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ABSTRACT

COMPUTER-AIDED DESIGN OF
A TWO-SPAN CANTILEVER HIGHWAY BRIDGE

By
Kulkarni Sudhakar R.

Computer-aided designs of two-span cantilever highway
bridges are investigated. The designs are governed by the
current AASHO Specifications. Three methods: linear pro-
gramming, grid search, and the method of bounds are studied
to obtain designs that are nearly optimal (minimum cost).

The linear programming approach was formulated by a lineariza-
tion of the nonlinear cost or objective function and of the
nonlinear constraints. As some of the design variables are
discrete, the algorithm of Land and Doig for mixed linear
programming problems was used. The grid search method involved
a search in the design space of the four independent design
variables: the number of girders, the length of cantilever,
the depth of web plate, and the width of flange plate. The
method of bounds differs from the grid search method in regard
to the termination criteria. While the former search termi-
nates upon locating a (local) minimum, the latter ends when the
latest feasible design reaches within a prescribed neighborhood

on an "effective lower bound."
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Three bridges that had been designed by the traditional
method and built in Michigan were studied. The costs of the
computer-aided designs were found to be 4% less than the cost
of the designs obtained by the traditional method.

Of the three optimization methods considered the linear
programming approach seems least efficient. The method of
grid search offers a straight forward procedure for an
automated design. The method of bounds would further reduce
the computational work without appreciable loss of accuracy.
A complete design by this method can be obtained by a single

run of the computer program prepared.
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CHAPTER I

INTRODUCTION

1.1. Objective

Minimum-cost design of structures is an important problem
in the field of structural engineering. It is particularly
significant for structures that are constructed frequently.
For these structures a modest reduction in the cost of one
structure would mean a substantial saving in expenditure when
a number of such structures are considered together. Two-span
cantilever bridges (see photographs in Figure 1.1) fall into
this category as they are frequently used for grade separation
in highway systems.

The objective of the present study is to develop a
computer program that can be used to produce complete designs
of two-span cantilever bridges and such designs should be
optimal or, at least nearly optimal, and, of course, satisfy
the requirements of the current Standard Specifications for
Highway Bridges adopted by the American Association of State
Highway Officials (abbreviated as AASHO).

In recent years, since circa 1960, many researchers have
attempted to develop various structural optimization methods.
While a great many fundamental works have been published,

most have been concerned with methodology and principles.
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Applications to day-to-day structural designs as practiced by
the engineering profession have been rather limited.

The author has been working as a highway bridge engineer
with the Michigan Department of State Highways for the last
six years. The selection of this particular problem is made
with a view to increasing the effectiveness of highway bridge
engineering as well as to providing an example of bridging

the gap between engineering theory and application.

1.2. ScoEe

The "traditional method" to obtain a design of a highway
bridge is largely based upon the engineer's intuition and
certain empirical rules developed in the design office. Usually,
after the valués of certain key design variables are assumed
the design of the structural components of the bridge such as
the reinforced concrete slab and the welded steel plate girders
proceeds by using design tables, slide rule methods, or by
using computer programs.

The necessary input information for the design of a two-
span cantilever bridge usually consists of the geometrical
data, design loads, properties of construction materials, and
cost (material and labor) data. A design of the bridge may be
carried out after choices are made for the number of girders,
length of the cantilever, depth of web plate, and width of the
flange. These variables are defined as the "independent design
variables." With the independent design variables known all

other variables such as the slab thickness, thickness of the
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flange plates, defined as "dependent design variables," may
be obtained by the conventional elastic design method.

From a mathematical point of view, the problem of
optimal design may be defined as one of minimizing the total
material and labor cost of the structure--a function of the
dependent and independent design variables--subject to certain
constraints composed mainly of the specifications. (Specific
design requirements are described in Section 1.3.) The cost
function and most of the constraints are nonlinear. Thus,
the minimum-cost design of the bridge is a nonlinear program-
ming problem. An additional complication lies in the often
required condition that the variables can take on only certain
discrete values. An exact solution of the nonlinear program-
ming problem is very difficult, and only approximate solutions
of the problem can be attempted. In this thesis, three methods
for optimization will be considered. They are the "linear
programming method," the '"grid search method," and the "method
of bounds."

The use of linear programming is one approach to obtain
approximate solutions of nonlinear programming problems. This
approach has been used to solve structural optimization
problems in References (2)%*, and (8).

The nonlinear programming problem may be solved
approximately as a sequence of linear programming problems by

linearization of the nonlinear problem at certain expansion

* number in parentheses refer to entries in the list of
references.
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points. Linearization can be obtained as the linear terms
of the Taylor series expansion of the nonlinear objective
function and/or nonlinear constraints of the problem. Some
of the variables of the problems such as the number of girders
and the depth of the web plate are required to take on dis-
crete values. Solutions of such "mixed" linear programming
problems in which some variables are required to take on
discrete values, may be obtained by the Land and Doig algor-
ithm described in Reference (7). An iterative procedure
solving a sequence of mixed linear programming problems can
be constructed to obtain the values of the design variables
which would minimize the nonlinear objective function.

Various direct search methods are well suited to the
solution of a structural optimization problem in which the
discrete design variables are few in number and the ranges
of.the values of such design variables are small. A direct
search method uses simple strategy easily adaptable for
computer solutions. A structural optimization problem using
a direct search method-~grid search--has been considered in
Reference (4).

The minimum-cost design of the bridge can be formulated
as a four dimensional minimization problem, by considering
the cost of the bridge as a function of the independent
design variables. A solution of the problem can be obtained
by successive applications of a two-dimensional grid search
which examines the discrete design space to determine the
values of the independent design variables which would

minimize the cost of the design.
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The "method of bounds" is suggested in Reference (5).

The basic idea of the method of bounds as adopted herein is
that instead of finding the optimal design, a near optimal
design is determined by terminating the search when the cost
of a current design is within a specified tolerance of an
"effective lower bound" (to be defined later). Tﬁe procedure
generally reduces the computational work provided that the
values of tolerance and the effective lower bound are properly
specified.

As it will be shown in later chapters, near optimal designs
of the three bridges have been obtained by using the above
described methods. These bridges designed according to the
traditional method had actually been built in the State of
Michigan. Comparisons of the designs by the various approaches
indicate that (a) computer-aided designs are more economical
than the traditional designs, and (b) the method of bounds
using a direct search method together with certain judiciously
chosen criteria to terminate the search provides an efficient
method of automated design.

The designs by using linear programming, the grid search
me-thod and the method of bounds are presented in Chapters II,
1L I, and IV, respectively. Comparisons of these approaches
and conclusions based upon numerical results and computer
times are presented in Chapter V. User's Manual for a
computer program named "BRIDGE" which has been prepared to
implement the method of bounds is given in Appendix I, and

the program is presented in Appendix II.
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1.3 Statement of the Design Problem

The type of bridge under consideration here consists of

steel plate girders with a reinforced concrete slab. Two

photographs of a typical bridge are shown in Figure 1-1, and

the usual engineering details of the bridge are shown in

Figure 1-2, and those of a single girder in Figure 1-3.

. The ‘information necessary for design such as the geometrical

data, loading, material properties, and cost data is shown in

Table 2-1. The Jdetails of live load are shown in Figure 1-L.

The expression of the total cost of the bridge which is

to be minimized, is a function of the design variables, and

is written as follows.

7 =

Where Z

C,B. BT + CQBLBWAS

1°L"W™S

(t + t + t + t.,) b

+O.5C3N(l - Kl) L £l £3 £6 £8

1

*CN KLy (te, + too) be + CoN L (teg + teg) by
+C,N (1 'Kz) (Ly - Lc) (tfL+ + tfg) be

*C4N K, (LB - LC) (tf5 + tflO) be

*CyN (L; + LC) ht ; + CyN (LB - LC) ht , (1-1)

total cost of the bridge ($),

cross-sectional area of steel reinforcement (in.2/ft.),

length of bridge (ft.),
width of bridge (ft.)

width of flange plate (in.),



The
Standard
American

ments of

cost co-efficient
concrete in $/cu.

cost co-efficient

7

derived from unit cost of
yd.,

derived from unit cost of steel

reinforcement in $/1b.,

cost co-efficient derived from unit cost of
structural steel in $/1b.,

depth of web plate (in.),

cut-off ratio in anchor span,

cut-off ratio in suspended span,

length of
length of
length of

number of

thickness

thickness
i=1,2,.

thickness

thickness

Association of State Highway Officials.

anchor span (ft.),
span (ft.),
cantilever (ft.),

girders,

of slab (in.),

of flange plates (in.),
10,

. LIS )

of web plate in anchor span (in.),

of web plate in suspended span (in.).

design of the bridge is controlled by the current

Specifications for Highway Bridges adopted by the

The require-

the specifications which are applicable to the

design are as follows:

The reinforced concrete slab is designed according to

the conventional elastic design procedure which is described

in most text books on reinforced conecrete design.

The design
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of slab is such that the concrete and reinforcing steel are

stressed to their maximum allowable limits at the same time.

The main reinforcement is perpendicular to the direction of

traffic. Practical considerations would set the minimum

thickness of the slab and the minimum reinforcement to be

7.5 inches, and 0.66 in.z/ft., respectively. The mathematical
\

expression for the thickness of slab is given by the follow-

ing equation

TS = ¥ M/K + c (1-2)
where TS = thickness of slab (in.),
¢ = cover for main reinforcement (in.),
M = maximum total external moment (ft.-1lb. per ft.

width of slab) which is the sum of the moment
due to live load with impact and moment due

to dead load of slab and future wearing surface
(25 1bs. per sq. ft. of slab). The moment due
to live load is determined according to Section
1.3.2 of the Specifications which states the
following. The live load moment for simple
spans shall be determined by the following
formula (impact not included):

S + 2

- P
Mow, T\ 37— | 20 (1-3)
in which ML L. F live load moment (ft.-1b.),
S = girder spacing minus 1/2 the
width of flange plate (ft.),
P20 = load due to HS 20 truck loading

(1bs.).
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In slab continuous over three or more supports,
a continuity factor of 0.8 shall be applied to
the above formula (1-3) for both positive and
negative moment. The value of impact is to be
0.30 (max.).

The positive and negative moments due to
dead load are determined by the following
formulas:

+

. 2
Mp,p,, = (1/18) w S (1-1)

- _ 2 _
MD.L. = (1/10) w Sg (1-5)

in which M = positive moment (ft.-1bs.),

My = negative moment (ft.-1bs), and

W = uniform dead load (1lbs. per

sq. ft. of slab).

Refer to Section 904 of the ACI Building code
(ACI 318-63) for explanation of formulas (1-4)
and (1-5).

design constant determined from the elastic
design as follows.

K

(1/2) fgik (1-6)

allowable compressive stress of

in which f,
concrete (psi.),

1 -1/3 k,

Cle
1]
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k = 1/ [1 + fs/ (nfc)]
£, = allowable tensile stress of steel (psi.),
n = ratio of modulus of elasticity of steel to that

of concrete.
The cross-sectional area of steel reinforcement is determined
from the following equation.

AS = M (in. - 1bs.) / (fsjd) (1-7)

where 4d = Ts— c

The actual bending stressés in the top and bottom flanges
must be less than or equal to the allowable bending stress.
This requirement is usually checked at the points of the
maximum bending moments and at the cut-off points (i.e.,
points at which the thickness of the flange plates is changed.)
of the flange plates (Section 1.7.1 of the Specifications) by

the following:

MgC
sz < Fb (1-8)
I
where fb = actual bending stress (psi.),

Fy = allowable bending stress (psi.),

C = distance from neutral axis (in.),

I = moment of inertia (in.u),
Mg = maximum total external moment (in.-1bs.).

