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SUMMARY

Structural design presents a formidable calculation task to the
engineer, In the late 1950's civil engineers began to use computers
for fhe solution of computational problems. Later analysis programs
were developed by integrating the computational programs. More recently
the trend in engineering computer utilization has been to provide the
engineer with a means of communicafing with general purpose:analysis
programs in a familiar language. Typical of these programs are COGO,
STRESS, and ICES. The use of these programs in the design process has
been referred to as "computer-aided” design. In this environment the
engineer would make design-decisioﬁs; relay these decisions to the com-
puter, and allow the computer tco analyze his design.

Stfuctural design is aﬁ iterative process. At the end of each
iteration either the trial design must be modified if the specifications
have not been met, or it may be modified in an attempt to obtain a more.
economical designo A design which meets the specifications and which
cannot be improved economically is the optimum design. This process may
be automated through the use of recently developed optimization pro-
cedures if an objective function and the limits of the design parameters
can be stated,

This thesis presents a general procedure for the development of
automated optimum struectural design systems. Also presented is an auto-

mated optimum design system for single span, variable section, steel
’ el

-

frames.
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The procedure for fhe development of an automated optimum struc-
tural design system is based .on the classification of the variables and
parameters of structural design problems. Computer routines must be
written for each classification.. The classificationsfused'are problem
variables, problem constraints, design parameters, and design comstraints.

Problem variables specify the requirements of the problem while
problem constraints are the limitations within which the problem
requirements must-be met. Problem variables together with the problem
constraints include all those items necessary for a complete definition
of the structural design problem. They are generally determined by the
owner, the architect, building codes, specifications, or vendors.

Design parameters and design constraints are contrelled by the
engineer, Design parameters are those items which when assigned values |
reduce the design problem to one of linear selection for the remaining
items, which are theﬁ defined as design constraints. The modes of
variation of the design parameters and constraints are referred to as-
constant, array, incremental, or continuous.

Ihe goal of the structural design process 1s.stated as follows:
From the problem constraints select that set of désign parameters with
its associated design constraints which satisfies the problem require-
ments and optimizes the objective functien.

Initialization and input computer routines are required for the
problém variables and constraints. The initialization routine supplies
common values as-default options. The input routine provides for user
communication with the system. Use of keywords and default options-

will eliminate the need for rigid input requirements.
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Optimizing routines are used for the design parameters. The
functions of these routines are to set the initial values of the design
parameters, change the values of the design parameters, and detérmine
when the optimum values of the design parameters have been obtained.

The function of the routines handling the design constraints is
to determine if the specifications have been met and if so would a
smaller value also sgtisfy the specifications. If the specifications
are not met then a larger value is used if available. If no larger
value is availablé then the set of design parameters is marked as a
non-feasible solution. These routines together with an analysis rou-
tine may be organized according to theloutline in this work into
successful automated optimal design systems.

Op timum searchiné methods allow the optimization of functions
whose analytical form is unknown: Since the objective function of a
strucfural design problem usually cannot be stated directly in terms of
the design parameters, these methods will be used. Optimum searching
subroutines applicable to structural design probléms are presentedo'
These subroutines use two search plans, namely, orthogonal and diagonal
searching. Orthogonal searching is the orthogonal application of one
dimensional search techniques to multi-dimensional problems. The one
dimensional technigques used are the golden section sﬁarch for con-
tinuous variation and lattice search for incremental or array variation.
Diagonal searching is used to check the points on the non-orthogonal
vectors adjacent to the optimum indicated by orthogonal searching.

Variable classifications for‘the single span, variable section

steel frame design problem are listed along with the names and functions
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of the subroutines required for each of the classifications. The

‘complete -FORTRAN source listing for this system along with an example

problem listing is included. Thirty-one control cards are provided by
this system for problem specification. Only three cards are absolutely
necessary to the system. Where cards are omitted the system will
supply commonly used values for the variables. These control cards
give the user complete control over problem specification, type of
output and mode of parameter variation. - The general form of each of
the control cards along with their oftions, units, and default values
is presented. |

Use:-of - optimum searching techniques implies that the cbjective
function is unimedal. The system presented in this work has been:used
to examine the variation of the objective function. It was found that
discontinuities and local minima often occur in the objective function
due to discrete changes in the design constraints as the design para-
meters are varied. The search techniques used allow the objective
function to be examined only at discrete intervals. When examined in
this fashion the function generally appears to be unimodal. -

It is concluded that:

(a) -Variables and parameters of structural design problems can
be classified according to who or what controls their values-and com-
puter routines written for each classification.

(b) These routines together with an analysis routine can be
organized according to the outline presented to create successful auto-
mated optimum structural design systems.

(¢) Discontinuities and local minima may occur in the objective




function due to discrete changes in the design constraints as the
design parameters are varied.

(d) Objective functions of structural design problems generally
demonstrate a sufficiently convex trend to allow successful use of

optimum searching techniques.




CHAPTER 1

INTRODUCTION

Historical Review

Structural design presents a formidable calculation task to the
engineer. The process of performing these calculations has advanced
from longhand and logarithms to the slide rule, desk calculator, and
finally to the electronic computer (6). In the late 1950's civil engi-
neers began to use computers for solution of the repetitive calcula-
tions required by classical methods of design. Computer programs
available at the time were able to execute only particular computation-
al tasks such as finding the latitudes and departures of a traverse,
performing moment distribution, or computing stiffness coefficients of
variable section beams. Later these independent calculation programs
were integrated into analysis programs (8). Typical programs of this
era covered such topics as traverse closﬁre, rigid frame analysis,
truss- analysis, and water network distribution analysis.

More recently the trend in engineering computer utilization has
been to provide the engineer with a means of-cbmmunicating with general
purpose analysis programs in a familiar language (9). Typical of these
programs in the civil engineering field are COGO, STRESS, and ICES
(3,7,11).

The use of general analysis‘progréms such as STRESS or COGO in

the design process requires the transfer of a large amount of informa-




tion between the engineer and the computer, and vice versa. The role
of the engineer in this environment would be to make design decisions, .
relay these decisions to the computer, and allow the computer to
analyze his design. This process has been referred to as computer-
alded design (12). Computér-aided design implies use of a general
analysis program such as STRESS or STRUDL by a design engineer. The
engineer's role is,.first, to specify.an initial. design and.submit it
to the computer program for analysis. Second, acting on output from
the .analysis prograﬁ, the engineer decides on a course of actiom to
improve the design, and submits appropriate design changes to the pro-
gram for analysis of the modified design. The responsibility for
intelligernt design judgment is solely that of the engineer, and the
design is repeatedly refined until the process is terminated by the-
engineer.

Structural design is an iterative process requiring that one of
two types of decisions be made at the end of each iteration. The trial
design must be modified if the specifications have not been met, or it
may be modified in an attempt to obtain a more economical design. A
design which meets the required specifications and which cannot be
improved economically is then the optimum design. Automation of this
process requires that some type of optimizing routine replace the engi-
neer as the decision maker. If some objective function can be written
under which the merit of a particular trial design might be evaluated,
and if the constraints and the limits of variation of the design para-
meters can be stated, then some type of optimization procedure might

indeed be used.




Until recently the only known methods of handling optimization
problems were the classical differential and variational calculus.
With the rise of "operations research" other methods of optimization
have been developed (14). These methods include such techniques as
linear programming, non-linear programming, dynamic programming, and
optimum seeking procedures. Structural designers are now beginning to
use these methods. Grid searches and dynamic programming techniques
have been used in designing plate girders (10). Non-linear programming
methods have been used to aid in the design of prestressed concrete-
beams (4). Linear programming techniques have been used in the selec-
tion of least weight members for plastically designed frames (2,13).

The objective function of most structural design problems cannot
be stated directly in terms of the design parameters. The design
engineer then must experiment in order to find its optimum value and
the associated values of the design parameters. Optimal seeking proce-
dures make possible the optimization of a function whose analytical
form is unknown. Thus these procedures may contribute to the automa-—
tion of structural design problems.-

In January 1966 the Structural Division Research Committee of
the Americal Society of Civil Engineers stated:

Present efforts to increase. the usefulness of electronic com-.
puters to structural engineers by the generation of simplified
computer languages (such as FORTRAN) and programs (such as
STRESS and STRUDL)} must be continued. However, probably the
single most significant advancement in structural engineering
would be the development of complete computer design processes.
It is not unreasonable to imagine that, in time, an engineer
need only specify loads, general geometric form, and controlling
geometric coordinates for a structure, and then rely on the com-

puter to carry out the design, including the preparation of
drawings, optimizing the design within the framework of any




selected set of specifications or other restrictions: that need be
imposed. (1)

The committee estimates that a reasonable research program in this area
ﬁould cost $2.5 million per year for at least the next decade. Among
the benefits which would accrue from such a capability would be a reduc-
tion in the time required to prepare designs and an increased ability to
consider alternate designs. It is suggested that a system such as
propesed by the Structural Division Research Committee might finally be
an integration of many sub-systems, each for a particular geometric

form.

Objective

It is the primary objective of the present work to present a
general methed for the development of automated optimum structural
design systems. This method will be used to develop an automated
optimal design system for a structure of a particular geometric form.

A flow chart of the structural design process is shown in Figure
1. The most tedious and time consuming portion of this process is
involved in the analysis, the quantitative evaluation, and the changing
of parameters to satisfy the design requirements or to optimize the
objective function. Computer programs now exist which will handle the
analysis portion of this process.

This work will illustrate how systems can be developed to handle
the quantitative evaluation and the changing of parameters to arrive
automatically at an optimum design. The parameters common to structural
degign problems will be examined so that they may be classed and

assigned to the various sections of the design process for responsi-




bility. The modes of possible variation of these parameters will be
examined so that optimizing routines suitable to these modes may be
suggested. Finally, since systems such as these afe developed for the
utility of the engineer, an attempt should be made to make their use as
effortless and as unrestrictive as possible, Several methods which
have been developed by recent studies in man-machine communication will

be suggested as ways to accomplish this.
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CHAPTER II

PROCEDURE .

Organization of the Structural Design Process

In order to organize a structural design procedure it is neces-
“sary to clasgify the problem variables and parameters. The following
classifications will be used here.

1. Problem Variables
2. Problem Censtraints
3. Design Parameters
4, Design Constraints

Problem variables specify the requirements of the problem. They
include such items as heights of stories, span, bay width, number of
stories, number of bays, or value of loads. In general, these are sin-
gle valued variables.. While there may be more than one story, a single
story will have only one height.

Problem constraints are the limitations within which the problem
requirements must be met. These may include such items as the rolled
shapes available, plate thicknesses and lengths available, yield
strengths available, and the unit costs of varioﬁs materials. General-
ly the problem constraints will be multi-valued. They are:usually
concerned with material availability and costs.

Problem variables together with the preoblem constraints include

all those items necessary for a complete definition of the structural




design problem. Generally these are items which are specified by
someone other than the structural engineer. While in some cases the
_<engineer may have a voice in the determination of some of these vari-
ables, they are generally determined by the owner, the architect,
building codes, specifications, or vendors.

Design parameters and design constraints, on the other‘hand, are
completely subject to the control of the structural engineer. The
distinction between the two 1s somewhat arbitrary as items may be inter-
changed between them. Design parameters are those items which when
assigned values reduce the design problem to essentially a linear
selection problem on. the remaining items, which are then defined as the
design constraints. A trial design is specified by giving values to
both the design parameters and the design constraints.

As an example, in a plate girder design, once the depth of the
girder and the width of the flanges are set, then thicknesses of the
flanges and web may be obtained by an essentially linear selection from
the available plate sizes. In this example the span of the girder and
the loads to be carried would be classed as problem variables while
available plate sizes and their costs would be classed as problem con-
straints. The depth of the girder and width of the flanges are taken
as design parameters while the thicknesses of the web and flanges are
taken as design constraints. It is obvious that the thickness of the
flange and its width could be interchanged as to class.

Of importance in several of the sections that follow will be the
mode of variation of the various parameters. Values of these parameters

may be




1. a constant.
2. a member of an array.
3. a member of a set of numbers defined as-
:Ei = fo + i(h) for i = 1 to n.
4. a continuous variable within specified limits., .
In. future references these modes of variation will be referred to as
constant, array, incremental, and continuous respectively.

In order to choose between two feasible trial designs their
relative mgrits must be compared. There are always some undesirable
characteristics associated with any trial design. These might include, .
for example, cost or weight. The relationship between these character-
istics and the design parameters is defined as.the objective fuhction,
It is the purpose of the structural engineer to optimize this objective
function or to minimize the undesirable';:haracteristics° In this work
the objective function is assumed to be a unimodal function, i.e., it is
assumed that there are no local minimums. A more detailed discussion of
this assumption and its limitations will be made in the chapter on
optimization. |

The goal of the structural design process may now be stated as
follows: From the problem constraints select that set of design para-
meters with its associated design constraints which satisfies the
problem requireménts and optimizes the objective function. Fiéure'2
is a flow chart of a procedure to be followed in accomplishing this goal.
Each of the steps in this procedure serves a particular function with

respect to either one or two classes of ‘the parameters or variables,

Auvtomation of the structural design process requires a detailed examina-
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tion of the function of each step and its action on the different
classes of variables. Computer routines must be capable of performing

each of these functions.

Problem Variables and Constraints

 The function of the initialization and input steps is to define

the gtructural design ﬁroblem; therefore, these steps deal with the
problem variables and constraints. Values must be assigned_to both.
These values may be assigned either by default to commonly used values
assigned by ﬁhe initialization routine or by the user through the iﬁput
routine. When at all possible the most commonly used values of the |
problem variables and constraints should be supplied. Certainly the
user must have the ability to override these defaﬁlt options.

The input routine provides for user communication with the system.
It should not impose rigid requirements for the form of input. The user:
should have. complete control over the specification of the problem and
the type of output. One method of eliminating the need for rigid input
requirements is the use of keyword descriptive information on the data
cards. This information should be in the language of the user. This

together with the use of default options will allow a minimum of data.

-input to specify a problem and will not require any fixed order of input.

A convenient method of coding data is the use of a "free-form" format in
which the data may be written in any column of the card with each item
being: delimited by a blank space. The input routine must allow for input
of constant, incremental, array, and continuous data. The following

examples show how this could be implemented.
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1. Constant
DEPTH OF GIRDER 36.0 INCHES
Only one numeric value on the card indicates a constant.
2, Array
DEPTH OF GIRDER 24.0 27.0 29.0 OR 33.0 INCHES
More than one value on.a card and the absence of the keyword
"TO" indicates that this is an array of data.
3. Incremental
DEPTH OF GIRDER 24.0 TO 36.0 BY 2.0 INCHES
The keywords "TO" and "BY" and the presence of three numeric
values indicate that this is incremental data.
4. Continuous
DEPTH OF GIRDER 24.0 TO 36,0 INCHES
Continuous data is indicated by two numeric wvalues and the
keyword "Td".
The input routine developed in the application portion of this work

will use the arrangement outlined above.

Design Parameters

.Céﬁifollbf éﬁé desién'parameters is accomplished through the use
of an op#imizing routine. Such a routine must allow for any of the
four modes of parameter variatien. The techniques used in this routine
should be those which will search out the optimum values for parameters
of the various modes in an efficient manner. This routine must receive
the current valﬁe of the objective function at the end of each design

trial. Also it must perform three primary functions with respect to
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the design parameters.

1. Set initial values of the design parameters.

2. Change the values of the design parameters between design
trials.

3. Determine when the optimum values of the design parameters
have-been obtained.
A generalized optimizing routine has been developed and will be discussed

in Chapter III.

Design Constraints

Values for the design constraints are selected from the problem
constraints in a linear determination. The requirement on which this
determination is made is that the smallest value ﬁhich will satisfy the
specifications should be used. Thus the function of the routines hand-
ling these Qariables is to determine if the specifications have been met
and if so whether a smaller value would also meet the specifications:
If the specifications have not been met then a larger value is used if
available. If no larger value is available, then these routines must
mark the particular set of design parameters as a non-feasible solution
and return control to the optimizing routine for the next trial design.

New values of the design constraints are determined by moving
forward or backward in a table of available values as required, forward
if an increase in the value is required, backward if a decrease is re-
quired. This requires that the problem constraints from which the
values are selected be in increasing sequential order. Initial values

of these parameters are set by the initializing routines so that a
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beginning analysis may be obtained. Subsequent iterations will use the
last established values as a beginning point. In statically determinate
problems the changing of these values has no effect on the shears,
moments, and axial forces determined by the analysis routine. Since
this is not the case with statically indeterminate.problems, an itera-—
tive procedure is required to insure that values are selected based on
shears, axial forces, and moments which will result from these same

selected values.

User's Guide Requirements

No system is complete without a clear, concise guide describing
the system's functions, the basis of its operation, the methods used,
the requirements for its use, and illustrative examples. Complete
ligtings of the routines used in the system should be:included as an
appendix.tO'this manual, Any machine dependent code should be noted
for the convenience of those who must convert the system for use on
other maéh_ines.. "A listing of those variable names used in the code and
their meanings would be.of use in modifying the routines, changing the

default options, or incorporating individual routines inte other systems.

Procedural Outline for the Development of a Structural Design System

1. Determine and class all variables and parameters associated
with ﬁhe problem. Where possible the most commonly used values of
these variables should be noted for ﬁse as default options.:

2. Develop a routine to initialize those values which will be
provided as default options. In some cases it will be necessary to

complete initialization after program input has been accepted. For
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example, wind loading coefficients cannot be initialized until after the

span and height of the structure have been determined. Care must be

taken to insure that initialization subsequent to problem input does not

override user specification. The initialization routine should also set
initial values for the design constraints.

3. Develop an analysis routine to determine shears, moments, and
axial forces for the different loads, and combine them in accordance
with the loading combinations desired.

4. Develop an optimization routine for the functions required to
handle the design parameters. The routine developed in the present
work is a general one and might be used.

5. Develop routines for the functions required to handle the
design constraints.

6. Write a routine to determine the value of the ebjective
function.

7. Write a hain control routine to call the various routines in
the order required to attéin the goal of the design process.

8. Write the User's Manual.
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CHAPTER IIIX

OPTIMIZATION

General

Optimization is the process of finding that set of parameters

which produces a minimum (or maximum) value of an objective function.

Optimization techniques include the methods of classical calculus,
linear programming, non-iinear prdgramming, and direct searching. With
the exception of the searching methods all of the above require that

the objective function be stated in closed form in terms of the para-
meters. Optimum searching methods allow the optimization of functions
whose analyfical form is unknown and require only that the value of the
function can be obtained by some means for any combination of the inde-
pendent parameters. Since the objective function of a structural design
problem usually cannot be stated directly in terms of the design para-
meters, optimum searching methods appear most. useful and will be used in
the present work.

Optimum searching methods assume that the objective function is
unimodal; that is, it is assumed that no sub-optima exists. While this
would appear to be a serious restriction on these methods, this obstacle
may be overcome by partitioning the search area and searching each
partition for its optimum. Examination of Figure 3 reveals how parti-
tioning might be used to isolate sub-optima. Routines developed with

this work will search one partition, leaving partitioning to the
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discretion of the user.
Two basic search plans.will be presented in this work, namely,

orthogonal and diagonal searching.

Orthogonal Searching
Orthogenal searching is the orthogoﬁal application of ome:

dimensional search techniques to multi-dimensional problems. An opti-
mum value will be found for each parameter in turn, holding the others
constant. Because of the possible interaction of the various parame-
ters, it is necessary to repeat this process until no parameter can be
changed to the advantage of the objective function. An example of this
method. is illustrated in Figure 4. In this two dimensional example x
and y are both incremental parameters. The contours in this figure
represent the values of the objgttive function. The first search is

made with x = Xq, and the optimum wvalue of y is found to be Yy The

second search is made with y V4 finding the optimum value of x to be:

x;. The third search with x X, sets y = ye. The  fourth search
reveals that no improvement can be made in the value of the objective
function by changing x. Thus the optimum has been found at x = X,
Y = ¥go

In some‘instances, particularly with incremental or array type
parameters, orthogonal searching will indicate a false optimum (14).
Such a condition is indicated in Figure 5. In this example x and y are
once again incremental parameters. The first search is made with

X = Xq, and an optimum value of y is found to be y4- The second search

finds that no improvémént can. be made with respect to x, thus a false
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optimum has been indicated at X453 This trap will be eliminated by
a non-orthogonal or 'diagonal" search which will be explained later.
Search routines for structural design problems must service both
continuous and array or incremental type parameters. The methods
gselected for use here are the.golden section search forlcontinuous
parameters and a lattice search, based on the Fibonacci numbers, fer
array and incremental parameters. Only a brief outline of these
methods will be presented here. A detailed explanation has been made by

Wilde (14).

Golden Section Search

| The golden section search is a method developed by Kiefer (5)
based on Euclid's golden section. _The golden section is the division
of a line into two parts such that the ratio of the longer nart, x, to
the wheole, L, equals the ratio of the shorter part, L - x, to the

longer part.

x L-x

LS =x

X L - x _

1 0.?1804 I - 0.38196

When using this methed to locate an optimum value of an objective func-
tion within some.range, L, of the independent varinble, the first two
determinations of the function valuelshould be made at points L - x
from each end of the range. Since the function is assumed to be uni-
modal, the range containing the optimum may be reduced by discarding

that region to the right or left of the higher function walue, to the
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right if the right value is high, to the left if the left wvalue is high.
This preocess 1s continued until the range containing the optimum has
been reduced to some acceptable value. Use of the golden section
requires that only one additional function evaluation be made for each
range reduction after the first. This.process is illustrated in Figure

6.

Lattice Search

The lattice search is another technique developed by Kiefer (5).
Thig search plan is useful where the independent varisble cannot vary
continuously but must take on discrete values. Use 1s made of the

Fibonacel numbers which are defined as follows:

F=F1=l

Frf
i

n Fn—l + Fo_ o forn = 2,3,4,5,..0.00

In this plan the number of discrete values of the independent variable
must be one less than a Fibonacci number. If this is not the case,
dummy values must be added to meet this requirement. The two numbers
Qhose sum produced the Fibonacei number one larger than the number of
diserete values of the independent variable are taken as the indices of
the first two searches. Range reduction is accomplished as with the
golden section methed. Once again only one function evaluation will be
required for each range reduction after the first. This method is

illustrated in Figure 7.
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Diagonal Searching

As previously shown, ortheogonal searchiné will not necessarily
produce an optimum value of the objective function. Teo insure that an
optimum solution has been reached it will be necessary to check the
points on the non-orthogonal vectors adjacent to the indicated optimum,
If none of these points preduces a better ﬁalue of the objective func-
tion, then the optimum has been located.for a unimodal function. If a
better vaiue is found, then diagonal searching continues along this
vector one step at a time as long as each step pfoducea an improvement
in the objective function. Diagonal searching which produces an improve-
ment In the oﬁjective function will be followed by orthogonal searching.
Orthogonal searching is always. followed by diagonal searching. Diagonal
searching of poinfs adjacent to the indicated optimum with no improve-
ment in the objective function terminates the search, as the optimum
will have been obtained. This overall process is illustrated in

Figure 8.

Searching Subroutines

Two subroutines have been developed to accomplish the search
plan ecutlined in this chapter. Because of their importance in the
practical application of optimum design and because of their general
applicability to other optimizing problems, their functions and
requirements will be discussed in detail.

These subroutines, OPTMUM and SEAREH, are written in basic
FORTRAN and may be called as follows:

CALL OPTMUM (KIN)
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CALL SEARCH (SWICH)
KIN and SWICH are indices used both by the calling program and by the
subroutines te control the search plan. Data communication between the
calling program and these subroutines is through the COMMON area. The
calling program must contain a COMMON statement similiar to the follow-
ing:

COMMON A(9,17),0PTL(6),0PSAV(10)
The tables established by this statement are illustrated in Figure 9.
Prior to the use of these tables the items checked in this figure must
be supplied. The other items will be supplied as necessary upon the
first call to OPTMUM. It should be ncoted that each parameter to be
optimized is assigned to a line in the A matrix. For convenience, the
names of these parameters in the calling program may be set equivalent
to their present values in the A matrix.

