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ABSTRACT

"EFFECT OF COSTS ON OPTIMUM PROPORTIONS OF PLATE GIRDERS"

By: Robert Fred Nickols

The proportions of optimum steel plate girders are investigated
using a dynamic programming scheme.

The optimum properties are determined for realistic steel mate-
rial and fabrication costs as well as for constant material cost, or
minimum weight. Simply supported, uniformly loaded, unstiffened sym-
metric plate girders are considered.

The effect of steel industry pricing practices on the optimum
dimensions of a girder are illustrated. The effect of using commer~
cially available plate sizes is also investigated.

The optimum geometrical configuration is highly sensitive to
pricing practices and available plate sizes; the overall girder weight
and cost, however, are rather insensitive to changes in geometry caused

by unit material cost differentials.
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I. INTRODUCTION

An optimum plate girder is the most economical girder which will
carry one or more sets of specified loads while conforming to various
specified requirements. These requirements include code restrictions,
dimensional and deflection limitations, material épecifications, and
the restriction to use of available plate sizes.

E. C. Holt and G. L. Heithecker (8) determined theoretical opti-
mum proportions for plate girders constrained only by AISC specifica-
tion requirements. In their investigation consideration was not limi-
ted to commercially available plate sizes nor were the effects of fab-
rication costs and different material costs for different plate sizes
taken into account. The theoretical optimum was therefore determined
based on minimum weight or cross-sectional area, which in actual prac-
tice seldom leads to the most economical girder.

G. L. Heithecker (7) investigated the problem of plate girder op-
timization by dynamic programming techniques and developed a computer
program for the solution of such problems. He considered shop fab-
rication and material costs and allowed flange and web plates to be
different for different parts of the span. This allowable variation
was in both plate width and thickness.

In order to determine the effect of steel industry pricing prac-
tices and shop fabrication costs, as well as restriction to available
plate sizes, on optimum girder configurations, Heithecker's procedure

was used to determine several optimum designs which took these factors



into account. These designs were from a restricted class of girders.
Only simply supported uniformly loaded girders with full lateral sup-
port were considered. These designs, which represent realistic plate

girders, are compared to the theoretical designs.



II. PROBLEM FORMULATION

A. Problem Description

Heithecker considered the problem of plate girder optimization
as a mathematical programming problem involving three types of con-
siderations; an analytical procedure or technology for predicting the
behavior of a proposed design, a specified set of restrictions or con-
straints, and an objective function or criterion by which choices can
be made between alternate designs. The constraints include those set
forth in the AISC Specifications (1) and additional side constraints,
and are summarized in reference (7).

The girders considered by Heithecker were composed of a number
of lengthwise segments. Each segment was permitted to have a linear
variation in web height. A beam with constant web height was referred
to as a "zero segment' design, while one having a linear taper from
one end of the beam to the other was a '"one segment" design. A "two
segment' design was composed of two distinct segments, each having an
independent linear variation in web height, joined together by a welded
splice. A '"three segment' design consisted of three segments joined
together to form the beam, and so on up to the maximum number of seg-
ments permitted. The span was divided into a number of elements of
equal length for computational purposes. It was required that segment
boundaries fall at element boundaries.

Two different kinds of optimum designs, or cases, were considered

for the simply supported, uniformly loaded, laterally supported, un-



stiffened girders considered herein. These design cases are called
"minimum cost," having realistic material and fabrication costs, and
"minimum weight," having constant material cost and no fabrication

cost. These cases differ only in the manner in which the objective

function is defined.
B. Objective Function

Cost is the criterion by which choices are made between alternate
designs and comprises a material cost and a set of costs related to
the shop fabrication of a welded steel plate girder. The material
cost includes a base price for steel, size extras, transportation and
warehousing costs. The fabrication cost is composed of rigging-up,
positioning, inspecting, preheating, and welding costs.

The objecéive function used herein is made up of portions of the
objective function as defined by Heithecker, with certain parts modi-
fied, and includes a longitudinal flange-to-web weld cost. The inclu-
sion of this longitudinal weld cost gives a more realistic total cost
for the girder and was not included in Heithecker's work since he was
interested only in relative costs.

The various portions of the objective function used in this study
are as follows:

1. NeMat:erial Cost

Z( 2btg Ce+h oty G, )Y
1

N is the number of elements

e

’BA is the density of steel

C¢ 1is the cost per unit weight of the flange plate



C.. 1is the cost per unit weight of the web plate
b is the width of the flange plate
tg 1is the thickness of the flange plate
h is the height of the web
t, 1is the thickness of the web plate
The cost per unit weight depends on the plate size and is taken
from the matefial cost table in Appendix A.
2. Segment Cost
The fabrication expense of positioning and joining segﬁents,
Cq1 is a preassigned unit cost. The total cost is (NS - 1) Cqi,
where Ng is the number of segments. If Ng = O then this cost
is taken equal to zero.
3. Flange Splicing Cost
The fabrication cost of each flange splice is a function of
the flange geometry at the splice and a set of preassigned

costs.

Cyp + C3 + Csb tg (tg/2 + 1/4") + Cg

where b the width of the narrower flange

plate of the two plates joined

te = the thickness of the thinner flange
plate of the two plates joined

Cy, = cost of flange width transition

C3 = cost of flange thickness transition

C5 = cost per unit volume of depositing
weld metal at the splice

Cg = cost of positioning, preheating,

and inspection of the splice



It may be noted that the thinner plate cannot be wider than
the thicker splice plate at the flange.

4, Web Splicing Cost
The fabrication cost of each web splice is a function of the
web geometry and a set of preassigned costs.

"
C, + C5h t (tw/z + 1/4") + C6

where h = web height at the splice
T,, = thickness of the thinner of the two
web plates joined
C, = cost of web thickness transition

5. Longitudinal Weld Cost
The fabrication cost of making the longitudinal welds
connecting the flanges to the web is a function of the

weld size along an element.

2
2 DW dx Cs
where D, = the required weld size
dx = element length in inches
C; = cost of deposition of weld metal

The calculation procedure for determining this weld size is
given in Chapter 3, Section 4.
The configuration of the plate girder which satisfies the behavior
requirements, the side constraints, and which in addition minimizes the

objective function is considered to be the optimum design.



ITI. COMPUTER PROGRAM

A computer program for the optimum design of plate girders, de-
veloped by G. L. Heithecker, was modified and used in the computation-
al work in this study. The program was written to solve the problem
of cost optimization of a plate girder using the smoothing procedure
of dynamic programming (2). Appendix B contains a listing of the modi-
fied program. The modifications made to the original program were as
follows:

1. Material Cost Calculations

In the original program the unit material costs of both web and
flange plates were assumed to be functions of plate thickness only and
were treated as costs per unit width. Actual steel industry plate pric-
ing schedules (3,4,5,6) contain unit material costs which vary with
both plate width and thickness. A material cost table was used, there-
fore, in order to arrive at optimum designs which were realistic and
representative of actual practice.

The material cost table (Appendix A) is a two-dimensional array
whose elements are unit material costs (in dollars per pound) which are
functions of both width and thickness and were derived from available
steel industry price lists (3,4,5,6). The various costs used in arrive
ing at the appropriate unit material costs were the base price of steel,
size extras, cutting and edge preparation extras, ASTM A-36 specifica-
tion extras, and estimated transportation and warehousing costs. Thus
the unit material cost when multiplied by its applicable width and thick-

ness, gives the cost of a steel plate to the steel fabricator.



2, Plate Widths and Thicknesses

The original program uses four separate plate dimension vectors;
two for web plates (thickness and height) and two for flange plates
(thickness and width). Since material cost was handled on a unit width
basis, with different costs for web and flange plates, it was necessary
to differentiate between plates intended for use as flanges and those
which were to become webs.

In actual practice, plate material cost is independent of its in-
tended use, as a given size plate will cost a set amount whether it is
used as a flange or a web. This fact permits the elimination of one
thickness and one width vector; thus only one of each is actually re-
quired.

3. Symmetry Indicator

When considering the design of simple span plate girders with sym-
metrical loading it is possible to cut the volume of required computa-
tion in half in the smoothing procedure. The program was modified to
take advantage of this fact.

4. Longitudinal Weld

In order to arrive at the actual cost of the optimum design, a cal-
culation of the size and associated cost of the two longitudinal welds
connecting the flanges to the web was included in the program. The
weld, between element boundaries, is first sized based on the shearing
stress. This size is then compared to the AISC Specification minimum
size, as set forth in Section 1.17.4, with the larger of these two being
the final required weld size. This final weld size is then used to cal-

culate the longitudinal weld cost.



5. Input - Output

The modified data input form which encompasses the previously de-
scribed program changes as well as those unchanged portions of Heithecker's
original work is detailed in Appendix C.

A sample problem, complete with input data, output form, and opti-

mum design is given in Appendix D.
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IV. CASES CONSIDERED

A, Minimum Cost

The "minimum cost'" plate girders are those for which estimated fab-
rication costs and the steel material cost table were used to define the
objective function. These designs represent the most economical beams
which would be produced by a steel fabrication shop.

The fabrication costs used were:

= $ 10.00 (cost of positioning and joining segments)

aQ
=
l

C2 =$ 0.00 (cost of flange width transition)
0.00 (cost of flange thickness transition)

$
Cy, = $ 0.00 (cost of web thickness transition)
$

Cg = 0.75 / cubic inch (cost/unit volume of depositing
weld metal)
Cg = $ 10.00 (cost of positioning, preheating, and inspection

of the splice)

These reflect that no penalty is attached to width or thickness
transitions other than the actual cost of positioning, handling, inspec-
ting, and welding up of the splice. Since fabrication costs are regard-
ed as proprietary information by the industry, the fabrication costs
used herein are the writer's own estimates.

In several of the early computational runs, two segment (tapered
web height) designs were considered. When the designs thus computed
were compared to the zero segment designs (constant web height) it was
found, for the range of spans and loadings considered, that the saving

in material effected by tapering the web was more than offset by the
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additional cost of making a splice. Therefore, to save computation,
only zero segment designs were considered for all subsequent cases.

Table 1 gives all of the computed "minimum cost" designs. All of
these optimum designs are prismatic which reflects the fact that the
extra material cost for elements which are not fully stressed is more
than offset by the saving in fabrication cost associated with elimina-
ting a splice. This conclusion depends strongly on the relative magni-
tude of material and fabrication costs.

B. Minimum Weight

The "minimum weight'" plate girders are those for which all fabri-
cation costs are zero and the material cost is a constant value for all
sizes of plates. Table 2 shows the computed '"minimum weight'" designs
and their properties.

All "minimum weight' designs were required to have constant web
height, in order to give some comparison between these cases and the
"minimum cost' cases previously considered. Since no fabrication costs
were incurred, the beams are no longer prismatic, but have variable

flange widths and thicknesses and variable web thicknesses.



MINIMUM COST DESIGNS

TABLE 1

12

Span Load Web Flange

(ft) (k/ft) Height Thick. Width Thick.
5 1.12 4 .125 4 .125
5 4,44 11 .125 4 .125
10 .18 4 .125 4 .125
10 .55 7 .125 4 .125
10 1.12 15 .125 4 .125
10 2.23 15 .125 4 .1875
10 8.89 30 .250 4.5 .1875
20 .18 6 .125 4 .1875
20 .38 12 .125 4 .1875
20 1.12 25 .1875 4 .125
20 2.23 31 .250 4 .1875
20 4,45 30 .250 7 .4375
30 .07 8 .125 4 .125
30 .26 15 .125 4.5 .1875
30 .60 18 .125 5 .375
30 6.67 45 .375 10 .6875
40 .09 14 .125 4 .125
40 .36 22 .125 6 .250
40 2.23 40 .3125 10 .4375
40 8.90 58 .500 17 .750
50 .11 25 .125 4 .125
50 A4 30 .1875 5 .375
50 1.00 40 .250 7 .4375
50 2.78 57 .375 8.5 .625

100 .22 39 .1875 9 .4375




TABLE 2

MINIMUM WEIGHT DESIGNS
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Span Load Web Flange
(ft) (k/ft) Minimum Maximum Minimum Maximum
5 1.12 4 x 125 4 x .125 4 x .125 4 x .125
5 4.44 8 x .125 8 x .125 4 x 125 | 4.5 x .1875
10 .08 4 x 125 4 x 125 4 x 125 4 x ,125
10 .18 4 x 125 4 x 125 4 x .125 4 x .125
10 .55 6 x .125 6 x .125 4 x .125 4 x .1875
10 2.23 13 x .125 | 13 x .125 4 x 125 5 x .1875
10 8.89 25 x .1875] 25 x .250 4 x 375 5 x .375
20 .18 6 x .125 6 x .125 4 x .125 4 x .1875
20 .39 10 x .125 | 10 x .125 4 x .125 5 x .1875
20 1.12 18 x .125 | 18 x .1875 4 x .3125} 4.5 x .3125
20 4.45 26 x .1875] 26 x .250 4 x .625 7 x .625
30 .07 6 x .125 6 x .125 4 x .125 4 x ,1875
30 .26 14 x .125 | 14 x .125 4 x 125 | 5.5 x .1875
30 .60 18 x .125 | 18 x .125 4 x 125 7 x .2500
30 1.67 27 x 125 | 27 x .250 4 x .125 8 x .4375
30 6.67 43 x .1875| 43 x .375 4 x .9375]1 9.5 x .9375
40 .08 10 x .125 | 10 x .125 4 x .125 4 x .1875
40 .36 22 x 125 | 22 x .125 4 x 125 6 x .2500
40 2.22 39 x .1875| 39 x .3125 4 x .5625| 10 x .5625
40 8.90 57 x .2500} 57 x .500 4 x ,9375) 17 x .9375
50 A1l 16 x .125 | 16 x .125 4 x .125 | 5.5 x .1875
50 YA 25 x .125 | 25 x .1875 4 x 125 | 7.5 x .3750
50 1.00 33 x .1875] 33 x .2500 4 x .6875 7 x .6875
50 2.78 46 x .1875| 46 x .3750 4 x .8750f{ 11.5 x .8750
100 .22 32 x .125 | 32 x .1875 4 x .5625| 9.5 x .5625
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V. ANALYSIS OF RESULTS

A. Non-Dimensional Parameters

A set of non-dimensional parameters, X, Z, and Y was used for graphi-
cal comparisons herein.

1. Non-Dimensional Moment Parameter, X

X = F3/4M and can also be represented as 12.431, L
w
E:L/Z’VB/2 for simple uniformly loaded beams and A-36 steel
where Fy = yield point stress of steel

M = maximum bending moment
V = maximum shear
E = modulus of elasticity for steel
L = length of simple beam
w = uniform loading intensity
2. Non-Dimensional Cost Parameter, Z

Z=F_ C
y

p Y VL

where C

cost of optimum beam

p = base price per unit weight of steel plate
(cost of least expensive plate in Appendix A)

(80.10/1b. was used for "minimum weight" designs

and $0.0735/1b. for "minimum cost'')

X

density of steel
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\Y maximum shear

L

span length
3. Non-Dimensional Weight Parameter, Y

Y=FW
y

T VL

where F

yield point stress of steel

]

weight of optimum beam

density of steel

< S =«
i

maximum shear

[
[

span length

B. Loading - Cost Relationship

1. Minimum Weight

Figure 1 is a log-log plot of Z, dimensionless cost parameter,
versus X, dimensionless moment parameter, for various values of span
length.

The points plotted on this figure are calculated from stress and
cost values associated with the "minimum weight' cases. Note that the
points tend to form a straight line on the log-log scale for spans
greater than 10 feet.

The effect of using under-stressed web and/or flange plates in
the girder makeup is shown by the divergence from a straight line con-
dition with increasing X. This departure from a straight line indi-
cates that less than optimum use is being made of materials. As X
increases the loading intensity decreases, thus reducing the stress

carrying requirements to the point where they are less than the capa-
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city provided by the minimum available plate. If X increases beyond
this point no further reduction in material is possible and therefore
a larger than required plate is being used in the optimum girder.

This excess material results in a larger relative cost parameter, Z,
than had been the case in lower X value designs and thereby causes a
departure upward from the straight line condition exhibited previously.

2. Minimum Cost

Figure 2 is a log-log plot of Z versus X for the same values of
span length used in Figure 1.

The points plotted on this figure are calculated from load and
cost values associated with the "minimum cost' cases. These curves
tend to form straight lines as did the "minimum weight" cases in Fig~
ure 1 and also exhibit, to a lesser degree, the divergence from

straightness explained previously.

B. Loading Weight Relationship

1. Minimum Weight

Figure 3 is a log-log plot of Y versus X for the same values of
span length used previously.

The points plotted on this figure are calculated from load and
weight values associated with the "minimum weight' cases. These curves
tend to form straight lines and exhibit the same general shape as those
shown in Figure 1.

The theoretical curve shown in this figure is taken from Reference
(8) and represents the minimum weight configuration without restriction

to available plate sizes. This curve can be used to define the minimum
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weight configuration for any combination of moment and shear along a
span. However, if the maximum moment and maximum shear are used to de-
fine X, as is done in this work, then the corresponding Y value will
represent the minimum weight prismatic girder. Since the calculated
"minimum weight'" cases are non-prismatic they may fall below this theo-
retical curve for a given value of X. As can be seen in Figure 3, some
of the points do fall below the theoretical curve.

Web and flange properties for selected "minimum weight' and theo-
retical prismatic girders are tabulated in Table 3. Designs which con-
tained highly understressed minimum available plates are not listed in
this table. The theoretical properties shown were calculated from for-
mulas given in Reference (8). Each tabulated theoretical design has a
deeper web, for a given value of X, than the corresponding '"minimum
weight'" design and in most cases has a web thickness approximately e-
qual to the largest web thickness used in the corresponding calculated
design. The theoretical minimum flange area tends to fall between the
calculated maximum and minimum flange areas.

2., Minimum Cost

Figure 4 is a log-log plot of Y versus X for the same values of
span length used previously.

The points plotted on this figure are calculated from load and
weight values associated with the "minimum cost" cases. The shaded
region indicates the theoretical optimum and "minimum weight'" region.
The curves for the "minimum cost" girders tend to form straight lines

for the longer spans considered.
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TABLE 3

COMPARISON OF THEORETICAL AND

CALCULATED MINIMUM WEIGHT DESIGNS

Web Height Web Thickness Flange Area
Length (inches) (inches) (in2 one flange)
X |(feet)]| Calculated|Theoreticall Calculated| Theoreticall Calculated|Theoretical
10 10 13 16.47 .125 .127 .500 .590
to
.937
20 26 33.00 .250 .256 2.50 2.37
to to
.1875 4.375
30 43 49,57 .3750 .385 3.75 5.35
to to
.1875 8.90
40 57 66.15 .500 514 3.75 9.53
to to
.2500 15.95
20 20 18 22.25 .1875 142 1.25 0.89
to to
.1250 1.42
40 39 44,69 .3125 .285 2.25 3.57
to to
.1875 5.63
50 46 55.98 .3750 .358 3.50 5.62
to to
.1875 10.01
33 30 18 23.03 .125 134 .500 1.15
to
2.187
50 33 38.66 .2500 .225 2.750 3.25
to to
.1875 4,813
100 69 75.86 L4375 .439 5.750 12.51
to to
.3125 17.250
59 40 22 24.03 .125 127 .500 1.23
to
1.50
50 25 30.00 .1875 .158 .500 1.92
to to
.1250 2.813
104 100 32 40.30 .1875 .182 2.250 3.33
to to
.125 5.344
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The difference in weight between the shaded region and the actual
optimum cases is the result of steel industry pricing practices. The
differential rolling, shaping, cutting and handling costs associated
with various plates tend to direct the optimum design towards a heav-
ier plate girder than would be obtained using a constant material cost.
This may be observed in the material cost table in Appendix A by noting
that a less expensive plate size, based on a lower $/1b. cost, could
give a lower total cost even though the plate used was actually heav-

ier.
D. Optimum Span - Cost

Figure 5 is a log-log plot of the Cost, in dollars, versus the
Span, in feet, for the "true optimum" designs. These curves are plot-
ted for particular values of X and are approximately cubic parabolas,
which indicates that for a given value of X the cost of an optimum

plate girder is roughly proportional to the span length cubed.
E. Optimum Span - Weight

Figure 6 is a log-log plot of the Weight, in pounds, versus the
Span, in feet, for both the "true optimum" and the "minimum weight"
cases. These curves exhibit the same shape and form as those shown
in Figure 5.