At the cut-off points the flange plates of the girder are
connected by butt welds. The actual bending stress in the weld
metal and the base metal adjacent to the butt welds must be
less than the allowable fatigue stress. Refer to Section

1.7.3 of the Specifications.
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fb < fr (1-9)

where fP = allowable fatigue stress (psi.).

The current design practice is to use steel plate
girders without transverse intermediate stiffeners. The
thickness of web plate, when transverse intermediate stiff-
eners are omitted, shall nct be less than the thickness
determined by the following formula: (Section 1.7.72 of the

Specifications)

n/E,
tw © 7500 (1-10)

where t = the thickness of web plate (in.),

h = the depth of web plate (in.),
fV = the average calculated shear stress (psi.) in
the gross section of the web plate at the point

considered. Thus,

f = V/(ht )
\Y4 W

Vo= Vg, t ) (570 (1-11)
VD.L. = shear due to dead load (1lbs./girder),
VL L.~ maximum shear due to HS 20 truck, or HS 20

lane loading (lbs./lane),

W, = width of lane loading (ft.).

In no case, the web plate thickness shall be less than
h/150. Refer to Section 1.7.72 of the Specifications.

According to prevalent practice ty should not be less than

0.375 inches. Thus, the following inequalities hold:
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t
v

> h/150 (1-12)
w

t 0.375 (1-13)

Y

v

For composite girders, the ratio of the depth of the
steel girder alone to the length of the span shall not be
less than 1/30. (Section 1.7.11 of the Specifications).

According to prevalent practice the depth of girder shall

not be less than 42 inches. Thus, the following inequalities
hold:
h/L > 1/30 (1-14)
h > Uu2 (1-15)

where L = Ll or L

The ratio of the compression flange width of the thickneczs
shall not exceed the value determined by the following formula.

(Section 1.7.70 of the Specifications).

b 3250
£ (1-186)
te 'y

but in no case, shall bf/tf exceed 24. (Section 1.7.70 of
the Specifications), i.e.,
be

te

24 (1-17)

1A

The preceding constraint (1-17) also applies to the
tension flange. (1-18)
The width of the top and bottom flanges should be the

same, and should be equal to or greater than 14 inches.
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bf > 14 (1-19)

The ratio of the live-load-plus-impact deflection at
mid span to the length of the span shall be less than
1/1,000, énd the ratio of the live-load-plus-impact deflec-
tion at the end of cantilever to its length shall be less

than 1/350. Thus, the following constraints apply:

A < 1
I— ~ 71000 (1-20)
be o (1-21)
Lo 350
where A = deflection at mid span, and
AC 2 deflection at the end of cantilever.

The factor of safety against lateral buckling of the
steel girders, during transportation and erection must be

equal to, or greater than 1.25, i.e.,

Fg = fcr /fb > 1.25 (1-22)
where FS = factor of safety against lateral buckling, and
fcr = critical bending stress. (See Reference (1) for

the calculation of fcr')'

According to prevalent practice, the minimum length of

the cantilever is to be 5 feet. Thus,

L > 5 (1-23)
c

The girder spacing should be within the range of 6.5
feet to 12.0 feet. Thus,
6.5 < S < 12.0 (1-24)
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The above described constraints are based upon the
current AASHO specifications and prevalent design practice.
It is recognized that from time to time, the requirements
- would be changed to reflect new research and/or economic
conditions. These changes, however, can be incorporated in
the computer programs prepared for this study without major

difficulty.

1.4 Notation

A list of important symbols used in this thesis is given
as follows:

A = [aij]’ matrix derived from constraints;
A = cross-sectional area of steel reinforcement

S
(in. 2/ft.);

B = [bi]’ matrix derived from constraints;

B, = length of bridge (ft.);

By = width of bridge (ft.);

be = width of flange plate (in.);

C = {cj} matrix of cost co-efficients;

C, = cost co-efficient derived from unit cost of

concrete in $/cu. yd.;

C = cost co-efficient derived from unit cost of steel
reinforcement in $/1b.;

C = cost co-efficient derived from unit cost of
structural steel in $/1b.;

h = depth of web plate (in.);

K = cut-off ratio 1in anchor span;
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cut-off ratio in suspended span;

length of anchor span (ft.);

length of suspended span (ft.);

length of span (ft.);

length of cantilever (ft.);

number of girders;

girder spacing (ft.);

thickness of slab (in.);

thickness of flange plate (in.);

l, 2, . . . 4 10;

thickness of web plate in anchor span (in.);
thickness of web plate in suspended span (in.);
{xj} vector of design variables;

nonlinear objective function;

effective lower bound of Z;

linearized objective function;

square or rectangular matrix;

column vector.



CHAPTER II

DESIGN BY LINEAR PROGRAMMING

2.1 Application of Linear Programming to A Non-Linear

Programming Problem

A cost-optimization problem in structural design can
usually be cast in the form of a problem of nonlinear pro-
gramming. The general mathematical statement of a nonlinear

programming problem is as follows.

Find Xy5> Xp5 + + « 5 X SO as to minimize

Z = f(xl, Xps o e R Xn) (2-1)
subject to the constraints:

g, (Xl, Kps o+ o R xn) < bl

g, (Xl’ Xps oo 5 xn) < b2

. (2-2)

g (Xl’ Kps o o s xn) < bm
and

xj >0 for j =1, 2, . . . s, N,
where f (Xl’ Xps o0 R Xn) and the g (xl, Xps o o o s xn)

are given functions of the n variables.

16
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The above problem can be re-written as follows. Find a
vector X = {xl, Xy s xn} SO as to minimize:

Z = £(X)
subject to g; (X) < bi for i =1, 2, . . . , m,
and x. >0 for j =1, 2, . . . , n.

]

For the bridge design problem the x's are the design variables
such as the number of girders and the web depth, Z is the cost
of the structure, and g5 (X) represents a constraint such as a
requirement of the AASHO specifications. When f (X) and/or
any of the g5 (X) are nonlinear, the problem is one of non-
linear programming. Generally, an exact solution of a non-
linear programming problem is very difficult, and only
approximate solutions can be obtained. The use of the linear
programming method is one of the-methods that may be used to
obtain an approximate solution of the nonlinear programming

problem. This approach is described in the following sections.

2.1.1 Linearization

The first step of the approach involves a linearization
of the nonlinear problem. The step consists of the approxi-
mation of the nonlinear function by the linear terms of the
Taylor series expansions. The linear terms of the Taylor

series of a nonlinear function in n variables expanded about

(o] [e] (o]
the point X° = (Xl’ Kos = = o xn), are as follows:
o of XO) o
£x) = £x7) + EED) Ly bk ) (- %) (2-3)
BXl 1 1 r n n

n
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o
where af(X ) _ °of(X)

9X. T T aX.
3 3 x=x°

By a linearization of the objective function and the constraints

the problem becomes one of linear programming.

2.1.2 A Linear Programming Problem

The mathematical statement of the general form of the
linear programming problem is as follows.

Find x X X which minimize the linear objective

12 S22 v 0o

function,

= -y
ZL CyXq + CHX, + . . .+ cx (2-4)

+ +
aj¥) *oagpx, a1p%y £ b
ay1%) *agyxy v ..t a, X < by
4n1*1 FagXy toeoe ¥ qnun¥n < bm

with xj > 0,

in which asss bi’ and cj are all known constants.

The above can be written in matrix notation as follows.

Find X = {Xl’ X, s xn} so as to minimize

Zz = CX (2-5)
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subject to the constraints

AX < B
X >0
where
A = [aij], B = {bi}
C = . X = .
{cj}, {x]}
for 1 =1, 2, . . . ,my, and j =1, 2, . . . , DN.

In contrast to the case of non-linear programming problem,
a solution of a linear programming problem can usually'be
obtained by a specific algorithm.

A linear programming problem, in which some variables
are required to take on only discrete values, is defined as
a "mixed" problem. A solution of a mixed problem may be
obtained by using the Land and Doig algorithm described in
Reference (7), if an approximate solution obtained by round-
ing off the continuous solution to satisfy the discreteness
requirements is deemed too crude.

The Land and Doig algorithm can be briefly described as
follows. First, a continuous solution of a mixed problem is
obtained. Then, two additional solutions of the problem are
obtained by forcing a discrete variable to take on successively,
the discrete values on either side of its value from the
continuous solution, while all the other constraints remain
unchanged. The solution with the smaller value of the linear
objective function is selected, and the corresponding discrete
variable is held constant. 1In this manner, other discrete

variables are forced to take on discrete values, and each time
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a solution with the smaller value of the linear objective
function is selected. Proceeding this way, the vector of
design variables in which all the variables required to take
on discrete values have done so is considered to be a solu-
tion of the mixed linear programming problem.

An iterative procedure involving the solution of a
mixed linear programming problems can be constructed to obtain
an approximate solution of the non-linear programming problem.

This is illustrated in the following.

2.2 Application to Design.

The application of the above mentioned method is explained

in the following.

2.2.1 Statement of the Linear Programming Problem, The

linearized objective function ZL to be minimized is obtained
by a linearization of the expression of Z as given by Equation
(1-1) by a direct application of equation (2-3), and is

presented as follows.
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1
The superscript "o" denotes the known values of the design
variables of the initial design for the first cycle, or, for
subsequeht cycles, the known values of the design variables
of the preceding cycle.

Some of the constraints imposed by the specifications

are nonlinear. A nonlinear constraint can be linearized as
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follows. All the variables of a nonlinear constraint are
transferred to the left side of the equality, or inequality
representing the constraint. The linear terms of Taylor
series expansion of that side, about the given expansion
point, yields a linearized constraint. |

Consider a non-linear constraint ®i(X) < bi‘ The linear
terms of the Taylor series expression of ¢(X) at a expansion

o]
point X 1is as follows.

_ o 0¢4 (X)) o
¢i(X) = @i(x ) +5§E- (xl - xl) + .. .
o)
a¢i(x ) o
+axn (xp = %) < by (2=7)

A rearrangement of the equation (2-7) yields

o) [o]
3¢, (X ) 4 +a¢i(x ) < b.
+ iii(X) . xo + . 0. .+ iii(X) . x° (2-8)
ax%q 1 9% n

For purposes of calculation the following approximation

was used.

o o] o}
20, (X ) 65 (X + x5 - $5(X) (2-9)

0X . AX.
J J

The treatment of the nonlinear constraints will be
illustrated by a consideration of the nonlinear

constraint Equation (1-10):

hv’fV
7500

w = (2-10)
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Substituting f, = V/(h tw), in which V is the total

shear, the above is written as follows.

3
woo 1
hv (7500) 2 (2-11)

An expression of V at any point along the girder can
be written in terms of the design variables. For
example, the expression of V at the simple support of
the suspended span L2, is written as follows.

Vs Vy o oF (VL.L.) (Sg/WL) (2-12)
The expressions to determine Vp . and Vy 1, can

be written as follows.

Vp.L., = 2 (2-13)
2
32(L, - 14)  8(L, - 28)
- +
v L = I |32+
e L2 L2
or I [26 + 0.640 LQ/Z} in kips (2-14)

which ever is larger.

where I impact factor [50/(L2 + 125), or maximum o.30] ,

the total dead load including the bridge railings

and W
plus concrete slab and girder.
The quantity w is a function of all the design variables.

Thus, the constraint (2-11) can be written as

t3 1
X) = W = b = _
$(X) = e (2-15)

Since, as explained above, the quantity V can be calculated for
a given set of design variables, so can the function ¢.
Therfore, by use of equation (2-9) the derivatives can be
computed. The nonlinear constraint can be thus linearized by

a direct application of equation (2-8).
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The co-efficients of the design variables in the
linearized as well as linear constraints are the elements
aij of the matrix A in Equation 2-5. The constant terms
on the right hand side of the equality or inequality are
the elements b, of the matrix B in Equation 2-5.

