4 -D.OOH -0.0024 -0.0037
D.ooao -0.0024 -0.0037 -0.0024- -0.0037

o .00S4 103.1683 -207. ]9]5 103.1683 -207. ]93S
0.0129 10.6505· -833.0864 10.8505 .. SJl. DBb4
0.0049 12.34S6 -830.7139 12.3456 -830.7139

-0.00S2 103.1343 -207.4057 103.13'03 -207.4057
-0.0076 \2.12]1 -831.0626 12.1231 -831.0626
-0.0156 IO.b2ete ·833.4150 10.6264 -8B.43S0

I HCIlMAL J HllI!MAl

0.0006 0.0033
O.OOICt 0.0085
0.0003 0.0014

0.5163 O.OlOQo
I. 9762 0.OU2
2.07S4 0.057&

0.197& 0.1913
1.6307 0.3605
I. 7070 0.3783

0.0010 0.0010
0.0000 0.0014
o.002D 0.0035

o.OOB 0.0006
0.Dl46 0.0023
0.0:19 O.OOB

0.5160 0.0303
1.6523 0.Ob78
I. SS30 0.0704

0.3962 0.l916
1.2860 0.ol6S
1.4097 0.4206

0.0102 0.2365
0.5118 0.6057
0.5065 0.D03S

•. 0102 0.2!86
o.soe? a.e03S
•. 5120 0.DOS7

2.0627 Ct.1465
•. 2169 16.6564
O.ZCt68 lb .60&9

2.0620 4.146B
O.2:42Ct 16.6160
0.212S 16.663ft

SUTIC I.Nll OYHAIlIC LOAD CClMIlIHATICH-----LATEUL I.Nll ROUTICHAL M. C. DISPLACEMENTS

LEVEL
2
2
2

DIRECTION
X
T

ROTH

1
... 0.0'1162172

0.0000000
0.0000000

Z
0.08451]2
0.0063410
0.0000074

3
0.0845133
0.0060296

-0.0000105
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x -0.0090350 0.I77b010 0.I17b010
T O. 0000000 D.OOle06S o. 0023113

ROTN 0; 0000000 0.0000022 -0.0000036

TlIE 5T1!!L WEIGHT IS 12.0le3

TlIE COICI!ETE WE IGIIT IS 9E .3158

,."E llllJECT!VE VAlUl! IS 5571b .1b49
I.lIIGEST SCALING rACTDII

lEVEL E
0.015 0
lO.lll C.ASE__ 3
rACTDII____ 1.1012

W!.!!!....m I ! I!!!!1.J !!Y..l l!I!!.J ;r Qll R B! If !!l n ~ ~

I 30000.00 1.19 4.09 E19.05 1.13 0.00 0.00 15.17 5.46 0.31 0.23 36 .00 3b. 00 '9999.00

2 30000. 00 5.1E E.66 1'0.50 3.97 0.00 0.00 13.67 4.83 0.31 0.E3 3b.00 36.00 9999.00

3 30000. 00 5.7] E.b6 146.59 3.97 0.00 O. 00 13.b7 4.03 0.31 0.23 36. 00 36.00 999 lLao

4 30000.00 7.19 '.09 E79.116 1.13 0.00 O. 00 15.17 5.46 0.31 0.23 3b. 00 3b .00 .999.00
5 30000.00 '.50 I.U 90.71' E.5E o. 00 a.ClO 12.23 '.39 0.31 0.E3 36.00 36.00 9999. DO

6 30000. 00 6.87 3.01 215.91 5.61 0.00 0.00 1'.00 5.19 0.31 0.E3 36.00 36.00 9999.00
1 30000.00 '.50 1.66 90.66 E.52 0.00 0.00 n.Z3 4,39 0.31 O. E3 36.00 3b.00 9999. 00
0 30000.00 b.01 3.01 215.92 5.bl 0.00 O. 00 1'.00 5.19 0.31 0.23 3b.00 36. 00 9999.00

9 30000.00 IE.3] IE.O' 111.5E 17.0' 0.00 O. 00 19.51 6.55 0.31 0.23 36.00 36.00 9999. DO

10 30000.00 1.n '.ZO 2'43.btt 6.20 0.00 O. 00 15.29 5.32 0.31 0.23 36. 00 3b .00 9.99. 00
11 30000.00 IE.33 IZ.0' 117.52 11.05 0.00 0.00 19.51 b.55 0.31 0.E3 36.00 36.00 9999.CO

n 30000.00 7.2. •• n E03.17 6.20 0.00 0.00 15.EO 5.32 0.31 O. E3 36.00 36.00 9999.00

13 30000. 00 0.02 O. 00 0.00 0.00 0.00 0.00 1.01 0.5E 1.00 I. 00 JOO.OO 100.00 100.00

I' 300••.•0 •.•2 0 .•0 0.00 •. 00 D.ao 0.00 1.01 0.5E 1.0. I. 00 100.00 100.00 100.00

15 30••0.00 O. OE 0.00 •• 00 •• 00 •• 00 0.00 1..1 •• 52 1••0 1..0 1£10.00 100. O. 100.00

16 30000. O. O.OE •. 00 0.00 0.00 0.00 0 ••0 1.01 0.52 I. 00 1.00 100 ••0 10•. 0. 100. 00

~ ll!' ! II W W !W n l;:I :;, « .J! .J! U !!R ~ G
17 1916355. 1301. 309.0. •. 0 4.0 2 .• 50.0 3 .• I.. 3000. a 120. a 15.030000.0 o. 02520.71.3. 1150.
10 E'09153. 1639. bl740. 4.0 ... 2.0 50.0 3.0 1.0 3000: 0 120.0 10.930000.0 0: 0252550902. I1S0.
19 1976340. 1301. 30000. '.0 '.0 E.• so •• 3.0 1.0 3000.0 lEO .0 15.030000.0 D.DZS,0072S7. IISO.
EO 2409162. 1639. 61190. '.0 '.0 E.O 50.0 3.0 1.0 3000.0 IEO.o 10.03000•• 0 O.DZS:'SSC912. I1S•.

W!uR I Il!!!U lliU W W !W IU R.I R t!2
I 30000.00 5.U En.07 •• 00 '.00 E.00 •. 00 0.00 15.95 3b.00
Z ]DoOD. DO 5.12 E95.10 4.00 ".00 E.00 0.00 0.00 IS.95 36.00
3 30000.00 5.n, 293.09 ' fl.. 00 4;00 Z.OO 0.00 0400 15:'95 36. O.

• 3.001l'.00 0.60 5••• 15 "'.00 '.00 E.OO 0.00 0.00 10.02 36. O•
5 30000. O. 0.60 504.7_ ... DO ·.00 E.OO •• 00 O. 00 10.OE 36.00
6 30000.00 0.20 400.10 •. 00 4. aD Z.OO 0 .•0 0.00 17.0Z 36.00
1 30000.00 6.40 375.50 4.00- '.00 2.00 0 ••0 •• 00 16.116' 36. 00
0 30000.00 O. EO 460.10 ... DO 4.eo Z.OO •• 00 0.00 11.02 36.00
9 30000.00 6.'0 375.53 '.00 ' '.00 Z.OO 0.00 0.00 Ib.1I6 36.00

10 300.0. 00 5 .•9 E92.IZ "'.00 4.00 2. co 60.00 D. DO 15.9] 36.00
11 300.0. 00 5.11 292.90 '.00 •. all zo.oo 6D.Oo O. DO 15." 36.00
12 30000.00 5.11 296;07 '.00 't.oo E.00 60. 00 0.00 IS.99 36.00
13 30000.00 5.15 295.19 411.00 lto.OO E. 00 60.00 0.00 15.97 36. 00
I' 30000.00 5. 09 E9E.32 '.00 '.00 Z.OO 60.00 •• 00 15.91 36.00
15 '30000. 00 5.11 E9~. 06 lto. ClO •. 00 Z. ClD 6D.OO 0.00 15.90 36.00
16 lOOOO.OO 5.16 296.53 ' .•0 iI. DO Z.OO 60. DO 0.00 15.00 36 .00
17 30000.00 5.15 E95.62 '.00 41.00 E.OO bO.OO 0 ••0 IS.91 36.00
10 30000. O. 0.00 0.00 '.00 '.00 2.00 0.00 a .DO 1.10 99.99
19 30000.00 0.00 0 ••0 iI.OD ".00 2.00 0.00 0.0. 1.10 9fi1.9fi1
20 30000.00 0.00 0.00 ".DO _.00 2.00 0.00 0.00 1.10 ".99
EI 3.000 .•0 0.00 0.00 4.00 't. DO E. 00 0.00 0.00 1.10 99.99
Z2 30000.00 0.00 0.00 4.00 •. 00 E.00 0.00 0.00 1.10 9'9.9fi1

!pACING nrp!!H'T INFO'!"'IIIOM

JJ.m 1& J,l; I ! l' g
I 3 E 3.000.00000 b.60701 36.00000 E'.OOOOO
I 2 3 30000.00000 6.60695 l6.000.0 Ztl. ClDOOO

""E EIGEHSOlUTI0H5 ARE:

rREQ. IS II.E~

THE EIGE'"'llE IS,

0.30200107600SE-OZ 0 .lb.Eb5055100E-04 0.1~03500954I3E-OO O. 30E8697'0105E-02 O.bI l1'0"I96ElE-02 O. 750350aE9690E-05

0.6110.19193S5E-02 -0. 651219EI5666[-02 -0.114211.09092[-00 -0. bSl000259171E-OZ O. ]01007l9E733E-OE O. J635S42'6550E-0"

o .1636.Z06159IE-04 0.301050121415[-02 0.101391ZS159'E-02 O. 3Il6E50135610E-05 0.1013751EI150[-OE -0 .•9Z.... 31 ..53E-.Z

-0.670270656Z61E-OS -0 ••OEZ16016014E-02 0.1l1176291401hOI -0.571105350190E-14 -0.50B91615l0'E-10 •. '125650'066]E'00

( - •. 30"306555ZZE-13 0.1090Sl000015E-10
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FREQ. Z IS '0.65

THE EIGE'ftJOE IS:

0 ••5ZZ12501170E-az 0.Z514Z063'.03E-04 a.Z519l1Z6'OO4E-04 a .4521za7Sza66E-OZ -0. za3670100400IE-0i -a. Z8110136046aE-a4

-0.Z0167S715710E-OI O. '5.7IZ11644&E-aZ a.165aI5759)96E-" a. '59)5'214330£-OZ 0.4534Z6140'36E-OZ O. Z49975ZZ4166E-04

o.Z50464883514E-04 0."34730//naE-0/ -0.I20866/5Ia03E-01 -0.159134&5659<0£-04 -0.I2005_70I3E-OI a.6557ala2473IE-az

a ••59a09673274(-05 0.655367a62.04£-a2 -0.61462972'//6£.aa a.la516246163ZE-IZ a .67al588//473£-1I a.aoa5a58laa3IE.aa

-a .Z30114530Z56E-IZ a .Z579)15aaOZ5E-a.

