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ABSTRACT 

"EFFECT OF COSTS ON OPTIMUM PROPORTIONS OF PLATE GIRDERS11 

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 specifications, 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, HeitheckerTs procedure 

was used to determine several optimum designs which took these factors 
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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. 
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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- 
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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 objective 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 Heitheckerfs work since he was 

interested only in relative costs. 

The various portions of the objective function used in this study 

are as follows: 

1. Material Cost 

1 
Ne is the number of elements 

is the density of steel 

Cf is the cost per unit weight of the flange plate 
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Cw is the cost per unit weight of the web plate 

b is the width of the flange plate 

tf is the thickness of the flange plate 

h is the height of the web 

t is the thickness of the web plate 

The cost per unit weight depends on the plate size and is taken 

from the material cost table in Appendix A. 

2. Segment Cost 

The fabrication expense of positioning and joining segments, 

is a preassigned unit cost. The total cost is (Ng - 1) Cf, 

where Ns is the number of segments. If Ns = 0 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. 

C2 + C3 + C5b tf (tf/2 + 1/4") + Cg 

where b = the width of the narrower flange 

plate of the two plates joined 

tf = the thickness of the thinner flange 

plate of the two plates joined 

C2 = cost of flange width transition 

C3 = cost of flange thickness transition 

C^ = cost per unit volume of depositing 

weld metal at the splice 

Cg = cost of positioning, preheating, 

and inspection of the splice 
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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. 

CA + C-h t (t 12 + 1/4M) + C. 
4 5 w w 6 

where h = web height at the splice 

Tw = thickness of the thinner of the two 

web plates joined 

= 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 D2 dx Cc 
w 

where Dw = 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. 
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III. 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. 
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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. 
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5, Input - Output 

The modified data input form which encompasses the previously de¬ 

scribed program changes as well as those unchanged portions of HeitheckerTs 

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: 

Cj = $ 10.00 (cost of positioning and joining segments) 

C2 = $ 0.00 (cost of flange width transition) 

C3 = $ 0.00 (cost of flange thickness transition) 

C4 = $ 0.00 (cost of web thickness transition) 

C5 = $ 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. 
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TABLE 1 

MINIMUM COST DESIGNS 

Span 
(ft> 

Load Web Flange 
(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 .44 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 



13 

TABLE 2 

MINIMUM WEIGHT DESIGNS 

Span 
(ft) 

Load 
(k/ft) 

Web Flange 
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 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 .11 16 X .125 16 X .125 4 X .125 5.5 X .1875 
50 .44 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 .8750 11.f ) 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 = F^
4
M and can also be represented as 12.43n/ L i- w 

El/4y3/2 for g-j^pie uniformly loaded beams and A-36 steel 

where F^ = 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 = Fy C 

ptfVL 

where C = cost of optimum beam 

p = base price per unit weight of steel plate 

(cost of least expensive plate in Appendix A) 

($0.10/lb. was used for f,minimum weight11 designs 

and $0.0735/lb. for "minimum cost") 

^ = density of steel 
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V = maximum shear 

L = span length 

3. Non-Dimensional Weight Parameter, Y 

Y = F W y 

tfVL 

where F^ = yield point stress of steel 

W = weight of optimum beam 

^ = density of steel 

V = maximum shear 

L = 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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FIGURE 1 - LOAD-COST RELATION (MINIMUM WEIGHT) 
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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 f,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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FIGURE 3 - LOAD-WEIGHT RELATION (MINIMUM WEIGHT) 
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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 

Length 
Web Height 
(inches) 

Web Thickness 
(inches) 

Flange Area 
(in 2 one flange) 

X (feet) Calculated Theoretical Calculated Theoretical Calculated Theoretical 

1C 10 13 16.47 .125 .127 .500 
to 
.937 

.590 

20 26 33.00 .250 
to 
.1875 

.256 2.50 
to 

4.375 

2.37 

30 43 49.57 .3750 
to 
.1875 

.385 3.75 
to 

8.90 

5.35 

40 57 66.15 .500 
to 
.2500 

.514 3.75 
to 

15.95 

9.53 

20 20 18 22.25 .1875 
to 
.1250 

.142 1.25 
to 

1.42 

0.89 

40 39 44.69 .3125 
to 
.1875 

.285 2.25 
to 

5.63 

3.57 

50 46 55.98 .3750 
to 
.1875 

.358 3.50 
to 

10.01 

5.62 

35 30 18 23.03 .125 .134 .500 
to 

2.187 

1.15 

50 33 38.66 .2500 
to 
.1875 

.225 2.750 
to 

4.813 

3.25 

100 69 75.86 .4375 
to 
.3125 

.439 5.750 
to 

17.250 

12.51 

50 40 22 24.03 .125 .127 .500 
to 

1.50 

1.23 

50 25 30.00 .1875 
to 
.1250 

.158 .500 
to 

2.813 

1.92 

IOC 100 32 40.30 .1875 
to 
.125 

.182 2.250 
to 

5.344 

3.33 
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FIGURE 4 - LOAD-WEIGHT RELATION (MINIMUM COST) 
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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 $/lb. 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 

X 

Span 
(ft) 
(i) 

Weight (lbs) Weight 
Diff. 
(2-3) 

Relative 
Diff. 
(2-3) 

Minimum Cost 
(2) 

Minimum Weight 
(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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FIGURE 6 - SPAN-WEIGHT RELATION 
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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 20-28% 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 mderstressed 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 d±£r- 



S
P

A
N

 /
 D

E
P

T
H
 

R
A

T
IO

 

28 

FIGURE 7 - OPTIMUM SPAN/DEPTH RATIO (MINIMUM WEIGHT) 
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FIGURE 8 - OPTIMUM SPAN/DEPTH RATIO (MINIMUM COST) 
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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. 
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FIGURE 9 - WEB DEPTH/THICKNESS RATIO (MINIMUM COST) 
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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 

WAFTT MAIN DFCK 
C MAIM INF PLATF GIROFR SYNTHES IS 
C 
r. 

oiMANSION L c n N n 112)» ITYPFIH i. NXL(H). FMAGMI). 
T TWS(^).^.SIH7), lNOW(1 3 7 I . I NOT! 23 ) . 
2 XMPEdOl* XLPFI30). XMNF(30),XLNF(30). VE(30). 
? B P C 301 . TFFI30). HFI30,. TWFHOI, MFS(30). X I(30 ) » 
4 «nmi, TFnnoi, Hnnoi, TWDMO), VOMOI. XMPOIIOI 
5 N L C ( 2 0 ) • N R C I 2 0 )♦ HLCI20), HRC( 20 ) • 
6. ISWI30), lS(30,2 3), RNl ( 7 ) • RN?(9), SEGCD(20,8l ) , 
7 XI. T C 30 1 • X L B ( 30 ) « HOST ( 9 • 17) 

C 
c 

FOUl VALFNCF ( XLT ( 30 ) .HG I 30 ) ) , I XI. B ( 30) . rWGI 30 )) . 
1 IXXI30) .HF|30)) . (YYI30).TWFI30)) 

r. 
DATA R INF / I . F33 / . JDI M/1 37/.L0 I M/1 2/. KDM/23 / . 

1 NSDIM/20/. FLMOO/2•9F7/• 0ENS/.28333/*I 03/23/ 
r. 
c 
r. 
r. P F A 0 AND WRITF PAGF HFAOING 

TAIL PAGFR ( 9, o, I PGR ) 
G 

RFAO (5.5050) BOOST 
PFAO ( 5.5050) (TwS(I).1=1,23) 
RFAO(5,5060) ( lNOT( I ) . I = 1 .23) 
R F AO(c.5 07 0) ( H S ( J ) . J = 1.H7) 
RFAO (5.5060 ) ( INOW(J). J = T .13 7) 
00 31 1=1.9 
RFAO (5.5050) ( COST (I..J) . J = 1 . 1 7 I 
00 21 .11 = 1 ,1 7 
IF ( GQSTI I , J I ) )22,2? ,33 

33 CIST! I,.11 ) =R I NF 
23 cnST(i. 11) =r.nsT(i, J r) + RCOST 
?1 CONTINUF 

WRITF ( 6,5080 ) 
WRITF ( 6,5081 ) ( I , 1=1,9 ) 
on 2 4 JT = 1. .17 
WRITF ( 6,5082 ) ( JT. (COST! IT , JT ) . 17 = 1.9)) 

24 CONTINUF 
C SKIP TO A NFW PAGF AFTFR WRITING MATERIAL COST TABLE 

GAIL PAGFR (6058,IPGR) 
C TSTABLISH PROBLEM LOOP 

P F AO I 5, 5000 ) A 
NO PRO = A 
00 4900 MMM = 1. , NOPRO 

C 
RFAO( 5,506 0) KLIM. II I ^ , .11. I M 

C INITIALIZE 
IEROR = 0 
00 20 N = 1. L01Y 

30 LCCiNO(N) = 0 

. X MNl) ( 30 ) , 

IZ( 2 L». 9 ) , 
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C pFAO OUTPUT C P N T P H L AND THICKNFSS VIOLATION l NO 1C A TOP 
READ ( 5. 5000 1 A, R 
[OUT = A 
IVPL = R 

f. 
C READ SPAN•OF GP FF S OF FRFFDPM AND SYMMFTRY 

PFAH (5 . 5000 ) XL . A , R. S Y M M 
NA = A 
NR = B 
[F ( NA+NB - ? ) AO, AO, RO 

RO IF P HR = 1 
WRITF ( 6, 6000 ) 

f. 
C PFAf) NO F.LFM, M[N ND SFG. MAX ND SFG, MIN NJ FI. FM/SFG 
60 RF AO ( 5 , 5000 ) A, R, C , 0 

NFMAX = A 
NOSMN = B 
NOSMX = C 
NMIN = 0 
IF ( N(ISMM-NFMAX) 60, 60, 50 

50 l FROR = 1 
WRITF ( 6, 6001 ) 

60 lc ( NOSMN*NMTN - NFMAX ) flO, 80, 70 
**0 IFRHR = 1 

WRITF ( 6, 600? ) 

f. 
C RFAO ANO TR ANSI ATF LOADING FATA, GENTPATF DEAD LUAO CJNOlTIJN 
RO RFAO ( 5, 5000 1 A 

NOLO = A 
IF ( Nil 0 - A ) 100. ICO, 90 

90 WRITF ( 6 , 600R 1 
STOP 

100 OX = XI /FI OAT( NFMAX) 
K = 0 
00 l?0 N = 1 * LDIM 
OP AO ( 5, 5000 ) A, R, C. FMAG(N) 

C BLANK CARO TFST 
IF ( A ) 130. 100. no 

119 K = K + 1 
LC GNO(N) = A 
LTYPF(N) = R 
NX LIN) = IFIXI C/DX + .5 ) 

170 CONTINUF 
1 R 9 IF I K - I. HIM ) 150, 1 AO, l AO 
1 AO WRITF ( 6. 600A ) 

STOP 

C GFNFRATF OFAO LOAO CONDITION 
150 K = K ♦ 1 

N01C = NO I C + 1 
LCONDIK) = NDLC 
L TYPFIK) = 0 
NXL(K) = 0 
FMAG(K) = 0. 

C 
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C RFAD GRACING DATA AND GFNFRATF UNRR LI H VFCTiJK FUK 

C BOTTOM Fl.ANGF C0&R F S POND l NIC, TO XMPE 
RFAD ( 5, 5000 ) A 
NOBPR = A 
IF ( NORPR) 160, 160, IRQ 

16 0 D 1 170 N = 1 * NFMAX 
170 XL PF ( N1 = 0. 

GO TO 77Q 
1R0 READ ( 5. 5000 ) ( X LB(N)• N^l.NDBPR ) 

IF ( XI.RI 1 1 ) 700 ♦ 700, 1 90 
190 IFROR = 1 

WRITF ( 6, 6005 ) 
GO TO 700 

°09 IF ( XIR(NOBPB) - XL ) 710, 770, 770 
I FR HP =1 
WRITF ( 6, 6006 ) 
GO TD 730 

77 A CALL L RR AC ( NFMAX, XL, XLR. XI PF ) 
C 
C RFAI' BRACING DATA AND GFNFRATF UNRR LTH l/FCTDR F0\ 
C TOP FLANGF COR P FS PC NO I NG Tfl X MNF 
7 VO RFAD ( 5 , 5000 ) A 

NORPT = A 
IF I NORPT J 740, 740, 760 

74 0 nn 7 50 N = 1 , NFMAX 
750 XLNF(M) = 0. 

GO TO 31 0 
760 RFAD ( 5 . 5000 ) ( XLT(N), N =1,NORPT I 

IF I XL T( 1) ) 780. 780 , 770 
7 70 I^ROP = 1. 

WRITF ( 6, 6006 ) 
GO TO 310 

7P0 IF ( X L T(NOB PT1 - XL ) ’on, 300. 700 
79 0 IF FOR = 1 

WRITF I 6. 6006 ) 
GO TO 71 o 

3 C 0 CAI L I BRAG ( NFMAX, XL, XLT. XL NF ) 
C 
C RFAD VI FLO POINT. ALIOWARIF OVERSTRFSS 
31o R F AO ( 5 , 5000 ) FY. AOS 
r 
C PFAn MIN SPAM/OFFl., MIN HFIGHT, MAX HEIGHT 

Pc AO ( 5, 5000 1 X LOO, HMIN, HMAX 
IF { HMA X I 370, 370, 330 

7?n H MA X = RINF 

C 
C RFAD MAX HT/wTH, MIN FLG WTH/THK. MAX FLG WTH/TriK. MAX WEB 
370 p F AO [ 5 , 5000 ) HBMAX, BTMIN, RT.MAX. HTMAX 

IF ( HBMAX ) 340 , 340, 350 
74 0 HRMAX = R INF 
750 IF ( RTMAX ) 360 , 360. 370 
3^ 0 8TMAX = R I NF 
770 IF ( HT-1AX ) 3 90 , 3 RO, 3 90 
780 HTMA X = RINF 
C 

NT/THK 
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C MAX WFR HT/ THK , AISC (1961) 1.10.?. 1.10.5.3 
**99 HTMAX = AM IN 1 ( HTMAX. 260.. 1 • 4F 7 / S OR T ( F Y* ( FY +16 5 00 . ) ) 1 
C 
450 nx = OX*OFNS 

C 

r. P F A 0 FARR [C AT ION COSTS 
RFAO ( 5, 5000 ) UCF1. U C F 2 • 'JCF3 . UCF4. IJCF 5 • UCF6 

C 
c. RrAn r.Rin CHARACTERISTICS 

RFAO ( 5, 5000 ) A. R. C. HGMIN. HGMAX, HO INC 
IG MI N = A 
IGMAX = R 
If. INC = C 

C 
HMIN = AMAX1 ( HMIN. HGMIN ) 
IF ( HMIN » 478. 478. 479 

47 R IFPOR = 1 
WRITF ( 6, 4041 ) 

479 IF ( IFRflR ) 4901 , 4901 , 4R0 
C 
C INPUT UNACCEPTABLE SKIP TO NEXT PAGF, REAL) NEXT PROBLEM 
480 CALL PAGF R ( 60, -58, IPGR 1 

GO TO 4000 
0 
C INPUT I I STING 
4° 01 WRITP I 6, 6010 1 XL, NA, N3 

WRITF ( 6 , 6011 l 
00 5 001 N = 1 . LOIM 
IF ( LCONn(N) ) 5101. 5101. 5001 

5001 WR I TF I 6. 601? ) LCONniN). LTYPF(N). NX LI 
51 01 WR I TF ( 6, 6013 ) 

I p ( NOBPB ) 5201 . 5201 , 5301. 
5201 WR I TF ( 6. 6014 1 

GH TO 5401 
5301 WR I Tc ( 6. 601 5 ) ( XLRIN). N = 1,N0BPfi ) 
54 01 WR I TF ( 6, 601 6 ) 

IF I NH3PT 1 5501 , 5501, 5601 
5 501 WR I TF I 6, 6,014 ) 

GO TO 5701 
5401 WRITE ( 6, 601 5 ) I XLT(N). N =1. NUBPT ) 
5701 WR I TF ( 6. 601 7 ) FY, AGS 

WRI Tc ( 6 , 6018 ) NFMAX 
WR I TF ( 6. 601 9 1 NDSMN, NOS IX 
WR I TF ( 4, 6070 ) NMl N 
WR I TF ( 6. 4031 ) XLOD 
IF ( 1 UMAX - RINF ) 5801. 5901, 5901 

55 Cl WR I TF ( 6, 60?? ) HMIN, HMAX 
GO T n 41 00 

SO01 WR I TF ( 6, 602? 1 HMIN 
61 00 IF ( H8M A X - R INF 1 6101. 6201, 6201 
61 01 WR I TF ( 6, 6023 ) HRMAX 

GO Tfl 6301 
6201 WRI TF I 6. 6023 ) 
6901 IF ( RTMAX - RINF ) 6401. 6501. 6501 
44 )1 WR I TF ( 4 , 6024 ) BTMIN. RTMAX 



GO TO 6601 
65 0) WR I Tf ( 6. 6074 1 1 BTMIN 
6601 WR I TF ( 6, 6075 1 1 HTMAX 

WR I TF ( 6. 607 2 ] 1 UC.F1 
WR I TF ( 6, 603B ] 1 IJCF7 
WRl TF ( 6, 6074 ] 1 IJC.F3 
WR I TF ( 6, 6035 1 1 UCF4 
WR I TF ( 6, 603 6 ] 1 IJCF5 
WR I TF ( 6, 6037 1 1 IJCF6 
WR I TF ( 6. 6038 ] 1 IGMIN, IGMAX, IGINC 
WR I TF ( 6, 6039 1 1 HGMIN, HGMAX, HGINC 
WRI T* ( 6, 6040 1 1 I OUT, I VOL 

c 
c 
C INPUT ACCFPTA8LF INITIATE DISIGN 
4^0 AOS = AM A XI ( 1., (AOS + 100. )/100. ) 

ISAVF = ILIM 
KSAVF = KLIM 
fF ( NOSMN - NSDIM ) 510. 510. 500 

500 NOSMN = NSDIM 
r>10 IF ( MOSMX - NSOIM ) 530. 530. 570 

570 NOSMX = NSOIM 
c^0 OF = RINF 

NIJMT = 0 
NO 5 = NOSMN 

0 
C PRFIIMINARY ANALYSIS ASSUMING GIRDER PRISMATIC WEIGHT=0 

CALL ANAL ( NEMAX. XL. NA. NR. FLMOO. 1300.. XI. 
1 0.. NOLC. LCOND, LTYPF. NXL. FMAG. 
7 XMPF, X MNF. VF. AYMAX ) 

C 
C GFNFRMF FULLY-STRFSSFD DEPTHS AND WFR THK 
C BENDING STRFSS •6F Y• SHEAR STRESS A ISC (1961) 

00 540 N = 1. NFMAX 
XM = AMAX1( XMPP(N), -X^NF(N) ) 
CAM DEPTH ( XM. VF(N). FY. HT MAX. HMIN. HMAX. HFS(\I) 
CALI WBTHK ( HFSCN). VF(N). FY, TWF(N) ) 

540 CONTINUE 
C 
C PRP| I MINARY DF AD LOAD ESTIMATE 

DO 5 50 N = 1 , NFMAX 
RF(N) =0. 
TF E ( N ) = 0. 