The nonlinear constraints which check fatigue, local
buckling of compression flanges, live load deflections, and
factor of safety against lateral buckling of the girder, are
not considered in the formulation of the ﬁroblem using
linear programming. Usually, these constraints are inactive
when the other constraints are satisfied, and the inclusion
of these constraints greatly increases the complexity of the
problem. It will be shown later that even without these

constraints the linear programming approach is rather time

consuming as compared to the other methods.

2.3 Iterative Procedure

In this section will be described a procedure for an
approximate solution of the nonlinear programming problem.
The procedure involves a number of cycles of iterations.
Each cycle consists the solution of a series of linear
programming problems. A cycle of iterative procedure
consists of: (a) the selection of the expansion point>in
the space of design variables, (b) the solution of a mixed
linear programming problem obtained by linearizing the non-
linear programming problem at the expansion point, and (c)
a check of the convergence of the iterative procedure. The

details of the procedure are described in the following steps,
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and a flow chart of the iterative procedure is shown in
Figure 2-1.

1. TFor the first cycle, assume a set of feasible
values for the independent design variables, and the
dependent design variables are determined by using the
conventional elastic design procedure. The vector of the
design variables--dependent and independent--is taken as the
initial expansion point, and the cost of the bridge (based
upon the nonlinear function) is evaluated.

2. Obtain a linear programming problem by linearizing
the nonlinear programming problem. This involves the deter-
mination of the elements of the matrices A, B, and C in
Equation 2-5, as explained in Section 2.2.1.

3. Solve the mixed linear programming problem using
the Land and Doig algorithm. Obtain a continuous solution
of the linear programming problem. Denote the solution

vector by Xg = X%, in which q stands for the index of the

l’

cycle of iteration, and p the index of the linear programming
problems for a given q (for a fixed expansion point Xg).

If value of N in Xl is not an integer, obtain two solutions

1
of the linear programming problem by subjecting N to take on
integer values of either side of its value in the continuous
solution, while all other constraints remain unchanged. For
example, if N = 5.36, obtain first solution with N = 5, and
second N = 6, while all other constraints remain unchanged.
These two vectors of design variables can be indicated by

1 1

9> and X3. Select the solution vector (X%, or X%) with the

smaller value of the linearized objective function, and hold

X
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the corresponding value of N constant for the linear
programming problems that are to follow. Similarly,
discreteness requirements of the variables h and bf are to
be satisfied, successively, by using a solution vector with
the smaller value of the linearized objective function
L); where p = 4, 5,

The vector of the design variables with discrete values

(z

of N, h, and bf, and the smallest value of (ZL)E’ is con-
sidered as a solution of the mixed linear programming program
for qth cycle of iteration, and it is denoted by gg. Compute
the value of the nonlinear objective function Zg, correspond-
ing to the solution vector ?g. Note that the values of
(ZL)g, and Zg corresponding to ig are different. (Numerical
examples indicated that (ZL)E were greater than Zg.)

4. Obtain the vector Xg+l by using the independent
design variables from Rg, and then determining the dependent
design variables by using the conventional elastic design
procedure. The vector Xg+l is taken as the expansion point
for the (q+l)th cycle of iteration, if it is necessary.

5. The iterative procedure is considered as "converged"
if the following requirement is satisfied.

23 - 23 < e | (2-186)
where Zg is the value of the nonlinear objective function
corresponding to Xg, and € is of the order of 1% of Zg.

If the iterative procedure converges in the qth cycle of

+1 . .
iteration, the vector Xg 1 is accepted as the design.
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2.4 Implementation and Examples

A computer-aided design of the bridge using linear
programming consists of the following steps: (a) Assume
initial feasible values for the independent design variables,
and determine the values of dependent design variables.

A computer program named GIRDER was written for this purpose.
(b) The initial vector of design variables is used to deter-
mine the elements of matrices A, B, and C. A computer program
named MATRIX was written for this step. (c) The linear
programming problem is solved by using the OPTIMA program
which is available on the CDC 6500 Computer System at Michigan
State University. Each step was completed separately. The
entire procedure was semi-automatic, and did not prove to be
quite efficient.

Three examples were considered. The data are given in
Table 2-1. The initial designs of these bridges had been
obtained by the conventional method, and they were actually

built for use in the State of Michigan.

2.4.1 Example 1 The results of cost-optimization of this
example are given in Table 2-2. The cost of initial design
of the bridge, at the first cycle of iteration, is $194,800.
Two cycles of iteration requiring five solutions of linear
programming problem are needed to determine a near minimum-
cost design. The cost of the final design, $184,900, is

5.1% less than the cost of the initial design.
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2.4.2 Example 2 The results of cost-optimization of this
example are given in Table 2-3. The cost of initial design
of the bridge at the first cycle of iteration is $173,500.
Two cycles of iteration, requiring six solutions of linear
programming problem are needed to determine a near minimum-
cost design. The cost of the final design, $161,200, is

7.1% less than the cost of the initial design.

2.4.3 Example 3 The results of cost-optimization of this
example are given in Table 2-4. The cost of initial design
of the bridge, at the first cycle of iteration, is $46,4L40.
One cycle of iteration, requiring three solutions of linear
programming problem is needed to determine a near minimum-
cost design. The cost of the final design, $u47,860, turns
out to be greater than that of the initial design.

For this example, the iterative procedure converged to
a design which costs more than the initial design. This is
not entirely unexpected since linearization of a non-linear

problem does introduce errors.

2.4.4 Discussion

The linear programming method, as outlined in this
chapter, seems to work for Example 1, and 2, but not for
Example 3. Improvements in the solution of Example 3 could
be attempted by selecting a different initial design point.
However, such an approach is deemed time consuming and
expensive. Therefore, alternative methods of optimization
which would consider the nonlinear problem without lineariza-
tion are investigated. These methods are described in the

following chapters.



CHAPTER TIII

DESIGN BY THE GRID SEARCH METHOD

3.1 Introduction

=

A successful application ¢i linear programming to a
minimum cost structural design problem must overcome the
difficulties due to the nonlinearities of the problem and
the discreteness of the design variables as illustrated in
the preceding chapter. The procedure using linear program-
ming as described earlier did appear somewhat unwieldy. As
an alternative, a more direct search method suggests itself
because the independent design variables are usually discrete.
A straight forward examination of all the possibilities to

determine the optimal design would involve ; m. designs,

i=1

where m. is equal to number of possible values that the ith
independent design variable can take on, and n is equal to
number of independent design variables. Of course, it is not
efficient to investigate all the possibilities in order to
determine the optimal design. However, a suitable search
method such as the grid search method could enable the
engineer to reduce the number of possibilities to be
investigated.

For the problem at hand, a two-dimensional grid search

method is proposed to determine the values of the independent

29
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design variables-- N, LC, h and be --which would minimize
the total cost of the bridge. The feasible discrete values
of N and LC formulate the two-dimensional design space, and
those of h and bf formulate the othef two-dimensional design
space.

The first step in setting up the procedure is to
establish the space of the search, i.e., the limits and
increments of each of the independent variable. A typical
cycle of the grid search consists of (a) the determination
of the costs of designs corresponding to the, say, n points
of the grid which is centered on a given point, (b) compari-
son of these costs to locate the best (the lowest cost)
design, and (c) the use of the best design from the previous
cycle as the grid center for the next cycle, unless it coin-
cides with the center of the grid, in which case, the search
method is terminated. The design corresponding to the lowest
cost thus determined is taken to be the design desired. This
approach implies the assumption that the design space is

convex, and a local minimum is also the global minimum.

3.2. Problem Solution

For the application of the grid search method to obtain
a near minimum-cost design of the bridge it is necessary to
determine the limits of the design space, i.e., the lower
and upper bounds of the feasible values of the design
variables. The size of the grid should be such that the
design space covers the practical possibilities of the

design.
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3.2.1 Design Space and the Size of Grid. The criteria used

to determine the limits of the design space and grid size

are as follows. The lower and upper bounds of the number

of girders are such that resulting spacing between successive
girders should be within the range of 6.5' to 12.0'. In any
case, the number of girders shall not be less than three.

The increment of N is equal to one. The lower bound and
upper bound of length of cantilever L, are (Ll/10—2) and
(Ll/10+2), respectively. The increment of L. is set equal

to one foot.

The lower bound of the depth of the web plate h is set
by Section 1.7.11 of the Specifications which states that
the ratio of depth of steel girder alone to length of span
shall not be less than 1/30. Prevailing practice usually
considers 42" to be its minimum value. The upper bound of h
is equal to its lower bound plus 24" unless it is determined
by the grade of the roadway. The increment of h is taken to
be 6". The lower and upper bound of the width of the flange
plate be are 14" and 22", respectively. The increment of be

is taken to be 2".

3.2.2 Details of the Procedure. The procedure to obtain a

minimum-cost design of the bridge using the grid search method
is depicted in Figure 3-2, and described in the following.

1. Refer to Figure 3-1. A starting point in the design
space of N and LC is selected with N corresponding to minimum
girder spacing and LC about one tenth of the length of anchor

span L;. A 3x3 nine point grid (refered to as Grid I) is
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centered on this starting point, and the values of N and
LC corresponding to the other points of Grid I are determined.

2. TFor a given set of N and Lc at each of the nine
points of Grid I, determine the values of h and bf such that
the total cost of the bridge corresponding to the point of
Grid I is minimized. This is achieved by searching the design
space of h and De. The following steps: 3, 4, and 5 des-
cribe the grid search in that design spdce.'

3. A starting point in the design space of h and bf is
selected such that the values of both variables are minimum
allowable. A 3x3 nine point grid (refered as Grid II; see
Figure 3-1) is centered on this starting point. (It may be
noted that if the center of the grid is on the boundary, the
number of grid points will be less than nine.) The values of
h and be corresponding to the points of Grid II are
determined.

4. For each of the nine points of Grid II, the design
of the bridge is completed by using the conventional elastic
design procedure, and the cost of the bridge is determined.
The costs of the nine designs are compared, and the design
with the least cost is found.

5. If the least-cost point of Grid II is the center
of the grid, the search in the design space of h, and bf is
terminated. Otherwise, the point corresponding to the
least cost design is used as the center of Grid II for the

next cycle, and the steps 3, 4, and 5 are repeated.
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6. The cost of design corresponding to each of nine
points of Grid I is determined. These costs are compared
and the least cost design is located.

7. If the least cost point of Grid I is the center of
the grid. The search in the design space of N, and LC is
terminated. Otherwise, the point corresponding to the least
cost design is used as the center of Grid I for the next
cycle, and the steps 1 through 7 are repeated.

To reduce computational work, the information about the

designs corresponding to all grid points encountered in

the search process is stored in computer memory.

3.3 Practical Applications

The designs of three bridges are considered to illustrate
the application of the grid search method. The designs of
these bridges have been also obtained by linear programming

in Chapter II.

3.3.1 Example 1 The summary of the results of this example
is given in Table 3-1. The lower bounds of N, Lc’ h, and bf
are 5,9', 48", and 14", respectively. The upper bounds of
N, Lc, h, and bf are 7, 13 54", and 22", respectively. The
number of designs required to be investigated to determine
the optimal design by exhaustive search is 150.

For the first cycle, N = 7, Lc = 11, and h = 48, bf = 14
are the co-ordinates of the center of Grid I and Grid II,
respectively. The number of designs that have been considered

when the minimum-cost design by the grid search method is

obtained is 36. The values of N, Lc, h, and bf which minimize
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Z are 7,10', 54", and 14", respectively, and the corresponding
cost of the bridge is $184,840 or $15.66/sq. ft. of the

bridge.

3.3.2 Example 2. The summary of the results of this example
is given in Table 3-2. The lower bound of N, Lé’ h, and bf
are 5,9', 48", and 14", respectively. The upper bound of N,

L h and b are 7,13', 54", and 22", respectively. The

C,

number of designs for an exhaustive search is 150.