FREQ. 3 IS 463.55

TH£ E1GEPft:lllE IS:

0.55.03SZ17175E-aZ -0.1533405'33a5£-az 0.153499210766£-az a .66788I190a5.E-01 a.15ZZ7077/047E.al a .•Z038812'73IE-al

a.I03110'Z3146E.az O. Z30a973aaI3ZE-0i a.76667a5Z6073E-03 a. Z0695ZZ93583E.oa a.419707616129E-az -a. 120531467557E-02

a .IZ049775763ZE-az 0.5aI5a.7a35/oZE-al a .034315672'02(.aa 0.267596580058E-al 0.la03a057a326E.oZ 0.1617125IZ722E-al

o .4916Z86a<0606£-03 o. ZI88502395.IE.oa -0.1I.274056.90E-02 -0.2050'9OZ569<oE-07 O. 5Z0aI55'3a69E-a5 a. _27840ao3IE-03

a .ZI701.5Z5za3E-a7 a. 976Z69a5'll!!6E-a5

'nI£ PfIlIIIl USEO III 'nIE CALCllLAntl<S IS

LATERAL FllIlC£S:

a.os",z

5T,ClIlY HO.
I
2

DRIFT:

5YQIlY HO.
I
Z

THETA:

S_Y HO.
I
Z

YALue
0.311617£'OZ
a. Zl509&6h02:

YALUE
O.J0&65ZEtOl
0.22 lU8E+D I

VALUE
a.116aOIE-0i
0.701073E-OZ

THE EIGE"'50LUTIONS ARE:

FRED. 1 15 50.31

THE E1GEPft:lll£ IS:

a.2506/552/705E-az a.IIZZ'24a.357£.00 -0.11229aZ4097'E.aa -a. /5063O&3IZ0aE-OZ a. 26477'973354E-a I a. 5/06223/58'2E-a6

-a. Z649<o1413536£-al a. ZI7'59933187£-0I -0. 969<o55349<o04E-a6 -a. Z1725/664515E-al a. /56151.a5578E-az 0.11I'/Z665716E.oa

-a .1I1'Za537677E.aa -0. /S61651/96a3E-az a .143a566'37laE-al a. /586z93ao6a6E-a6 -a .• '311584/07/E-al 0 .163975060a 15E-0I

0.416550134./5E.aa -a .Z37030'/5335E-a5

FR£D. Z IS /56.6a

'nIE EIGENr10tlE IS:

a.684824360360E-02 a. 138tl32'bSZ344E.OO -0.330&4256567:.2E.00 -O.6&4a40873096E-02 -0.61 J676241259E-Ol -0.138484471144[-05

a .61//3a2319)3E-01 -0. 371Z9/0I0565E-DI o. 1977a21_44E-a5 a. 37a86a06656.E-01 a .63350566'/ 17E-a/ o. 316322.50036E.00

-0.3IbS1662ltI43!.OO -0.631601Z50Ilt]!'-OZ -0.2tt073492567'3!-Ol -0.638794134425£-06 O. 240QZSl17436E-OI -0. Z4SI3:.!OZS736E ... 01

0.926170007913E-06 O. 2446/62a7764E-0i a.096267a/6378E-13 -a .6116Z53,..46E.oa -0.5Z6730/5a/6SE-a. -0. 35/7Z79<oSZlOE-lZ

a.0654006I_aE.00 -0.77397012712aE-03

176



3 IS

THE EIGEtftIIlE IS:

0.1I0610406101E-01 -0.27344434675eE-OZ 0.273599Z0631ZE-OZ a .66110945856IE-01 0.303170000773E+01 0.6568896511]IE-Ol

0.1012301065972+0Z a .6775ZI0541842-01 0.0174154060Z0E-03 0.2Q357705053QE+00 O. 030564Z96702£-02 -0. ZI50I2Zb7020E-OZ

O. ZI6965094007t-OZ 0.696__22E-0I a .16609877516IE+01 O. Z05402810277t-01 0.992702010707£+01 0.360E85082760E-01

0.5261698110202-03 0.Z162Q34709412+00 0.124150297705E-07 0.EOOOI056.233E-OZ 0.5189403]]703E-05 -0.22730840ISBOE-07

-0.12'0701411842-02 0.1'75172373512-04

TH2 Pl8IlXl USED Dl TH2 CALCllu,nae IS

u,rnAL Pcm:ES:

0.10776

STCIlT NIl.
I
2

DIll":

STIIlT NO.
I
2

VALUE
0.311817E+02
0.200_E+02

VALUE
0.'172142-01
0.015575E-01

LOAD CCI'IlINAnae----_�!EIeER fIllCES-----L2VEL NO.

COL1M' flllCES

LINE LOAD TCIlSIllN.lL PlA.lIIl AllIS AXIAL "n.'OIl AllIS ~JO~ I"'IItIOR
_ENT TCP _ENT eoT POl2NT 'OIlCE n1P'101ENT 80T IOlliNT Sl1EA~ SHe"~

0.0000 -51. 0334 -34.6n6 2.1070 -0.3727 -0.1863 -0.5952' -0.01::139
O. 0000 151.1694 Z52.0703 1.15Zo -O.030E ·a.38~7 2.eClo~ -a.aces

-0.0013 1'0.5135 2"'9.8949 1.1602 -0.6517 -0.Z275 2. i73? -O.C1Cbl

O. DOCIO -5.1969 -2.5085 I. 2719 0.0970 0.1785 -0.0541 a.tDU
0.0005 -11.32.1 -4. '070 -1.".07 -0.2072 -2.6_ -0.1133 -0.020 ..

-0.0007 -".2491 -2.5753 -0.8613 -O.Z&45 -2.6350 -0.0821 -o.ole]

0.0000 5.1960 2.5084 I. 2719 0.0970 0.1785 0.0541 0.001'
O. 0005 1].3526 7.3505 -Z.2072 -0.2050 -2.6373 C1.J't38 -0. C;:1:3

-0. 0007 15.'270 0.7631 -2._6 -a .2877 -Z.b470 0.1'4' -O.O:OCt

6 O. 0000 -51. 0326 -34.6737 2.1071 0.37Z6 0.1063 -0.5'52 o.OO3Q
4 O. 0000 .49.8186 ZSO.3710 1.1212 1.020. 0.5025 Z.7701 o.OlCq. -0.0013' lSI .•"" 252.5545 1.1130 1.2068 0.701e Z.0056 O. a 1]3

5 O. 0000 -E6.U52 -Ea. 3075 2.4634 -1.4000 -0.7"0 -0.326e -G.OI!S
5 0.0007 34.7032 153.5756 -10.32U ..... 5056 -E.2153 I. 30el -0.C4067
5 -0.0010 33.3723 151.0116 -10.2917 -4.110160 -2.14.99 .. zabel "'O.Cc..S6

6 O.OOZS 0.0260 -0.014' 3.7000 -105.71]8 100.1942 0.0001 -0.5314-
6 41.9040 -606 ••580 1.".0555 -10.7180 302.130Z -3601. 9601 7.31Z5 -'Z.9E.<'Q
6 -67.1560 -700.2301 Z223.6_ -10.7100 302.1386 -.J691.%«t1 10.51b7 -'2.98l't9

0.0000 -26.6736 -ZO .0020 Z.0636 I. 4005 0.7"7 -c.3a' 0.0155
O. 0007 33.6076 152.2ZZ0 -19,{.7:4 4.0232 2."01 I.Z011 a.OSC5

-0.0010 35.1180 153.0e62 -10.5073 •. 0120 2.5146 1.3132 0.051b

0 O.OOClD 03.1123 13._1 •. beE3 -1.5096 -0.7998 0.3037 -0.01b7
0 0.0007 1.1.0029 22'.66Zb -17.b211 -4.7019 -Z. Eee8 Z.500Z -a. 0"55
0 -0.0012 1'2.3054 223.6700 -17.6616 -4,8U7 -Z.3757 2 .S4~1 -0.O"Q9

0.0025 -0.0170 O.OIZS 4.046] -105.00Z0 10~.3119 O. 0000 -0.54 90
41.1jI04Z -723.3564 2101.0310 -10.1'38 382. Z5eo -3691.9482 9.5612. -z.=. C1~ ... O

-67 .1562 -028.6103 1081.9432 -le.I438 3ez. "eo -]691.'9'-161 4.53194 -,z.qc",~

10 0.0000 03.1201 13.5875 ".08ZI 1.601Z Q .8006 0.3930 o.Ol~7
10 0.0007 14;: .5339 Z2'.103b -17.8055 5.19"1 E. b59/ ~ .5461 0.05..5
10 -0.0012. 142.1411 Z25.0967 -17.82:81 S.071ljl2 Z.57Z3 2: .5503 0.C531

COLUI1H STIlES5E5

LINE LOAD TOP-N,)( TOP-"JN 8OT-"AX BOT-"IH SHEIJIlI-MAJ SHEAR-"IH

l.e5lZ -1.3105 1.3180 -0.7781 -0.0764 -a. 0005
4. nee. -0.0327 7.40az -7.1044 0.3593 -0.0011
".bI20 -0.3102 7.2787 -6.9809 0.3539 -0.0008

0.5203 -a. 0750 0.6503 -0.0050 -0. 0005 0.0003
0.4265 -0.9607 1.5686 -2.1069 -0.0198 -0. DO-";~

a...-al -0.7490 1.!l70~ -1.0713 -0.Ol4] -0.0035

0.5Z0Z "0.075'9 o.itsoz. -0.0059 O. 0005 O. 0003
0.4020 -1.1731 1.55b3 -2.3;:74 0.0251 -0.0035
0.380ft -I. 3S88 1.5545 -2: .5629 O. C13Cb -0.0030
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I.S511 -1.3104 1. 5188 -o.nsl -0 .0764 0.0005
4.7564 -4.it687 7.4074 -7.11'7 0.3566 0.0014
~.07.9 -~.5sn 7.5.89 -7.2031 0.5600 0.0017

1.9660 -1..091 1.0059 -0.6886 -0.0076 -0. Don
O.lf689 -6.0969 3.S01l -'.1<95 D.UDS -0.0068
0.3835 "'6.0014 3.4155 -9.0SS. 0.18n ..0.0066

0.3806 -O.OISI O.•56. -0.0107 0.0000 -0. DADS
0.611. 0.5559 •••••• 7. Oll~ 0.00'-5 -0.0140
O.6ea8 D.6Q;04 6."587 7.2U5 0.0064 -0.0140

1. 9666 -1. 20'2 1.0060 -0.6886 -0. 0076 0.0025
0.5560 -6 .•27. 3.541S -9.• 118 0.1080 0.0070
0.6'ZJ -6.52Z7 3.627' -9.3000 0.1912 0.0075

0 •• 6n7 -L.50n 1.0076 -0.1221 0.0541 -0. 0025
0 c..026! -8.S64! 5.5906 -10.0567 0.5495 -0.0067
0 ~.00.2 -0.931' 5.5907 -10 ....79 0.34'0 -0. DDb9

0.3856 -0.0101 0.2617 -0.0107 0.0000 -0.0003
0.6961 0.6406 6.4507 7.1"8 0.005B -0.0140
0.U06 0.5664 6.1697 6.9110 0.002B -0.0140

10 Z.6nB -1.5B76 1.0076 ·0.1<2~ 0.0541 0.0023
10 '.2161 -9.1zoe 5.7011 -10.605B 0.3494 0.0075
10 4.1b07 -9.0503 5.7010 -10.5_ D.3Sao 0'. 0073 .