550 CONTI NiJF 
CALI WDSPG ( NFMAX, XL. BF, TFF, HFS . TWF, WT ) 
01 = 7.5*WT/X1 

C 
C PRFLI MINARY ANALYSIS ASSUMING GIRDFR PRISMATIC 
C DEAD I OAD FQUALS 7.5*WFIGHT FULLY STRFSSED WEB 

FAIL ANAL ( NFMAX, XL, NA, NR, ELMOD, 1000., XL. 
1 DL, N 01 C, ICGND. LTYPF. NX L. FMAG. 
7 XMPE, XMNF, VF. AYMAX ) 

C 
C IMITIATF OPTIMIZATION LOOP FOR NUMBER OF SFGMENTS 
C SKIP TO NF XT PAGF 
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56 0 CALI PAGER ( 60, -58, [PGR I 
IF(SYMM) 561 , 561 . 56? 

56? lEUJOS-U 56] , 563 , 561 
563 NTS = NOS ♦ 1 
561 HG = HGMAX 

IXG = NF MAX 
C 
C INITfAl SFGMFNT GFOMFTRY 

CALL LNFIT ( NOS , NFMAX, HG, HGMIN, HG INC, IXG, IXG, 

1 NM[N, HMfN, HMAX, HFS, HE, SFGCO, 
7 NLC, NRC, HLC, HRC, ILN ) 

C 
C TPST FOR FFASIRLF DFSIGN 

IF ( ILN ) 570, 570, 15?0 
C 
C INITIATF SFGMFNT OPTIMIZATION 
570 ISTnp = -l 

NIJM = 0 
HG = HGMAX 
IG = IGMAX 
IF ( NOS ) 580, 580. 500 

5 8 0 INOS = 1 
GO TO 501 

500 INCS = NOS 
C 
sqi DO 59? ISN = 1, INOS 

HIC(ISN) = FLOAT ( IFIX ( HLC ( ISNH-.5) 
59? HRC (ISN) = 

DRA = 1. 
FLOAT ( IFIX ( HRC(ISNI+.5) 

C 
600 00 610 ISN = i , r N o s 

00 M o ISTA = 1,81 
61 0 SFGCn ( ISN .ISTA ) = RINF 
C 
6 ? 0 00 630 1,11 = 1.9 
6 ? 0 ?N1(UL) = O'. 

IF ( SYMM ) 640 , 640 , 631 
l IF(NOS) 640 , 640 , 6'’? 

63? INOS = 1 
r. 
C SFGMFNT OPTIMIZATION ( ISN=SFGMFNT NUMBER ) 
640 DO U40 I SN = 1 , l Nns 

on (5 0 UR = i , q 
650 R N? { UR) = RINF 
C 
C C.r N TR A l GRID POINT SEGMENT GEOMETRY FUK I SN 

NCL = Nl C ( ISN) 
NCR = NRC(ISN) 
HCL = HLCIISN) 
NCR = HRC(ISN) 

C 
C OFF INF ELEMENT GRID AT L FFT END OF SFGMFNT 
C AND SET SFGMFNT COST 

IF ( ISN - 1 ) 660. 660. 670 
66 0 IL MIN = ? 

I X b * 
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II MAX = 7 
CSFG = o. 
GO Tn 680 

67C II. MIN = 1 
Tl 1AX = 3 
CSFG = IJCF1 

C 
C OFF IMF FLFMFNT GRID AT RIGHT FND Oc S FGMFNT 
680 IF ( ISM - INOS ) 690, 700, 700 
690 IRMIN = 1 

T R M A X = 3 
GO TO 71 0 

70 0 IRMIN = 7 
IRVAX = 7 

C 
C FLFMFNT GPIO AT RIGHT FND 
710 DO 1170 IR = IRMIN, IRMAX 

IRT = ( IR-1 )*3 
C 
C HFIGHT GRID AT RIGHT FND 

DD 1170 JR = 1. 3 
UR = IRT ♦ JR 

r. 
G EVA l IJATF FND GFGMFTRY F GR GRID PRINT IJR ( HR,NR) 

CALL GRID ( 1, IJR. HCR, NCR. NCL♦ 
1 HG, HMIN, HMA X, IG, NMIN, HR, NR, lGRID ) 

G 
IF ( IG RIn ) 770, 720, 1 1 20 

770 ISTAT = ( UP - 1 ) *9 
PM IN = RINF 
R MINI = RINF 

C 
C FLFMFNT GRID AT LFFT FND 

IL = IIMIN 
7^0 IL T = ( 11.-1 )*? 
r. 
C HriGHT G°ID AT LFFT FND 

JL = 1 
740 IF ( NflS ) 750, 750. 760 
750 JL = 3 

IJL = UR 
GD TCl 770 

76n ui = II T + JL 

770 IF ( RNl(IJI ) - RINF ) 780, 1070, 1070 
r 

C EVALUATE FND GFCMFTRY FFIR GRID POINT IJL ( HL.NL I 
780 CALL GRID ( 0, IJL. HCL, NCL. NR. 

1 HG, IIMIN, HM A X, IG. NMIN, HL, NL, I GR 11) ) 
IF ( TGRID ) 790, 790. 1070 

C 
790 ISTA = ISTAT + IJL 

ACOST= ADS ( SFGCOI ISN,1ST A) ) 
C 
C TFST GRID POINT FOR INITIAL END COORDINATES SEGCO 
C OTHFRWISF SFGCO SAVED FROM PREVIOUS GRID POSITION 

= RUE. 



nn i 11 = 1, NMAx 
Nl=NL+It-l 
SC =VF(NI)/HF(II) 
SCI=AMAX1(SCI*SC) 
TWF1 = AMI N1 (TWF1 , TWF( IT)) 

1 TFC1=AMAX1 (TFC1 ,TFF(I I)) 
DWFl. = FLOAT( l F I X( ( 1.432 152 E-03 ) *SC l )+2)/32. 
IF(TFC1—•5) ?»2»3 

3 IF(TFC1-•7 5 I 4,4,5 
5 TFCTFCl—1.5) 6,6,7 
7 IF(TFC1-2.75) 8,8,9 
9 IFITFC1-6.0) 10,10,12 
2 DWFI 1 -• l 875 

GO TO 11 
4 DWFL1=.250 

on m ii 
5 DWFI 1 =. 21 2 5 

r,n Tn 11 

3 DWFL1=.375 
cn m n 

I o own I =. 5 

on m n 
12 DWFI 1 =.625 
11 DWFIi=AMINIC0WFL1,TWF1) 

IF ( DWEL - DWFL1 1 13,13,14 
14 TF W = AM IN1(TFC1 ,TWF1) 

IF( TF W - .2500) 1 5.15,16 
15 DWFL =TFW 

GO TO 13 
14 DWFL=TFW-.0625 
IT nwFL2=AMAXl(OWFL.DWFLl) 

CnSTC = tJCF5*2 .* DWEL 2*0WFL2*DX*FLO ATI N MAX ) /DENS 
AcnsT=AcnsT+cnsTC 
IF ( LFGAI ) 930, 930, 940 

930 SEGf.ni ISN. ISTA) =ACGST 
GD Tn 950 

Q4 0 SFGCn ( ISN. ISTA ) =-AC(lST 
C 
C PFCIIRRANCF RFLATICNSHI P 
550 R R =ACnST 4- RNl(IJL) + CSFG 

IF ( SEGCCHISN.1ST A) ) 960, 960, 980 
960 IF ( PR - RMINI ) 970, 1070, 1070 
570 PM INI = P.R 

KLI = ML 
Gil TG 1070 

580 IF I PR - PMlN ) 990, 1070. 1070 
990 RMIN = RR 

KL = Ml 
on Tn 1070 

c 
C SMOOTHING UNSUCCESSFUL CONSTRAINED BY MAXIMUM THICKNESS 
C OR INTFRNAI DIMESNION LIMITATIONS 
1000 KLIM = KSAVF 

ILIM = I SAVE 
I STOP = I STOP + 1 



n
 n

 

DESIGNS WHICH VIOLATE THICKNESS CONSTRAINT STORED NFGATIVF 

IF (ACOST - PINE ) 950, ROD* ROD 
C 
C SMOOTHING ROUTINE 
800 NMAX = NR - Nl. ♦ 1 
C 
C CALCULATE FLFMFNT HEIGHTS ( HE I 

CALL HTS ( NMA X• HL. HR. HE I 
I EGAl = 0 

C. 
C WER SMOOTHING 
Rif) CALL WFR ( NMAX. Nl. KLIM. HT MAX. EV . VF. HE. TwS. 

1 NOGO. KNIN, K MA X, ISW ) 

IF ( NOGO ) R 50. 850. 820 
C 
C PFQUIRFD THICKNESS VIOLATES CONSTRAINT 
R?o IF ( I VOL ) 88 0. 8 30, 1000 

R^O IF ( KLIM - KDIM ) 840, 1000. 1000 
840 LEGAL = 1 

KLIM = KLIM + 1 
GO TO R1 0 

850 CALL WRSMO ( NMAX. 1, KMIN. KMAX. HE. TWS. ISW. 
1 D X , UCE 4 , IJC E5 . IJC Eft , NOGO • COS T W . T WE, I NOT , liMDw. COST. HS ) 

IF ( NOGO ) R60, R60, 1000 
C. 
C. FLANGE SMOOTHING 
86 0 I T = 1 
87 0 CALI. ELG ( NMAX. Nl, IT, ILIM, JLIM, HRMAX, B I'M I\l, BTMAX. 

1 XMPF.XL PE,XMNF.XI NF.HE,TWF,BS. TWS. 
7 NOGO.I MIN,I MAX,JMIN,UMAX,IS. INDT, INOW ) 

IE | NOGO ) 010, 010, RRO 

C. 
C REQUIRED THICKMFSS VIOLATES CONSTRAINT 
PRO IE ( I VOl. I 800. R90. 1000 
R90 IE ( HIM - I DM ) 900. 1000. 1000 
900 LFGAL = 2 

ILIM = IL r M + 1 

IT = ILIM 
GO TO 870 

C 
o] 0 CALL FLSMO ( NMAX, 0. IMIN, IMAX, JMIN. JMAX, BTMAX, 

1 RS, TWS, I S .DX.UCF2 .UCF3 .IJCF5 .UCFft, I NOT. I NOW. COST, 
2 NOGO.COSTF.TFE.RF) 

IF ( NOGO ) 920. 020, 1000 
C 
C SMOOTHING SUCCFSSFIJL STORF SFGMFNT COST 
020 ACOST= 7.«C0STF ♦ COST W 

NUM = NUM f 1 
NiJMT = N UM T + 1 
KLIM = KSAVF 
ILIM = [SAVF 
SCI=9* 
TF0.1 =0. 
TWF1 =1,0 
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[F ( I STOP ) 1 070, 1070, 1070 
1070 C A l I PAGFP ( 7, 7, [PGR ) 

GO TO ( 1010, 1040, 1050, 1060 I.NflGl) 
1070 WRITF ( 6, 604? ) 

GO TO 1070 
1040 WRITF ( 6, 6041 ) 

GO TO 1070 
1050 WRITF ( 6, 6044 ) 

GO TO 1070 
1060 WRITF ( 6, 6045 ) 
C 
C INCPFMFNT HFIGHT GR[0 AT L FFT FNO 
1 070 JL = Jl +1 

IF ( Jl. - 3 ) 740, 740, 10«0 
0. 
C TMCRF^FNT FLFMFNT GRID AT L FFT FNO 
If 10 IL = IL + 1 

IF ( IL - UMAX ) 730, 710, 1090 
C 
I 090 IF ( RMIN - RINF ) 1100, 111.0, 1110 
11OO PN?{ I JR) = RMIN 

IZUSN.IJR) = KL 
Gf) TO 1170 

1110 RN7 ([JR) = RMINI 
17(ISN•IJP) = KLI 

r. 
1170 CONTINIJF 
0 

no u^o i JR = i , o 
II 10 HN1 (I JR) = RN7( I JR) 
r. 
1140 CONTINIJF 
r. 
C FIND OPTIMUM COST FOR NLJMHFR OF SFGMFNTS = NJS 

ACOST= RINF 
Of) 1160 I J = 1 , 9 
IF ( RN7IU) -ACOST ) 1 1 50, 1 160, 1 1 60 

1150 I JR = IJ 
A C 0 5 T = RN7IIJ) 

1160 OONTINUF 
C 
C TFST FOR SUCCESSFUL RFS IGN 

IF (ACOST - RINF ) 1170, 1)71, 1171 
C 
C fiO OFS IGN FOUND FCP NOS SFGMFNTS 
1171 r A l l PAGFP ( 7, ?• I PGR ) 

WRITF ( 6, 6069 ) NC!S 
NOS = NOS + 1 
IF ( NOS - NO5MX ) 560, 560, 117? 

117? NDS = NOSMX 
GO TO 1570 

C 
C DFSIGN SUCCFSSFUL TFST FUR HITPIJT OPTION 7 
1170 IF ( I OUT - 7 ) 1190, 1110, 1180 
C 
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C OUTPUT DFSIGN TRACF OUTPUT OPTION 2 
1180 CALL PAGFP ( I NOS+ 4, 2, I PGR ) 

WRITF ( 6 « 6046 ) 
WRITF ( 6• 6047 ) 
WRITF I 6, 6048 ) ( ISN. NLC(ISN). MRlUISN). HLC(ISM). HRC!ISN). 

1 ISM = 1 * INOS ) 
WRITF ( 6.6049) [0, HG, NIJM. ACQST 

C 
0 FIND OPTIMUM SFGMFNT GFOMFTRY FOR IG AND HG 
1 1 “)0 If. TR = 0 

ISN = runs 
1195 ML = l 7 ( I SN • I JR ) 

IF ( [JR - 5 ) 12)0. 1 200. P10 
1200 IF { ML - 5 ) P10, 1 220. 1 21 0 
0 
C SHIFT CFNTRAI GRID POINT TO OPTIMUM 
c RETAINING GRID POINTS AT WHICH THF GRIDS UVFRLAP 

1210 IC TR = 1 

CALI SAVF ( ISN, I NOS. ML. I JR. NLC, NkC. 
1 HLC. HRC. HG. IG. SFGCO ) 

0 
17?0 IJR = ML 

ISN = ISN - 1 
IF ( ISN - 1 ) 1 230, 1 105, 1105 

r. 
1280 IF ( l C TR ) 1240. 1240, 6?0 
r 

C C FN TR A L GRID POINTS OPTIMUM FOR CIJRFPNT GRID INTLRVALS 
1 2 40 CALL RFOO ( I NOS, HG, h G MIN, HGINC, IG. IGMIN, IGINL. 

1 SFGCP, IRFDO ) 
f 

IF ( IRFDO ) 1250, 1250, 620 
1250 IF (ACOST - OF ) 1260, 1260, 1510 
r 

C FVAIUATF PRnPFRTIFS OF OPTIMUM DFSIGN 
12 SO Af.rST= 0. 

DO 1330 ISN = 1 , I NOS 
C 

NL = NLC(ISN) 
NR = NRG(ISN) 
HI = HI r (r SN) 
HR = HRC(ISN) 
UMAX = NR-NL+1 

C 

CALL HTS ( NM A X, HL. HR. HF(NL) ) 
IFGAL = 0 

C 
1 270 CAM WFR ( NMA X, NL. KLIM, HTMAX. FY, V F, HF(NL). MS. 

1 NOGO, KVIN, < MA X. ISW ) 
IF ( NOGO ) 1290. 1290, 1280 

1220 LFGAl = 1 
KLIM = KLIM + 1 
GO TO 127° 

r 
TR90 CAM WBSMO ( N M A X, 1, KM IN, KMAX, HF(NL), TWS. ISW, 
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1 0X,IICF4 ,UCF5,IJCF6 .NnGn.CUSTW.TWEI NL ) . I NOT • I NDW . CD S 7 , tt S I 
IT = 1 

C 
1^)0 CALI F L G ( NMAX, NL • IT. ILIM. JLIM, HBM AX » RTM l \l. BTMA X . 

1 XMPF . X L DF .XMNIE. XL \l E .HF ( NL 1 • TrtE ( NL ) . BS . TWS . 
•» NOGO. IMIN. IMAX. JMIN.JMAX, IS, INDT, I.MOW I 

IF ( NOGO ) 1 1?0 , 1 3?0 . 1310 
1310 LEGAL = 1 

ILIM = IL T M ♦ 1 
IT = ILIM 
on TO loon 

r 

13P0 CAM F L S M 0 ( NMAX, 1, IMIN. IMAX. JMIN. JMAX. RT MAX• 
1 RS,TWS,l S ,DX ,IJCF? .IJCF3 .LJCF5.UCF6, INDT , I NOW, COST . 
? NOGO.CnSTF , TFF( NL ) , RF ( NL I ) 

ACOST =ACOST + ?.*COSTF * COSTW ♦ CHSTc 
r. 
1^30 enNTINIJF 

IF ( NOS ) 1331.1331,1334 
1 334 1 F ( S YMM ) 1 331,1331 ,133? 
1”? ACOST=?. RACIST ♦ IJCF1 

GO TO 1333 
1331 AC ns T =ACO ST + FLOAT(INOS-1 )*UCFl 
1 3? 3 KLIM = KSAVF 

C 
ILIM = IS A VF 

r 

C. CHECK FOR V I n L A T I C N OF RFHAVIOR FUNCTIONS 

CALL IOSPG ( MFviAX. RE. TFF. HF, T irl F, XI ) 
CALL WOSPG ( NFMAX. XL. RF, TFF, HF. T rtF• WT ) 
01 = WT/XL 
CAI l ANAL ( NFMAX. XL, NA, N 3. PL MOO« 0., XI. 