For the first cycle, N = 7, L 11, and h = 48,

c
bf = 14 are the co-ordinates of the centers of Grid I, and
Grid II respectively. The number of designs covered when
a minimum-cost design by the grid search method is obtained
is 48. The values of N, LC, h, and bf which minimize Z are

6,13', 54", and 14", respectively. The corresponding cost

of the bridge is $160,130, or $15.33/sq. ft. of the bridge.

3.3.3 Example 3. The summary of the results of this example
is given in Table 3-3. The lower bounds of N, Los h, and
bf are 3,5', 42", and 14", respectively. The upper bounds
of N, LC, h, and be are 4,9', 66", and 22", respectively.
The number of designs required to be investigated for an
exhaustive search is 250.

For the first cycle, N = 4, LC = 7, and h = 42,

bf = 14 are the co-ordinates of the centers of Grid I, and
Grid II, respectively. The number of designs investigated
when the minimum-cost design by the grid search method is

obtained is 32. The values of N, Lc’ h, and bf which



35
minimize are 4,8', 42", and 14", respectively. The
corresponding cost of the bridge is $45,960, or $11.86/
sq. ft. of the bridge.

It may be noted that each of the above examples the
grid search method involved a substantially smaller number
of designs than required by an exhaustive search. Comparison
of procedures to obtain nearly optimal designs of the bridge
by the grid search and linear programming method will be
postponed after the next chapter. With a view to improving
the efficiency of the search method, the method of bounds

is considered and is described in the next chapter.






CHAPTER IV

DESIGN BY THE METHOD OF BOUNDS

4,1 Introduction

The computer-aided designs of two-span cantilever
highway bridges by using linear programming and grid search
method have been explained in Chapters II, and III, respec-
tively. The grid search method seems more efficient than
the linear programming method. The method of bounds, as
described in this chapter, is investigated as an improvement
upon the grid search method by reducing the amount of compu-
tational work. The key idea that makes the reduction possible
is that the search to determine a nearly optimal design may
be terminated if the cost of the current feasible design is
within a pre-specified "tolerance" of an "effective lower
bound" .

Thus the first step of the method is the establishment
of an effective lower bound, Zf. It should be as ciose to
the largest lower bound as possible. The latter, of course,
is the optimal solution and is unknown. A certain amount of
insight of the engineering problem is necessary in order to
establish an efficient Zg. Aside from its dependence on an
evaluation of Zf, the accuracy of the method also depends on
the tolerance, €. In fact, the method may not lead to a
solution if values of Zg and e are such that (Zf + ¢) is less

36
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than the true optimal solution. This can be seen with the
help of Figure 4-1. The method is described in detail in

the following section.

4.2 The Method of Bounds

A nearly optimal design of the bridge by using the
method of bounds may be determined as follows. Refer to
Figure 4-1. (a) Determine an effective lower bound of the
cost of the bridge, Ze. (b) use a suitable search method
to obtain a feasible design with cost Z, which is within
a pre-specified tolerance ¢ of the effective lower bound,
and (c) terminate the search when first such design is
found.

A feasible design is said to be a nearly optimal if

both of the following requirements are satisfied.

(4-1)

IA
N
c

Z

7 < 7. + ¢ (4-2)

where ZY is an upper bound of Z (monotonically decreasing),
and ¢ is an assumed tolerance.
An upper bound of Z is the cost of a feasible design.
During the search process, when a new feasible design is
found and if its cost satisfies the condition (4-1) that
cost will be taken as Z" for the next feasible design. In
this manner Z“ would be monotonically decreased.
An effective lower bound Zf, is essentially a fully-
stressed design of the bridge. It is obtained by the following

procedure. The reinforced concrete slab is designed using
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the conventional elastic design procedure. The welded
steel plate girder is designed such that the flange plates
satisfy the maximum bending stress criterion only, and the
web plate satisfies the maximum shear stress criterion, and
local buckling requirements. Other requirements such as
lateral buckling of the girder are not satisfied. Therefore,
the design is an infeasible one.

The depth of the web plate is set equal to the maximum

allowable, 1/20 of the span length L This results in less

1
material in the flange plates. The width of the flange plates
is set equal to the minimum allowable, i.e., 14". The values
of N and Lc are such that Zf is minimized by using an
exhaustive search. As mentioned early, the main objective
of this technique is to determine a lower bound sufficiently
close to the least upper bound Z* without exceeding it, and
the procedure should not be overly time-consuming.

The value of the tolerance € may be assumed to be of
the order of 10% of the effective lower bound. If the value

of Zf and ¢ are such that a nearly optimal design cannot be

located, then the values of Zf and/or e should be revised.

4.3 Practical Applications

The designs of the three bridges considered earlier in
Chapters II, and III are again undertaken to test the method
of bounds.

A design of the bridge is obtained using the computer
program "BRIDGE", which is modified for the method of bounds

by adding subroutines to determine Zf, and adding the
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conditions (4-1), and (4-2) to check for termination of the
procedure. The program is available for use on the B 5500
computer system of the MDSH. Input data for the program is
the design data of bridge and output consists of the details
of a complete design. The User's Manual of the program is
given in Appendix I, the listing of the program is given in

Appendix II.

4.3.1 Example 1: A summary of the results of Example 1 is
given in Table 4-1. The values of 7%, Zf + ¢, and Zf are
$181,900, $187,895, and $169,275, respectively. Three designs
were investigated to locate a nearly optimal design. The

cost of the nearly optimal design is 2.5% more than that of

the true optimal design.

4.3.2 Example 2: A summary of the results of Example 2 is
given in Table 4-2. The values of 7%, Zf + e, and Zf are
$160,130, $162,616, and $146,501, respectively. Twenty three
designs were investigated to locate a nearly optimal design,

and its cost is 0.24% more than that of the optimal design.

4.3.3 Example 3: A summary of the results of Example 3 is
given in Table 4-3. The values of Z%*, Zg + e, and Z; are
845,956, $u6,344, and $42,751, respectively. Nine designs
were investigated to locate a nearly optimal design. The
nearly optimal design of this example is the same as the

optimal design determined by the exhaustive search.

The foregoing examples indicate that the method of bounds

requires less number of designs than that required by the
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grid search method. Thus, the computer-aided near optimal
designs of three bridges have been completed by three
different methods of optimization. A detailed comparison
of the resulté of these examples is presented in the next

chapter.






CHAPTER V
COMPARISON OF THE METHODS

OF DESIGN AND CONCLUSIONS

Computer-aided near optimal designs of two-span
cantilever highway bridges have been presented in the
previous chapters. Linear programming, the grid search,
and the method of bounds have been used to obtain designs
of three bridges. Computer programs have been prepared to
implement the above methods of optimization. Comparison of
these methods of optimization, and conclusions based upon
the results of the research are given in the following

sections.

5.1 General

Viewed as a mathematical programming problem, the cost-
optimization of the bridge design problem is a nonlinear
one. Only approximate solutions of the problem are practic-
able. The approach considered consisted of linearization
and the solutions of a series of linear programming problems.
However, such a procedure proved to be rather cumbersome and
with no guarantee of good accuracy.

The search methods--the grid search method, and the
method of bounds--involve simple mathematical strategies

with results that are at least no less accurate than the
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linear programming approach. Another factor worthy of

mentioning is the consideration of future changes in design

specifications. It would appear that to incorporate in

the computer program any change in the design requirements
would involve considerably less difficulty for the search

method than that for the linear programming method.

The major difference between the grid search method and
the method of bounds lies in the criteria used to terminate

the search. By terminating the search in the method of

bounds when the cost of a current design is within a pre-
specified percentage of its effective lower bound, the
number of designs which are investigated to locate a nearly

optimal design can be reduced considerably from that required

by the grid search method. However, the formulation of the

method of bounds requires considerable insight of the bridge

design problem in order to determine an effective lower

bound Z. and a tolerance e. It seems that only a trained

f

structural engineer would possess such insight. Furthermore,

the method without modification, would fail if improper

values of Zf and € are used.

5.2 Comparison of the Results

The results of cost-optimization of Examples 1, 2, and

3 obtained by the various optimization methods, are given

in Table 5-1. Computer times used to obtain the solutions

of these examples are given in Table 5-2.

A comparison of the cost of the bridge design obtained

by using the traditional method with the costs obtained by

—_———
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using the optimization methods indicates that the latter
produce more eccnomical designs. Similarly, a comparison
of the costs of the bridge obtained by the methods of optimi-
zation shows that the difference between the optimal cost
determined by the exhaustive search and a nearly optimal
cost determined by the grid search, or by the method of
bounds, is less than 2.5% of the optimal cost.

The computer cost to obtain a nearly optimal solution
is about 0.01% to 0.02% of the total cost of the bridge,
whereas the average saving in the total cost of the bridge
is about 4.0% of the total cost of the bridge designed by
using the traditional method. Thus, the computer-aided
near optimal design would result in a net saving of about

L}.O%'

5.3 Conclusions

The following conclusions based upon the results of
the present study.

(1) It is feasible to use computer-aided designs for
the bridges considered herein and that such practice would
result in engineering economy.

(2) The search method is more suitable than the linear
programming method for the type of structural design problems
considered in which the objective function and the constraints
are nonlinear, and the variables are largely discrete.

(3) The method of bounds seems to be a more efficient

approach than the grid search method. However, this method



by
does require an insight of the bridge design problem
which only trained structural engineers are likely to
possess.

An extension of the present work may include the
application of a similar approach to other types of bridges
and also to the use of the Load Factor design method allowed
by the AASHO specifications. However, a more basic problem
that needs study appears to be an automatic procedure for
setting the new values for Zf and ¢ in the event that the
search procedure could not produce a design that satisfies

the bounds first set.
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(a) General View

Figure 1-1 Photographs of A Two-Span Cantilever

Highway Bridge.

(To be

continued)
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(b) Cantilever and Hinge

Figure 1-1 (Continued)
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- Ref. Line (Typ.)
B. = Length of Bridge

1 fwﬂ

e

: Highways
by L .
Anchor Span Suspended Span
Cantilever Length - Brg. (Typ.)
Le

Bridge Elevation

B B = Width of Bridg; - \
T T T T
|5 |

2'-6" (Typ.)

IGirder - |
Spacing

Bridge Deck Section

Figure 1-2: Two-Span Cantilever Bridge Details
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F_J:_iif (‘th ] {- £3 | {—qfu {-tfs [:tfu ‘
i — |

! 7)*
h y
i i r i sl | f i
PO o PO B I Mo o O
tee Ltf7 teg ~teg t'tflo teg
By K1k By |Lc| By K,L, B,
Ly . L,
Brg. - LB
By = 0.5 (1 - K) L B, = 0.5 (1 - K, L,

Elevation of Two-Span Cantilever Girder

h = depth of the web plate (in.),

Kl = cut-off ratio,

K2 = cut-off ratio,

L, = length of anchor span (ft.),

L, = length of suspended span (ft.),

L, = length of cantilever (ft.),

te = thickness of the flange plate (in.)
i o= i=1, 2, . . ., 10.

Given: Ll and LB

Figure 1-3: Two-Span Cantilever Girder Details

(To be continued)
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Shear Connector
/A
l . ’ .
_J_’_Tp T‘ﬁ""“:""> Ts
——\. IDID SN\ / “\\“‘\““
N 4
N . A . ‘ S
N N.A,
N
N
N
tor N
w2 Q
b
bf f
Composite Section Non-Composite Section
AS = area of steel reinforcement in
slab (in.z/ft.),
be = width of flange plate (in.),
T, = thickness of slab (in.),
twi = thickness of the web plate in the anchor
span (in.),
to F thickness of the web plate in the
suspended span (in.),
N.A.= neutral axis.

Figure 1-3 (continued)
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8,000 Lbs.* 32,000 Lbs.* 32,000 Lbs.=*

14'-0" |  Varies, 14'-0" Min.