BE'" FCJlCE 5

Tlll>SIOIIAL CENTERLINE 1OlEl<TS BE'" END IIOrIENTS
BAY LOAD I'IOMENT I1O~ENT J I1OHOlT tC1ENT J I10HENT

I I -0. 0970 0 .•627 -44.6940 0.26.7 -44.6940
I • 0 ••861 0.OB2S -97.8391 0.'B.5 -97.8391
I 3 0.2'864 0.2'965 -100.171' 0.2965 -100.1710

-0.0753 100.0.93 - •. 6162 17.0541 - •. 616.
0.1075 590 .... 11 -7.3773 90.8S15 -7.377]
0.1090 594.1348 -7.2055 93.4407 -7 .• 055

O. 07<7 100.0765 -B. 1...7 1•. 6670 -19.1447
0.3170 576.6036 -ZO.2885 &4.6564 -.0 .•BB5
0.32.6 571.0718 -ZO.9870 81.1906 -2.0.9874

0.0000 '9.090' -'9.0913 49.8909 -09.B913
-0.0011 109.16SS -108.926'1 ICl9.1633 -Ioe. n64

0.0010 109.0.05 -108.6692 109.4205 -IOB.66'2

0.0'70 .... 6944 -0.2627 44 .6944 -0.2627
-0.206. 95.5737 -0.6531 95.5737 -0.6531
-0.2859 193.2412 -0.8390 93.2412 -0. B390

6 O. 0755 IOla.0502 -2.6150 17.05" -Z.6150
6 -0.1087 577.5715 -7.961< SI. 0257 -7.9612
6 -0.1071 57]••771 -O.IUO 79.Z359 -S'1350

-0.0126 1.0 .... 7• ., '-I.1S05 12.6677 -S.1503
-0.5Zl5 554 .5000 -U.52U &'.7923 -23.5ZZ.
-0.3159 559.7096 -22 ••235 73 .•563 -ZZ .•233

0 -0.1100 51.1307 -131. 9561 51.1307 -131.9561
8 -0.3557 -151.4375 -631.ZZ3Z -151.4575 -631 .•n.
B -0.355Z -liQl9.e01l!1 -629.6989 -149.8018 "'629.6969

0.1100 51.IlO9 -131.960. 51.1299 -151.960.
0.3673 -150.1067 -629.9363 -150.1067 -6lO.OS65
0.3678 -151.742'1 00631.4604 -lSI.7423 -631.'t60't

10 O. 0027 ZZ'.77.0 -100.6636 .ZO.7720 -IBO .•636
10 O.OI.Z 581. q83:! -~e't. 7502 SSI. 9B5Z -98'1.7502
10 0.0077 583.3411 -9B2.77n 583.3411 -902.777Z

II -0.0027 .20.7660 -IB4.667S ••0.7060 -104 .•67B
II -0.0100 58].06]7 -9a3.14029 585.0.57 -9S3.1~.29

II -O.Ol'tS 5BI. 7059 -985.1161 581.7059 -985.lJ61

Be." 5T1lE5SE5

BAT LOAD I _PIAL J _lIAl

O. 0071 1.21.0
0.0131 2.1!l5Sa
0.0000 Z.718]

0.'t619 O. 071<
•• Q711 0 .•007
2.541S 0.1960

o. ]420 O.•••9
2.2857 0.5'-78
2.19.1 0.5667

1.3505 I. 3545
Z. 965. 2.95iZ
2.9706 Z.9502

1.21.0 a. D07l
Z. 5934 0.0177
•. 5301 O.OZZS

0.065B 0.0711
.2. Z:52- 0.2:165
2.150B 0.2ZII:

178

"~ .



0.34ZZ O.ZZOZ
I. 885Z 0.6300
I.noo 0.6111

8 0.OIZ9 Z.3!559

8 z.7037 1I.2n5

• 2.6745 II.Z4ZZ

• 0.OIZ9 Z.3561

• 2.6800 II.Z~7

9 Z.709Z II.Z739

10 5.0454 4.1451
10 13.0636 ZZ.1045
10 13.0941 n.060Z

II 5.0""9 4.1""9
II 13.0870 ZZ.0669
II 13.0565 ZZ.IIIZ

MAtINS ELE"ZNTS

BRACE LOAD AllIAL-,CIICE
I I o .57Z8
I Z -0.Z9ZZ
I 3 0.8336

0.5729
-1.3958
-Z.5ZI5

BRAtE 511IUSU

BRACE LlIAll AXIAL

0.0867
-O.044Z
O.IZU

0.0867
-0.ZII3
-0.3816

LlIAll COIelllATIlIN5----_reER 'OIICU-----LEVfL PCI. Z

COLlI'tl 'CIICES

LINE LOAll TIllISIOIlA L nAJCII AXIS AXIAL "lHOR AXIS nAJOIP t1INOR

I!O"EHT TOP P'IO!"I'!NT 80T _EHT 'OIlCE TOP -PC'EHT 80T nonEHT SHEAR SHEIJjl

I 0.0000 D.aOI)! -0.0003 0.0000 0.0000 0.0000 o~oooo O. cooa
Z 0.0000 0.002Z O.OOZO 0.0000 0.0000 O. 0000 0.0000 0.0000

3 0.0000 O.OOZZ 0.0019 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 D.OCOO

0.0000 0.0000 -0.0001 O.DaDO 0.0000 0.0000 0.0000 O. 0000
0.0000 0.0000 ..0.0001 0.0000 0.0000 0.0000 0.0000 o. DOOD

0.0000 0.0000 O. aaCla 0.0000 0.0000 0.0000 O.Doae O.ooco
0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0001 O.OOOZ O. DODD 0.0000 0.0000 0.0000 0.0000

0.0000 0.0001 -0.0003 O. 0000 0.0000 O. DODO o.GOOO O.CGDO
0.0000 0.00Z2 0.00:'0 0.0000 0.0000 0.0000 0.0000 O. ceDC
0.0000 0.00:2 O.OOZO 0.0000 O. DODD O. DODD 0.0000 O.ODC!D

0.0000 -100.3748 -66.0757 0.3154 -1.0256 -I. 0137 -1.1559 -0.0102
0.0007 -24.3950 14.3391 -3.5908 -I. 0939 -2.5037 "0.069S -0.0312

-0. 0009 -25.9111 lZ.8765 -1.5783 -I. 9124 -2.4266 -0.0905 -0.0]01

0.0068 0.0000 -0.0269 -0.6187 1.0066 185.86"" -0.oe02 1.2977
75.8607 1S.6887 4U.3:es -7.6900 0.3776 -3e2. :35':'4 3.0Z10 -, .65:6

-102.7006 25.34IZ 7:9.4959 -7.6800 0.3776 -382.3547 5.2'-19 -~ .6S~6

0.0000 -100.3411 -66. os.. 0.3155 1.0246 1. 0129 -1.1555 O. CI'oI
0.0007 -25.6778 13.0663 "'].6760 2.2627 Z.7607 -0.01916 O.OJ4Q

-D. DODO -Z".16'1 14.5286 -3.6885 ;::. ]44, 2.8378 -0.0669 O.03QO

0.0000 ZI0.9386 141 .~7a~ -0.3593 -~.57qO -6.5478 Z.447'] -a .0012

0.0047 811.Z526 IS4Z .41104 -8.0615 ·12.24110 -1S.5080 1I.4SltO -0.1934
-0.0064 1!I08.154Z7 840.06QJ -8.0830 -12.8Sl2 -16.1784 11.4508 -0. :!016

0.0068 -0.0009 0.0196 -0.4935 -0.2187 185.3376 0.0001 I. 2ess
75.8605 27.7153 7,..5.3797 -7.42.49 -0.79QS -382. .1!I965 5.3_87 -Z.6646

-102.7003 15.1532 "0.1816 -7.42'e9 -0.7998 -3aZ.S969 3.16:0 -2.6646-

10 0.0000 210.9506 141.4671 -0.3594 6.5841 6.5518 Z-'t473 0.091Z

10 0.0047 809.20"5 840. Z876 -8.1970 14.9Z~7 18.138' 11.4548 0. Z:9b

10 -0.0064 811.6142 80,.659, -8.1750 14.3176 17.5586 11.0880 0.:"'"
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COlLt1N STRESSES

LIME lDJ.D TOP-IW< Top-rUN BOT-IW< BOT-"IN SHEAIl-tu.J SHEAIl-"IN

0.03Z6 -0.03ZZ 0.1131 -0.I1Z6 -0.0001 0.0000
0.7786 -0.7763 G.70,.6 -0.70Z3 0.0014 0.0000
0.75'0 -0.7575 0.08'19 -0.60Z6 0.0014 0.0000

0.006' -0.0069 O.O~30 -0.0430 0.0000 0.0000
0.0134 -O.OIB 0.0'35 -o.ons 0.0000 0.0000
0.0013 -0.0013 0.0775 -0.0775 0.0000 0.0000

0.006' -0.0069 0.0430 -0.04'0 0.0000 0.0000
0.0258 -0.OZS7 0.1060 -O.lObO 0.0001 O. DaDa
O. 0404 -0.0404 O.IZZO -O.UI' 0.0001 0.0000

0.03Z7 -0.03ZZ 0.1131 -0.I1Z6 -0.0001 0.0000
0.7855 -0.781Z 0.7\05 -0.700Z 0.0014 a.DClDD
0.8042 -0.001' 0.7301 -0.7Z79 D.ODlr.. 0.0000

7.7105 -7.5'04 5.'0&4 -S.Z603 -0. Z568 -0.0031
Z.55&6 -4.18Z0 Z.353& -3.94'1 -0.0155 -0.0069
Z.6Z0' .... ZIOZ Z.I.07 -3.7805 -O.OZOI -0.0067

6 -O.OOZZ -0.00Z5 0.4747 0.535' 0.0000 0.0010
6 -0.0531 -0.06'5 1.0624 0.9968 0.00Z3 -0.0020
6 -0.0500 -0.0611 1.1624 1.10511 0.0040 ·0.0020