1 ni . Nine, LCONP, LTYPF, NX L . FM AG. 
? XMt>F, XMNF « VF, AYMAX ) 

F V P = o. 
FRR = 0. 
IF ( SY”“ I 13 3 R , 1 333 , 1341 

1^ 41 NNMAX = NFMAX/? 
GO TO 133° 

13^3 N N v A X = NFMAX 
1 33 q no 1 340 N = 1 .NNMAX 

BIN = RF(N) 
CALL RF FUN ( RIN. TFFINl. HEIN). TWF(N), 

1 XMPF(N), XLPF C NI , XMNF(N), XL>JF(N). VF(N). FY , 
? FRRAT, FVRAT ) 

F VP = AMAXK FVR. F VP AT ) 
FRR = A M A X1 ( FRR, FRRAT ) 

1340 CONTINUE 
IF ( FVR - AOS I 1330, 1350, 1350 

1350 IF ( FRR - AOS ) 1370, 1370, 1360 
C 

C STRESS CONSTRAINT ACTIVE OUTPUT MFSSAGF AND * FOE SIGN 
1 3 60 CALL PAGFR ( ?, ?, I PGR ) 

WRITF ( 6, 6050 ) NOS. FVR. FRR 
GO TO 600 

FY , 1 . . 



c 
1^70 
c 
c 
c 

1390 

c 
c 
1410 
c 
c 
1410 

1 4?0 

0 
C 

r. 
c 
1 4**0 

c 
r. 
1 4 40 

c 
r. 
1450 

r. 
c 

IF ( XL/AR S(A Y WA X ) - XLOD ) 1380, 1400, 1400 

DFPLFCTION CONSTRAINT ACTIVF OUTPUT MESSAGE 
lNCRFASF MCMFNTS AMO RFCFSIGN 

DR = DRA*XLOD* ARSI AYMAX)/XL 
nn 1 IPO N = 1 »NN M AX 
XMPF(N) = XMPF(N)*DR 
XMNF(N) = XMNF(N)*DP 
DR A = DP 
CALI PAGFP ( 7, I PGR ) 
WRITF ( 4, 4051 1 NOS, DR 

GO TO 600 

OPTIMUM nFSIGM SATISFIFS RFHAVIOR FUNCIIGNS 
IF (ACOST - DP ) 1410, 1410, 1510 

STORF OPTIMUM DFSIGN FOR NIJMRFR SFGMFNTS = INOS 
OF =ACflST 
AYDD T = AYMAX 
WTOPT = WT 
NOPT = NOS 
DO 1470 N = 1 ,MVMAX 

Vil(N) = VF(N) 
XMPOIN) = XMPF(N) 
XMNOIN) = XMNF(N) 
HO(N) = HFIN) 
TWOIN) = TWF(N) 
30(N) = 3 F(N) 
TFOIM) = TFF(N) 

TFST FOR OUTPUT OPTICN 1 
IF I I OUT - 1 1 1430, 1440, 1440 

INC RP MFNT NUM3FR OF SFGMFNTS 

NOS = NOS *- 1 

IF { NOS - NOSMX ) 560, 560, 1490 

SKIP TO NFW PAGF AND WRITF PAGF HEADING FOK OUTPUT OPTION 1 
CAM PAGF R ( 60, -5R, IPGR ) 
WRITF ( 6, 6053 1 NOS 

TABLF HFAOINGS FOR OUTPUT 
WRITF I 6, 6054 ) 
WRITc ( 6, 6055 ) 
WRITF ( 6, 6066 ) 

WcITF OUTPUT TABLF 
DO 1460 N = 1,NNMAX 
PIN = BO(NI 
CALL BFFUN I BIN, TFO(N), HI1IN), TWOIN), 

1 XMPOIN), XLPF(N), XMNO(N), XLNF(N). VQIN). FY, 
7 FBRAT, FVRAT ) 

VOIN) = VfSIN)*.001 
XMPOIN) = XMP0(N)*B.33333-3F-5 
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l 460 

c 
c 

1470 

1 430 

c 
c 
14 00 

c 
c 
1 5")0 

c 
c 
i ci o 

c 
c 
1.5?0 

c 
c 
1 530 

C 
C 
i 540 
C 
C 
1 5 50 

C 
C 
7000 
C 
4000 
r 

XMNG(M) = XMNH(N)*R. 33333335-5 
WPTTP ( 6, 6 06 7 ) N, BC(N), T F0 ( N ) « HO ( N ) * TwG(\l), PVRAT. PB R A T , 

1 VG(N), XMPG(N), XLPF(N). XMNO(N). XLNE(,\i) 
CONTINUF 
WR T TF ( 6. 6077 ) A YOP T 
WRTTF ( 6. 6073 ) 
WR1TF ( 6. 6074 ) NIJMT. WTOPT, DF 
WR I TF( 6, 7000) CnSTF,CQSTW,COSTC 

TFST OUTPUT CONDITION 
IF ( I OUT - 1 ) 7000, 1470, 1470 
NOS = NOS + l 
IF ( NOS - NOSMX ) ^60, .560, 1430 
r AI I PAGFP ( 60, -58 * I PGR ) 
WR I TF ( 6, 606 R ) NOSMX 
GO TO 7000 

DESIGN TFRMINATFD BY MAX NUMB FR S EGMFNTS OUTPUT OPTION 0 
CALI. PAGFR (7,7, I PGR ) 
WR I TF ( 6, 606 8 ) NOSMX 
(5 ( OF - RINF ) 1550, 1500, 1500 

NO OF SIGN NUMBFR SFGMFNTS MAXIMUM 
CALL PAGFR ( 7, 7, T PGR ) 
WR I TF ( 6, 6069 ) NOSMX 
GO TO 7000 

DESIGN TFRMINATFD BY lNCRF ASF IN COST 
CALL PAGFR ( 7,2, I PGR ) 
WR I Tc ( 6, 6070 )ACPST, NGS 
IF ( (OUT - 1 I 1550, 7000, 7000 

DESIGN TFRMINATFD BY MIN FLFM/SFGMFNT GR RINF CGST Al MAX NG FLFM 
CALL PAGFR ( 7, 7, I PGR ) 
WR I TF ( 6, 6 06 3 ) NOS 
IF ( OF - RINF ) 1540, 1530, 1530 

NO OF SIGN MIN FL EM/SFGMFNT GR MAX SFGMFNTS ACTING 
C AI I. PAGFP ( 7,7, I PGR ) 
WR I TF ( 6, 6069 ) NGS 
GG TG 7000 

DFSIGN TFRMINATFD MIN FLFM/SFG ACTING 
IF ( I GUT - 1 ) 1550, 7000, 7000 

SKIP TG N^W P AC F ANR WP. ITF HFADING FGR OUTPUT GPTIGN 0 
CALI. PAGFP ( 60, -58, IPGR ) 
WRITE ( 6, 6071 ) NGPT 
GG TG 1450 

PROBLEM CGMPIFTEO SKIP TO NFW PAGF 
CALL PAGFR ( 60, -58, IPGR ) 

CONTINUF 
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c 
50 00 

505 0 
5 05 0 
5 07 0 
5080 
5081 
5C8? 

5000 
60 01 
600? 
600? 
60 04 
6005 

60 06 
6010 

1 
6011 

1 

601 ? 
6013 
6014 
601 * 
6016 
601 7 
601 ft 
601 <*■ 

60?n 
60? 1 
60?? 
AO?1 

M?4 
60? 5 
60? 8 
60 ? ? 
60 3 3 
AO v+ 

60? 5 
60 3 6 
60?7 
60 3 8 

60 3 0 

6040 
^041 
604? 
60 4? 
6044 
6045 
6047 

6048 
6040 

I 2 , 

8DDMAT I 6F10.0 ) 
FORMA U 1 3F6.4) 
FPRMAT(?4I3) 
FORMAT!20F4. 1) 
F0RMAT(45X,1 9HMATFR I A L COST TABLE/ 50X.1OHTHICKNESS / 1 X, 6HW l OTHS/ ) 
FDRMAT(6X«9(? X , I ? , 3 X )/) 
FORMAT(?X,I? ,4X,9(F6.4.7X)/) 
FORMAT ( 6x, 8HUNSTABLE ) 
FORMAT ( 5 X * 7HMIN SFG ) 
FORMAT ( 5 X ♦ 12HMIN FLFM/SF 0, ) 
FORMAT ( 5 X» 13HNIJM LOAO COND ) 
FOPMAT ( 5 X. 13HNUM LOAD CARD ) 
FORMAT ( 5 X, 17HLFFT F NO UNBRACFD ) 
FORMAT ( 5 X• 15HRT FND UNBRACED ) 
FORMAT ( 1H0, 3 X * 4HSPAN, F12.1, 2X, 16HDFG OF FREEDOM L< 

?H R, [? I 
FORMAT ( 1 HO• 3 X , 7HLOADING* 4X, 9HCGNDI TI UN• 

3 X * 4HFLFM, 3X* OHM AGN I TIJDF 1 
FORMAT f iox* ?nn* 17* Fi3.o I 

FORMAT ( 4 X * ?6HLATFRAL BRACING RTM Ft ANGE ) 
FORMAT ( 7 X. 6HCCNT ) 
FORMAT ( IOX, 8 F10 * ? ) 
FORMAT I 4 X * ?6HLATFPAl BRACING TOP FLANGE 1 
FOPMAT ( 4 X * 15HMIN YIFLD POINT. Fll.O, ?X. 
FORMAT ( 1H0. 3X, 7HN0 FLFM, 19 ) 
FORMAT ( 4 X * 6HN0 SFG. 1?X. 3HMIN. 15. ?X. 3HMAX. 15 ) 
FORMAT ( 4 X, 1 1HNO FLFM/SFG. 7X. 3HMIN. 15 ) 
FORMAT I 4 X. 9HSPAN/DFFL* 9X, 3HMIN. F5.0 ) 

FORMAT ( 4 X• 6HHT LIM, 1?X. 3HMIN. F5.0, 2X. 
6HHT/WTH. 1?X, 3UMAX. F5.0 ) 
UHFLG WTH/THK. 7X. 3 HMIN » F5.0, 

3 X♦ 4HTYPF. 

10H0VFRSTRFSS. F8.? ) 

3H'IAX • 65.0 ) 
FORMAT ( 4 X 
FORMAT { 4 X ?X. 3HMAX. F 6•0 ) 

F 5 • 0 ) 

F18.3 ) 
F14.3 ) 

) 

OHM IN. 15. 2 X• 3HMAX. 15. 

FORMAT I 4 X• 10HWFB HT/THK. 8X. 3HMAX, 
FOPMAT ( IOX. 8F10.4 ) 
FORMAT ( lHP. 3 X , 8HC0ST/SFG. 
FOPMAT ( 4 X• 12HCPST/FLG wTH. 
FORMAT ( 4.X, 12HC0ST/FLG THK , F14.3 
FOPMAT ( 4 X• 12HC0ST/WFB THK. F14.3 ) 
FORMAT I 4 X, 12HC0ST WFLDING. F14.3 ) 

FORMAT ( 4 X• 11HCOST/SPL ICF, F15.3 ) 
FORMAT ( 3 HO. 3X, 12HFLFMFNT GRID, 6X. 

?X, ?HINC, 15 ) 
FOPMAT ( 4 X• 11HHFIGHT GRID, 7X, 3HMIN. F5.1. 2X, 3HMAX, F5.1, 

?X. 3HINC, F5.1 1 
p 0 P M A T ( 4 X, 1 3H01JTPIJT OPTION, 12. 3X. 1 5HTHK VIOL OPTION. 13 1 
FORMAT ( 5 X, 11HMIN HT 7 R RG ) 
FORMAT ( l.HO, 3X, 18HMAX WEB THK ACTIVE ) 
FORMAT ( 1 HO, 3X, ?5H^AX DIM WEB SMOOTH ACTIVE ) 
FORMAT ( 1 HO , 3X, 3 8HMAX F LG THK ACTIVE ) 
FOPMAT ( 1 HO , 3 X , ? c H M A X DM FLG SMOOTH ACTIVE ) 
rORMAT ( 6 X♦ 6HSFG NO, ?X. 9HLFFT ELFM, 8H RT ELFM, 

?X. 7HLFFT HT, 5X, 5HRT HT 1 
FORMAT ( 3110, 2F10.? ) 
FORMAT ( 4 X♦ 9HFLFM GRID. 13, 2X, 7HHT GRID. 

9 X, 6HCYCLFS, 15, 3X, 4HC0ST• F9.? ) 
F5.1. 
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604*? 
6050 

AO SI 

AQ c-a 

6054 

60.44 

FORMAT ( 1 HO• 3X, 1 ? H D F SIGN TRACF ) 
FORMAT ! 1 HO • OX, l^HSTRFSS AC.TIVF, 15, 4H S FG , 

1 5 X, 11HSHFAR RATIO, Fft.l, 5X, 13HBE NO I NO RATIO. FB.3 ) 
FORMAT ( 1 HO, OX, 11HDFFI ACTIVF, 15, 4H SEU. 5X. 

] 10HDFFI RATIO, FR.O ) 
FORMAT ( 1 HO, 14, 15H SEGMENT DESIGN, / ) 
FORMAT ( 1 HO, OX, 7HFLFMENT, 6X, 6HFLANGF.I1X. ONWEtt. RX . 5HSHFAR. 

1 OX, 6HM0MFNT, 15X, ??HSTM FLANGF COMPRESSION, 2X, 
? ??HTGP FLANGF COMPRESSION ) 

FORMAT ( 4 X, 6HNUMBFR, OX, 5HWI0TH, 4X. 3HTHK, 3x. 6HHEIGHT. 4X . 
1 3HTHK. 4X , 5HRATI0, 3X, 5HRATI0, 7X. 5HSHEAR. 6X, 5HMJMENT. 
? 4X, ^HUNRR LGTH, 5X, 6HMP.MFNT, 4X , 9HlJ\lrlk LGI H ) 

FORMAT ( 15 X ♦ ?HIN, 6X, 2HIN, AX. 2HIN, 6X . 2HIN.25X, <+HK[PS, 
1 4X « 4HKIP-FT, RX, ? HIN, OX, 6HKIP-FT. RX, 2HIN ) 

4047 FORMAT ( I R. F 1 0 • ? , R-R • 4 • FB.?, F B • 4 , 2FR.3. 5F12.3 ) 
40 4 0 FORMAT ( 1 HO , OX, 11H0ESIGN STOP, 15. 9H SEGMENTS ) 
4 06 5 FORMAT ( 1 HO . OX, 9 H N 0 OF SIGN, 15, 9H SEGMENTS ) 
40 70 RPR MAT ( 1 HO , 7X , 11HDFSIGN STOP. 5X. 4HC0ST. F10.?, 5X. 

1 15. OH SEGMENTS ) 
6071 r 0 R M A T ! 1 HO , OX, 1?HFINAL OF S IGN, IB . 9 H SEGMENTS, / ) 
607? FORMAT ( 1 HO , 3 X , 14HMAX OFFLCCTION, F9.2. 3 H IN ) 
40 7^ FORMAT ! 1 HO , 3 X , 1 OHS MOOTHINGS. 4X, 12HWFIGHT (LBI , 7 X , 
•40 74 FORMAT ( 1 HO , no. F16.1, F1. 5 » ? ) 

7000 FORMAT!1H0,OX.14MELANGE COST = 
1 1RH LONG. WFLO COST = , FR.?) 

FR.2.11HWEB COST = FB.2. 

STOP 
FNO 
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tIBFTC FLSM DECK 
SURPOUTINF FLSMO I NMA X. I7BR, [MIN. [MAX. JMIN. JMAX. ri T M A X . 
1 RS.TWS, I S « D X,UC F? , IJCF3 .UCFB.IJCF6. I NOT. INDW.COST. 
? NHGG. COSTF, TFF, BF ) 

c 
DIMENSION BSI137),TWSI23), IS I30.?3),TFE(30),BE(30), 

1 IZ C 30.? 00) . RN1(?00). RN2I200), INDTI23). INDWI137), CDSTI9.17) 
C 
r 
r. 
c 
c 
c 
r. 
c 
c 
c 
c 
r. 
c 
o 
r. 
r 
r 
c 
c 
o 
r. 
r 
r 

C 
C 
C 
c 
c 
r. 
c 
c 

TWO DIMFNSIONAL SFGMENT F LANGE SMOOTHING BY DYNAMIC PROGRAMMING 
IN 

O'JT 

NM AX 
I ZBR 
[MIN 
[MAX 
JMIN 
JMAX 
BTMAX 
RS 
TF S 
IS 

DX IS 
UC F? 
UCF3 
IJCF5 
UCF6 
NOGO 

TH^ 

NUMBER OF ELEMENTS OR STAGES FOR SEGMENT 
TEE AND RF NOT EVALUATED 
MINIMUM THICKNFSS STATE 
MAXIMUM THICKNFSS STATF 
MINIMUM WIDTH STATE 
MAXIMUM WIDTH STATF 
MAXIMUM WIDTH/THICKNESS CONSTRAINT 
AVAIIABLF FLANGE WIDTH VECTOR 
AVAILABLE FLANGE THICKNESS VFCTJR 

MINIMUM FLANGE STATF MATRIX 
FLFMFNTAL LENGTH TIMES DENS l TY . LBS/ClJ. I N. 
COST FLANGE WIDTH TRANSITION 
COST FLANGE THICKNESS TRANSITION 
COST OF DEPOSITING WELD METAL AT SPLICE 
BASE COST OF SPLICE 
NtJMBFR OF STATES ACCEPTABLE FOR SMOOTHING 
NUMRFP OF STATES EXCEEDS INTERNAL DIMENSION 

COSTF OPTIMUM COST OF FLANGE FOR SEGMENT 
TFF OPTIMUM FLANGE THICKNESS FOR SEGMENT 
BE OPTIMUM FLANGE WIDTH FOR SEGMENT 

INTFRNAL 17INMAX. IZDM). RNl(IZOM), RN2( IZ DM) 
l 7 DM MAXIMUM NtJMBFR OF STATES FOR SMOOTHING 

UNITS LENGTH 'INCHFS. COST-DOLLARS 

CALLS SUBROUTINE FLSPL 

DATA PINF/1.F3B/, I INF/10000000/ 

NOGO = 0 
I 7 DM = 7 00 

C 
IF ( NMAX--1 ) 33, 30. 1 

C 
C CHECK SMOOTHING CAPACITY 
1 IF ( JMAX- 99 ) 7. 2, * 
7 JSKIP = JMAX • JMIN + 1 

[SKIP = [MAX - IMIN 4- 1 
NOSTA = JSKIP*ISKIP 
IF ( NOSTA - IZDM ) A, A, 3 

7 NOGO - A 
RE TURN 

C 
A IJ = 1 • JMIN • IMIN*JSKIP 
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r. 
C PFCURRANCF FOR INITIAL STAGE 

IA = 0 
01 5 11 = IMIN, I MAX 
OH 6 .J1 = JMIN • JMAX 
IA = IA 4- l 

INOTT=INOT11 1 I 
INPWW=I NOW C JlI 

5 ONI l I A 1 =COST IINDTT-INDWW1*DX*RS IJll*TWSI ID 
C 
C STAGF LOOP 

N! = NMA X ■ 1 
Of! ?8 N = 1 » NI 

C 
on ft i = i . NOSTA 

ft RNPI1 I = RINF 
C 
C THICKNFSS STATE LOOP STAGF N4-1 

1? = IMIN 
7 J? = I SI N4-1 • I? I 

IF ( J? I INF \ O, ?6• ?ft 
0 10 = I?*JSKIP 4- vl? 4- I J 

TF ?=TWSl I ? ) 
9TP = »TMAX*TF? 

f 
C WIDTH STATF LOOP STAGF N4-1 
ID HP = RSIJ?) 
C 
C MAXIMUM WIDTH/THICKNFSS CONSTRAINT 

IF I R? ** RT? 1 1.01 . 101.. ?6 
101 IND1 = I NOT I l?\ 

I NWl = I NDWI .1? 1 
CM?=Cn$nIND1 * INWl l*nX*B?*TF? 
H'l I W = K I NF 

C 
C THICKNFSS STATF LOOP STAGF N 

II * IMIN 
11 Jl = I SI N • II 1 

IF I Jl ■ I I NF 1 13, ? 3 • ?3 
13 IA = 11 * J SKI P 4- Jl 4- IJ 

TF1= TWSIII 1 
ATI = BTMAX*TFl 

C 
C WIDTH STATF LOOP STAGF N 
1 A 01. = RSI Jl ) 
C 
C MAXIMUM WIDTH/THICKNFSS CONSTRAINT 

IP I R1 - 8T1 1 141, 141, 23 
C 
C PLANGF COMPATIBILITY FOR BUTT WFLD 
141 lc 1 I? * II ) 15, 19, 17 
15 IF I Jl. • J? 1 16, 19, 19 
1ft IA = IA 4- J2 Jl 

Jl = J? 
R1 = RSI Jl 1 
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GO rn IQ 
17 IF ( Jl - J? I 19, IQ, 2 3 
C 
C RFC URP ANCE RELATIONSHIP 
19 CALL FLSPL ( Bl, TFl , B? , TF?, IJCF2, UCF3, UCF5. UCF6 ♦ CFS ) 

RR = CM? + CFS + RN1 ( I A) 

C 
IF ( RR - RMIN ) 20, ?1* 21. 