@ O 30'-0" Max. @

Standard HS 20 ]

18,000 For Moment

Concentrated Load
in Lbs.

26,000 For Shear

Uniform load 640 1lbs. per

linear foot of load lane

////‘///////////////

HS 20 Lane Loading

* Weight on the axle.

Figure 1-4: Standard HS 20 Truck Loading
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Read input datg

q (index of cycle of iteration) = 1

p (index of linear programming problem) = 1

i

Assume feasible values of N,Lc,h, and bf, and

determine Xg, and Zg (@ = 1) using conven-

tional elastic design method

-
y K |

Determine the elements of matrices A,B, and C

to define the mixed linear programming problem

Minimize F = CX subject at A X<B, and X>0

]

Obtain solutions Xg (p = 1,2,3,. . .) by

using the Land and Doig algorithm. Determine

(z )q, and z9 of the solution vector X9.
L°p P P

N q _ »9 e 4 v4d :
ﬂ.;z__<:;zo Zp g 1% Zo Yes Xp is a

solution
q=q+ 1, and p = 1
!
Use N, L_  (rounded off), h, Use N,L (rounded
c c

and bf from the solution off), h, and bf from
vector, and determine Xg ig, and complete

and Zg. the design

!

write the details

of design

End

Figure 2-1: TFlow Chart of the Iterative Method
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To minimize Z = Z(N, LC, h, bf)

Feasible Design Space

L_l_..|
114 | l? ‘
N ———|—2~Center of
1 Grid I
L L \
c
N
—— Feasible Design Space
| 6"
jr‘ < A) < Y A) < Al
2" N j Y
N — }—Center of
be \ Grid II
N
N N
h

Figure 3-1: The Grid Search Method
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Read input data7

Determine the limits of design space, i.e.

lower and upper bounds of N,LC, h, and bf

co-ordinate of center of Grid I = co-ordinates

For the first cycle use the specified co-

ordinates.

of the least cost design from the previous cycle.

J

Determine co-ordinates of a point of Grid I

at which corresponding design is to be minimized.

Yes Are N,L_ corresponding to the grid No

1

point within the design space

©

Ye

s ////Are the designs corresponding to

\\\nine points of Grid I investigated?

Determine new co-ordinates of cénter of Grid I

corresponding to the least cost design.

No

Are the co-ordinates of center of Yes

Grid I changed?

Write the details of a minimum-cost design

Figure

No

End (to be continued)

3-2: Flow Chart of the Grid Search Method
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©)

Co-ordinates of center of nine point Grid

I1 = co-ordinates of the least cost design
from the previous cycle. For the first cycle

use the specified co-ordinates.

Determine co-ordinates of a point of Grid II

at which corresponding design is to be com-

pleted.

i

Are h, and bf corresponding to the

No

grid point within the design space?

Complete the design and determine the cost
of the bridge Z, and store required design

information

Are the designs corresponding
No

to nine points of Grid II :>> -—

Yes

investigated?

Determine new co-ordinates of center of

~=~ Grid II corresponding to the least cost

design

i

Are the co-ordinates of center of Grid II Yes

No

changed?

Store optimal values of h, b, and Z (:>

corresponding to a given set of N, and L,

Figure 3-2 (continued)
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Z = Z(N, L, h, bg)

| K;— Feasible Design Space

< Y hY ) Y Y ~ Ay < < Y <

5 A

N
N

N
74 3

3
\ ~

N
N

N
Z + 4

\ Z —— Zg te

~

N
N

N
N ]

3

A S RN A A e AN A

<

f
(N, LC, h, bf)
Z = cost of a current feasible design,
Z% = the least upper bound of Z,
z4 = upper bound of Z, decreasing as the
search goes on,
Zf = an "effective lower bound,"
e = tolerance which is some assumed percentage
of the value of Zf.

Figure 4-1: The Method of Bounds
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Table 2-1: Data for Design of the Bridges

Dimensions and Loading  Example 1 Example 2 Example 3
Bridge Length, B 236.00 232.00 152.00
Bridge Width, Bw 50.00 45.00 25.50
Span Length, L 116.75 114,75 74.75
Span Length, Ly 116.75 114,75 74.75
Truck Loading HS 20 HS 20 HS 20

Properties of

Materials used for Construction of the Bridges

Structural Concrete: minimum compressive strength
at 28 days is 3,000 psi.

Steel Reinforcement: Intermediate Grade Steel
deformed bars. Yield strength
of steel is 40,000 psi., and
allowable tension is 20,000 psi.

Structural Steel: ASTM A-36

Cost of Material

The cost of material includes costs of material and
labor.
Structural Concrete: $120.00/cu. yd.
Steel Reinforcement: $ 0.22/1b.

Structural Steel: $ 0.30/1b.
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Table 2-2: Results of Cost-Optimization of Example 1

(Using Linear Programming)

Design 1 1 1 1 1

Variables Xg Xy X5 X3 Xy
TS 7.50 7.50 8.00 8.00 8.00
Ag 0.66 0.66 0.75 0.75 0.75
tfl 0.75 0.75 0.75 0.75 0.75
tey 1.13 1.00 1.00 1.13 1.00
teg 0.75 0.75 0.75 0.98 0.75
tey 0.75 0.75 0.75 0.75 0.75
teg 1.13 1.00 1.00 1.11 1.00
teg 1.13 1.13 1.13 1.31 1.13
ten 2.13 2.08 2.08 2.34 2.08
teg 1.13 1.13 1.13 1.13 1.13
teg 1.00 1.00 1.00 1.00 1.00
teg 2.00 1.97 1.97 2.23 1.97
Ky 0.6U 0.64 0.6U 0.64 0.64
K, 0.65 0.65 0.65 0.65 0.65
t 0.50 0.50 0.50 0.50 0.50
wl
t 0.50 0.50 0.50 0.50 0.50
w2
h ug, 50.16 53.10 ug. 54,
bg 16. 16. 16. 16. 16.
L, 7.00 11.06 11.10 11.50 11.10
N 8. 7.36 7. 7. 7.
yA 194,800 188,930 188,620
Z, 487,128 487,835 492,291 490,884

(To be continued)



58

Table 2-2 (Continued)

Variobles X0 X1 Xo
Tg 8.00 8.50 8.50
Ag 0.75 0.75 0.75
tey 0.75 0.75 0.75
te, 1.00 1.18 1.25
teg 0.75 1.02 1.00
tey 0.75 0.75 0.75
tee 1.00 1.21 1.13
teg 1.13 1.44 1.25
teg 2.13 2.50 2.50
teg 1.13 1.13 1.25
teg 1.00 1.00 1.25
tero 2.00 2.40 2.38
Ky 0.62 0.65 0.65
K, 0.63 0.63 0.63
toq 0.56 0.56 0.56
o 0.50 0.50 0.56
h 54, 54, 54,
be 16 16. 16.
L, 11.50 11.50 11.50
N 7 6 6
z 186,800 185,050 184,900
Z; 459,478
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Table 2-3: Results of Cost-Optimization of Example 2 )

(Using Linear Programming)

Design 1 1 1 1 1

Variables X4 X1 X5 X3 Xy
TS 8.00 8.00 8.00 8.00 8.00
AS 0.66 0.66 0.66 0.66 0.75
tfl 0.75 0.75 0.75 0.75 0.75
tf2 1.13 1.13 1.19 1.25 1.00
tf3 0.75 0.75 0.75 0.78 0.75
tfu 0.75 0.75 0.75 0.75 0.75
th 1.13 1.13 1.18 1.22 0.97
tf6 1.13 1.19 1.31 1.35 1.13
tf7 2.25 2.25 2.47 2.53 2.19
tf8 1.13 1.13 1.13 1.13 1.13
tfg 1.13 1.13 1.13 1.13 0.88
tflO 2.13 2.15 2.36 2.41 2.10
K1 0.65 0.65 0.65 0.65 0.65
K2 0.63 0.63 0.63 0.63 0.63
t 0.50 0.50 0.50 0.50 0.55
wl
t 0.50 0.50 0.50 0.50 0.56
w2
h L8, 51.56 49.08 ug. 54,
bf 16. 16. 16. 16. 16.
LC 6. 10.48 10.03 10.03 10.03
N 7. 6.1 6. 6. 6.
Z 173,500 166,500 161,300
ZL 436,471 437,756 438,822 438,362

(To be continued)
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Table 2-3 (Continued)

eziiggles Xg Xi Xg Xg
Tg 8.00 8.00 3.00 9.00
Ag 0.75 0.75 0.81 0.81
te 0.75 0.75 0.75 0.75
te, 1.00 1.03 1.3Y 1.25
teg 0.75 0.78 1.03 0.88
tey 0.75 0.75 0.75 0.75
tee 1.00 1.00 1.32 1.35
tee 1.13 1.24 1.56 1.50
teo 2.13 2.29 2.77 2.88
teg 1.13 1.13 1.14 1.50
teg 1.00 1.00 1.00 1.38
terg 2.00 2.17 2.64 2.63
K, 0.63 0.63 0.63 0.63
K, 0.62 0.63 0.62 0.62
t 0.56 0.56 0.56 0.63
t o, 0.56 0.56 0.56 0.56
h 54, 5. Sl . 5y
be 16. 16. 16. 16.
L, 10.00  10.50  10.50  10.50
N 6. 5.65 5. 5.
Z 161,200 167,000 167,800
7 398,674 400,284
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Table 2-4: Results of Cost-Optimization of Example 3

(Using Linear Programming)

eziiggles X% X% X% Xé Xg
ST 8.00 8.00 9.00 9.00 9.00
AS 0.66 0.66 0.81 0.81 0.81
tfl 0.63 0.63 0.63 0.63 0.75
tf2 0.63 0.63 0.63 0.63 0.75
tf3 0.63 0.63 1.01 0.85 0.75
tfu 0.63 0.63 0.63 0.63 0.63
tf5 0.63 0.63 0.63 0.63 0.63
tf6 0.75 0.86 1.32 1.13 0.88
tf7 1.34 1.45 2.15 1.88 1.63
tf8 0.75 0.75 1.02 1.00 0.88
tfg 0.63 0.63 0.63 0.63 0.88
tflO 1.25 1.35 2.00 1.75 1.63
K1 0.59 0.58 0.60 0.60 0.59
K2 0.60 0.60 0.60 0.60 0.60
twl 0.44 O.uk o.uy o.uy 0.56
tw2 0.4y 0.4y 0.u44 0.4k 0.50
h 42 4y,.69 42, 48 48,
bf 1y 14. 1y, 1y 14,
Lc 7.50 7.50 7.50 7.50 7.50
N 4, 3.63 3. 3. 3
v/ 46,440 46,320 46,260 47,860
v/ 105,671 108,075 107,962
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Table 3-1: Summary of the Results of Example 1

(Using the Grid Search Method)

Feasible Design Space-_7

13 N\ N . Al . Y . Y . Y Al ‘j‘
12‘ \ (54,14) 1 (54,11
11 i (54,14) (54,14)
10 i (54,14) ] (54,14)
) 4
9 ) (54,14) (54,14)
N
13 e
12 : 185,860 : 192,010
\ 186,460 | 186,240
11 p G
S
10 : 186,910 | 184,840
[ \
9 k\ ENL . U . V. N 18932004‘ * 186,”70
Y 5 6 7 8
N
Note: The optimal values of h, and b, are shown in the

first table, and corresponding values of Z are
shown in the second table, for a given set of N,
and Lc. 0 denotes the co-ordinates of the center

of grid for the first cycle.
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Table 3-2: Summary of the Results of Example 2
(Using the Grid Search Method)
Feasible Design Space
(54,14) (54,14) ; (48,14)
N‘ N ~ ~ ~ A N N \[‘
[ (su,14) | (su,14) | (us,1w)
p )
[ (54,14) (54,14) | (48,1u)
N N
\ (54,14) ] (48,14)
3 N
Y 5 6 7
N
167,680 160,130 166,610
k‘*ﬂ"—‘“‘ NN NTN N\ Al ‘~
[ 168,220 160,240 1168,u450
[ 168,080 160,520 1166,760
\ 162,980 {166,600
\ \
m 5 6 7
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Table 3-3: Summary of the Results of Example 3
(using the Grid Search Method)