EQUIVALENGCE (COLU,A(3,2)), (RAFT,A(5,2))

Subroutine COPIMUM has two primary functions: initialization of

the tables required for the optimization process and the control of the
orthogonal search pattern. It uses the golden section method for con-
tinuous parameters and the lattice search method for array and incre-
mental parameters. It takes no notice of constant parameters. The
initial call is made to OPTMUM with KIN = 1. At this time the A table
is completed, the OPSAV and OPTL tables initialized, and control of the
search given to OPTMUM. A return from OPfMUM with KIN = 2 or 3 requests
the calling program to evaluate the objective function for the present
parameter values indicated in the A tab%e, store this value as the new

function value in the OPTL table, and recall OPTMUM. A return from




28

3] )
a d
Se | & : '§ “'§ o % Array of Values
28182 |84 (83 |2¥q38d &
e A2 |83 |53 |as30|@59 S ik |alsls|elzlslo
0 v
1V v |V viviviviviv
5Y v | v v
3. Y] v | v
The 'A' Table
Type of Parasmater Codes
0 - Constant.
1l - Array
2 - Increment
3 -~ Continuous
v Present (01d 0ld
Number of New Parameter |[New Function |Parameter|Parameter Function
Parameters [Value Value Number Value Value
The 'QPTL' Table
Optimum Parameter Values Funetion
1 2 3 4 5 6 7 8 g [Value
The 'OPSAV' Table
Figure 9. Control Tables for the Optimizing Subroutines




29

OPIMUM to the calling program with KIN = 4 indi;ates that orthogonal
searching has been completed,

Subroutine SEARCH controls the diagonal search pattern, Search
control is given to SEARCH with SWTCH = 0,0, Return from SEARCH to the
calling program with a negative vﬁlue of SWICH indicates that diagonal
searching has been completed without improvement of the objective func-
tion. - Return with SWTCH = 0.0 indicates that diagenal searching did
improve the objective function. Return with a positive value is a
request to the calling program to evaluate the objective function for
the parameter values indicated in the A table, store this value in the
OPTL table, and recall SEARCH.

At the completion of either diagonal or orthogonal searching the
optimum values of the parameters and the associated value of.tﬁe objec-
tive function are contained in the OPSAV table. The overall conﬁrol of
the search plan is left to the calling progfam in that it has control
over the order in which OPTMUM and SEARCH are called. A complete list-
ing of the FORTRAN statements for these subroufines iz contained in the

Appendix.
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CHAPTER TV

APPLICATION -

System Description
The type of structure selected fo.demonstrate.the proposed
method is a single span gabled frame constructed of built-up sections.
A typical freme of this type is illustrated in Figure 10. A computer

soft-ware system has been developed for the automated optimum design

of this type of frame. This system is written in basic FORTRAN gna has
been shccessfully run on a 131,072 byte IBM 360 Model 40 computer. A
listiﬁg of the FORTRAN source statements fof this system is included in
the Appendix to this paper. Since the capability of the system will
become apparent with the presentation of.the User's Guide, only the
organization of the systemﬁwill be.presented here. Development of this

system was accomplished following the outline presented in Chapter II.

Variable Classification
The first step in the development of:an automated structural
design system is the identification and classification of the parameters
and variables associated with the problem. For this system the follow-

ing classifications were made.

Problem Variables

(1) Span of the frame
(2) Height of the frame at the eave

{3) Loads and their locations
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Figure 10. Typical Frame
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(4) Girt and purlin depths
(5) Yield strengths of the steels
(6) Costs of the steels

Problem Constraints

(1) Plate thicknesses
(2) Plate lengths

Design Parameters

(1) Length of the parts

(2) Depth of the séction at the eave

(3) Slope of the rafter

(4) Depth of the secfion at the column base

(5) Depth of the section at the ridge

(6) Width of the rafter flanges

(7) Width of the column flanges

(8) Location of any change in geometry in the rafter

(9) Depth of the section at any change in geometry in the rafter

(10) Minimum A/H ratio for web stiffeners

Design Consttgints
(1) Web thicknesses

(2) Ingside and outside flange thicknesses

| Initialization and Input Routines

Four subroutines were written to handle the initialization and
input of the problem variables and problem constraints. - The names of !

these subroutines along with a brief description of their functions are

listed below.
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NITIAL - initializes the problem variables and constraints. This
routine also sets the initial values of the design‘constraintso

INPUT - accepts the user's data.

LOOK - scans an input record for one of a list of keywords.

SCAN - scans input records for numeric data.

WIND - computes wind loading coefficients if mot specified by

the user.

Analysis
In the analysis a horizontal reaction. is selected as the redun-

dant reaction and its value is computed as

SM y ds
EI

Izds .
EI

where Mg is the moment in the simple frame with the redundant reaction
removed., Integration is approximated using Simpson's Rule with seven
sections per frame part. The trapezoidal rule is used to account for
the excess portions of the frame at the eaves and ridge. Shears,
moments, axial forces, and reactions are combined in the combinations
requested for the design. The following six subroutiges are used in
the analysis seption of the system.

GEOM - computes the x and y coordinates and depths of each
section.

UNIF - computes reactions, shears, moments, and axial forces at

each section for uniformly distributed loads.
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CONCEN -~ computes reactions, shears, moments, and axial forces
at each section for concentrated loads.

COMBIN - combines reactions, éhears, moments, and axial forces
into the requested design combinations.

UNSUL - computes unsupported lengths.

LOCATE - locates purlins and girts.

Manipulatioh of the Design Parameters

Manipulation of the design parameters to determine an optimum
design is controlled by fhree subroutines, These are:

PARTS - selects an optimum cembination of part lengths for
column and rafter to minimize smaterial Waste; :

OPTMUM - initializes design parameters and conproléxérthogonal
gsearching to minimize the objective function.

SEARCH - controls diagonal searching.

Evaluation of the Design Constraints

For each trial design the minimum values of the design con-
straints which will meet the required gpecifications must be selected.
The following subroutines are used for this function.

SELECT - selects minimum values of design constraints which will

satisfy the American Institute of Steel Construction specifications.

SSTRES computes the allowable shear stress at a section.
STRESS - coordinates allowable bending and axial stress compu-

tation.

BSTRES computes allowable bending stress at a section.

FINDER

is used to determine the index of the design constraint
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currently being used.
CSTRES - computes allowable compressive stress.
INERT - computes moment of inertia and section moduli at all

sections of a part.

Main Control Program

The main control program directé the flow of the problem by
calling the various‘subroutinesa This routine also controls the evalu-
ation of the objective function. In this case the objective function
is the unit cost of thg steel times the weight of the frame plus the
number of stiffeners times a fixed cost per stiffener.

Prior to listing the output any unnecessary inner flange braces
are removed and required web stiffeners are located. These functions
along with the formal output are handled by the main control program
and the following subroutines:

STFNER - locates web stiffeners.

PRINT - prints shears, reactions, moments, and axial forces for
the individual loads and for the design combinations.

OUTPUT - prints the stresses for the design combinations.

CHECK - computes the design factor for the flangelbrace removal
routine.

The relationship between the main control program and the 25
subroutines 1s shown in Figure 11. Flow of the problem is through the
initialization and input routines, the analysis sectibn, the routines
to select values for the design constraints, tﬁe optimizing section,
looping back to the analysis section until an optimum is achieved, then

finally to the output section.
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Figure 1ll. System Organization Chart
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CHAPTER V
USER'S GUIDE

Problem Specification

This chapter will explain how a user specifies his problem to
the sysfem described in Chapter IV. An attempt has been made to make
this specification as simple as practicable yet provide the user with

complete control over the action of the system., Thirty-one control

cards are provided by the system for problem specification., Only three
cards are absolutely necessary to the system. These are the SPAN,
HEIGHT, and EXECUTE cards. Where cards are omitted the system will
supply commonly used wvalues for the variables. Since all such default
action is taken in subroutine NITIAL, it would be a simple matter for a
user to change the default values provided by the system.

Each of the 31 control cards is identified by a keyword. This
keyword must begin in column one of the card and at least the first four
characters supplied. The entire word or phrase may be supplied if
desired, and éomments*ﬁé;.be written on the card provided they contain
no numeric characters. The required numeric input data may be written
in any column after the fourth. Each value is delimited by 'a non-
numeric character or blank space. For this purpose the plus sign, the
minus sign, and the decimal point are considered numeric characters.
While the data may appear in any column of the card, it must be in the

order specified for that type of card.




‘The type of parameter variation is specified on the card along-
with the data. Constants are indicated by the presence of bnly one

nuneric value on a card. Arrays of data are indicated by the presence
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of two or more numeric values on the card and the absence of the keyword

"TO". Incremental variation is indicated by three numeric values and

the keywords "TQ@" and "BY". Continuous variation is indicated by two

numeric values and the keyword "T0". Examples of each of these will be

used in the explanation of the control cards.
With two exceptions, there is no specific or required order for

the control cards. When a PARTS card is used, then it must be irmedi-

ately followed by one descriptive card for each part of the frame. The

other exception is the EXECUTE card which must be the last input card
for the problem.

An example problem illustrating both user input and system out-

put is included in the Appendix.

Control Cards

The.genéfal'form of each of the 31 control cards along with their

options, units, and default values will be presented in the alphabetical

order of the keywords.

ALTERNATE STEEL 42000.0 PSI1 COST 0.16 DOLLARS
This card specifies the yield strength and cost of a second
steel. It is used in conjunction with the VARY card. There is no de-

fault option available for this type card.

ANALYZE ONLY

An ANAILYZE card specifies that only an analysis is desired.
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"Analysis output should be requested or defaulted. The frame to be

analyzed must be completely described using PARTS cards. If the system

is to design the frame, this card is omitted.

AOH 2.0 TO 3.0 RATIO

This card specifies the minimum A/H ratio the system may use for
web stiffeners. The data may be censtant, array, incremental or contin-
uous. Omitting this card specifies that web stiffeners are not to be

used.

BASE DEPTH 7.0 9.0 11.0  INCHES

The depth of the frame at the column base is described by this
card. The data is in inches and may be constant, array, incremental or
continuous. The default option if this card is omitted is shown in the

example shown above.

BAY 20.0 FEET
'This card indicates the spacing of the frames in feet. This ig a
problem variable and is constant. If this card is omitted, 20 feet is

assumed.

BRACE AT 20.0 AND 30.0  FEET

This card specifies the horizontal distances from the center of
the column base at which inside flange braces will be placed for pur-
poses of erection. The distances may be approximate as the system will
place the brace,op the closest purlin. Tt is assumed that these braces
will be left iﬁ“ﬁi;;e and are suitable for lateral support of the

inside flange. This card may be omitted if not applicable. The default
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option specifies that no erection braces are left in place. The data

supplied with this card must be a constant or an array-

COLUMN WIDTH 5.0 6.0 7.5 9.0 10.0 12,0 INCHES
The data for the column width is supplied by this card. It may
be constant, incremental, array, or continuous. In the event this card

is omitted the array shown in the example above is assumed.

COMBINATION 1.0 1.0 0.0 0,75 0.0 0.0 0.0 RATIO

Up to four of these cards may be used to specify the load com-
binations desired for the design. Seven numbers mugt be provided on
each such card. These numbers represent respectively the portion of
each of the following loads to be included in the particular design
combination.

1. Dead load

2. Live load

3. Wind load

4, Concentrated load number one

5. Concentrated load number two

6. Concentrated load number three

7. Concentrated leoad number four

COST OF STIFFENERS 2.00 DOLLARS
This card indicates the cost of web stiffeners. If this card is
not supplied a value of zero is assumed. Data supplied must be a con-

stant.
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DBREAK 20.0 TO0 36,0 BY 2.0 INCHES

Data for the depth of the frame at any change in geometry in the
rafter is supplied by this type card. It may be incremental, constént,
array, or continuous. This card must be supplied only 1f an XBREAK

card is supplied.

DEPTH OF GIRT 7.5  INCHES
The depth of the girts to be used is indicated to the system as
shown above. ' This is a problem variable and thus is a constant. Its

value defaults to 7.5 inches if this card is not supplied.

EAVE DEPTH 36.0 TO 48.0  INCHES

This card éupplies the data for the depth of the frame at the
eave. This data may be constant, array, incremental, or centinuous.
Omission of this card causes the system to provide continuous data with
limits of two and ome half per cent to three and one third per cent of

the span.

EXECUTE
The EXECUTE card indicates that all the problem data has been
supplied. This card must be the last card of the problem input and

cannot be defaulted.

FLANGE THICKNESSES  .1875 .25 .3125 .375 .4375 .5 .5625 .625 INCHES
The available flange thicknesses are supplied by a card of this
type. The data must be an array. The values supplied in the event

this card is omitted are those shown in the example above.
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GIRT LOCATION 0.5 3.0 8.0 12.0  16.0 FEET

The heights of the girts above the base of the column are
indicated with this card. If this card is omitted girts are assumed at
one half foot, three feet, eight feet, and approximately every four
feet above eight feet. The data supplied must be an array. The eave

strut is counted as both a purlin and a girt.

HEIGHT OF THE EAVE 20.0  FEET
The height of the eave measured in feet along the sidewall
sheeting is specified as shown above. This card must contain a con-

stant and must be supplied. It cannot be defaulted.

LOAD
There are several types of LOAD cards. Each will be discussed

individually and each may be individually defaulted.

LOAD DEAD 4.0  POUNDS PER SQUARE FOOT

The dead load is indicated with this typé of LOAD card. The
data must be a constant and has a default of four pounds per square
foot. The keyword DEAD must appear on the card but in no particular

column. It does not have to preceed the value of the load.

LOAD LIVE 20.0 PQUNDS PER SQUARE FOOT
The live leoad is indicated to the system in the same manner as
the dead load but with the keyword LIVE. The default value for the

live load is 20 pounds per square foot.

LOAD WIND

One of four wind load cards may be supplied depending on the
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type of wind load application desired. If no wind load card is sup-
plied then the system assumes a wind load of 25 pounds per square foot
applied in accordance with the specifications of the Metal Building

Manufacturer's Association.

LOAD WIND  ASCE
This card specifies that the wind load and methed of application
are to be in accordance with the recommendations of the American

Society of Civil Engineers.

LOAD WIND PROJECTION 20.0 POUNDS PER SQUARE FQOOT
Supplying this card causes the system to apply a wind force of

the indicated magnitude to the vertical projection of the building.

LOAD WIND MEMA 20.0  POUNDS PER SQUARE FOOT
A wind load card with the keyword MBMA causes a wind load of the
indicated magnitude to be applied in accordance with the specifications

of the Metal Building Manufacturer's Association.

LOAD WIND ARRAY 20.0 PSF 0.70 -0.34 -0.34 -0.50 -0.50 -0.40

The keyword ARRAY on the wind load card indicates that the six
wind load coefficients are supplied on the card following the magnitude
of the load. These coefficients are supplied in the following order
with a minus sign indicating suction.

1. Horizontal coefficient for windward wall

2. Horizontal coefficient for windward roof

3. Vertical coefficient for windward roof

4. Vertical coefficient for leeward roof
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5. Horizontal coefficient for leeward roof

6. Horizontal coefficient for leeward wall

LOAD CONCENTRATED 2 20.0 0.0 5000.0 0.0 0.0 RIGHT RAFTER
LOAD CONCENTRATED 4 0,0 5.0 0.0 2000.0 0.0 LEFT COLUMN

A maximum of four concentrated loads may be specified. Each load
may have a horizontal énd vertical compenent and a moment. The data is
supplied on the card in the foilowing order.

1. Concentrated load number

2. Horizontal distance from column base to peint of load

3. Vertical distance from column base to point of leoad

4. Vertical component of load in pounds

5. Horizontal component of load in pounds

6. Applied moment in foot pounds
RIGHT or LEFT COLUMN or RAFTER must be speéified according to where the
load is to be applied. The system apﬁiies all loads at the neutral axis
of the section. If.either item two or three above is zero the load will
be shifted vertically or horizentally to the neufral axis without change
in the moment. If both the horizontal and vertical location of the load
are specified the load will be shifted to the neutral axis with appro-

priate change in the moment.

OMIT DIAGONAL SEARCHING
Inclusion of this card will cause the system to terminate
searching after completing the orthogonal search. No diagonal search-

ing would be performed.
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QUTPUT  FATH  ANALYSIS  DESIGN

The OUTPUT card allows the user te select the type output list-
ings he desires. One or all of the keywords PATH, ANALYSIS, or DESIGN
may‘be specified. PATH will cause the value of the objective function
aleng with the values.of the design parameters to be printed for each
trial design. ANALYSIS causes the system to list the reactioms,
shears, axial forces, and moments for each load and each combination of
load. The stresses fof each combination of lpad and the allowable
stresses will alse be listed. DESIGN causes the frame description to

be listed. If this card is omitted, ANALYSIS and DESIGN are assumed.

PARTS 2 4 1

This card along with associated cards which must follow it are
used to describe a frame to the system for amalysis. The data on the
card indicates:

1, Nﬁmbef of frame parts in the column.

2. Number of frame parts in the entire rafter,

3. Number of frame parts in the fafter between the column and a
chanée in geometry of the rafter.
One :part description card fer each part must immediately follow this
card. Part description cards have the following form.

11.0 0.375 0.1875 0.3125
These cards have no keywords, and the array of data must be gupplied in
the follewing order. -

1. Length of the part in feet.

2. Thickness of outside flange in inches.
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3. Thickness of web in inches.,

4. Thickness of inside flange in inchesa

PEAX DEPTH 6.0 TINCHES

This card specifies the data for the depth of the frame at the
peak or ridge. This data may be constant, array, incremental, or con-
tinuous. For frames with slopes of one'aﬁd a half in 12 or larger the
default is a constant of six inches. For frames with slopes smaller
than cne and a half in 12 the default for this card is the same as for

the EAVE card.

PLATE LENGTHS  16.0 11.0 8.0  FEET

The plate lengths available are indicated to the system with
this card. The data.is an array of one to three wvalues with the lar-
gest listed firstou The default values are the same as those shown in

the example above.

PURLIN 11.0 60.0 INCHES

Data from this card is used to locate the purlins. The first
value specifies the distance along the outer flange from the center of
the frame to the first purlin., The second value specifies the basic
‘horizéntal spacing betwéen the purlins. The default values for this

card are the same as shown above.

RAFTER WIDTH 5.0 6.0 7.5 9.0 10.0 12.0 INCHES
The data for the rafter width is supplied by this card. It may
be constant, incremental, array, or continuous. In the event this card

is omitted the array shown in the example above is assumed.
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SLOPE. IS 2.0 1IN TWELVE
The slope of the frame is indicated with this card. While this
will usually be a constant, the system will allow any type data. If

this card is omitted a slope of two in 12 is assumed.

SPaN 12¢0.0 FEET
This card must be included in the input of every problem. It
indicates the span of the frame measured in feet from sidewall sheet to

sidewall sheet. This card cannoet be defaulted.

STEEL YIELD STRENGTH 36000.0 PSI COST. 0,15 DOLLARS
This card specifies the yield strength and cost per pound of the
primary steel used in the design. The default values fer this card are

36,000 pounds per square inch and 16 cents per pound.

TITLE- PROBLEM NUMBER 3 2/11/68

This card allows the user to specify a title to be printed on
each page of his output. If this card is omitted, no title will be
printed. The 75 characters in columns six through 80 will be repro-
duced at the top of each page. This card may contain alphabetic,

numeric, and special characters.

VARY 2 5 b

This card lists the numbers of the parts which are to be fabri-
cated with the alternate steel. If this card is supplied, then the
ALTER card must. also be supplied. If this card is omitted, only one

steel will be used in the design.
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WEB THICKNESSES 0.125 0.1875 0.25 0.3125 0,375 TINCHES
The available web thicknesses are supplied by a card of this
type. The data must be an array. The values supplied in the eveant

this card is omitted are those shown in the above example.

XBREAK - 20,0 TO 26.0 FEET

The horizontal distance from the center of the column base to
any change in geometry in the rafter is specified with this card. Only
one card of this type may be supplied as the system allows only one
change iﬁ geometry of the rafter. If this card is supplied, a DBREAK
card must also bg supplied. Omission of this card indicates a straight

taper is to be used for the rafter.
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CHAPTER VI
DISCUSSION

4 procedure has béen presented for the development of automated
optimum design systems. The basis of the procedure is the classifica-
tion of the variables and parameters according to who or what controls
their values; the owﬁer, the vendors, the engineer, or the specifica-
tions. Computer routines can be developed for each class. These
routines together with an analysis routine may be organized as shown
in Figure 2 to create an automated onimum structuralldesign system.
How well such a prbcedure works can be measured only in the performance
of the systems thus developed. This procedure has been used to develop
an automated optimum design system for vériable section, single span
steel frames. The resulting system has been described in the previous
chapters-anﬁ the appendix., This system was developed following the
procedure outlined in Chapter II and then was used in its own improve-
ment. For example, when the system was first developed only ortho-
gonal searching capability was included. Experience with the system
indicated that this search technique does not guarantee an optimum
solution; therefore, diagbnal searching was added. It was found,
however, thatcdiagonal searching was considerably slower than ortho-
gonal searching and seldom produced an appreciable improvement in the
objective -function. Therefore; the system was modified to give the

user the option of including or omitting diagonal searching.
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Therinput and initialization routines for this system were
designed to give the user complete control over problem specification,
the mode and'range of variation of the design parameters, and the type
of output desired. All input to the system is in "free-form" format
with each card being identified by a keyword. This relieves the user
of the necessity of placing his data in particular columns of the cards
and the cards in a particular order.

The success of optimum design systems depends upon the perfor-
mance of the optimizing routines. Use of optimum searching techniques
implies that the objective function is unimodal., The system developed
in this work has been used to examine the variation of the objective
function with respect to each of the design parameters. The form of
this variation was found to be the same with respect to each of the
parameters. Figure 12 is a plot of the relationship between the value
of the objective function and one of these parameters, the depth of the
frame at the eave. It is apparent from this figure that discontinu-
ities and local minima often occur in the objective function due to the
discrete changes in the design constraints as the design parameters
are varied: While the objective function 1s not a smooth convex sur-
face, the search techniques used éllow the function to be examined only
at discrete intervals. When examined in this fashion, the function
generally appearé to be unimodal. Should there be any doubt as to
whether the system has found the optimum with respect to some parameter,
it is a simple matter to search that parameter over whatever additional
range might be desired. |

A number of problems have been run on the system. The system
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was found to be easy to contrel and convenient to use. In no case has

difficulty been encountered in the systeﬁ's obtaining a design.

52




53

CHAPTER VII .
CONCLUSIONS

1, Variables and parameters of structural design problems can .be
classified according to who or what controls their values and computer
routines written for each classification.

2, These routineé together with an analysis routine can be
organized according to the outline presented in this work to create.
automated cptimum strﬁctural design systems.

3. The user of such systems can be provided with complete con-
trol over problem specification, the mode and range of wvariation of the
design parameters, and the form of output.

4. The use of keywords and "free-form" relieves the user of the
necessity of placing ‘his data in particular columns of a card or the
cards in a partiecular order.

5. Discontinuities and local minima may oceur in the objective
function of structural design problems due to the discrete changes in
the design constraints as the design parameters are varied.

6. While the objective functions for structural design problems
may not be unimodal, they will generally demonstrate a sufficiently
convex trend to allow successful use of optimum searching techniques.

7. A successful system has been developed following the outline .
presented in this work for the automated optimum design of single span,

varisble section steel frames.
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CHAPTER VIII
RECOMMENDATIONS

1. The utilization of electreonic computers by engineers is in
its infancy. Two current methods utilized by engineers are computer-
aided design aﬁd automated design. Tﬁere is merit in both approaches,
and in the future some effort should be expended in combining the best
of the two. For example, STRESS or STRUDL would be greatly improved
if they could handle problem and design constraints, and design para-
meter variation to obtain an optimum design.

2. These systems, both computer-aided and automated, should not
stop with just the structural design of the main frame. They should
be expanded to include such items as the design of connectibns, bracing,
and secondary framing, and the use of graphic deviceé for aiding in the
preparation of design drawings and plans.

3. Systems such as the cone developed in. this work should be used
to conduct parameter studies to generalize the area of optimum sclutions

in terms of the problem variables.
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EXAMPLE PROBLEM INPUT DATA

ALTERNATE STEEL 42000 ,0 0.1 DOLLARS

" PSI
AOH- 1.0 TO 440 BY 1.0
COLUMN WIDTH 5.0 6.0 Ta.5 :
COMBINATION 1.0 : 1.0 0.0 1.0 1.9 0.0 0.0
COMBINATION . 0,75 0.0 0.