20 RMIN = RR 
KS = 1 OOM 1 4- Jl 

C 
21 Jl = Jl f l 

IF ( Jl - JMA X ) ??, 22, 23 
?? IA = IA + l 

GO TO 14 
C 
93 11 = 11 + 1 

IF ( II - IMAX ) 11, 11. ?5 
r 
25 RN?I IB) = RMIN 

17 I N, IB) = KS 
c 

J9 = J? + 1 
IF I J? - JM A X ) 2^1 , 251 , 
IB = IR + 1 
GO TO 10 

c 
26 12 = l? + 1 

IF ( I ? - IMAX ) 7, 7, 27 
C 
? 7 no ?a i = 1, NOSTA 

RN1(I) = RN?(I) 
9H C’INT I NIJF 
C 
C FVAl IJATF OPTIMUM COST 

COSTF = RINF 
IB = 0 
DO 31 I? = IMIN * IMAX 
DO 31 J9 = JMIN, J MAX 
13 = IB + 1 
IF ( PN?(IB) - COSTF ) 30, 31, 31 

30 II = I? 
Jl = J2 
COSTF = R N?( IBI 

9J CONTINUE 
C RFTilRN IF OPTIMUM STATES NOT RFOIJIRFD 

IF ( IZBR I 31 1 ♦ 41, 311 
r 

C FVAl IJATF OPTIMUM STATES BF, TFF 
31 1 TF F ( NMA X ) = TWS( II ) 

BF(NMAX) = RSIJl) 
N = NMAX - 1 

32 IA = I1*JSKIP f Jl HJ 
K = I 7 ( N , I A ) 
II = K/100 



c 
c 
3-* 

c 
34 

36 
r 
c 

ji = K - 100*11 
140 TFF ( N 1 = TWS (11) 

8 F ( N 1 = BS(.ll) 
N = N - 1 
IF < N - l ) 41. 32. 32 

ONF STAGE ROUT INF 
C.DSTF = RINF 
12 = IMf N 

J? = IS( NMAX, 12 1 
IF ( .12 - IINF ) 3 5* 39. 39 

TF 2 = TW S( 12 I 
BT2 = BTMA X* TF2 
R? = RSIJ? I 

361 

37 

■2Q 

MAXIMUM WlOTH/THICKNESS CONSTRAINT 
IF ( R2 - BT 2 ) 361 . *61 . 39 
INU2 = I NOT( 12) 
I N W? = INOW(J2) 
po=COST(lND2.INW2)*R7*TF7*DX 
IF ( R R - COS T F ) 37. 38. 3B 

II =17 
JI = J 2 
COSTF = RR 

Ip ( 
17 = 

J7 + 1 
J 7 - JM A X 1 i 36. 36. 39 

17 ♦ l 
12 - l M A X 1 1 34. 34. 40 

41 

40 TFE(NMAX1=TWS(II) 
BF(NMAX) = B S C J1) 

RF TURN 
END 
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MBFTC ANAI. DECK 
SUBROUTINE ANAL ( NFMAX. XL. NA. NB, ELMOD. XIPRS. XI. 
1 HL. NOLC, LCDND. LTYPF, NX L. F MAG. 
2 XMPF. XMNF, VF, AYMAX ) 

r 

c 
c. 
c 
r. 
c 
c 
r 
r. 
r. 
r. 
c 
r. 
c 
r. 
c 
c 
r. 
c 
c 
r. 
r. 
r. 
c 
r 
r 
r. 
c 
r. 
r. 
r. 
c 
r. 
c 

?no 

’0 1 
?n? 

1 00 
r. 
r. 

DIMENSION XIHOI, LCONDIl?), LTYPF(ll). NXL(ll). FMAGU1), 
1 XMPEI30). XMNFI30), VF(30) , 
2 FFF (4,* ) . OF E(4,5 ) « DLV(30). OLM('JO). XVI30). XMI30) 

ELASTIC ANAI Y SIS OF A BF AM SUBJECTED TO MULTIPLE LOADINGS 
FORMS VFCTQRS FOR MAX POSITIVE MQMFNT. MAX NEGATIVE MOMENT• 
AND 
IN 

MAX 

OUT 

SHEAR. 
NFMAX 
XI 
NA 
NB 
F I.MOD 
XI P 0 S 
XI 
Dl 
NOLC 

I C 0 N D 

LTYPF 

NXL 

FMAG 
XMPF 

XMNP 
VF 

EVALUATFS MAX EXTERNAL LOAD DEFLECTION. 
NUMB F R OF ELEMENTS 
RFAM LENGTH 
NIJMBFR DFGRFFS OF FREEDOM LEFT END 
NIJMBFR OFGRPFS OF FREEDOM RIGHT END 
MODULUS OF ELASTICITY 
MOMENT OF INERTIA - PRISMATIC BEAMS 
MOMENT OF INERTIA VECTOR - NONPRISMATIC BEAMS 
UNIFORM DEAD LOAD - WFIGHT/UNIT LENGTH 
NUMBER OF LOADING CONDITIONS 
NIJMBFR EXTERNAL LOADING CONDITIONS PLUS ONE 
LOADING CONDITION - MONOTUNIC 
l HADING CONDITION NOLC = DEAD LOAO I DL) 
LOADING TYPE CODF 
0 UNIFORM DISTRIBUTED LOAD ( ♦ DOWN ) 
1 CONCENTRATED FORCE ( + DOWN I 
2 COUPLE ( «■ CW J 
NUMBFR OF FLFMFNTS FROM LFFT FND TO LOAD 
MAGNITUDE OF LOAD 
MAX POSITIVF MOMENT VECTOR - BTM COMP 
MAX NEGATIVE MOMENT VECTOR - BTM TFN 
MAX SHEAR '• SUM FORCES TO LFFT ( f IIP I 

INTFPMAL DIMENSIONS FFF(4.r)l. DFFI4.5). DLVI40), 
X V(40) * X M(40) 

0LU40). 

CALLS SUBROUTINES DISPL. CODE, FEFOR. SUMER. FFMOM. STIFF. 
SYSTP, INVPT. JTLUI), MULPY. DEFUR. EL FIR ♦ DEFL 

I N I T l A1.1 7 F 
DO 201 N = 1 . 100 
IE ( ICOND(N) - NOLC ) ?0l, 200. ?0J 
F MAG IN) = Dl 
GO TO 202 
CONTINUF 
DX=XL/FLOAT(NFMAX) 
AYMAX = 0. 
00 100 N = 1 , NFMAX 
XMNF(N) = 0. 
XMPF(N) = 0. 
Vp ( N) = 0. 

EVAIUATF F NO FORCES 
CAM DISPL ( NA, NB. NFMAX. XL. XIPRS. XI. 
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1 NQLC. LCONU, LTYPF, NXL« FMAG. FFF. DEF ) 
r. 
C FVALIiATF DFAD I TJAO SHEAR AND MC1MFNT 

FV = FFC(1.NOLCI 
FM = FFF(?•NOLC) 
DLH = •5 * 0 L 
X = .5*nx 
Dt) 1 N = 1 , NFMAX 
DL V ( N ) = FV - x*ni 
DLM(N) = FM - X*( FV - X*DLH ) 

I X = X ♦ DX 
C 
f. FXTFRNAl LOAD ING LClflP 

K = 0 
JMX = Nil C * 1 
nn 13 j = i. JMX 

c 
r. FND SHEAR AND MGMFNT 

FV = FFF ( 1 ,JI 
FM = FFF(2.J) 
X = .C*DX 
nn ? N = 1. NFMAX 
XV(N ) = FV 
XM(N) = FM ‘ FV*X 

? X = X + DX 
C 
C FXTFRNAL LOADIN'; 

K = K ♦ 1 
CALL FLFOP ( NFMAX* DX* LTYPF(K)* NXL(K). FMAG(K), XV. XM ) 
l F { LCONO(KH) • LGr.ND(K) ) 4, 3, 4 

r. 
r MAXIMUM DEFLECTION E XTFRNAL LOADING 
4 0? = DEF(1 *J) /F L MOD 

D3 = DFF I ? , J ) /FI. MOD 
CAM. DFC L ( NFMAX. XL. D?. 03. FLMOD. XM. XIPRS, XI. 

1 NYMAX, YMA X ) 
IF ( A3SIYMAX) •• AGS(AYMAX) ) 6. f>. 5 

5 AYMA X = YMAX 
C 
f RETAIN MAXIMUM SHF AR AND MOMFNT 
/• DO 12 N = l. NFMAX 

X = XM ( NI ♦ DLM(N) 
IF ( X ~ XMNF(N) ) 7, 8. 8 

7 XMNFIN) = X 
GO TO ID 

* IF ( X * XMPF(N) ) 10. 10. Q 
n XMPF(N) = X 
m X = X V ( N ) f DLV(N) 

IF ( ABS(X) ABS ( VEIN) ) ) 1?, 12, 11 
II VF(N) = X 
1? CONTI NIJF 
1* C 3NT I NIJF 

RF TURN 
FND 
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TIRFTC HFPl. RFC K 
SUBROUTINE OF F L ( NFMAX. XL* D?* OR* ELMOD. XM. XIPRS* XI* 

1 NYMAX* YM A X ) 
f 

DI MF NSlON XMI301 . XK30) 
f. 
F FVALIJATFS MAXIMUM FL4STIC OEFLFCTION 
C Ml R -ORDl NATF APPROX. SMALL ANGLE GEO, AXIAL DISTORTION NEGLIGIBLE 
C RIGHT HAND CDOROINATF SYSTEM 
r. IN NFMAX NUMBER GF ELEMENTS 
c XL LFNGTH OF BFAM 
r 02 VERT RISPLAC FMFNT—INITIAL END ( + UP ) 
c 03 FNR ROTATION-INITIAL END ( «- CCrf ) 
r. ELMGO MODULUS OF FLASTICITY 
r. XM BENDING MOMENT VECTOR I ♦ CCrf J 
r. XIPRS MOMENT OF INFRTIA - PRISMATIC MEMBER 
r XI MOMFNT OF INFRTIA VECTOR 
c RIJT NYMAX FLFMF NT NUMBER CORRESPONDING TO YM AX 

c 
c 

YM AX MAXIMUM ABSOLUTE OFFELFCTION 

IF ( XIPRS ) 3* 3. 1 
l on ? N = 1, NFMAX 
p XI (N! 1 = XIPRS 
r 
** OX = XL/FLOA T ( NFMAX ) 

A = OX*OX/ELMOO 
YMA X = R? 
NYMAX = 0 
X = • 5 *D X 

f. 
DO ft N = 5. NEMAX 
Y = 0? f R3* X 
SUM = .12F*XM(N)/XI(N) 
K = N - 1 
00 4 I = 1 , K 

4 SUM = SUM f FLOATING )*XM( D/XK I) 
Y = Y - A*SUM 

F. 
IF ( ARS(Y) • ABS(YMAX) ) 6. 6, 5 

F YMA X = Y 
NYMAX = N 

A X = X f OX 
r 

RETURN 
FNO 



M3FTC HUNT DECK 
FUNCTION HUNT ( H • RS 
DIMFNSIQN BSM 37) 
I F (H 3<S, ) 1 .*>,3 

1 J = 1 
n l F ( BS(J) H ) 4,10.F 

4 J = J*1 
GO TO 11 

R Js.l 1 
GO TO 10 

3 J = 64 
IM H BSU1 ) 10.10,6 

4 J = JM 
GO TO 31 

3 J = 6F 
10 HUNT=J 

RETURN 
FNO 
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MRF TC DISP DECK 
SIJRROIJTINF OIS^L ( NA , NR, NEMAX, XL, XIPRS, XI, 

1 NOIC, LCOND * LTYPE, NXL, FMAG, FEF, OEF I 
r 

nIMF NSlON X I(30) , LC0NDI12). LTYPEI11). NXL(ll). FMAG(ll). 
1 FFF(4»S), KODE (A) , STF(4,4), SMI2.2), SMI(2,2). 
? P ( 2 • E ) , OF L(2,5 ) , D F c I 4,5 ) 

C 
C 
r. 
r. 
c 
r 
c 
c 
c 
c 
c 
c 
r. 
r 
c 
c 
c 
c 
r. 
c 
r. 
c 
c 
r. 

EVALUATES END FORCES AND DEFORMATIONS FOR A REAM 
PLASTIC BEHAVIOR, DISPLACEMENT METHOD 
IN NA. NB DEGREES OF FRFFDQM AT LEFT AND RIGHT END 

NFMAX NIJMBFR OF ELEMENTS 
XL BEAM LFNGTH 
XI MOMENT OF INFRTIA VECTOR 
XTPRS CONSTANT MOMENT OF INERTIA 
NOLC NIJMBFR OF LOADING CONDITIONS 
LCOND LOADING CONDITION 
I TYPF LOADING TYPE 

0 DISTRIBUTED LOAD ( ♦ DOWN ) 
1 CONCENTRATED LOAD ( + DOWN ) 
2 COUPLE ( •»- CW ) 

NXL DISTANCE FROM LEFT END TO LOAD 
FMAG MAGNITUDF OF LOAD 

DOT FFF END FORCES 
DFF END DEFORMATIONS 

MODULUS OF ELASTICITY = 1. 
INTFRNAl DIMENSIONS KODE, STF, SM, SMI, P, DEL 

CALLS SUBROUTINES CODE, FFFQR, SUMER, FFMGM, STIFF 
SYSTF. INVT, vJTLOD. MlJLPY, OBFOR 

NDF = NA + NR 

C 
c 

r 
c 

r. 
c 

c. 
c 
3 

C 
c 

C 
c 

DO 1 1=1,2 
no i j = i , s 
P( I,J) = 0. 

FORM ennF NUMBER 
CALL CODE ( NA, NR, KODF ) 

EVALUATE FIXFD END FOPCFS 
CALL FFF OR ( NFMAX, XL, XIPRS, XI, KODE, 

1 NOLC, LCOND, LTYPF, NXL, FMAG, FFF, P ) 

TEST E OR BEAM FIXFD AT BOTH ENDS 
IF ( NDF 1 2, 2, 3 
PF TURN 

NIJMFR ICAI. INTEGRATION 
DX = XL/FI.OATI NFMAX) 
CALL SUMER I NEMAX, DX, XIPRS, XI, A, B, C, D ) 

PflRM MFMBFR STIFFNESS MATRIX 
CALI. STIFF ( XL, A, B, C. D, STF ) 

FOP^ STYTEM STIFFNFSS MATRIX 
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MRFTC FIFO DECK 
SURROUTINF FI FflR ( NEMAX, OX, IT. NX. W. XV. XM ) 

C 

r. 
c 
r 
r 
r 
c 
r. 
c 
r 
c 
c 
c 
r. 
c 
r 

DIMENSION XV(7Q| . XM(30) 

OUT 

NFMAX 
ux 
LT 

ACCUMUIATFS FLEMFNT MD MF NT AND SHEAR FOR EXTFRNAL FORCES 
IN NFMAX NUMBER DF ELEMENTS 

ELFMENT LFNGTH 
LOADING CODE 
0 UNIFORM DISTRIBUTED ( + DOWN ) 
1 CONCENTRATED FORCE ( + DOWN ) 
?. COIJPLF ( + CW ) 
LEFT ELFMENT NUMBER ADJACENT TU LOAD 
MAGNITIJFD OF LOAD 

NX 
W 
XV 
XM 

ELEMENT SHEAR 
ELEMENT MOMENT ( ♦ 

UP ) 
ccw 

ADD EXTFRNAL I OADING 
IF f NX - NFMAX ) ?. 9. 9 

? KN = NX t 1 
X = .S*DX 
IF ( LT • 1 ) 3. 5. 7 

C 
C UNIFORM DISTRIBUTED LOAD 
3 WH = •5* W 

DO A. N = KN, NFMAX 
XV(NI = XV(NI - W*X 
X M ( N ) = X M(NI * WH*X*X 

A X = X + DX 
RFTIJPN 

C 
C CONCFNTP A TFD FORCr 

* IF ( NX I 9, 9, SI 
El DO 6 N = KN. NFMAX 

XV(N) = X V(N) ~ W 
X M(N) = XM(NI + W*X 

f X = X + OX 

RF TURN 
C 
C COUPI.F 
7 IF ( NX ) 9, 9, 71 
71 DO B N = KN, NFMAX 
B XM(N) = XM(N) ~ W 
C 
Q RF TURN 

FND 
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c 
c 

r 
c 

c 
c 

r. 
r 

r. 
c 

L. 

C 

CALI SYSTF ( KODF. STF ♦ SM ) 

INVFR1 SYSTEM STIFFNESS MATRIX 
CALI INVRT ( NDF, SM, SMI ) 

FH^M SYSTEM JOINT LOAD MATRIX 
CALL .1T1 OD ( NDF * NOLC, KODF, FFF, P ) 

LVALUATF JOINT DISPL ACFMFNTS 
C AI 1. MIJLPY ( SMI, P, DFL« NDF, NDF, NULC I 

FOPM MEMBER DF FORMAT I ON MATRIX 
CALL DFF DR I NOLC, KODF, DFl. » OFF ) 

FVALUATF MFMRFR FND FORCES 
DO 4 I = 1 , 4 
DO 4 J = 1, NOLC 
DO 4 I =1,4 

FFF( I • J > = FFF C I , J ) ♦ STF( l,L)*DEF(L.J) 

RF TURN 
FND 
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MBFTC F FFO DECK 
SlJRRDUT I NE F F FOR I NEMAX. XL, XIPRS, XI, K 0 D E ♦ 

1 NOLC. LCOND, L TYPE, NXL . FMAG, FFF. P ) 
r. 

c 
c 
c 
c 
r 
c 
c 
c 
c 
r 
c 
c 
c 
c 
r. 
r. 
r. 
c 

? 

c 
c 

c 

A 
c 

6 
7 

P 

q 

C 
r 
i r 

DIMENSION XI ( TO) , K0DEI4), 
I LC OND( ] ? ) , LTYPE(ll), NXL(ll), FMAG(ll). FEF(4, 51. PI2. 

FVALIJATFS FIX^D END FORCES FOR NONPRISMATIC BEAMS 
IN 

OUT 

NF MAX 
XL 
X I PR S 
XI 
KODF 

NOLC 
LTYPF 

NXL 
F M AG 
FFF 

NUMBER OF ELEMFNTS 
BEAM LENGTH 

CONSTANT MOMENT OF INERTIA 
MOMENT OF INERTIA VECTOR 
CODF NUMBER 
NUMBFR OF LOADING CONDITIONS 
LOADING TYPF 0 UNIFORM ( ♦ DOWN ) 

1 CONC FORCE I + DOWN ) 
7 COUPLE ( ♦ CW ) 

DISTANCF FROM LFFT END TO LOAD 
MAGNITUDE OF LOAD 
FIXED END FORCES 

CALLS SUBROUTINES SUMER, FFMOM 

I N I T I A TF 
DO 1 1=1,4 
DO 1 J = 1, NOLC 
FFFI l ,J) = n. 
DO ? I = 1 , ? 
DO ? J = 1 , NCLC 
p(I. J) = n„ 
DX = XL/FLOATfNEMAXI 
CALI SIJMFR ( NEMAX, DX, XIPRS, XI. A. B, C. D ) 
N = 0 

RROCFSS LOADING TABLE TERMINATE WHEN LCOND = 0 
N = N + 1 
LC = ICOND(N) 
LT = LTYPF(N) 
NX = NXL(N) 
W = FMAG(N) 

IF ( LT ) 4, 4, 5 
IF ( NX 1 1?. 12, 11 
IF ( NX ) 7, 7, 
IF (NX - NEMAX ) 11, R. 8 
K = LT 
GO TO 9 
K = LT f ? 
M = KDDF(K) 
IF ( M ) ] 7, 1 7, 1 0 

5) 

C 

JOINT LOAD 
P(M.LC) = W 
GO TO 17 
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C MFMREP I OAO 

n CAll SIJMFR ( NX, DX, XIPRS, XI, F, F, G* H ) 
IP XK = FLOAT! NX) *OX/XL 

CALI. FRMQM t LT, XK, XL, W, A, R, C, D, F, F, G. H, FA, 
C. 
C FND RF AC T I ON S 

X = XK*XL 
PR = •( FA ♦- FR ) / XL 
IF { L T 1 ) 13, 14, IF 

13 W V = ( XL - X I * W 

RR = RR + .5*WV*( XL ♦ X l/XL 
on m 14 
wv = w 
OR ^ PR 4- WV* X / XL 

GO TO 16 
15 WV = 

PR = PR 4- W/XL 
l^ RL = WV - PR 

C 
C ACCIIMUL A TF FIXFO FNO FORCFS 

F F F(1 ,LC ) = FCF(I.LC) +• Rl. 