The "minimum weight' designs were plotted to show the relative
weight differential between the two types of designs. Note that, as
shown in Figure 5 and as tabulated in Table 4, the relative weight

difference between the '"true optimum" and "minimum weight' curves,
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TABLE 4

WEIGHT COMPARISON

25

Span Weight (1bs) Weight Relative
(ft) Minimum Cost Minimum Weight Diff. Diff.
X (@8 (2) (3) (2-3) (2-3)
5 5 40.4 39.8 .6 .015
10 312.4 287.6 24.8 .086
10 5 25.5 25.5 0.0 0.0
10 114.7 103.4 11.3 .109
20 926.5 800.4 126.1 .158
30 3123.7 2527.1 596.6 .236
40 6661.1 5720.4 940.7 .164
20 10 63.7 63.7 0.0 0.0
20 386.7 341.1 45.6 .133
40 2890.0 2299.2 590.8 .257
50 5439.9 4425.3 1014.6 .229
35 10 51.0 51.0 0.0 0.0
20 204.0 181.3 22.7 .125
30 612.0 478.1 133.9 .280
50 2741.2 2357.0 384.2 .163
50 20 153.0 136.0 17.0 .125
30 363.4 324.6 38.8 119
40 782.0 651.7 130.3 .200
50 1593.7 1245.8 347.9 .279
100 30 204.0 199.7 4.3 .022
40 374.0 358.4 15.6 .043
50 701.2 591.5 109.7 -.185
100 5163.7 4258.8 904.9 .212
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for a given value of X, tends to increase for shorter spans and then
becomes approximately constant as the span becomes longer. This con-
stant value ranged from 20-287% and produced approximately parallel

lines on the log-log scale.

F. Optimum Span / Depth Ratio

Figure 7 is a log-log plot of the Span / Depth ratio versus X for
the "minimum weight'" designs. The theoretical plot from Reference (8),
for these parameters is also shown in this figure.

The separation of the "minimum weight' design plots from the theo-~
retical is due to the available plate sizes which were allowed in the
actual case designs. The mathematical or theoretical curve represents
no restriction on plate size or height increments whereas the designs
considered were restrained by a maximum (72 inch wide), a minimum (4
inch wide) and 1/2 inch increments on plate widths and heights.

The extremely wide scatter for short span curves with increasing
X is due to the presence of absolute minimum plate sizes in the optimum
design. These plates are considerably understressed. In contrast the
longer span, lower X values (relatively heavier loadings) follow the
general trend of the theoretical curve as these girder designs do not
contain any highly wderstressed plates. This is the same trend as
explained in Figure 1.

Figure 8 has the same plotting parameters as Figure 7, but the
points plotted represent the "true optimum' designs. The scatter from
the theoretical curve is even more pronounced for these designs as not

only does the effect of available plate sizes enter, but also the dif~
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ferential material costs between the various plate sizes. Since the
available material cost table contains peaks and valleys of unit cost

no particular trend was expected nor established for these cases.
G. Optimum Web Depth / Thickness

Figure 9 is a non-dimensional log-log plot of the Web Depth / Web
thickness ratio versus X. The points plotted are for the "minimum cost"
designs which are tabulated in Table 1.

The theoretical curve for these parameters is also plotted on this
figure. This theoretical curve was plotted from values taken from Ref-
erence (8). The main body of design points tend to follow the theoreti-
cal curve for a certain distance and then, depending upon span length,
begin to diverge downward with increasing X values. This divergence is
due to the presence of minimum plate sizes in the more lightly loaded
regions, larger X values, and indicates an understressed condition. The
longer span curves tend to drop off or diverge at higher values of X
than the shorter span curves. For example, the 10 foot span curve shows
this divergence at an X value of 20 while the 20 foot span curve does
not diverge until an X value of approximately 35. This behavior was
expected as the stress levels in a shorter span are lower than in a
longer span, for a given value of X. Thus the minimum plate size is

reached at a lower value of X.



WEB DEPTH / THICKNESS RATIO

1000

31

8

THEORETIGAL|

200

100

H
o

20

10

4 10 20 40 100
| MOMENT PARAMETER, X

FIGURE 9 - WEB DEPTH/THICKNESS RATIO (MINIMUM COST)



32

VI. SUMMARY - CONCLUSIONS

The previous graphical results illustrate the effect of steel in-
dustry pricing practices on various properties of an optimum plate gir-
der as well as the effect of commercially available plate sizes on such
a design.

The geometrical configuration appears to be highly sensitive to
pricing practices and available plate sizes. The overall girder weight
and cost tend to be rather insensitive to changes in geometry caused by
unit material cost differentials.

The excess material used in the make-up of a prismatic beam is less
costly than the rigging-up, handling, positioning, and welding of a mate-
rial saving transition splice. This conclusion, however, is dependent

upon the relative magnitudes of the material and fabrication costs used.
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APPENDIX B

PROGRAM LISTING

$IIFTC MAIN DFCK

C
C
C

D ikl

n)

2n

22
23

24

MATNLIMNFE PLATF GIRDFR SYNTHESIS

NDIMENSTIN LCONDEI2) . ITYPF(IT), NXL(E11)e FYAGLIL).
TWS(23)48S{137)INDW(I3TILINDTL23),
XMPE(30)es XLPF(20)s XMUNF(30),XLNF(30). VE(30).
BF(30), TFF(30), HFI(3N,. TWF(3D), HFS(30), XI(20),
RO(37), TFO(30), HOL30). TWO030)e VOL30)e XMPII30), x¥NUL3C),
NLC(20) e NRCI(20)s HLC(2)s HRC(20),
[SW(30)e 1S(30.23), RNU(I)s RN2(9)s SEGCNI20.81)s [2(2043),
XLT(30) s XxLB(30). CLOSTI(9.,17)

NS0 -

FOQUIVALFNCE (XLT(30)HC(30)), (XLB(30).TWO(30) ).
1 (XX(30) JHF(30)) . (YY(30).TWF(30))

v

DATA RINF/1eF23/ oJNIM/YAT/LDIM/12/0KDIM/ 23/
1 NSDIM/20/+ ELMON/?49FT/. DENS/428333/,10D4/23/

PFAD AND WRITF PAGF HFADING
CALL PASFR ( N, 0O, IPGR )

RFAD (5,5050) BCAOST

READ (5,5050) (TwS(I)e1=1,23)
RFAD(5,5060) (INDT(I).[=1,23)
RFAD(F,5070) (RBS(J)e J=1,137)

RFAND (5,5060 ) ( [NDW(J)e J=1,137)
N1 21 [=1.9

REAND (5.,5050) ( COST(T J) o U=1,17)
N 21 Ul=1.17

[F ( COST(T.JI 1122,22.73
CIASTUILJI)=RINF
COASTILJI)I=CAST(I.JI) + RCOST
CONTINUF

WRITF ( 5,5080 )

WRITF ( 6,50R81 ) (I + [=1,9 )

nn 26 Jr=1,17

WRITE ( 6,5082 ) ( JT(CNSTIITJT)IT=1.9))
CONTIMUF

SKIP TO A NFW PAGE AFTFR WRITING MATFRIAL COST TAHLF
CALL PAGFR (6N.=58,[PGR)
FSTARLISH PROBLEM LNOP

PFAD ( 5. 5000 ) A

NAPRO = A

N0 4N00 MMM = 1, NOPRN

REAN(5.,5060) KLIM,TLIV.JLIM
INITIALIZE
[ERAR =0
no 20 N =1

o LDIV
LCONDIN) = 0



an

on

50

AO
T0

lal

an

109

119

129
131
140

1510

READ AUTPUT CONTROL AND THICKNFSS VIOLATIUN INOICATOR
READ ( 5. SNN0O ) A, R

[NUT = A

IvoL = 3

2EAND SPANLNFGPFFS NF FRFFNCM AND SYMMFTRY
RFEAD (5 o 5000 ) XL+A«R.SYMM :
NA = A i

NB = B

[F ( NA#NB =.2 ) 40, 40, 30

[FRAR = 1

WRITF ( &6, 6000 )
REAND NN ELFM, MIN NO SFG. MAX NO SEG. MIN NJ FLEM/SES
READ ( 5. 5000 ) Ay Bs CWu D

NEMAX = A

NAISMN = B

NASMX = C

NMIN = D

IF ( NOSMM=NFMAX) 60, &0, 50

[FROR =)

WRITF ( 6+ ANOT )

[€ ( NDNSMNXNMIN = NFMAX ) 80, 80+ 70
[FROR = 1

WRITF ( 6. 6002 )
READ AN TRANSIATE LOADING CATA, GENFRATF DEAD LuAD CJUNDITIJIN
RFAD ( 5, 500C ) A

NOLEG = A

IF ( NUGC = 4 ) 100, 1CN. 90

WRITF ( Ay 6003 )

sTop

0OX = X1 /FINAT(NFNAX)

K =0

NN 120 N = 1. LIIV

oA ( 5, 5000 ) A, A, Co FMAGIN)
RLANK CARD TEST

IF ( A ) 130, 130, 11C

K = K + 1

LCCNN(INY = A

LTYPFIN) = R

NXL(N) = [FIX( C/DX + &5 )

CONTINUF

IF ( K= 1LDIM ) 150, 140, 149

WRITF ( As 6004 )

STno

GFNFRATF NDEAD LOAND CONDITION

K = K + 1

MILEGC = NIJIC + 1

LCAND(KY = NOLC

LTYPFIK) =N

NXL(K) = 0

FAAGIK) = 0.

36



C FFAD BRACIMG DATA AND GFNFRATF UNRR LIH VFCTuUk Fux

C BOTTOM FLLANGF CORRFSPONDING TN XMPE
READ ( 5, 5000 ) A
NNBPR = A

IF ( NORPR) 150, 160, 180
169 DI 17N N = 1, NFMAX
170 XLPF (N} = 0Oa
GN TN 230
189 READ ( 5. 5000 ) ( XLB(N)s N=1,NOBPR )
[F ( Xts8¢1) ) 200, 200, 190
199 [FROR =1
WRITF ( 64 AGOS5 )
GO TN 230
20N [F ( XIR(NIBPB) = XL ) 210, 220. 220
219 [FFN? =]
WRITF ( 6, 6006 )

G Tn 230
227 CALL LARAC ( NFMAXe XL+ XLBs XLPF )
®
[ REAP BRACING DATA AND SFNFRATF UNRR LLTnt VFCTIR FiR
C TOP FLANGF CORRESPCNNDING TN XMNF
239 RFAD ( 5, 5000 ) A
NORPT = A

[F ( NN8PT ) 240, 240, 240
240 NN 257 N = 1, NEMAX
250 XUNF (MY = 0a
5 10 310
260 READ ( Se SN00 ) (1 XLTIN)s N=1.NORPT )
[F ( XLT(1) ) ?2B80. ?R0. 270
279 [FROR =1
WRITF ( 6, 6005 )
G TN 310
280 [F ( XLT(NOBRPT) = XL ) 290, 300, 200
2931 [FFOAR = 1
WRITF ( 64 AQCH )

67 117 19
3¢ CALL 1BRAC ( NFMAX, XL+ XLT., XLNF )
.
[ READ YIFLD POINT. ALILOWARLFE IVERSTRESS
nn RFAD ( 5, 5000 ) FY. AQS
.
C READ MIN SPANM/DFFL. MIN HFIGHT. MAX HEIGHT

READ [ 5. 5000 )} XLODe HMIN, HMAX
[F ( HMAX ) 3720, 320, 330
220 HMAX = RINF
C
[ RFAD MAX HT/WTH, MIN FLG WTH/THK., MAX FLG WTH/THK. MAX WEB HT/THK
330 PEAD [ 5. 5000 ) H3MAX., BTMIN, BTMAX., HTMAX
[F ( HAMAX ) 340, 340, 350
340 HRMAX = RINF
350 IF ( RTMAX ) 360, 360, 370
369 3TMAX = RINF
270 IF ( HT4AX ) 380, 380, 3939
330 HTMAX = RINF
C



C
199

450

n

5001
ST

520

530
g4M

5501

54M
57TM

52C]

san
110
A1 01

£201
3N
A4 )1

MAX WFB HT/THK. AISC (1961) 1a10e2s 1410053
HTMAX = AMIN1 ( HTMAX, 2606+ Ve4FT7/SQRTIFY®(FY+165006))

NX = NX*NFNS

RFAD FARRICATION CNOSTS
RFAD ( 5, 5002 ) UCFY. UCF2, YCF3, ULF&4. UCFS. UTF6

RFAD GRIN CHARACTERISTICS
QFAD ( 5. 5000 ) A. B, Ce HGMIN., HGMAX, HGINC
IGMIN
IGMAX

A
i)
[GINC C

Wwonn

HMIN = AMAXY ( HMIN, HGMIN )
[F ( HMIN ) 478, 478, 479
TERNR = 1

WRITF ( 6. 041 )

[F ( TFRAOR ) 4991, 4901, 4R)

INPUT UNACCEPTABLF SKIP TO NFXT PAGF. READ NEXT PRUBLEM
CALL PAGFR ( 60, ~5R, [PGR )
GO TN 4000

INPUT TISTING

WRITF ( 6+ AN10 ) XL+ NA. N3

WRITF ( 6. 6011 )

NN soN01 N =1, LNDIM

[F ( LCOND(N) ) 5101, 5101, 5001

WRITF [ Ao 6012 ) LCANDIN) . LTYPFIN) e WNXLEN)e FAAGIN)
WRITF (6. 6013 )

[F ( NOBPB ) 5201, 5271, 5301

WRITF ( 6. ANY4G )

GN TO 5401

WRITE (5. 6015 ) ( XLA(N). N=1,NIBPS )
WRITE (6, 6076 )

IF ( NN3PT ) 5501, 5501, 5601

WRITE (6. A014 )

50 10 5701

WRITE ( 6s #0315 ) ( XLT(N)e N=l. NGHAPT )
WRITF ( 6s 6017 ) FY. A0S

WRITE ( &, 6018 ) NFMAX

WRITF ( 6. 6019 ) NOSMN., NOS4X

WRITF (44 6020 ) NMIN

ARTTF (6, A0?21 ) XLOD

[F ( HMAX = RINF ) 5801, 5901, 5901

WRITF ( &¢ 6N?22 ) HMIN., HMAX

GO TN 4100

WRITF ( 6. 6022 )} HMIN

[F ( HB34AX = RINF ) 6101, 6201, 6201
WRITF (4, 6023 ) HRAMAX

N TN 6201

WRITFE ( 6. K023 )

[F ( RTMAX = RINF ) 6401, A501, A501
WRITF ( 4. A024 ) BTMIN, BTMAX

)

38



GO TO 6601

E5CY WRITF (6. 6024 ) BTMIN
6601 WRITE ( 6, K025 ) HTMAX
WRITF ( A, 6032 ) UCF1
WRITF ( A, AD33 ) UCF?
WRITE ( 6. A034 ) UCF3
WRITF ( 6, 6035 ) UCF4
WRITE ( Ay 6026 ) UCFS
WRITF ( 64 A037 ) UCF6
WRITF ( 6+ 6038 ) IGMIN. IGMAX., [GINC
WRITF ( 6. 6039 ) HGMIN, HGMAX., KHGINC
WRITFE ( Ay 6040 ) IOUT. TVOL

INPUT ACCFPTARLF INITIATE DISIGN
an ATS = AMAXI( les (ANS+100.)/100. )
[SAVF = [LIH
KSAVF = KLIM
[F ( NOSMN = NSHIM ) 510+ 510, 509
501 NIISMN = NSDIM
f10 IF ( NOSMX = NSDIM ) 539, 5397, 520
820 NIISMX = NSNIM
£3n NF = RINF
NUMT = N0
NOS = NASMN

S£DO0OD

C
C PRFI I MINARY ANALYSIS ASSUMING GIRDER PKISMATIC WEIGHT=0.
CALL ANAL ( NEMAX. XLe NAs NBs FLMOD. 1000es X1
1 Oe s NOLCs LCGRD. LTYPF, NXLs FMAG,
? XMPF, XMNF., VF., AYMAX )
C
. GENFRATE FULLY-=STRFESSFD NFPTHS AND WEB THK
C BENNDING STRFSS o6FY, SHEAR STRESS AISC (1961)

NN 549 N = 1, NFMAX
XM = AMAX] ( XMPF(N), =XMNF(N) )
CAIlL NFPTH ( XM, VFIN). FYs HTMAX, HMIN, H4AX., HES(N) )
CAaLl WRTHK ( HFS(N), VF(N), FY, TWF(N) )
540 COMNTINUE

C

C PRFI TMINARY DFAD LOAD ESTIMATE
N 550 N = 1, NFMAX
RF(N) = 0.

TFFIN) = 0.
559 CONTINUF
CALL WDSPG ( NFMAX. XL+ 3Fy TFFs HFS. TWFe WT )

Nl = 2.5%wT/XI

o

C PRFLIMINARY ANALYSIS ASSUMING GIRNDFR PRISMATIC

. DFAD 1 DA FQUALS 24S*WEIGHT FUJLLY STRFSSED WEB
CALL ANAL ( NFMAX, XL, NA, NB, ELMOD. 1000s. Xl
1 NDLe NI Co LCONDs LTYPFs NXLs FMAG,
2 XMPF, XMNF, VF., AYMAX )

C

INITTIATF OPTIMIZATION LCOP FOR NUMIER (OF SEGMENTS
SKIP TN NFXT PAGF

iaNal



5610

)
563
561

kel

lalel

570

G
600

£10

C

€20

&30
AR
€32

inl

440

CALL PAGFR ( AQ0. =58, IPGR )
[FISYMM) 661 , 541 o 562
TFEINOS=1) 5A1 , 563 . 541
NS = NOS + 1

HG = HGMAX

I[XG = NFMAX

INTTIAL SEGMENT GEOMFTRY

CALL LNFIT ( NNS, NFMAX, HGs HGMIN, HGINCs IXGe [XGo
1 NMIN, HMIN, HMAX, HFS. HE., SFGCO,

? NLCe NRCos HLCo HRC, ILN )

TEST FOR FFASIRLF DFSIGN
IF { ILN ) 570, 570, 1520

INTTIATF SFGMFNT OPTIMIZATION
[S1Tnp = -1

NUM = n

HG HGMA X

6 IGMAX

[F ( NOS ) 580, 580, 590
INCS =1

6N TN 591

INCS = NOS

N 592 TSN
HLCITSN) =
HRCOISN) =
NRA = 1.

= 1., INNS
FLRAT ( IFIX [ HLCCOISN)+.5) )
FLOAT ( TFIX ({ HRCOISN)+.5) )

N 610 TSN = 1, [NOS
NN A~A19 ISTA = 1, 8]
SEGEN ( TSN.ISTA ) = RINF

nnoe30 1L = 1, 9

ANT(TJUL) = O

TF [ SYMM ) 640 , K40 o 631
TFINOS) 640 , 640 , 672
INOS =1

SEGMENT OPTIMIZATINN ( ISN=SFGMFNT NUMBFR )
PN 1140 [SN = 1. INNS

rO €50 TJUR = 1, 9

RN2(TJR) = RINF

CENTRAL GFID POINT SFGYENT GFOMFTRY Fuk [SN

NCL = NILC(ISN)
NCF = NRC(ISN)
HCL = HLCOISN)
HCP = HPC(TSN)

NEETIE FLEMENT GRID AT LFFT FNN OF SFGMENT
AKD SET SFGMENT COST

[F ( ISN =1 ) %60, 6604 670

[LMIN = 2

IXGo

40



i MAX = 2

CSFG = N
GN TN AR0
676 [LMIN =1
T 4AX = 3
CSFG = UCF1
C
C DFFINF FLEMFENT GRID AT RIGHT END 0OF SEGMENT

680 IF ( ISN = INOS ) A90. 700, 700
630 [’RMIN =1

IRMAX = 3
63 TN 70
700 TRMIN = 2
[RMAX = 2
.
@ FLFMENT GRIND AT RIGHT END

710 NO 1120 IR = [RMIN,., IRMAX
[RT = ( [R=1 )*3

r
C HFIGHT GRID AT RIGHT FND
NN 1120 JR = 1. 3
TJR = IRT + JR
C
C EVALUATF FND GFCMFTRY FGR GRIDND POINT I1JR ( HKeNR)
CALL GRID ( 1. [JR, HCRs NCR. NCL,
1 HGs HMIN. HMAX, [Gos NMIN, HR, NR, 'IGRID )
r

[F ( IGRIN ) 720, 720, 1120
120 [STAT = ( [JR = 1 )*9

RMIYN = RINF

FAINMI = RINF

c

C FLFMENT GRID AT LFFT FND
IL = I[LMIN

720 ILT = ( [L=1 )*3

.