75 0.75 0.75 0.0 0.0
COST OF STIFFENERS. 2.00  DOLLARS ;
EAVE DEPTH 18,0 - TG  24.0 BY 0.5

HEIGHT - 14.0 - FEET | |

LOAD CONCENTRATED 1 10,0 0.0 5000.0 0,0 0.0 RIGHT RAFTER
LOAD CONCENTRATED 2 10.0 0.0.5000.0 0.0 0.0 LEFT RAFTER
BUTPUT PATH ANALYSIS DESIGN

RAFTER WIDTH 5.0 6.0 7.5

SPAN  60.0  FEET - o

STEEL YIELD STRENGTH 36000.0 PSI  COST 0,08 DOLLARS
TITLE  EXAMPLE PROBLEM

VARY 1 2

EXECUTE
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"EXAMPLE PROBLEM OQUTPUT

EAVE SLOPE . BASE. PEAK RAFT COLU
EXAMPLE PROBLEM
ORTHOGONAL SEARCH
24,00 2.00 11.00 6,00 7,50 7.50
2150 2.00 11,00 6.00 7T.50 7.50
24.00. 2.00 11.00 6.00 7.50 7.50
22.50 2.00 11.00. 6.00 7.50 7.50
23.50 2.00 11.00  6.00 7.50 7.50
24,00 2.00 11.00 6.00 7.50 7,50
24,00 2.00 11,00 6.00 7.50 7.50
24.00 2.00 9.00 6.00 7T.50 7.50
24.00 2.00 7T.00 6.00 7.50 7.50
24.00° 2,00 7.00 6.00 7.50 7,50
24,00 2.00 7.00 . 6.00 6.00 7.50
24,00 2,00 7,00 6.00 5.00 7.50
24,00 2.00 T7T.00 6.00 5,00 7.50
24.00 2.00 7.00 6.00 5,00 6.00
24,00 2.00 7.00 6.00 5.00 5.00
24.00 2.00 7.00 6.00 5.,00 6.00
24.00 2.00 T7.00 6.00 5.00 6.00
24,00 2.00 7,00 . 6.00 5,00  6.00
24,00 2.00 7.00 6.00 5.00. 6.00
21.50 2.00 T7.00 6.00 5.00 6.00
24,00 2,00 7,00 6.00 5,00 6.00
22.50 2.00 T.00 6,00 5,00 6,00
23,50 2,00 7.00 6.00 5.00 6.00
24,00 2.00 T.00 6.00 5.00 6.00
24,00 2.00 11.00 6.00 5.00 6.00
24.00 2.00 9.00 6.00 5.00- 6.00
24.00 2.00 7.00 6.00 5,00 6.00
24,00 2.00 7.00. 6.00 7.50 6.00
24,00 2.00 7.00. 6.00 6.00 6.00
24.00 2.00 7.00: 6.00 5.00 6.00
24.00 2.00 7.00. 6.00 5,00 7.50
24.00 2.00 7.00 6.00 5,00 6,00
24,00 2,00 7.00 6.00 5.00 5.00
24.00 2.00 7T.00 6.00 5,00 6.00
24,00 2.00 7T.00 6.00 5.00 6.00
24,00 2,00 7,00 6.00 5,00 6.00
24.00 2.00 7T.00 6.00 5.00 6.00
21.50 2.00 7,00 6.00 5,00 6.00
24,00 2.00 7.00 6.00 5.00 6.00

>
(ws]
A
m

DBRE A/H- COST

3.00 173.79
3.00 190.18
3.00 173.79
3.00 182.99
3.00 175.86
3,00 173.79
3,00 173.79
3.00 173.15
3.00 171.67
3.00 171.67
3.00 166.49
3.00 163.03
3.00 163.03
3.00 160.02
3.00 160.52
3.00 160,02
2.00 99999,94
4.00 160.02
4 .00 160.02
4 .00 99999,.94%
4,00 . 160.02
4.00 99999.94
44,00 165.47
4 .00 160,02
4,00 ° 167.85
4.00 163.37
4 .00 160.02
4.00 168.66
44,00 163.48
4.00 160.02
4,00 163.03
4.00 160.02
4400 l62.38
3.00 160.02
2,00 99999,94%
4,00 160.02
4.00 160.02
4 .00 99999,.,94
4400 160.02
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EXAMPLE PROBLEM

EAVE SLOPE BASE PEAK RAFT CBLU A/H  COST

ORTHOGONAL SEARCH
22450 2.00 T.00 6.00 5,00 6,00
23.50 2,00 7.00 6.00 5.00 6,00
24,00 2.00 7.00 6,00 5,00 6.00
24,00 2.00 11.00 6.00. 5.00 6.00
24,00 2.00 9.00 6,00 5,00 6,00
24,00 2,00 7,00 6.00 5.00 6.00
24.00 2400 7.00 64,00 7.50 6.00
24,00 2,00 7,00 6.00 6.00 6.00
24,00 2,00 7.00 6,00 5.00 6.00
24,00 2,00 7.00 6.00 5.00 7.50
24.00 2.00 7.00 6.00 5,00 6,00
24,00 2,00 7.00 6,00 5.00 5,00
24,00 2.00 7.00 6.00 5,00 6.00
24,00 2 .00 T.00 &.00 5.00 6 .00
24,00 2,00 7.00 6,00 5,00 6,00
DIAGONAL SEARCH
23.50 2.00 9.00 6,00 6.00 7,50
24.00 2.00 9.00 6.00 6.00 7.50
23,50 2.00 7.00 6.00 6.00 7.50
24,00 2.00 7.00 6.00 6,00 7.50
23450 2,00 9.00 6.00 5.00 7.50
24,00 2,00 9.00 6.00 5.00 7.50
234,50 2.00 7.00 6.00 5.00 7.50
24,00 2.00 7.00 6.00 5.00 7.50
23.50 2.00 9.00 6.00 6.00 5.00
24,00 2.00 9.00 6.00 6.00 5.00
23.50 2.00 7.00 6.00 6.00 5.00
24,00 2.00 7.00 6.00 6.00 5.00
23050 2.00 9.00 6.00 5.00 5000
24,00 2.00 9.00 6.00 5.00 5.00
23450 2.00 7.00 6,00 5.00 5,00
24,00 2.00 7.00 6.00 5.00 5.00
23.50 2.00 9.00 6.00 6,00 6.00
"24.00 2.00 9.00 6.00 6.00 6.00
23.50 2.00 7.00 6.00 6,00 6.00
24.00 2,00 7.00 6.00 6.00 6.00
23.50 2.00 9.00 6.00 5.00 6,00
24,00 2,00 9.00 6.00 5,00 6.00
23.50 2.00 7.00 6.00 5,00 6.00

>
e
=
m
- g
v
)
m

4,00 99999.94
4.00 165,47
4,00 160,02
4.00 167.85
4,00 163,37
 4.00 160,02
4.00 168,66
4.00 163,48
4.00 160.02
4,00 163,03
44,00 160.02
4,00 162,38
3.00 160.02
2.00 99999,94
4400 160.02

L]
-
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CO0CO0OO0O0O00OOQ0OQC O

*
L
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.« .

3.00 166.57
3.00 165.74
3.00 165.75
3.00 166.49
3.00 . 166495
3.00 166,37
3.00 165.47
3.00 163.03
3.00 167.23

¢ & & @ & 2 & 9 & g
[ ] [ ] » * -+ L ] L ] L ] L ]
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L[]
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3.00 163.98
3.00 166,95
3.00 163,87
3.00 165.47
3.00 160.52
3.00 167.23
3.00 164,95
3.00 165.75
3.00 ~163.48
3.00 166.95
3.00 163,37
‘3.00 165.47

. @
s o o »
ojoBololojoBalsjolojolelololololelNalasloNoleNe

® @ & & & ¢ @
*® 8 * 8 & 3 &

. s
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..

3.00 165.46
3.00 165,75
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EXAMPLE PROBLEM

EAVE SLOPE BASE PEAK RAFT COLU XBRE DBRE A/H COST
DIAGONAL SEARCH o . C '
23.50 2.00 9.00 6.00 6.00 7.50
24,00 2.00 9,00 6.00 6.00 7.50
23450 2.00 7.00 6,00 6,00 7,50
24,00 2,00 7.00 6.00 6.00 7.50
23.50 2.00 9,00 6,00 5.00 7.50
24,00 2,00 9.00 6,00 5,00 7.50
23450 2.00 7,00 6,00 5,00 7.50
23,50 2.00 9,00 6.00 6.00 5,00
24,00 2.00 9.00 6,00 6,00 5,00
23,50 2.00 7.00 6.00 6.00 5,00
24,00 2.00 7T.00 6.00 6,00 5,00
23.50 2.00 9.00 6,00 5.00 5,00
24,00 2.00 9.00 6.,00 5,00 5.00
23.50 2.00 T .00 6.00 5.00 5.00
23,50 2.00 9.00 6.00 6.00 6,00
24,00 2,00 9,00 6.00 6.00 6.00
2350 2.00 T.00 6.00 6.00 6,00
23,50 2.00 9.00 6.00 5.00 6,00

4 .00 166457
4 .00 165.74
44,00 165.75
4 .00 166.49
4.00 166.95
400 166,37
4,00 1654471
4 .00 167.23
44,00 165 .46
4400 165,75
4.00° 163.98
4,00 166.95
4.00 163.87
4 .00 165.47
4.00 166.57
4,00 162,73
4,00 165.75
4,00 166,95

*
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EXAMPLE PROBLEM

SUMMARY
, , DEAD LIVE
SPAN  HEIGHT . SLOPE BAY " LDAD. LOAD
60.0 14.0 2,0 20.0 4,0 20.0
WIND LOAD COEFFICIENTS
Fa W INDWAR D Acscesk XX EEWARD®®®x
HORIZONTAL  VERTICAL . HORIZONTAL
WALL - ROOF ROOF ROOF ROOF  WALL -
‘0+70 =0455 ~0.55. ~0.50 ~0.50 =0.40
| CONCENTRATED LDADS
! ND X Y  HORIZONTAL VERTICAL MOMENT
| 1 10,00 14.38 : 0.0 5.0 0.0
2 10.00 14,38 0.0 5.0 0.0
LOADING
COMBINATION NO 1 2
DEAD LOAD 1.00 0.75
LIVE LDAD - 1.00 0.0
WIND LOAD | 0.0 0.75
CONCENTRATED :
LDAD NO 1 ' 1.00 0.75
i COLUMN ~ RAFTER A/H
' WIDTH  WIDTH  RATIO
i 6.0 5.0 . 4.0
! PLATE THICKNESSES
OUTER ~ INNER o
PART  FLANGE  WEB FLANGE  LENGTH YIELD
| 0.3750 0.,1875 0.5000 11.80 42,0
2 0.4375 0.1875 0.6250 6,410 42,0
3 0.1875 0.1875 0.3750 10.99 36.0
4 0.2500 0.1250 0,1875 10.91 36.0

60

"PAGE .1

WIND
LOAD
25.0

LOCATION
RIGHT
LEFT




EXAMPLE  PROBLEM

PART SEC
1 1
1 2
1 3
1 4
1 5
1 6
1 7
2 1
2 2
2 3
2 4
2 5
2 -6

2 7
3 01
3 - 2
3 3
3 4
3 5
3 6
3 7

LR A A

- OB N

X
0.0
0.12
0.24
D.35
0.47
0.59
0.71

1,54
2 454
3.54

4 .54

5.54
6.54
Te54

T.54

9.34
1114
12.93
14473
16,53
18,33

18.33
20.12
21.90
23.69
25.47
2T7.26
29.04

SECTION PROPERTIES

Y
‘0.0
1.96
3.93
5.89
7.85
9.81

11.78

12.76
12.95

13.15 .

13.34
13.53

13.91

13.91
14,26
14.60
14.95
15.29
15.64
15.98

15.98
16.33
16.67
17.01
17.35
17.70
18.04

DEPTH
7.00
9.83

12.67

15.50

18,33

21.17

24.00

24.00
23.35
22469
22.04
21l.38

20473
20.08

20.08
18,90
17.72
16.54
15.37
14.19

13.01.

13.01
11.84
10.67
9.51
B.34
717
6,00

AREA

6.93
T+46
7.99
B.52
9.05
9.59

9.61
9 .49
9.37
9.25
9,12
9.00
8.88

.41

6425

6.03
5.81
5.59
5.37
5.15
3.76
3.61
3.47
3.32
3.17
3.03
Z2.88

- MOMENT

INERTIA
59.3

. 125.5
219.3
342.9
498 4
688.1
91l4.1

908,.,1
852.7
799 4
148,.0
698.7
65143
605 .8

378.8
328.3
282.1
240.1
202.1
167 .9
137.5

109.2
88.5
7042
54.3
40.7
2942
19.8

15.41
23.29
31.74
40.75
50.29
60.38
70.99

69 .44
66.97
64.53
62.12
59.73
57.38
55.05

33.23

30.48 -

27.81
25.24
22.176
20.38

18.21
16.26
14.37
12.53
10.74
9 .00
T.32

61
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SECTIDN MODULUS
OUTER

INNER
18.81
284,21
38.07
48,39
59,18
10444
82.18

83.13
80.34
T7.58
T4.84
72.13
69.44
66.78

43,66
40.41
37.24
34,15
31.15
28,23
25.39

15.56
13.82
12.13
10.51
8.95
Te#5
6.01




EXAMPLE PROBLEM

DEAD LOAD - FORCES

LEFT SIDE

PART SEC  AXIAL SHEAR
1 1 =240 ~1.91
1 2 =2.,40 -1.91
1 3 '2.40 '_1091
1 4 ~2440 =],91
1 5 —=2.40 =1.91
1 6 '2040 “1.91
H 7 =2+40 ~1.91
2 1 ~2+25 1.93
2 2 -2 24 1.85
2 3 =223 1477
2 4 ~2.21 1.70
2. 5 =220 1.62
2 6 ~2 419 1.54
2 7 =217 l.46
3 1 =217 l.46
‘3 2 -2.15 1.32
3 -3 =213 l1.18
3 4 =210 1.03
3 5 -2.08 0.89
3.6 -2.06 0.75
3 7 °2|03 0-61
4 1 ‘2.03 O.bl
4 2 -2.01 0.47
4 3 “logg 0-33
4 4 ~1.96 0.18
4 5 -1094 0.04
4 6 -1.92 -0.10
4 7 -1.89 <~0.24

REACTIONS
LEFT RIGHT
VERTICAL 2.40 2.40

HORTZONTAL -1.91 -1.91

MOMENT
0.0
”3046
=6.91
~10.37
-13083
=17.29

=20,76

“20.71

i’

‘17.05 ’
“15.34

=13,71
“12016
*10.69

~10 4,69
“8024

=6.,06

~4413
‘2046
“1-05

0.10

0.10
0.99
- la62
2.00
2.12
1.98

l1.60

-RIGHT SIDE

- AXTAL - SHEAR

=2 440
=2 +40

=2o40.

=2 «40
=240

-2 + 40

“2-40

=2+25
=2 424
~2+23
~2+21
~Z 20
“2019
‘w2.17

:h2.17
=215
-2.13
=2.+10
-2.08
*2006
=2.03

“2.03
‘2001
=1099
“1096
1u1094
—1.92
.~1.89

“1-91
~1.91

-1091'

~1.91
~1.91
“1.91
=-1.91

1.93
1.85
Le77
1.70
1.62
1.54
1546

.46
1.32
1.18
1.03
0.89
0.75
0.61

0.61
0.47
0.33
0.18
0.04
=0.10
-0024

62

MOMENT
0.0
—-3.46
“6091
=10437
—13.83
=17.29
“20.76
-20.71
~18.84
-17.05
~15.34
~-13.71
-12.16
=10 469

-10.69

. ~Be24

=6.06
-4013
-2 446
-1l.05
C.1l0

0.10
0.99
l1.62
2.00
2.12
1.98
1.60
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EXAMPLE PROBLEM

E LOAD - FORCES

LEFT SIBE .
T SEC AXIAL SHEAR MOMENT
‘17 =12.00 =9.53 0.0
2 -12,00 -9.t3 ~17.28
3 “12000 -9.53 m34.57
G =12,00 =9.,53 =51.87
5 —-12.00 =9,53 ~63 417
6 -12,00 -9,53 8647
T =-12,00 =-9.,53 ~=103.78.
1 “11.27 9066 w}.03.53
2 =-11.20 9,27 -94,18
3 -11l.14 8.87 -85.24
4 -11.07 2,48 -76.69
5 =11 401 8.08 -68.54
6 =10 .94 769 =604 T9
7 -10.87 7430 =53.44
1 -10.87 7430 =53 .44
2 “10'76 .6.59 “41.21
3 ~10.64% 5.88 =30.28
4 —10.52 _5017 -20.64
5 =10.40 4446 =12.30
6 =10.28 3.75 -5.25
7 =10.16 "3.04 70.51
-1 “10016 3-04 0-51
2 =10.05 2.33 4.94
3 =9¢93 1053 8-10
4 -9 .81 0.92 9.98
) =-9.69 0.22 10.59
6 -9.58 =0.48 .92
T -9.46 =1.19 . 7.98
REACT JONS
LEFT RIGHT
TICAL 12.00 12.00
I ZONTAL -9.53 =9,.53

AXTAL
=12.00
""]2 -00
=12.00
‘“12 000
“12.00
“12000
“12 000

=1102?
“"'].].-20
-11l.14
-11.07
~11.01
“1009&
510087

“10087
~10.76
=10.64%
-10.52
=10.40
“10.28
=10.16

=10.16
=30.05
=9.93
=3 .81
“9.69
‘9.58
“9.46

RIGHT SIDE
SHEAR
=9,53
~3.53
=3.53
=9.53
“9053
:9053
=9 .53

9.66
9.27
8.87
8.48
8.08
7 .69
7430

7.30
6 .59
5.88
5.17
4.46
3.75
3.04

3.04

233

1.63
0.92

0.22
=0 .48

~1.19
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MOMENT
0.0
=17.28
~34,.,57
=-51.87
~69417
=86.47
-103.78

-103,53
“94.18
—85.24
—76.69
’68054
=60079
~53 .44

’53.44
=“41.21
-30.28
~20.6%
-12.30
=5.25
0.51

0.51
4,94
B.10
9.98
10.59
9.92
T«98
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e

VER
HOR
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EXAMPLE PROBLEM
D LOAD - FORCES

: _LEFT SIDE

T SEC AXIAL SHEAR MOMENT
1 8.97 10.73 0.0
Z 8.97 10.04 19.33
3 8.97 9.36 - 37.32
4 8.97 8.67 53.96
5 8.97 7.98 69,25
6 8.97 7430 83.21
7 8.97 6.61 95.81
1 6.82 ~7.53 94.98
2 6.83 =T7.25 87.76
3 6.83 =6.96 80.81
4 6.84 =-6.68 Ta.12
5 6.85 =6.4D 6T.69
7 6-86 ~5 .84 55-63
1 .86 ~-5.84% 55.63.
2 6.87 -=5.34 45,69
3 6489 -4,83 36.60
4 6.90 -4.33 28.38
6 6.92 -3.32 14.50
1 6.93 "2.81 8.85
2 6.95 =-2.31 4.10
3 6.96 -1.81 0.19
A‘I' 6.97 -1.31 -2.88
5 6.98 -0.81 =-5.09
6 7.00 "0.31 "'6.46
7 7.0}. 0019 '=6098

REACTIDNS
LEFT RIGHT
TICAL -B8.97 ~6.80

IZONTAL 10.73 3.16
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PAGE 5
"RIGHT SIDE

“AXTIAL SHEAR MOMENT
6,80 3.16 - 0.0
6.80 3.55 - 5,79
6.80 3.94 12.35.
6.80 434 19.68
6.80 5.12 36.67
6480 5.52 46432
6.63 =5.40 46.07
6.63 =5,15 40.98
bs64 4,89 36.13
.65 =4.864 31.52
6.65 =4.38 27415 -
6eb66 4,13 23.02
6«67 <=3.88 19,13
6.67T -3.88 19.13
6.68 “'3.42 12.74
6469 -2096 7.12
6.70 -2050 2.29
6.71 =2.04 =1.77
b.72 =1.59 =5.05
6.73 -1,13 ~T+55
6.73 —1.13 "7.55
6,74 -0.67 =G.25
6.75 =0.22 -10.20
6.77 0.23 =10.37
6.78 0.69 . —9.78
6.79 l.14 —8.42
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EXAMPLE PROBLEM . PAGE 6
CONCENTRATED. LOAD ND. 1 - FORCES
| LEFT SIDE _ “RIGHT SIDE
PART SEC AXIAL SHEAR MOMENT AXIAL SHEAR MOMENT
1 1 =~0.86 =1.43 0.0 b 14 ~1.43 0.0
1 2 =0,86 =1.43 -2.71 ~4ol4 =~1.43 -2.32
1 3  —0.86 =~1.43 ~5 42 4 14 <1 ,.43 ~4, 64
1 4 ’ "0.86 "1 043 "’8012 "4‘014 "1 043 "6.96
1 5 =086 ~1.43 ~10.83 4,14 =1.,43 -9,28
1 6 =0.86 =1.43 =13.54 4 o14  =1.43 ~11.60
1 7  =0.86 —1.43 “16425 ~4.14 ~1,43 =13,92
2 1 =1,55 0.61 ~16.94 -2.09 3,85 ~11.88
2 2  =1.55 0.61 =16.36 ~2.09 3.85 -8,.01
2 3 =1.55 0.61 -15.77 -2.09 3,85 -4,15
2 4 =1.55 0.61 -15.19 ~2.09  3.85 -0.29
2 5 =1.55 0.61 =14.60 =2.,09 3,85 3.57
2 6 =1.55 Q.61 -14.,02 ~2.09 3,85 T o bl
| 2 7T =1.55 0461 -13,43 ~-2.09 3,85 11.30
3 1 =1.55 0.61 ~13.43  ~2.09 3,85 11.30
3 2  ~1,55 0.6l ~12.38 -2.09 3,85 18,25
3 3  =1,55 0.6l 11433 ~=1,27 -1.,08 19,52
3 4 ~=1.55 0.61 ~10.28 ~1.27 =1.08 17.48
3 5§ =1.55 ° 0.61 -9,23°  =1,27 =1.08 15444
3 6 -1.55 0.61 -8.17 -1.27 =1.08 13.40
3 7  =1.55 0.61 -7.12 ~1,27 =1,08 11,36
4 2  =1.55 0.61 -6,08 ~1.27 ~1.08 9.34
i 4 3  =1.55 0.6l - -5.03 -1.27 =1.08 7.31
| 4 4 =1,55 0.61 ~3,99 ~1.27 =-1.08 5.29
| 4 5 ~1.55 0.61 -2.94 -1.,27 =1.08 3,27
4 6 =1.,55 0.61 -1.90 ~1.27 =-1.08 1.24
4 7 =1.55 0.61 ~-0.86 =1,27 ~1.08 ~0.78
REACTIONS
LEFT  RIGHT
VERTICAL 0.86 4,14
HORIZONTAL  =1.43  =1.43




EXAMPLE PROBLEM

CONCENTRATED LOAD NO. 2 - FORCES

PART SEC
1 1
1 2
1 3
1 4
1 5
1 6
1 T

WuwWWwwww NN NNNN
oWy Ul SR I AR LI S

o N L
=~ s opy

VERTICAL

LEFT SIDE _
AXIAL SHEAR MOMENT
=4 ol4 =1 .43 0.0
=4414 =1,43 ~2e32
~4e.14 =1.43 =4 .64
—4.14 "1043 '6.96
~Gelb4 =143 ~0.,28
-4014 “1043 "11060
~4414 =1.43 -13,92
~2.09 3.85 —~11.88
_2-09 3085 —8001
=2.09 3.85 h4015
-2 .09 3.85 =0 .29
q"2009 3.85 3.57
=-2.09 3.85 Teb4h
=2.09 3.85 11.30
-2109 3.85 11.30
-2.09 3.85 18.25
—1027 “1-08 19052
-1.27 -1.08 17.48
==']..27 '-1008 15.44
-1027 —1008 13040
=1.27 =1.08 11.36
-1.27 -1.08 11.36
-1.27 -1.08 .9.34
=le27 =-1.08 7.31
-1027 -1.08 Hbe29
-1.27 -1.08 3.27
_1.27 _1.08 1.24
-1.27 =1,08 =0.78

REACTIONS
LEFT RIGHT
.14 0.86

HORIZONTAL -1

«43 ~1 43

.~ RIGHT SIDE

AXIAL
“0086
-0,86
~0,.,86
=0 + 86
-0.86
“0086
n"0.86

=1.55
"1-55
-1.55
“1.55
-1.55
"1-55
_1055

_1-55'

_1055
“1.55
“1055
-1.55
=1.55
“1.55

=1.55
“1.55
=1.55
”1-55
“1.55
~1 455
~1e55

SHEAR
~1.43
f1043
~1e43
=1 443
~1l.43
~1 .43
=1.43

0.61
0.61
0.61
0.61

- 0.61

0.61
0.61

0.61

’ 0.61

0.61
0.61
0.61
D.61
0.61

0.61
0.61
0.61
0.61
0.61
“0.61
0.61
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MOMENT
0.0
-2071
5ol 2
“8.12
-10.83
~13.54
=~16425