F F F ( ? , L C ) = FFF(?,LC) ♦ FA 

PPC(3,LC) = F F F (*> , L C I + RP 

FFF(4,ICl = F c F ( 4 , L C ) FR 

C 
17 IF ( LCONDIN*1 ) ) 3, 1 8, 3 
18 RF TURN 

FNO 

F3 » 
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STbFTC Fi n DECK 
SUBROUTINE FLO ( NMAX.NL.IT . I L I M, JL'I M. HBMAX , B TM I N, BTM AX . F Y. FBR F, 

? XMPF. Xi.PF , XMNF, XI NF ,HF.TWF*TWS. 
? NOGO«( MIN, l MAX.JMIN.JMAX, IS* INDT • I NOW ) 

C 
DIMENSION XMPF(BO), XLPF(BO), XMNF(30)• XLNE(BO). HF(*G), TWE(BD), 

1 BSI1B7) . TWS(?B) f [SnO,?3l 
C 
c 
r 
r 
c 
r. 
r. 
c 
c 
c 
c 
r. 
c. 
r 
r. 
c 
c 
c 
c 
c 
r. 
c 
r. 
r 
r. 

c 
r 
c 
c 

FVALUATFS MIN 
STATE NUMBERS 
IN NMAX 

NL 
I T 
ILIM 
JLIM 
HBMAX 
BTMIN 
BTMAX 
FY 
F BP F 
XMPF , 
X L PE » 
HF 
TWF 
BS 
TFS 

OUT Nnnn 

I MIN, 
JMIN, , 
I s 

lMUM FLANGE STATE MATRIX FOR SUBROUTINE FLSMO 
CORRESPOND TO BS AND TFS 

NIJMBFR OF ELEMENTS OR STAGES FOR SEGMFNT 
FIRST ELFMENT NUMBER OF SEGMENT 
INITIAL THICKNESS STATE FOR THICKNESS LOOP 
MAXIMUM FLANGE THICKNESS CONSTRAINT 
MAXIMUM FLANGE WIDTH CONSTRAINT 
MAXIMUM HEIGHT/WIDTH CONSTRAINT 
MINIMUM FLANGF WIDTH/THICKN6SS CONSTRAINT 
MAXIMUM FLANGF WIDTH/THICKNESS CONSTRAINT 
MINIMUM YI FID POINT 
ALLOWABLE BENDING STRESS REDUCTION FACTOR 

XMNE POSITIVE AND NEGATIVE BENDING MOMENTS 
XLNE CORRESPONDING UNBRACED LENGTHS 

FLFMFNT WFB HEIGHT FUR SEGMENT 
FLFMFNT WFB THICKNESS FOR SEGMENT 
AVAIL ABLF FLANGE WIDTH VECTOR 
AVAILABLE FLANGE THICKNESS VECTOR 

D MAX REQUIRFO THHCKNESS STATE LESS THAN ILIM 
B MAX REQUIRED THICKNESS STATE EXCEEDS ILIM 

IMAX MIN AND MAX REQUIRED THICKNESS STATES 
J MA X MIN AND MAX REQUIRED WIDTH STATES 

MINIMUM FLANGF STATE MATRIX 

UNITS FORCF IBS F NGTH-INCHFS 

CALLS SUBROUTINE FBALL 

DATA R INF/1. F*»B/, I I NF / 1 00000 DO / 
C 
C INITIATF STAGF LOOP 

NDGO = 0 
CB = 1 
AL PH? 
IMIN = 
IMAX = 
JMIN = 
JM A X = 

B 0 0 0«, /SQRT(PY) 
ILIM 
1 
JLIM 
1 

C 
C STAGF LOOP 

DO BB N = 1, NMA X 
H = HEIN) 
TW = TWF(N) 
HCIJBP = H^H^H 
NN = NL + N - 1 
XMP - XMPF(NN) 
XL P = XLPF(NN) 



XMN = XMNF(NN) 
XI N = XL NF(NN) 

r 
C MINIMUM WIOTH AND MAXIMUM HFIGHT/WIDTH CUNSTKAINTS 

BH = H/HBMAX 
JN = 1 
IF ( HBMAX PINF ) 1♦ 4, 4 

1 IF ( BS(JN) - BH ) 2* 4* 4 
3 JN = JN * 1 

IF ( JN - JL IM ) 1 , 1 , 3 
3 JN = JLIM 
C 
C FLANGF THICKNESS LOUP 
4 I = I T 
5 TF=TWS(II 

C 
r MINIMUM FI ANGF WIDTH/THICKNESS CONSTRAINT 

BT = RTMIN*TF 
6 IF ( BS(JN) - BT ) 7. 9. 9 
7 JN = JN* 1 

IF ( JN ■' JI l M I 6 . 6 • 8 
A JN = JLIM 
9 J = JN 
f 
C INITIATF FLANGF WIDTH LOOP 

T WPITF = ?.*TF 
C FFFFCTIVF WIDTH AT.SC (1961) 1.9.1 

BFFF = TWOTF*ALPH2 
f MAXIMUM WIPTH/THICKNFSS CONSTRAINT 

RT = BTMAX*TF 
KFFF = 0 
Cl = .1F666647*( H+TWOTF )**2 
C? = „ l 6S66f 67*HCIJ3F/( H + TWOTF ) 

C 
C FI. ANGF WIDTH I OOP 
1 0 B = B S ( J ) 

IF ( B BT ) 101. 101 . 19 
101 IF ( B • BFFF ) 12. 11. 11 

11 B = BEFF 
KFFF = 1 

12 S = B*C1 - ( B-TW )*C? 
C 
0 STRFSS CONSTRAINT 

IF ( XMP ) 13. 13, 14 
1 3 IF ( XMN ) 16, 21, 21 
C CHFCK PDSITIVF MOMENT 
14 XM = XMP 

XL = XL P 
CALL FBALL ( B • TF, H, TW , XL. FY, ALPH2• CB. FBkF, 
F9ACT = XM/S 
IF ( FB - FBACT ) 17. 15. 15 

]* IF (XMN I 16. ?l. ?1 
C CHFCK NFGATIVF MOMENT 
1ft XM = XMN 

XL = XLN 

FB ) 



URFTC MTS DFCK 
SUBROUTINE MTS ( NMAX • HL• HR. HE I 

C 
nr MFNSION HF(^0) 

r 
C FVAl.lJATFS MFAN WFR HEIGHT FOR ELEMENTS 
T IN NMAX 
C HL 
r HP 
C. TUT HF 
c 
c 
C. O I SF/ELEMENT 

X = NMAX 
R = (HR HI.I/X 

f. 
C F I RST FI FMENT 

•HF ( n = HI + * S*R 

r 
IF I NMAX 1 ) R. B ♦ 1 

r. 
C ELFMFNT LOOP 
1 DO 2 N = ?. NMAX 
n HE IN) = HF IN-1 ) f R 
r 

B FETIJRN 
FNn 

NUMBFR OF FLEMENTS FOR SEGMENT 
SEGMENT WER HFIGHT AT LEFT ENO 
SEGMENT WER HEIGHT AT RIGHT END 
MFAN WFR HFIGHT OF ELEMENTS 



CALL FBAl.l ( B« TF , H • TW. XL. FY, ALPH2. CB, FBRF, 
FBACT = -XM/S 
LF ( FB - FBACT ) 17. 71, 71 

C 
C STRFSS FXCFSSIVE 
17 IF < KFFF ) IB, IB, 19 
1 R J = J + 1 

IF ( J * JLIM ) 10, 10, 19 
C 
C FIANGF WIRTH FOR THICKNFSS TF VIOLATES CONSTRAINTS 
19 I S(N.I) = IINF 

1 = 1 + 1 
IF ( I - ILIM ) 5, 5, ?0 

C 
C MAXIMUM REQUIRED THICKNESS ST AT F FXCFEDS ILIM 
70 Noon = 3 

RETURN 
r 
c FLANGE WIDTH FOP TF ACCEPTABLE 
*M I S ( N , I) = J 

IF ( J JMIN 1 77, ?7, 73 
7? JMIN = J 
73 IF ( J - JMAX ) 75. 75 , 74 
74 JMAX = J 
75 IF ( l - I MIN ) ?f , 27, 77 
7 f IMIN = I 
C 
77 IF ( J J N ) 2 fl, 2 3 , 
r 
c SlDF CONSTRAINT ACTIVF 
7 P DO 79 K = I. ILIM 
?q IS(N.K) = JM 

GO TO 31 
C 
C SIDE CONSTRAINTS INACTIVE 

1=1 + 1 
IF ( I - ILIM ) 5♦ 5 , 700 

^00 I = ILIM 
c 
c STAGF N TERMINATED 
71 IF ( 1 - IMAX ) 33, 33. 37 
3? IMAX =' I 
7 3 CONTI NIJF 

RF TURN • 
FND 

FB ) 



MRFTC inSP DECK 
SUBROUTINE IDSPG < NFMAX # RF. T FE ♦ H F • TWF. XIE ) 

r. 
DIMENSION RFC30). TFF(30l . HE(30). TWEI30). X IE( 30) 

f, 

C. FVAUJATFS MOMENT OF INFPTIA VFCTOR 
c nmjRi F SVMMFTP1C PLATF GIRDER 
r. IN NF MAX NUMBFR OF ELFMFNITS 
r. RF FLFMFNT FLANGE WIDTH 
c TFF FLFMFNT FLANGF THICKNESS 
r HE FLFMFNT WER HEIGHT 
c TWF ELEMENT WER THICKNESS 
c 
c 

TUT XI F MOMENT OF INFRTIA VECTOR 

no i N = 1 * NFMAX 
R = R F ( N ) 
H = HF(N) 

1 XIF(N) = • 083333333*1 B*(H + ?.*TFF(N) )**3 - (tWWE(N) )*H**3 ) 
PF TURN 
F NO 



MBFTf. SUMF OFCK 
SUBR PU Tf NF SUMFR ( NFMAX, OX, XIPRS, XIXX, A, B, 

C 
DIMENSION X[X X(B 0 I 

c 
c 
c 
c 
c 
c 
c 
c 
c 

NIJMT R I CAL IN TFGR AT ICN PX/IX, XOX/IX, X**2l)X/lX. 
MID- DR 0 I N A TF APPROXIMATION 
IN NFMAX NUMBER OF FLFMENT S 

OX INCRFMENTAL LFNGTH 
XIPRS CONSTANT MOMENT OF INERTIA 
XIXX MOMENT OF INFRTIA VECTOR 

OUT A « R « C « 0 RESULTANT INTFGRALS 

IF ( XIPRS )?,?,! 
C 
C XI CONSTANT 
I X = DX*FLOAT(NFMAX) 

A = X/XIPPS 
B = X*X/(?.*XIPRS) 
C = X*X*X/H.*XI PRS) 
n = XIPRS 
PFTURN 

C. 
C XI VAR IABl F 
y A = o. 

P = 0. 
c = ru 
n = o, 
x = 
on B i = i f NFMAX 

R I NR T = nx/x I xxm 
A = A R I NR T 
« = R 4- P.INRT*X 
C = C 4- RINRT*X*X 
0=04- PINRT*X*X*X 
X = X 4- OX 

R CONTINUF 
PF TURN 
FNO 

C. D ) 

X**30X/IX 



HBETC WRSM DECK 
SliBR niJ TI NF WBSMO ( NMAX* I7BR, KMIN. KMA X. HE* TWS. ISW. 

1 D X * UC F 4•UC FS * UC F6 * NOGO * COS TW* T W F* [NOT . I NOW * COS T • BS ) 
C 

DIMF NSlON HF(^O). TWS(?3), ISW C 30 ) ♦ T (30 I. 
T 17(30.?}), R N1. ( ? 3 ) * RN? ( ? 3 ) , COST(9 * 17 ). I NOT(2 } I . INDW(l37 ), 
? BSC 137) 

r. 
c ONF OIMFNSIONAL SFGMFNT WEB SMOOTHING BY DYNAMIC PROGRAMMING 
c IN N M AX NUMBER OF ELFMFNTS OR STAGES FOR SFGMFNT 
c I 7 BR 0 TWF NOT FVALUATFO 
r KMIN MINIMUM ST AT F 
C KMAX MAXIMUM STATF 
r HF ELFMFNT WEB HEIGHT FOR SFGMFNT 
c TWS AVAILABLE WFB THICKNESS VECTOR 
r I SW MINIMUM WEB THICKNFSS STATF VFCTOR 
r OX I S THE ELEMENTAL LFNGTH TIMES DENSITY IN LBS/CU 
C IJCF4 COST WER THICKNESS TRANSITION 
c UCF5 COST OF DEPOSITING WELD METAL AT SPLICE 
c UCF6 BASF COST OF WEB SPLICF 
c OUT NOGO 0 NUMRFR STATES ACCEPTABLE FOR SMOOTHING 
r ?. NUMBER STATFS EXCEEDS INTERNAL DIMENSION 
c. COSTW OPTIMUM COST OF WFB FOR SEGMENT 
c TWF OPTIMUM WFB THICKNESS FOR SEGMENT 
c INTERNAL I7(NMAX• l ZDM) * RN1 ( l Z DM), RN2( IZDM) 
c 
c 
c 

IZ DM MAXIMUM NUMBER STATES FOR SMOOTHING 

UNITS LENGTH- INCHES* COST-DOLLARS 
c 
C CAMS SUB PHUT I NFS WBSPL AND PCOST 
C 

DATA RINF/J.F3B/ 
I 70M = ?3 
NOGO = n 

C 
IF ( NMA X - 1 ) l* 1 . 2 

r. 
C ONF STAGF ROUT INF 
1 KA = ISW(NMAX) 

J = HIJN T(HF(NMAX ) ,BS) 
ITIT = I NO T(KA) 
INDJ = INDW( J I 
r.nSTW=CnST( I T IT. INOJ )*HP(NMAX )*TWS(KA) *0X 
TWF(NMAX) = TWS(KA) 
FFTURN 

C 
C CHECK SMOOTHING CAPACITY 
2 NOSTA = KM AX KMIN 1 

IF ( NOSTA • WDM ) 4 • 4 * 3 
3 NOGO = P 

RF UJRM 
C 
C R EC IJRR ANC F FOR INITIAL 
A KA = l SWM ) 

H = HF(1 I 

STAGE 
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HO 5 K = KA. KMA X 
J =HUNT(H » R S) 
I TIT'! = l NOT ( K I 
INDJl=INDW(J) 

5 RNi ( K) =COST( i r m . iNn.n i*H*Tws ( K ) *DX 

r, 
r. STAGF LOOP 

NT = NMA X - 1 
no i3 N = i• Nr 
H? = HF(N+l) 
H = .5*( HF(N) ♦ HP ) 

C 
C STATF LOOP STAGF N + l 

KR = lS W(N + 1) 
6 TW? = TWS(KB) 

J P. =HUN T(H?,R S) 
l TlT? = l NOT(K R) 
JTIT? = INnw(.l?) 
r M? = C0ST ( I T I T?.JTIT?)*H?*TW?*nx 
PRIM = PliMh 

C 
r. STATF LOOP STAGF N 

KA = ISW(N) 
7 TW1 = TWS(KA) 

CALL WRSPL ( TW1, TW2, H, UCF4, UCF5 • UCF6, CWS ) 
PR = CM? 4- CWS + RN1 (KA) 
re ( RR *• RMIN ) B, 9. 9 

8 R M r N = PR 
KS = KA 

Q KA = KA ♦ l 
IF ( KA - KMAX I 7, 7, 10 

10 RN?(KP) = RMIN 
17 (N,KB) = KS 
KB = KB + 1 
IF ( KB - KMAX ) 6, 6, 11 

11 KB = ISWIN+1| 
DO 12 K = KB, KMA X 

1 P. RN1 ( K) = RN? ( K ) 
13 CONTINOF 
C 
C FVALUATF OPTIMUM COST 

COSTW = RINF 
KA = ISW(NMAX) 
no 15 K = KA, KMAX 
IP ( RN?(KI - COSTW ) 14, 15, 15 

14 KR = K 
COSTW = P N?(K) 

15 CONTINIJF 
C 
r. PFTURN rF OPTIMUM STATES NOT REQUIRED 

IF ( I ZBR ) 16, 1R, 16 
C 
C F V AI UATE TWF 
16 TWF(NMAX) = TWS(KR) 

N = NMAX - 1 



K A = \7i M t KB ) 
TWF(N) = TwS(KA) 
KB = KA 
M = N - 1 
IP ( \ - 1 ) IB. 