C HFIGHT GeIN AT LFFT FND
JL =1

740 [F ( NOS ) 75C. 750. 760
759 JLU =3
TJL = TJR
GO TN 770
760 far = 01 + JiL
770 [F ( RNI(I.J1) = RINF ) 780. 1070, 1070

C FVALUATE FND GFCMFTRY FNR GRID POINT TJL ( dLoNL )
789 CALL GRID ( 0. [JLe HCLe NCLe NR,
1 HG+ HMINe HMAX, [Ge NMIN, HLs NLso IGRID )

[F ( IGRID ) 790, 790. 1070

739 [STA = [STAT + [JL
ACNST= ABS ( SFGCOCISNLISTA) )

C
C TEST GRID POINT FOR INITIAL END COIRDINATES SEGCO = RINF.
C OT4FRWISE SEGCN SAVED FROM PREVIDUS GRID POSITION



NO 1 I1=1.NMAX
NU=NL+II-1
SC=VEINI)/HF(IT)
SC1=AMAX1(SC1.S5C)
TWF1=AMINL(TWEY»TWF(ILT))
1 TFC1=AMAXT(TFCI1.TFR(IL))
DWEL=FLOAT(IFIX((1s432152E-03)%SC1)1+2)/32.
IF(TFC1=a5) 2+2.3
[FITFC1=a75) 4+%4.5
IF(TFCI=14.5) 64647
IF(TFC1~-2475) 84849
[F(TFC1-6.0) 10.,10,12
DWFl 1=41R875
G0 10 11
NDWFL1=.250
GO 10 1
4 DWFI 1=421268
o070 1
8 NDWFL1=4375
Gn TN 1
10 DWFL1=45
63 TN 11
12 DWFI1=.625
DWFL1I=AMINIINDWFLL.TWEL)
IF ( DWEL - DWFL1 ) 13,13,14
14 TFW=AMINY(TFC],TWF1)
TF( TFW = 472500) 15.,15.16
15 DWFL=TFW
60 TN 13
14 DWFL=TFW=-eNA2E
13 DWFL2=AMAX1(NWEL «DWELL)
COSTC=UCF5%2 ¢ *DWEL2%NWFL2#%NX *FLOAT{ NMAX) /DENS
ACOST=ACOST+COSTC
IF ( LFGAL ) 930, 930, 940
930 SEGCO(ISN.ISTA) =ACOST
GN 70O 950
Q4N SFGCO ( ISN. ISTA ) ==ACOST

VO~ W

~

G RFCURRANCF RFLATICNSHIP
S50 RR =ACOST + RN1(IJL) + CSFG

I[F ( SEGCO(ISN,ISTA) ) 960, 960. 980
960 [F ( RR = RMINI ) 970, 1070. 1070
S70 RMINI = PP

KLT = TJL

6N 10O 1070
G8N [F ( RR = RMIN ) 990, 1070, 1070
€350 RMIN = RR

KL = Tul
GO 10 1070
C
C SMNOTHING UNSUCCFSSFUL CONSTRAINED BY MAXIMUM THITKNESS
C OR INTFRNAL DIMESNION LIMITATIONS
1000 KLIM = KSAVF

[LIY = [SAVF
1STOP = [STOP + 1



840

a5

k0
€70

pan
890
NN

211

Q2N

DESIGNS WHICH VINLATF THICKNFSS CONSTRAINT STORED NEGATIVF

[F (AC

SMANTHI
NMAX =

OST = RINF )

NG RAOUTINF
NR = NL + 1

950, 800. 800

CAILCULATF FLFMENT HEIGHTS ( HF )
TS ( MMAX, HL. HR. KE )

CALL H
| FGAL

WFR SMN

=0

NTHING

CALL WFR ( NMAX, NIl
Os KNMIN., KMAX, ISW )

1 NDG
IF (N

nGco ) 850, 85

o KLIM, HTMAX. FY. VF. rdF.

0., 820

REQUIRFND THICKNFSS VIOLATES CONSTRAINT
vaL ) 830. 830, 1000

IF €1
IF (K
LFGAL
KLY =
6 1N

LIM = KDIY )
=1
KLIM + 1
a10

CALL WRSMOD { NMAX,
1 DX HUCF4 G UCFS W UCFOoNOGOCASTWTAES [INOT o INDWo CUSTo8S)

I[F (N

FLANGF
[T =1
cAaLL F

960 ) 860, 8%

SMNOTHING

LG ( NMAX. NL

840, 1003, 1000

1o KMIN. KMAX, HE. TAS.

0. 1000

o ITe TLIMe JLIMs HBMAX,

1 XMPF ¢« XLPF o XMNF ¢ XU NF o HF ¢ TAF o BSoe TWS
? NAGN e TMIN G ITMAX ¢ JMIN G JMAX o ISo INDT INDW )

IF N

nGnN )y 91n, 91

0. 889

REQUIRFD THICKNFSS VIOLATES CONSTRAINT

= 1
IF 1
LFGAL
L =
T =1
GN 11

CALL F

val. ) 8°0. 89

0, 1000

1[M = [DM ) 990, 1000, 1000

=2

Teim + 1
LI
370

LSMO ( MMAX,

0. [MIN, [MAX, JMIN,

JMAX o

TrSo

[SHs

BTMIN. BTMAX,

BTMaX.

1 HSeTWSs IS DXeUCF2 UCF3UCFSUCF6. INDT o INOWSCIST
? NNGN.CNSTFTFELBF)

IF (N

SMNANTHT
ACOST=
NUM =
NUYMT =

KLT® =

60 ) 920, Q2

NG SUCCFSSFUL
2.%CNSTF + C
NUM + 1

NUMT + 1
KSAVF

[ SAVF

0, 1000

STORF SFGMFNT COST
OSTwW

FY .

Teo
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1eon
1030
1040
1650

10A0

170

1030

1090
11170

110
1120

1130

1149

1160

1140
C

nn

1172

1170

[F (

CAlL

6N TN
WRITF
GNn TN
WRITE
G TN
WRITF
G TN
WRTTF

[STNP ) 1020,
2.
1040,

PAGFR ( 2
( 1030,
( 6. 604
1070

?

)

( 64 6043 )

11770

{ 6. 6044

1970

( &¢ AN4S

)
)

1020,
[PGR )
1050.

1070

1960 1.

INCRFMENT HFIGHT GRID AT LFFT END

JU o=
e

INCREMFNT FLFMFNT GRID AT LFFT FND

e =
IF

TF (

PN2(T
rzars
G0 TO
RN2 (1
I7e1s

CANTI

nn 1
ENT (T

COANTTI

JUo+
JL o~ 3 )

.+ 1

740,

[L - TLMAX ) 730,

RMIN = RI

JRY = RMI

NolJR) =
1120

JR) = RMI

N .TUP) =

NUJF

20 TJR =

MF
N
KL

NT
KL

1.

) 1100.

I

9

JRY = RN2(TJUR)

740, 1089

730,

1090

1110, 11

NOGO

10

FIND NPTIMUM CNST FOR NUMBFR OF SFGMENTS = NJS

ACOST
no
IF

TJr =
ACNDST
CONTI

MUF
= RINF
A0 IJ = 1. 9
RN?2(T.J0) =ACOST ) 1150,
[
= RN2(TJ)
NUF
TEST FNR SUCCESSFUL NRFSIGN
[F (ACOST = RINF ) 1170, 117

ti; PESIGN FOUND FCR

CALl

NOS =
IF

MNOS =
6N 10O

NDESIGN
IF

PAGFR ( 2.,
WRITF ( 6+ 6069 ) NOS

NOS 4+ )

NOS = NOSMX

NN SMX
1652¢

2+ IPGR )

) 560. 54N,

1161,

1. 11

NOS SEGMFNTS

1172

SUCCFSSFUL TFST FOR CUTPUT

InutT - 2

1190,

1189,

1140

1160

71

OPTION 2
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1130

1279

1230

1290

OUTPUT DFSIGN TRAGF GUTPUT GPTION 2
CALL PAGFR ( INIS+4, 2, IPG2 )
WRITF ( 6. 6046 )
WRITF ( 6. 6047 ) »
WRITF ( 6, 6048 )  ISNe NLCOTSN)Y NRGOISND. ALGOISN
1 ISN = 1, INNS )
WRITF( 6.6049) 1[G, HG. NUM, ACOST

FIND DOPTIMUM SFGMFNT GFOMFTRY FNR [G AND HG
ICTR = n
ISN = [NOS
TJL = [7(ISN.TJR)
IF ( TUR = 5 ) 1210, 1200, 1?10
IF ( IJdL - 5 ) 1210, 1220, 1210

SHIFT CFENTRAL GRID PCINT TN OPTIMUM

RETAINING GRIND PAOINTS AT WHICH THFE GRIDS UVFRLAP
ICTR =1
CALL SAVE ( ISA., INOS. [TJdLe TJRe NLGe NRC.

1 HLC+ HRGCe HGe IGs SFGCN )

[JR = TJL
ISN = [SN -1
IF ( ISN =7 ) 1230, 1195, 1195

IF { ICTR ) 1240, 124G, 520

CENTRAL SRID POINTS OPTIMUM FOR CURFENT GRID INTEKVALS
CALL RFDD € INOSe HGe RGMIN, HGINC. [Ge [GMINe [GINCS
] SEGCD. IRFDO )

IF € IREDC ) 1250, 1250, 4?29
IF (ACOST = OF ) 12A0,., 1260, 1510

FVALUATF PROPFRTIES NF QOPTIMUM NFSIGN
ACCST= r,
NN 1330 [SN = 1. INOS

NI = NLC(TSN)
NR = NRC(TSN)
HI. = HIC(ISN)
HR = HRC{ISN)

NMAX = HNR=NL+1

CALL HTS ( NMAX, HL. HRs HF{NL) )
LFGAL = 0

CAIL WFR { NMAX, NLo KLIM, HTMAX. FYos VF. HF(NL)s TaS,
NOGO. KMIN, XKMAX, ISW )

TF ( NOGO ) 1290, 1290, 1280

LEGAL =1

KLIM = KLIM + ]

G0 TO 127n

-

CALL WBSMO ( NMAX. 1. KMINs KMAXs FEFINL)e TWSe [Sd.

HRZOISN) .,
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C
12730

13110

1324
1222

11331
11213

1241

1329

1

]

-

C

1
?

1239

1340

1350
-
C
1340

DXoUCF4 sUCES G UCFE eNNGOGCISTHoTWEINL) o INDT o INDALCISTHB3S)
v =1

CALL FLG ( NMAXe NLo [Te [LIM, JLIMe HBMAXs BTMIN.. BTMAX.
XMPF o XLPE ¢ XMNE ¢ XL NEHF (NL ) o TWE(NL) o BS o TWS
NGO TMING IMAXe JMIN o JMAX o [ Ss INDT, [NDA)

I[F ( NIGN ) 1320, 1320, 1310

LEGAL =1

[LIM = TLTM ¢+ ]

IT = TLIM

6N 7O 1300

CALL FLSY0 ( NMAX, 1, [MIN., IMAX. JMIN. JMAXs BTMAX.
RSeTWS oIS eDXoUCF2 UCF3 UCFS5.UCFA, INDT o [NDWeCOST
NAGNCASTFTFF(NL) oRFINL))

ACOST=ACOST + 24*%COSTF ¢ COSTW + CNSTC

CONTINUF

[F ¢ NOS ) 1321,133,1234
[FISYMM) 1331,1321,1322
ACOST=24%ACIST + UCFI

GN TN 1233

ACNST=ACAST + FLOAT(INOS=Y)*UCF1
KLIM = KSAVF

[LIM = [SAVFE

HECK FNR VIALATICN °F BFHAVIOR FUNCT NS

CALL INSPG ( MFMAX, RF. TFF, HE, TWF. XI )

CALL WDSPG ( NFMAX, XLe BFe TFFs HFs TWFes AT )

o= WT/ZXL

CAIL ANAL ( NFMAX, XL, NA, N3, FLMOD, Oee XIo
NDLe NOICo LGIND, LTYPF, NXLe FMAG,

XMPE, XMNF, VF, AYMAX )
EVP = 0.
FAR = 0,

I[F ( SyMmm ) 1338 , 12338 , 1341

NNMAX = NFMAX/?2?

GO 19 1330

NNMAX = NEMAX

N 1340 N = 1 ,ANMAX

R[N = RF(N)

CALL RFFIN ( RINs TFE(N)s HRE(N)s TWF(N).
XMPE(N), XLPE(N)o XMNF(N)o XLNE(N)s VFIN)e FY,
FBRAT, FVRAT )

FVR = AMAX1( FVR., FVRAT )

FRR = AMAX1( FRR, FRRAT )

CANTINUF

[F ( FVR = A0S ) 1350, 1350, 1350

IF ( FBR = ANS ) 1370, 1370, 1369

STRFSS CONSTRAINT ACTIVE OUTPUT HFSSAGFE AND RFDESIGN

CALL PAGFR ( 2+ 24 [PGR )
WRITF ( 4. 6050 ) NOS. FVR. FHR
GO TN 60D

FY .

las
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C
1370
C
C
C
1330

13390

fnlkal

[F ( XL/ARS(AYMAX) -~ XLON

) 1389, 1400,

1400

DFFLECTION CONSTRAINT ACTIVE OUTPUT MESSAGE

INCRFASF MCMFNTS AND RECFSI

GN

DR = DRA*XLNN*ARS{AYMAX)/XL

NN 13en N = 1 ,NAMAX

XMPE (N) = XMPF (N)#DR

XMNF (N) = XMNF (N)%DR

NRA = NP

CALl PAGFP ( 2+ 2+ IPGR )
WRITE ( 6+ ACST ) NNS, NR
GN TO 400

OPTIMUM NESIGM
[F (ACOST = NF ) 1410, 141
STORF
OF =ACNST
AYNPT = AYMAX
WTOPT = WT
NOPT = NOS
nn 14720 N =
VOIN) = VFI(N)
XMPG(N) = XMPF(N)
XMNOIN) = XMNF (N)
HO(N) = HF(N)
TWOIN) = TWF(N)
BO(N) = AF(N)
TEO(M) = TFF(N)

1 MNAMAX

TEST FNR OUTPUT OPTICN )
[F € I0UT = 1 ) 1430, 1440

TNCREMENT NUMARFR OF SFGMENT
NAS = NOS + 1

[F ( NNS = NOSMX ) €50, 56

SKIP TN NFW PAGF ANND WRITF PAGF HEADING FOk

catt
WRITF

PAGFR ( 60
( 6. 6053 )

~58,
NOS

IPGR

TABLF HFADINGS FAR AUTPUT
WRITF ( 6. 6054 )

WRITE (6. K065 )

WRITE ( Ae 6066 )

WEITE NUTPUT TABLF
N0 1460 N = 1 ANMAX
RIN = RO(N)
CALL BFFUN [ BIN. TFOUN).
1 XMPNIN) o XLPFIN). XMNO(
? FBRAT,., FVRAT )
VO(N) = VG(N)*,001
XMPO(N) = XMPO(N)*%B,333332

0. 1510

IAPTIMUM DRFSIGN FOR NUMBFR SEGMFNTS =

« 1440

S

0. 1490

)

HOUN) o TWNIN)
N} o XULNFIN).

AF-5

SATISFIFS BFHAVIOR FUNCTIONS

INOS

QUTPUT OPTILON 1

VO(N)e FY.
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1440

o

1470

1430

XMNO(M) = XMNO(N)*8433332333E=-5

WRTITE [ 66 6067 ) No BCIN)W TFOU(N)W HI(NDe Twd(N)e FVRAT, F3RAT,
1 VOUN) ¢« XMPRIN) s XLPF(N)¢ XMNO(N)e XLNE(WN)

CONTIMUF

WRITF ( 6, 6072 ) AYNPT

WRITF (6. 6073 )

WRITF ( 6. 6374 ) NUMT, WTNPT, 0OF

WRITF( A 7000) COSTF.COSTW.COSTC

TFST NUTPUT COANDITION
[F € [OUT - 1 ) 2000, 1470, 1470
NOS = NS + 1
IF ( NAS = NASMX ) SA0. 560, 1480
CAlLl PAGFF ( 60, =58, IPGR )
WRITF ( A, 6748 ) NOSMX
G7 TO 2000

DESIGN TFRMINATED PY MAX NUMBFR SEGMENTS OUTPUT OPTION 0
CALL PAGFR ( 24 2, IPGR )
WRITF ( 6+ 6NES8 ) NOSMX
[F ( OF = RINF ) 1550, 1500, 1500

NO NDFSIGN NUMBFR SFGMENTS MAX[MUM
CALL PAGFR ( 2, 2, TPGR )

WRITF ( A, 6069 ) NOSMX

60 10 2000

NESIGN TERMINATFD BY INCRFASE [N COST
CALL PAGFR ( 2., 2+ IPGR )

WRITE ( As ANTN VJACCST. NNS

[F ( IAUT = 1 ) 1580. 2000, 2000

DESIGN TFRPMINATFND BY MIN FLFM/SFGMENT (R RINF CUST AT MAX Nd ELEM
CALL PAGFR ( 2+ 2. IPGR )
WRITF ( 6+ 60A8 ) NNOS
[F ( NF = RINF ) 1540, 1530, 1530

N DFSIGN  MIN FLEM/SEGMFNT NR MAX SFGMENTS ACTING
CALL PAGFP ( 2+ 2+ [PGR )

WRITE ( 6. 6069 ) NOS

G0 10 2000

DESIGN TFRMINATED MIN FLFM/SFG ACTING
[F ( [NUT = 1 ) 155C, 2009, 2000

SKIP TN NFw PAGF AND WRITF HFADING FOR OUTPUT JPTIUN O
CALlL PAGFR ( 60, =58, IPGR )

ARITF ( 6. 6371 ) NOPT

GO TN 1450

PRNALFY COMPILFTEN SKIP TO NFW PAGF
CALL PAGFR ( A0, =58, IPGR )

CONTINUF
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C
5010
5050
5060
5070
5080
5081
5CR2
~COD
60N
6002
5007
ACC4
£0CSs
6006
£010

5011

N1 2
6013
AD14
£C1R
A016A
5017
£01R
471 ¢
~020
021
“no2
sn22
AC24
D2/
5C28
AO2D
6033
A 34
50125
60364
5£N27
4038

5010

ANGN
041
~04D
ACH2
(044
A4S
4047

AN4Y
6049

1

1

]

1

1

1

49

FORMAT ( AF10D.0 )

FORMAT(13Fhet)

FORMAT(2413)

FAFMAT(20F4e1) :

FARMAT(45X 1 9HMATFRIAL CNST TARLE/ SO0Xe10HTHICKNESS /1Xe6HAINDTHS/)

FORMAT(6X+s9(2Xs1243X)/)

FORMAT(?2X o [?46Xe9(F6ab2X)/)

FIRMAT ( BX. BHIUNSTABLE )

FNPMAT ( 5X. THMIN SFEG )

FORMAT ( 5X. 12HMIN FLFM/SEG )

FORMAT ( 55X, 13HNUM LOAD COND )

FOPMAT ( 5X. 13HNUM LOAD CARD )

FORMAT ( 5X. 17HLFFT FAD UNBRACFD )

FORMAT ( 5X. 15HRT FND UNRRACED )

FORMAT ( 1HN, 3X, 4HSPAN, Fl241. 2X. 16HOEG OF FREEDIM L. T2,
2H Ry 12 )

FORMAT ( 1HO. 3Xe THLOADING. 4Xe GHCONDITIIUN. 3Xe 4ATYPF,
3X, 4HFLEM, 3X. OHMAGNITUDF )

FOFMAT ( 10X, 21104 [7. F13.0 )