~-16.94%
~16.36
-15.77
_15.19
=14.60
-14.02
=13.43

-13.43
-12.38
-11.33
-10.28"
-9.23
‘8b17
”7.12

“7.12
“6.08
“5003
“3.99
=2 494
=190
“0086




EXAMPLE PROBLEM

COMBINATION NO. 1 - FQRCES

PART SEC
1 1
1 2
1 3
1 4
1 5
1 6
3 7

oW L)W w NN NNMNNON
~N oWV Wy - O I W py -

~rpprpder
~ N plwpy -

VERTICAL

HORIZONTAL

LEFT SIDE .
AXIAL SHEAR  MOMENT
~19440 ~14429 0.0
=19.,40 =14,29 -25.77
=~19.40 =14.29 =51.54
=19.40 =-14,29 ~TT7433
=19.40 =14,29 -103,12
'19.40 -14,29 ~128,91
10440 =14,4,29 ”15&.71
=17.17 16.06 -153.05
“17009 15058 '137.39
~17.01 15.11 =122.21
=16.93 1l4.64 =107.50
“16085 14016 ‘93.28
“16-77 13.69 -79.53
~16469 13,22 6626
=-16.69 13,22 -66+26
“16.55 12037 '43059
-15.59 658 -28.14
“15045 -50?3 . '17.56
=1530 4.88 ~8.54
“15.16 4.03 ‘1.07
-15.02 3.18 4.+ 85
=-15,02 ‘3.18 4 .85
-14,88 2.33 9.19
-14.74 148 12,00
- =14,60 0.64 13.28
‘14.46 -OOZL 13.03
-14,32 ~1.05 11.25
-14,18 =1 490 194
REACTIONS
LEFT RIGHT
19.40 19.40
~14,29 «14,29

RIGHT “S1DE
AXIAL

—19040
‘19.40

- =19.40

‘19040
-19.40
~19 .40
=19,.40

—17017
“17009
~17.01
"16.93
-16.85
-16077
“16-69

“16069
“16055
“15059
-15045
=15.30
=15.16
=15.02

‘15.02
-14.88
14,74
=14 .60
=14,46
=-14.,32

- =14,18

SHEAR
=-14,.,29
‘14.29
~-14.29
~14 429
=-14429
“l4 .29
“14.29

16,06
15.58
15.11
14,16
13.69
13.22

13,22
12.37
6.58
573
4.88
4.03
3.18

3.18
2433
l.48
064
-0.21
=-1.,05
-1.90
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- MOMENT
0.0
=-25.717
-51-54
-77.33

-103.12

—128091
=154.71

-153.05
-137.39
~122.21
=107.50
-93028
~79453
~66.26

=66.26
-43059
“28014
-17056
-8¢54
‘1.07
‘4.85

4.85
9.19
12.00
13.28
'13.03
‘11425
794

8




EXAMPLE PROBLEM

COMBINATION -NO. 1 - STRESSES

1

NMNNNNNDNN bt et et et et

W Www i ww

LEFT SIDE
‘ BENDING |
PART SEC AXTAL :SHEAR-OUTER INNER
=3.,0:=12.4 0.0 0.0
—2.8: =8.3 13.3 =11.0
"’2.6 ""6-2' 19.5 ‘“"16'4
2.4 =5.0° 22.8 -19.3
=2e3 4,2 .24.6 =21.1
=21 ~3+b6 2546 =22.1
=2.0 =-3,1 :26.2 -22.8
=1.8 3.7 26.4 ~22.1
~1e8 37 246 _2006
'“]..8 3.7 22.7 "18.9
-1.8 Be7 20.8 —-17,.3
“1.8 3.7 1807 “"15.5 .
-109 3-7 16.6 “13.8
-1 ,9° 3.7 14.4 -11.9
=2.6 3.6 23.9 ~1B.2
=26 3.6 *17.2 =-13,0
~2 6 2.0 12.1 -9.1
=27 1.9 B.4 =6.2
-2.7 1.7 405 -3.3
=248 l.6 0.6 -0.5
_2.9 1-4 —302 203
~4,0 2.0 =-3.2 3.7
—-441 1.7 —6.8 8.0
4,3 1.2 =10.0 11,9
b b D.6 -1207 .15.2
""‘1-.6 ~0al "1406 17-5
4.7 =1.2 ~15.0 18.1
~ 4 49 =26 =13.0 15.9

R A R ol o

~N PN - PN ~ PPN -

~NCumP LN

AXTAL
""3-0-,

—2.8
-2eb
=244
=2 o3
-2l
“"200

~-1.8
“’1.8
~1l.8
-1.8
=]1.8
=149
-1 2

=246

=2.6

-'206
"’2.7
='207

"2.8 :

"2.9

-4 .0
"‘4.].
=4 4,3
"404
"’4.6
5407
"'4.9

RIGHT

SHEAR

""12.4 o

_B.3
“5 ol

_5.0 .

""402
“"3-6
.,3.1

W Od W W W
e e & 2 s s e

od e ] ) =g

- b e N )
L ] * ¢ 9
POV O O
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SIDE
'BENDING
OUTER INMNER
0.0 0.0
13.3 ~-11.0
1905 "'16.4
22.8 =-19.3
24%4e6 =21,1
25.6 ~22.1
2642 ~22.8
264 -’22.1
24‘..6-"20.6
22.T7 -18.9
20,8 —-17.3
i8.7 =15.5
16.6 ~13.8
14,4 ~11.9
23.9 ~18.2
17.2 "’13.0
12.1 -9.1
8.4 =~6.2
4.5 : ‘,"3.3
0.6 ""0.5
‘—312 2.3
""3.2 307
—6.8 8.0
-10.6 11.9
=12.7 15.2
=l4.6 17.5
-15.0 18.1
-13.0 15.9




Il

EXAMPLE PROBLEM

COMBINATION NO. 2 — FORCES

S LEFT SIDE

PART SEC AXIAL SHEAR MOMENT
1 1 1.18 GottT 0.0
1 2 1.18 ~ 3.96 8,13
1 3 1.18  3.44 15.26
1 4 l1.18 2493 21.37
1 5 l.18 2.41 C26.48
1 o] l1.18 1.90 30.58
1 T 1.18 " 1.38 33.66
2 2 0071 “"0.70 33.42
2 4 .74 —0.40 32.48
2 5 Q.75 =-0.24 32.21
2 6 .77 =-0.09 32.09
2 i 0.78 0.06 32.11
3 1 C.78 0.06 32.11
3 2 0.81 0.33 32 .49
3 3 1.45 ~3.10 29.05
3 5 1.56 ~2.55 18.58
3 6 1.53 =2.28 14.01
4 1 1.56 -2.,01 9.90
4 3 lebl -—1.47 3.07
&4 4 leb64 -1.20 0.32
4 5 1 067 -0 093 "'1 099
4 T l1.72 =0.39 =527

REACTIONS
-LEFT RIGHT
VERTICAL -1,18 0.45

HORIZONTAL 4ot7 -1.21
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PAGE 10
RIGHT SIDE
AXTAL SHEAR MOMENT
~0.45 =1.21 . 0.0
~0.45 "=0,91 . "1 ~2,02
=045 —0.62 - =3.47
~0e45 =0,32" - =he34
~0.45 ~0,03 . =4.62
~0.45 0.27 —=4.433
=0+ 45 0.56 =345
3.55 0.74 -2+59
0056 0.88 “1067
0.58 1.01 ~0e63
0.59 lela 0453
0.60 1.27 1.81
0.62 1,40 321
0463 1,53 4,73
0.63 1.53 44713
0.66 1,77 T77
1.30 -1.69 6.95
1.33 =1.45 4,02
1.35 -1.22 1l.49
1.38 =0.98 - =0.65
le4l -0.74 . =2440
la‘tl -0 074 =2 +40
le43 -0,51 -3.75
le4b -0.27 —4eT2
1.48 =0.04 "5.31‘
1.51 0.20 =-5.50
1.54 0.43 - =5,32

1.56 0.67 =475
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PAGE" 11

EXAMPLE PRUBLEM

COMBINATION NO. 2 - STRESSES

RIGHT  SIDE

.BENDING

LEFT SIDE
PART SEC AXIAL SHEAR OUTER INNER

BENDING

~AXIAL SHEAR OUTER INNER

0.0

-0.9
-lel

- 040
1.0
3

3

1

9

6

—1.1

"0-5
=0 &3
=0.0
0.1
0.1

“0'1
"'001
"0.1
-0.1
‘-011 :
~0 .0
"‘0-0 ;

2221111
s & s ® 3 & »

1..23.4567

Lo B B B, B I P

COCOO0O0 O

mdn O~

NN N NN

LN NN O
LN T I L I
NN =g D
— =t FO§ ]
i1
~ 3o
L I R
Oﬂ ]
I

— 0 ey oy O~

MO MMM

S I
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EXAMPLE PROBLEM PAGE "12
ALLUNABLE.STRESSES

BENDING

PART SEC SHEAR COMP. TENSION OUTER™ °~ TNNER
I A | 16.80 - 25.20  25.20. 25.20. ° 25,20
P2 16,80 23,76 25420 - 25.20 25.20
] 3 15.63 21.98 25.20 25.20 25,20
1 4 12.61 21 .83 25.20 25,20 . 25.20
1 5 9.59 21.68 25.20 . 25,20° 25.20
1 & T10 22 .99 25.20 25.20 2520
1 7 5¢47 24.26 25.20: 25,20 25420
2 1 5456 23.30 25.20 23,69 . 25.20
2 2 5.89 22.26 25420 23.70 25.20
2 3 6.25 22.29 25.20 23.71 25.20
2 5 T7.08 21.39 25.20 23.82 25.20
2 & T+56 21 .42 25420 24.58 25.20
2 7 8.09 21.406 25.20 25.20 254,20
3 1 T«68  17.93 21.60 20.21 21.60
3 2 8.69 17.10 21.60 19,71 20.09
3 3 9.93 17.22° 21.60 19.76 20.87
3 4 .10.68 17434 21460 19.80 21460
3 5 11.53 17.45 21,60 19.85 21.60
3 6 12.53 17.57 21..60 19.90 21 .60
3 T 13.71 14.23 21.60 19.94 16.01
4 1 B.22 14.91 21.60 20.19 15.60
4 2 9.98 15.12 21..60 20.82 15.73
4 3 11.12 15.33 21.60 21 .60 15.85
4 & 12,55 15.54 21.60 21.60 15.97
4 5 14.40 15.76 21.60 21 .60 16.10
4 6 14,40 15.98 21.60 21.60 16.22
4 i 14.40 20.76 21.60 21 .60 21.60




EXAMPLE PROBLEM

PURLINS ARE LOCATED AT X=
26.18 23.18 18,18 13.18

GIRTS ARE LOCATED AT Y=
0.50 3.00 8.00 11.00

INNER FLANGE BRACES REQUIRED

ON RAFTER AT X=
28,18 18.18 13,18 8,18

ON COLUMN AT Y=
3,00  8.00 14.00

WEB STIFFENERS REQUIRED

ON RAFTER AT X=
NONE REQUIRED

ON COLUMN AT Y=
NONE REQUIRED

72
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14.00

2.94 =0.29 -
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MAIN CONTROL PROGRAM

COMMON GPTL (&) ,A{9,17),0PSAV(10)

COMMON PLTM{10},FLAN({10},GIRT{10),WC(6)

COMMON WEBPL (6),WEB{10)«NOCOL,NORAF ,NDTOT

COMMON KUTE yNOFLA y NOWEB yNPS sBAY ,GDsNOGRT yH s SPAN,DL 4 VL

COMMON WL yWFVP,FIRST,SPACE 4NOCBM,KPLT+KWIND

COMMON CBM (4,7} ,FLTI{10),FLTO{10},PLCOR(10)

COMMON FY1,FYZ2,C0ST1,COST2,NOALT,KALT(10)

COMMON TABLE (447 yBRACE(D ), ITLE{TH}LANALLDES,LPAT

COMMON SCOS1,SCOS2¢ IMOT

DIMENSION X{1047)eY(1047)+D{10s7)sNHOLDECLO) yPARTL{LO)

DIMENSION ERT{10,7)yAREA(LO,7)+S0{10,7),Si(10,7}

DIMENSTION SHL {1047 ) ¢SHRILIO 37} 4AXL {107} sAXR(10 47}
. DIMENSTION SMLIEL10O,7)¢4SMRI10,7)4R14),C (6}

DIMENSION SHEAR(B,10,7)yOMENT{8,10,7)4AXIAL(84104,7),
BREACT (4y4)

DIMENS ION PURL (20 } yMAST {20}

DIMENSTION UBLI(10,7),UBLO(10,7}

DIMENSION WIDD(10}WIDIC10}

DIMENSION [11(4)

" DIMENSION KAST{20} 4TEMP{20}TEMG{10}

DIMENSION STIFF{2,10),Q110,7}

DIMENSION SOLTA(100,10}

EQUIVALENCE (BUsA{352)),(COLU,A{652),(ED,ALL,2)])

FQUIVALENCE (RDyA(%42)) 3 {RAFT A(542) 13 {SLOPEA(R2,21)

EQUIVALENCE(XBREJAIT7,211,¢DBRE,A(8, 2)),(AOH Ai9,y21))

NOPT=0

SWTCH=0.0

NOSOL =0

NEXT=1
. SC0SL=0,0

KUTE =0

ICTL=40

C(1)=0.0
- C12)=0.0

Ci3)=1.0

C(4)=1,0

Ci5)=0.0

C{61=0,0

I PAGE=0

CALL NITIAL

ALPHA=ATAN{SLOPE/L2.0)

CALL LOCATE(FIRST, SPACE,PURL,NDPUR,SPAN,GD,JLDPEg
DRRACE yMAST)

KIN=4

KiT=4"

IF(KUTE)Z,1,2
1 KIN=1

KIT=0 :

CALL OPTMUMIKIN?

IF(KIN-4)306,307,306
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307 LPAT=1
306 CONTINUE
2 CALL GEOM{H,SPAN,BD,ED, RD,SLOPE GDsXsYsDsPLTM;NPS, XE,
OYEyXRy YRNOCOL s NORAF ¢NOTOT s PARTL ¢XPLT,PLCOR; XBRE,y
ODBRE y NORFA )
WTSAZ2=0.0
WTSAV=0.0
NORAF=NOTOT-=NOCOL
CALL UNSUL {XyY yNOGRTyGIRT yNOPUR 5 PURL , NUCUL,NUTOT,UBLI,
ayYBLOy HeGD,SLOPEZDyBDySPAN,FIRST)
DG 11 I=1,NOTOT
FY=FY1 '
IF{NOALT)201,200,201
201 DO 203 J=1,NDALT
IF{I-KALT{J}}203,204,203
203 CONTINUE .
GD TO 200
204 FY=FY2
200 CONTINUE
DO 11-J=1,7
11 CALL INERT(D(I4J)+FLTO{T) +WEBI{IIsFLTIII I WIDO!T),
oW IDI(I)y AREA(IJ)¢SOUTI+J)yST{T4J)yERT(IJ},NOCOL+FY,
ol).
80 DD 31 I=1s4
DD 31 J=1,4
31 REACT(I,J)=0.0
IF(KIT~4)3004+301,300
301 IF(LDES- 1)300,600,300
600 IPAGE=IPAGE+1
WRITE{3,303)}{ITLE(I),I=1,511},1PAGE

303 FORMAT(I1,50AL," PAGE',13)
- WRITE{3,302)SPAN,HySLOPE +BAY sDL VL WLy (WC{I)s1=1,46}
302 FORMAT(/T28,'SUMMARY'//T36, 'DEAD LIVE WINDY/s v
o, *- SPAN HEIGHT SLGPE BAY LoAaD LOAD '

Oy' LOAD'/ F7elsF9a1+F8.1,F7.143F8.1//T20,'WIND LOAD'
By COEFFICIENTS'/ Tlh, "k INDWARD®%%% s EEWAR
O, Y D&%kt / Tla,"HORIZONTAL - VERTICAL  HORIZONTAL'/
oT14,"WALL ROOF ROOF ROODF- ROOF. WALL'/T12,6F6.2)
KTRIGZ0 | o -
DO 320 L=1,4
XC=TABLE(L,1)
YC=TABLE(L,2)
FV=TABLE (L 43)
FH=TABLE (L 44)
FM=TABLE({L,5)
10=TABLE{L,6}
IF(ABS (FV)+ABS{FH}+ABS{FM)1321,3204321
321 IF(KTRIG)322,323,322
323 WRITE(3,324)
324 FORMAT{(/T22,'CONCENTRATED LOADS'/ ' NO X y o
2," HORIZONTAL VERTICAL MOMENT LOCATION')
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KTRIG=KTRIG+1
322 GO 10 13314332,331,3321),i0D
331 DO 333 I=1,NOCOL _
IF(YC~Y(I,7)31334,323,343
333 CONTINUE
STOP 333
334 YI=Y(
XIaX (ol b+iYI=Y 0Tl D)/ YD g7 (Tl )X {47 )=X{1y1D)
FMI=FM
IF(XC)335,336,335
335 FMISFMI+FV*(XC~X]}
GO TO 236
332 M=NOCOL+1
DO 337 I=M,NOTOT
IFIXC~X{1,71)338,337,337
337 CONTINUE
STOP 337
338 XI=XC _
YI=Y 4L gl )+ (XI=X{T o1} 37 4XUT 37 =X{ L0 )Y LT 7)Y LIyl
FMI=FM
IFIYC 339,336,339
339 FMI=FMI=-FH®{Y[=YC)
336 GU TOD (3414341 ,342,342),41D
341 WRITE{3,343 )L oXI YT 4FHFV,FM]
342 FORMATiI43F7.24FHu2y~3PF11413F10.1,F10.0," LEFT?
) .
GO TO 320
342 WRITE!34344)L +XT1oYI,FHFV,FMI]
364 FORMAT{I44F7424F6.24-3PF11414F10.1,F10.1," RIGHT®
g)
320 CONTINUE
NG 346 1=1,4
346 I11(I)=1
WRITE{3,3453¢T1T11(1),1=1,NOCBM)
345 FORMAT(/' LOADING*/' COMBINATION NQ*,I7,318)
O WRITE(3,347)(CBMITI,10,1=1,NOCBM)
347 FORMAT(* DEAD LDAD',5X,4F8,.,2)"
WRITE(3,348) (CBM{I,21,]=1,NOCBMI
348 FORMAT{' LIVE LOAD®,5X%X,4F8.2)
WRITE(34349)(CBMiLy3)51=1,NOCBM}
349 FORMAT(* WIND LOAD?,5X,4F8.2)
IF{KTRIG)351,352,351
351 WRITE{(3,350)
350 FORMAT{* CONCENTRATED')
DO 353 1=1,4
L=1+3
SUM=0,.0
DG 354 J=1,4
354 SUM=SUM+ABS(CBMI{J,L})
IF{SUM)355,353,355
355 WRITE(34356)Ty(CBMIMyL )} M=LyNOCBM?!?
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356 FORMAT (' LOAD NO',12,5X,4F8.2}
353 CONTINUE '
352 CONTINUE
WRITE(3,360)COLU,RAFT+ADH
360 FORMAT(/* COLUMN RAFTER A/H'/' WIDTH WIDTH !
O,' RATIO"/ F5.1,2F8.1)
WRITE(3,362)

362 FORMAT(/? PLATE THICKNESSESY/! OUTER ¢
O,! INNER Y /Y PART FLANGE WEB FLANGE ¢
oy ' LENGTH YIELD?®)

DO 365 1=1,NOTOT
FY=FY1

IF{NUALT}211,210,211
211 DO 213 J=1,NOALT
CIFAI~KALT(J})213,214,213
213 CONTINUE
60 TO 210
214 FY=FY2

210 CONTINUE :
365 WRITE(34366 1 +FLTO(I 2 WEB(I ) FLTI{T)IyPARTL(T}4FY

366 FORMAT{144F10.4+2F8443F9,.2,+=3PF9.11}
IPAGE=IPAGE+]
WRITE{3,303)(ITLE{]}+1I=1+51),1PAGE
WRITE(3,310)

310 FORMAT{/T23+'SECTION PROPERTIES®/ T39, "MOMENT °*
o,' SECTION MODULUS'/ * PART SEC X Y DEPTH
o, AREA INERTIA OUTER INNER?'Y )

DO 312 I=1,NOTOT
DO 311 J=1,7

311 WRITE(3,31311sdyX(TaddsYiIed)sDllsJ)sAREAITZJ}HERTILI,
.EJ)'SDII,J), SI{Isd)

313 FORMATI(® 1,214,4F7.2+FB.1,2F8.2)

WRITE(3,315)

315 FORMAT(Y 1)
IF(1I~-5}312,314,312

314 IF{NOTOT-5)666,312,666

666 IPAGE=1PAGE+]
WRITE(3,303)(ITLE(K}K=14511,1PAGE
WRITE(3,310)

312 CONTINUE

300 CONTINUE
DO 30 1=1,8
DO 30 J=1,10
DO 30 K=1,.7
SHEAR(I+4,K)=0.0
AXIAL{T,4J5K3¥=0.0

30 OMENT(I4J4K)=0,0
IF(DL) 32,33,32
32 W=DLXBAY
CALL UNIF {SPANsH,SLOPE+BDyGDa XY WyCHyPARTL yNOCGL »
ONORAF,y NOTOTERTAXL sAXR+SHL ¢ SHRySML ySMRRLED)
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IF{KIT~4)126,127,126
127 IF{LANA-1)1264,128.,126
128 CALL PRINT{IPAGE, ITUEy14AXL ySHL ySML+AXRySHR,SMRNOTOT,
aL 4R}
126 CONTINUE"
CALL COMBIN{AXL s AXR¢SHL 3 SHR» SML 9 SMR 4 R CBM,SH:AR,AXIAL;
OOMENT s REACT 1 o NDTOT 4NOCEM]
33 IF(VL)34,35,34
34 IF(DL)}37436,37
37 FACT=VL/DL
" DO 38 I=1,NOTOT
DO 38 .J=1,7
SHL(T 3 J)=SHL{I JY%FACT
SHR{IsJ)}=SHRIIJ}%FACT
AXL{T ¢ d)=AXL(T,J)%FACT
AXRITsJ)=AXR(I,41%FACT
SMLIT s J}=SMLT)}*FACT
38 SMR{I4J)=SMR{I,JI*FACT
DD 39 1=1,4
39 R{IY=R({1 )===FACT_
GO TO 40
36 W=VL*BAY
CALL UNIF {S5PANyHsSLOPEsBDsGDyXsYsWyCsPARTL ¢4NOCOL,
"ONORAF, NOTGT,ERT, AXL,AXR,SHL,SHR,SML SMRyR4ED}
40 CONTINUE
IFiKIT~4)129,130,12%
130 IF{LANA-1}129,13LE29
131 CALL PRINT(IPAGEITLE+2+AXLySHL, SML,AxR,SHR SMR,NOTOT,
ol 4R} .
129 CONTINUE
CALL COMBIN(AXL sAXRySHL ySHRySML 4 SMRyR4CBMySHEARyAXIAL,
~ UOMENTSREACT 2 4NOTOT4NCCBM)
35 TF{WL)41442,41
41 W=WL*BAY
CALL-UNIF {SPAN,HSLOPFsBDsGDsXsYsWeWC sPARTL 4NOCOL 5
ONORAF s NOTOT,ERT,AXLAXR, SHL,SHR SML ,SMR4R,ED}
IF{KIT=4)132,133,132
133 TF(LANA-11132,134,132
134 CALL: PRINT(IPA&E ITLE 3, AXL;SHL SML s AXR, SHR.SMR NOTOT,
oL ’R)
132 CONTINUE
CALL COMBIN{AXLsAXRsSHL s SHRySML ¢SMRyRsCBMySHEAR yAXTAL
"nOMENT ,REACT 3 ,NOTOT,NOCBM}
42 DO 50 L=1,4
XC=TABLE{L 1)
YC=TABLE(L,2)
FV=TABLE{L,3)
FH=TABLE(L +4)
FM=TABLE{L,5)
ID=TABLE(L,6)
IF{ABS{FV)+ABS(FH}+ARS{FM)143,50,43
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43 CALL CONCEN (SPANsHoSLOPE+BDsGD s X s Y9 XC o YO s FVaFH yFl, 1
uPARTL,NDCUL,NURAF;NDTUT ERT1AXLyAXR SHL,SHR’SM s SMR 4
aED)

IF(KIT-4)1359136g135

136 IF{LANA=-1}135,137,135

137 CALL. PRINT(IPADEQ]TLEyﬁ»AXL,SHI,SML,AXR1SHR,SMR NOTOT
ol 4R}

135 CONTINUE

LL=L+3
"CALL COMBIN{AXL s AXRySHLySHR ¢ SML s SMR, R,CBM SHEAR;AXIALF
BOMENT yREACT o LL ¢y NOTOT ¢ NOCEM }
50 CONTINUE
IFIKIT=4)140314)4140.