R PTURN 

F ND 
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SIBFTC WDSP DECK 
SUBROUTINE WDSPG ( NEMAX * XL* BE. TFF. HE. TwE. WT ) 

C 
DIMENSION B F C 301 . TFFI30). HFI30I, TWFI30) 

C 
c 
c 
c 
c 
c 
r. 
r. 

c 
c 
c 

EVALUATES WFIGHT OF A DOUBLE SYMMETRIC PLATE GIRDER 
IN NFMAX NUMBER OF ELEMENTS 

XL LENGTH OF GIRDER 
BF ELEMFNT FLANGE WIDTH 
TFE ELEMFNT FLANGE THICKNESS 
HF ELEMENT WEB HEIGHT 
TWF FLFMENT WFB THICKNESS 

OUT WT GIRDER WFIGHT 

UNITS LENGTH-INCHES. WEIGHT-LBS 

C 
DATA UW/* 2R333/ 

1 
C 

DX = NFMAX 
DX = XL/DX 
AF = 0, 
AW = n. 
DO 1 N = 1. NFMAX 
AF = AF ^ BF(NI*TFF(N) 
AW = AW + HFIN)*TWF(N) 

WT = D X* IJW* I ? • * AF + AW ) 
RF TURN 
END 
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MRFTC l NF [ DECK 
SUBROUTINE UNFIT ( NOS • NEMAX. HG, HGMIN. HGINC, IG. IGM IN. IGINC, 
1 NMIN. MM IN * HMAX, HF S, HE, SEGCO, 
2 NLC, NRG, HLC, HRC, ILN ) 

C 
DIMENS TON HFS(30), HF(30), SEGCO(20,8l). 
1 NLC{20) » NRC(20), HLCI20). HRC(20), 
2 17(20,9). PN1(9), RN2(9) 

C 
C FVALIJATES FND COORDINATES FOR A SPECIFIED NUMBER OF 
C LINEAR EQUATIONS FORMING A CONTINUOUS CJRVE MINIMIZING THE 
C SUM OF THE SQUARES OF THE RESIDUALS OF THE DEPENDENT VARIABLE. 
C OF PENDENT VARIABLF SINGLE VALUED AT MIDORDINATE OF EQUAL 
C LENGTH ELEMENTS. DYNAMIC PROGRAMMING ALGORITHM WITH NINE POINT 
C GRID AT SEGMFNT ENDS. 
C 
C IN 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
r. 

c 
c 
c 

C DUMMY 
C OUT 
C 
r 

C 
c 
c 
C 
r. 
c 
c 
C INTERNAL DIMENSIONS IZ(20,9), RN1.(9I, RN2I9) 
C 
C CALLS SUBROUTINES GRID, HTS, SAVE, REDO 
C 

DATA RINF/I.E38/ 
ILN = 0 

C 
C NUM8FR OF LINFAR EQUATIONS = INOS 

IF ( NOS ) 1 , 1 . 2 
1 INOS = 1 

GO TO 3 
2 INOS = NOS 

NOS NUMBER OF LINFAR EQUATIONS OR SEGMENTS 
NOT GREATER THAN 20 
NOS = 0 EVALUATES EQUATION WITH ZFRO SLOPF 

NEMAX NUMBER OF EQUAL LENGTH ELEMENTS 
EQUAL OR GREATER THAN NOS 

HG INITIAL GRID INTFRVAL FOR DEPENDENT VARIABLE 
HGMIN MINIMUM GRID INTERVAL FOR DEPENDENT VARIABLE 
HGINC GRID REDUCTION INCREMENT FOR DEPENDENT VARIABLE 
IG INITIAL GRID INTFRVAL FOR INDEPENDENT VARIABLF 
IGMIN MINIMUM GRID INTFRVAL FOR INDEPENDENT VARIABLE 
IGINC GRID REDUCTION INCREMENT FOR INDEPENDENT VARIABLF 
NMIN MINIMUM NUMBFR OF FL FME NTS / EQIJ AT I ON CONSTRAINT 
HMIN MINIMUM CONSTRAINT ON DEPENDENT VARIABLE 
HMAX MAXIMUM CONSTRAINT ON DEPENDENT VARIABLE 
HF S TABULATED VALUES OF DEPENDENT VARIABLE 

CORRESPONDING TO MlDGRDINATE OF ELEMENTS 
HF SFGCO 
END COORDINATES FOR LINEAR EQUATIONS 
NLC INDFPFNDENT VARIABIE AT LEFT FND OF SFGMENT 
NRC INDEPENDENT VARIABLE AT RIGHT END DF SEGMENT 
HIC DFPFNDENT VARIABLE AT LFFT END OF SEGMENT 
HRC DFPFNDFNT VARIABLE AT RIGHT END OF SEGMENT 
ILN 0 FEASIBLE SOLUTION 

1 NO FFASIBLE SOLUTION 
NOS VIOLATES NMIN FOR NEMAX 

2 NO FEASIBLE SOLUTION FOUND 



c 
C INITIAL END COORD INATFS 
C INOEPFNDENT VARIABLE NFAREST INTEGER TO EOlJAL DIVISION. 
C DFPFNDENT VARIARLE LINEAR INTERPOLATION AT INTERIOR POUTS. 
C END POINTS FOUAL TO TABULATED VALIJFS AT END ELEMENTS. 
3 NLC(l) = 1 

HI cm = HFS (1 ) 
NRC(INOS) = NFMAX 
HP C(INOS) = HFS(NEMAX) 
IF ( NOS 1 ) BOO, 8. A 

BOO HLC ( 1 ) = ( HLC.d) ♦ HRC(l) I*.5 
HRC(l) = HLC(1 ) 
GO TO 3 

C INTFRIOR POINTS 
A XNF = NFMAX 

X = INOS 
X = XNF/X 
K = X 
IF ( K - NMIN ) 5, 6. 6 

C NOS VIOLATFS NMIN FOR NFMAX 
5 ILN = 1 

RETURN 
C NOS SATISFACTORY 
* K = INOS ~ 1 

DO 7 I SN = 1 . K 
Y = ISN 
Y = Y*X + .5 
Nl = Y 
NR = Nl. + 1 
IR = ISN 1 
NRCIISN) = NL 
NLCUR) = NR 
H = ( HFS(NL) + HFSINP) )*.5 
HRC(ISN) = H 

7 HLC(IR) = H 
C 
C INITIATE SEGMENT LOOP 
8 DO Rl ISN = 1, INOS 

DO 8] I STA = 1 • 81 
81 SFGCOf lSN. ISTA) = RINF 
9 DO 10 ML = 1.9 
10 PN) ( l JL) =0. 
C 
C SEGMFNT LOOP ( STAGE LOOP ) 

DO BA ISN = l. INOS 
DO 1 l UR = 1 . 9 

11 RN?(IJR) = RINF 
NCI = NLC(ISN) 
NCR = NRC(ISN) 
HCL = HLC(ISN) 
HCP = HRCIISN) 

C 
C OFFlNF GRID FOR INDFPFNDENT VARIABLE AT LEFT END 

IF ( ISN - 1 ) 13. IB. 12 
1? ILMIN = 1 



UMAX = 3 
GO TO 14 

13 ILMIN = 2 
ILMAX = 7 

c 
C DEFINE GRID FOR INDFPENDENT VARIABLE AT RIGHT END 
14 IF ( ISN - INOS I 15* 16, 16 
15 IRMIN = 1 

IRMAX = 3 
GO TO 17 

16 IRMIN = 7 
IRMAX = 2 

C 
C GRID INDEPENDENT VARIABLE AT RIGHT FND 
17 DD 3? IR = IRMIN, IRMAX 

IRT = ( IP — 1 1*3 

C 
C GRID DEPENDENT VAPIABLF AT RIGHT END 

Dfl 3? JR = 1 . 3 
I JR = IRT 4- JR 

C 
C EVALUATE FND COORDINATES FOR GRID POINT IJR 

CA1L GRID ( 1, IJR. HCR * NCR, NCL» 
1 HG, HMIN, HMAX, IG, NM I N * HR, NR, IGRIO 1 

IF ( I GRID ) IB, 18. 3? 
18 ISTAT = ( I JR 1 >*9 

RM1N = RINF 
r 
C GRID INDEPENDENT VARIABLF AT LEFT END 

IL = ILMIN 
19 ILT = ( IL-1 173 
C 
c GRID DEPENDENT VARIABLE AT LFFT END 

JL = 1 
70 IF ( NOS ) 71. 21. ?? 
?1 JL = 7 

IJl = IJR 
GO TO ??n 

22 IJL = II T 4- JL 
??n [f ( RN1IIJLI - RINF ) 23, 29, 79 

C 
C EVALUATE FND COORDINATES FOR GRID POINT IJL 
73 CALI GRID ( D, IJL, HCL, NCL. NR, 

1 HG, HMIN, HMAX, IG, NMIN, HL, NL, IGRID 1 
IF ( IGRID 1 24, 24, 2° 

24 ISTA = ISTAT 4- IJL 
C 
C TF ST GRID POINT - INITAIL FND COORDINATES SEGCO = RlNF* 
C SUBSEQUENTLY SEGCO = RINF FOR NEW GRID POINTS, 
C OTHERWISE SEGCO SAVED FROM PREVIOUS GRID POSITION 

R = SFGCOI ISN, ISTA) 
IF ( R - RINF ) 27, 25. 25 

C 
C FLFMFNT LOOP 
25 NMA X = NR NL4-1 
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C FVAI DATE DFPENDENT VARIABLE FOR ELEMENTS 
CAlL HTS ( NMAX, HL, HR, HE ) 

C FVALIJATF SUM OF SQUARES OF RESIDUALS 
R = 0, 
DC) 26 N = 1 . NMAX 
NN = NL + N' 1 

26 R = R + ( HFSINN) - HEIN) )**2 
ScGCO(ISN,ISTA) = R 

C 
C RECUR0ANCF RELATIONSHIP 

RR = R + RN1 (IJL) 
IF ( RR - RMIN ) 28, 29, 29 
RMIN = RR 
KL = IJL 

JL = JL ♦ 1 
IF ( JL - 3 ) 20, 20, 30 

IL = TL ♦ 1 
IF ( IL ' ILMAX ) 19, 19, ■ 31 

r 

31 RN2( I JR) = RMIN 
IZ(ISNflJR) = KL 

c 
3? CONTINUF 
C 

DO 33 IJR = 1, 9 
33 RN1( I JR) = RN2(I JR) 
C 
34 CONTINUF 

C 
C FVALIJATF OPTIMUM STATE FOR STAGE I NOS 

COST = RINF 
DO 3 6 IJ = 1 , 9 
IF I R NR I IJ) - COST ) 36, 36, 36 

35 I JR = IJ 
COST = RN2UJ) 

36 CONTINUF 
IF ( COST - RINF ) 360, 42. 4? 

C 
C FVALIJATF OPTIMUM STATES 
360 ICTR = 0 

ISN = INOS 
37 lJL = IZ( ISN, I JR) 
C SHIFT CFNTRAL POINT OF GRID TO OPTIMUM STATE 
C RETAINING POINTS FOR WHICH THE GRIDS OVERLAP 

IF ( I JR - 5 ) 39, 38, 39 
3R IF I IJL - 5 ) 39, 40, 39 
39 ICTR = 1 

CALL SAVF I ISN, lNOS, IJL, IJR. NLC, NRC, 
1 HLC, HRC• HG, IG, SEGCO ) 

40 IJR = IJL 
ISN = ISN - 1 
IF ( ISN ~ 1 ) 41. 37, 37 

C 
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41 IF ( ICTR I 4.1 . 4?, 9 
c 
C CENTRAL GRID POINTS OPTIMUM FOR CURRENT GRID INTERVALS 
C COMPRESS GR T 0 
4? CALL REDO ( INOS, HG« HGMIN, HGINC. IG, IGMIN, IGINC. 

1 SEGCO. IREDO ) 
C 

IP ( IREDO I 43, A3, 9 
C 
C CHFCK FEASIBLE SOLUTION 
A3 IE ( COST - RINE ) 45, 44, 44 
44 ILN = 7 
45 RETURN 

END 
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MBFTC WEB DECK 
SIJBROUTI NF WEB ( NMAX,NL.KLIM.HTMAX.FY.VE.HE.TWS. 

1 NOGO.KMIN,KMAX,ISW ) 
C 

DIMENSION VE(30), HERO). TWSI23), ISWI30) 
C 
C 
c 
c 
r. 
c 
c 
r. 
c 
r 

C 
C 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

c 
c 

IN 

GENERATES MINIMUM WEB THICKNESS STATE VECTOR FUR SUBROUT INF WBSMO 
STATE NUMBFR CORRESPONDS TO TWS 

NMAX NUMBER GF ELEMENTS OR STAGES FUR SEGMENT 
Nl. FIRST ELEMENT NUMBER OF SEGMENT 
KLIM MAXIMUM STATE CONSTRAINT 
HTMAX MAXIMUM HEIGHT/THICKNESS CONSTRAINT 
FY MINIMUM YIELD POINT 
VF SHEARING FORCES 
HF ELEMENT WFB HEIGHT FOR SEGMENT 
TWS AVAILABLE WFB THICKNESS VECTOR 
NOGO 0 MAX REQUIRED STATE LESS THAN <LIM 

1 MAX REQUIRED STATE EXCEEDS KLIM 
KMIN MIN REQUIRED STATE 
KMAX MAX REQUIRED STATE 
ISW MINIMUM WEB THICKNESS STATE VECTOR 
FORCE-LBS. LFNGTH- INCHES 
SUBROUTINE WBTHK 

OUT 

UNITS 
CAl L S 

NOGO = n 
KMIN = KLIM 
KMA X = 1 

DO R N = 1 . NMAX 
H = HFINI 
NN = Nl ♦ N - 1 
V = VFINN) 

STRESS CONSTRAINT 
CALL WBTHK ( H, V. FY. TW ) 

HTMAX CONSTRAINT 
TW = AMAX1 ( TW. H/HTMAX I 

C 
C MINIMUM THICKNESS CONSTRAINT 

K = 1 
1 IF < TWS(K) ~ TW ) ?• 4. 4 
? K = K ♦ 1 

IF ( K - KLIM ) 1. 1. 3 
3 NOGO = 1 

RETURN 
C 
4 ISWINI = K 

IF ( K - KMIN ) ^. ft. 6 
5 KMIN = K 
6 IF ( K - KMAX I B. B. 7 
7 KMAX = K 
3 CONTINUF 

RETURN 
FND 
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HRFTC BFFlJ HECK 
SUBROUTINE REFUN ( 3, TF, H, TW, XMP. XLP, X M NI . XLN, V, F Y. 

1 FBRAf, FVRAT ) 
C 
C EVALUATES PATIOS OF ACTUAL STRESS TO ALLOWABLE STRESS 
c DOUBLY SYMMETRIC PLATF GIRDER LOADED IN THE PLANE OF 

c THE MINOR AXIS. AISC SPECIFICATIONS (1961) 
c IN B FLANGE WIDTH 
c TE FLANGE THICKNESS 
c H WEB HEIGHT 
o TW WEB THICKNFS S 
c X M P *XLp POSITIVE MOMENT AND CORRESP U >10 l NG UNBR L G TH 
c X Y!\| t XL.N NEGATIVE MOMENT AND CORRESPOND iNii UNBR LOTH 
c V SHEARING FORCE 
c FY YIELD POINT 
c OUT RRRAT MAX ACTUAL BENDING STRESS/ALLGw STRESS 
c RVRAT ACTUAL SHEAR STRESS/ALLOW STKESS 
C 
C CALLS SUBROUTINE F B ALL 
C 
C FFFPCTIVF FLANGE WIDTH ( AISC 1.3.1 ) 

ALPM? = 3000./SQRT(FY) 
B = AM [ Ml ( fj, *TF*ALPH? ) 

r 

C SrCTI')N MODULUS 
H = H + ?.*TF 
S = . Ifc67*( P *0^D - (8-TW)*H*H*H/D ) 

0 

C BENDING 
IF ( XMP ) 1. , 1. , A 

1 Ir ( X MN ) 3 , 2 , 2 
*> EBP AT = D. 

GO TO * 
3 CALI. FJALL ( R, TF , H, 

F8PAT = — XMN/(S*FHRAT) 

GO TO 6 

TW, XLN , FY, ALPH2. 1. . 1. , F BR A r 

4 CALL F3ALL ( 8, TF , H, 

FBRAT = XMP/IS*C3RAT) 

IF ( XMN ) c, 6, 6 

TW, XLP, FY, ALPH2, 1., 1. . FBKAT 

S CALI. FRALL ( 8. TF, H, TW, XLN, FY, ALPH2, 1*. 1. . FB ) 
FRRAT = AMAX1( P6RAT, -XMN/(S*F8) ) 

SHEAR. 
S = H/TW 
EVP AT = ABS(V)/ 

( H * T to * A M l N1 I • 4 * F Y, 8 3, ? E 6/( S *S ) , 14.4Eo/(ALPH2*S) ) 
C 

RETURN 
END 



MHFTC CDi)F DECK 
SUPRUUT INE CHOP ( NA, NR. KODF ) 

C 
Of ME NS I ON KODF(4) 

C 
C FIRMS CnOF NUMBER ^PLATING JOINT DISPLACEMENTS TO 
C MFMBEP DIS TOR TlHNS FOR FLEXURAL MEMBERS 

C IN NA.NB DEGREES OF FREEDOM AT ENDS A AND 
C OUT KODF CODE NUMBER 
C 

HQ 3 M = 1 , 4 
1 KODE(N) = 0 

IF ( NA - ]. ) 4, ?t 3 
? Kon[.{?) = i 

GO TO 4 
B KTDF(1) = 1 

KUDF(B) = ? 
4 T F ( NR—] ) 7, S, A 
5 KODF(4) = NA + 1 

f»U TO 7 
f: KODF(3) = NA + 1 

KODF(4 ) = NA + B 
7 RETURN 

END 



UIBFTC OEFO DECK 
SUBROUTINE OEFGR I NOLC* KODE, DEL, DEF ) 

C 
DIMENSION K00FC4I• OFL(?,5l, 0EF(4,b) 

G 
c FORMS MEMBER DEFORMATION MATRIX 

c IN NOLL NUMBER OF LOADING CONDITIONS 
G KODE CODF NUMBER 
C OFL JOINT 01SPLACFMEMT MATR IX 
C 
r 

OUT OFF MEMBER DEFORMATION MATR IX 
u 

DO 4 1 = 3,4 
IF f KODFUI 1 1, i, 3 

i DO ? J = 3 , NOLC 
*> DEF ( r • J) =0. 

GO TO 4 
3 M = Knnp(11 

DU *5 J = 1 , NOLC 
5 DE F I I • J 3 = DFLIM , J 1 
4 CONTINur 

RETURN 
FNQ 
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SIBFTC DEPT DECK 
SUBREIUT l NF DEPTH ( XM, V, FY, ALPH1, HMIN, HMAX, H ) 

C 
C 
C 
C 
C 
C 
C 
C 
C 

IN vn^NT (XM), SHFAR(V), YIELD POINT (FY) 
M A X Dt^TH-THCK R AT ID (ALPHl), DEPTH LIMITS (HMIN. HMAX) 
UNITS ( LBS, IN ) 

OUT OPTIMUM DEPTH (H) FUR DBL SYMM PLATE GIRDER (AISC 19ol) 
NINCn.MPACT, PENDING STRESS .6FY 
UNITS (IN ) 

IF ( V) 1 , 12, 1 
1 o = X M * x M * F Y * * 1 • P / A b S ( V * * 3 ) 

IF ( R - 74^4. ) ?, 2, 3 
? DELTA = 172.’ 

GO TO 11 
3 IF ( a - ??6R?. ) 4, 4. 5 
4 DELTA = 1 R.M *R*#. ?5 

GO rn ii 
5 IF ( R - 53119. ) 4, 6, 7 
4 DELTA = 7 5 0.? 

GO TD U 
7 R = P**.14285714 

F = ALPHl*SQRT(FY) 

IE ( P - F/3616. ) 8, 8, 9 
8 DELTA = ?3.P5*R**].5 

GO TO 1.1 
° IF ( R - F/37?0. ) 10, 10, 1? 
10 D c L T A = F * * 1 . 5/°l 19. 