FORMAT ( 4X. ?6HLATFRAL BRACING ARTM FL ANGE )
FORMAT ( 7X. 4HCCNT )
FARMAT ( 10X, 8F10,2 )
FARMAT ( 4X. ?26HLATERAL RRACING TOP FLANGF )
EORMAT ( 4X, 1SHMIN YIELD POINT. F1l1e0s 2Xs 10HOVERSTRESSe rFRe? )
FORMAT ( 1HO, 23X, THNO FLFM, [9 )
FARMAT ( 4X. AHND SFGe 12X 3HMIN. 15, 2X. 3HAAX. [5 )
FORMAT ( 4X. 11HNN ELFM/SFG. 7X. 3HMIN. 15 )
FORMAT ( 4X. OHSPAN/DFFL. 9X. 3HMIN, +50 )
FARMAT ( 4Xe AHHT LIM, 12Xe 3HMIN. F540¢ 2Xe 3HMAXe FS5eu )
FARMAT ( 4Xe AHHT/WTH. 12X, 3HMAX, F5e40 )
FORMAT ( 4X. VTIHFLG WTH/THK. 7X. 3HMIN. FEale 2Xe 3d4AXe F9e0 )
FORAAT ( 4Xe 10HWEB HT/THK. AX,s 3HMAX, FS540 )
FOCRMAT (10X, BF10e4 )
FORMAT ( LHOM, 23X, ARHCOST/SEG. F1843 )
FORMATY ( 4Xe 12HCCST/FLG wTH. Fl4e3 )
FORMAT ( 4X, 12HCOST/FLG THK. Fl443 )
FORMAT ( 4X. 12HCOST/WFB THK. Fl4.3 )
FORMAT ( 4X. 12HCGST WFLDING. F1443 )
FARMAT ( 4X. 11HCOST/SPLICE. F15.3 )
(

FORMAT JHO W 3Xe 12HELFMENT GRIND. 6Xe 5HMINe I5. 2Xe 3HMAX, 15,
?Xe 2HINC. [5 )

FAIPMAT ( 4Xe TIHHEIGHT GRID. 7Xe 3HMIN. F5e1s 2Xeo 3HMAX. F5a1l,
?Xe 3HINC. F541 )

FAPMAT ( 4X. 13HOUTPUT OPTINN. [2+ 3Xe 15HTHK VIJL OPTLING 13 )

FAPMAT ( 5Xs 1THMIN HT 7FRG )

FORMAT ( 1HD. 3X, TRHMAX WER THK ACTIVE )

FARMAT ( THO. 3Xe 25HMAX DIM WER SMOUTH ACTIVE )
FAORMAT ( 1HO. 33X, 18HMAX FL5 THK ACTIVE )

FORMAT ( 1HD, 3X. ?25HMAX DIV FLG SMOUTH ACTIVE )

FARMAT ( 6X. AHSFG NDo. 22X+ 9HLFFT ELFM. 8H RT ELFM.
2Xe THLFFT HT. SX. SHRT HT )

FOR4AT ( 3110, 2F10.,2 )

FARMAT ( 4X, 9HFLFM GRIND. [3, 2X. 7THHT GRIDe F5el.
9X. GHCYCLFS. 15, 3X. 4HCOST. F9.2 )



an4g4
6050

~0%

ANG2
£054

6035

HANAA

S0AT
ALY
ANAKS
4CTN

6171
6072
ac7?
5674

FARMAT ( 1HD. 3X, 12HDFSIGN TRACF )

FORMAT ( YHO. 23X, 13HSTRFSS ACTIVF., I5., 4d SEG
) 5Xs 1THSHFAR RATIN, FReIs 5X. 13HRENDING RATIJ. FBe3 )
FORMAT ( THO. 33X, VIHDFFL ACTIVE. (5, 4H SEG. X
] 10HDFFL RATIN, FR.2 )

FORMAT ( 1HD, T4,s 15H SFGMENT DESIGN. / )

50

FORMAT ( THD, 3X, 7HELFMENT, 6X, AHFLANGFs11X, 3HAEBs dXe SHSHFAR,

1 3Xe AHMOMENT, 165X, 22HBTM FLANGF CGMPRESSION. 2X,
?  ?7?HTOP FLANGF CCMPRESSIGN )

FORMAT ( 4Xe AHNUMBFR,., 3Xe SHWINTH. 4Xso 3HTHK, 3X, 6HHEIGHT. 4X,
1 AHTHK, 4X, S5HRATIO. 3X, S5HRATIO. 7Xe¢ SHSHEAR, 6Xe 6i{MIMENT,
? 4Xe OHUNBR LGTH. 5X. AHMOMFENT, 4X. GHUNBR LGITH )

FORMAT ( 15Xs ?HIN. AXe 2HINs 6Xo 2HIN. 6X+ 2HIN.25X. «HKIPS,
1 AX 9 AHKIP=FTs BXs ?2HIN., 88X, 6HKIP=FT, 8X. 2HIN )

FARAAT ( 8, F10e2+ FRabs F847, F4, 2F843. 5F12.3 )

FARMAT ( 1HO. 3Xs 1IHDESIGN STOP, [5. 9H SEGMFNTS )

FORMAT ( THO, 3X, IHMNN DFSIGN., I5. 9H SFGMENTS )

FORAAT ( JHO, 22X, TIHDFSIGN STOP, 55X+ 4HCOST. F10a2. 5X,

1 [5. 94 SFGMENTS )

FAORMAT ( 140, 3X, 12HFINAL OFSIAN. [8e 9H SEGAFNTS. /7 )

FORMAT ( THO . 3Xs V14HMAX DFFLECTIAON, F9e2. 3H IN )

FAOPMAT ( THO. 33X, TOHSMOOTHINGSe 4Xe 12HWEIGHT (LB)s 7X. «:ACOST
FORMAT ( 1HO,., (10, Flé.1, F15.27 )

7700 FIPMATITHO «3X.14HFLANGE COST = o FRe2+.11HWEB COST = o F3e2.

1 18HLONGe WFLD COST = .+ FR.?)

STNp
FND

)



51

$IBFTC FLSM NECK .
SURPOUTINF FLSMO ( NMAX. I7BR, IMIN. [MAX, JMIN. JMAX. 3TMAX.
1 BS s TWS e IS DX UCE? JUCFI JUCFSUCF6. INDT o INDWeCOST
? NOGO. COSTFs TFF. BF )

DIMENSION BS{137),TWS(23).15(30.23),TFE(30)+BE(30),
] [Z(3n0,270). RN1{200). RN2(200)}, INDT(23). INDW(137), COST(9,17)

TWN NDIMENSININAL SFGMFNT FLANGE SMOOTHING BY DYNAMIC PROGRAMMING

170M MAXIMUM NUMBER OF STATES FOR SM3AOTHING
UNITS LENGTH -INCHFS+ COST-NOLLARS

CALLS SURRAUTINF  FLSPL

C

C

C N NMAX NUMBER NF FLFMENTS OR STAGES FOR SEGMENT
C [ZBR 0O TFE AND BF NOT EVALUATED

C [MIN MINIMUM THICKNFSS STATE

. I MAX MAXIMUM THICKNFSS STATF

[ JMIN MINIMUM WIDTH STATFE

C JMAX MAXIMUM WIDTH STATF

C RTMAX MAXTMUM WINDTH/THICKNESS CONSTRAINT

C BS AVAILABLF FLANGE WIDTH VECTOR

C TFS AVAILABLE FLANGE THICKNESS VFCTIR

C Is MINIMUM FLANGE STATF MATRIX

C DX [S THF FLFMENTAL LENGTH TIMES DENSITY.LBS/CU.IN.
C ucF? CAOST FLANGE WINDTH TRANSITIOUN

# UCF3 COST FLANGFE THICKNFSS TRANSITION

f UCF5 COST OF DEPOSITING WELD METAL AT SPLICE
C UCF6 BASE €NST OF SPLICE

C Al R NOGO N NUMBFR OF STATES ACCEPTABLE FOR SMOOTHING
C 4 NUMRFR NF STATFS EXCEEUS INTERNAL OIMENSIUN
C

C COSTF OPTIMUM COST OF FLANGE FOUR SEGMENT

o TFE OPTIMUM FLANGE THICKNESS FOR SEGMENT

C L13 OPTIMUM FLANGE WIDTH FOR SEGMENT

C

C INTFRNAL 17 (NMAX.1ZDM), RNI(IZOM), RN2(1ZDM)

C

C

C

¢

C

C

NDATA RINF/1.F38/, [INF/10020000/

C
NGO = 0
trnM = 200
C
[F ( NMAX--1 ) 33, 33, 1
C
C CHFCK SMDOTHING CAPACITY
1 [F ( JMAX--99 ) 2, 2, 2
2 JSKIP = JMAX - UMIN + ]
ISKIP = [MAX - IMIN + 1
NNSTA = JSKIP*ISKIP
[F { NOSTA - [ZDM ) 4, 4, 3
3 NAGN = &
RETURN
C
4 [J =1 -« UMIN - [IMIN®JSKIP



[alel

RECYRRANIF FOR INITIAL STAGE

TA =0

DY S I1 = IMIN, IMAX
0on 5 J1 = JMIN., JMAX
A = [A + 1

INDTT=INNDT(I1)
INDWW=TNDW(.J1)
S5 AONH(IAY=COST(INDTT.INNDWW)XNXXBS{J1)*TAS{ 1)

C
C STAGF LOOP
NI = NMAX -+ )
nn 28 N = 1, NI
C
on 6 I = 1. NOSTA
6 RN2(1) = RINF
C
C THICKNFSS STATFE LOOP STAGFE N+1
12 = [MIN
7 J2 = ISt N+1, 1?7 )
TF € J?2 TINF ) 9. 26, 26
q IR = [2%JSKIP ¢ U0 + 1J
TF?2=TWS(12)
8T?2 = BTMAX*TF?
¢
C WINDTH STATF LNAP STAGF N+1
in B? = RS(J2)
C
C MAXIMUM WINTH/THICKNFSS CONSTRAINT

[F B2 «~ BT?2 ) 101, 101, 26
TAY INDY=INOT(L?)

INWY=INDW( 42

CM2=COSTUINDT 4 INW) ) *NX*R2*TF2

Rviwn = KINF

¥

C THICKNFSS STATE LOOP STAGF N
1Y = IMIN

11 J1 = ISt N, 11 )
(F { J1v = TINF ) 13, 23, 273

12 [A = [1*USKIP + J] + IJ
TEY1=TWS(I1)

BY1 = BTMAX*®TF1

C
C WINTH STATF LOO® STAGE N
14 81 = BS(J41)
c
C

MAXTMUM WIDTH/THICKNESS CONSTRAINT
[F { RT - BTY ) 141, 141, 23

[

Cc FLANGF COMPATIBILITY FOR BUTT WELD
141 = [2 - 11 ) 15, 19, 17

15 1F JU - 42 ) 16, 19, 19

16 Ia Ia + g2 J1

B
81

J?
BS(J1)

nnn -~~~



G3 TO 19
IF 41 -« 42 ) 19, 19, 23

RFECURRANCE RELATIONSHIP
CALL FLSPL ( Bl, TFl. B2, TF?, UCF2., UCF3, UCF5, UCF6. CFS )
RR = CM2 + CFS + RNI(TA)

IF ( RR ~ RMIN ) 20. 21, 21
RMIN = RR
KS = 100%11 + )

J1 = Jl + 1
IF ( J1 - JUMAX ) 22, 22. 23
[A = T4 + 1
GN TN 14

I +1
IF ¢ Il - [MAX ) 11, 11, ?5

RN?(IR) = RMIN

[7( N, IB) = KS
Cd? = g2 o+
IF ( 32 = JUMAX ) 251, 251, 26
[R = IR + 1
GO TN 19
2 =12 + 1

IF (12 - IMAX ) 7, 7, 27

NI 28 1 = 1, NOSTA
PNI(1) = RN2(T)
CANTINUFR

FVALUATE OPTIMUM COST

CNSTF = RINF

IR =0

DN 21 [2 = [MIN, [MAX

0N 31 J?2 = JUMIN. JMAX

= [R + 1

IF ( RN?2(IB}Y - COSTF ) 30. 3. 21}
It = 12

J1 = )2

CASTF = RN2(1[R)

CONTINUF

RFTHRN [F QPTIMIM STATES NOT RFQUIRED
[F ( TZBR ) 311, 41, 311

FVALUATF OPTIMUM STATES BF. TFF
TEF(NMAX)=TWS(I1)

BE (NMAX) = RS(J1)

N = NMAX - 1

TA = [1*JSKIP ¢+ Jl + 1J

K = TZ(N.TA )

1 = K/130



37

28

Q

149

15

40

J1 = K - 100=1[]
TFEIN)=TWS(T1)

RF(N) = BS(I1)

N =N-=-1

IF (N 1) 41, 22, 22

ONF STAGE ROUTINF
CNSTF = RINF
12 = [MIN

J? = [S( NMAX, [2 )

[F ( 42 -~ IINF ) 35, 39, 39
TF2=TWS(I2)

BT2 = BTMAXXTF?

82 = RS(J2)

MAXTMUM WIDTH/THICKNESS CONSTRAINT
IF ( B2 - BT?2 ) 361, 261. 39
IND2=INDT([2)

INW?2=TNDW(J2)

eR =COST(IND? , INW2) *B2%TF2*DX

[F ( RR = COSTF ) 37, 33, 28

1 =12

Jy = J2

CNSTF = RR

J? = g2 + 1

[F ( J2 —~ JUMAX ) 36, 36. 39

2 =12 +1

TF (12 - [MAX ) 34, 34, 40
TFE(NMAX)=TWS(11)

BE(NMAX) = BS(J1)

RF TURN

END
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$IBFTC ANAL NECK
SUBROUTINE ANAL ( NFMAX, XL. NA, NB. ELMOD., XIPRS. Xl
1 DL. NOLC. LCTND. LTYPF. NXLe. FMAG.
? XMPE. XMNF, VEo. AYMAX )

DIMENSION XI(30), LCONDI(12), LTYPE(11), NXL(11l)s FMAGIL1),
] XMPE(30), XMNF(30), VF(30),
2 FFF(&,5)s DFF(4,5), DLVI30). DLM(30). XxV(30). XM{30)

ELASTIC AMALYSIS OF A BFAM SUBJECTED TO MULTIPLE LOADINGS
FORMS VFCTORS FIR MAX POSITIVE MOMFNT,., MAX NEGATIVE MOMENT,
AND MAX SHFAR. EVALUATFS MAX EXTERNAL LOAD DEFLFCTIONS

IN NFMAX NUMRFR OF ELEMENTS
X1 REAM LFENGTH
NA NUMBFR DFEGRFES 0OF FREEDOM LEFT FEND
NA NUMBFR NFGRFFS 0OF FREEDOM RIGHT END
FL.MIN MOJYLUS OF ELASTICITY
X[pPesS MOMENT 0OF INCRTIA - PRISMATIC BFAMS
X[ MOMENT OF INERTIA VECTOR - NINPRISMATIC HEAMS
DI UNTFNRA DEAD LOAD - WEIGHT/UNIT LENGTH
NG NUMBER 0OF LOADING CONDITIONS
NUYARFR EXTERNAL LOADING CUNDITIONS PLUS ONE
L COND LOADING CONNDITION - MONOTONIC
LOADING CONDITION NOLC = DEAD LUAD (DL)
LTYPF LOADING TYPE CODF

0 UNIFORM DISTRIBUTED LUAD ( + DOWN )
1 CONCENTRATFD FORCE ( + DUWN )
72 COUPLE ( + CW )

NXL NUMBFR OF ELEMENTS FROM LFFT FND TO LJAD
FMAS MAGNITUDE 0OF LOAD

auT XMPF MAX POSITIVF MOMENT VECTOR ~ BTY COMP
XMNF MAX NESATIVF MOMENT VECTOR - BTM TEN
VF MAX SHFAR - SUM FORCES TO LEFT ( + upP )

INTERMAL DIMEMSIINS  FFF{4.5), NDFEF(4,5), DLVI40). DLA(4O),
AVI40), XM(49)

CALLS SURROUTINFS  OISPL, CIDF., FEFOR, SUMER, FEMOM, STIFF,
SYSTF, INVRT, JTLOUD., MULPY. DEFOR. ELFIR, DEFL

INITTALIZF
nn 20v N =1, 190
[£ ( LCONDIN) ~ NOLC ) ?201. 200, 201
200 FMAGIN) = NI
GN TN 20?2
201 CONTINUF
202 NX = XL/FLOAT{NFMAX)

AYMAX = 0o
NN 100 N = 1, NFMAX
XMNF(N) = 0,
XMPF(N) = N,
100 VEIN) = 0.
C
C FVALUATFE END FORCFS

CAt1L DISPL ( NA, NB, NFMAX, XL+ XIPRS., X1,



nEel

la kel

NEaEaIN]

e e I,

1

-

NJLC., LCOND, LTYPF., NXL. FMAG. FEF. DEF

EVALUATF DEAD | AD SHFAR AND MOMENT
FV = FEE(1,NOLC)

FM = FFF(2,NOLC)

DLH = «5%NL

X = «5%DX

DD 1 N = 1, NEMAX

DLVIN) = FV = X%l

DLM(N) = FM = X%x( FV - XX*DLH )

X = X + DX

EXTERNAL LOADING LONP
K =0

JMX = NUC - 1

DD 13 J = 1. JMX

FND SHEAR AND MCMFNT

FV = FFF(1 )

FM = FFF(2.4)

X = .E%NX

PN 2 N = 1. NFMAX
XVI(N) = FV

XMIN) = FM - Fysxx
X = X + DX

FXTFRNAL LOADINS

K =K+ 1

CALL FLFOR ( NFMAX. DXo LTYPE(K)e NXL(K).
[F ( LCOMNDIK+L) ~ LCCHND(K) ) 4. 3. 4

MAXTMUM NDEFLECTINN - EXTFRNAL LOADING

N2 = DEF().J)/ELMOD

D3 = DFF(2.J)/7FLMOD

CALL DESL ( NEMAX, XL. D2 D3, ELMOD. XM,
NYMAX . YMAX )

IF ( A4S(YMAX) -+ A3S(AYMAX) ) 6. 5. 5

AYMAX = YMAX

PFTAIN MAXIMUM SHFAR AND MOMFENT
DO 12 N = 1. NEMAX

X = XM(N) + DLM(N)

IF ( X =~ XMNF(N) ) 7, B, B

XMNF (N) = X

0 TO 10

IF ( X < XMPF(N) ) 197, 10, Q9
XMPF(N) = X

X = XV(N) + DLV(N)

[F ( ABS(X) ABS( VF(N) ) ) 12, 12. 1]
VFI(N) = X

CONTINUF

CINTINUF

RF TURN

FND

FMAG(K)

XV

XIPRS. XI.