7.7105 -7.5'03 5.4083 -5.Z681 -0. Z568 0.0031
2.8'00 -'.5236 Z.47"4 -4.1080 -0.019S 0.0078
Z.8S61 -4.4953 2.6375 -4.Z767 -0.0149 a.ODeo

0 '.1030 -'.1613 3.15Z' -3.2.107 0.1'85 -0.0074
8 , 12.72'97 -14.0374 13.7982 -lS~ 1060 0.9315 -0.0157
8 IZ .0121 -1'.1Z35 13.8755 -15.1868 O. '288 -0.0164

-0.003Z -0.003' 0.4743 0.5349 0.0000 0.0010
-0.0'61 -0.0561 1.1710 1.1152 0.0041 -O.oozo
-0.0501 -0. 0605 l.0726 1. 007. 0.002.4 -0.0020

10 4.1041 -4.16Z' 3.1530 -3.ZI13 0.1'85 0.0074
10 13.Z060 -1'.5358 14.2455 -15.5753 0.9291 0.0186
10 13.1Z36 -14."98 14.1682 -15.4944 0.'318 0.0180

BEAll FCIleE5

TllllSIONAl CEHTE"LlKE POlE"'S BEAll EOGl IlOI1EHTS
OAY lDJ.D I'IOr1EHT PlOrlENT J ..cnEHT I'lOl1EHT J IIO"ENT

I I 0.0000 0.0000 O. DODO 0.0000 O.DCDO
I Z O. DODO 0.0000 0.0000 O. DODO O. DODO
I 3 0.0000 0.0000 0.0000 0.0000 O.OClOO

-0.5031 149.9934 -1.030' 17.43Z7 -1.030'
-0.10.2 3/Z.2Z71 -Z.OO56 tll~l. 449S -Z.0056
-O.IOOZ 377.05lS . -I. '160 71.070Z -1.9160

0.1094 l'Z.38'1 .... 5737 13.SB47 -6.5737
0.3'77 361.0466 -IZ.Z3Z3 63 .•568 -12.:323
a.e.Gn 355.5625 -12.8495 S9.64CfS -12.8495

• 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.0000 0.0000 1).0000 G.C1DOO O. 0000
4 0.0000 0.0000 0.0000 O. 0000 0.0000

0.0000 O. DODO 0.0000 0.0000 0.0000
0.0000 -0.0001 0.0000 -0.0001 0.0000
0.0000 -O.ODOI 0.0000 -0.0001 0.0000

6 0.5035 149.99Z5 -1.0298 17.4317 -I. OZ.8
6 0.1_ 356.5185 -Z.Z6'0 57.3186 -Z.Z690
6 0.18'" 351.7106 -Z.3SB6 53.89SB -Z.3_

-0.109] 1.2.3.00 .... 570. 13._' -6.570'
-0.4021 534_1113 -14.92'04 44.'9Z82 -14.n04
-0.3%5 340.40'2 -14.3052 4'9.2361 -14.303Z

0.0000 -0.0001 -0.0011 -0. 0001 -0.0011
0.0000 -0.0022 -0.0036 -0.00Z2 -0.0ID6
0.0000 -0.00~2 -0. 0036 -0.002, -0.0036

0.0000 -0_0001 -0.0011 -0.0001 -o.OOti
0.0000 -0.002Z -0. 00]6 -O.OOZZ -0.003b
0.0000 -0. 0022 -0.0036 -0. D02Z -0.OCl3b

10 O. DOSS 100.8790 -211.0480 100.87'90 -211.048D
\0 0.0117 24.Se7S -61l.6503 24.5979 -611.0503
10 0.00]& Z6_10Z' -609.240,0 2&.102:9 -809.2460

II -0.0052 100.8457 -211.05'99 100.6457 -211. 05'99
II -a.OObc. 25.&6'8 -80'9.6065 25.66'98 -609.606S
II -0.0144 Z'.3S5Z -81.2.0107 24.3552 -612.0107

BEAll STRESSES

BAT LOAD I _"AL J NDO"Al

0.0006 0_ Don
0_0012 0.0077
0.0003 0.0010

0.4752 O. OZBI
1.6b61 0.OS47
I. 95'93 0.052Z
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5
5
5

o
o
o

10
10
10

II
II
II

0.3650 0.1770
I. nzo 0.3Z93
1.6059 0.3'+60

0.0009 0.0009
0.0001 0.0013
0.0017 0.0031

0.0032 0.0006
0.0130 O.OOZI
0.OZ05 0.0031

0.4750 O.OZOI
1.5610 0.0610
1.4605 a. D643

0.3661 0.1773
I.Z107 0.4021
1.3Z60 0.~54

0.0145 O. ZZ40
O.~_61 0.7267
0 ....30 0.7Z'7

0.0145 D.2Z1t8
0 ....33 O. n.7
0._ 0.7Z67

1.0720 3.91U
0.0563 15.0614
0._ 15.0160

I. 071. 3.9165
0.0001 15.0Z35
0.4519 15.0601

STATIC IJCI OTN.fJlIC LOAD COIVlIHATIDN-----LATERAL IJCI ADUTIDNAL N. C. OISPLACEMENTS

LEY1!L OIRECTION I Z 3
Z ~ -0.0370621 O.'OloZZO 0.4014ZZ9
2 Y 0.0000000 0.0050116 0.0055'77
2 ROTH 0.0000000 o.ooooooa -0.0000097

X -0.0075390 O.I_OSI 0.1440051
Y 0.0000000 O.DCllbtl24 0.0021887

ADTN 0.0000000 0.0000021 -0.0000033

THE Sf!! L WEIGHT IS 13.4971

THE COHCAETE lI£IIiHT IS 101. 7211

THE CBJECnVE VALUE IS 61031.4....6

ACTIVE CONSTAUNTS

TTPE LEVEL LCC:ATlOH LOAD 10ENT VALUE
0.015____ Z 0 Z I 11.,..0142
O.OIS 2 0 3 I 0."0142

.........................................
THE END 01 OPTIK1ZATlDN CTCLE

THE STAAT 01 OPTUUZATION CYCLE

....-. .....

..........................................
THE END O' OPTIMIZATION CYCLE

TWE 9TART OF OPTI"IZ.lTtON CYCLE

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

181



THE FINAL OPTINL RESUL'" ARE,

COL~ 10 C ! TOIlS I t!!LJ !!!!!...l 2! Il§ P SF !!. !!:! !ll g II
I ]0000.00 17.05 22. 7~ 1396.00 ]1.55 0.00 0.00 22 ••S 7:<;5 O.SI 0.2S S•. 00 36.00 91j1~9.QO

2 '3OoCO.oO 2 ••0 0.60 SI. SI 0.94 0.00 0.00 9.602 S.50 O. SI 0.23 S•. OO 36 .00 ~Cjl99. 00
S 30000. DO 2.68 0 .• 0 S1. S2 0." 0.00 0.00 ~ .•2 S.50 O.SI 0.23 36.00 36.00 CjI99Cj1.QO

• 30000.00 17.05 22.78 1]'95.4. S1.54 0.00 0.00 22..0 7.45 O.SI 0.2S S•. OO 36 .00 9'999.00
5 30000. 00 ] ... 1.10 58.7. 1..0 0.00 0.00 II.O~ It. 0.. O.SI 0.2S S•• OO 3•. 00 9999.00

• SOOOO. 00 12.70 12. ~2 772.18 18.24 0.00 0.00 1~.04 &.64 0.]1 0.23 36.00 36.00 CjI999.00
7 10000.00 3.64 1.10 58.7. 1.68 0.00 0.00 LI.O~ 4.D~ O.SI 0.23 36.00 S•• 00 99n.C10
0 3.0000.00 12.78 12.~2 771.ee 18.24 0.00 CLOO 19.84 6.64 O.SI IL2] 36.00 36.00 9999.00
~ 30000.00 16.61 2! .64 1322.89 30.02 0.00 0.00 22.41 7.:17 O.SI 0.2S 36.00 ~.oo '9999.00

10 SOOOO.OO •. 00 1.88 10S.SS 2.04 0.00 0.00 12 ••0 •. 51 0.31 0.23 36.00 3•• 00 q1jl99.0D
II SOOOO. 00 1•• 01 21.64 1322,70 30.01 0.00 0.00 22.41 7.37 0.31 0.23 36.00 36.00 Q1jl99.00
12 SOOOO. 00 •. 81 1.0~ 104.03 2.06 0.00 0.00 12 ••1 •. 51 O. ]L 0.23 S•. OO 36 .00 9999.00
I] 30000. 00 0.02 0.00 0.00 0.00 0.00 0.00 0.03 0 .•0 1.00 LaD 100.00 100.00 lOCo QO
I. 30000.00 0.02 0.00 0.00 0.00 0.00 0.00 0.91 0.48 l.OCl I. 00 100.00 IOCl.DO 100.0D
15 ]0000. 00 0.02 0.00 0.00 0.00 0.00 0.00 O.~l 0.48 1.00 1.00 100 .00 100.00 LOa. 00
I. 30000. DO 0.02 0.00 0.00 O.oa 0.00 0.00 0.03 0.40 1.00 1.00 100.00 100.00 100.00

~ Xl! ! 1I W !ill W !ll g II {; ....Il " ~ all • I;
17 65&4 ca. • ]lo. U4] . •. 0 ..0 2.0 50.0 S.O 1.0 3000.0 120.0 5.0S0000.0 0.0:5 659636. I1S0.
10 .5&'o~S • • 34. 11.1 . ..0 '.0 2.0 50.0 3.0 1.0 3000. a 120.0 S.OSOOOO.O 0.025659636. 1150.
l~ bS&4~3. 414. II.]. ..0 •. 0 2.0 50.0 3.0 1.0 3000.0 12,0. a 5.030000.0 0.02S 659':')6. 1150.
20 •5ll4n. • SO . II.S • '.0 •. 0 2.0 50.0 S.O 1.0 SOOO. a 120. a 5.030000. a 0.025.5%30. lJ50.

lli!:!..lP C TOIl! ! illU W !ll W III 'Il..! P ~
I 10000.00 1.12 .0.00 •. 00 4.00 2.00 O. 00 0.00 11.1. ] •. 00
2 SOOOO. 00 1.12 00. 01 •• 00 4.00 2.00 O. 00 0.00 11.1. 56 .00
] 30000. DO 1.12 60.02 4.00 4.00 2.00 O. 00 0.00 11.14 16. 00

• 10000. 00 1].54 010.0] 4.00 4.00 2.00 O. 00 0.00 20. o. '56. DO
5 '50000.00 1].5. OIO.SO " .00 4.00 2.00 0.00 0.00 20. O. 36.00