11 H = DELTA*SORT(ABS(V))/FY**,75 
GO TO 1? 

12 H = (ABS( YM)*ALPH1/(.4*FY) )**.33333333 
13 H = A MAXI. ( H, HMIN ) 

IE ( HMAX ) 14, IE, 14 
1.4 M = A3IN1 ( H, HMAX ) 
15 RETURN 

END 
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SIBFTC FFMtl DECK 
SUBROUTINE FFMCM < LTY PF • XK, XL, W, A. B, C. 0. E. F, G, 

] FA, FR ) 
C 
C EVALUATES FIXFD END wfJMFNTS FOR ELASTIC MEMBERS 
c IN LT YPF 0 UNIFORM DISTRIBUTED LOAD ( 4- 

c 1 CONCENTRATED FORCE ( 4- DOWN 
c ? COUPLE ( 4- CW ) 
c XK DISTANCF FROM FND A TO LOAD 
c XL MEMBER LENGTH ( POSITIVE A TJ ri 
c W MAGNITUDE OF LOAD 
c A INTEGRAL 0 TO XL OF (DX/I) 
c 3 INTEGRAL 0 TO XL OF XIDX/I) 
c c INTEGRAL 0 TO XL OF X**2(DX/I ) 
c D INTFGRAL 0 TO XL OF X ** 31UX/l ) 
c r INTEGRAL 0 TO XK OF (DX/I) 
c p INTFGRAL 0 TO XK OF XIDX/I) 
c r* INTEGRAL 0 TO XK OF X**2(DX/ I ) 
c H INTEGRAL 0 TO XK Of X**3(OX/I) 
c niJT p A FIXFD END PQRCE END A ( 4- CCW ) 
r 

c 
FR F IXED END FORCE END B ( 4- CCrt ) 

T = W/I \*C - 6*B ) 
IF ( L TYPE - 7 ) 1 , 3, 4 

C 
C UNIFORM DISTRIBUTED LOADING 
1 T = . 5*T 

FA = T*( B*0 - C*C ) 

F3 = T * ( C*C - R*D + X L* ( A*D - B*C + XL* I-A*C4-B*b ) )) 

IF ( XK ) 5, r. 2 

? FA = FA + T*( C*G - B*H + XL*XK*( ?.*(-C*F4-3*G) 4- XL*XK* 

1 ( C*t-A+F) + B*(B-F) ) ) ) 
FR = FB + T* I R*H - C*G 4- XL*( B*G*( 1•-2•*XK ) f 2•*C*F*XK 

1 + XK*XL*( B *F * ( XK— 7. • I - XK*C*E + 2.*A*G 
? + XK*XL*( R*F - A*F) ) )) 

GD TO 5 
C 
C CONCENTRATED FORCE 
3 T = T* XK* X L 

T1 = F / ( XL * XK ) - F 
T? = G /1 X L * X K ) - F 
FA = T * ( A*C - B*B 4- C*T 1 - B*T? ) 
FB = T* ( IXL*3 - C ) * T1 4- ( R—A*XL ) *T 2 
GO TO 5 

C 
c COUPLF 

FA = -T*( C*(-A4-F) 4- B* ( R— F ) ) 
F3 = -T*( E* (XL*3 - C) 4- F*( -XL* A 4- B) 

c 
s RETURN 

FND 

H, 

A* H 



UflFTC FBAL DUCK 
SUBROUTINE F H A L L ( 5, TF, H, TW, XL, F Y. ALPH.2, C8. F3RF. FB ) 

C 
C EVALUATES ALLOWABLE UNIT BENDING STRESS 
C POR COMPRE SSI D'\j ON EXTREME FIRERS OF PLATE GIRDERS AISC(19o1) 
C 
C IN ft 
C TF 
C H 
C TW 
C XL 
C FY 
C A L PH ? 
C f.B 
C F B R F 
C OUT FB 
C 
C J'JITS FORCF- 
C 

AF = :B*TF 
IF ( AF ) 1 , 1 f 4 

C 
C ROUTINE FUR /rpf) FLANGE AREA 
1 IF ( XL ) 2, 2, ? 
2 FB = . ft*Fy 

GO TO 14 
B FB = 0. 

GO TD 14 
C 
4 n = u + 2.*TF 
C 
C CRITERIA FUR COMPACT SFCTION AISC (1961) 1.5.1.4.1 

IF ( B/TF - 1.C667*ALPH? ) 5, 8 

5 IF ( 0 / T '/< - 4.4 3 ^4 * ALP H? ) ft, 6,8 
6 IF ( XL - AMINM .R*Al.PH?*b, 70000000. *AF/( D*F Y) ) ) 7, 7, b 
7 FB = .66*FY 

GO TO 14 
C CRITERIA FUR NCNCOMPACT SECTION AISL (1961) 1.5.1.4.5 
B IF ( XL ) '), 9, 10 
C LATERALLY BRACED 
9 F3 = .6*FY 

GO TO i? 
C 
TO TEMP = X L * X L / ( ft*B/(12. + ?.*H*TW/AF) ) 

lF ( TFMP - 1600. ) 9, T, 11 
C LATFRALLY UNBRACED 
C FOFMIILA (*) 
11 FBI. = ( 1.1440&Q - FY*TEMP/CB ) * 5 • 2 4 0 8 E- 10* F Y 
C FORMULA (5) 

FB? = 1.?L 7* A F/( X L*D ) 
FB = AMI NT ( .ft*FY, AM AX1(FBI, FB?) ) 

C 
\2 TEMP = H/TW - 74000./SORT(FB) 

IF ( TEMP ) 14, 14, 13 

EFFECTIVE FLANGE WIDTH 
FLANGE THICKNFSS 
WEB HEIGHT - GREATER THAN ZERO 
WEB THICKNFSS - GREATER THAN ZERO 
UNBRACED LENGTH OF COMPRESSION FLANGE 
MINIMUM YIELD POINT 
3000./SORT!FY) 
BENDING COEFFICIENT 
BENDING STRESS REDUCTION FACTOR 
ALLOWABLE BENDING STRESS 

LBS, LENGTH-INCHES 

C 
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C RF DUCTIPN U4 FLANGE STRESS AlSC f1961) 1.10.6, FORMULA (ill 
\\ PR = F,3^( 1. - .OnOri*H*TW*TEMP/AF \ 

C 
14 = F R*FRRF 

RFT'JPN 

FND 
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MBFTC FLSP OFC K 
SUBROUTINE r-LSPL ( 8), TF1, 8?. T F2, U C F 2» UCF3. JCF5 . UCFo, 

C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

FVALUATFS COST GF SPLICING FLANGE 
IN HI ♦ T F 1 WIDTH AND THICKNESS STAGE N 

WIDTH AND THICKNESS STAGE N + l 
COST FLANGF WIDTH TRANSITION 
COST nF FLANGE THICKNESS TRANSITION 
COST OF DEPOSITING WELD METAL AT SPLICE 
VOLUMN EVALUATED FOk SINGLE 3EVEL GROVE WELD 
B-U4, AISC (1961) - 1.10.3. l.lu.8, 1.L7.2 
BASE COST OF SPLICF 

OUT CFS COST OF FLANGF S°LICL 

HI . TF1 
B2.TF? 
'J C F 7 

UCF7 
IJCFE 

UCF6 
CFS 

UNITS LENGTH-INCHFS♦ COST-OOLLARS 

CFS = 0. 
IF ( TF1 - T F 2 ) 5, 1, 6 

1 IF ( 61 - B2 ) ? , 11 . 3 
2 T = TF1 

B = 81 
GO TO P 

3 T = Tr? 

B = B? 
GO TO 8 

5 T = TF1 
H = R1 

GO TO 7 
6 T = T F 2 

R = 8? 
7 CFS = UCF3 

T F ( R ] - B? ) 3 , 9, R 
P CFS = CFS f IJC.F? 
9 IF ( 3*T ) 11, 11, 10 
10 CFS = CFS + UCF5*B*T*( .5*T ♦ .25 ) ♦ UCF6 
11 RETURN 

END 

CFS ) 



MRFTC GRID DPCK 
SUBROUTINE GP I D ( I FND * IJLR, HCL R* NCLR , NLR, 

1 MG, H MIN* HM A X ♦ IGt NMIN, HH, NN, I GRID I 
C 
C 
C PVALUATFS SEGMENT GFCMETRY AT GRID POINT IJLR 
C IN IFND 
C 
C IJLP 
C HCLR 
C NCLR 
C NLR 
C HG 
C H M l N 
C HMAX 
C IG 
C NMIN 
C QtJT HH 
C NN 
C I GRID 
C 
C 

[GRID = 0 
r 

C GRID TRANSLATION 
IF ( IJLR -3 ) It ]• ? 

1 IU = -1 
IV = IJLP - ? 
on TO 5 

? [«= ( IJLR -- ft ) 3, *» , '♦ 
1 I'l = 0 

IV = IJLR - ft 
GD TD S 

4 Ml = 1 
IV = IJLP - « 

r 

C HEIGHT GRID 
5 V = IV 

HH = HCLR + V*HG 
IF ( HH - HMIN ) 10, 6, ft 

ft IF ( HH - HMAX ) 7, 7, 1 0 
r 

C FLFMENT GRID 
7 NN = NCLR ♦ IU*IG 

IF { I FND ) 8, 9, 11 
9 IF ( (NLR-NN+1) - NMIN ) 10, 11, 11 
C 
I 0 I GRID = 3. 
r 

II RETURN 
FND 

0 GR ID AT LFFT END 
1 GR ID AT R IGHT END 
VECTOR NOTATION FOR GRID POINT 
WED H FI GHT AT CENTRAL GRID POINT 
FLFMENT NUMBER AT CENTRAL GRID POINT 
ELFMENT NUMBFR AT OPPOSITE END 
HEIGHT GRID INTERVAL 
MINIMUM HEIGHT CONSTRAINT 
MAXIMUM HEIGHT CONSTRAINT 
FLEMFNT GRID INTERVAL 
MINIMUM ELFMFNTS/SFGMENT CONSTRAINT 
WEB HEIGHT FOR GRID POINT IJLR 
FLFMENT NUMBER FOR GRID POINT IJLR 
0 GRID POINT IJLR SATISFACTORY 
] GRID POINT IJLP VIOLATES CiLNSTRAlMT 
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IIBFTC 

r. 

1 

I \'VP DECK 
SUBMHS J T l f f\VHT ( KRC , SM, S^r I 

DIMENSION s^f 2,?). SPII?*?! 

MATRIX INVFPSICN CRAMFRS METHOD ( ?X? MAX } 
IN KPC MATP r X DIMENSION ( 1X1. OK 2X2 i 

SM MATRIX TO BE INVERTED 
CUT XMl INVERSF OF SM 

IF C KTC“l 11.1*? 
SMI(3.11 = l./SMtl.J) 
RP TURN 
0 = Sv(l..U*SM(2*?) - S.M(l*2)*SM(2.1 ) 
S H n .1 I = S M ( 2 • 2 ) / f) 
SMI(],?! = — S M11 .?|/D 
SMI (?,ll = "Sn(?,11/D 
SHI?.21 = SMfl.U/O 
RFTURN 
FND 
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MRPTC J T L D OFCK 
S’HR mi f Nr JTLfin 

C. 
DIMENSION KDDFI 

c 
r 
r 

C 
C 
c 
r 

C 
c 
c 

1. 
3 

F1P-1S JM\T LHAO 
M NM- 

M ILC 

Kanr 
FTP 

OUT P 

DO ? J = If N DF 
7 < - 1 , U 

IF ( K 10 c ( < ) - J 
no 3 L = 1 . Nn L C 
'■>( J,U = P ( J 11 ) 
CHNT I NIF 
OF TUPM 

( NDF t NDLr t KnDF ♦ FcF. I> ) 

), F n F(4.5) * P ( ? t S ) 

M A T R [ X 
NU'»BFD DEGRFFS OF Fin LUO". 
MIMF^F OF LOADING CCNulTl MS 

C DDF NUMBER 
MATRIX OF FIXFD END FOR CIS 
( ^FMBER DISTORTIONS X NULC ) 
JOINT LOAD MATRIX 
( DEGREES OF FRE LD ")M X NULC ) 

) 2t 1. P 

c F F ( K ♦ L ) 

r ND 
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T. I 3FTC LRRA DFCK 

SUBROUTINE LBRAC ( NFMAX. XL G * X L 3 P ♦ X L t ) 
C 

0 1 ME NS l ON X L B PI ?0 ) « XLE(?0) 
C 
C EVALUATES UNBRACED LENGTHS FOR ELEMENTS 
c IN NE MAX MJMBFR OF ELEMENTS 
c XLG LFNGTH OF MEMBER 
c XL 0° VECTOR OF BRACE POINTS 
r. CORRESPONDING TO m STANCE FK-.JM LEFT E.MU 

c XLBP(1 )=0. . XL BP(NOPI ) = XLG 
r G'JT X L r VECTOR OF UNBRACED LENGTHS 
C 

OX = XLG/FLDAT(NFMAX) 
X = -*B*OX 
OH A I = ] , N'FMAX 
X = X + DX 
on l. j = ?, looo 
Y = XLBP(J) 
7 = Y - X L *1 F» ( j-1 ) 

C LFNGTH FOUND WHEN X LE BRACE POINT 
I* < X - Y ) ?• 2, 3 

1 CONTINUE 
STOP 

C SFGMFNT POINT = BRACE POINT 
? XL r( I ) = A M A X1 ( 7, XLB P(J + J ) — Y ) 

GO TO 4 
C SEGMENT *niNT LT B& C POINT 

B XL F( I) = L 
4 CENTINUE 

RF TURN 
E NO 
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MRFTC PAGE DFC K 
SUBROUTINE PAGER ( N,NH,lND) 

r- PAGE HEADING AND NUMBERING ROUT INF 
^ = ND. DF LINES OF TEXT TO BE PRINTED 

c ^ = NO. DF LINES OF HEADING CN NEW PAGE 
C IND = 0 IF NO NFW PAGE, 
r- l IF NFW PAGE REQUIRED 
C FOR M = NH = 0, PAGF =1, AMD 110 CHAKACT FR S UF PAGE HEADING A» E 

<• RFAD FROM ? CARDS. 
DIMENSION HFADMP) 
I B ( N ) * , 1 , B 

1 RFAD (5 ,?) (HEADII ), 1 = 1,1D) 
? FORMAT ( 1 3 A A , A ^» ) 

NPAGF = ] 
GO TD A 

B NSPACE = N SP AC E - N 

IF (NSPACE) A,6,6 

A NSPACE = 5 0 — N — NH 

WP I TF (5,5) (HFAD( I ) , 1 = 1 , 3 9) ,NPAGF 
5 F n ° M AT ( 1H1 ,]BA5,A? , SA A,1XAHPAGEI A ) 

NPAGF = NPAGF *• 1 
IND = 1 
GO TO 7 

6 IND = 0 
7 F c T!JR N 

END 
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fINFTC MULp HECK 
SUBROUTINE MULPY ( A, B, C. NR• NRC, 

C 
DI MENS I ON 412,21. BI2.5I, C(2 • 5 I 

C 
C 
C 
c 
c 
c 

l 

MATRIX MULTI PLICATICN A X B = C 
IN A ( MR X NRC ) 

B ( NRC X KC ) 
OUT C ( MP x KC ) 

no i i = j, MP 

no i. J = i ♦ KC 

C(I. JJ = 0* 
no 1 L - 1» N^C 
CII.JI = CU.JI * At I«L)*BCL«J! 
RE TURN 
END 

KC I 



MBFTC REDO DECK 
SUBROUTINE RFDO ( INOS, HG, HGMlN * HGlNC♦ IG. IGMIN, loIN 

1 ScGCO, [REDO ) 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 

r 
c 
c 
c 
c 
c 
c 
c 

c 
c 

1 

PIMF NSlON SFGC0(20,81), TEMP(81) 

REOUCES NINE POINT GRIDS AT SEGMENT ENDS. 
UNCHANGED GRID POINTS SAVED 

HG HEIGHT GRID INTERVAL 
HGMIN MINIMUM HEIGHT GRID INTERVAL 
HGINC HEIGHT GRID REDUCTION INCREMENT 
IG ELEMENT GRID INTERVAL 
IGMIN MINIMUM ELEMENT GRID INTERVAL 
IGINC ELTMENT GRID REDUCTION INCREMENT 
SEGCO SEGMFNT COSTS 

OUT HG HEIGHT GRID INTFRVAL FUR NEXT CYCLE 
IG ELFMFNT GRID INTERVAL FOR NEXT CYCLE 
SEGCO SEGMFNT COSTS FOR NEXT CYCLE 

GRID POINTS UNCHANGED ARE SAVED 
NEW POINTS = RINF 

I RE-DO 0 ITERATION CCNV FRbED-M I N OR I u INTFRVAL 
1 PERFORM NF XT CYCLE 

INTERNAL DIMFNSICN TFMPI81) 

DATA RINF/3.F3M/ 
IP EDO = 0 

REDUCE HG 
HGT = HG - HGINC 
Ip ( HG T - HGMIN 11,3,3 
IF ( INNS - 1 ) 33, 33, 2 
KH = 0 
Gn TO \ 

o HG = HG T 
KH = 1 
IRFDO = 1 

C 
C REDUCE IG 
A IGT = IG - IGINC 

IF ( IGT - IGMIN ) 5, 6, 6 
5 K I = n 

GO TO 7 
6 IG = IGT 

KI = 1 
IR EDO = l 

C 
C TEST FOR CONVERGENCE 
7 IF ( I P F- D C ) 7 ^ . 3 3, 10 
C 
C GRID REDUCED SAVE UNCHANGED POINTS 
IP IF ( INOS - 1 ) 30, 30, 11 
U IF C KH > 13, 13, 12 
12 IF (KI) 18, 18, 30 
C 



c 
13 

1 4 

1 5 

16 
17 

c 
c 
1 3 

1 Q 

70 
71 
7? 

?? 

24 

23 
7* 

c 
77 
"* 8 
?9 

C 
C 
30 

31 

C 
3 3 

HO UNCHANGED IG RFCUCEO 
00 17 ISN = l, I NOS 
00 14 [ST A = 1 , 81 
TFMP(ISTA) = PINF 
DO 15 I = 30, 43, 9 
00 15 J = 1 , 3 
[STA = r + J 
TFMP(rSTA) = SEGCOI ISN,ISTA) 
on 16 [STA = 1, 31 
SFGCDIISN,ISTA) = TFMP( 1ST A) 
CONTINUE 
Gfl TO 73 

HG REDUCE!) IG UNCHANGED 
00 79 ISN = 1* INCS 
on 19 ISTA =1,9] 
TFMP(I ST A) = PINF 
1 r ( ISN - 1 ) 21, ?] f 70 
IF ( ISN - I NOS ) .27 , 25 , 25 
00 2? ISTA = 14, 63, 27 
TRMP(ISTA) = SEGCO( ISN, ISTA) 
GO TO 27 
DO ?4 I = 10, 64, 27 
00 24 J = 1, 7, 3 
ISTA = I + J 
T F M p( ISTA) = SFGCO( ISN, ISTA) 

GO T0 27 
on 26 ISTA = 78, 44, 3 
TEMPI ISTA) = SFGCUI ISN, ISTA) 

00 73 I STA = 1 , 31 
SFGCUI ISN, ISTA) = TEMPI ISTA) 
CONTI NIJF 
GO TH 33 

HG PTCUCFL IG REDUCED OR ONF SEGMENT 
on 7 7 ISN = 1 , I NOS 
HG T = SFGCOI I SN , 4]. ) 
on 7] 1STA =1,31 

SFGCOI ISN, ISTA) = RINF 
SEGCOI I SN.41 ) = HGT 

F P TURN 
I NO 



UBFTC SAVE DECK 
SUBROUTINE SAVF < ISN, INOS, IJLO, IJRO, NLC. 