X9
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$IRFTC NEFL NFCK
SUBRRNUTINF DFFL ( NFMAX, XL. D2. D3, ELMOD. XMs XIPRS. XI.
1 NYMAX ., YMAX )

c
DIMENSION XM(30) . XI(30)
C
C FVALUATFS MAXIMJM FLASTIC OEFLFCTION
C MIND-ORDINATF APPRNX. SMALL ANGLE GEN. AXTAL DISTORTIIN NEGLIGIBLE
C RIGHT HAND CDNRDINATE SYSTEM
C IN NF MAX NUMBFR OF ELFMENTS
C XL LENGTH NF BFAM
C n2 VERT DISPLACFMENT-INITIAL END ( + UP )
C n3 END ROTATION-INITIAL END ( + CCW )
[® ELMOD MODULUS 0OF FLASTICITY
C XM BENDING MOMENT VECTOR ( + CCA )
C XTPRS MOMENT OF [NFRTIA -~ PRISMATIC MEMBER
c X1 MOMFENT QOF INFRTI[A VECTOR
C nuT NYMA X FLFMFNT NUMBER CORRESPINDING TO YMAX
C YMAX MAXTMUM ABSOLUTE DEFELECTION
C
[F ( XIPRS )} 3, 3,1
1 0N 2 N =1, NFMAX
? XI(N) = XIPRS
c
2 NX = XL/FLOAT (NEMAX)
A = DX*NX/ELMON
YMAX = D?
NYMAX = O
X = a5%DX
C

Nno & N = 1, NEMAX

Y = N2 + DAxX

SUM = ) 28%XM(N) /XT(N)
-1

K =
nn 41 =1, K

4 SUM = SUM + FLOAT(N-D)=XMOT)/XIC(L)
Y = Y - A%SUM

C
IF ( ABS(Y) - ABS(YMAX) ) 6, 5, 5
) YMAX = Y
NYMAX = N
[ X = X ¢+ DX
C
RFTURN

END



$I3FTC HUNT DECK
FUNCTION HUNT ( H + BS )
DIMENSION BS(137)
[F(H 36, ) 1.7,3
1 J=
17 [F( BSIJY H ) 4,10,5
4 J=g+1
G T N
s J=a1
GN 10 19
2 J=6fk
A1 [FC H BSEJ) ) 11,1046
5 J=d+1
G0 1O
? J=65
10 HUNT=J
RF TURN
FND



$IRFTC NISP DECK

e ke liaEalle Rele e ks Be Be Ne e e lte e e el I I e e N

kel

NOD

Ia¥e)

alel

SURRNUTINFE NISPL ( NA, NR, NEMAX. XL+ XIPRS, XI.
1 NOLCe LCOND, LTYPE, NXL, FMAG. FEF, DEF )

NIMENSION XT(30), LCOND(12). LTYPE(L11)e NXL(ll)e FMAG(11l).
1 FFF(445),s KODE(4)s STF(4.4)s SM(2.2)s SMI(2,2),
? P(?2.5)s NEL(2.5) DFF(4,5)

FVALUATES END FORCES AND DEFORMATIONS FNR A BEAM
FLASTIC BFHAVIOR, DISPLACEMENT METHOD

IN NA., N8 DEGREES OF FRFFDOM AT LEFT AND RIGHT END
NF MA X NUMBFR 0OF ELEMFNTS
XL BEAM LFNGTH
X1 MOMENT OF INFRTIA VFECTOR
XTPRS CONSTANT MOMENT NF [NERTIA
NOLC NUMBFR F LOADING CUNDITIONS
LCOND LOADING CONDITION
I TYPF LOADING TYPE
O DISTRIBUTED LJAD ( + DOWN )
1 CONCENTRATEND LOAD ( + DOWN )
2 COUPLE ( + CW )
NXL DISTANCE FROM LEFT FND TU LDAD
FMAG MAGNITUDF NF LDOAD
T FFF FND FORCES
NFF END DEFORMAT [ONS

MODULUS OF FLASTICITY = 1.
[NTFRNAL DIMFNSIONS KCDE. STF, SM, SMI., P, DEL

CALLS SUBRNUTINES CODF. FFFOR, SUMFR, FFMOM, STIFF
SYSTF. INVT. JTLOD. MULPY,. DEFIR

MDF = NA + NAR
nn 1t
nn 1 J
PCT.d)

wonou
—
-
N

FORM CNONF NUMBER
CALL CONE ( NA, NB, KNDF )

EVALUATE FIXF) END FARCFS
CALL FEFOR ( NFMAX., XL+ XIPRSs X1, KODE.
1 NOLC. LCAOND. LTYPF, NXLe. FMAGse FFF. P )

TFST FOR BFAM FIXEND AT BOTH ENDS
IF ¢ NDF ) 2, 2. 7
PFTURN

NUMFRICAL [INTFGRATION
DX = XL/FLOAT(NFMAX)
CALL SUMER ( NFMAX, DX+ XIPRS, XI+ As Bse Co D)

FIORM MFMBFR STIFFNESS MATRIX
CALIL. STIFF ( XL+, Ay Bs Co Do STF )

FOPM STYTEM STIFFNFSS MATRIX
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$IBFTC FELFN NECK

C

B, B Rel N aEzsEaEsBEalasBalaRaRaRa e Re e lie]

»

0D DN IDOD
—

SURRIUTINF FLFOR ( NEMAXes 0OXe LTe NX+ We XVe XM )
DIMENSION XV(30), XM{30)

ACCUMULATES ELEMENT MOMFENT AND SHEAR FOR EXTFRNAL FIRCES

IN NEMAX NUMBER 0OF FELEMENTS
nx ELFMENT LENGTH
LT LOADING CONE

0 UNIFORM DISTRIBUTED ( + DOwWN )
1 CNONCFNTRATED FORCE ( + DOWN )
2 COUPLF ( + CwW )

NX LEFT ELEMENT NUMBER ADJACENT TU LOAD
W MAGNITUED OF LOAD

ouTr XV FLEMENT SHEAR ( + UP )
XM ELEMFNT MOMENT ( + CCwW )

ADD EXTFRNAL | OADING

I[F  NX == NFMAX ) 2, 9. 9
KN = NX + 1

X = 4 6%DX

IF LYy - 1) 3, 6.7

UNTFOPM DISTRIBUTEN LOAD
WH = o 5%W
NN 4 N = KN. NEMAX

XVIN) = XVIN) - W%X
XA(N) = XM(N) + WHXX*%X
X = X + DX

RFTURN

CONCENTRATED FNRCE
IF  NX ) 9, 9, 51
DN &6 N = KN, NEMAX

XVIN) = XVIN) - W
XMIN) = XM(N) + wWxX
X = X + NX

RETURN

COUPLF

[F ( NX ) 9, 3, T
D0 8 N = KN, NFMAX
XM{N) = XM(N) ~ W

RFTURN
END



lnkal

D lal

inl

on

CALL SYSTF (

KODE

STF. SM )

INVFRT SYSTFM STIFFNFSS MATRIX

CALL TINVRT |

FORM SYSTFM

CALL JTH00

EVALUATE

NDF s SMe SMI )

JNINT LOAD MATRIX

NDF, NOLC, KODF, FEFs P )

JOINT DISPLACEMFENTS
CALL MULPY |(

SMI, P

DFL. NDF. NDF, NOLC

FOPM MFMBFR DEFORMATIAN MATRIX
CALL DFFOR

EVALUATF
nno 4 1 =
na 4 J =
npo 4t =
FFE(L. )

RF TURN
END

NOLC

KADF, DEL. DEF )

MFMRFR END FORCES

1. &
1+ N
1. &
= FF

acc

F(led)

+ STR(L.L)*DEF(L.J)
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$IAFTC FFFO NECK

-

Ealel

o

~N ™

SUBROUTINE FFFOR ( NEMAX, XL, XIPRS, XI. KODE,
1 NOLCs LCOND, LTYPE, NXL. FMAG. FFF, P )

DIMENSION XT(30)., KODE(4).
1 LCOND(12), LTYPE(11)s NXL(11), FMAG(11l). FEF(4. S)s P(2.

FVALUATFS FIXFD END FORCES FOR NONPRISMATIC BEAMS

IN NFMAX NUMBER 0OF ELEMFENTS
XL BEAM LENGTH
XUPRS CONSTANT MOMENT NF INERTIA
X1 MOMENT OF INFERTIA VECTOR
KODF CONF NUMBER
NOLC NUMBFR NF LOADING CUNDITIONS
LTYPF LOADING TYPE 0 UNIFORHA (¢ DOWN )

1  CONC FORCE ( + DOWN )
2 COUPLF ( + CW )

NXL DISTANCF FROM LFFT END TO LOAD
FMAG MAGNITUNDE OF LOAD
T FEF FIXED END FORCFS

CALLS SUBRONTINES SUMFR. FFEMNM

INITIATF
nn1it1=1,4
no1 g =1, NOLC
FFF(L.J) = 0,

pyY 21 =1, 7?2

nn 2 J =1, NCLC
PLL.JY) = 0.

NX = XL/FLOAT(NFMAX)
CALL SUMFR ( NEMAX, DX+ XIPRS. XI. Ay Bs Cs D)
N =0

PROCFSS LCADING TABLE TERMINATE WHEN LCOND = 0
N =N +1

LC = L COND(N)

LT = LTYPF(N)

NX = NXL(N)

W = FMAG(N)

[F (LT ) 4, 44 5

[F ( NX ) 12, 12, 11
IF (. NX ) 7, 7, 5

TF ( NX - NFMAX ) 11, R, 8
K = LT

G110 9

K = LT + 2

M = KOANF (K)

[F (M) 17, 17, 10

JAINT LOAD
PIM.,LCY = W
Gn TN 17

5)
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12

ial

12

14

17
1R

MFMRER | 0AD

CALL SUMFR ( NX, DXs XIPRSs X[+ Eso Fo Go
XK = FLOAT(NX) *NDX/ XL

CALL. FEMOM ( LT, XKs XLse We Ay Bse Co Do

END RFACTINNS
X = XK%XL
QR ~{ FA &+ FB )/XL

IF ( LT - 1V ) 13, 14, 15

WV = ( XL = X )*W

RR = RR + S5*dVX( XL + X )}/XL
G0 TO 14

WY o= W

PR = RR + WVXRX/XL

GO TN 1¢

WV = ng

FR = RR + W/XL

RL = WV = RR

ACCUMULATFE FIXED END FNRCFS

FFF(1,L0) = FEF(1.LC) + RL
FFF(2.LC) = FFF(2,LC) + FA
FFE(3.LC) = FFF(?,LC) + PR
FEF(4.1.C) = FEF(4,LC) + FB

I[F ( LCOND(N+I) ) 3, 18, 3
RF TURN
END

H )

E.

Fo

G

He

FA,

£3
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$IBFTC FLG NECK
SUBROUTINF FLG ( NMAX NLoIT o [LIM.JUIM.HBMAX.STMIN.BTMAX,.FY, FBRF,
) XMPF o XI.PF o XMNF, AL NF ,HF s TWHF s TWS +
> NGO IMIN G ETMAX o JMIN o JMAX W ESs INDT 4 INDA )

DIMFNSION X4PF(30), XLPF(30), XMNE(30). XLNE(30). HE(30). TWE(3D),
1 B8S(137), TWS(23), [S(30.23)

EVALUATFS MINIMUM FLANGE STATE MATRIX FDR SUBROUTINE FLSMJ
STATF NUMBERS CNRRESPOND T0O RS AND TFS

IN NMAX NUMBFR OF FLEMENTS OR STAGFS FOR SEGMFNT
NL FIRST ELEMENT NUMBER OF SEGMENT
[T INITIAL THICKNESS STATE FJOR THICKNESS LJ)JP
LM MAXTMUM FLANGE THICKNESS CONSTRAINT
JLIM MAXIMUM FLANGE WIDTH CONSTRAINT
HRMAX MAXIMUM HFIGHT/WIDTH CONSTRAINT
3TMIN MINIMUM FLANGF WIDTH/THICKNESS CONSTRAINT
BTMAX MAXTMUY FLANGF WIDTH/THICKNESS CONSTRAINT
Fy MINIMUM YIFLD POINT
FBPF ALLOWABLE BFNDING STRESS REUDUCTION FACTOR
XMPE « XMNE POSITIVE AND NEGATIVE RENDING MOMENTS
XLPE +XLNE CORRESPONDING UNBRACED LENGTHS
HE FLEMENT WFR HEISHT FUR SEGMENT
TWF FLFMENT WFR THICKNFSS FUR SFGMENT
BS AVAILABLF FLANGE WIDTH VECTOR
TFS AVATLABLF FLANGE THICKNESS VECTIR

out NOGO 9 MAX REQUIRFD THHCKNESS STATE LESS THAN [LIM

3 MAX REQUIRED THICKNFSS STATE EXCEEDS ILIM
[MIN. IMAX MIN AND MAX REQUIRED THICKNESS STATES
JMIN, gMAX MIN AND MAX RFQUIRED WIDTH STATES
IS MINIMUM FLANGF STATE MATKIX

UNITS FORCF 1 BS. LFNGTH-INCHES

CALLS SUBROUTINE FBALL

DATA RINF/Y.F28/, [INF/1N0N0NONO/

in ikl

INITIATF STAGF LOOP
NOGO = 0

R =1,

ALPH? = 3000a./SQRT(FY)
[MIN TLIM

[MAX 1

JMIN JLiM

JMAX 1

C STAGF Lnap
NO 33 N = 1., NMAX
H = HEI(N)
TW = TWF(N)
HCUBF = HxXxH*H
NNOo= N+ N - ]
XMP = XMPF (NN)
XLP = XLPF(NN)
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101
1"

12

14

1K

16

XMN = XMNF (NN)

Xt N = XLANF(NN)

MINIMUM WINDTH AND MAXIMUM HFIGHT/WIDTH CONSTRAINTS
BRH = H/HAMAX

JN =1

IF ( HBMAX RINF ) 1, 4. 4
[F ( BSUJUN) ~ BH ) 24 4. 4
JN = UN + 1

[F ( UN - JLIM ) 1, 1. 3
JN = JLIM

FLANGF THICKNFSS LOOP

[ =17

TE=TWS(I)

MINITMUM FI ANGF WIDTH/THICKNESS CAONSTRAINT
RT = RTMIN*XTF

[F ( BS(JUN) - BT ) T. 94 9
JN = UN+ 1

IF ( JUN - JLIM ) €6, 6. 8
JNO= ULTM

J = UN

INITIATF FLANGF WINTH LOQOP

TWATF = 24%TF

FFFFCTIVE WINTH ATSC (1961) 1l.9.1
RFFF = TWOTF*ALPH?

MAX[MUM WIPTH/THICKNFSS CONSTRAINT
AT = BTMAX*TF

KEFF =0

Cl = J166666ATHX( H+TWOTF ) **2

C?2 = A V6A6HFOTHHCUBE/( H+TWOTF )

FLLANGE WIDTH (00P

B = BS(J)

IF (B - BT ) 101, 101, 19
IF ( B - REFF ) 12, 11, 11
B = REFF

KEFF = 1

S = BXC1 =~ ( RB-TW )1%C?

STRFSS CONSTRAINMT

[F ( xMP ) 13, 13, 14

[F ( XMN ) 16, 21, 21

CHFCK PNSITIVF MOMENT

XM = XMP

xL = XLP

CALL FRALL ( R, TF, He TW, XL. FY. ALPH2, CBe FBKkF, FB )
FBACT = XM/S

IF ( FB - FBACT ) 17, 15, 15
[F { XMN ) 1€+ 21, 21

CHFCK NFGATIVFE MOMENT

XM = XMN

XL = XLN
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$[RFTC

WD I=ON

HTS NECK
SURROUTINF HTS ( NMAX. HLs HR. HE )

NIMENSION HF (2N)

FVALUATES MFAN WFR HEIGHT FOR ELEMENTS

IN NMAX NUMBFR 0OF FLEMENTS FOR SEGMENT
HL SEGMFNT WER HFIGHT AT LEFT END
HP SEGMENT WER HEIGHT AT RIGHT END
cuT HF MFAN WFB HEIGHT OF ELEMENTS

RISF/ELFMENT
X NMAX
R (HR-HL)/X

FIRST FI FMENT
HE(1) = HlI + ,5%R

I[F € NMAX - 1 ) 3, 3, 1
ELFMFNT LOOP

nn 2 N = 2, NMAX

HE(N) = HE(N~1) + R

FETURN
FHD
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CALL FBALL ( B, TFs He TW, XL+ FY, ALPH2., CB, FBRF,
FBACT = —-XM/S
IF ( FB = FRACT ) 17, 21, 21

STRFSS FXCFSSIVE

IF ( KFFF ) 18, 18, 19
J=J+1

[F ¢ J - JLiM ) 10, 10, 19

FILANGF WIDTH FOR THICKNFSS TF VINLATES CONSTRAINTS
IS(NsT) = TINF

[ =1 +1

IF ¢ L - ILIM )} 5, 5. 20

MAXTMUM RFOUIRED THICKNESS STATF EXCFEDS ILIM
NOGD = 3
RETURN

FLAMGE WIDTH FOR TF ACCEPTABLE
IS(N.T) = U
IF ¢ J JMIN ) 22, 22, 23

JMIN = J
IF (0 - JUMAX ) 25, 25, 24
JMAX = )
IF O L - IMIN ) 26, 27, 27
[MIN =

[F (g - JUN ) 28, 28, 20

SIDF CONSTRAINT ACTIVF
N? 29 K = [, [LIM
TSINJK) = JM

6N 10 N

SIDE CONSTRAINTS [INACTIVF

I =1+
IF (1T - TLIM ) 5, 5, 20N
I = [LIM

STAGF N TERMINATED

IF ( [ - IMAX ) 33, 33, 3?2
IMAx ='1

CONTINUF

RF TURN

FND

F
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$I8FTC INSP NECK

C

ODDOODHOHOHYDHOND

SURRNUTINF IDSPG ( NFMAX., BE. TFE. HFe TAF. XIE )
DIMENSION BF(20), TFF(37), HE(30), TWE(30). XIE(30)

FVALUATFES MOMENT OF INFRTTA VFCTNR
DOUBIF SYMMETRIC PLATE GIRDFR

IN NFMAX NUMBER 0F ELFMFNTS
RF FLFMENT FLANGE WIDTH
TFF FLFMENT FLANGE THICKNFSS
HE ELEMFNT WEB HFIGHT
TWF ELEMENT WER THICKNESS .
cuT XIF MOMENT OF [INFRTIA VFCTOR
PO 1 N = 1, NFMAX
B = RF(N)
H = HF(N)
XIF(N) = o083333333*( BA(H42.*TFE(N) 1%%3 = (B~TWE(N) )%xH«%3
RE TURN

FND
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SIBFTC SUMF NECK
SUBRNUTINF SUMFR ( NEMAX. DX+ XIPRSe XIXXse As Be Co D)

&

DIMFENSINN XIXX(30)
C
C NUMFRICAL INTFGRATICN NX/IXe XDX/IXe X¥%20X/1Xe X%*%30X/IX
C MID- ORNDINATF APPROXIMATION
. N NF MAX NUMBER 0OF FLFMENTS
G nx INCRFMENTAL LFENGTH
C XIPRS CONSTANT MOMENT OF INERTIA
o X[ XX MOMENT OF [INFRTIA VFCTOR
C our AsBeCoeD RESULTANT INTFGRALS
%

IF ( XIPRS ) 2, 2, 1
C
[ XTI CONSTANT
1 X = NX*FLOAT(NFMAX)

A = X/XIPRS

B = X*X/(2e*XIPRS)

C = XEX*X/ (3 %XIPRS)

N = B*R%XX[PRS

PETURN
C
c XI VARIABLF
2 A = 0,

P o= 0.

C = Na

0 = 0.

X = L 8XDX

nn 3 I = 1, NFMAX

RINRT = DX/XIXX(I)

A = A ¢ RINRT

R = B + PINRT*X

C = ( + RINRT®X%X

DO =N + RINRT®XkXXX

X = X + DX
3 CINTINUF

RFETURN

FND



$IBFTC WRSM NECK
SURRAUTINF WBSMO ( NMAX. I17BR, KMIN, KMAX. HEs TWS. [SW.
1 DXeUCF4 o UCFS UCFEGNNGNCOSTW. TWE, INDT o INDW.COSTW8S)
DIMENSION HF(20), TWS(?23), ISW(30), TWF(30).
A 120304230, RNL(23), RN2(23), COST(9.17)e INDT(23)4INDA(L3T),
? RSC137)

ONE DIMENSIONAL SEGMFNT 4EB SMOOTHING BY DYNAMIC PROGRAMMING

[ZnM  MAXIMUM NUMBER STATES FOR SMIUTHINGS
UNITS LFNGTH=-TNCHES. COST-DOLLARS

CALLS SUBPNUTINFS WBSPL AND PCOST

.