14] IF(LANA=1)140,142+140

142 DO 144 L=14sNOCBM
. IRT=NOCBM+L .

DO 143 I=1,.NOTOT

DD 143 J=1,7

AXLET o J)=AXIALAIL 1%}

SHL{I4J)=SHEAR{LyI4.1)

SML¢ T +J)=0OMENTILsI,4J)

AXRUT s J)=AXTAL(IRTyI4+4)

SHR (I +J}=5SHEAR(TIRT,I,4)
143 SMRIUILsJ)=0OMENT{(IRTsIsJ)

D0 444 I=1,4

444 RIT)I=REACTIL,1}

CALL PRINT(IPAGE;[TLE yAXL ySHL + SMLSAXR sSHR,SMR4NOTOT,
aL ,R)
144 CALL OUTPUT{IPAGE s TTLESAXL ySHLySMLsAXRySHRSMR «+NOTOT
Oy DsySOsSI+AREAWFLTO+FLTI 4 WEB WIDI,WIDD,PARTL }
140 CONTINUE
IF(KIT-4195,91,95

95 KASTER=0
DO 60 I=1,NOTOT
FY=FY1
TFINDALT)221,220,221

221 DO 223 J=1,NOALT
TF{I=KALT(J13223,224,223

223 CONTINUE
GO TO 220

224 FY=FY2

220 CONTINUE

60 CALL SELECTI(NOFLA sNDWEBsFLAN,WEBPL 4WEB+NOCBM,FLTI,
OF LT 9sDyERTyAREA, SO+ STy SHEARZOMENT AXTAL.UBLG,UBL T +AOH,
DFYsI, PARTL4WIDIsWIDO,KASTER,NICOL?}
IF{KASTER)ITO6 475,476
16 WEGHT=99999 ,99
OPFUN=9999G ,9G
G0 TO 973
75 WEGHT=0.0
OPFUN=0,0




DO 68 [=14NOTOT
UNIT=COST1
IFINOALTI9144,913,914
914 DO 911 M=1,NDALT ‘
[IFIKALT(M}~11911,912,4911
911 CRNTINUE
GO T 213
912 UNIT=CO5T2
913 CONTINUE
WID=COLU
IF{1-NOCOL 968,968,069
69 WID=RAFT

968 PRWGH={(FLTI{TI}+FLTOCI}}*WID+{D(TI,13+D(],7}1}/2.0

HEWEB (1)) %6.8 %*PART| (1)
WEGHT =WEGHT + PRWGH
68 OPFUN=0PFUN+UNIT#*PRWGH
83 IF(WEGHT-WTSAV}IT2,93,72
72 IF(WEGHT-WTSA2)3400,3401,3400
3400 WTSA2=WTSAV
WTSAV=WEGHT
GO TO 80
3401 IF(WTSAZ2-WTSAV)3400,3402,3402
3402 WTSAV=WTSA2
GO TO 93
93 TFIKIN-4)73,94,73
94 K1T=4
GO TO 80
73 CONTINUE
4735 IF{AOH~3.0)4750,4750,4751
4751 NOSTR=0
NOSTC=0
- 60 TO 4790
4750 KK=NDCBM*2
DO 4754 [=1,NOTOT

TAN={D{Is1}=D{I,7T))/PARTLIL}/12.0

DO 4754 J=1;7

SHL(I,J)=0
DO 4754 K= lth

VI=OMENT(K g o J /STy LT ICTIISWIDELT bTAN

VCOR=ZABS (SHEAR(K 14 4)+VT)

IF(SHL (I4d)=VCOR}4756,4756,4754

4756 SHL(I,J)=VCOR
47564 CONTINLE

- CALL STFNER (AUOHFLTI+FLTOsOWEByFYL4+FY2,35HL yQyNOSTR,
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OSTIFF, NOTOT,.NODCOL X4 Y4AL PHA NDALT 4KALT 4NOSTL 5 XBRE)

4790 NOSTF=NOSTR+NOSTC
OPFUN=0PFUN+SCOSE #*NOSTF
973 OPTL{3}=0PFUN
66 FORMAT(® ¢ ,9F6.2,F9.21
285 IF{LPAT-1)81,82,81
82 IF{ICTL-40)84,85,84%




85 ICTL=0
WRITE{3,87)(ITLE(M}yM=1,51)
[FISWTCH)B603,602,503

603 WRITE{3,293)
GD TO 604
602 WRITE{3,298)
604 1CTL=ICTL+L
BT FORMAT(I1,50A1/'0 FEAVE SLOPE BASE PEAK
o, XBRE OBRE A/H COST*!

84 TCTL=ICTL+L
WRITE(3,66)3{A{142),12149),0PFUN

81 IF(KIN-4)90,91,90

90 IF{NGPT)Z275,2874275

287 DO 250 I=1,9
250 SOLTA{NEXT.I}=A{[,2)
 SOLTA(NEXT.10)=0PTL{3}
NEXT=NEXT+1
IF{NOSOL=NEXT 125352544254
253 NOSOL=NEXT-1
254 IF(NEXT-1011275,251,275
251 NEXT=1 '
275 NOPT=0
IFISWTCH)256,255,25%6
255 CALL OPTMUMIKIN}
GO TO 257
256 CALL SEARCH{SWTCH)
: IF{SWTCH)258,259,270
258 KIN=4 '
DO 281 I=1,9
281 A{I,42)=0PSAVII}
GO TO 67
259 KIN=2
JFILPAT=1) 296,297,296
297 WRITE(3,298)
ICTL=ICTL+1
298 FORMAT(® ORTHOGONAL SEARCH")
296 CONTINUE
- DO 280 I=1,9
280 A{1,2)=0PSAVI(I)
NOV=0PTL (1)
DO 261 I=1,N0OV
. TF{ALTI,1))262,261,262
261 CONTINUE
262 OPTL(2)=0PSAVII)
OPTLI3)=0PSAV(10)
OPTL{4)=1
GO TO 255
257 IF{KIN=4) 270,260,270
260 KIN=5 -
NOV=0PTL (1)
SUM=0,0

RAFT
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coLue




669
668

670
671
291

293
290

270

272
276

273

67
92

91
700

703
701
704

702
707
708

710
711

81

DO 668 1=1,NDV
IF(A(]4+1))669,668,669
SUM=SUM+1 .0

CONT INUE

IF (SUM=1.0)258,258,670
IF(IMOT)258,671,258
IF{LPAT=1)290,291,290
WRITE(3,293)
ICTL=ICTL+1 |
FORMAT(' DIAGONAL SEARCH'}
CONTINUE

GO TO 256

NOV=0PTL(L1} -

DO 276 I=1,NOSOL

DO 272 J=1,NOY
IF(A(Js2)-SOLTA(I,J)1276,272,276
CONTINUE

GO TD 273

CONTINUE

GO TO 2
OPTL(3)=SOLTA(1,10)
OPFUN=0PTL(3)

NOPT=1

GO TO .285

DO g2 I=1,9
A{I,2)=0PSAVI(])

GO 70O 2

DO 700 I=1,NOPUR
KAST(I)=-1

MAST (NDPUR )==NGPUR
NT=1 '

IF{MASTINT))701,702,702
IFINT-NOPUR+1)704,705,705

NT=NT#+1

GO TO 703

KAST(NT)=NT

NOTEM=0

DO 708 I=1,NOPUR

IFIKAST(I))707,708,708

NOTEM=NOTEM+1

TEMP(NOTEM)Y=PURL (I}

CONTINUE

DD 710 I=1,NOPUR

IF{KAST(1))711,710,710

CONTINUE :

TFIRS=PURL(I)%*12,0/COS(ALPHA)

CALL UNSUL(X+YyNOGRTsGIRT ¢NOTEM,TEMP,NOCOL 4NOTOT ;UBL I,
DAXLy HyGDySLOPE,DyBD,SPAN,TFIRS)

KK=NOCOL+1

DO 720 I=KK,NOTOT

KASTR=0
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FY=FY1 _
DO 714 M=1,NDALT
IF{I-KALTI(M))T714,713,714
713 FY=FY2'
GO TGO 715
714 CONTINUE
715 CALL CHECK(WEBsNOCBM,FLTIsFLTO4D+ERT,AREA+SU+SI+SHEAR,
OOMENTy AXIAL UBLOSUBLIZAGH,FYs1, PARTL,W[DI,HIDD,KASTR)
IF(KASTR) 721,720,721
720 CONTINUE
GO TO 704
| 721 KAST{NT}==NT
| " MASTINT)=-NT
GO TO: 704
705 NOTEM=0" _
DO 718 I=1.NOPUR
IF{KASTUII}Y)717,718,718
717 NOTEM=NOTEM+1
TEMP{NOTEM)Y=PURLI( I}
718 CONTINUE
Do 725 I=1,NOPUR
IF{MAST(I)I} 726,725,725
725 CONTINUE
726 TFIRS=PURLI(I}*12.0/COS{ALPHA)
DO 722 1=1,NOGRT
722 KAST(I)==1
NT=0
731 NT=NT+1
IFENT-NDOGRT+1)734,734,735
T34 KASTINT)=NT
NOTMG=0
DO 738 1=1,NOGRT
IF(KASTI(1})YT737,738,738
737 NOTMG=NOTMG+1
TEMGINOTMGI=GIRT(I)
738 CONTINUE
CALL "UNSUL{XyYsNOTMGsTEMG4NOTEM s TEMPNOCOL s NGTOT 4UBLI,
- DA XLy H,GD,SLDPE,D,BD,SPAN,TFIRS)
DO 740 1=1,NOCOL
KASTR=0
Fy=Fyl
DO 744 M=1,NOALT
IF(I=-KALT{M})T44, 743,744
743 FY=FY2
GO TO 745
T44 CONTINUE
745 CALL CHECK{WEB+NOCBM4FIL Tl sFLTO+D+ERTyAREA+SO,S1ySHEAR,
BOMENTy AXIAL +UBLOyUBLI ADOHFY s I+ PARTLyWIDEsWIDOLKASTRY)
IFIKASTR) 741,740,741
740 CONTINUE
GO TO 731
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T4l KASTI{NT)==NT
GO TO 731 -
735 IF{AUH-3.0}750,750,751
751 DD 752 I=1,NOTOT
DD 752 J=l+7
752 Q{1,J1=A0H
NOSTR=0
NOSTC=0
GO TO 790
750 KK=NOCBM*2
DO 754 1=1,NOTOT
TAN={D{I,1}~D{1,7)/PARTLLI}/12.0
DO 754 J=1,7
SHL{I+J3=0.0
DO 754 K=1,KK
VTI=OMENT UK 31, 3 /S T3 d)*FLTI(I I*WIDI (T I%TAN
VCOR=ABSISHEAR(K 3 [ oJ }+VT)
IF{SHLITyJ)~VCOR}ITS6,756,754
756 SHL{I,Jy=VCOK
754 CONT INUE
CALL STFNER (AOH,FLTIZFLTU,0sWEBsFY14FY2;SHL 0 4NOSTR,
BSTIFF, NOTOT NOCOL s XYy ALPHA,NOALT ,KALT NOSTC ;XBRE}
IF{NUSTC) 757,758,757
758 DO 759 [=1,NOCOL
. DD 759 J=1,7
759 Q(I,J)= 99.9
GO TO 761
757 STIFF{1,NOSTC+11=0,0
DO 762 I=1,NOCOL
DO 762 J=1,7
DO 763 M=1,NOSTC
L=NOSTC-M+1
IFIY{T sJ)=-STIFFIl4L )} 764,765,763
764 0¢I1433=(STIFFUL4L)~STIFF{L L+1)1*12,0/(0{L4J3=FLTI{1}
o-FLTO(I))
G0 TO 762
765 1F({L-1)767,764,5767
767 L=L-1
GO TO 764
763 CONTINUE
STOP 763
762 CONTINUE
761 KK=NOCOL+1
IF{NOSTRITTO 771,770
771 DO 772 I=KK,NOTOT
DO 7772 Jd=1,7
T72 Qi1,01=99.9
GO TOo 790
T70 STIFF{2yNOSTR+1)=X{NOTDT, 7}
N=NOSTR+1
DO 773 I=KK.NOTOT
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DU 773 J=1,7
DO 776 M=1,N
IF(X(T,J)~STIFF(2,M})775,775,774
775 LF(M=1)773, 774,773
774 CONTINUE
773 QU14J)={STIFF{2,M)=STIFF{2,M~1))%12.0/COS{ALPHA}/{D(I,
BJY=FLTO(T} ~FLTI(1})
790 IF(LANA-1)}812,820,812
820 ICTL=5
DO 810 I=1,NOTOT
IF{ICTL=5)811,822,811
822 ICTL=0
TPAGE=1PAGE+1
WRITE(3,3030(ITLE(M)M=1,51),]PAGE
WRITE{3,791)
791 FORMAT{"QOALLOWABLE STRESSES'/'0*f,T40,*BENDING*/ '*
m,' PART SEC  SHEAR  COMP. TENSION  OUTER  INNER?)
811 ICTL=ICTL+1
DO 809 J=1,7
FY=FY]
DD 813 K=1,NOALT
[F{I-KALT(K))813,814,813
813 CONTINUE
GO TO 815
814 FY=FY2
815 CALL STRESS(UBLOCI»J)yUBLI(T,J)y0t1,J3sFLTO(TI),FLTI(I)
O,WIDIEI)y, WIDOUI) yWEB (I} yFBO,FBIsFALFT,FY)
CALL SSTRES (Q(I,J2eDiIsJ}sFLTOII)FLTI{I} WEB(LI},FY,
oFY)
809 WRITEI3,807)1+JyFVsFA,FT,FRO4FBI
807 FORMAT(214,-~3P5F8.2)
810 WRITE(3,315)
812 IFI{LDES~1}450,601 5450
601 1PAGE=IPAGE+]
WRITE{3,303){ITLE(M)sM=1,51)4 IPAGE
DIST2SPAN/2.0~{GD+BD/2.0)/12.0
DO 415 I=1,NOPUR
415 PURL{1)=DIST-PURL(I)
DO 416 I=1,NOTEM
416 TEMP(1)=DIST=-TEMP(I}
WRITE{3,401) (PURL {M},M=1,NOPUR}
401 FORMAT{'OPURLINS ARE LOCATED AT X='/(6F8.2)}
WRITE (3,402} {GIRT (M), M=1,NOGRT)
402 FORMAT('0GIRTS ARE LDCATED AT Y='/(6F8.2))}
WRITE{3,403) (TEMP(M),M=1,NOTEM]
403 FORMAT(/'OINNER FLANGE BRACES REQUIRED'/'OON RAFTER®
Oy’ AT X='/ (6F8.2))
WRITE(3,404) {TEMGI{M} yM=1,NOTMG)
404 FORMAT{'OON COLUMN AT Y='/(6F8.2})
WRITE(3,409)
409 FORMAT(/'OWEB STIFFENERS REQUIRED®*/'OON RAFTER AT X=')




421
410

420
406
425
405

431

430
450

IFINUSTR)G20+4214+420
WRITE(3,410)

FORMAT (* NONE REQUIRED?}
GO TO 425

WRITE(3,406) {STIFF(24M},M=1,NOSTR)
FORMAT{6F8.2}

WRITE(3,405)

FORMAT(YOON COLUMN AT Y='}
IF{NOSTC)430 4314430
WRITE(3,410) '

G0 TO 450

WRITE(3,406)(STIFF{1+M),M=1,NASTCY)

5T0P 450
END
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?UB&OUTINE BSTRES(CCyRUL +DLGA sFY3FLT yH,WEB yWID+FB)
UL-40.012,3,3
2 FB=0.6*FY"

G0 TO.5
3 FB={1l.0~RUL*%2/ (2 0%CC*¥2 ) }*0 J6*FY
FBC=12000000.0/DL0DA
IF(FBC-FB 4,446
6 FB=FBC :
4 IF{FB-0.6%FY)5,5,7
7 FB=FY*0.6 ,
5 IF(H/WEB=-24000.0/SQRT{FB)})8,8,9 ' _
9 FB=FB*(1.0-0.0005%H*WEB/(FLT*WID)*(H/WEB=24000.,0
B/SQRT{FB)}))
8 RETURN
END
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15

16
17

18

19
20
60

45

46
47
48
49

50
13
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SUBROUT INE CHECK (WEB yNOCBMyFLTI 4FLTDWD3ERTJAREA,SO,SIT
OSHEARy OMENT,AXIAL yUBLOZUBLTsADHFY yI4PARTL yWIDI  WIDD,
BKASTR)

DIMENSION WEB(10} +FLTI{LO}4FLTO(1Q}4DI1027}4ERT(IO T},
DAREA(LQ,7)y SO{I0,yT7)3STH10,713SHEAR{B,10,7),0MENT {8,
D10, 7) s AXTAL(8,10,473y UBLD{LO,7)sUBLILIOsTI4PARTL{1O),
aWwiDI{10)},WIDDI10O) - .

M=2=NODCBM '

TAN=(D{T,10=D0147))/12.0/PARTL (1}

SECT=1.0/COSIATAN{TANY)

DO 13 J=1,7

CALL STRESS{UBLO(T yU s UBLI{TI yJisBEla )l yFLTOII FLTICT )
O,WIDICI)y WIDO!{I}sWEBII}sFBO,FBIFA,FT,FY}

DD 13 K=lM

SBO=0OMENTIK 31 4J}/S0{T4d)%{~12.0)

SA=AXIALIKI4JI/AREACTU)

IFISROI15416416

DUM=SRO/FBO

GO TO 17

DUM=SBO/FT

IFi{SA)118419419

DUM=DUM+SA/FA

GO TO 20

DUM=DUM+SA/FT .

IFIABS{DUM)=1.,0)60+60,23

SBI=OMENT{K,I+J)/ST{I,J)}*12.0%SECT

SA=AXIAL (K, 1+J}/AREA{I,J)

CIF(SBI)45,46,46

DUM=SBI/FRI

GO TO 47

DUM=SBI/FT

IF{SA}48,49,49

DUM=DUM+SA/FA

GO 10O 50

GUM=DUM+SA/FT

IFIABS{DUM)=~1.0313,13,23

CONTINUE

RE TURN

KASTR=9999

RETURN

END
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HR 9 SMLLy SMR 4R yCBMySHEAR ,

8, 10:?),AXIAL(8,10 Thy

SUBRO INE_COMBIN(AXL yAXRsSHL »S
DAXTAL s OMENT yREACTyNsNOTOT s NOCBM)

DIMENSWUN SHLI1O0y TV4SHRILO 37T 9AXLE1D+7) 4AXRI10,7)
DIMENSION SHEAR(B,IO,T),UMENT(

HREACT {444}
DIMENSION SML{10, 7)75MR(1017),R(41,CBM(4 7)
DO 5 K=1,NOCBM
M=K+NOCBM
FACT=CBMIK, N}

DO 4 I=1,NOTQOT

DO 4 J=1,7

SHEARIKsI,J )= SHEARQK*I,J)*SHL(I,J’ *FACT
BXTALIK s Lo J)=AXTAL MK g T3 JI+AXL (T, JY%FACT
OMENT(Ky I+ JI=OMENTIKy Ty J)+SML{TJ)=FACT
SHEARIM, Iy J)=SHEAR{M,yI+J)+SHR({I,J)*FACT

| AXTALIM,y 1,0 )=AXTALIM T JI+AXR{IJ)*FACT

OMENT(My Iy JI=0OMENT(MyI4J}+SMR{I4J)*FACT
DO 5 I=1,4%
REACT(KsI)=REACT{K,I)+R{I)*=FACT

RETURN

END
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SUBROUTINE CONCEN (SPANsHSLOPEsBDsGD X3 Y9 XCyYCyFVyFH,
UFM,ID,PLGH, NOCOLvNDRAF’NUTUTyERTyAXLyAXRvSHL;SHR,SMLg
OSMR,RLED) :

DIMENSIDON X(1047)sY{1047)4PLGH({10)4yERT{(1047}yAXL(10,7)
By AXR({IO 7} eSHLCLD,7)ySHRILO37),SMLIL10,7)¢SMR{10,7},
OoR(4&) ‘ . .

DIMENSION CH{7)}

AL PHA=ATAN(SLOPE/12.0)

SINA=STN (AL PHA)

COSA=COS{ALPHA)

C{l)=1.0

Citz2)=4,0

C{3)=2.0

Cig)=4,0

C{5)=2.0

Cli6)=4,0

C(7)=1.0

GO TOD (1424+1,2)41ID

Db 3 1=1,NOCOL

IF(YC-Y(E,7))44,3,3

CONTINUE

STOP 3

YI=YC v :

XISX (T gl)+(YI=Y(I 1))}/ (Y (I} =Y (Il (X{T47)=X11,1))

FMI=FM '

IFI{XC)54+645

FMI=FMI+FV*(XC~-XI)

GO TO .6

K=NOCOL +1

DO 7 1=K,NOTOT

IF{XC~X (471 )847,7

CONTINUE

STOP 7

XI=XC

YISY(Lgl )+ {XI=X (Tl )/ (XU 7 =X{L gl d)}a={YIT,,Ti=Y{Is1)) .

FMI=FM

IFIYC)94+6,9

FMI=FMI=-FH*{YI-YC)

DIST=SPAN~{2.0*%GD+BD}/12.0

RI2)=(FH#YI+FV&XI+FMI)/DIST

R(1)=FV=R(2) '

R(3)}=FH

DO 10-1=1,NOCOL

DO 10 J=1,7

SMUIIJ)=R{3IHRYITI4JI+RI1)=X(T4J)

SMRIT+JI=RI2)Y%X(T4J)

AXL{I4d)=—R{1)

AXR{I J)==R{2)

SHL{I4J}=R(3}

IFIYI~Y{I1,J})11,10,10

11 SMLETd)=sSMLET s J}+FMI=FH=(Y (T, J)=YT}=FV={X(I4J)=X1)




L0

20

12

13
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SHL(1,J)=S
AXL({1yJ)=A
CONTINUE
K=NOCOL+1
DO 12 I=K«NOTOT
DO 12 J=1,7
SMLIT s )=R{3I=Y{T4J)+RILIEX(T4J)

SMR(T s JI=R{2)%=X(I,4J}

AXLELyJd)¥==RI(1)

AXR{I,J}=—-R{2)

SHL(IsJ)=R[3)

TF{XI-X{T1+J) 0120412412
SMLII»J)=SMLLTL3J)FFMI=-FHE(Y (I ,J)=YI)=FV5{X{I4J)=XT1)
SHL{1,J}=5HL{I4J)-FH

AXLI{T+J)=AXL(I4J)+FV

CONTINUE .