1 HLC * HP C * HG, IG, SEGCO ) 
C 

131 MPNSffJN NLC(?Q>, NR C ( 20 ) , HLC(20). HRC120). 
) SFGCO(?0,01)t TFMPI81) 

C 
C SHIFTS CENTRAL POINT OF NINE POINT GRIDS AT SEGMENT ENDS 
C TO OPTIMUM GRID POINTS 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 

IN 

CUT 

I SN SFGMFNT NUMBER 
INOS NUMBER OF SEGMENTS 
IJLO VFCTOR NOTATION OPTIMUM GRID POINT LEFT END 
IJRO VECTOR NOTATION OPTIMUM GRID POINT RIGHT END 
NLC FLFMFNT NUMBER LFFT END F.JR CENTRAL GRIU POINT 
NPC ELEMENT NUMBER RIGHT END FUR CcNTkAL GR 10 POINT 
HLC SFGMFNT WEB HEIGHT AT LEFT CENTRAL GRID POINT 
HRC SFOMENT WEB HEIGHT AT RIGHT CENTRAL GRID POINT 
HG HEIGHT GRID INTERVAL 
IG ELEMENT GRID INTERVAL 
SFGCO SFGMFNT COSTS 
CENTRAL POINT SEGMENT GEOMETRY AND SEGMENT COSTS 
SEGMENT COSTS SAVED WHEN GRIDS OVERLAP WITH CENTRAL GRID 
POINTS SHIFTED TO OPTIMUM GRID POINTS 
SEGCO = RINF FOR NEW GRID POINTS 

INTERNAL DIMENSION T F M PI 8 1) 

DATA RINF/1.F38/ 
r 

no 100 KN = 1. 31 
100 TENP(KN) = PINE 
C 
C GRID TRANSLATION AT LEFT FNO 

IF ( IJLO -3)1,3,? 
I IUL = -3 

IVL = IJLO - ? 
GO TO 5 

? IF ( IJL3-6 ) 3, 3, A 
3 IUL = 0 

IVL = IJLO - 8 
GO TO 5 

4 IUL = 1 
IVL = IJLO - B 

C 
r GRID TRANSLATION AT RIGHT END 

5 IF ( IJRO - 3 ) 6, <S, 7 
6 I UR = -1 

IVR = IJRO - ? 
GO TO 10 

7 IF ( IJRO - 6 ) B, 8, 9 
H I OP = 0 

IVR = IJRO - E 
GO TO 10 

9 I UR = 3 



c 
c 
] 0 
11 

1 2 

C 
C 

1? 
14 

15 

C 
14 

C 
C 

1 7 
C 
C 

?0 

C 
c 

21 
C 
C 
24 

C 
C 

25 
C 
C 
28 

C 
C 

IVP = rjRo - 8 

DFHNT HORIZONTAL GPIO AT LEFT END 
Ir < IS'J - 1 ) 11, u, 1? 
I L M l rj = 2 

I L AA X = ? 
GO TO n 
I L M I M = 1 

ILMAX = 3 

UpFINF HORIZONTAL 

I p ( ISN - I NOS ) 
IPMFN = p 

IRMAX = ? 
GO TO 1.6 
I R M I N = 1 
RMAX = 3 

GRIO AT RIGHT END 
15, 14, 14 

HORIZONTAL GRID LOOP AT RIGHT 
00 34 IR = IRMIN, IRN'AX 
K1 = ( IP - 1 )*3 

END 

JPOY™ '+
)VIURLAP CF HnRIZCNTAL GRID AT NIGHT ENJ 

IF ( IRQ - 1 ) 3 5, 17 f 17 

IF ( IRO - 3 ) 70, 20, 35 

VERTICAL GRID AT RIGHT END 
U = 2*1 UR 
DO 34 JR = j , 3 

K? = ( K] + JP — l ) *9 

J-Y- i.,VtvR4n 0F VFRT1CAL GR,D AT R‘GHT END 

IF ( JRrj - i ) -34, 21, 21 
IF ( JR-j - 3 , ?4f 

HORIZONTAL GRIC AT LEFT END 

L 7 = ( LI + I VP )*9 

DO 33 II. = I L M IN, ILMAX 

K3 = K2 + ( IL - 1 )*3 

aoV™ ?VFyL4P 0F HCRIZ0NrAL GRID AT LEFT b:IO 

IF ( ILO - l ) 33, 25, 25 
IF ( ILO - ? ) ?8, 28, 33 

VERTICAL GRID AT LFFT FND 
L3 = L 2 + ?*IlJL 
DO 32 JL =1,3 
»<N = K 3 + JL 

TFST^DF OVFNLAD OF VERTICAL GRID AT LEFT END 

JLO = JL + IVL 
IP ( JLO - 1 ) 32, 29, 29 
IF ( JLO - ? ) 21, 31, 32 29 



c 
c 
u 

c 
9 9 

^3 
34 
35 
C 
C 

? 6 
C 
C 

GRID OVERLAPS SAVE SFGMFNT COST 
K) = K N + L”* + IVL 
TFMP(KN) = SEGCOI ISN.KG) 

CONTINUE 
CONTINUE 
FONTINUF 
C INTINUF 

SFGWFNT COST CENTRAL GRID POINTS SHIFTED T.'J OPTIhJM 
DO 36 KN = 1, 81 
SE GCfJ ( ISN* KN) = TF^P(KN) 

CORRESPONDING SFGMFNT 
NLC(ISN) = 
NRC(ISN) = 
X = I VL 
HLC(ISN) = 
X = IVR 
HRC(ISN) = 

NLC(ISN) «• 
NRC(ISN) * 

HL C( ISN) + 

H R C ( ISN) + 

GECMETPV 
I'JL* IG 
IIJR* IG 

X*HG 

X*HG 
C 

RETURN 
END 



H I 3 F TC SriF DECK 
SUBROUTINE STIFF ( XL, A, B, C, D, STF ) 

C 
DIMENSION STF(4, 4) 

C 
C FORMS MFMBER STIFFNFSS MATRIX 
c IN XL MFMBFR LENGTH 
c A INTEGRAL 0 TO XL OF (DX/I ) 
c B INTEGRAL 0 TO XL Oh XIOX/I) 
c C INTEGRAL 0 TO XL OF X**2(UX/ I 1 
c n INTFGRAL 0 TO XL OF X**3(OX / I ) 
c OUT STF MEMBER STIFFNESS MATRIX 

C EVALUATE STIFFNESS FACTORS 
p = = 1. . / ( A*C - R*B ) 

SI = F*C 

s? = F *( X L* XL*A - ?.*XL*B 
so = r*< XL* B - C ) 

S4 = F *3 

SS = P*{ XL* A - B ) 

ss = F * A 

C FORM STIFFNESS MATRIX 
STF(1,]) = S6 
S T F ( ? » ? ) = SI 
STF(7 , 7 ) = S6 
S T F ( 4,4 ) = S ? 
S T F ( 1 , “*) = S'* 
STF(1.3) = -S^ 
STF(1,4) = S5 
STF(?, -) = -S'* 
STF(2,M = SO 
STF (0,4) = -Sc> 
DO 1 1=1,3 
K = I •*- 1 
DO 1 J = K, 4 

1 STF(J,I) = STF([,J) 
C 

R F T U R N 
END 



SIOFTC SYST DECK 
SUPREIUTINE SYSTF ( KflDE . STF ♦ SM 

C 
C. 

DIMENSION KHOE(^). STFI4.4), SM(2 
C 
C GENERATES SYSTEM STIFFNFSS MATRIX 
C IN KfinF CODE NUMBER 
C STE MEMBER STIFFNESS 
C GUT SM SYSTEM STIFFNESS 
C 

nn /- K = 1 , 4 
IF { KQDE(K) ) 4* ? 

? M = <nnc(i<) 
on r> j = l , A 

IF ( KDOEIJ) ) s, 5 * n 
n N = KOOE(J ) 

S M ( M * N ) = S T F ( K « J ) 
S CONTINUE 
A CONTINUE 

RRTURN 
END 

) 

• ? ) 

MAIRIX 

MATKI X 
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H8FTC NDSP DECK 

C 
C 
r. 

C 
C 
C 
C 
C 
C 
c 
c 

S'JPFnuTINr WMSPL ( TW1 « TW?, H, UCF4. UCF5, JCRb. CAX ) 

FVALUATF'S C n c, T 
IN TW1 

T W? 
H 
IJC F4 
Uf F? 

DCF'S 
OUT CCS 

OF SPLICING W F B 
THICKNFSS STAGE" N 
THICKNESS STAGF N+l 
HFIGHT AT STAGF TRANSITION 
COST OF WFB THICKNESS TRANSIT ION 
COST OF DEPOSITING WELD IAETAL AT SPLICE 
VOLUMN EVALUATED FOR SINGLE BEVEL GROVE wELf) 
8-U4, A l SC(1°A 1 ) - 1.17.2 
BASE CCST nr SPLICF 
COST CF WF8 SPLICF 

C 
UJ ITS LENGTH-INCHFS, COST-DOLLARS 

I u ( TV] - TXT ) 1,4, ? 
1 T = TW1 

GO TO T 
? T = TT 
8 CWS = UCc4 + UCFS*H*T*( •F*T + «25 ) f UCE6 

RETURN 
4 COS = Oe 

RETURN 
END 
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HBFTC W R T H DFCK 
SUBROUTINE WBTHK ( H. V, FY. TW ) 

C 
C P YA1. UATFS MINIMUM WEB THICKNESS FOR STRESS CONSTRAINT 
C AI SC 11961 I 1.10.5.2 FORMULA (9) 
c IN H WEB HEIGHT 
c V SHEARING FORCE 
r FY MINIMUM YI FLO POINT 
c 
c 
c 

OUT T W MINIMUM WEB THK FOR STRESS CONSTRAINT 

UN IT S FORCE- LBS, LFNGTH-INCHES 
C 

IF ( V 1 1.6*1 
] p = H*H*FY*n.5/A9Sm 

IF ( R - 62609. 1 3. 2, 2 
C 
C ELASTIC BUCKLING I CV LESS THAN OR EQUAL TO .9 I 
^ TW = f ABSIVKH 1**. 1^233333/435.47 

Gil TO 7 
1 IF ( P - 299P6. ) 5. 4, 4 
C 
C INFI.ASTIC BUCKLING ( CV GREATER • B • LtSS OR E JUAL 1. 15o ) 
A TW = S03T(R1#ABSIV)/I 69.265*FY*H 1 

GO TO 7 
C YIEL'l CRITFRIA I CV GREATER THAN 1.156 I 
5 TW = S(V)/( .A#FY*H 1 

G 1 TO 7 
6 TW = o. 
7 RETURN 

E NO 
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All data is read 

erwise noted below. 

CARDS 1 and 2: 

CARD 3: 

CARDS 4 and 5: 

CARD 6: 

APPENDIX C 

INPUT FORM 

in by the program in an F10.0 Format unless oth- 

Users page heading (a maximum of 110 charac¬ 

ters) 

FORMAT = 13A6.A2 

BCOST 

BCOST = Base unit cost of material with no 

extras ($/lb) 

= .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 be 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 
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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 

CARDS 7-13: 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 

CARDS 14-19: 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: C0ST(I,J) 

C0ST(I,J) = Unit material cost table array 

($/lb) 

The maximum size of the array is 9 x 17 (Imax = 

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

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 
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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: C0ST(I,J) 

C0ST(I,J) = Unit material cost table array 

($/lb) 

The maximum size of the array is 9 x 17 (Imax 
= 

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

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 
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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 

CARD 40: IOUT, 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 

CARD 41: 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 4) 

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) 
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CARD 51: XLOD, HMIN, HMAX 

XLOD = Minimum acceptable ratio of span to de¬ 

flection 

HMIN = Minimum acceptable web height 

HMAX = Maximum acceptable web height 

CARD 52: HBMAX, BTMIN, BTMAX, HTMAX 

HBMAX = Maximum acceptable ratio of web height 

to flange width 

BTMIN = Minimum acceptable ratio of flange width 

to thickness 

BTMAX = Maximum acceptable ratio of flange width 

to thickness 

HTMAX = Maximum acceptable ratio of web height 

to thickness 

CARD 53: UCFl, UCF2, UCF3, UCF4, UCF5, UCF6 

UCFl = Cost per segment ($) 

UCF2 = Cost per flange width transition ($) 

UCF3 = Cost per flange thickness transition ($) 

UCF4 = Cost per web thickness transition ($) 

UCF5 = Cost of depositing weld metal ($/cubic 

inch) 

UCF6 = Cost per splice ($) 

CARD 54: IGMIN, IGMAX, IGINC, HGMIN, HGMAX, HGINC 

IGMIN = Minimum dimension of element grid 

IGMAX = Maximum dimension of element grid 

IGINC = 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 



1 

? 

3 

4 

5 

6 

7 

0 

9 

10 

1 1 

1 ? 

1 3 

14 

1 5 

1 .4 

1 7 
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APPENDIX D 

SAMPLE PROBLEM 

1 1 •5 4 5 6 7 8 9 

o.np^o 0. 0 6 70 0. 0 405 0.0865 0.0860 0.0855 ****** ****** ****** 

n. OP?5 0.0670 0.0665 0.0865 0.0860 0.0855 ****** **** ** ****** 

0.0609 0.0745 0.Ooqo 0.0480 0.0865 0.0855 ****** ****** ****** 

n.07Qo o.O780 0. 0460 0.0840 0.0670 0.0815 * * * * ** ****** ****** 

o. 0790 0.0765 0. C 45 c 0.0R34 ~0.0815 0.0810 ****** ****** ***** * 

n. 07 o.07 c5 0 . 0 8 5 c 0. 0°75 0.0615 0.0810 ****** ****** ****** 

0,0700 0.0700 0.0655 0.0845 0. 081 5 0.0810 ****** ****** * * * * * * 

0700 0.0700 0.0"p45~ o. ORYV 0".’C795~ ~OTC790 ****** ****** * V,: * * * * 

0."785 0. r7.50 0.0645 0.0815 0.0795 0.0790 ****** ******* * * * * * * 

0.0770 0.077" 0.0630 0.0810 0.0785 0.0740 0.0810 0.0815 ****** 

0. 07 70 0."770 0. Of>i e; 0. 07 95 0.0770 0.0755 0.0795 0.0800 0.u8? 0 

* * * * * * 0.0770 o. o-n c 
0.0790 0.0765 0.0740 0.0740 0.0795 0 • 0 M 1 0 

****** 0.0770 0. ('810 0.0785 0.0760 0.0755 0.0785 0.0790 0•0 79 D 

* * * * * V: n.0P85 ".0 410 0.0785 0. 07 60 0.0755 0.0785 0.07 90 0 . U 7 9 5 

' ’"'***** ( ."61" ". 07 8R 0.0760 0.0755 0.0785 0.9799 J . 0 7 5 5 

* * * * * * * * * * * * 0.07on 0. 07 6 c 0.0740 0.u7 8 5 0.0765 9.0780 0.0 7 h 5 

* -y Vr * * * s'- * '■« Vs .y V: 0.0705 0 • 0 7 7 c 0.0750 0.07 85 0.0765 0.0780 0.9785 
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PRODUCT I'lN RUN NUMB PK THREE - SIMPLE SUPPORTS WITH UNIFORM DISTRIBUTED I DAD 

.SPAN 3 60*0 DFQ OF FRFCOGM L 1 R 1 

LOADING CONDITION TYPE FLFR MAGNITUDE 

1 -0 0 666. 

? 0 o 0. 
1 ATFRAL HP AC IN G HT M FI AMGF 

CON T 

L ATFR Al HR AC T NG TOP FI ANGF 

FONT 

MIN YT FI. n POINT A 000* HVFRSTRFSS •0.00 

NO FI.. FM ?4 
NO SPG M I M — 0 MAX ? 
NO FIFM/SFG MTN 1 ? 
SPAN/DFFI MIN -0* 

HT 1 TM MI N MAX 45. 

HT/WTH MAX 

FI G WTH/THK MIN -0* MAX 

WFB HT/THK MAX 760. 

cnsT/SFr, 1 0 • non 
CO ST/FI G W TH — 0 «ooo 
COST /FI G THK -0 * COO 

CD ST/WFB THK -0 *000 

COST WFI. DING 0 .760 

COST /SPI ICC 1 0 *000 

P| FMFNT GR I 0 MI N 1 MAX 1 INC 1 

HEIGHT GRID M r M 1 * 0 MAX 7.0 INC 1.0 

OUTPUT OPTION ? THK VIOL OPTION ^0 
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PRODUCT ION RUN! NUMBER THREE - .SIMPLE SUPPORTS WITH UNIFORM DISTRIBUTED LOAD 

DFSIGN TRACE 
SEC, NO LEFT ELF'-' RT FI.EM 
1 l 24 

FI EM GRID 1 HT GRID 2.0 

LEFT HT RT HT 
40.00 40.00 

C YC L F S 2 COST 269.50 

DFSIGN TRACE 
SEG NO LEFT ELEM RT ELEM 
1 1 24 

FLFM GRID. 1 HT GRID 2.0 

LEFT HT R.T HT 
42.00 42.00 

CYCLFS 4 COST 269.50 

DESIGN TRACE 
SEG NO I FpT ELFM RT ELEM 
I 1 24 

FI FM GRID 1 HT GRID 2.0 

LFFT HT RT HT 
42.00 42.00 

CYCLFS 5 COST 264.96 

DFSIGN TRACF 
SEG NO LEFT FLFM RT FIRM LFFT HT RT HT 
1 1 24 45.00 45.00 

FI FM GRID l HT GRID 2.0 ... CYCLFS. 6 COST 264.96 

DFSIGN TRACF 
SFG NO LFFT FLEM RT F| FM 
1 T 2 4 

FLFM GRID 1 HT GRID 1.0 

l FFT HT RT HT 
45. 00 45. 00 

CYCLFS 7 COST 264.46 
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PRODUCT ION PUN THRI r •• SIMPLF SUPPORTS WITH UNIFORM UISTKIOUTFI) i. JAO 

-0 SFGMFNT OK SI ON 

FI FMFNJT FI AMGF WFR SHFAR MO 3F NT rt I M rL Aw uF 00**1 PR F SS I ON TOP FLANOI- COOP 'TSSIlH 
NIJ^RFP WIDTH TH1^ Hi: i ;HT THK PATIO RATIO SHFAR MiHFwT lJ JR'< LOTH Mi) H i r II. JKF 1. !,TH 

IN! I r- IN I N KI PS K IP-Fr I N KIP-F T 1 N 
1 17.no 0. 4f' 75 4 5.00 0.0760 0. )90 0.0 AO 97.4^1 J. UOJ o.'JD'i - A ? . ;• 7 6 0* 
7 1 o, f o n„ 4P75 4 6. 00 0. 7 760 0.91 7 0.3 30 83.963 0.0 0 ) 0.009 -1 73. 731 0. f OO 
1 1 o. 00 0. 4f- 76 46. or 0.3760 0 • R? 4 1.344 30.493 0. 4 00 0.00 ) -234.44 5 11«• i ’1, 
u 1 0. DO 0.4R76 66.00 0. ^ 7 60 0.730 1.4P R 7?•0 ?? (J.OUU o.'-oo -374.963 r<' 
6 i (un o„ AT, 7^ 4 6. 00 O. 3 7 60 0.66? 0. 6 97 63.644 0.00) 0.090 -464.700 0 • 0 "V.1 

4 1 0.00 0. Of 75 4 6. OP 0.7760 0.645 0.49? 5 6.0 7o O.oO.) J. 000 " 6 0 6 . P 4 0 ■ ■. nf'O 

7 in/fi r „ 4R 74 4 4.0 (’ 0. 7750 0.47 7 0. 774 46.60? Urn OUO 0 • 0 0 1 -60?. <n >' r • '.’OP 

R 10.00 1. 4«74 4 6. 00 0.3760 0.391 0.34? 3R.1?9 0.009 9.00 ) -*•.4 5.34 4 9. ( 00 

-j 1 0*00 n. 4P75 46. 00 0.3760 0.3 04 0 . 3 7 7 ?9•0 56 0.0 0 .) 0. 900 -49 7. 71 1 •;. ( O ' 

1 n 1 I, 0" 4F7 5 4 6. 00 0.3760 0.?1 7 0. 037 ?1.183 O.UO.) 0.00 ) -7?9.434 0. nor- 
1 1 1 0.00 0. 6» 76 46. 00 0.3760 0. 1 30 0.04 6 12.71 0 J.0 00 0.(00 - 7 6 0. 44'-* ' . Of)f 

1 *> 10.00 ■ )• 6R7S 4 6. on 0.3760 0.947 0.97 3 4. ? 37 0.0 0.( 00 ’7M . ?40 0. >>01' 

MAX DF FI FT THIN •o. ; 7 IN 

SMOOTH INf,S wr i GOT (1 A I COST 

7 -1 , 7 364.no 

FI AMr,c COST = 57. 1 r i,fF A COST = 171. 6 7|.0 N (> • WF L 0 COST = 1.6. 19 