• '30000 _00 10.82 641.50 4.00 4.00 2. 00 0.00 0.00 1~_ 03 36.00
7. 10000. 00 7.0~ .1].05 ..00 •. 00 2.00 0.00 0.00 17.22 3•. 00
0 SOOOO. 00 La .82 6ltl.55 4.00 40.00 2.00 0.00 0.00 19. 03 ]6.00
~ 30000.00 7.LO 413.18 4.00 4.00 Z.OO 0.00 0.00 17 ·2S 16 .00

10 ]0000. DO 1.0e 57.0] ".00 4.00 2.00 .0.00 0.00 I LOS 36.00
II 30000. DO loLa S~.29 4.00 4.ao 2.00 .0.00 0.00 11.11 36.00
12 30000.00 1.17 02.71 •• 00 4. 00 2. 00 .0 .00 o. aD 11. 25 36.00
I] SOOOO.OO I.L7 03.10 4.00 4.00 2.00 .0. 00 0.00 .1.2. J•• 00
I. 10000. 00 1.00 SO ••• 4.ao 4. aD 2.00 60.00 0.00 11.06 36.00
15 30000 .00 1.11 5~. 3. 4.00 4. 00 2.00 60.00 0.00 11.11 36. 00
16 30000.00 1.1. .2.20 4.00 171.00 2.00 60.00 O. 00 11.2] 3•• 00
17 10000.00 1.17 02.7. 4.00 ".00 2.00 bO.DO O. 00 II.ZS J6.00
10 10000.00 0.00 0.00 4.00 4.00 2.00 0.00 0.00 0.93 99.9~

I~ 30000 .00 0.00 0.00 4.C10 4.00 2.00 0.00 0.00 0.9'5 99.99
20 JOoOO.oo 0.00 0.00 171.00 4.00 2.00 0.00 0.00 0.93 9~.99

21 JOoOD.OO 0.00 0.00 4. 00 it.OO 2.00 0.00 0.00 0.93 99.99
22 30000. 00 0.00 0.00 4.00 .... 00 z .00 0.00 0.00 0.91 99.~9

!PACrNG fLEI"IENT INFCI'm'IAUDN

J.mI. 1& J.' C ! :a g
I S £ 30000.00000 1. 34878 36. 00000 2_.00000
I 2 3 30000.00000 1.34870 l6 :00000 £•• 00000

E1GEHVALUn ANI ElGEHVECTDIl!

a .897S0.32S.0St'02 o. 2S~~22•••S2IE-02 0.1"~SS]15.12E-0. o. 1"2~807032.E-0. a .2S90.~0'~SOE-02 O. 7.05S0~J :77SE-02
o. 6224919]4f77oE -05 0.7606224676 98e -02 -0.11 77670461j10 lE'-a 1 -0. 2es '3252444 IbE-OIt -0. 11 75797q ]]97E -0 1 O. 25t;1376 961 031E -0':
0.14458867%lZE-04 O. J 43951!3"63SE-04 O. Z593~"'17S4S0E-02 0.39S783718S57E-Ol O. J::7~46S31640E -05 o. J97b74ZbCjl848e:~03

-0.10205iS0'3::60E-0l -0.187e09440ze9E-04 -0.10 1846e61Z05E-01 0.144001941253["01 -0.1]8S59174227E-12 ILZ 177qt 0leS40E-O~
0.312ZJS5S07S1E+00 0.23013S5••9SSE-12 -0.71S"117•• 73E-09

o. Ct73an8C166E+03 O. 771242069689! -02 o. 437~8077061bE-DCt a .4'3e86184449'3E-04 o. 7710U24464J!-02 -0. ZJ969597609Cjl~-01
-0.2: 76S46Q4 7451 E-04 -0.2396949 7341j17E-01 O. 120160 131j181 7E-Ol o. ;:875351141 C16 E-04 O. 11 9'9'l3Q I 0605 E-0 I 0 . 77191 i: 3e9= 3SE - 0:

o .4368194]71j106E-04 a .4]770061 18Cj,3E-04 O. 7717315291129E-02 -0. UO 103821617[-01 -0. ]13537697]146[-04 -0. 140C~09047:36E-OI
0.983441515684E-02 O.1S1B48Z46267E-04 0.981207IU50c~!.-02 -0."'61565118eSbhOD 0.217Cj1S443&J.4:::E-U -c.926S70390360E-0'9
O. 9.90S825S0.0E+00 -0 ••2~2IS02.37E-12 0.1....01 %520E-00

0.leOl01::4269IE.06 -0 . 1784Z90S761 O[-OZ o. 2b902b3S8351f.-O! -0. 3020S23340::9[-03 -0.271601220724[-04 O. leeQO%02S77E+OO
0.SZet;lS44n2eOE-04 O. 1514'+6025308E-02 0.1460987160::4[+02 O. 5SSS2S98435SE-OJ O. .1232&3247:304[.00 -0. ]l4b30386694[-02
0.231173:: 33e90E - 0'] -0. 25Q49482 161 SE-03 -0.2, S5J:'60 30::: ZE -0'1 0.670164 3a2 31 'S[" 0 1 o. 3906S5565150E -04 0 . 55 7640S9741j1SE -03
0.1 280640'3619SE +02 a . 3e 1ab65 7685]£-0 I O. 10657773 7974E+ao o. 1516 J5319122E -OZ 0.1354665.25 lI9[-07 -0. I 02211226860E -06

-a. 5 I ].82491 o42ZE -03 -0. 104 7bl6471eSE - 07 -0. SSlilt;l92.5592::eE- os

O. 1006746 3cssQe+04 a .492823913601 E- 0'] o. S821!!!!lQ~e318 IE -0 I -0. 552e 1802 3764[ ~O I -0.4 QZ9655Z3b6 9[-03 0.54260 8933583E -0:
o. 30 7I:5094213'3E -05 -0. 54486C 293 732E -02 0.1140 759S2658E -01 -0. e 105Se OO:5904E -05 -0. 11 J3:::b 1S':'4 i6E -0 1 O. 4e43571 tr70 I eE ~D3

o . Se241 956485SE -a 1 -0. S8Z 3b 7Cli':'S:O:OE-O 1 -0. 4S44984 ~ 04S'3[ -0 3 0.2 nCilS983344 3E -02 O. 165 33b 99t.eClE.-05 -0.21457::845:61 [-0;;:
a .1jI89637'H61j12IE-OZ -0. 500S7;: 18bOS7E-O$ -0.9629.. 13Qese3E-02 -0. 735401018:1.:!.3E-13 a .1J6041391647hOI -0.2658..4410:83(,,[-06
o. ?364Z1310467E-13 0.4456143306CilZE.00 -0.1000"8::7151Z[-05

a . 2ze 16 7345Z:0E+05 0.6814 3Z4SC3::0E-0J, 0 . 134 316961 0 7'"'[t00 -0. 13430484140 9E .OQ -0. be I bQt;1057e03E - 03 -0.94 3H3: 361:: 5E - 0:­
-0.1537546"91 70E -05 0.94952175770 7E-oz -0. 1885 15~ :::saS9! - 0J O. 151 J9908665, E- 04 0 . 18 716Z 11 72 i:: 3[ - a I 0 . 6779734 SS3 3'-£ - 03

O. 1319']0 70: 600 7[+00 - O. 13191879896 3E .00 -0. 6 ~a2 356 58903E -03 -0. 134b40721 Sb5E-OZ -0. 3eS:956 35Cil l::E - 05 o. 13597'3 3'-50~:::E"c;;:
·0. 1542;:91669Cil6E-OJ 0.827723312.2.03[-05 0.IS3066490.:!.4bE-OI 0.341789095238£-12 -0.60607%063787[.00 -0.446b2646476l'fE-OS
,,0. 4S5240909;:oeE -12 0.91505, 112e04E.00 -0.242445 73S962E - 03

O. lS0'30 I 33176et!. 06 -0. 3779SQQ048seE -02 I). 4S 75025766 09E -03 -0. 4Q04 7Cil9b 9S32E .. a] -0.266 34SB4e6 J ZE -04 0 _Il!1S 799C:6 36 73E. 00
a. 52 714 '330%8bE -04 0.1 sao '30 3846 76E -o:!. O. 148096 711e" 3E .. 0:: 0.55630 I ne444E -0 1 O. 144040S"6:S111 E.00 -0.314::: '3 334 7=e 7E -0:
o. 393090465439E" 0] -0. 4i:: 13704 0 18 76E" 0] - 0.:::: 071:::6 797SJ[ -04 0 . 6758105::: 36::7E-0 I 0.3694794';5 iB9E- 04 a . 6:3 3651'oeo '3$oE -03
o. H60b2308 n4! +02 0 . 38240 1651 95SE - OJ O. 12c.B35!lOO IS3E .. 00 -0. 11 QS I 2007CjlZ 1E-07 -0. J&1 iKI944 Cjl60eE -0 z -0. 1,,484144341 :4[ - 06
0.890434161809E.-08 0.7275254SS257E.-03 -0.6S3e535S70l7E-05

r-;::::.::----------------i
Reproduced from .

'I" I best available copy. :
" '<IIll~
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STATIC L.IlAD CttlBIKATlllN----_fl[ttlEA 'ClICES-----LEV1!L ,.,.

CllLLft' 'llI!CES

LINE LOAD T1lI!SIDN.lL ,.,...JDA AXIS AXIAL ~INOIl AXIS ,.,...JDA ~INOll

IIDI'IENT TOP IIDI'IENT BOT IlOI<EHT ,ClICE TOP ID'IENT BOT IIDI'IliNT SHEAIl SHEAR

0.0000 -SO .0050 -U.0240 Z.0556 -5.0770 -Z.5380 -0.5683 -0.052'
0.0116 65).<.eI0 15<'0.1 ...6 4.8513 -IZ.341O -5.6270 15.2335 -0. UC.S

-0.OZ07 640.0160 1511. 700Z 4.773a -10.7351 -3.ea.1 14.9430 -0.1016

0.0000 -5.5606 -2.784Z 1.4060 0.0040 -0.0011 -O.oseo 0.0000
0.0003' -12 .5090 -5.7151 -I. 7611 -0.054' -0.0421 -0.1260 -0.0062

-0.0005 -10.'147 -3."00 -1.263e -0.053' -0.8354- -0.10)5 -0.0062

] 0.0000 5.5096 2.784' 1.4066 0.004' -0.0011 0.05eo 0.0000

5 0.0003 14.3571 7. Tl8Z -2.3401 -0.054Z -0.8375 0.1533 -O.COI!lZ

3 -0.0005 15.9510 '.4437 -2.8374 -0.0552 -0.8402 0.1764 -O.OObZ

4 0.0000 -57. "97 -23.0126 2.0556 5.0745 2.5370 -0.5601 0.05a

• 0.0116 6.,.IH47 15[9.0317 •• 74)3 1~.200S 7.6436 15.0170 0.1517

4 -0.0207 656 .81eo IS07.3941 " .8207 15.0062 9.3S1D 15.3074 0.1749

5 0.0000 -H. ZZ)S -10.2470 1.0750 -17.0505 -0.5203 -0.378] -0.1777
5 0.0000 477.250' 90'.0090 -2].'529 -0I.Z106 -)0.1787 9.63Z. -0.b347

5 -0.0117 "'3.48)2 090.9555 -U.H28 -60.5115 -2'.6076 9.4058 -0.6250

-0.0235 -0.1401 -O.IUO 4.1331 -29.17'5 -15.0110 -0.0019 -0.3060
12.Z443 -303.0S'5 1362.0360 -16.0826 -16.1193 -106.7905 6; .8041 -D.eSJS

-57.3357 -032.6360 20U.14'0 -16.0025 -16.1196 -100.7'0' 9.65603 -0.0535

0.0000 -30.2135 -16.2374 1.0761 17.0)90 0.51'8 -0.3701 0.1775
0.0066 "'7.0767 095.8431 -n.5002 63.'230 )2.3923 9.4647 o .•oe.