SUMM=0.0

SUMY=0.0

DO 13 I=1,NOTOT

DO 13 J=1,.7

YDS=Y(14J)xPLGHI{I)})/6.0/ERT{1I,4J)
SUMM=SUMM+ (SML (T, J)+SMR(T,J))}=YDS*C(J)

SUMY=SUMY+2 ,0=YDS*Y{T,4,J)%C(J)

DS=ED*SLOPE/24 .0

SUMM=5UMM/3 ,0+{SML{NGCOL o T} +SMRINOCOL 7} })={YINOCOL,7}

B+DS/2.0) *DS/ERT(NOCOL .7}

SUMY=SUMY/3. 0+2 O*(Y{NDCOL s 7T)1+05/2.0)1%%2=DS/ERT{NOCOL »

XI

o)

SUMM=SUMM+ ( SML {NOCOL+141)+SMRINOGCOL+1,1)})*{Y(NDCOL+1,

nl)- DS/2.0%SINAY*DS/ERT(NOCOL+1,1)

SUMY=SUMY+2 ,0*{Y (NOCOL+1,1)~DS5/2.0¥SINA}**2x*D§

B/ERT (NOCOL +1 41)

14

15

R{4)=~SUMM/SUMY
R{3)=R({3)+R(4)

DO 14 I=1,NOTOT

DG 14 J=1,7
SMLETsJ}=SMLITIsJ)I+Y(I,J)%R(4)
CSMRUT 2 JI=SMRII I} +Y{1,J)*R(4)
SHLIT,J)=SHL{T,J)+R{4)
SHR(I,J}=R{4}

DO 15 I=KsNOTOT

DO 15 J=1,7"

HORL=SHL(I,J)

HORR=S5HRI(1,4J)

VRTL=AXL(I,4J}

VRTR=AXR{I,J)
AXL{I4J)=HORL*COSA+VRTL*SINA
AXR{1I,J)=HORR*COSA+VRTR*S INA
SHR{T4J)=HORR*SINA~VRTR*CDSA
SHL{I1,J)=HORL*SINA-VRTL*COSA
GO TO (16416917417)41D




17

18

16

DO 18 I=14NOTOT
DO 18 J=1,7
ZﬁSHtfiyJ)
SHLE{I»J)=SHR{T,J]
SHR{I,J}=Z
LZFSML{TIyd)

SML I Lyd)=SMR{1,.J)
SMR{I,J)=Z
L=AXL(14+4)
AXL{T2J)=AXRIT,J)
AXRETLJ)=L

Z=R{1)

R{1)=R{2)

R{z2})=12

L=R{3]}

R{3)=R{4)

Ri4)=¢Z

RETURN

END

91
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SUBROUTINE CSTRES (CC sRUL s FY sFA)

TF{ROL~-CCI1 o192 .
FS=5.0/3.043.078.0%RUL/CC~RUL®%3/ (8.0 %C %3 )
FA=(].0-RUL*%2/(2.0%CC%%2) ) %FY/FS

60 TO 3 -

FA=149000000 .0/ RUL %%2

RETURN

END
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SUBROUTINE FINDER (WEByWEBPL yNOWEB +KWEB )
DIMENSION WEBPL(6)

DC 1 1=1,NOWEB -

IF{WEB-WEBPL{I))1+2,1

CONTINUE

STOP 501

KWEB=1

RETURN

END




28

29

26

Laga & =}

10

SUBROUTINE GEODM{H,SPAN,BD,EDyRD,SL
URPSyXE s YE g XRy YR, NOCOL sNORAF yNOTOT
oXBKE y DBRE y NORFA )

DIMENSION PLCOR(10)

Ny
Loy

DIMENSTON X{10, TivY(lofT)'Df10;7),PLTM(10],NHGLD{IO)y

mPARTL (10)
ALPHA=ATAN{SLOPE/12.0)
BETA=({1,570796=AL PHA}/2.0
BTAN=SIN (BETA)/COS{BETA)
SINA=SIN{ALPHA )
COSA=COS (AL PHA }

HCLR=H- {GD+ED)*BTAN/12.,0

HCOL =H~GD*BTAN/12.0 |
COLGH=SQRT ( { {ED=BD) /1240 ) %%2+HCLR%%2 )
DUMMY=COLGH+ED*BTAN/12,0
IFIKPLT127426,27

DO 28 I=1,10

CPLTM(1)=0.0
NHOLD(1)=0
DO 29 1=1,NOCOL
JENDCOL-1+1
NHOLD (J)=1
PLTM{J)=PLCOR{Y)
NPS=NOCOL
GO TO 30
CALL PARTS (DUMMY,NPS,PLTM,NHOLD )
NOCOL =0
DO 1 K=1,NPS
NOCOL=NOCOL +NHOL D (K )
Y(NOCOL 4 7) =HCLR
X {NOCOL y7}=(ED=BD)/24.0
N=1
IF{NHOLD(N))3,2,3
N=N+1
GO TO 4
Y{NOCOL y1)=HCOL-PLTM(N)
X{NQCOL +1)=Y{NOCOLs1)/HCLR=X{NOCOL 7}
NHOLD{N)=NHOLD (N)~1
IF{NOCOL-11}9,9,5
X{1y1)=0.0
Y(1,1)=0.0
GO TD 6.
pD 7 1=2,NDCOL
J=NOCDL-1+1
YUJs7)=Y(J+141)
X(JyT)=X(J+1,1)
1F (NOCOL~119,9,8
IF{NHOLD(N))10,11,10
N=N+1
GO TO 8
NHOL D (N ) =NHOLD (N) =1




31

33

34

32

232

50

52
53
55

Y{Jed )Y d, 7}=PLTMIN}*HCLR/COLGH
KAds LI=XINOCCL 7)Y {341 3 /HCLR
YT=H+SPAN/2 0%SINA
XR=SPAN/Z2.0-{BD/2.0+GD1/12.0

XO=X {NOCOL s TY+ED/ 24,0

YO=HCLR .
YB=YT-{GD¢RDI/ (12, 0%CNSA)
XE=XINOLOL,7)

YE=Y{NOCOL,7) +ED*BTAN/24.0
YR=YB+RDCUSAL 24,0

DUMMY=YE~Y (NOCOL 57
XINOCOL+1 413 =XE+DUMMY=COSA
YINOCOL+Ly1 D=YE+DUMMY %5 INA
RAFL=SQRT{ (XR-X0) %2+ {YB~HCLR ) %%2 )
DUMMY=RAFL + {RO*S INA+ED*BTAN) /1240
IFIKPLT 21 .32,31

DO 33 I=1,10

PLTM{1}1=0,0

NHOLD(T =0

DO 34 I=1,NORAF

J=NOTOT- 1+1

PLTM{I}=PLCOR{J}

NHOLD{I)=1

NPS=NORAF

GO T0 35

IF{XBRE)332,332,232
DUMMX=XBRE+{BD/2.,0+GD)/12.0

DUMMY = H+ DUMMX:S INA/COSA
YBRE=DUMMY~ (DBRE/2.0+GD}/12.0/COSA
XT=XBRE+DBRE/12 .0 %SINA

¥ 1=YBRE~DBRE/12.0%C0OSA
RAFLUA=SQRT ( (X I~ X0 )#%2+ (Y=Y} 5%2)
DUMMY=RAFLA+ED*BTAN/12.,0

CALL PARTS {DUMMY ¢NPS,sPLTM,NHOLD}
NORFA=0

DO 50 K=1,NPS
NORFA=NORFA+NHOLD{K )

NOSUB=NOCOL +NORFA

Y{(NOSUB,7}=YBRE

X{NOSUB,7})=XBRE

DUMMY=YBRE~-Y {NOCOL+1y1}
PDUMMX=XBRE~X{NOCOL+1.1}
DUMMZ=ATAN{DUMMY /DUMMX )
COSE=COS(DUMMZ}

SINE=SIN{DUMMZ}

RATIO=SQRT (DUMMY* 22 +DUMMX %2 1} /RAFLA

IF{NORFA=1152,57,52
N=1
IFINHOLD(N))54,455,54
N=N+1

GO 7O 53

95




54

60
62
6l

58
57

70

332

12

35

72
16

96

NHOLD(N)=NHOLD(N)~1
DUMMY=PLTM(N}*RAT IO

Y (NOSUB+1)=Y{NOSUB, 7)}=S INE*DUMMY
X{NOSUB,1)=X (NOSUB 37 )~-COSE*DUMMY
DD ‘58 I=2,NORFA’

J=NOSUB-1+1

Y{J,TI=Y{J+1,41)

X{dsT)=X{J+1,1)
IF(NDRFA=1157,57,60
IF(NHDLD(N)}61,62,61

N=N+1

GO TO 60

NHOLD(N)=NHOLD{N)-1
DUMMY=PLTM{N)*RATIO
Y(Jy1)=Y1J,7)=SINEXDUMMY

X(0Jyl }=X{J,7)=-SINE*DUMMY
RAFLB=SQRT{ { XR=XT }*%2+{YR~-Y])%%2)
DUMMY=RAFLB+RD%SINA/12.0 :

X {NOSUB+1,1)=X{NDOSUB,7)
Y(NOSUB+1,1)=Y{NOSUB,7)

CALL" PARTS{DUMMY ,NPS,PLTM,NHOLD)
NORFB=0

DO 70 K=1,4NPS
NORFB=NORFB+NHOLD (K)
NOTOT=NOSUB+NORFB

Y{NOTOT,7}=YR

X {NOTOTs7}=XR

DUMMY = YR=- YBRE

DUMMX=XR~XBRE

DUMMZ=ATAN {DUMMY/ DUMMX)

COSE=COS (DUMMZ )
SINE=SIN{DUMMZ)

RATIO= SQRT{DUMMY*»2+DUMMX*=2)/RAFLB
L=NBRFB .

GO TO 72

CALL PARTS(DUMMY,NPS,PLTM,NHOLD)
NORAF=0

DO 12 K=1,NPS
NORAF=NORAF+NHOLD(K )
NOTOT=NORAF+NOCOL

Y{NOTOT,7)=YR i
X{NOTBT,7)=XR~RD%*SINA/24.0
DUMMY=Y (NOTOT»7)~Y (NOCOL+1,1)
DUMMX=X(NOTOT,7)~X{NOCOL+1,1)
DUMMZ=ATAN (DUMMY /DUMMX }
COSE=COS(DUMMZ)

SINE=SIN(DUMMZ)

RATIO=SQRT (DUMMY*%2+DUMMX*%2 ) /RAFL
L =NORAF

IF{L=1)16,17,+16

N=1
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13 IF(NHOLD{N)}14,15,14
15 N=iN+1
GO 70 13
14 NHOLD{N)=NHOLD(N} -1
DUMMY=({ PLTM{N)~RD*SINA/12.0)*RATIO
CY{NOTOTL)=Y(NOTOT y7) =S INE“DUMMY
XINGTOTy 1 }=X{NOTOT 7)) ~COSE®DUMMY
U 18 I=2,L
=NOTOT=1+1
Y(Jv?)=Y(J+171)
X{JdyT)=Xid+1,y1)
[F{L=1)17,17420
20 IF{NHOLDIN} 21,2221
22 N=N+1
50 TU 20
21 NHOLD(N)=NHOLD{N}-1
DUMMY=PLTM(N}*RATIO
Yidel)=Y{d, T)=-SINERDUMMY
18 X(Js1)=X{J,T}~COSE=DUMMY
17 D023 I=1,NOTOT
PARTL{I)=5S QRT((x.l,V)wX(I,in»**2+(Y€I,?)uY€I,13)**2)
BO 24 J=ly 746
TF{I=-NGOCOL)Y25,25,46
25 DUI,J3=BD+(ED-BD)*Y{T,J)/HCLR
50 TO 24
46 IF‘IXBREDT'3"}46773
73 IF{1~NOCOL=-NORFA}75,75,76
75 DU1yJy=ED-{ED~DBRE}=(X(I4J)=X(NOCOL+1,1}}/(XBRE
B=X{NOGCOL+1,1}}
GG TO 24
76 DI(I14yJ)=DBRE~({DBRE=RD)*{X{1,J}-XBRE)}/{X{NOTOT,7}~XBRE)
GO TO 24
446 D(I,JB»ED=’ED RD)%(X{T,J)=X(NOCOL+1,1) )/ (X (NOTOT,7)
~XINQCOL+1 414}
24 CUNTINUE
DO 23 J=2,6
XOIad b mXlhyg b+ (X {4 Ti=Xl141)01/6.0%(4=11
YlI,J)-YﬁE.L?*(Y(E,?BwY!I,l!)/b.O*(Jbl)
23 DT, )1=D{I, 1)+ {DtI,71=DL1,2}}/6.0%(5=-1)
RE TURN
END
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SUBROUTINE INERTLL ,TOUT yWEB»TIN,BOUTsBINIAREA,SO4ST,
BERT yNOCOL yFY, 1} \
COMMON OPTL{6},A(9,17})

EQUIVALENCE {(COLUsA{642)),(RAFT,AL5,21)
WID=COLU '

TF{I~NOCOL 949,48

WID=RAFT

EFFW=3000,0/SQRT(FY)*2,0=TQUT

BOUT=WID

IFIWID-EFFWIT1,11,12

BOUT=EFFW . :
EFFW=3000.0/SGRT(FY)*2.0%TIN

BIN=WID

IF{WID=-EFFW)15,15,16

BIN=EFFW

CONT INUE

AREA=WEBZ{D-TOUT-TIN)+BOUT#=TOAUT+B IN=T IN

CIN= (BOUT*TOUT*{D=TOUT/2.0)+WEB*(D=TOUT-TINI*{TIN/2.0
o+D/2.0-TOUT F2.0)+BIN#TIN*#%2/2.0}/AREA

COoUT=b~-CIN :

ERT= BOUT#COUT*%3/3.0-{BOUT-WEB )+ (COUT-TOUT)}**3/3.0 +

50= ERT/COUT
S1= "ERT/CIN
RETURN

END




™

SUBROU
COMMON
COMMUN
COMMON
COMMON
COMMON
COMMON
C OMMON
COMMON
COMMON
DIMENS
EQUivA
EQUIVA
EQUIVA
LISTH
LISTY
LISTH
LIST!
LISTH
LIST!
LESTH
LISTH
LISTH
LISTH
LIST(
LISTH
LISTH
LISTH
LIST(
LISTI
LIST{
LISTH
LIST(1
L1STI]
LISTI(1
LISTI]
LISTHL
LIST{1
LESTI(L
LISTH(1
LIST(1
LIST(L1
LISTH{1

15711
LISTI(1
LISTI(1
LIST(1
LISTI(1
LIST{1
LISTLL
LISTI(1
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TINE INPUT
OPTLIGY A (9,173 ,0PSAVI10)
PLTM{IO ) yFLAN(LIO Yy GIRT{L0}yWC 6}
WEBPL (K WEB {101, NOCOL yNORAF yNOTOT
KUTE yNOFLA y NOWER yNPS yBAY s GD 4 NOGRT yH , SPAN, DL, Vi
WLaWFVE FIRSTySPACE s NOCBMyKPLT 4KiWIND
CBM (4437 4FLTILI0),FLTN(10)4PLCOR(10O}
FYLeFY24CLOST1,COST2,NOALT KALT(10)}
TARBLE {4, 7%,BRACEl5),ITLE(?&),LANA,LDES:LPAT
SC0S1.5C082y I'MOT
IDON LIST(B?),KLISle),VALUE(IO)yKLM(?é)
LENCE (BDsA{332)},(COLUAIG642})5{EDyA{L1,2))
LENCE iRD,A{q, )Y {RAFT yA{542) )9 {SLOPE,A(2,2))
LENCE{XBRE,A!7,2}},{DERE, AGB,ZDD,(AUH A(9,2))
1} IS ANAL OR ~1042955821

<L 1=-1042955821

2) 1S BASE OR ~1027480891
2)=-1027480891

3) IS BAY DR ~1027479488

3)=-1027479488

4} 1S COLU OR -1009331228
41=-1009331228

5y IS COMB OR -1009331006

.51=-1009331006

6} IS DEPT DR =993667101
6= ~993667101
7) IS DEST UR -993664311
7)= -993664311
B) IS EAVE DR =-977148475
Bl= =977148475
9} IS EXEC OR -9746663C1

9i= =9746646301
0) 15 FLAN DR ~959200811
0i= =959200811

1) 1S GIRT DR =-943072797
1)s ~943072797
2) IS HEIG OR -926561849
2)= =926561849
3) 1S LOAD OR ~740900412
3)= =740900412
43 1S PART DR ~675161629
4)= -675161629
5) IS PEAK DR ~674905646
51= ~674905646 :
6) 1S PLAT OR ~673988125
6)= -673988125
73 1S PURL OR =~672867885
T)= ~672867885
8) 1S RAFT DR -641612061
8)= ~641612061
9) IS SLOP OR -489433385




[

100

LISTE19)= =-480433385
LISTI20) IS SPAN UR -489176619
LIST{20)= ~489176619
LISTI210 1S WEB OR =423247296
LISTi21)= —-4232647296
LIST(22) IS XBRE OR -4D6660467

LIST{Z22)=-406660667
LISTi23) IS DBRE OR -993863227
LIST(23)=~993863227
LisTi24) IS AUOH OR -1042888640
LISTE24)=~1042888640
LI1STi25) IS STEE OR ~488389179
LISTIZ25)=-488389179
LisTi26) IS ALTE OR 1043078203
LISTUZ6)=-1043078203
LISTE27) IS VARY 0OR -440280600
LIST(271=-640280600
LIST(28) IS BRAC OR -1025916477
LISTIZ28}=-10625916477
LIST(29) IS TITL OR -473308205
LISTI29)= ~473308B205
LIST(30) IS OUTP DR ~689642537
LISTI(30)= -689642537
LISTI(31}F IS COST OR -1009327389
LISTI31)= -1009327389
LIST{32) IS OMIT OR -690697757
LIST{32)= ~690697757
50 READULI+51LIKTYPEJKLM
51 FORMAT{A4,76A1)
CALL SCAN {NO,VALUE.KLM)
D0 53 [=1,32
TF(KTYPE=LIST(I}1153,54,453
53 LONTINUE
WRITE(3,52KTYPE
52 FORMAT{® *yA4,' IS AN INVALID CARD TYPE - CARD!
o," IGNORED®)
GO To 50
54 GO TO (ly2;3q4,5,6p7.819g10q11112713;1’«;15116717\:18?
0196204621422y 23324425:264+27528429+30,31,321,1
1 RUTE=1
GO TO 50
2 LING=3
GO TO 200
3 BAY=VALUEI(1l)
GO TO 50
4 L ING=6
GO TO 200
5 NOCBM=NOCBM+1
Bba 120 1=1,7
120 CBMINDCBM I Y=VALUE(T
GO TO 50




)

91

11

92

12

13

71
72

73

81

g7

86
88
82
83

GD=VALUE(1)

GG TO 50

KUTE=0

GO TQ 50

LINO=1

&0 TO 200

RETURN

NOFL A=NO

DO 91 I1=1,10

FLAN{T}=VALUE(T}

GO TO 50

NOGRT=ND

DO 92 I1=1,10

GIRT{I)=VALUE(T}

GO TO 50

H=VALUE (1)

G0 TO 50

KLISTIl}=~993672764

KLISTY{ 1) 1S DEAD DR -993672764
KLISTU2)=~741743163

KLIST¢{ 23 IS LIVE DR ~741743163
KLIST{3)=-422980156

KLIST{ 3) IS WIND DR ~422980156
KLIST{4)=-1009330749

KLIST{ &) IS CONC OR -1009330749
CALL LOOK{4 3KLMsKLIST 4 4KTYPE])
GO TO i71472+73,74,75)KTYPE
DL=VALUE(1) '

GO TO 50

VL=VALUE (1}

GO TO 50

KLIST{1}=-725429055

KLIST{ 1) IS MBMA DR =725429055
KLIST(2}=-1042103355

KLIST( 2} IS ASCFE DR ~-1042103355
KLIST( 3)= ~673589551

KLIST{ 3) IS PROJ OR ~673589551
KLIST(4)==-1042687551

KLIST{ &) IS ARRA DR -1042687551
CALL LOOK(&yKLMyKLISTeb oKW IND)
GO TO(81,82:83,84,90) KWIND
KLIST(1Y=-423172649

KLIST( 1} 15 WFVP OR 423172649
CALL LOOK{& yKLMyKLIST9y1,LTYPE)
GD TO 186,87)LTYPE

WFVP=1.1

G0 TO 88

WEVP=VALUE(2)

Wi =VALUE(1)

GO TO 90

WCi{l}=1.0

101




[l

84

S0
74

215

210

211

212

214

213

75

191

14

122

102

WC(2}=1.0
WCi3)=0.0
WC{4}=0.0
WC{5}1=0.0
WCi61=0.0
GO TO %0

WC{1l)=VALUE(Z2)

WC (2 )=VALUE(3)

WC {3)=VALUE(4&)

WCl4)=VALUEI(S)

WC (5)=VALUE LS}

WC{6)=VALUE{7)

WL=VALUE(])}

GO TO 50 '

N=VALUE(}]

DO 215 1=21,5
TABLE(N,1)=VALUE({I+1)

KLISTY 1) 1S LEFT OR ~742013213
KLISTE 1)= -742013213

KLISTY 23 IS RIGH DR ~641087544
KLIST( -2)= -641087544

CALL LOOK{44KLMsKLIST424LEFT)
GO TO (2104211+210)4LEFT

LEFT==1"
GO TO 212
LEFT=1

KLISTC 1) IS COLU OR =1009331228
KLIST( 1)=-1009331228

KLIST( 2) IS RAFT OR —-641612061
KLIST( 2)= -641612061

CALL LOBK (4,KLM,KLIST424LTYPE)
GO TO {2134213,214),LTYPE
LTYPE=LTYPE-2

LTYPE=LTYPE+]
TABLE(Ns&6)=LEFT+LTYPE

GO TO 50

WRITE(3,191)

FORMAT{® INVALID OR NO TYPE UF LOAD - CARD IGNORED*)
GO TO 50

NOCOL=VALUVEI(1)

NORAF=VALUE(2)

NORFA=VALUE(3)

NOTOT =NOCOL +NORAF

KPLT=1

DO 121 I=1,NOTOT

READ{1+122)KLM

FORMAT {4X,T6A1)

CALL SCAN(NG,VALUE.KLM)
PLCOR{T}=VALUE({1)
FLTOLL}=VALUE(2)
WEB{I}=VALUE(3)




121
15
16
57
56
55

i7v

18

19

FLTI(I)=VALUE(4)
GO TO 50 -
LINO=4

GO TO 200
IF(NO-3)56,56,57
NO=3

NP5=NO

DO 55 I=1,NO
L=NO+1-1
PLTM(I)=VALUE(L)
GO 70 50 :
FIRST=VALUE(1)
SPACE=VALUE({2)
GO0 70 50

LIND=5

GD TO 200

LINO=2

. GO TD 200

20
21
190
22
23
24

25
26

21
250

200
202

201

204

SPANSVALUE(1)
GO TO 50

NOWEB =ND

DO 190 I=1,6

WEBPL (I)=VALUEI(I)

GO TO 50

LIND=7

GO TO 200

LIND=8

GO TO 200

LINO=9

GO TO 200
FYL=VALUE{1)
COST1=VALUE(2)

GD TO 50

FYZ=VALUE(1l)
COST2=VALUE(2}

GO TO 50

NOALT=NO

DD 250 1=1,NO
KALT{I)=VALUE({I)

GO TO 50

IF{ND=1) 201,202,201
A(LIND,1)=0.0
A(LINO,2}=VALUE(1}

GO TO 50

KLIST{ 1)}= -472498112
KLIST{ 1) IS TO OR =472498112
CALL LOOK(24KLMyKLIST41,LTYPE)
GO TO (203,204)4LTYPE
ALLINO,1)=1,0
A{LINOs2)=VALUE(1)
ALLINO,3)=1.0
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205

203

207
208

206

28
221

29
220

30

222

223

224

225

226
227
31

32

A(LINDy4)=NO

A(LIND,5)=1.0

A(LINO,6)=NO

DO 205 I=1,N0O
A{LINOyI+7)=VALUE!T)

GO TO .50

KLIST{ 1)=-1024966592

KLISTt 1)} IS BY OR ~1024966592
CALL LODK{2,KLM,KLIST41,LTYPE)
GO T (2064207)3LTYPE
ACLING,1}=3,0
A{LIND,3}=VALUE(1)
A{LINO,2)=VALUE(1)
A{LINOs4)=VALUE(2)
A{LINO:5)=VALUE(1)
ALLINO,6)=VALUE(2)

GO TO 50

A{LIND,1)=2.0
A{LINO,y7)=VALUF({3)

GO TO 208

DO 221 I=1,5"
BRACE(I}=VALUE(I}

GO TQ 50

ITLE{1)=1

DO 220 1=2,76

ITLE(TI=KLM{T)

GO TO 50

L ANA =0

LDES=0

KLIST!( 1} IS ANAL OR =-1042955821
KLIST{ 1)=-1042955821

CALL LDOK(4sKLMyKLISTs1,KTYPE)
GO TO {222,223),KTYPE

LANA=1 :

KLIST¢ 1) IS DESI DR =-993664311
KLIST( 1)= ~993664311

CALL LODK(43KLMyKLIST,1,KTYPE?}
GO TO (2244225)4KTYPE

LDES=1
KLIST! 1) IS PATH DR —-675159096
KLIST( 1)= =-675159096

CALL LOOK(44KLM,KLIST,1,KTYPE)
GO TO (226,227 )+KTYPE

LPAT=]

GO T0O 50

SCOSI=VALUE(1l}

SCOS2=VALUE(2}

GO TO 50

IMOT=99

60 TO 50

END
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20

105

{FIRST»SPACE , PURL yNOPUR,SPANsGDy

QUB TINE LOCATE
SLO RAC +MAST }
PURL (20),MAST{20}4+BRACE!S)

DIMENSIDN

DO 20 I=1,20"
PURL{I)=0.0
ALPHA=ATANISLOPE/12.0)

PURL (1 }=FIRST/12.0%C0OS (AL PHA)

DO 1 I=2,21 '

PURL{I}=PURL{I-1}+SPACE/12.0
ITF{PURL{TI)-{(SPAN/2,0-GD/12.0))19142

CONTINUE

WRITE(3,3)