C

C IN NMAX NUMBER OF ELFMFNTS OR STAGES FOR SEGMFNT
c TZBR N TWF NOT EVALUATFDN

[# KMIN MINIMUM STATF

C KMAX MAXTMUM STATF

c HF ELFMENT WER HEIGHT FOR SFGMENT

C TWS AVATLABLE WFB THICKNESS VECTOR

C ISA MINIMUM WEB THICKNFSS STATE VECTOR

[ nx IS THE FLEMENTAL LENGTH TIMES DENSITY [N LBS/CUe INe
. UCF4 COST WER THICKNESS TRANSITION

r UCF5 COST QF DEPDSITING WELD METAL AT SPLICFE
C UCF6 BASF COST NF WF3 SPLICF

C nuTt NGO O NUMBRFR STATFS ACCFEPTABLE FOR SMUOTHING

I 2 NUMBER STATFS EXCEFDS INTERNAL DIMENSION
C CNSTW OPTIMUM COST OF WFB FUOR SEGMENT

C TWF OPTIMUM WFR THICKNESS FOR SEGMENT

C INTERNAL [Z(NMAX, IZDM)s RNI(IZDM)s RN2(IZDM)

c

C

r

C

C

C

DATA RINF/).F3R/

[70M=23

NOGD = n
C

IF ( NMAX - 1 ) 1. 1, 2
C
. ONF STAGF ROAUTIMF

1 KA = [SW(NMAX)
J=HUNT(HE (NMAX) .BS)
ITIT=INDT(KA)
INDJ=INDW(J)
COSTW=COST(ITIT. INDJ)*HF (NMAX ) *TWS(KA) %*NX
TWF(NMAX) = TWS(KaA)

KFTURN
C
C CHECK SMONTHING CAPACITY
? NOSTA = KMAX - KMIN + 1
I[F ( NOSTA - 1IDM ) 4. 4, 3
3 NOGD = 2
RF TURN
C
C RECURRANCE FOR [INITIAL STAGE

“ KA = [SAl1)
H = HF(1)



iInkal

o

12
13

nn s

K = KA,

J=HUNT (H,RS)
ITITI=INDT(K)
INDJ1=INDW(J)

RNT(K)=COST(ITITI INDJII=HETWS (K ) %DX

STAGF LOOP

NT = NMAX = }

NO 13 N =1, NI

H? = HF(N+])

H = 5% HF(N)

STATE LOOP STAGF N+1
KB = [SA(N+1)

TW2 = TWS(K3)

J2=HUNT(H?,RS)
[TIT2=INNT(KR)
JTIT2=INDW(.J?)

CM2=COSTUITIT2.UTTIT2)XH?RTW2%NX

RMIN

= RinNk

KMAX

STATF LOOP STAGF N
[SWIN)

KA =
Tdl =
CALL
PR =
[F (

[7 (N,
K3 =
IF (
KB =
na 2
RNT (K
CONTI

TASI
WASPL

RR -

KB) =
KR +
KB -

KAY)

( TWl,

RMIN )

1
KMAX )

TSWIN+Y)
KB+ KMAX

K =
) =R
NUF

N2 (K)

+ H?2 )

TW2.
CM?2 + CWS + RN1(KA)

B

6

9.

6o

FVALUATF OPTIMUM COST

CNSTW
KA =
nn 1s
[
KB =
CNSTW
CONTI

RETURN TF OPTIMUM STATES NOT REQUIRED
18,

IF

= RI

NF

[SWINMAX)
KA, KMAX

K =

RN? (K}

K

= RN2(K)

NUF

[Z8R

’ ‘b'

FVAL UATE TwWF
= TWS(KB)

TWE (N
N = N

MAX)
MAX -

1

~ COSTW )

16

He

9

11

T4,

71



KA = 17
TWF (N)

K3 = KA
N = N -

(

I N -

RF TURN
END

1

Mo KB )
TwS(KA)

1 ) 18,

‘7'

17
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$IBFTC wWDSP DECK
SUBRNDUTINE WDSPG ( NEMAX. XL+ BEe TFFe HE. TWEe WT )

C
NDIMENSTAN BE(30), TFE(30), HF(30), TWF(30)
C
C FVALUATES WFIGHT OF A DOUBLE SYMMETRIC PLATE GIRDER
C IN NFMAX NUMBER OF ELEMENTS
C XL LENGTH OF GIRDER
C RF ELEMFNT FLANGE WIDTH
C TFE ELEMENT FLANGE THICKNESS
C HE ELEMENT WEB HEIGHT
C TWE FLEMENT WEB THICKNESS
% out WT GIRDER WFIGHT
C
c UNITTS LENGTH--INCHFSs WEIGHT-LBS
C
NDATA  UW/.28323/
C
NX = NEMAX
X = XL/DX
AF = N.
AW = 0.
NO 1 N = 1. NEMAX
AF = AF + BE(NI%®TFF(N)
1 AW = AW + HFIN)I*TWE(N)
C

AT = DXRUWS[ 2 %AF + AW )
RE TURN
END
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$IRFTC LNFI DECK

iaEakaNsNslaNoNolsloNaNaRaNaBaNoEsaloleNaEalalasEasEs N NaRa RalaRe e e Ne Rl Ne Rel

SUBROUTINF LNFIT ( NOS. NEMAX. HGse HGMINe. AGINCs IG. [GMINs IGINC,
] NMIN., HMIN., HMAX, HFS., HE, SEGCO.
? NLC. NRC. HLC, HRC., ILN )

DIMENSINN HFS(20), HF(30). SEGCD(20.,81),
! NLC(20) . NRC(20)., HLC(20)s HRGC(20),
2 17(20,9). PNI(9), RN2(9)

FVALUATES FNN CDORDINATES FNR A SPECIFIED NUMBER 1JF

LINFAR FQUATIONS FORMING A CONTINUOQUS CJRVE MINIMIZING THE

SUM 0OF THE SQUARES NF THE RESIDUALS OF THE DEPENDENT VARIABLF.
DFPFNDENT VARIABLF SINGLE VALUED AT MIDIRDINATE JF EQUAL

LENGTH FLLFMENTS. DYNAMIC PROGRAMMING ALGORITHM WITH NINE POINT
GRID AT SEGMFNT ENDS.

IN NOS NUMBER OF LINFAR EQUATIONS OR SEGMENTS
NOT GRFATER THAN 20
NAS = 0 FVALUATES EQUATION WITH ZFRJ SLOJPF

NE MAX NUMBFR OF FEQUAL LENGTH ELEMENTS

FQUAL 0OR GREATER THAN NOS
HG INITIAL GRID INTFRVAL FOR DEPFENDENT VARIABLE
HGMIN MINIMUM GRID INTERVAL FOR DFPENDENT VARIABLE
HG INC GRID REDUCTION [INCREMENT FOR DEPENDENT VARIABLE
€¢] INITIAL GRIND INTFRVAL FOR INDEPENDENT VARIABLF
[GMIN MINIMUM GRID INTFRVAL FOR INDEPENDENT VARIABLE
IGINC GRID RENUCTION INCREMENT FOR [NDEPENDENT VARIARLE
NMIN MINIMUM NUMBRFR OF FLFMENTS/EQUATION CONSTRAINT
HMIN MINTMUM CONSTRAINT ON DEPENDENT VARIABLE
HM AX MAXIMUM CONSTRAINT ON DEPENDENT VARIABLE
HFS TABULATEN VALUES OF DEPENDENT VARIABLE

CORRFSPONNDING TO MIDORDINATE QOF ELEMENTS
NUMMY HF  SFGCO

ouT END COORNDINATFS FOR LINEAR EQUATIONS
NLC INDFPFNDENT VARIABLE AT LEFT FEND OF SFGMENT
NRC INDEPFNDENT VARIABLE AT RIGHT END JF SEGMENT
HI C DFPFNDENT VARIARBLE AT LFFT END OF SEGMENT
HRC DFPFNDFNT VARIABLE AT RIGHT END OF SEGMENT
TLN 0 FEASIBLE SOLUTION

1 NO FFASIBLE SOLUTION
NOS VIOLATES NMIN FOR NEMAX
2 NO FEASIBLF SOLUTION FOUND

INTFRNAL DIMENSIONS [Z(2049)+ RN1(9). RN2(9)
CALLS SURROUTINFS GRID. HTS. SAVE. REDD

NDATA RINF/1.E3R/
ILN =90

NUMRFR OF LINFAR EQUATIONS = INOS
IF ( NOS ) 1. 1. 2

INOS =1

GO 1O 3

INOS = NOS



300

4

D

b el

OO

INITIAL END COORDINATES

INDEPFNNENT VARIABLE NFAREST INTEGER TO EQUAL DIVISION.
DEPFNDENT VARIARLE LINFAR INTERPAOLATION AT INTERIQOR POINTS,
ENN POINTS FQUAL TO TARULATED VALUES AT END ELEMENTS.
NLC(1) =

HIC(1) = HFS(1)

NRCCINOS) = NFMAX

HRC(INDS) = HFS(NEMAX)

IF ( NOS - 1 ) 300, B, 4

HLC(1) =  HLC(1) + HRC(1) )*.5

HRC (1) = HLC(1)

GNn 70 38

INTERIOR POINTS

XNF = NFMAX

X = [INOS
X = XMF/X
K = X

[F ( K~ NMIN ) 5, 6. 6

NNS VIOLATES NMIN FOR NEMAX
LN =1

RETURN

NS SATISFACTNRY

K = INOS =~ 1

DO 7 ISN =1, K

Y = ISN

Y = YXX + a5
Nl = Y

NR = NL + 1
[R = ISN + 1

NRCUISN) = NL

NLC(IR) = NR

H = ( HFS({NL) + HFS(NR) )1%*,5
HRC(ISN) = H

HLC(IR) = H

INITIATE SEGMFNT LOOP
nn a1 ISN = 1, INOS
nn 81 [STA = 1, Al
SEGCO(ISN.ISTA) = RINF
N 10 1JL =1, 9
RNL(IJL) = 0,

SEGMENT LNAOP ( STAGE LCOP )

DD 34 ISN = 1., INOS
NN 11 TUR = 1, 9
RN?(IJR) = RINF

NCL = NLC(ISN)

NGCR = NRC(ISN)

HCL = HLCUISN)

HCP. = HRC(ISN)

DEFINF GRID FNR [INDFPENDENT VARIABLE AT LEFT END
IF ( ISN -1 ) 13, 13, 12
ILMIN =1

75



ILvax = 3

GO TO 14
13 [LMIN = 2
ILMax = 2
c .
c DFEINE GRID FOR INDEPENNDENT VARIABLF AT RIGHT END
14 [F ( ISN -~ INOS ) 15, 16, 16
15 [RMIN =1
IRMAX = 3
GNn 10 17
16 IRMIN = 2
IRMAX = 2
C
C GRIND INDFPFNDFNT VARIABLE AT RIGHT FND
17 NN 32 (R = IRMIN, [RMAX
[RT = ( IR=1 )%3
C
c GRID DEPENDENT VARIABLF AT RIGHT END
DN 32 JR =1, 3
[JR = [IRT + JR
C
C FVALUATE END COORDINATES FOR GRID POINT [JR

CALL GRID ( 1, [JR., HCRs NCR, NCL.
HGes HMIN, HMAX, IGs NMIN, HRs NRs [GRID )
[F ( IGRID ) 18, 18, 32
18 [STAT = ( [JR-1 )%9
RMIN = RINF

—

[ GIN INNDEPENDFNT VARIARLF AT LEFT END
[L = [LMIN

19 ILT = ¢ TL=1 1%3

[ GRID NEPFNDENT VARIABLE AT LEFT END
Ju =1

20 IF ( NOS ) 21, 21, 22

21 JL = 3
[Jt = [JR
6N 10 220

?2? [t = LT + JL

22N I[F ( RNY(IJL) -~ RINF ) 23, 2?9, 29

C

c EVALUATFE FNND CONRDINATFS FOR GRID POINT IJL

23 CALL GRID ( 0, IJLes HCLs NCLe NR,

-

HGe HMIN, HMAX, IGs NMIN, HL., NL. IGRID )
[F { IGRID ) 24, 24, 2°

26 [STA = [STAT + IJL

C

C TEST GRID POINT = INITAIL FND COORDINATES SEGCO=RINF.
[ SURSEQUENTLY SEGCO = RINF FOR NEW GRID PUINTS,

C ATHERWISE SEGCO SAVED FROM PREVIOUS GRID PASITIUN

R = SFSCNCISN.ISTA)
[F ( R - RINF ) 27, 25. 25

an

FLFEMENT LOOP
?5 NMAX = NR--NL+1



35

3¢

3R
39

40

—

77

FVAL UATE DFPENDENT VARIABLE FOR ELEMENTS
CALL HTS ( NMAX, HL. HRs HE )

EVALUATF SUM OF SQUARES OF RESIDUALS

R = 0.

DO 26 N = 1. NMAX

NN = NL#N-1

R = R + ( HFS{NN) ~ HE(N) )**2
SFGCNCISN.ISTA) = R

RFCURRANCE RELATIONSHIP
RR = R + RN1(TJL)
IF ( RR - RMIN ) 28, 2?29, 29

RMIN = RR
KL = [JL

JL = JL + 1

IF ( JL - 3 ) 20, 20, 30

L =1L + 11

IF ( IL ~ ILMAX ) 19, 19, 3N

RN?2(TJR) = RMIN
TZCISNSTJR) = KL

CINTINUE

Nl 33 [JR =1, 9
RN1{TJR) = RN?(IJR)

CIONTINUF

FVALUATF OPTIMUM STATE FOR STAGE INOS
CNST = RINF

DA 36 IJ = 1. 9

TF ( RN2(TJ) - COST ) 35, 36. 36

1JR = [J
€IST = RN2 (1.0}
CANTINUF

[F ( COST = RINF ) 360, 42, 42

FVALUATE OPTIMUM STATES

ICTR = 0

ISN = INOS

[JL = TZ(ISN,IJR)

SHIFT CENTRAL POINT OF GRID TO QOPTIMUM STATE

QRETAINING POINTS FOR WHICH THE GRIDS OVERLAP

IF ¢ 1TJR - 5 ) 39, 38, 39

IF ( TJL - 5 ) 39, 40. 39

ICTR =1

CALL SAVF ( ISN. INOS, {JLs [JRe NLCe NRC.
HLC+ HRCs HGs [Gs SEGCO )

TJr JL

ISN ISN -1

I[F { ISN -1 ) 41, 37, 37



41 [F ( ICTR ) 42, 42, 9

C CENTRAL GRIND POINTS OPTIMUM FOR CURRENT GRID INTERVALS

c COMPRESS GRID

42 CALL REDO ( INNS, HG. HGMIN, HGINC. IGs IGMIN, IGINC.
1 SFGCN. IRFDO )

c
[F ( IRFEDO ) 43, 43, 9
C
C CHFCK FFASIBLF SOLUTION
413 I[F ( COST - RINF ) 45, 44, 44
44 ILN = 2
45 RE TURN

END



$IBFTC WFB NECK
SUBROUTINF WEBR ( NMAX «NLsKLIMyHIMAXFYsVE+HE.TWS,
1 NGO+ KMIN,KMAXy [SH )

C
DIMENSION VE(30), HE(30). TWS(23), [SW(30)
C
C GENFRATFS MINIMUM WEB THICKNESS STATE VECTOR FUR SUBROUTINF WBSMO
c STATF NUMBFR CORRFSPONDS TO TWS
C IN NMAX NUMBER OF ELEMENTS OR STAGES FOR SEGMENT
C NL. FIRST ELEMENT NUMBER OF SEGMENT
C KLIM MAXIMUM STATE CONSTRAINT
C HTMAX MAXIMUM HEIGHT/THICKNESS CONSTRAINT
C FY MINIMUM YIELD POINT
C VF SHEARING FNRCES
. HF ELEMFENT WFB HEIGHT FOR SEGMENT
C TWS AVAILABLFE WFB THICKNESS VECTOR
C out NOGN 0 MAX RFQUIREND STATE LESS THAN <LIM
C 1 MAX REQUIRED STATE EXCEEDS KLIM
C KMIN MIN REQUIRED STATE
C KMAX MAX REQUIRED STATE
C ISA MINIMUM WEB THICKNFSS STATE VECTOR
C UNITS FORCF-LASs LENGTH-INCHES
C CALLS SUBROUTINF WRTHK
C
NOGN = 0
KMIN = KLIM
KMAX =1
C
NN R N = 1, NMAX
H = HF(N)
NN = NI + N - 1
V = VF(NN)
C
C STRFSS CONSTRAINT
CALL WBTHK ( He Vs FY, TW )
C
C HTMAX CONSTRAINT
TWw = AMAX1 ( TW, H/HTMAX )
C
C MINIMUM THICKNESS CGOGNSTRAINT
K =1
1 IF ( TWSIK) - TW ) 2. 4. &
? K =K + 1]
I[F ( K - KLIM ) 1, 1, 3
3 NOGN = 1
RFTURN
C
4 ISWIN) = K
IF { K KMIN ) 5, 6. 6
) KMIN = K
6 IF ( K - KMAX ) 8, 8, 7
7 KMAX = K
9 CONTINUF
RETURN

END



$IBFTC

QOO ODOO

(]

(w]

fakul

r>O0

1

—

3FFU NECK
SURRAQUTINE SBEFUN ( Bse TF, Hy TdWs XMP
FBRAT, FVRAT )
EVALUYATES RAT(0OS OF ACTUAL STRESS TO
DIYSRLY SYMMETRIC PLATF GIRDER LOADED
THE MINOR AXISe AISC SPECIFICATIOGNS
N B FLANGE WIDTH
TF FLANGE THICKNESS
H WEB HEIGHT
TA WEB THICKNFSS
XMP, XLP POSITIVE MOMENT AND
XMN,XLN  NEGATIVE MOMENT AND
v SHEARING FORCE
FY YIELD POINT
T FRRAT MAX ACTUAL BENDING
FVRAT ACTIJAL SHEAR STRESS
CALLS SURRMNUTINE F3ALL
FEEFCTIVE FLANGE WIDTH ( AISC l.9.1

80

o XLPy XMAde XLNy Vo FY,

ALLOWABLE STRESS
[N THE PLANE OF
(19¢1)

CORRESPUNUING UNBR LGTH
CORRESPJNOING UNBR LGTH

STRESS/ALLOW 3TRESS
/ALLOW STKRESS

)

ALPH? = 30004 /SQRT(FY)
Ho= AMINY( B, 2,%TF#*ALPH? )
SECTION HODULUS
D = H + 24%TF
S = L1EATE( RANED « (B=TW)RHEHXH/D )
AINNING
IF (x4 ) 1, 1, &
1% XW ) 3, 2, 2
FARAT = 0.
60 TN A
CALL F3ALL ( 4y TF4 He TWe XLNs FY, ALPH2, les les FURAT )
FSRAT = =XMU/(S*FHRAT)
61 19 -
CALL FSALL ( B, TF, Hy TWs XLP, FY, ALPH2, las les FBRAT )
FARAT = XMP/(S*CARAT)
IF ( XN ) 5, 6, 6
CALL FRALL ( 24 TF, He TWe XLN, FY, ALPH2, les les FB )
FHRAT = AMAX]( FBRAT, =XMN/(S*FB) )
SHEAR
S = H/TwW
FVRAT = A3S(V)/
( HETWHAMINLG  o4%FY, 83.2EA/(S*S). Llaa4E0/(ALPH2%S) ) )

FETURN
END



$IBFTC CONF NECK

(e}

laEeNeNeNeNal

SUPROUTINE CONE ( NA, N3, KODF )
DIMENSINON KNDF(4)

FIAKMS CNNF NUMBER PFLATING JOINT DISPLACEMENTS TO
MEMBEP NDISTORTINNS FOR FLEXIIRAL MEMBERS

™ Na o NB DEGREES OF FREEDOM AT ENDS A AND B
our KONE CIDE NUMBER
Ny 1T N =1, 4

KONDE(N) = 0

[F ( NA =] ) 4, 2, 3
KINE(2) = 1

GO TN 4

KIDE(T) =1

KODE(?2) = 2

[F ( NR=1) 7, 5, &

KONE(4) = NA + 1

[ s

KADF(3) = NA + 1

KIDE(4) = NA + 2

FFETURN

END
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$IRFTC DOFAO NECK

C

OOOO0OO00

-

5]

SUBRAUTINE DEFOR ( NOLC, KODE, DEL, DEF )
NIMENSIOM  KODE(4)s NEL(?245)s NDEF(44D)

FLRMS MEMBER DEFORMATICN MATRIX

IN NOLC NUMBER OF LOADING CONDITIONS
KODE CODF NUMBER
NEL JOINT DISPLACEMENT MATRIX
aur NEF MEMBER DEFNRMATIGN MATKIX

DY) &1 =13, 4

[F ( KADE(I) ) 1+ 1, 3
nn 2 J =1, NOLC
NEF(T.J) = 0.