-0.ou7 400.0521 91".6959 -23.6304- 64.6307 32.9632 9.6913 0.6777

0 0.0000 01.0202 30.09'2 '.6345 -1.9715 -0.9050 0 •• 383 -0.0205

0 0.0010 OS.5176 U2.7600 -19.7633 -7.Z315 -].521" 1.5159 -0.0747

0 -0.0017 06.1062 1)1.4'75 -19.7650 -7.32a -).0086 1.5117 -0.075'

-0.0235 0.5112 -0.2536 ....07 -29.1666 -15.0070 0.0010 -0.3008
32.244) -(,33.1172 1067.5700 -1'.96Z5 -U.122Z -100.791' 0.5720 -D.SS]6

-57.3357 -39', 'S02 1019.6402 ~14.9621 -16.1225 -106.7924 ".3034- -O.!lSle.

10 0.00.0 61.2737 SI. .236· •. 6!Z.· L• 98"t5 •• '922· 0.6"10 •• 0207
10 O••01. 86.6537 132.506' -20.0"0 7.0'20 ): ..07 1.5ZZ5- o:OSC3

10 -0.0017 05.'830 133.8661 -a.040' 7:6007 ).0533 1.5267 0 •• 7'5

CDLU'It STI!ESSES

LINE LOAD TDP-IWl TDP-~IN BDT-I'I.&IC aoT·~IN SHUll-",,", SNEAR-~IN

1.1'0' -0."90 a.6U7 -0.3725 -0.0333 -0.0031
7.0497 -6."'806 13._'05 -12.8914 0.8'9]5 -0.0073
6.7...2 -6~lN2 13.020" -12 ....0.. 0.8764 -0.0060

I.ft,ea -0.3097 •• 915'1 0.1250 -0.0216 0.0000
1.3602 -Z ••OI. 1.0215 -S.I"2 -0.0.72 -0.0023
1.3070 -Z. Z4., 1.72" -Z.6no -o.n.. -0.1023

1.4186 -1.31" 0._0 a.IE" I.UU 0.0000
),4343 -S.1796 1.9.30 -J.~"9Z •• 057Z -0.002]
1.'t954 -'.011& I. '96O --4.1124 0.0650 -0.00Z3

• 1.190. -0."'& 0.6136 - •• 3725 -0.0333 0 .•031

• 7.1033 ~.626e 13.524'9 -12.968't 0.0609 O. 0089
4 7.t.te68 -(,.'212 13.9051 -13.3995 0.0980 0.01.3

1.7426 -J.'-4'O 1.907'9 -1.614] -0.0296 -0.0139
15.0395 -19.110' 15.!4t1ct -19.0173 •• 7539 -0.0""9'
15.1392 -18.799! IS. 0.57 -1&.U57 0.7361 -0.0,,"00

I. 0022 -0.0'07 0.6731 -0.020' 0.0000 - •. 0007
0.3559 0.Ci04] 3.'IIZ 3.'31Z 0.0157 -0.0020
0.5'76 0.c.1t76 ".0505 3. '847 O. aZ23 -o.OOZO

7 3.7405 -3.tt468 1.'060 -1.6131 • •••296 0.013'
7 15.7'74 -19.Ci8S9 15.56.3 -19.2.548 0.7409 0.C15Z4

.7 Ib.0977 -1'.7972 15.'071 -19.b065 •. 75eo 0.0531

0 0.23'1 -'to loeb 1.0255 -1.b'9S1 o .13Z' -0.0043
8 fI.elllt) -IS.OCi6S c.750Z. -1't.'8':4 0.3157 -0.0156
0 •. '266 -15.1590 6.7415 -14.'9747 O. ]148 -0.015&

I. 070t -0.01t07 0.7410 -a .•20' 0.0000 -0.0007
0.6424 •. 0733 '3. 9404Z 4.0265 O. 01f~8 -0.002.
0.4167 0.4508 1.1233 1.Z134 O. DO" -O.OOZO

10 6. Z4]7 -tIo.318" 3.'266 -1.70J] 0.1332 0.0(4)
10 7.15S9 "15.4915 6.98.:'2 -15.3140 0.3164 0.0168
10 7. 0467 -15.3784 6.9911 -15.3228 0.3173 0.0165

8E~ 'DllCES

TORSIONAL CEHTEOLINE _ENT5 8E~ END _ENTS
BAT ,LOAD _ENT I10tIENT J _ENT I ..",ENT J ..",ENT

-0.004' 4.1ft48Z -4It.ULO 0.0000 0.0000
0.0541 •. '223 -'IjIS.9779 0.0000 0.0000
•. 0553 0.3352 -97.564" 0.000. 0.0000
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-0.0323 131. 8a96 -20. ]986 a. DaDo 0.0000
0.04094 4n.03Z0 -71.6",,04 0.0000 0.0000
0.0508 502.2'911\ -70.7715 0.0000 0.0000

0.0376 115 .•no -]].57.8 O. 0000 0.0000
C1.07S" 47Q.5430 -99. 73b6o 0.0000 o.oaoo
0.a800 46•. 3.7. -101.757a 0.0000 0.0000

• 0.0000 ".7298 -4'9.7324 o.aooa 1:1.0000

• -0.ao08 108.087a -108.51'3 0.0000 0.0000

• O.OOlft loe.Q79f+ -108.5£73 o.oooa O.oaaa

0.00.' 44.16£7 -4.4t464 0.0000 0.0000
-0.aS5a 94.1617 -It. 72'9, 0.0000 0.0000
-0.0537 .a.S7•• -13.3167 a.ooao o .ooao

6 a.03Z3 151.856' -20,3735 a .oaaa a.oaao
6 -a.nn "".5187 -7•. 9Cl,Z '.0000 0.0000

• -a.0'91 -'3.3167 -75.77'Z a.ooao a .aaoo

-0.1'374 115.8706 -33.608'51 0.0000 0.0000
-0.0787 "50. 327'IJ -IO'.S3U 0.0000 0.0000
-a.0705 '55 .•519 -107.5180 0.0000 0.0000

1 -a .6a88 sa.oll3 -13S ••nO 0.0000 a, aaoa
2 -2.4188 -653.536. -la39.'S90 o.oaao o. 0000
3 -2.39" -6.a. a7Z6 -laZ7 .•88. o. DaDo a. aaoa

a .•Z8a 58.oasz -13S.'aO! O. 0000 0.0000
2.4701 -6".'7al -la30.&4.a o.aooo o.aooa
Z.OS90 -656. '323 -la.a.3176 o. 0000 o.aaoa

la o .a6S6 ZSZ .•a85 -126.8227 o .aaaa 0.0000
10 o.zas. 54".9870 -1036.2497 0.0000 0.0000
la o.Z2Oo S5a. Z707 -loao.'S88 0.0000 0.0000

II -a, a68a ZSLoalO -IZ•. 8344 o. aaoa 0.0000
II -0.Z3.1 ~9.00l\9 -1030.5657 0.0000 o.ooao
II -0.2411 543.72'00 -1037.0575 0.0000 0.0000

8E"'" S,",ESSES

a.u LDAD I IClIlIUL J_L

0.1\129 ill. 0990
0.9Z10 8. '005
a.7737 9. 0558

0.n60 I. 'Iao
ill. II ill 1 6.7107
4.3089 6.6Z91

0.2170 2.9974
3.a7S8 o .•alS
Z.79'3 .,a838

• 4.6151 ...."
0 10.a67. 10.0709
0 10.06n 10.a716

•. 09!!1 0.'12•
0.7378 I. a885
o.s.as I.Z357

0.9'363 1.9068
3.3653 7.01a5
3.1705 7.0918

0.2141 3.0195
1.78'1 '.8188
a, a6SS ' .•381

0 0.7176> 1.6814
0 e.oeft6 IZ .8587
0 1.9180 1Z.7168

0.7178 1.6820
7.96Z3 12 .l'SSD
8.128' 12 .8977

10 5. a.Z8 2.6443
10 11. 3631 21.6061
10 11.4733 21.4541

II s. :614 2.6439
II 11.4441 21."824
11 11.33"0 ZI.034'

8II'CING ELE!'reHTS

BRACE LOIJI AXUL-F01lCE

0.2919
0.oe4&
0.9231

0.2918
-0.8898
-l.nSI

l8tt



IlIIACE STRESSES

BIlACE LOAD AXIAL

D.U64
D. 0020
0.6044

D.U63
-a .6597
-1.ZDI3

STATIC LOAD ClnlINATIllN----_IWlER 'arcES-----LEyU 1Cl. Z

COu.ft 'lIlCES

LINE LOAD TOIlS IClH.l L IUJOIl AXIS AXIAL ~IHOIl AXIS 1UJ0R "'IHOR
ItO"EHT TOP 1'ICI"f[N'T BOT I01!HT 'ORCE TOP ItO"EHT BOT f'ICI'tENT SltEIJI S><EIJI

O. 0000 .D.DDDZ -D. 0006 0.0000 O. 0000 0.0000 D. 0000 D. DODO
D. 0000 0.0000 O.DDDS 0.0000 O. 0000 Q. DODO o.oooe o.ooea
D. 0000 o. 0000 D.DDOS 0.0000 0.0000 0.0000 0.0000 0.0000

O.ODDO D. DOOO -D.DDDZ 0.0000 0.0000 O. DODO 0.0000 0.0000

0.0000 -D. 0001 ·0. 0003 0.0000 D. DODD 0.0000 0.0000 o.o~oo

0.0000 0.0000, ·0.0003 O. DODO 0.0000 0.0000 o. 0000 0.0000

0.0000 0.0000 o .DDDZ 0.0000 D. DODD D. DODD D. DODD 0.0000
D. DODD 0.000% 0.0000 D. 0000 D. DODD 0.0000 0.0000 0.00:10

0.0000 0.000' D. ODDS D. DODD D. DODD D. DODD 0'0,000 D.Dooa

• 0.0000 .0.000% -0.0006 D. DODD D.ooao 0.0000 0.0000 0.0000

• 0.0000 0.0000 O. 0005 0.0000 O. DODO 0.0000 D. 0000 0.0000

• o. 0000 0.0008 0.0005 0.0000 O. DODO O. ODeD 0.0000 0.0000

5 0.0000 .".71)0 ·70.UO' 0.1107 ·Z.9Z7. ·Z.6445 -1.%357 '0.0307
5 0.0012 0.2760 17.1641 ·'.'Z!6 -7.113Z -7 _7176 0.1767 ..0.1034

S -0.001 , '.7769 I'. IDOl ".4471 ~.9500 -7.05'7 0.1)17 -0.1014

I' '0.0000' .0.0165 0.1109 '0.605' 0.3Z01 Z9.Z39I, D.OOC? o.%05J

Z 70.9553 II.IS25 595.'929 -7.3470 0.0246 16.019' Z.0239 0.1114-

3 '107.0766 17.30U 651.6U5 -7_!~9 0.02'" 16.0197 ".4452 C1.J1Jct

0.0000 .Q•• 7IZZ ·70.Z%90 0.1107 Z.915% Z.6577 -1.%357 O.O]!!!

o. 0012 5.4"'18 .'.71 iD '3.5119' 7.660' a. Z74~ 0.1400 0.1107

-0.0019 0."05 17.696" '3.'915 7.0162 a.lftus 0.1850 c..IU?