Feasible Design Spéce

(48,14) (42,14)

[ iy

b o(ug,14) ] (42,14)

b (48,14) 1 (u2,1u4)

P (48,14)  (42,1h)

3 Y 5 6
N
47,620 46,320
i
A R
| 47,870 | 45,960
3
48,020 | u6,140
\ N
L 48,090 47,010
3 4 5 6






65

Table 4-1: Summary of the Results of Example 1
(using The Method of Bounds)

Z*% = $181,900 Zf = $169,275 Zf + € = $187,895

Feasible Design Spaci;;7

13 hY Y Y Y Y Y B TN \/
12 )
c N
11 | h
N N
10 5 (54,14)
9 LY D N AN N AN 3 AY AN 3 W
L 5 6 7 8
N
13 A hY hY N Y Y Y ) NN ~ . N
§ |
12 N
\ \
11 N g
N .
10 L 184,840
L N
L N\
9 AN S S N S . AN S S A S S AN
4 5 6 7 8
N

Note: The optimal values of h, and b are shown in the
first table, and corresponding values of Z are
shown in the second table, for a given set of N,
and LC. O denotes the co-ordinates of the center

of grid for the first cycle.
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Table 4-2: Summary of the Results of Example 2
(using The Method of Bounds)
Z* = $160,130
Zf = $146,501
Zf + ¢ = $162,616
Feasible Design Space
13 AY N\ A N Y N Y Y ‘ﬁ7
/w
12 A 1 (u8,1u)
N 1
S N
N
10 | (54,14) (48,14)
N N
9 \\ LN S S L N AN AN A\
I 5 6 7
N
13 A Y A} ) ) ~ A} N N Y ~ ~ N
12 \ ] 168,450
N R
N A
11 ) 160,520 4 166,760
L\ N
10 N 162,980 166,600
\ N
N
g k; K, . [ ala N SN
L 5 6 7







67

Table 4-3: Summary of the Result of Example 3
(using The Method of Bounds)

Z* = $45,956
Zp = $41,751
Z. + e = $46,344

K(—————Feasible Design Space
N \ N (L+2’ll.})

N \
| (42,14)
1 (42,14)

m 5 6 7
N
\ 1 45,960
\ N
N 46,410
N
e 47,010
\ N
m 5 6 7
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Table 5-1: Comparison of the Results
Method Independent Cost Number
of Design $ per of
Optimization Variables sq. ft. Designs
N LC h bf
Example 1
Traditional Method 6 7.0 u48 16 17.05
Exhaustive Search 6 13.0 66 18 15.42 150
Linear Programming 6 11.5 54 16 15.68
Grid Search Method 7 10.0 54 1u 15.66 36
Method of Bounds 7 10.0 54 1y 15.66 3
Example 2
Traditional Method 6 9.0 48 16 16.14
Exhaustive Search 6 13.0 54 1u 15.33 150
Linear Programming 6 10.0 54 16 15.u48
Grid Search Method 6 13.0 54 14 15.33 48
Method of Bounds 6 11.0 54 14 15.38 23
Example 3
Traditional Method 4 7.5 42 1Yy 11.87
Exhaustive Search 4 8.0 42 1u 11.86 250
Linear Programming 3 7.5 48 14 11.93
Grid Search Method Y 8.0 42 1y 11.86 32
Method of Bounds 4 8.0 42 1y 11.86 3
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Table 5-2: Comparison of Computer Time

Example Method of Total Computer Computer
Optimization Time in Sec. System

Linear Programming 501 CDC 6500

1 Grid Search Method 321 B 5500
Method of Bounds 1399 B 5500

Linear Programming 502 CDC 6500

2 Grid Search Method 369 B 5500
Method of Bounds 269 B 5500

Linear Programming 321 CDC 6500

3 Grid Search Method 305 B 5500

Method of Bounds 213 B 5500
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1. Introduction

"BRIDGE" is a computer program for a nearly optimal
design of two-span cantilever bridges. The program is
written in FOTRAN IV, and it is available on the B 5500
computer system of the Michigan Department of State Highways.
To use the program one needs the usual peripheral cards for
access to the computer and data cards for his program.

In the followihg paragraphs, the scope and limitation
of the program, the makeup of the user's card, the data
card deck, and the description of the output are given. Next,
an example is given.

The program is written by Kulkarni, S. R. The subroutines
which are required to design the welded plate girder are
provided by the computer programming section of the design

division of the Michigan Department of State Highways.

2. Scope and Limitation

The program is intended to determine a near minimum-cost
design of the two-span cantilever bridge. The type of bridge
is reinforced concrete slab on welded steel plate girders with

shear connectors.

3. User's Card Deck

A set of these cards can be obtained from the computer
programming section. Usually, the first card of the set
shows the account number of the program. The second card
shows the computer time requested, and the remaining cards
are the system cards for the access to computer. For data

deck, see next section.






4, Data Card Deck

Card
No.

Data

SQUAD, SQD
MONTH
IDAY
IYEAR

BRL
BRW
SPANL1
SPANLB

RDW

TUTIL
TSWLL
RAILWT

LOAD

STRESA
FC
RMOD
FR

Cl
C2

C3

UBWEBD

73

Col. No. Specification Remarks
11 18 2A4 Identification
21 22 I2 Date
24 25 I2
27 28 I2
11 - 20 F10.2 Bridge
21 30 Fl10.2 dimensions
31 40 F10.2
41 50 F10.2
51 60 F10.2
11 20 F10.2 Loading
21 30 F10.2
31 40 F10.2
41 43 I3
11 20 F10.2 Material
21 30 F10.2 properties
31 4o F10.2
4l 50 F10.2
11 20 F10.2 Cost data
21 30 F10.2
31 40 T10.2
11 20 F10.2 Bound of variable
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Program Problem " Explanation

symbol symbol |

BRL B, Length of bridge (ft.),

BRW By width of bridge (ft.),

Cl cost of concrete ($/cu. yd.),

C2 cost of reinforcement ($/1b.),

C3 cost of structural steel ($/1b.),

FC fC allowable compressive stress of
concrete (psi.),

FR fS allowable tensile stress of rein-
forcement (psi.),

LOAD truck loading, 1 = HS, and 2 =
H loading,

RAILWT total weight of bridge railings (1b.),

RMOD n modular ratio of concrete, usually
10,

SPANL1 Ly length of anchor span (ft.),

SPANB Ly length of span (ft.),

STRESA Fb allowable stress in bending for
steel (psi.),

RDW Ry clear roadway width (ft.),

TUTIL total utility (oil or water pipes)
load (lbs./ft.),

TSWLL total sidewalk live load (lbs./ft.),

UBWEBD upper bound of the depth of web

plate (in.).
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5. OutEut

On the output sheets the following information is
printed.

1. The input verification for the data of the problem
as shown on page 78.

2. The details of the minimum-cost design of the bridge
as shown on page 79, and

3. The details of the design of the two-span cantilever
girder as shown on pages 80 through 83.

The input information as described in Section 4--Data
Card Deck--is printed on the first sheet of the output.

The details of a near minimum-cost design of the two-span
cantilever bridge as shown on page 79 consists of the following.
The bridge data, load data, cost data, the values of the
independent design variables which minimize the cost of the
bridge, slab design, girder design and cost analysis. The
average weight of girder in both spans and corresponding
factor of safety against lateral buckling are given under
girder design heading.

The details of the design of the two-span cantilever
girder consists of the details of the design of girder in
suspended span L,, which are shown on pages 80 and 81, and
the details of the design of girder in anchor span L,, which
are shown on pages 82 and 83.

The explanation of the details of the girder design is
as follows. First, the average weight of girder is given.

Then, the section properties (moment of inertia, section
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modulus) are given for non-composite, and composite sections
of the girder. Note that N denotes the modular ratio of
concrete. The length (ft.) and thickness (in.) of flange
plates are listed, and the maximum bending stresses in top
and bottom flanges are listed next. The moments (ft.-kips)
due to dead load, live load and sidewalk plus future wearing
surface loads are given. At the end of the page, the maximum
reactions (kips) at supports are listed and the design of the
bearing stiffeners is given.

The details of the girder design of the suspended span
are continued as shown on page 8l. The deflections of the
girder due to dead loads and ratio of live load deflection
to span length at mid span are given. Usually the girders
are designed without using the transverse intermediate
stiffeners, and this is indicated by the statement--"none
required between brgs." on the output sheet. The actual
factor of safety against lateral buckling is given. The
information - Input Verification - lists the data used by
the subroutine GIRDER to carry out the design of the girder.
The thickness and depth of web plate and width of flange
plate are given here.

The details of the design of girder in the anchor span

are described similarly and are shown on pages 82 and 83.

6. Examgle

Figure 1-A shows the two-span cantilever bridge. The

data for the design is given as follows.
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Bridge Dimensions: BL = 236.00 ft., Bw = 50.00 ft.,

Ll = 116.75 ft., LB = 116.75 ft., and RD = 46,50 ft.

Loading: Total utility load = 0., total sidewalk live
load = 0., weight of railings = 954 1bs./ft., live load = HS
20 truck loading.

Material Properties: Fy (A 36 structural steel) = 20,000
psi., fC = 3,000 psi., n = 10, fs (reinforcement) = 20,000 psi.

Cost Data: The unit costs of concrete, reinforcement and
structural steel are $120/cu. yd., $0.22/1b., and $0.30/1b.,
respectively. The upper bound of the depth of web plate is

54 inches.
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INPUT VERIFICATION

SQUAD aKULKARN] DATE =27 3=73

BRIDGE L = 236,00 BRIDGE W= 50400
SPANL1 = 116,75 SPANR = 116475
CL ROAD W= 46,50 TOTAL UTIL= 0.00
TUT&L SuLL = 0,00 RAILING WT= 954400
TRUCK LOAD= 1 STRESS = 20000.00
.FC IN CONC =  1200,00 MOD, RATIO= 10,00

FS IN REINF= 20000,00

COST DATA

CONCRETE = 120,00 DOLLARS PER CU.YD,

REINF,STEEL= 0.22 DOLLARS PER LB.
STR, STEEL = 0,30 DOLLARS PER LB,

UPPER BND, WER DEPTH 54,00

i






TWO=SPAN CANTILEVER BRIDGE
BRIDGE DIMENSIONS

RRINGE LENGTH = 236,00
BRIDGE WIDTH = 50,00
SPAN 1 LENGTH = 116,75
SPAN 2 LENGTH = 116,75
ROADWAY WIDTH = 46,50
LOAD DATA

LOADC1=HS 2=H) = i
RATLING WT, = 954,00
SOWALK L, LNAD = 0,00
FUT, WEARTIMA = 25
TOTAL UTILITY = 0,00
c0ST DATA

COST OF CONC, = 120,00
COST OF REINF, = 0,22
COST OF STEFL = 0.30
DESIGN VARIABLES

GIRDER SPLCING = 90,00
NO, OF GTRDFRS = 7,
DEPTH OF WER = 54,00
UPPER BND, HWEB = 54,00
CANT, LENGTH = 10,00
FLANGE PL WIDTH= 14,00
SLAR DESIGN

SLABR THICK, = B,00
TRANS, REINF, = 0.75
GIRDER DESIAGN

AVEWT, SPAN 1 = 231,
AVEWT, SPAN 2 = 222,
FSAFTY SPAN | = 1,30
SAFTY SPAN 2 = 1,61
COST OF SLAR = 35982,72
COST OF REINF, = 17667,22
COST OF STEEL = 131189,58
MIN,RRIDGE CNST= 184839,52
BRIDGE COST a 15.66
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NESIGN SQUAD
MATERIAL PROPERTIES

FT, FSCREINF,Y = 20000, PSI,
FTe FC(CONC,) = 1200, PSI,
FToe FS(STEEL) = 20000' PSIo
FTo MOD. RATID = 10,

FTe

'RS'/FT.