GO TG 4

M = KADF(])

N 5 J =1, NOLC .
NEF(LsJ) = DEL(M,J)
CONTINUF

FETURN

END
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$IRFTC NEPT DECK

OOOOOOOOD

—

SUPRNUTINE NDFPTH
™ MOMENT ( xM),

UNITS ( LBS,
OuT  OPTIMUM DEPTH

( XMy V, FY, ALPH1, HMIN, HMAX, H )

SHEARIV),y YIFLD PCINT (FY)
MAX NEPTH=THCK RATIN (ALPHY1), DEPTH LIMITS (HMInN. i14ax)

IN )
(H)

FOR DNBL SYMM PLATE GIRDER (AISC 19o1)

NINCOMPACT, BFENDING STRFSS 4 6FY

UNITS (IN )

[F (vl 1, 12, 1

B o= XMEXMEFYRR] 6/ AKS (VARD )

IF . R = T749A, ) 2
DELTA = 172,.°?

G0 TN 1)

[F (R = 32630, )
DFLTA = YR,A6] HR%k,
GO T N

[F ( R - 53119, )
DELTA = 2689472

GO TN 1

R = R**, 14285714

F = ALPHI*SORT(FY)
IF (R = F/2616, )
CELTA = 23 ,PK%R¥*xX)
60N T0 11

[F 2 = F/322G. )

v 2

hy by
25

fy by

Ry B
5

10,

DELTA = F#%x],5/7116,
H = DELTA%SORT(ABS(V))/FYEX,T75

Gd TN 12

3

5

7

v 9

10, 12

H = (ABSEYM)XALPHL/ (4L %FY) )¥x%,a33333335
Ho= AMAXL ( H, HYIN )

[F ( HMAX ) 14, 1F
Ho= AAINY (O Hy YMA
RETYPN

FND

v 14
X )
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$IBFTC FFMOD

DO OO0

- OO0

[aXel

4o

]

SUBRNOUTIN
FA, FR

DECK

F FFMCM ( LTYPF, XK,

)

XL

Wy

B8 Co O Es Fou

TVALUATFS FIXED END MOMENTS FOR ELASTIC MEABERS

IN L
X
X
W
A
3
C
D
r
[
G
H
YT S
F
T =W/ 2
IF ( LTYP
UNIFORM D
T = «5%T
FA = Tx(
F3 = Tx%(
[F ( XK )
FA = FA +
( Cx(-
FR = F3 +
+ XK*X
+ XK*X
GO TN 5
CONCENTRA
T = THXK*
Tl = F/(X
T2 = 5/(X
FA = Tx{(
FR = T*x ({
GO TN 5
CAUPLF
FA = —-Tx(
FB = =T(
PETURN

END

TYPF O UNIFORM DISTRIBUTED LOAD ( + DUAN )
1 CONCENTRATED FORCE ( + DUWN )
2 COUPLE ( + CW )

K DISTANCF FROM END A TO LUAD

L. MEMBFR LENGTH ( POSITIVE A TU 8 )
MAGNITUDE 0OF LOAD
[NTEGRAL O TO XL OF (DX/I)
INTEGRAL O TO XL NF X(DX/I)
INTEGRAL O TO XL OF X**x2(DX/1)
INTFGRAL O TO XL NF X*x3(DX/1)
INTEGRAL 0 T( XK AOF (DX/1)
INTFGRAL O TO XK OF X(Dx/1)
INTEGRAL 0 TO XK OF X%x%2(0DX/1)
INTEGRAL O TO XK 0OF X*%3(DX/I)

A FIXED END FORCE END A ( + CCw )

B FIXED SND FORCE END 8 ( + (Cw )

*C - 3*3 )

E =~ 1)1, 3, 4

[STRIBUTEDN LGANING

B = CxC )

C*L = BN 4 XLX( AXND = BAC +XLx(~AxC+B*b) ))

5' :' 2

TH( C*¥G = BHH & XLEXKH(24%(=CxF48%G) + XL*XK*

A+E) + BX(B-F) ) ))

TH( 354 = C*G + XL*{
L¥( BEFE(XK=24) = XKXCHE + 2,%A%G

L¥( RXE = A%F) ) )

TEN FORCE
XL

L*XK) - F
L*XK) = F

AXC = 3%8 + C*T1 = B*T2 )
A=A®XL )*T2

(XL*3 = C )1*xT1 + (

C¥(=8+F) + B¥(R=F)

EX(XL*3 = C) + Fx(=XL*A + B)

)

B*G*( la=24%XK) + 24%CX*FXXK =

)

)
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$[BFTC FOAL DECK
SUBRNUTINE EBALL ( By TFy H, TW, XL+ FYs ALPH2, CB. FBRF, F8 )

FVALUATES ALLGWABLE UNIT BEMDING STRESS .
FOR COMPKESSINN AN FXTREME FIRERS OF PLATE GIRDERS AISC(1961)

IN 8 FFFECTIVE FLANGE WIUTH
TF FLANGE THICKNFSS .
H WEB HEIGHT = GREATER THAN ZERO
ThW WER THICKNFSS = GREATER THAN ZERD
UNERACED LENGTH OF COMPRESSION FLANGE
FY MINIMUM YIELD POINT
ALPH? 30004 /SQRTIFY)
cH BENDING COEFFICIENT
F3RF BENDING STRESS REDUCTION FACTUR
nuTt FB ALLOWABLE BENDING STRESS

JUITS FORCF=L3Ss LENGTH-INCHES

QOO0 OND
<
~

AF = A%TE
IF ( AF ) 1, 1, &

RINTINE FOR 7FRD FLANGF ARFA
IF ( XL ) 2, 2, 2

F3 = ¢4%FY

G TN 14

F3 = 0,

GO TN 14

NEaNeNel

>

N =g+ 20%TF

OO DO

CRITE2[A FUR COMPACT SFCTION AISC (1961) 1le5elecal

IF [ 8/TF = 1,C66T*ALPH2 ) 5, &, 8

IF ( D/TH ~ 4.4334%ALPHY ) &, 6,8

IF (XL = AMINY( JREALPHY%B, 20070000e%AF/(DEFY)) ) T4 T4 &
F3 = oh6*EY

6N T 14

CRITEPIA FOR NCNCOMPACT SECTIGN  AISC (19510 lebelees
1F (XL ) 9, 9, 1C

LATERALLY BRACED

FB = L6*FY

G0 TN 12

~N >0

2020

-0

J TEMP = XL*XL / ( 8%8/(12+ + 2¢*HXTW/AF) )

[F ( TEMP = 1A00. ) 9, 3, )1

LATFRALLY UNRRACED

FOFMILA (4)

FRY1 = ([ 141449E2 =~ TYATEMP/CB )%*542408E-10%FY
FORMULA (%)

F32 = le2ETXAF/( XL%D )

F3 = AMINY ( +5%FY, AMAX1(FBl, FR?) )

D=0
—

12 TEMP = H/Tw = 240004/SQRT(FR)
[F ( TEMP ) 14, 14, 13



Lk el al
~

REDYCTINN [N FLANGE STRESS AISC (19¢é1)
FR = F3*%( lo = oNNOS5XHXTW*TEMP/AF )

Fd = FY%FRRF
RE TUYRN
END

le10e60

86

FORMULA (L1)



SIBFTC FLSP
SUBROUTING FLSPL

DO OODDDOOHTOOOOO00OND

§1]

0

10
n

DECK

( p’}'

TF1,

B’.'

FVALUATES COST CF SPLICING FLANGE
RY TF1

IN

ouT

UNITS

CFS = 0.

[F ( TF1 - TF2

I[F ( Rl
T = TF1
B = 8]

GN TO R
T = TF2
8 = R?2

GU T0 8
T = TA
R =

[F ( 81

B2.TF?

JCF?
UCE3
UCFs

UCF#4
CFS

WIDTH AND THICKNESS STAGE
WIDTH AND THICKNESS STAGE
COST FLANGF WIDTH TRANSITIUN

COST 0OF FLANGE THICKNESS TRANSITIUN

TF2s UCF2, UCF3,

N
N+l

UCF5,

COST OF DEPOSITING WELD METAL AT SPLICE

VOLUMN EVALUATED FOk SINGLE 3EVEL GROVE WELC

B-Ué4,

AISC

(1961)

= lel0e3,

HASE CCST OF SPLICF
CCST OF FLANGFE SotiCch

LENGTH=INCHES,

- B2

- B2

)

)

)
?'

2y

CFS = CFS + UCF?
) 11,
CFS = CFS + UCFS*B%Tx*(

[F ( Bx*T

RE TURN
FND

11

5! 1'
11,

9, 8

v 10

3

COST=DOLLARS

6

«HXT +

«25 ) + UCF6

lelUe8,y

lel7.2

UCFu,

87
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$[BFTC GRIC DFCK

OO0 OOOONOO

DO O ES [aNe]

~N OO0

pSe}

10

1

SUBROUTINE GPID ( IFEND, [JLRs HCLR, NCLKks LRs
1 HGs HMIN, HMAX, [Gy» NMIN, HH, NN, [GRID )

FVALUATES SEGMENT GECMETRY AT GRID POUINT [JLR

IN [END 0 GRID AT LFEFT END
1 GRID AT RIGHT END

[JLe VECTOR NOTATION FOR GRID POINT

HCLR WER HFIGHT AT CENTRAL GRID PIJINT

NCLR FLEMENT NUMBER AT CENTKAL GRID PUINT

NLR ELFMENT NUM3FR AT OPPUSITE END

HG HEIGHT GRID INTERVAL

HMIN MINIMUM HEIGHT CONSTRAINT

HMAX MAXTMUM HEIGHT CONSTKAINT

16 FLEMENT GRID [NTERVAL

HMIN MINIMUM ELFMFENTS/SEGMENT CONSTRAINT
nuTt HH WEB HEIGHT FAOR GRID POINT [JLR

NN ELEMENT NUMBFR FOR GRID PJINT [JLR

[GRID 0  GRID POINT [JLR SATISFACTIKY

1 GRID POINT [JLR VIOLATES CONSTKAINT
[GRIND = N

GRIN TRANSLATICN
IF ( TJLR = 2 ) 1y 1, 2

[U = =1

[V = [JLR = 2

GN 1N 5

[F ( [JLR = 6 ) 3, 2, 4
['y =0

[V = [JLR = &

G TN 5

g =1

Iv = [JLP = ®

HEIGHT GRID

v =1V

HH = HCLR + V%HG

IF { HH = HMIN ) 10, 6., A
IF ( HH = HMAX ) 7, 7, 10

FLEMENT GRID

NN = NCLR + [U*IG

[F ( TEND ) B, 8, 11

I[F ( (NLR=NN+1) = AMIN ) 1D, 11, 11

[GFID =1

RETURN
FAD
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BIRFTC

)

sEelakuEeEal

INVR

SUARNYT[N¥

NEMENSINN

NECK
INVRT ( KRC+ SM, SMI )

SM(242) 4 SMI(242)

MATRIX [NVFEPSICN CRAMFRS METHND U 2x2 YAK )

MATRIX DIMENSION ( 1xX1.,

4ATRIX TN BE INVERTLD

N KPC

S
cur X1
IF ( KC=1 ) 1, 1. 2
SHI(Y41) = 14/SNM(1,1)
RFTURN
N = SY(1,1)%SM(2,2) -
SAI(1,1) = SM(2,2)/D
SAL(1+2) = =SM(1,2)/D
SUI(241) = =SM(2,1)/D
SAI(P,2) = SM(1,1)/70
RF TURN

FND

[NVERSF OF S™

SMI1,2)%SM(2,1)

UR 2K2
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SIRFTC JTLN DFCK
SUAR TINS JTLOD ( NDF, NOLGCe KNODF, FcoFe P )

.
NEAENSTON  KINFL4) s FREF{445), P(2,5)
C
c FARNMS JOINT LPAD MATRIX
C [ ME MUMBFR NEGRFFS OF Ficiudy
C L NUMBER OF LOADING COUNDITIL >
C Korr CODE NUMBER
[N FFEF MATRIX NF FIXFD END FORCE S
¢ { MEMHER DISTCRTIONS X NuLC )
C (A P JOINT LOAD MATRIX
C ( DEGREES NF FREELLIM x HiLC )
C
N 2 J = 1, \NF
N 2 K = 1, 4
T KINE(K) = 0 ) 24 1 2
1 Ny 3 L = 1, NOLC
3 D(Jyl) = PUIsl) = FEF(K,L)
2 CONT INUFS
2ETIIRY

rNn



SI3FTC LARA OFCK
SURKNUTINF LBRAC ( MFMAX, XLGs» XLBP, XLE )

C
NDIMENSTINN  XLBP(20), XLE(20)
C
C FVALUATES UNBFACED LENGTHS FOR FLEMFNTS
C IN ME MAX NJMBFR NF ELEMENTS
C XLS LENGTH OF MEMBER
C XLAae VECTAOR (OF BRACE POINTS
C CAORRESPNANDING TO NDISTANCE FRJHM LEFT ENn
C XLBP{1)=0qey XLRP(NOPT)=XLG
c our XLe VECTPR OF UNBRACED LENGTHS
[
DX = XLG/FLOAT(NFMAX)
X = =a8%DX
nn 4 1 =1, NFMAX
X = X + DX
Ny 1 g = 2, 10060
Y = XL3P(J)
7 =Y = XL3r(J=1)
C LENGTH FOUNO WHEN X LE 3RACC POINT
= ¢ X =Y ) 2, 2, 1
1 CONTINUF
STOP
C SFOGMENT PCINT = BRACF PGINT
2 XLECD) = AMAXI( 7, XLBP(J+))=Y )
6 10 4
C SEGUENT 20[NT LT BRC PCINT
? XLFEA(I) = ¢
4 CONTINUE
RETURN

Etn
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BIRFTC PAGF DECK

[aEs el NeRalts]

—

4

[}

SUBROUTINF PAGER (N,NH,IND)
PAGE FLADING AND NUMBFRING ROUTINF
N o= NO. NF LINES OF TEXT TO RE PRINTED
MH = Ne 0OF LINES OF HEADING CN NEW PAGE
IND = 0 [F N0 NFW PAGE,
1 IF NFW PAGE REQUIRED
FAR N = NH = 0, PAGF =1, AMD 110 CHAKACTERS UF PAGE HEADING ARE
RFAD FROM 2 CARDS,
DIACNSTON HEAD (1 9)
[F (N) 2,1,2
PEAD (5,2) (HEAD(I),1=1,19)
FOPMAT (13AA,A2)
NPAGF = ]
GO TN &4
MSPACE = MSPACE - N
[F (NSPACF) 4456,%
NSPACFE = 589 = N = NH
WRITE (A45) (HFAD(T)4I=1,19),NPAGF
FOPMAT (1H1,124A,A42,5AA,1X4HPAGET4)
NPAGF = NPAGE +
IND =1
G) 10 7
[ND = 0
FeTURN
END



$[3FTC MILP
SURRNUTINE MULPY ( A, By Cs MRs NRC,

OO0 0 (g

DIMENSINN

NECK

A(2,2),

B(245)s C(245)

MATRIX MULTIPLICATICN A X 8 = C

N A
8
nuT o

nn 1l
ng 1 J
Cli.J)
no v L
ClI.J)
RETIRN
FND

(
(
(

J. MP

1, KC

0'

1, NPC

MR X NRC )
NRC X KC )
MR X KC )

ClLsJ) & ALL,L)*B(L.J)

KC )
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$IBFTC RENN

o

aNskeNekeNeNsNeNaNeNsNaReNeNaNaNaNaNaNel

[aNe]

-

OrF = —=00qg00n
N D

DECK
SURBRQUTINE RFDO ( INOS, HGy HGMIN, HGINCs [Gs [GMIN,
1 SEGCO, [RFND )
DIMENSION SEGCO(20,81), TEMP(8])

RENUCES NINC POINT GRIDS AT SEGMENT ENDS.

UNCHANGFD GRID PAINTS SAVED
46 HEIGHT GRID
HGMIM MINIMUM HEIGHT GRIN INTERVAL
HGINC HEIGHT GRID REDUCTIUN INCREMENT
IG ELEMENT GRIND INTFERVAL

INTERVAL

94

LoINC

IGMIN MINIMUM ELEMENT GRID INTERVAL
[GINC FLFMENT GRID RENDUCTIUN INCKEMENT
SEGCN SEGMENT COSTS
ouT HG HEIGHT GRID INTFRVAL FUR WEXT CYCLE
6 ELFMENT GRID INTERVAL FOR NEXT CyYCLE
SEGCN SEGMENT COSTS FNR NEXT CYCLE
GRIN POINTS UNCHANGEUL ARE SAVEWD
NEW POINTS = RINF
[REDO 0 [TERATION CCNVFRGLED=MIN GRlu INTERVAL

1 PERFNRM NFXT CYCLE

INTERNAL DIMENSICN TEMP(8B1)
DATA RINF/1.F3%/
[RENN = O

REDUCF G
H53T = 4G = HGINC
[F ( HGT = HGMIN

) 1. 3, 3
IF € INIS = 1 ) 323,
n

’
32, 2

GN TN 4

REDUCE IS
IGT = IG -
IF ( IGT -
K[ =n

G0 10 7

IG = IGT
KI =1
[RFDD = 1

I[GINC
[GMIN ) 5, 6, 6

TEST FIR CCNVFRGENCF
[F ( IREDC ) 27, 33, )0

GRID RENUCED SAVE UNCHANGEN POINTS
[F ( INOS =1 ) 30, 20, 11

I[F C kH ) 13, 13, 12

I[F (I ) 18, 18, 30



24

25
264

27

"8
»a

31
2?2

33

HG UNCHANGEDN
DA 17 ISN =1
N0 14 [STA
TEMP(ISTA)
no 15 1 =3
nno1s 4 =1
ISTA = [ +
TEFMP(TSTA)
NN 16 ISTA

.