0 0.0000 ••1.6.51 65.76•• -a.QQ" -32.1301 '31.6739 1._3 -0.4'-31
0 O.OZ'] 'OZ ••970 9'0 ••563 ·q.0'35 -72.0005 ·9Z. nos IZ.06'1 .. l.JItlICI

0 -0.0367 09].7596 _2.6926 -9.0968 -7'.OSS3 • ... 6548 IZ.7531 -I. 1715

-D.09DO 0.1136 -0.'097 '0.0175 0.01" 29.0916 ·0.0021 0.2021
7D.Q553 27.5669 657. S3U --6.01"8 ·0.0746 IS.9676 '.7562 0.1104

'107.0766 16.0]13 til!. 90"2 -&.0146 ·0.0740 15.967' Z.9857 0.110"

10 0.0000 1" •. 6169 65.5U' -0.40" 32.Z57' 31.7613 1.0385 0.""6
10 0.020] 09'.'337 "5.853] -9.Z"'"Z ol.oQ13 IDZ.0773 12.77Z7 I. Z770
10 "'0.0167 90".1'14 951.7992 -9.2'tll 79.8737 lDD.!SD3 IZ .8887 I.Z50Z

COL,,", 5TRESlifS

LIlft LOAD TOll-lUX TDP....IN ear...... - 8OT-"IH 5HEAR·~J SHEAR-rUN

0.1070 -0.1070 O. '037 -0.3037 -0.0003 0.0000
0.'210 -0"Z02 0.3310 -0. S302 0.DOD5 0.0000
0.37'6 -0.3788 0.2905 ·0.Z896 0.0005 O. 0000

D.OZIZ .0.0211 0.1013 -0.1013 -0.0001 O. DODD
0.045'1 -0.0053 O.Z071e -0. ZOTS .. a.QaOi! O. aaoo
0.00'''1 -0.0090 0.1055 -0.1653 -0.0001 0.0000

0.0212 ·0.02lZ 0.1013 -0.1013 0.0001 0.0000
0.0035 -0.01934 0.2533 "0.2531 0.0002 0.0000

0.11'7 -O.1J% 0.Z952 ·0.Z951 0.0005 O. 0000

O.IOTD ·0.1070 0.lO]7 -0.3037 -0. 0003 O.C1DCO
a.4489 "0."81 eL3524 -0.3517 O.DClOS 0.0000

0 ...902: -O.4t896 0.3929 ·D.3'Z2 O. 0005 O. DaDa

12."0' ·IZ.0837 ID.503Z '10.5101 ·0.3392 -0.0106
e.369S ·1O.Z517 10.0046 -ll.eBb8 0.0485 -0.0484
7._% -9. '''06 Q.5531 -11.""'55 0.0361 -0.O:!71!!J

.0.006' -0.0002 0.6655 0.5362 0.0000 O. DOCS

-0.1501 -0.17IS 0.5856 0.0693 a.DabS O. DOC]

-0.!S22 ·0.1636 0.0336 a.9204 0.0107 0.OD03
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IZ.9142 -12.81191 10.5750 -10.5096 -0.nq2 0.0106
6.7361 -10.6641 lO.347~ -12.2751 Cl.lne't 0.0304
'.2574 -\1.1752 10.7988 -12.7166 0.0506 O. 0309

5.1200 -5.16qO 4.4204 -04.469'1 0.0567 -0.0267
15.9346 -17.02Q6 16.6663 -IQ.9613 0.7746 -0.0669
16.10'B -17.2052 U.OS4~ -20.1503 O.7b78 -0.0705

Q 0.0000 -0.0026 0.6759 0.5447 0.0000 0.0005
Q -0.1103 -0.12:07 o .66B6 0.9351 0.0110 0.0003
Q -0.1215 -0.1357 0.6330 0.6992 0.0069 0.0003

10 5.1347 -5.163B 4.4'500 -4.4791 0.0666 0.0266
10 17.0809 -16.1"'1 IQ.%BO -21.0612 0.7690 0.0769
10 16.9067 ·16.0195 IQ.6001 -20.9130 0.7760 1;1.0753

BE.... FCIIlCES

TOR5IDH.lL CENTE~LINI: IOlfNTS BE.... EICl """ENTS
BAY I.OAD PlCMENT I """EIIT J I1OI'1ENT PlCMENT J IO'IENT

O. DODO 0.0000 O. DODO O. DODO O.OClDO
0.0000 0.0000 0.0001 O. aOCID 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000

-0.15% 150.7176 -3.1640 0.0000 0.0000
-0.0121 339.6126 -7.7129 a.Daoa 0.0000
-0.0125 14L67... -7.5360 0.0000 0.0000

-0.0067 117.66ZB -31.9015 0.0000 D. CODa
0.0358 276.4802 -71.400860 0.0000 0.0000
0.0199 270.6977 -73.4563 0.0000 0.0000

4 0.0000 0.0000 0.0000 0.0000 0.0000
4 a.acClo 0.0000 O. DODO C1.ClCDC 0.0000
4 O. OOOD 0.0000 -0.0001 o.DaDa O. DODD

0.0000 O. aooo 0.0000 0.0000 0.0000
0.0000 -0.0001 0.0000 0.0000 0.0000
0.0000 -0.0002 0.0000 C1.0COO 0.0000

0.1605 150.7341 -3.14" O. DODD 0.0000
a.ClUS U6.6603 -6.ZB71 O. DODD 0.0000
0.01Z0 US. 5773 -6.46ZD O. DODO O. DODD

O~OO66 117.749] -!2.DZ52 0.0000 0.0000
-0.0365 248.913Z -61. 2711 a. 0000 0.0000
-0.OYt8 25lt.660't -79.227' o. aooo o. 0000

6 0.0000 o.oooz -0.000] o. 0000 0.0000
6 o. 0000 -0. oooe -0.0010 O. 0000 O.OCCO
6 0.0000 -0.0006 -0.0010 0.0000 0.0000

o. 0000 0.0002 -0.0003 0.0000 0.0000
a. 0000 -o.oaoe -0.0010 O.OCCIO 0.0000
0.0000 -0.0006 -0.0010 0.0000 O. acoo

10 0.2366 9Q.6729 -141.6364 o.ocoo O. COOO
10 0.5997 -B.26l0 -90Z .Sn7 0.0000 O. cooo
10 0.5601 .40. 7~33 -6'3.7995 0.0000 0.0000

II -0.232Z QQ.6no -141.6103 O. DODO O. 0000
II -0.62bZ -5.4ze3 -&'95.47Z5 0.0000 O. 0000
\I -0.6456 -6.9275 -904.2062 O. DODO 0.0000

BE.... ST1lE55U

BAY LOAD IIClIl.....L J_L

O.OOZ] 0.0131
0.0064 0.03'96
O.OOZ] lLOl94

1.7725 a. ]tI22
4 .4el~ 0.1366
4.6oe60 0.71'9'9

o. ZQ6l 2.8614
1.783'9 6.404'9
1.465'9 6.sees

o. coeD O.Doeo
0.0057 0.0:23
o. (I 103 O. 0384

0.0132 O.OOZ]
0.06011 0.010S
0.0613 0.014'9

I. 7653 0.2993
3.7200 0.767'
3.5153 0.8046

0.2'939 Z .SqOS
o .Z722 7.3153
0.5900 7.ISOQ

0.06BS 0.1203
0.3690 0.4705
0.36C16 0.4671
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0 0.0005 0.1205
0 0.5620 0.4677
0 0.3704 0.4T10

10 1.4l!11 Z.1005
10 0.1225 Il. ]04]
10 0.OT06 15.2540

II 1.4610 2.0000
II 0.0005 1].2TOT
II 0.1l24 15 •• 003

!lIllCING EL!Pl!NTS

!lIlACE LOAD AXIAl-FIlRC!

IlIlACE STRESSES

YaC! LOAD axIAL

STaTIC »Cl OYNAllIC LOAD ClII1BINATIlIN-·---UTER&L »Cl RDTATIlIN&l ". C. DISPUCE"ENTS

LEVEL DIRECTIlIN

x -0.1005641 O.'·OOZ2I O."OOZ22
y -0.00000]5 0.0194920 O.OIOTS50

RDTN 0.0000000 0.0000196 -0.0000512

X 0.0000555 0.1009T88 o •• 009T9]
y -o.aoaOOOct O.oosoose 0.00T5]25

ADTN 0.0000000 0.0000061 ·0.0000109

nn! STEEL "ErIalT IS 12.6700

TIlE ClINCA!TE III!IlaIY IS 30.0000

TIlE TOUl IoIEIGHT IS 2]Z6T.2]IO
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D. IDENTIFICATION 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 rotating 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 is 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 is located at column 1 whose
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Figure 11. 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 column I sets the weak axis of

the column in that direction. The positive major axes of

the beam 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 load case 2 are shown in

Figure 12, in which the arrows signify the positive load

directions.