LBS./F T,

LBS./SQ.FT.

LLRS,/FT,
- $/CU,Y0,

$/LB,

$/L8B,

TN,

TN,

INe

FTs

IN.

INe

SQeINL/FT,

LBS./FT,
LBS./FT,

P A S AN

/SQ.FT.

KULKARNI
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PLATE G I RDEHR SQUAD KULKARNI

PROB, NN, 1,

AVGO WTQ/FT. = 2220
6 T RDER COMP, SECT, N=8
I S(TOP) S(BOTT)Y 1
24317, 774, 99¢, 69707
31796, 854, 1620, 103273.
CENTER 40710, 1190, 1757, 104170,
24317, 774, 999, 69707,
coMPODOSITE SECTTION
N=10 N=30
I SCTOpP) S(ROTT) 1 S(roP) SCROTT)
65944, 6840, 1430, 47164, 2430, 1298,
96“550 6514, 2293, 64949, 2526, 908“0
CENTER 97761, 6651, 2291 . 69140, 2826, 2101..
96455, 6514, 2293, 64949, 2526, 20R4,
65944, 6840, 143n, 47164, 2430, 1298,
LENGTH THICw,
2T ¢ 6 0,625
o P PLATE 5140 1,125
28¢2 Ne625
18¢6 1125
0OTTOM PLATE 70,0 2,25¢
: 1842 1125
LT BRG 0.50L RT ©oRG
TRESSES T0p (VN 19422, 0.
ROTT 0. 196“1. " 0o
NEAD LOAD Q, 1501, 0
OMENT S LIVE LOAD 0, 1361, 0.
SW + FWS 0. 431. Oe
NEAD LOAD 7045 7A¢S
EACTTIONS Le Lo W/IMP 5445 Saed
(MAX) l.Lo Lo WO/IMP 44,8 44,8

RRG STIFF 04625 X 6450 0625 v 6450



PLATE

PrOR,

DEFLECT,

6 I RDER
NO. 1.

REAM

SLAS ADJ,

SLAR THIS SPAN

SIDEWALK

DELTA LL/L
A
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SPANS

SQUAN
LT PIN CcL
0,00 D71
0.00 0000
0,00 1.92
0.00 0023

1/1504

NONE rEQD BETWEEN BRGS

FACTOR OF SAFETY AGAINST LATERAL BUCKLING =

I NP U

WEB THIC«K,
WEB DEPTH
FLANGE WIDTH
SLAB THICK,
GIRDER SPA,
SPAN LENGTH
LIVE LOAD
NIST, FACTOR
HAUNCH DEPTH
HAUNCH WIDTH
DESIGN STRESS
UTILITIES

T

0,5000
54,00
14,00

R,00
90,00

106,75

HS 20
1,10
1,00

20,00

20000,

0,

VERIFICATTION

S.H, LIVE LOAD
SeWe ¢ FoW,S,
CANT, LENGTH A
P (BEAM)

P (SLAR)

P (LIVE LOAD)
P (SW + FWS)
CANT. LENGTH B
P (BEAM)

P (SLAB)

P (LIVE LOAD)
P (SW + FWS)

1,6

0,0

O OO0 e OO0
Qe o o
D OO0 DOOCD

KULKARNT

RT PIN

0,00
0,00
0,00
0,00



CENTER

CENTER

PLATE G

PROB, NO,

AVG., WT,/FT,

1
26212,
33607,
42594,
33607,
26212,

I
71435,
100843,
102292,
100843,
74435,

PLATE

TOM P L

ESSES

x

ENTS

ACTI1IO0ONS
(MAY)
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1 RDER
1.
= 2310
6 1 RDER
S(TOP) S(R
821, 10
902, 17
1236, 18
902, 17
821, 10
COMPOSI
N=10
S(TO0P) s(B
6666, 15
6463, 24
6607, 24
6463, 24
6666, 15
ATE
TO0pP
ROTT
NEAD LNAD
LIVE LOAD
SW + FHWS
NEAD LOAD
Le Lo W/IMP
Le Le WO/ZIMP

RRG STIFF

SQUAD KULKARNI
COMP+ SECT., n=8
nTT) 1
9% 75762
04. 108229,
49, 109241,
04, 108229,
95 75762«
T E SECTION
N=30
ARD] 1 SC(TOP) S¢ROTT)H
82 50428, 2456 1427,
36 67450 2561 ¢ 2200,
34, 71861, 2859, 2220,
36, 67450, 2561 . 2200,
82. 50428, 2456, 1827,
LENGTH THICK,
28¢9 Ge625
50.0 1125
47«8 0625
2049 1259
690 2.375
36,8 10250
LT BRG 0.,48L RT nRG
0o 19443, 19878,
0, 19692, 18894 ¢
0. 1536. .6000
0. 15020 -ng'
(VS 430, =177,
71.1 160,0
54,5 92,4
45,2 " Taeh
06625 X 6425 0:875 v 6425



PLATE
PROBR,

DEFLETCT

s T1F¢FE.,

83

G I RDER

NO ., 1.

LT PIN
BEAM 0,00
SLAR ADJ, SPANS 0400
SLAR THIS SPAN 0,00
SIDEWALK 0.00
DELTA LL/L

S P A .

SQUADN

CL

0.83
*NeS7
2.60
0.26
1/1267

NONE REQD BETWEEN BRGS

FACTOR OF SAFETY AGAINST LATERAL BUCKLING = t,
I NPUT VERIFICATTION
WEB THICK, 0,5625 S.We LIVE LOAD
WEB DEPTH 54,00 SeWe + FoWaS,
FLANGE WIDTH 14,00 - CANT, LENGTH A
SLAR THICK, 8,00 P (BEAM)
GIRDFR SPa, 90,00 P (SLAB)
SPAN LENGTH 116,75 P (LIVE LOAD)Y
LIVE LNAD HS 20 P (SW + FWS)
DIST, FACTOR 1,10 CANT, LENGTH B
HAUNCH DEPTH 1,00 P (BEAM)
HAUNGH WIDTH 20,00 P (SLAB)
DESIGN STRESS 20000, P (LIVE LOAD)
UTILITIES 0. P (SHW + FHWS)

1

3

302.
0.00
0,0
0,0
0,0
0,0
10,0
14,0
41,2
44,8
16,1

KULKASNI

RT PIn

“0.18
0.38
“0,77
=0,05
/ aasS






8L

Ref. Line (Typ.)

BL = Length of Bridge (ft.) '

Ll L

2

Anchor Span Suspended Span

Cantilever Length . Brg. (Typ.)

Lo

Bridge Elevation

Bridge Railing

Bw = Width of Bridge (ft.) \\\\

AN N | i
T Tl T ‘,f
|

, S, ‘ 2'-6" (Typ.)
I Girder l
Spacing
Bridge Deck Section
Given: BL’ and Bw

Figure 1-A: Example Structure






APPENDIX II

COMPUTER PROGRAM

A.2.1 Description of Routines

The computer program BRIDGE consists of the main rou-
tine BRIDGE, and the following subroutines: GRID1, GRID2,
SLAB, PRELIM, DESGIR, GIRDER, PROPTY, MOMENT, STRESS, DELTA,
SHEAR, FINDM, DETAIL, DETGIR, FSDES, MINBM, and MINC. The
subroutines GRID1, and GRID2? use the grid search method to
determine the values of number of girders, the length of
cantilever, the depth of web plate, and the width of flange
plates such that the corresponding cost of the bridge is
minimized.

The subroutine SLAB determines slab thickness, and
transverse reinforcement in slab. The subroutine PRELIM
determines utility and sidewalk loads carried by a girder.
The subroutine DESGIR determines the data for calling the
subroutine GIRDER, and completes a design of the two-span
cantilever girder. The subroutine GIRDER designs the welded
steel plate girder. The subroutine PROPTY determines the
section properties such as moment of inertia and section
moduli of a composite and non-composite section. The sub-
routine MOMENT determines moments due to dead load and live
load (HS 20 truck loading) at a section along the length of

girder. The subroutine STRESS determines the bending

85
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stresses due to the moments. The subroutine DELTA deter-
mines the deflections due to dead load and live load at the
mid-span and at the end of cantilever. The SHEAR determines
the shear due to dead load and live load at a section along
the length of girder. The subroutine FINDM selects the sec-
tion properties to be used to determine the spacing shear
connectors along the length of girder. The subroutine
DETAIL is used to write the details of a bridge design.
The subroutine DETGIR is used to write the details of a
girder design.

The subroutine FSDES, MINBM, and MINC are used to
determine an "effective lower bound" of the cost of the
bridge. The subroutine FSDES determines the value of num-
ber of girder such that an "effective lower bound" is mini-
mized. The subroutine MINBM determines the length of canti-
lever which minimizes an absolute sum of area under a bend-
moment diagram of the two-span cantilever girder. The sub-
routine MINC determines the cost of a "fully-stressed"

design of the bridge.

A.2.2 List of Identifiers

The important identifiers, used in the program RRIDGE,

are identified below in alphabetical order.

ALLOWC = Allowable live load deflection ratio at mid-span

ALLOWE = Allowable live load deflection ratio at the end of
cantilever

AVEWT = Average weight of girder (1b./ft.)

BCOST = Total cost of the bridge ($§)






BMDL

BMSW

BMSWLL

BOTPL (M)=

1"

BOTTPT(M)
BRL =
BRW =

CANTB

CG (M,K)

Cl =
C2 =
C3 =

DELT(J,K)=

DISTLL
FATIGC =
FATIGT =

FC =

FS(M) =
FSAFTY =
FR =
GRNO =
GSPA =

HDEPTH =

87
Bending moment due to dead load at a section X
along the length of girder (ft.-kips)
Bending moment due to sidewalk dead load
(ft.-kips)
Bending moment due to sidewalk live load
(ft.-kips)
Length of bottom flange plate (ft.), M=locaticn
Thickness of bottom flange plate (in.)
The length of the bridge (ft.)
The width of the bridge (ft.)
The length of cantilever (ft.)
Center of gravity of section, M=location,
K=Modular ratio
Cost of concrete ($/cu.yd.)
Cost of reinforcement ($/1b.)
Cost of structural steel ($/1b.)
Dead load deflections (in.)
Live load distribution factor
Allowable fatigue stress for butt weld (psi.)
Allowable fatigue stress for butt weld (psi.)
Allowable compressive stress in extreme fiber of
concrete (psi.)
Actual bending stress (psi.)
Factor of safty against lateral buckling
Allowable tensile stress in reinforcement (psi.)
Number of girders
Girder spacing (in.)

Haunch depth (in.)
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HWIDTH = Haunch width (in.)

I(M,K) = Moment of inertia (in.u)

LOAD = 1 for HS loading, and 2 for H loading

NEGLL = Negative live load moment at point X (ft.-kips)
PBMB = Cantilever load (kips)

PSLB = Cantilever load (kips)

PSWB = Cantilever load (kips)

PLLB = Cantilever load (kips)

PLATEW = Width of flange plate (in.)

POSLL = Positive live load moment at point X (ft.-kips)
RAILWT = Total railing weight (1lbs./ft.)

RDW = The width of roadway (ft.)

REINF(2) = Transverse reinforcement (in.z/ft.)

RMOD = Modular ratio of concrete

SB(M,K) = Section modulus (in.3)

SLABT = Slab thickness (in.)

SLABW = Effective width of slab (in.)