Wl e oo

IG RFCUCED
1, 81
R INF

48, 9
2

SEGCO(ISN,ISTA)
1, 81

SFGCACISN,ISTA) = TEMP(ISTA)

CONTINUF
6N TN 13

HG REDUCED 1
DN 29 ISN = 1
PO 18 [STA =
TEMP(ISTA) =
Ir t ISN =1

[F  ISN = INOS ) 23, 25, 25

DN 2?2 ISTA
TEMPIISTA)
Gt 1o 27
Do 24 1
nn 24 J
[STA = 1 +
TEMP(ISTA)
6N TN 27
DN 26 [STA
TEMP(ISTA)

>

1
1

il -

P 28 ISTA =

G UNCHANGED
+ INCS

1, 7

FINF

) 21, 21, 20

14, 68, 27
SEGCOCISN,ISTA)

hay 27
7. 3

SEGCOCISN,ISTA)

TRy 44, 3
SFGCUCISN,[STA)

1, 3]

SEGCOCISNGISTA) = TEMPLISTA)

CONTINUF
G 10 33

HG RFCUCEL 1
Gy 22 TSN =1
HGT = SFEGCOC(L
N Ry O ISTA =
SFGCOUISN, IST
SEGCO(LISNLAYL)

KETURMN
LND

G RFDUCED OR OMF SCGMENT

+ INCS

SN+41)

1, 8]

A) = RINF
= HGT
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FIBFTC SAVE DECK

OO OOOOD

(e}

100

[V, e e &

L~

SURROUTINF SAVE ( ISN, INOS, [JLOs IJRDs NLCy anCos
1 HLCy HFCs HG. IG, SEGCO )

DIMENSTON  MLC(20), NRC(20), HLC(20), HRC(20),
] SEGCO(2Nn,81) . TEMP(81)

SHIFTS CENTRAL POINT OF NINE POINT GRIDS AT SEGAENT ENODS
TO NPTIMUM GRID POINTS

IN I SN SEGMENT NUMBER
I[NOS NUMBER NF SEGMENTS
[JgLn VFCTOR NOTATICN OPTIMUM GRID POINT LEFT END
[JRO VECTNR NOTATION APT {MUM GRID PIOINT RIGHT END
NLC FLEMFNT NUMBFR LFFT END FJR CENTRAL GRIU PJINT
NPC ELFMENT NUMBER RIGHT END Fuk C&ENTKAL GRID POINT
HLC SEGMENT WEB HEIGHT AT LEFT CENTKAL GRIO POINT
HRC SEGMENT WEB HEIGHT AT RIGHT CENTRAL GRID PJINT
16 HETGHT GRID INTERVAL
G ELEMENT GRIN INTERVAL
SFGCO SEGMENT COSTS

cuT CENTRAL POINT SEGMENT GECMETRY AND SEGHMENT CJSTS

SFGMENT COSTS SAVED WHEN GRIDS OVERLAP wWITH CENTRAL GKID
POINTS SHIFTED TO OPTIMUM GRID POINTS
SEGCO = RINF FOR NEW GRID PCINTS

INTERNAL DIMENSICN TEMP(R1)

DATA RINF/14F38/

no 100 KN = 1, 31
TEVPIKN) = RINF

CRID TRANSLATICN AT LEFT FND
[F C LN -3 ) 1, 1, 2

IuL = =1

[vt = [JLO = 2

GO TO 5

[F ¢ TJLY = 6 ) 3, 3, 4
IuL =n

[ve = 1JLn - 5

GO T 5

yL =1

IvL = [JL0 = #

GRID TRANSLATICN AT RIGHT END
[F ( TJRD = 3 ) 6, 64 7

IUR = =1

IVR = [JRO = 2

GO TN 10

[F ( [JRO = 6 ) 8, 8, ©
1ye =0

IVR = [JRO = &

G0 TO 10

[UR =1
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[aNel

—

OO

[aNel

NO O N

IVR = [JRD - B8

DFFINC HORIZONTAL GPID AT LEFT END
IF 0 1Sy = 1) 11, 11, 12

[Lmrn = 2
[L1ax = »
GN 1O 13
ILYIN =1
[LMAX = 3

DEFINE HORIZONTAL GRID AT RIGHT FND
[F € ISN - INOS ) 15, 14, 14

[RMIN = »
IRMAX = ?
GN TN 14

IRMIN =1
[2MAX = 3

HIORTZONTAL SRID LOOP AT RIGHT END
DY 35 [R = [RMIN, [RNMAX
K1l = ( IR = 1 )%3

TEST FAR OQVCRILAP CF HORIZONTAL GRID AT KIGHT c&Nu
IPO = [R + [UR

IF € IRD - 1) 135, 17, 17

IF € IRT = 3 ) 20, 20, 35

VFRTICAL GRID AT RIGHT END
LY = 2x%[yR

DO 24 gr =1, 2

K2 = ( K1 + JR = 1 )%9g

TEST FOR OVERLA® OF VERTICAL GRID AT RIGHT END
JRO = JR + [VR

[F € RN = 1 ) 24, 21, 21

[F ( JRI = 3 ) 24, 24, 34

HORIZONTAL GRIEC AT LEFT END
L2 = ( L1 + [VR )%9

DO 33 I = [LMIN, [LMAX

K3 = K2 + ( IL -1 )x2

TEST FOR NVERLAP QOF HCRIZONTAL GRID AT LEFT ENO
L0 = 1L + 1uL

IF 0 [0 - vy 23, 25, 25

[F ¢ ILtd - 2 ) 28, 20, 33

VEFTICAL GRID AT LEFT END
L3 = L2 + 2x[yL

DY 32 41 =1, 3

Kil = K3 + gL

TEST FOF OVFELAP QF VERTICAL GRID AT LEFT EnD
JLO = JL + VL

[F (JgLo - 1) 32, 29, 29

IF € Lo - 2) 23, 31, 32
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w OO

GP 1D OVERLAPS SAVE SFGMENT COST

K3 = KN + L7 + (VL
SEGCO(ISN.KO)

TEMP(KN)

CONTINUE
CONTIMNUF
CONTINUF
CINTINUF

SEGMUNT COST CENTPAL GRID POINTS SHIFTED T3 OPTIliwM

DY 36 KN

SEGCOTUTISN,

1, 81

KN) = TEVMP(KN)

CHRRESPONDING SEGMENT

NLCCTSN)
NRCCISN)

X = IVL
HLC(TSM)
Y = IVR

HRC T SN)

PETURN
END

NLC(TSN)
NRC(CISN)

HLC(ISN)

HRC(ISN)

+
+

+

+

GECMETRY

TUL*I16
[TUR%IG

X%xHG

X#HG
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$(3FTC STIF DECK

o

OO0

o0

SUBROUTINE STIFF ( XLy Ay By Cy Do STF )
DIMENSION  STF (4, 4)

FOPMS MFMBER STIFENFSS MATRIX

N XL MFMBFR LENGTH
A INTEGRAL O TN XL OF (DX/I)
& INTEGRAL O TO XL A9F X(0X/1I)
C INTEGRAL 0 TN XL 0OF X®*2(0xX/1)
n INTFGRAL 0O TN XL 0OF X*%¥3(0X/1[)
oy STF MEMBER STIFFNFSS MATKIX

FYALUATE STIFFNESS FACTAORS
F = le/( A%C = BR*3 )

S1 = F%(C

S?2 = FXx( XIRXL&A = 24%XL*B + C )
$3 = F*x( XL*3 = C )
S4 = F*3

S5 = Fx( XL*A = B )
S4 = FxA

FORSM MEA3ER STIFFENESS MATRIX
STF(1.1) = Sh
STF(2,2) = Si
STF(?,?) = SA
STFla,a) = 52
STF{1.7) = S4
STF(1.3) = =Sé
STE(1,4) = S5
STE(?2.,3) = =S4
STF(24.4) = S3
STF(2.,4) = =S%

DO 1 1 =1, 3

K =1 +1

N1 J =X, 4
STFE(Je1) = STF(IL,J)
BETURN

FND
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$IBFTC SYST
SUPRNUTINFE SYSTF (

C
C

OO0

DIMENSION

DECK

KONE(4)

KODE

STF‘

STF(444),

SM )

SM(2.2)

GENECRATES SYSTEM STIFFNFSS MATRIX

N

our

nn ¢ K o=

KONEF CODE NUMBER

STF MEMBER STIFFNESS MAIRIX
S SYSTEM STIFFNESS MATKIX
1. 4

IF ( KODFIK) ) 4,
M= KANE(K)

N1 sy =

1. 4

IF ( KINEL()) ) 5
No= KONE(Y)

SMIM,N)
CONTINUE
CAMTINUE
RETURN
FND

STF(K«J)

b4

S

2

3

100
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SIBFTC ABSP DECK
SURENUTING WHSPL ( TW), Tw2s He UCF4s UCF5, JGFb. Cab )
c
c EVALUATES CNST OF SPLICING WEB
e I Tl THICKNFSS STAGE N
¢ Tw? THICKNESS STAGE N+1
c H HFIGHT AT STAGE TRANSITICGN
c UCFA CNST NF WER THICKNESS TRANSITIGN
c UC S COST OF DEPOSITING WELD METAL AT SPLICE
c VOLUMN FVALJATED FOR SINGLF 3EVEL GRUVE WELD
c B=U&, AISC(I0A1) = 1,17.2
c UCFA BASE CCST OF SPLICF
c ouT o €NST CF WFR SPLICE
c
° UNITS  LENSTH-TNCHES, COST=NILLARS
c
IE (T =~ Tu2 ) 1, 4, 2
1 T o= TWl
631 TN 3
> To= T
CWS = UCE4 + UCFSHHATH( ,5*T+,25 ) + UCF6
RETURHK
4 €4S =,
FETURY

ENG
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$I8FTC WATH DFCK
SURFOUTINE W3THK ( He Ve EY, TW )
C
C FVALUATFS MINIMUM WEB THICKNESS FOR STRESS CONSTRAINT
c ALSC {1967) 1.19.5.2 FORMULA (9)
I N H WER HEIGHT
c v SHFAR [MG FNRCE
c FY YINIMUM YIFLD POINT
c nuT Tw VINIMUM WEB THK FOR STRESS CONSTRAINT
I
c UNITS  FORGE-LAS, LENGTH—-IMCHES
C
[F (V) 1. 6.1
1 R = H¥HEFY¥%].5/ABS(V)
IFE (R ~ A2609, ) 3, 2, 2
Cc
c ELASTIC BUCKLING ( CV LESS THAN DR EQUAL TU en )
> Td = ( ABS{V)I%H )#%,332333233/434,47
Gl 10 7
3 IF (R = 29985, ) 5, 4, 4
I
c INFLASTIC BUCKLING ( CV GREATER o8, LESS OR EJUAL lel50 )
. TH = SORT(R)XARS(V)/( AQ,265%FY*H )
6N TN 7
C YIELD GRITFRIA ( CV GREATER THAN 14156 )
5 T = A13S(V)/( J&kFY®H )
61 T 7
4 TW = N,
7 FETURN

END
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APPENDIX C

INPUT FORM

All data is read in by the program in an F10.0 Format unless oth-

erwise noted below.

CARDS 1 and 2:

CARD 3:

CARDS 4 and 5:

CARD 6:

Users page heading (a maximum of 110 charac-
ters)

FORMAT = 13A6.A2

BCOST

BCOST = Base unit cost of material with no
extras ($/1b)

= ,0675 for Bethlehem Material Cost

Table

FORMAT = F6.4

TWS (I)

TWS(I) = Available thickness vector for both

flange and web plates (inches)
A maximum of 23 thicknesses may bé used. They
are read from 2 data cards using a FORMAT of
13F6.4; therefore, 13 thicknesses are‘read
from the first card and 10 from the second.
This entire data space must be filled.
INDT(I)
INDT(I) = Thickness index number. This number
corresponds to the column in the ma-
terial cost table to which the con-

current thickness value refers. For



CARDS 7 - 13:

CARDS 14 - 19:

104

example, INDT(I) would be the number
of the columm (material cost table)
in which the appropriate material
cost value for a thickness of TWS(I)
would be found.

There must be a one to one corres-
pondence between thicknesses avail-
able and thickness indicies read in.
A maximum of 23 indicies may be used
and they are all read from one card.
FORMAT = 2413

BS(J)

BS(J) = Available width and/or height vector

for both flange and web plates (inches)

A maximum of 137 widths may be used. They are

read from 7 data cards at the rate of 20 values

per card. If all 137 widths are not read in
there must still be a total of 7 cards in this
data space.

FORMAT = 20F4.1

INDW(J)

INDW(J) = Width index number. This number cor-
responds to the row in the material
cost table to which the concurrent
width value refers. For example,

INDW(J) would be the material cost
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table row in which the appropriate
material cost value for BS(J) would
be found.
There must be a one to one correspondence be-
tween widths available and width indicies read
in. A maximum of 137 may be used. They are
read in from 6 cards at the rate of 24 per card.
FORMAT = 2413
CARDS 20 - 37: COST(I,J)
COST(I,J) = Unit material cost table array
($/1b)
The maximum size of the array is 9 x 17 (Ipax =

9 columns; J = 17 rows). This matrix is

max
read in column order (i.e., column 1 is read
from element 1,1 to element 1,17; then column
2 is read, etc.). 18 cards must be used in
this data space. Values are read in at the
rate of 13 per card with blanks or zeros being
stored as infinity (1.E38).
FORMAT = 13F6.4

CARD 38: NOPRO
NOPRO = Number of girders to be designed

CARD 39: KLIM, ILIM, JLIM
KLIM = Maximum web thickness state number.

This number corresponds to the index

subscript on the maximum web thickness



CARDS 20 - 37:

CARD 38:

CARD 39:

105

table row in which the appropriate
material cost value for BS(J) would
be found.
There must be a one to one correspondence be-
tween widths available and width indicies read
in. A maximum of 137 may be used. They are
read in from 6 cards at the rate of 24 per card.
FORMAT = 2413
COST(I,J)
COST(I,J) = Unit material cost table array
($/1b)
The maximum size of the array is 9 x 17 (Ipax =

9 columns; J = 17 rows). This matrix is

max

read in column order (i.e., column 1 is read

from element 1,1 to element 1,17; then column

2 is read, etc.). 18 cards must be used in

this data space. Values are read in at the

rate of 13 per card with blanks or zeros being

stored as infinity (1.E38).

FORMAT = 13F6.4

NOPRO

NOPRO = Number of girders to be designed

KLIM, ILIM, JLIM

KLIM = Maximum web thickness state number.
This number corresponds to the index

subscript on the maximum web thickness



CARD 40:

CARD 41:

106

allowed [i.e., KLIM = 4; maximum web
thickness = TWS(4)].

ILIM

Maximum flange thickness state number.
[i.e., ILIM = 5; maximum flange thick-
ness = TWS(5)].

JLIM = Maximum flange width state number. [i.e.,

JLIM = 6; maximum flange width = BS(6)].

FORMAT = 13
I0UT, IVOL
IOUT = Output option indicator

0 Optimum Design

1 Optimum Design for each number of

segments

2 Design Trace during segment optimiza-
tion procedure

IVOL Thickness violation indicator

0 Maximum thickness violated if necessary

1 Maximum thickness not violated

XL, NA, NB, SYMM

XL = Span length in inches

NA = Degrees of freedom at left end
= 0 Fixed end
= 1 Pinned end
= 2 Free end

NB = Degrees of freedom at right end

SYMM = Symmetry indicator
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0 Not symmetric design

1 Symmetric design, use only elements

to mid-span

CARD 42: NEMAX, NOSMN, NOSMX, NMIN
NEMAX = Number of elements (maximum 30)
NOSMN = Minimum number of segments
NOSMX = Maximum number of segments (maximum 2)
NMIN = Minimum number of elements per segment
CARD 43: NOLC
NOLC = Number of loading conditions (maximum &)
CARD 44: LCOND, LTYPE, C, FMAG
LCOND = Loading condition, or number of loading
condition
LTYPE = Code for standard loading case
= 0 Distributed load
= 1 Concentrated load
= 2 Couple
C = Distance from left end to load (or be-

ginning of distributed load)
FMAG = Magnitude of load (in lbs/inch if dis-
tributed)
A maximum of 10 cards may be used to specify
a maximum of 4 loading conditions. The pro-
gram generates a loading condition for dead

load.
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CARD 45: BLANK CARD

Terminates reading of loading data cards

CARD 46: NOBPB

NOBPB = Number of lateral brace points on bot-

tom flange
= 0 for continuous bracing (omit cards
47)

CARD 47: XLB(I)

XLB(I) = 0

XLB(I) = Distance from left end to brace point I

XLB(NOBPB) = XL
A maximum of 40 brace points may be specified
(6/card)

CARD 48: NOBPT

NOBPT = Number of lateral brace points on top

flange

0 for continuous bracing (omit cards 49)

CARD 49: XLT(I)
XLT(I) =0
XLT(I) = Distance from left end to brace point I

XLT(NOBPT) = XL
A maximum of 40 brace points may be specified
(6/card)
CARD 50: FY, AOS
FY = Minimum yield point

AOS = Allowable overstress (percent)



CARD 51:

CARD 52:

CARD 53:

CARD 54:
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XL0OD, HMIN, HMAX

XLOD

HMIN

HMAX

Minimum acceptable ratio of span to de-

flection

Minimum acceptable web height

Maximum acceptable web height

HBMAX, BTMIN, BTMAX, HTMAX

HBMAX

BTMIN

BTMAX

HTMAX

Maximum acceptable ratio of web height
to flange width

Minimum acceptable ratio of flange width
to thickness

Maximum acceptable ratio of flange width
to thickness

Maximum acceptable ratio of web height

to thickness

UCF1, UCF2, UCF3, UCF4, UCF5, UCF6

UCF1

UCF2

UCF3

UCF4

UCF5

UCF6 =

Cost per segment ($)

Cost per flange width transition ($)
Cost per flange thickness transition ($)
Cost per web thickness transition ($)
Cost of depositing weld metal ($/cubic
inch)

Cost per splice ($)

IGMIN, IGMAX, IGINC, HGMIN, HGMAX, HGINC

IGMIN

IGMAX

IGINC

Minimum dimension of element grid
Maximum dimension of element grid

Element grid reduction increment
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HGMIN = Minimum dimension of height grid
HGMAX = Maximum dimension of height grid
HGINC = Height grid reduction increment
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PRONDUCT 1IN RUN NUMRFR THRFF = SIMPLE SUPPORTS WITH UNITFORM UISTRIBUTED | JAD

SPAN 2600 DFG OF FRFFDOM L 1 R 1]

LOADING CONDITION TYPE FLEM VAGNITUDE
1 -0 0 556
? 0 0 Oe

LATFRAL 4RACING 3TM FI ANMGF

CANT
LATFRAL BHRACTNG TNP FI ANGF
CONT

MIN YTFLD POINT 400N,  OVERSTRESS —~0.00

NOQ FLFM 24

NO SFEG TN =0 MAX ?

N0 FiI FM/SFEG MIN 1?

SPAN/DNFEFI MIN - 0a

HT 1 TM MIN 25, MAX 45,

HT/WTH MA X

FI G WTH/THK MIN =N, MAX

WFR HT/THK MAX 2604

CNST/SFG 10000

COST/FIG WTH ~-0.000

COST/FLG THX =Na 000

COST/WFR THK -0a000

COST WFLNING Na750

COST/SPLICE 19000

FlL FMENT GRID MIN T MAX 1 [NC 1

HFIGHT GRIN ATN 1.0 MAX 24D INC 1.0

AUTPUT NPTINAN D THY viAL OPTION =9
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PRODUCT INN RUN NUMRER THREE = SIMPLE SUPPORTS WITH UNIFORM DISTRIBJUTED LOAD

DFSIGN TRACE

SFG NN LFFT SLFY BT FLEM LEFT HT RT HT
1 1 24 40000 40400
FI FM GRID 1 HT GRIND 2.9 CYCLFS 3 COST 263450
NDFSTGN TRACF
SEG NO LEFT ELEM PT ELEM LEFT HT RT HT
1 1 24 43400 43400
FLEM GRID. 1 HT GRIN 3.0 CYCLFS 4 COST 269450
NESTGN TRACFE
SEG NN I FFT ELFM RT ELFM LFFT HT RT HT
1 1 24 43400 43.00
FI FM GRIN 1 HT GRIN 2.0 CYCLES ) CGST 254496
NDESTGN TRACF
SFG N LEFT FLFY RT FLEM LFFT HT T HT
1 1 24 45400 45400

FIFM GRIND 1 HT GRIN 2.0 . CYCLFS, 6 COST 264496

NFSIGN TRACE
SFG NN LFFT FLEM RT FIFM LFFT HT RT HT
1 1 24 45400 45.00
FLFM GRIN 1  HT GRIND 1.0 CYCLES 7 CasT 266496



PRONUCT ION RUN

=0 SEGMFNT DFSIGN

FLEMENT
NUMRFR
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12

MAX DFFLFOTION

SMANTHINGS

7

MUMAER THREY

o SIMPLFE SUPPORTS WITH JNIFNRM GISTRINMUTED L JAD

FIANGE

Wiy THv HETSHT
N s ™
T.PN Ny KETE 45400
1NN NgheTh 4Ge G2
1000 N AETH L5400
10400 N4 4875 (5400
10,00 CahRT3 48400
172600 D hETS 45400
10,70 Caakr75 hEe (0
10,03 1. 4875h 43N0
10,00 NgARTR 454 00
110N N 4ETS 65400
17,00 Ne5hR75 45 N0
17060 e k2753 4Ha 0N

Nas? IN

AFIGAT (1 R)

2172, 7

FIANGE COST =

37.1CWER GAST

WFR

THK

N
0e275HN
Na375C
Na3750
0a2750
na1750
Ve 2750
043750
Na3750
Ne3750
Na3758N0
03750
Ca2750

casTt

264,95

= 131.ETLONGa AFLD CDST

SHFAR
RATIN

N41399
N.912
04824
0.732
De652
NeRA3
04478
0291
Ne2N%
04217
Ge130
N47472

MOMENT
AT

AFRED]
Na239
Vo355
VasfH
N.537
Ne 632
V774
Nads?
q.877
Ne937
NeRAS
Na 9793

SHF ar

KPS
97eb1
d34963
d0a495
124022
6he549
55076
4Ha 6502
39,129
?2J.056
?1.183
12.719
4e237

16e 36

BIv rLanGE
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K[P=FT

Jaulu
Dad)
(a0
Vet
04007
Qaul))
venud
Jad)
Va0
Va0
Je 100
Daiivy

CAMPRFSSTAN
UdR LGTH
[}

(YD)
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TP FLANGE
MU T
KIp=FT

-h2,078

=174¢ 731

P Hbo hi Ty

=2734 7473

~ltlg TN

~§354 740

kDD, 400

~nHhe30h

497,711

~70Ge hR4

e TH0a 90

~7414249

COMPerSSTuN
Uark LGTH
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