E. OUTPUT NOMENCLATURE

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

SBS = static bending stress

DBS = dynamic bending stress

In the sections defined as active constraints and the

largest scaling factor, there are several types, locations,

and identifiers.
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FLEXURAL WALL
(COLUMN 6)
LEVEL 1

1467.1 in-k

45.04 in-k
-427.3 in-k

-4391 .0 k .......:.::;:;.--V'

-18.92k

1039.2 in-k~~~~

COLUMN 1
LEVEL 1

-0.203 in-k

___ 191.5 in-k
t 0.877 k
l 0.006 in-k

0.006 in-k
t0.877 kt -0.451 in-k

~~-1l3.9 in-k

-0.285 k

"-98.01 in-k 0.259 in-k
yf" ~

0.404 in-k ~~==...p=====~ ,,. 0.404 in-k

BEAM (BAY 1, LEVEL 1)

BRACE 1

Figure 12. Internal Forces of Typical Members of
Example· II
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Types:

COLUMN = static column stress

BEAM = static beam stress

PANEL = static panel stress

BRACE = static brace stress

DISP. = static displacement

FREQ. = natural frequency

D.DIS = dynamic displacement

D.COL = dynamic column stress

D.BM = dynamic beam stress

D.PAN = dynamic panel stress

D.BRE = dynamic brace stress

Locations:

. COLUMNS = column line

BEAMS = bay

PANELS = panel number

BRACE = brace number

Ident:

DISPLACEMENTS

x = 1

Y = 2

z = 3

COLUMN STRESS

TOP-MAX = 1

TOP-MIN = 2

BOT-MAX = 3

BOT-MIN = 4
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BEAM STRESS

I NORMAL = 1

J NORMAL = 2

PANEL STRESSES

TOP-MAX = 1

TOP-MIN = 2

BOT-MAX = 3

BOT-MIN = 4

FREQUENCY

1ST FREQ = 1

2ND FREQ = 2

All other terms are 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:

I The number of floor levels in the structure is not

more than 10.

I The number of bays in the structure is not more

than 15.

I The number of column lines in the structure is not

more than 14.

I The number of panel elements in the structure is

not more than 20.

I The number of braced elements in the structure is

not more than 40.

I The number of sets of different fixed-end moments

and shears for the beams is not more than 10.

I The different column properties are not more than

45.

I The different beam properties are not more than 45.

I The total number of load combinations is not more

than 10.

I 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(lS,N~P),

FEF(S,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, NTOTl

COMMON/DATA2/QQ (4, NB, NST)·

COMMON/DATAS/COCOL(9,NC,NST), COBM(S,NB,NST),

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

COMMON/DATA7/PLOAD(NST*NC), A(NST,lS), AMA(2*NST*NC), IF,

IFC, Xl, Yl

COMMON/FORMl/S(LS), C(MM,MM), SB(LS), EF(MN6,NADl),

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,

LLAT, MLAT

COMMON/F04/SF4(LS,NST), CF4 (MM,MM,NST) , EF4(MM,NE,NST),

KH4(NNL,NST), RF4(MM,3,NST), RFS(MM,LIM,NST),

RF6(MM,I,NST)

COMMON/STIFI/SS(NSTC,NSTC), SG(NSS,NSS), STIFFF(NSTC,NSTC)

COMMON/TRANI/D(NST,I,2) ,AA(I,6),RR(NSTC,6) ,U2(NSTC,6)

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

BHED(NST), NSS, JDUM, T(6), RLAB(3), IS, I3

COMMON/JUNK/JK(3), MMJ, MNJ, JUK(S7), SPACI3(36S)

COMMON/STIF/STF(N2)

COMMON/MAT/EI, G

COMMON/NEW/R66(NN,NLD), R(NN,N9+6), XM(6,NLD), FM(S)

COMMON/STRES/SCOL(NST,NC,6,6), SBM(NST,NB,6,2),

SPAN(NPAN,6,S), SDIA(NTRU,6,1),F2, CON(LIM), PI, P2,

DIS(NST,3), LCON(S,LIM), L6, L7, LS, L9,CONCO(S,LIM)

COMMON/EIGNV/EIGV(NSTC), EIVEC(NSTC,NSTC), VAL(N9), NIO,

N9, CI(N9), L2(N9), XMAS(N9), XMASI(N9), ISMN,

L3(N9), L4(N9), MODE, PHIM(N9), DPHI(N9),

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

T4(NST,NPAN,LIM), TS(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 (1), WWW(NST., 1)

COMMON/ATC1/U(NST,N9), V(NST), DDDIS(NST), DELT(NST),

RM (NST), CV (NST), SUMWFl (N9), SUMWF2 (N9), WBARM (N9) ,

CSM(N9), RMOMNT(NST+1), CVXM(NST,N9), FMODAL(NST,N9),

DELXEM(NST,N9), VMMODE(NST,N9), RMMODE(NST+l,N9),

DRIFMO(NST,N9), VMODAL(N9), TETA(NST), PP1(NST)

COMMON/ATCI/IACTIV, ISOIL, MR,' ISF, NANALS, NNNNN, MMMMM,

NBRITL, ISH, NPREGR, NVREGR, IS1, NH, AA1, AV, S888,

R888, CD, RL, RL1, Pl1, P12, DELA(NST), IKE

COMMON/STEP/Clll(lS,NUM22), DIX(2,NUM22), NUM22
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COMMON/SPEC/ DDll(2,NDIV,3), CCll(6,NDIV,3), NDIV

COMMON/PLOTT/IPRF, IPRS, IPRE, IPREM, IPRD

COMMON/JUN3/ISPA(16), SPA(208)

DIMENSION RLAB3(11), PDISl(NSTC,LIM), AMA2(NST*NC),

AMA4(NST), AMAS(NST), P6(12,LIM), RKAPPA(NST),

TT(N9), FS(NSTC,2), FFF(NST), VALl(N9), VM2(NSTC),

VMll(NSTC,2), VM12(NSTC,2), FM2(8,N9+6), OBJ.(NOC),

OBJS(NOC), OBJC(NOC), PERIOD(NOC,N9), VM3(NSTC),

NCPLl(NC), NBPLl(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), AMAS(NST), ... in

subroutine INITIL

DIMENSION PDIS(NSTC,LIM), LCON(S,LIM), NTPl(LIM) in

subroutine FORM

DIMENSION NTPl(LIM) ... in subroutine ELIMIN

DIMENSION A(NSTC,NSTC), B(NSTC,6) in subroutine GAUSS

DIMENSION A(LIM,LIM), B(LIM) ••• in subroutine GAUSSI
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DIMENSIONA(NSTC,NSTC), B(NSTC,2) ••• in subroutine GAUSS 3

DIMENSION A(NSTC,NSTC), B(NSTC,LIM) ••. in subroutine

GAUSS 4

DIMENSION A(NSTC,NSTC), B(NSTC,NSTC) ... in subroutine

GAUSS 2

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,LIM),

AMA2(NST*NC), AMA4(NST), AMAS(NST), FM4(12,N9),

P6(12,LIM) ••• in subroutine FORCES

DIMENSION FMl(8,N9+6), FM2(8,N9+6), PDIS(NSTC,LIM),

FM4(12,N9), LCON1(S,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
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DIMENSION PDIS1(NSTC,LIM), PDIS(NSTC,LIM), LCON(S,LIM)

in subroutine ROTDIS

DIMENSION PDIS(NSTC,LIM), T(8,LIM), FM2(8,N9+6),

XM(6,NLD), LCON(S,LIM), AMA2(NST*NC), AMA4(NST),

AMAS(NST), Ql(N9), T6(NSTC), PPE(NSTC,N9), DPHI2(N9),

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), XMll(6,NLD) .•. in

subroutine SORT

DIMENSION AMA2(NST*NC), AMA4(NST), AMAS(NST) ... in

subroutine OBJECT

DIMENSION LCON(S,LIM), AMA6(NSTC), AMA2(NST*NC),

AMA4(NST), AMA5(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),

AMA5(NST), X2L(NSTC,N9) ... in subroutine JACOBI

DIMENSION B(NSTC), AMA2(NST*NC), AMA4(NST), AMA5(NST),

FN(NSTC,N9), ... in subroutine MODAL

DIMENSION AMA2(NST*NC), AMA4(NST), AMA5(NST),

X3(NSTC,NSTC) .•. in subroutine INVERT

DIMENSION R(LIM), Rl(LIM), S(LIM,LIM), SS(LIM,LIM),

CPASS1(NCP), BPASS1(NBP) ... in subroutine LAGMU
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DIMENSION R(LIM), CON(LIM), LCON(S",LIM), CPASSl(NCP),

BPASSl(NBP) •.. in subroutine CURSE

DIMENSION T6(NSTC), PD(NSTC), .•. in subroutine ROTATE

DIMENSION DM(NSTC,NSTC), TT(N9), 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 LATI

DIMENSION SK(NSTC,NSTC), SS(NSTC,NSTC), SG(NSS,NSS),

FS(NSTC,2), FFF(NST), RKAPPA(NST) ... in subroutine

LAT2

DIMENSION TT(N9), SK(NSTC,NSTC), SS(NSTC,NSTC),

SG(NSS,NSS), FS(NSTC,2) , FFF(NST), RKAPPA(NST) in

subroutine MODALA

DIMENSION X(N9) ... in subroutine ROOTI

DIMENSION X(NST,N9) in subroutine ROOT2

DIMENSION X(NST+l,N9) ... in subroutine ROOT3

DIMENsrON RKAPA(NST) ... in subroutine ATCIF

DIMENSION SD(NST,lS) , Cl(N9), AMA4(NST), TT(N9), VAL(N9)

•.. in subroutine ATLINK
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DIMENSION X(NSTC), LP(3,NPAN), LT(3,NTRU), COLIN(NCP),

BMIN(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(N9), 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 modified 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 loads acting on the beams

(10) •

NST = Number of stories in the structure (10) .
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NB = Number of bays in the structure (15).

NPAN = Number of flexural panels in the structure (20).

NTRU = Number of bracing elements in the structure (40).

NLD = Total of static and/or dynamic load combinations

(10) .

N9 = Number of modes used in a modal analysis and/or

frequency constraint problem (10). (Optimization

during a response spectra analysis allows only 5

modes. )

NUM22 = Number of subdivisions for steel element secondary

to primary design variable relationships (3).

NDIV = Number of subdivisions for the polynomial

representation of the acceleration response

spectra (4).

NOC = Number of optimization cycles (50).

LIM = Number of constraints (30).

LDLIM = Number of allowable dynam~c displacement

constraints (20).

MM = 2 * NC

MN=2*MM

NN = MN + NC * NST + 3 * NST + 3 + NC

MN6 = MM + MN + 6

LS = (MM * (MM+l»/2

LC = MM * MM

NE = NC * NST + 3 * NST + 6 + NC

NNM=NN-MN
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LSL = (NNM * (NNM + 1))/2 + NNM * 3

NNL = NN + 3

NADI = MM + 6

NAD2 = MM + MN

NSTC = NST * NC + NST * 3

NSS = NST * 3

N2 = 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), XI0(NSTC,NSTC) for modes 6 and 7,

respectively) •

2. A new line for each new mode must be added to

subroutine GRAD after line 4912. These lines

would be similar to lines 4908 to 4912, with the

new· arrays being substituted for the correct

mode.

3. Three new lines for each new mode must be 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 the new lines.
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