FORMAT{* MAX NUMBER OF PURLINS EXCEEDED'!}

STOP .2

PURL{ I=1)=PURL{I-1)~{PURL(I)-(SPAN/2.0-GD/12.01}/2.0
PURL(I)=SPAN/2.0~-GD/12.0

NOPUR=1

DU 4 1=1,20

MAST(I)=1

DD 5 I=1,5
IF{BRACE(I})64546

DUM= ABS(BRACE(I)~PURL(1))
IND=1

PO 7 K=2,20 '
IF{DUM- ABS(BRACE(I)ﬂPURL(K)))?,? 8
DUM=ABS {BRACE{1)~PURLIK) )
IND=K

CONT INUE

MAST(IND}==1IND

CONTINUE

RE TURN

END
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SUBRCUTINE LOOK (NsKLMyKLISTyMyKTYPE)
DIMENSION KLMITO)4KLISTIE),,1(4)
IM=77~N
DO 12 I1=1,1IM
DD 13 IL=1,4
IK=II+IL-1
13 I(IL)=KLM{IK)
IF{N=-1)2,1+2
1 MERGE=T7(1}

GO TO 3
2 MERGE=1{1)+125664063+1{21/256
C =12566463 IS EQUIVALENT TO BLANKS IN LOWER THREE BYTES

C DIVISION BY 258 SHIFTS RleT ONE BYTE
TF{N-2)643+4
4 MERGE=MERGE+490B7+I1(3)1/65536
C ~&49087 IS EQUIVALENT TO BLANKS IN LOWER TWO BYTES
C DIVISION BY 65536 SHIFTS RIGHT TWO BYTES
IF{N=3) 543,5
5 MERGE=MERGE+19]1+1{4)/16777216
C =191 IS EQUIVALENT TG A BLANK IN THE LOWER BYTE
c DIVISION BY 16777216 SHIFTS RIGHT THREE BYTES
. IF{N—4) 64346 :
6 WRITE(3,7)
7 FORMATIL®* N QUT OF RANGE N=4 ASSUMED!}
3 DO 12 IK=1.,M
IF!KLIST(IK?thRGh)lZ;lbylZ
12 CONTINUE
TK=M+1
16 KTYPE=1IK
RETURN
END
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SUBRDUTINE NITIAL _
COMMON L{6}s0(9,17)40PSAVIIO0)
C OMMON PLTM(IO);FLAN(IOJ;GIRT(10),HC{6)

COMMON WEBPL(6),WEB(10),NOCOL yNORAF,NOTOT

COMMON KUTE NOFLAsNOWEByNPS,BAY,GDyNOGRT yH,SPAN,DL s VL
COMMON WL yWFVP,FIRST,SPACE,NOCBMKPLT yKWIND

COMMON CBMIU4,7)FLTI{10}4FLTO(10),PLCOR(10)

COMMON FY14FY2,C05T1,C0ST2,NOALTKALT{10)

COMMON TABLE (4, 7);BRACEI5),ITLE(?6),LANA LDES,LPAT
COMMON SCOS1,5C0S82,1M07

EQUIVALENCE (BD,A(B;Z))v(CULUsA(sz}11(ED’A(1,2)l
EQUIVALENCE (RDsA{442) )y {RAFT4A(5,2)}4SLOPEsA(2,21))

EQUIVALENCE(XBRE+AlT742) )+ (DBREWA(B+2)), (AOH,A(9,2))

21

301

17

20

IMOT=0
5C081=0.,0
SC082=0.0
OPTL(1)=9.0
DO 21 I=1,4
DO 21 J=1,6
TABLE(T,J)=0.0
DO 301 I=1+5
BRACE{1)=0.0
KPLT=0

00 1 1=1,9
DO 1 J=1,17
A( I‘QJ)=0.0
ITLE(Li=0
LANA=T]
LDES=]1
LPAT=0
NOCBM=0

DO 17 I=1,4
DO 17 Jd=1,7
CBM(I,4)=0.0
NOAL 7=0

DO 20 1=1,10
KALT(I}=0
ADH=99 .9
XBRE=0.0
DBRE=0 .0
FY1=36000.0
COST1l=0.186
FY¥2=0.0.
C0ST2=0.0
WFVP=1.1
NPS=3
PLTM{1)}=16.0
PLTM({2Z2}=11.0
PLTM{3)=8.0
SLOPE=2.0
FIRST=11.0




31
32

33
34
30
22

23
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SPACE=60 .0
FLAN{1)=0.1875

DO 2 I=2,8
FLAN{I}=FLAN{I=1}+0.0625
NOFLA=8

NOWEB=5

WEBPL{L)}=0.125

DO 3 [=2,45 .
WEBPL{I)=WEBPL{I~-1)40. 0625
B0 4 1=1,10.

FLTI(I)~O 378
FLTO(I1}=0.375
WEBILI}=0.,1875

RD=0,0"

GD=7.5

KWIND=1

WL=25.0

All,1)==1.0

A{5,1)1=-1,0

Albyll==1.0"

BAY=20.0

NOGRT==1

CALL INPUT

IF{RD)30,31,30
IF{SLOPE~1.5}33,32,32

RD=6.0

GO TO 30

DO 34 I=1,17

Ala,1)=A(1,1)

GD TO (224+23+24+24,22) 4KWIND
CALL WIND{(SLOPEs+H,ySPAN,WC)
GO TO 24

ASCE WIND LOAD COEFFICIENT ROUTINE
WL=20.0

WCil)=1.0

WCl4)==0.45

WC(5)==0,45

WCi6)=0,0
THETA=ATAN{(SLOPE/12.0)%180.0/3.1415926
TFITHETA-20.01254,26,26




25

26
27

28
29

31
30
24
15

10
i1

13

WC(2)==0.6

GO TO 30
IF{THETA~30.0)27,28,28
WC{2)=11.2%THETA=36.01/20,.0
GO TO 30
IFITHETA~-60.0)293:31 .31
WC 21 =(0.3%THETA~9,0}1/20,.,0
GO TD 20

WC{Z2)¥=~0.45
WC{3)=WC{2}
IF{NDCBM)14415,14
NOCBM=2

CBM{Ll,1)=1.0
CBM{142)=1.0
CBM{2,11=D.75
CBM{2,3)}=0.75
TF{A{1,1))546,:6
Atl,1)=3.0
All,2)1=0.3%5PAN
A(1,3)=0.35PAN
Al)lsa)}=0.4%SPAN
IFlA(5,1))7,8,+8
Al5,1)=1.0

Al5,3)=1.0

AlS44)=6,0

Al5.:201=4,0

Al5,8)=5,0

A{5,9)=6.0
A{5,10})=7.5
A(5511}=9.0
AlS4y12¥=10.0
A{5,13)=12.0
IF(A(641]194,10,10

AlB,10)=7.5
Alby111}=9,.0
A{6412)=10,0
Al64131=12.0
IF{NDGRTI11,12412
GIRT{1)=0.5
GIRT{2)=3.0
GIRT{(3)=8.0
NUMz(H“BUOD/‘fQO*O -5
SPA={H=-8,0}/{NUM)
DO 13 I=1,NUM
GIRTI[43)=8B.,0+45PA=%]
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110

=NUM+3

NOGRT
L2 RETURN

END




100

300

101
1101

102

107
105

106

103

108
109

110

104

111

112

113

111

Z2C

CUMMO OPSAVI1O)

OPTL(4}=1
NO=0PTL{1)

DO 300 I=1,NO

AlL145)=A{1,3)

AlLy6)=A(T,4)

OPTL{5}=9.9E50

OPTL(6)=9.9E50

DG 1101 LINE=1,NO
ITYPE=A{LINE,1)+1.0

KCODRE=1

GO TO (101,102,103,104),1TYPE
GO TO (1101,1102),KCODE
CONTINUE

GO TO 111

NOVAL=A(LINE, &)

NOL D=1

NEW=1

IF INEW+NOLD=-NOVAL 105,105,106
NEW=NEW+NOLD

NOLD=NEW=-NOLD

G0 TO 107
A{LINE2)=A(LINE,NEW+T)

GO TO 101
NOVAL={A{LINE4)=A(LINE+3})/A(LINE,7)+1.5
NOLD=1

NEW=1
IF(NEW+NOLD-NOVAL)109,109,4110
NEWSNEW+NOLD

NOLD=NEW~-NOLD

GO TO 108
A(LINES2)=A(LINE+3}+(NEW=1)*A(LINE,7}
GO TO 101
GOLD={-=1.0+SQRTI(5.0))/2.0
A(LINE,2)={A(LINE +4)}=A(LINE, 3))rGULD+A(LINE,3)
GO TO 101

PO 112 LINE=1,N0D
IF(A(LINE,1))113,112,113
CONTINUE

KIN=4& -

RETURN

GPTL(2)-A(LINE 2)

KIN=2 .

OPTL(4)=LINE

RE TURN

LINE=0OPTL{4)

OPTL{6}=0PTL({3)




114
115

116
121

118
1i9

120

235

230
233

232
231
122

123
131

135

136

137

138

112

OPTL(5)=0PTL(2)

ITYPE=A(LINE,1}

GU TO (5464714 ITYPE

NOVAL=A{LINEs4)}

NOL D=1

NEW=1

IF INEW+NOLD-NOVAL 311541154116
NEW=NEW+NOLD

NOLD=NEW-NOLD

GO TO 114

A(LINE,Z2)=A(LINE,NOLD+T)
DPTL(2)=A(LINE,2)

KIN=3

RETURN
NOVAL={A{LINE4)-A{LINE»3})I/A(LINE,T}+1.5
NOLD=1

NEW=1

IFINEW+NOLD- NUVAL)1‘9v1197120
NEW=NEW+NSLD

NOLD=NEW-~NOLD

GO TO 118
ATLINE,2)=A(LINE,3}+{(NOLD-L)*A{LINE,7)
GO TO 121
GOLD=10-(~1.0+SQRT{5.0))/2.0

AULINE, 21—(A(LINE,4)=A(L]NE,3))”bOLD+A(LINE 3)
GO TO 121

LINE=UPTL (&)

ITYPE=A(LINE,1)

COMP=0PTL{6)~0PTL (3}
IF{COMP}231,230,231

IF(OPTL(5)-0PTL(211232,232,233
OPTL(3)}=0PTL(3)+1.0

GO TOD 235

OPTL(6)=0PTL(6)}+1.0

GO TO 235

LEFT=1
IF(OPTL{51-0PTL{2}13122,123,123
LEFT=2

GD TO (131,132?133),ITYPE
N=A{LINE4)}

DO 135 I=14N
IF{OPTL(2)~A(LINE,1+7})135,136,135

CONTINUE

STOP 135

MNEW=1

DO 137 I=1,N
IF(OPTL(5)~A(LINE,I+7))137,138,137
CONT INUE

STOP 137

MOLD=1
IFIAGLINE6)~A{LINE,5)~-1.51140,139,139




139
142
143

145
157

148
146

147
150
I 144
158

- 154
| 152

153

141
156

155

132
160
162
163

165

166
167

1168

L -

113

TFLCOMP}141,142,142

GO TO (143,144),LEFT

ALLINE ,6)=MOLD-1
DPTL{6)=0PTLI3)
OPTL(5)=0PTLI2)

NOVAL=A {LINE,6}~4(LINE,5)+1.5
NOL D=1 -

NEW=1

TF {NEW+NOLD=-NOVAL ) 146,146,147
NEW=NEW+NOL D

NOL D=NEw~-NOL D

60U TU 148

KDUM=A {LINE,5)
KOUM=KDUM+NOLD+6
A{LINEy2)=A(L INE,KDUM)
OPTL(2)=A(LINE,2)

KTN=3

RETUKN

A{LINE,,S5)=MOLD+1
OPTL16)=0PTL (3}
CPTL{S)}=0PTL(2)
NOVAL=A{LINE,6)=A(LINE,5)+1,5
NOLD=1

NEW=1

IF {tNEW+NOL D-NOVAL ) 152,152,153
NEW=NEW+NOLD

NOL D=NEW=NOL D

GO TO 154

KDUM=4 (L INE,5)
KDUM=KDUM+NEW+6 '
ACLINE,2}=A{L INE,KDUM}

GO TO 150 .

GO TO (155,156),LEFT
A(LINE,6)=MNEW~1

GO TO 145

A(LINE,5)=MNEW+1

GO TO 158

TF(A(LINEs6)~A{LINE +S)~A(LINE,7))140,140,160
IF(COMP)16) 4,161,162

GO TO (163,164),LEFT

ALLINE ;61 =0PTL IS} ~A(LINE,7)
OPTL(S)=0PTL(2)
OPTL(6)=DPTL(3)
NOVAL=(A(LINE,6)=A{LINES5))/A(LINE ;71 +].,5
NEW=1

NOLD=1

IF (NEW+NOLD-NOVAL }167,167,1168
NEW=NEW+NOLD

NGL D=NEW-NOLD

GO TOD 166
ACLINE2)=A(LINE,5)+(NOLD=1}*A(LINE,T) -
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168 OPTL(2)=A{LINE,2)
K1N=3 o
RE TURN
164 A(LINEsS5)=0PTLI5)+A{LINE,7)
OPTL(5)=0PTL(2)
OPTL(6)=0PTL(3)
L70 NOVAL=(A(LINE+6)~A(LINE53)I/A(LINE,7)1+1.5
NEW=1
NOL D=1
: 171 1F (NEW+NOLD~NOVAL 17241724173
{ 172 NEW=NEW+NOLD
: NOLD=NEW-=-NOLD
| GO TO 171 _
| 173 A(LINEy2)=A(LINE y5)+(NEW-1}*A(LINE,7)
| . GO TO 168
| 161 GO TO (180,181),LEFT
181 A(LINE,6)=0PTL{2)~A(LINE,T)
| GO TO 165
| 180 A{LINE, 5)—DPTL{2)+A€LINE,71
! GO TO 170
133 IF({A(LINE y4)~A{LINE,3))/640-(A(LINE 6)~ALLINE 53 ))
| D1133,140,160
: 1133 IF{COMP)} 190,190,191
| 191 GO TO {1924193),LEFT
| 192 A(LINE,6)=0PTLI5)
% OPTLI5)=0PTL(2)
| OPTL(6)=0PTL (3)
194 GOLD=140-{~1.0+SQRT(5.,0})/2.0
| 197 A{LINE,2)=A{LINE,5)+GOLD*{A{LINE,6)-A{LINE.5})
195 OPTL(2)=A{LINE,2)
| KIN=3
RETURN
| 193 A(LINE+5)=0PTL(5)
OPTL(5)=0PTL(2)
| . OPTL(6)=0PTL(3)
196 GOLD={~1.0+SQRT(5.0))/2.0
r GO TO 197
190 GO TO (1984199 ,LEFT
| 199 A(LINE,6)=0DPTL(2)
" GD TD 194
| 198 A{LINE,5)=0PTL(2)
- 60.TD 196
| 140 A(LINE,2)=0PTL(5)
IF(COMP)I201 4,201,200
200 A(LINE,Z)1=0PTL(2)
201 N=0OPTL{1)
209 LINE=L INE+1 .
TE(LINE-N)2209,2209,205
2209 DO 204 I=LINE,N
IF{A(I41))203,204,203
204 CONTINUE

e = em g —




203

1162

205

206

207
208

211
212

LINE=N

GO TO 205

KCUDE=2

LINE=]
ITYPE=A(LINE,L}

GO TO (102+103,104),1TYPE
KIN=2
A(LINE,6)=A{LINE &)
A{LINE 5 =A(LINE, 3}
OPTL {4} =L INE
OPTLIZ21=AILINE,2)
RETURN

DO 206 I=1,N
TF(DPSAVI(T)}~Al1,2}11207,206,207
CONTINUE -
KIN=4

RE TURN

DO 208 I=1,N
OPSAV{I}=A(1,2}
OPSAV{10)=0PTLI(6)
IFICOMP) 212,212.211
DPSAV{10)=0PTL(3)
LINE=0Q

GO TO 20%

END
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SUBROUTINE QUTPUTIIPAGEs ITLE+AXLySHLySML yAXRySHR,,SHMR,
oNOTOT 4Ly DySU»ST,AREAZFLTOWFLTI JWEByWIDI »WIDO,PARTL }
DIMENSION AXLELID 7 ) +SHLULO,7)4SMLILO,T7)3AXRILI047),
DSHROLO 47}y SMRILIO 7)Y eDULI0+7Y,S0010,47)4ST{10,71),
DAREA(LIO 7)), FLTRDLL0)y FLTIULO) 3y WEB(LO )} ITLE(D] ),
aWiDI(IC),WIDO{10) , PARTLI110) .

108 FORMAT{Y V) ,
106 FORMAT(11,50A1,° PAGE?Y, 13) :
101 FORMATI(*OY, T1 74 "LEFT SIDE'",T43,'RIGHT SIDE'/ T24,

a'BENDINGY,T50, 'RENDING?/ ¥ PART SEC AxI1AL SHEAR OUTER?
oy * INNER AXTAL SHEAR DUTER INNER')

107 FORMAT(214,=3PF7.193F6.1,F8.1,3Fbel) - .
127 FORMAT(*OCOMBINATION NO+'sI2," ~ STRESSES?)

112

111

109
110

ICTL=5

DO 110 I= 1,NDTDT
TAN=(D{I141)-D{1,47)1}/12.0/PARTLLI)
SECT=1.0/COS{ATANITAN))
JFLICTL~5)1114112,111

ICTL =0

IPAGE=1PAGE+])

WRITE(3,106}({ITLE(M) M= 1,51>,IPAGE
WRITE(3,127)L

WRITE{3,101).

ICTL=1CTL+1

PO 109 J=1,7

AL=AXL{I,J)/AREAL]L,J)

VIL=SMLUT 37801, J3FLTICT ) =WIDI( T *TAN
VCOR=SHL{I,J3+VTL

SL=VCOR /(WEB(I)HD(I,J}=FLTOCII=FLTI(I}))
BOL==SML{I,J)%]12,0/50¢(1,J}
BIL=SML(I,J)*12.0/51(I,J)*SECT
AR=AXR1T1,J)/AREALT4J)
VIR=SMR{I,J)}/STCIyJ)*FLTTCIISWIDT(T):TAN
VCOR=SHR(I,J}+VTR

SR=VCOR /(WEB{])=x% |DiI,J)-FLTD!I)-FLTI(I)})
BOR=-SMR{T,J)%12,0/50(1,4)
BIR=SMR{IJ)%12.0/S51(1,J)%SECT
WRITE{3,107)14+JsAL St 4BOL,BILAR,SRHBORLBIR
WRITE(3,108)

RETURN

END
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SUBROUTINE PARTS (REF] ZNPS,PLTHM
01 MENSIUN PLIMILO Y NHOLD 2O o N

HOLD=999,99
NPSM1=NPS~-1

WL {1)=REFL

J=1

DO 1 K=JyNPSMI

N{K+1}=0 _
NEJY=WL{J)/PLTM(.)}
TFINCII=PLTML) ) ~WL{J))I2,3,3
NIJY=N{J)+]

TOTL=0.0

DO 4 K=1yNPS
TOTL=TOTL+N{K}*PLTMIK)}
IFITOTL-HOLD}5+646
HOLD=TOTL

DO 7 K=1,NPS
NHOLD (K }=N(K)
IF{J-NPSM1) 9,8,8
N{JI=N{J)-1

J=J+1

WL{J)=REFL

JML=J~1

DD 20 K=1,JM1
WLEJ)=WLEJ)=N{KIFPLTM{K )
GO TO 10
IFEN(INPSMI))11,12,11
NINPSMI }=NINPSM] -1

WL ANPS}=REFL

DD 22 K=1,NPSM1

WL CNPS)I=WL (NPS)=N{K}=PLTMIK)
J=NPS

GO TO 13

J=d-1

IF{J}15,16415
IFIN(J)Y)I14,12,14
N{JY=NEJY =1

WL (J+1}=REFL

DO .21 K=1,4

WLIJHL ) =L (J+ L =NIK Y PLTMI{K )
J=J+1

GO TO 10

RETURN

END
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SUBROUT INE PRINT{IPAGE, ITLE;KLNaAXLvSHL!SMLvAXR!SHR,
OSMRyNOTOT L 4R)
DIMENSION AXL{104s7)}ySHLI107)ySMLILIO,y 7)Y AXE(L104+7),
OSHR(10s 7Yy SMRI10,7)4yITLE{(SL)+R{4)
108 FORMATI( v)
106 FORMAT(I145CA1,? PAGE',13)
107 FORMAT (214 +=3PF8.24FT7.2+F10.24F9.24F7. 21F10 2}
10 FORMATI('*O"sT17,*LEFT SIDE",T43,'RIGHT SIDE'/ ' PART?!
sV "SEC AXIAL SHEAR MOMENT -AXIAL SHEAR '
Oy ' MOMENT?Y) ' .
102 FORMAT({('ODEAD LOAD ~ FDRCES'}
103 FORMAT('OLIVE LOAD - FORCES")
104 FORMAT('OWIND LOAD = FORCES?Y)
105 FORMAT('OCONCENTRATED LOAD NO.'4124' — FORCES")
127 FORMAT('OCOMBINATION NOL*yI2y' -~ FORCES?!)
ICTL=5
DO 110 I=1,NOTOT
IF(ICTL=-5)111,112,4111
112 ICTL=0
- T PAGE=IPAGE+1
WRITE(3,106)}(ITLE(M)yM=1,51),y1PAGE
GO TO (121+122+123,124,4,126)4KLN
121 WRITE(3,102)
GO TO 125
122 WRITE(3,103}
GO TO 125
123 WRITE(3,104%)
GO TO 125
124 WRITE(3,105)L
- GO TO 125
126 WRITE(3,127)L
125 WRITE{L3,101)
111 ICTL=ICTL+1
B0 109 J=1,7
109 WRITE[3,107)ItJyAXL(IvJ)vSHL(I!J)ySML(I?J)vAXR(I J)y
OSHR(I4J}y SMR(I,J)
110 WRITE(3,108):
WRITE(3,1301)R

130 FORMAT(? REACTIONS '/T12,° LEFT RIGHTY */

o' VERTICAL '"y~3P2F8.2/' HORIZONTAL',2F8.2)
RE TURN
END
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SUBROUTINE SCAN [ND,VALUE,KLM}
DIMENSION VALUE(10) KLM{76]
DO 1 I=1410 -
1 VALUE(I)=0.0
NCOL=1
N=1
KPT=0

2 ITF(KLMINCOL)-161482348814,3,4
~1614823488 1S5 EQUIVALENT TO A MINUS SIGN
3 SGN=-=1.0
GO TO 5
¢ TF{KLMINCOL)-1312833600)6,74+6
~1312833600 I5 EQUIVALENT TO A PLUS SIGN
T SGN=1.0
5 VALUE(N)=0,0
GO TO 8
6 JTFI(KLMINCOL)=-1262501952)9,10G,9
~-1262501952 1S EQUIVALENT TO A DECIMAL PUINT
10 KPT=1
GO 10 7
9 K=0
1COMP=~264224704
264224704 1S EQUIVALENT TO A ZERD
11 TF{KLM(NCOL)-ICOMP)12,13,12
12 ICOMP=ICOMP+16777216
+16777216 15 EQUIVALENT 70 THE DIFFERENCE
BETWEEN.TWO DIGITS
K=K+1
IFIK=10311414,14
14 NCOL=NCOL+1
24 IFINCOL=-77)2+16416
16 NO=N-1
RE TURN
13 SGN=1.0
VALUE({N)=K
8 NCOGL=NCOL+]
IF{NCOL~77)17,18,18
17 IF(KLM(NCDL)-1262501952)20,1 220
=1262501952 1S EQUIVALENT 70 A DECIMAL POINT
19 KPT=1
GO TO 8
20 K=0
ICOMP=~-2642241704
=264224704 IS EQUIVALENT TO A ZERD
21 IF(KLM{NCOL)~-1COMP)22,23,22
22 1COMP=ICOMP+16777216
+16777216 1S EQUIVALENT TO THE DIFFERENCE
BETWEEN TWG DIGITS
K=K+1
IF(K-10)121,18,18
18 VALUE{N})=VALUE(N}=SGN

119




23
26

25

N=N+1

KPT=0

GO TO 24

IF(KPTI25,26,25
VALUEIN)tVALUE(N)*l0.0+K
GO 70 8

VALUE (N)=VALUE{N) +K*10 ,0%% (=K PT )

KPT=KPT+1
GO TO 8
END

120
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11
10
16
14
17
20

21
22

18
23
19

15
24

27
28
29

25
30

26

31

SUBROUTIN
COMMON Dg

DIMENS IO
IF(SWTCH)Z
SWTCH=1.,0
VECTR=0.0
NO=0PTL(1L)
DO 3 I=1,NOD

FFOT(I)=1.0

SUM=0.,0

DO 5 I=1,NO

IF(FFOT{1))16+454+6

SUM=SUM+1 .0

CONTINUE

IF{SUM=~2,0)7,8,8

DO 9 I=1,ND

IF(FFOT(I))10,11,10

TRY{1)=DPSAVI(I)

GU .70 9

IF(A(]l,1})13,12,13

ITYPE=A{]1+1}

IFIFFOT(1))14416415

STOP 16 .

GO TO (17,18,19),1TYPE

DG 20 K=1,10 :
IFIA(IK+7)-0PSAV(1))20,21,20
CONTINUE

STOP 21 }

IFIK=1)1224+12,22

TRY(T)=A(I,K+6)

GO TO 9

TRY(1)=0OPSAVII)~AlL,7)
IF{ITRY(I)~A{I43))12,9,9
TRY(I)=0PSAV{I}-{AlI+4)-A(1,43))*0.05
GO TO 23

GD TO (24425+26)4,1TYPE

DO 27 K=1,10

IF(A{TK+T7)-0PSAV{I)) 27,284+27
CONTINUE

STOP 28 ‘

KEND=A(I,4)

IFIK-KEND)29,12,12

TRY{(I)=A({1,K+8)

GG 'TOQ 9

TRY(I)=0PSAV(I)+A({],7)
IF(TRY{I)-ALL,4}09,9,12
TRY(I)=0OPSAV(I}+(A(I44)~A(1+3))%0.05
GO TO 30

CONTINUE

D0 31 1=1,4NO

AlT,2)=TRY(I)

E CH)
T 6?PSAV(10!

-o'nl_

121
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{
44
41

39

40

42

RE TURN

IF{VECTR)32,7,32

SWTCH=C.0

DO 35 I=1,NO

AL1,2)=0PSAYV (1)

RETURN
IF(OPTL(3)-DPSAY(10})33,12,12
DO 36 1=1,NO

OPSAVII)=A(1,2)
OPSAV(L0)=0PTL{3)

VECTR=140
GO TO 8
1=1
TF(FFOT (]
FEOT ()=~
GO TO &
FFOT(I)=0.0

6O TU &
FEUT(11=1.0
TF{I-NC)43,42443

139,40 ,41

i
1.0

[=}1+}

GO TO 44
SWTCH=~=1,0
RETURN

END

122
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123

SUBROUTINE SELECT(NOFLAWNOWEB,FLAN,WEBPL yWEB 4NOCBM,
BFLTI,,FLTO,D, ER?,AREA:SD?SIySHEARfOMENT yAXTAL y UBLO,
oUBL I yAOHsFY T, PARTL,WIDI,WIDO,KASTR, NOLUL}

DIMENSTON FLANGIO)sNLBPleinFBllO)sFLTI(WO),FLaD(IOD,
(10,7, ERT{I0yTI+AREALLIO+7 14500100, 734S101047),

'ESﬁtAR(891077‘fLMEN]'&91017),AXIAL(8,10y‘)1UBLG€1017)1.

oUBLI{LO,7),PARTL{1D) yWIDI{10),WIDO(10}
KWSAV=0

KFGSY=0

KFISV=0

M=2=NOCBM

CALL FINDER (WEB{T!,WEBPL yNOWEB yKWEB}
TAN=(DIL,1)~D{I,7))/12.0/PARTL (L)
SECT=1.0/COS{ATAN(TAN}}

LEAD=]

RATW=0 .0

DO 3 J=1,7

CALL SSTRES{AOH D U1y JbsFLTE(TI),FLTO(I ) yWEBIIYyFY FV)
DO 3 K=1,M

VT = UMENT(K;IQJ)/SI(I;J)*FLTI(Ii*WIDI(IB*TAN
VCOR=SHEAR(K I 4J}+VT

FYASVCOR/ ((D{ I+ J)~FLTOU{T}=FLTI{I) }HWEB(I})
DUM=ABS{FVA/FV)

IFIDUM=1.0324246

IFIDUM-RATW 343+ 4%

RATW=DUM

CONT INUE

IFILEAD=2)10,100,10

IJF{KWEB~1)11,100,11

KWEB=KWEB=-1

WEB{I}=WEBPL(KWEB]

DO 12 J=1,7

CALL INERTID{I Q3 +FLTO(I Y WEB(I),FLTI(I} WIDODI{T ),

OWIDI({IYy AREATT ) oSSO0 i sSICLy Y SERTLI L U)NOCOL,,FY,

ol

100

70

14
64

30

GO TO 9
TF{KWEB-NOWEB)Y74+8,8
KWEB=KWEB+1
WEB{I)=WEBPL (KWEB)
LEAD=2

GO T 122

KASTR=999

KWEB=NOWEB

CONTINUE

IF{KWSAV-KWEB }14,900,70
WEB{] I=WEBPLIKWSAY)

GO TO 900

KWSAV=KWEB

LEAD=1

CALL FINDER(FLTO(L}+FLAN,NOFLA,KF(Q)
RATFO=0.0

]
;
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DO 13 J=1,7 -

CALL STRESS(UBLD(I’Jl,UBLI(IyJ),D(I,Ji,FLTU(Il,FLTI(I)
O,WIDI(L), WIDOC(I), NEB(I) FBOWFBIFALFT,FY)

DO 13 K=1,M

SBO= OMENTiK, rJ /SOOI ,d)%(-12.0)

SA= AXIAL(K’I,J)/AREA(IsJ)

IF{SBDY15,164516

15 DUM=SBO/FBOD

GO TO 17

16 DUM=SBO/FT

17 TF{SA)1B,419,19

18 DUM=DUM+SA/FA

GO TO 20

19 DUM=DUM+SA/FT

20 IF{ABS(DUM)-RATFOD)21421,22

22 RATFD=ABS{DUM)

21 CONTINUE "

- IF{ABS{DUM)=1. 0)13,13,23

13 CONTINUE )

IF{LEAD-2)24,25,24%
24 IF(KFO-1)26425,26
26 KFO=KFO-1
FLTO(I}=FLAN{KFO)
GD TO 27
23 IF(KFO-NOFLA)28,29,29
29 KASTR=999
KFO=NCOFLA
- GO TO 25
28 KFO=KFO+1
LEAD=2
FLTO(T}=FLAN(KFQ)

27 b0 31 Jd=1,7:

31 CALL INERT(D(I:J),FLTD(ll,wEB(I),FLTI(Il,NIDD{I!,
OWIDIC(I)y AREA(TI 4J)»SO(I4J)oST{L,J)4ERTI1,J)NOCOL,FY,
ol)

GO TO 30
25 GONTINUE .
IFIKFO-KFOSV132:33,32
32 KFOSV=KFO .
LEAD=1
CALL FINDER(FLTI(I),FLAN'NOFLA'KFI)
60 RATFI=0.0 .
DO 43 J=1,7
CALL STRESS{UBLO(I yJ)yUBLI(I yJ)sD(IsJ)}»FLTOLI)SFLTI(I)
ByWIDI(I), NIDU(I),NEBiI),FBD'FBI FAWFT,FY)
DO 43 K=1,M
SBI=OMENT({KyI,J)1/ST{1,J)%12.0%SECT
SA=AXIALIK s I4J)/AREA(TJ)
IF{SBI)45,46,46
45 DUM=SBI/FBI
GO TOD 47
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46 DUM=SBI/FT |
47 TFISA)48,49,49

48 DUM=DUM+SA/FA
GO TO 50
49 DUM=DUM+SA/FT
50 IF{ABSIDUMI-RATFI}I51 51452
52 RATFI=ABS{DUM}
51 CONTINUE
IFLABS{DUM) =1 .0)43,43,53
43 CONTINUE
IF{LEAD-2)54,455,54
54 IFIKFI=1)56455+56
56 KFI=KFI-1
FLTI(I)=FLAN{KFI)}
GO 70 57
53 IF(KFI-NOFLA)S8,459,59
. 59 KASTR=999
: KFI=NOFLA
GO TO 55
58 KFI=KF1l+1l
LEAD=Z
CFLTIt{LI)=FLAN{KFI)
57 DO 61 J=1,7
61 CALL INERT(OD(I+J)yFLTGIT)YSWEB{L)FLTI{I)sWIDDI] Y},
ODWIDI(I)y AREA(TJ)9sSOUL s} oSTUI3Jd)sERTIIyJ)sNOLOLsFY,s
o)
GD TO 60
55 CONTINUE
IF(KFI-KFISV}I62,433,62
62 KFISV=KFI
GO TO 64
900 RETURN
END
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SUBRUUTINE SSTRES(AUH,D,TFO,TFI,WeEY,FV
HOT={D~TFO~TFI}/W
TF(ADH=1.0)01,1,2
FK=4.0+5,34/A0H%»p

G0 TO 3

TFLADM-3.014+5,5
FK=5, 3444 ,0/A0H%%2

GO TG 3

FK=5,34

CV245000000 JOFFE/FY/AHOT %2
TE{CV=0.8)646,7
CV=6000.0%SURTIFK/FYI/AHOT
IF{AOH~3.008y11411
IFICY-1.0)9+11411

FVEFY/2.089 % (CVH11 o0-CVI/ (1 L5%SORT (L 0+ADMS%2) ) )

G0 70 10
EV=FY&CV/2 .89
TF(FV=0.4%FY)12,12,13
FVZ0.4%FY

RETUEN

END

126
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SUBROUTINE STENER {(AQGH,FLTI,FLIC, D, WEB,FY1,FY2,SHL, A,
mgggg§,arzrb, NOTOT yNOCOL » Xy Yy AL PHA SNOALT s KALT ¢ NOSTC 4
DA

DIMENSION FLTI(IOWFLTD{101,D110,7 ) WEB{IO},SHL110,7),
BATLCG 7Yy STIFFI2,101sXI10,714Y11047) KALTITI0)
DO 100 1=1,NOTOT
FY=FY]
DO 3 M=l,NDALT
IF{I=KALTIMIIBZ,2,2
3 CONTINUE
GO TO 66
2 FY=FY2
66 DO 100 J=1,7 \
ASH=99 ,9 |
HWEB={(D{ I 1=FLTOCE I =FLTIIT))
SV=SHL (T ed )/ (HWEB *WEB (1) ,
CALL SSTRES(ASHyDIL+J) yFLTOLI) yFLTI LTy WERLEL I 4FY 4FV
IFLFY~SV 15,646
6 AlI,J1=9999,9
GO 7O 100
5 ASH=3.,0
FACT=1.0
7 CALL SSTRESCASHs DA I J)oFLTO(TIFLTICI)sWEB(T)4FY,FV)
IFIFY-~SY)IQ 48,8
§ TF{ARSTASH~-3,.0)-0,002311,411,410
11 AlI,4)=ASH*HWER
GO TO 100 !
10 IF(ABS(FACT-C.0L}-0.00131011,11,12 b
12 ASHEASH+FACT 1
FACT=FACT/10.0 | ¥
9 ASH=ASH~FACT ‘
IFLASH)YT,12,7
100 CONT INUE
KK =1 ]
NOSTC=0 _ !
DO 200 1=1,NDLOL , I
DU 200 M=1,7 i
JsT-M+1 ' ' ‘
TFIA(],01-9999,0120,200,200
IF{NGSTCI21,22421 i
NOSTC=1 ' . |
STIFF{KK,y122YIil,0) |
STIFFIKK23=Y {1 =A1T403/12.0 i
TF{STIFFIKK 21200200423 I
23 NOSTC=2
GG TO 200 -
1 IFISTIFFIKK NOSTC Y=Y 11,0))24,200,26
24 TFU12.,0%(STIFFIKK yNDOSTC -1 ~STIFFIKK4NDSTCY I=ALT 401
2700520026 '
26 STIFF (KK ¢NOSTCInSTIFF{KKyNGSTC-13=A{I,J1/12.0
TFISTIFFiKK JNOSYC =Y T,433200,200427

Mo O

NN
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27 STIFFIKKNOSTC)=Y{1,J)
GO TO 200
25 STIFF{KK NOSTC+L }=STIFFI{KK,NOSTC}=A(I,J)/12.0
TF(STIFF(KK,NOSTC+13)200,200,28
28 NOSTC=NOSTE+1
200 CONTINUE
1F (XBRE 30,431,320
31 BRAKE=X(NOTOT,7)
GO TO 32
30 BRAKE=XBRE
32 KK=2
NOSTR=0
L L=NOCOL +1
PO 300 I=LL,NOTOT
DO 300 J=1,7
IF(X(1,J)=BRAKE)35,34,35
34 BRAKE=X(NDTOT,7)
IF (NOSTR137,35,37
37 NOSTR=NDSTR+]
STIFF (KK,NOSTR }=XBRE
35 IF(A{I,J1-9999.0)120,300,300
120 IF(NDSTR)121,122,121
122 NOSTR=1
STIFF{KK,1)=X(1,4d)
STIFFIKK +2)=X(14J1+A(1,J)/12.0%COS(ALPHA}
JF(STIFF{KK,2}~BRAKE)123,300,300
123 NOSTR=2
GO TO 300
121 TFU{STIFF (KK yNOSTRI=X(1,J)1125,300,124
124 I1F{12.0%(STIFF (KK NOSTR}=STIFF(KK,NOSTR=111/COS{ALPHA}
n-A{l,J}) 300,300,126
126 STIFF(KK,NOSTR)=STIFF (KK, NOSTR~-1)+A{1,41/12.0
DaECOS CAL PHA ) :
TF(STIFFIKK L NOSTRY=X{T1,J)1127,300,300
127 STIEF (KK 4NOSTR}=X(14.) .
GO TO 300
125 STIFF(KK NOSTR+1)=STIFF{KK,NOSTR}+A{I,J)/12.0
B#COS (AL PHAY . -
TE{STIFF (KK,NOSTR+1)=BRAKE 128,300,300
128 NOSTR=NOSTR+1
300 CONTINUE
RE TURN
END
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SEBRUUTI E STRESS {(UBLODWUBRLIWDSFLTOLFLTIWIDI,WIDG,
OWEB+FRO+FBTIsFAy FTHFY)

CL=SQORT(2.0%2,1415926%%2%29 . 5E06/FY)
AREAC=WIDOHFLTO+(D/2 0~-FLTQO)=WEB
RO=SQRTI{FLTO*WIDO*%*3/12,0/AREAC)
RULD=UBLO*12.0/R0O

CalLl CSTRES{CC,.RULU+FY,FAD!
AREAI=WIDI*FLTI+ID/2.0=-FLTI)*WEB
RI=SQRTIFLTI*=WIDI**3/12,0/AREAL}
RULT=UBLT*12.0/RY

CALL CSTRES(CC,RULI+FY,FAT}

FA={FAD= AREAD+FA1¢AREAI)/iAREAU+AREAI)
FT=0.6%FY

AREAO=AREAO-D/3.0%WEB
RO=SURT{FLTO¥WI[DD*%3/12, D/AREAU)
RULO=UBLO*12.0/RD
DLOA=UBLO*12 0%xD/ (FLTO*WI1DD)
H=0=-FLTO=-FLTI _

CALL BSTRESI{CC,RULOSDLODALFY +FLTOH.WEB,WIDO,FBO)
AREAT=AREAI-D/3.0*WEB
RTI=SQRT(FLTI*WIDE*=3/12.,0/AREAT)
RULT=UBLI*12.0/R1 '
DLOA=UBLI*12.0*%D/ {FLTI*WID!)

CALL BSTRES (CCHRULTDLOAGFY,FLTI H,WEB,WIDI,FBL)
RETURN '

END
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SUBROUTINE UNIF (SPAN:H,SLOPE,BD GO+ XY oW WC +PLGH,
ANOQCOL sMORAF y NOTOT,FRTZAXL s AXRySHE 3 SHE, SML, SMR, R,Fg)

DIMENSTON {7}

DIMENSTON XU1Qs 7)Y 10, 73;WC(6J¢PLGH(10),ERT{lO,?Py
TAXL(LID 7ty AXRLNO o T 9SHL 107 )3 SHRELO 371 4SMLILOs7 )
aSMRI1O,71yR14)

AL PHA=ATAN{SLOPE/12.0)

COSA={0OS (AL PHA)

S[NA SINTALPHA)

DIST= gpAN“(BD*? 0%6D1/12.0

Ciiy=1.,0

f]
ESNCSE Y
oo i

HP=SPAN/2,.,0%SLUOPE/12.0
RESI=({WCHLL Y =Wl {O VI SHAMPS{WC (21 ~-WC (5] ) ) %W
RAZI=(IHH=WC I ) ~WCIH) ¥R/ 2 0+HPH{WC {2 )-WC {(5) }{H+HP
O/2.00V/01S8T +WCAL3)AESPAN/BO+3.0%WC {4V SPAN/B.LO § W
RITY=TWC {3I+WO LG I RWa=SPAN/Z2 .O~R{2}

bO 1 I=1.NOTOT

DO 1 J=1+7

SMEA T o J)=R{ELIEX{T ZJI+R{3I=Y{] g =W{oWC 3 X (g d bse=?
n/z.0 : .

SMRIT s JI=RUZ2VHXLT o Jh=WHWC L4 L =XT T, J)=%2/2,0
[FET-NOCOLY2+243

SMLET 3 J)=5SMLUT s J)=WEWC LYY (L, )=%2/2.0

SMRIT s JI=SMRIT+JI-WHWCIHY=Y T, %%2/2.0

GO T0 1

SMLAT ) =SMLET o2 =W lWC{ D) HREY (] 4 J ) -HA2 0 -HWC (2]
Ax{yY (I, Ji=-HI®%&2 /2.0)

SMRUTJI=SMRIT,d)~Ws={WC (&) *H *fY(I,J)"H/Z O)=WLC{5])
aRlYil,Ji=H)s%2 /2.0)

CONT INUE

SUMM=0 .0

SUMY=0.0

DO 5 I=1.NOTOT

DO 5 J=1.7

YDS=Y (T JYRPLGHIT 1 /06.0/ERT {1 +4)

SUMM=SUMM+ {SMUEIT 4 JI+SMRIT DT I=YDSHC(Y)

SUMY=5LIMY+2 ., 0*YDS Y (T ,J)%C 1))

DS=ED=SL0OPE/2

SUMM=SUMM/ 3, O*QSMLﬁNUCULr7)+5MR(NUCUL,7)}*iY{NUCULg7P
B+0S/2.00) #DS/ERTINOCOL 7%

SUMY=SUMY /2,042 OR{IYINOCOL ¢ T14DS /2.0 42 24RSYERTINOCOL
o7}

SUMM=SUMM+ {SML {NDCOL+1 4 1 }+SMRINDCOL+1 4 1L 3 ¥ a{Y INQGCOL +1,
Ol b= DS/A2 JOSTNAYRDS/ERTINGLOL+)L,1)

SUMY=SUMY+2 .0 (YINDOCOL+]1+13-DS/2 0% INAY&H2%:DS
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D/ERT{NOCOL+1,1}

R4 )==SUMM/SLMY
RIBI=REZI+RI4)

DO 6 1=1,NOTOT

DE & J=1.7 :

SMLE T2 )=SMLITadi+Y T Jb2RIG)
SMRIT ¢ J)=SMRIT I+ {1 4d )R {4)
DO 7 I1=1,NOCOL

DO T J=1,7.

AXLEIpd)=~RI1)

AXR{I,Jl==R(2}

SHL {3 J P =RIB ) ~WHEWC L I%Y(]40)
SHRUT 3 J1=R{4)=WaWC {6 2Y (T 4J)
00 8 M=],NORAF

I=NOCOL+M

DO 8 J=1,7

HORL=R {3 b~WalWC LY ) H+WC (2 )Y (T 40 )=H)}
HORR=R{&4 J-WH {WC {6V EHAWC (B 2(Y (4 )=H)}
VRTILLE==RILYI+WHEWC I3 )#=XL T 4Jd)
VRTR==RI{Z2IAWHWC {4 %X {1 J1
AXL{T,J)=HORL*COSA+VRTL *S INA
AXROT4J)=HORR#*COSA+VRTR®SINA
SHRET, J)=HORRES INA-VRTR*COSA
SHL{T,J)=HORL *SINA-VRTL*L0SA
RETURN

END
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SUBROUTINE UNSUL{ XYy NOGRT yGIRT yNOPUR yPURL ¢ NOC OL »
ENOTOTUBL14UBLO, HyGDySLOPESDyBDySPAN,FIRST)
DIMENSTION X{10437) Y1071 ,GIRT(10),PURL(Z20}4D(10,7),
OUBLI{10,7)y, UBLDI(LO,7)

AL PHA=ATAN{SLUPE/12.0)

SINA=SIN (AL PHA)

COSA=COS(ALPHA)

BETA=1.5707963=ALPHA/2.0

TANB=S IN(BETA}/COS(BETA)
TFEY(NOCOL 2 7)=GIRT{NDGRT))1,1,2
IFINOGRT-10)3 4444

WRITE(345)

FORMAT(' EXCESSIVE NUMBER OF GIRTS'}

STOP 115

NOGRT=NOGRT+1

GIRTINOGRT)=H~GD/12 .0*TANB

DO & 1=1,NOCODL

DO 6 J=1,7

IF({I+J=~238,7,8

UBLU(1+1}=0.0
CUBLI(1413=0.0

GO TO 6

IF(Y(1,J)-GIRT(1))9,10,10

UBLO(I,J)=GIRT(1)

UBLT(I,LJ)=GIRTI(1)

GO TO 6

DO 11 K= c,NOGRT

IF(Y{]4J)=GIRT(K)IILI2413,11

CONTINUE

STOP 11

UBLO(T 4J})=0.0

UBLItI,4J}=0.0

Gu TO 6

UBLO({I,J)=GIRT{K)~ GIRT(K 1)

IFIYINOCOLy7T)-GIRT(K) I14,16,416
UBLI(I;J)=Y(NDCDL,7D=GIRT(K-13
GO TOD 6 :

UBLI{I4J)= UBLD&I Ji

CONTINUE

UBLTINGCOL,7)=0.0
REF=5PAN/Z.0-BD/24.,0~-GD/12.0
M=NOCOL +]

RO 18 I=My,NOTOT "

PO 18 J=1,7

DO 19 K=1,.NOPUR
IFIX{TI93)~D(14J)/24.0%SINA~{REF-PURL{K])})19,21,22
CONTINUE

S5TOR 125
UBLD1EyJ12=0.0
UBLiftl,21=0.0

GO T 18
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22 IF{K-1123424,23
24 UBLOL,3¥=FIRST/6.0
UBLILTJ=FIRST/6.0
GG TO 18 :
23 UBLD(I»J)=(PURL X I=-FURL tK~1)1}/C0OS5A
ITFI{REF=PURLIKI}I-(XIMy L) ~DEM, 1}/ 24.0%5INAYIZ25,26,26
25 UBLTUL 3 J)={REF-PURLIK-1II={X (M1 }-D(My1)/24,0%STNAY)
a/CosA
GO TO 18
26 UBLI{T4Ji=UBLO(]+d)
18 CUNTINUE
UBLL1{M,y1)=0.0
RETURN
END
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SUBROUTINE WIND{SLOPEyHsSPAN,C)
DIMENSION Cl6)
HOW=H/SPAN
IF{HOW~ 14014142
HOW=1.0
IF{HOW=-0.525)3,3,4
Cit1)y=0.7
GO TO 5
Cl1)=0,7+(HOW-0.525)/4.75
TF{HOW=0.25)16+6,7
6 CL2)Y=(-0,2292+0,0592+SL0OPE)
GO TO 8
T Cl2¥=(-0.06503=0.6979%H0W+0 .0532T7T=SLOPE+C.022286
% SLOPEXHDW }
8 1IF{C{2}119,10,10
10 TF(C(2)=0.6311+11412
12 Ci2)=0,6
GU TD 11
9 IF{HOW~-0,.25)13+13414%
13 C(2)=iw& 4077 HOW+] 0234 =HOW*SLOPE}
GO TO 15
14 TF{HOW-0.6Y17+418,18
17 Cl2)={~1.06642+0,3789=SL0OPE~0 6507*SLOPE*HOW+0 4027
a=SLOPE=HOW*%2 ) :
GO TO 15
18 C{2)=(~1.07039+40,2157=ALPHA-0,141 1AL PHAXHOW+0,0384
AL PHASHOW %2 )
15 TF{C{2)Y+0.,6116411,11
16 C{21=(=-0.6)
11 C(3)=C{2)
Cia)={-0,5)
Ci{5)=(=0.9)
Cie)=(-0D.4)
RETURN
END

WP

U

e e 7y R S
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