SPANL1 = Length of anchor span.(ft.)

SPANL?2 = Length of span 2 - suspended span (ft.)
SPANB = Length of span B = SPANL2 + CANTB

ST(M,K) = Section modulus of top flange (in.3)

STRESA = Allowable stress in bending for steel (psi.)
STUD = Stud spacing (in.)

STUDS = Number of studs/row

SWFWS = Sidewalk + future wearing course (1lb./ft.)
SWLL = Sidewalk live load (1b./ft.)

TOPPL(M) = Length of top flange plate (ft.)

TOPPT(M) = Thickness of top flange plate (in.)






TUTIL
UBWEBD
UTIL
VDL
VSW
VLL
WEBD
WEBT
WTFTSL
X

ZMINC
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Total utility load (1lbs./ft.)
Upper bound of the depth of web plate (in.)
Utility load (1lbs./ft. of girder)
Shear due to dead load at point X (kips)
Shear due to sidewalk dead load (kips)
Shear due to iive{load at point X (kips)
The depth of web plate (in.)
The thickness of web plate (in.)
Slab weight (1lbs./ft. of girder)
Distance from left support (ft.)
Value of an "effective lower bound" of the cost

of the bridge ($).
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Ao?.j LISTIvGL OF FPRUUKAH

PROURAM RBKIUGLE

MINIMUM=CUST DESTOGN UF A Twi)=SPAN CANTILEVER BRIUGE

COMMUN oMULsBILL» sM>u» OMSWLLP BMTRK»BOTTPRPT(O)s CANTAPCANIUVPCGLG(GLU),
VELTLAS DELTLMs UELTLU,»DELIC324) s NDISTREsEMPACTHEXTRASPFATIG(2)
FSCU) s GSFAPRUERTHIHIDThs T (6s4)s LCAU My NEULLIPBMUus FOMDIPLLAS
PLLBSPLATET(CZY»PLATEns PUSLL2PSLAPPSLEB»SLABW2IB(O»24 )2 5LABTI»SPANL
2STCOd) s STATM(6) s STRESAS STUDS» SAFWSs SWLL TUPPILO)suTLLsVDLS
VLLs VLLMIN VSR, VTUTAL Wb U, Wb BT oW TETG(S )T ISLsASFOINASP YWD

s ALs XKRoLLsFSAFTYsAvVvunwTsLUELL

COMMUON/ZUESTI/ZALLIwWC (U)o nLLUNECY) s MUTCI?2) s PRUBLLCY) s TRATIU(Z)

COMMON/UESZ2/7ADC(U) s DLRTC2)sLLRC7)sLLRMAX(Z2)sFPSTUD(Y)sSTLEF (YY),

A TSTIFF(2)s Tl (Y)sLxw)I(2)

CUMMUN/GSRUATA/EBRL B ws SPANLL2SPANEBs SPANL 2o KUNWNPFCOPRMUUSPIRsCL1oCco

t C3o0RNL2GCOSTALCUSTI»WG(2)»UPTWERCLIO)»UPTSPACLU)»LHIPLCLIU) S

C UPTCANCIU)»PCU) s TUTILs TSNLLsRAILAT,HEINF(2)2 [TERSESAE TTonEDU],

b UBwWEBD,TPTI(1)»BPT(1)sI0E

COMMON/ZUBT/ZTOPPLLI,TOPPLL2» TCPFL3»B0TPLLIsbUTPL2sBUTPLIs XLENTS

A FTOPL,ESTUP, b TUPRSFBUTTLFSBUTTpFBUTTR,oMULA,BMULL,oMULE ,8MLLA,

] BMLLU»BMLLBPUMSWAS BMOWC P SMSAB» WSTTIFF»STUUPSTLIFASPTI»Ol 15T lws

C STIFR,STIFEBsSTILIFL

CUMMUN/ZGWRIULZ UeGRnOs GRINULE P WG2 CANTULHB» CANT U WEBUULI» nbbLLD2NU S

A PLWLS»FLAUBS [XGa Ll TCo {XGCoIYCULIIXHsIYr IARC,IYBCsLGLLD25))

B CSLAB,CRETINE JCOTEELPBCUST s ZHBCS»S)sSAFTY(5,5)sPLW(525))

C PHCOD S )2 OPTHIS2 L) UPTHB(O2H )2 N0PTG(S5295)2UPTC(D25)s5Ar 11(595)

COMMONZORCH/ZDCESTsBUNUS BCANT »BWEBU s BRPLATEPUATUMPUHS LY
CUMMUN/LBC/UANT o /MINC

AN AN <Y o Jike 9 -

1 FURMATCLOX2Z2AU92Xs2(1221X)s12)

2 FURMAT(CLOX»5F10,2)

I FORMATCLOX»3F 1N ,2913)

4 FURMATCLOX2F10.2)

6 FORMATCLRY»/ /77777
A 40X 1YHINPUI VERIFICATIONS /7 /720X LZHSWUAD =
8 2A4s X L LHUATE 2920125 1H=)9»12,/)

? FORMAT (202 12HERIDGE L =2t 10e2r22Xs11RnRIJUE nsobtluedrsy
A 2CX» 12HSPANLI S2b10edr22X211hSPAND SoblUels/ )

8 FORMATC(20X» 12HUL  RUAD  W=sb10e222Xs 1 1RJUTAL UTLL=st10eds// 20X,
A 12FTUTAL SALL =2F10e202X2VIHRALILING wi=2bLl0elr//)
9 FORMAT(ZO0A»12HTRULK  LUAD=213,9Xxe L LHSETREDSS St 10ecr’/
A COX212HFGL [N CUNC =0F10al292K011FMCDe RATIUS2F1UC22/)
10 FORMAT(ZOX212HFS 1IN RELNF=obluelo//780x210HCUST  DATA»//)
11 FURMATCZ20x» 12HCUNCRETE =9r 8429272 X9 18BHUULLAKS PER LUeYJdes//
A 20X2 12 EINE STEEL=9F8,22249 15HNULLAKS PEK Loesr//
H 2CA2 12HSTH. STEEL =sirBe4222X%x2 15HDULLAKS PER Lues/7)
12 FURMATCA40X» 1SHINTTIAL b STuNs//7/7720Xs 1 3G IRUEK SP SebluUe2r8X
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A L4HNU,GF GIRUERS=»Fd4,0,8Xxs11HWER  DEFTHSF10420
B 14HCANT . LENGTH =9b440»77)

14 FURMAT(20X»13HFLANGE WIUTH=»F 10e2s2Xs6HnbUDI=sFluelr/ /)

1S5 FORMAT(Z0Xs»32HCUST UF THE INITIAL DESIuN =sb10e2s7AVULLAKSS,)

16 FUORMAT(Z0X»26HCPT BCUST AT INITIAL GSPA=sFlU22/HUOULLAK »/7/)

20 FURMATC20X2 1IHNGSUF IThEi=s iU 2XsSHGRNO=sF4eUs2Xs5HUSFASIPE U/ /)

21 FORMAT(Z20X532HCUST Uk THE CURRENT DESIGN =2b10¢2s /MUULLAKSS/ /)

22 FORMAT(20X»1SHCPTIMUM UESTuNS//20XsSHGSPAZ»sFSels2Xs5HntbbUSsbDely
A 2Xs THPLATEAN=PS 102400 HCANTB=2FS10/7)

23 FUORMAT(ZO0X,»14HBRIUGE CUST =51 6,252Xs18HDULLARS PER Suelr l,)

24 FURMAT(Z0Xx»17HM[Ne URIVDGWE CUST=sF10e2,2x27HUULLAKSS»/ /)

25 FORMAT(20XK»¢2RUPPLR HNU. wtlt UEPTH =9b1l0edr/7)

30 FURMAT(ZOXsdHMA[N»2XsSHUCUDI22X22F10,2)

31 FURMAT(Z0Rs14HCUST UF SLAB =sF114292Xs7HOULLARSS,/
A 20X» 144 CUST UF REINF=sF11e222Xs7HDOLLAKS)

33 FORMATC(2O0rs14HCuUST OF STEEL=»+1142s2X, 7HOULLARS)

40 FURMAT(Z20Xs 7HBNI) GHKNCs 2Flueés i)

41 FOQRMAT(Z20X»10rHBAD CANTU, 3F1042)

42 FORMAT(20X»9HnANU Wedl)se 2Flue’le 14)

43 FURMAT(Z20Xs11HEND PLATEWs ZF10.2)

45 FURMATC20Xx» $2rCuU=URDINATES UF MIN, CCST OUELSIGNs/2UXx22(1ds2X))
46 FORMAT(20Xs36H0OES OGN VARTAGLES FOR MINSCUSIT DESIGN»/Z20K22FL1Uu.2)
S8 FORMAT(A3Xs4HTIMES2X9s2F /7 ,42)

TO KEAD DESLGIN DATA SulhH AS BKIUGE UIMENSIUNS,MATEKRKIAL
PROPERTIES»HIGHAWAY LUADING ANC CUOST UATA

170 READ(LI»1,ENU = 180) SUUAD»SwUsMUNTHSTDAYS1IYEAR
REAU(122) BrRLsHKW»SPANL1»SPANB»RDW
READ(L1»3) TuTIlL,TSALLsHRAILWI»LUAD
REAU(L22) SIKESA»ECHRMUUSFR
REAU(C122) CLsC?2sC3
REAU(124) Ubwbty

INPUT VERIFICAT[ON

WRITE(3I»6) SQUAD»SQUIMUNTHS IUAYSIYEAR
WRITE(3,7) SRLsudKWsSPANL]»SPANY
WRITEC3,8) ROWsTUTILSTSHLLsRALLNT
WRITE(3,9) LOAU,STRESASFCsRMUU
WRITE(3,10) FR
WRITE(3»11) C1sC2,C3
WRITE(3,25) UunieBU
TO UETERMINE THE LIMITS OF ITKHE UESIGN SPACE
NUMBER UF GRIDER CHUJCES AND CANTILEVEK LENGIHKS
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135
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IVET= |

GRNU = <20,

D0 100 A = 1»s17/

GRNU = ouRNC = 1,0

GSPA = ( dra = 2,%2,5)%12,/(GRNU = 1.)

IF(USPA L,GEe78Bs) GO TU 110

CONTINUL

UBGRNO = G=NO

DO 120 & = 1,4

GRNU = uRNJ = 1,

GSPA = ( Bra =2,#%2,95)*1c,/CulnG = 1,)

IFCURNU JEWwe3e) GUL TO 125

IFCUSPA ,GT. 144,) GO TU 13v

CUNTINUE

GRNULB = GRANG

NG = JFIX(USGRNU=GRNOLE)+1

GO 10 135

GRNUJLB = anrnQ + 1.

No = JFIX(UBGRNO=GRNOLSY)+1

CANTB = FLUATCIFIXCSPANLLI/L1U,))

CANTUGB= FLOUOATCIFIX(OPANLLI/1IU)) ¢ 2,0

CANTLH= FLUATCIFIXC(SPANLL/L1UG)) =24V

TO0 VETEAMINE UPPER AND LUWEs LIMIITS OF wbkSIuN SPACL
rOR WEB PLATE UEPTH AND rLaNuE PLATE W~IUTH

WEBY = 36,4

DO 140 R = 1,10

WEBU = wiEdgo + 6,0

IF((SPA"LI*I2./W(’_DD)oLto 30e¢) wu 10 145

CONTINUL

WEBULE = wEJD
WEBUUB = wbkdDL® + 2440
NOD = 4 + |

ND = IFLIX(CUBWEBD = WEBOULBI/6,0) + 1
PLALB = (4.0
PLWUB = 22.V

WRITE(324G)GRNOLBIUBGRNUS NG

WRITE(3s41) CANTLBsCANTHBs CANTUN

WRITE(3,42) WEBULBswEUBUUB,NU

WRITE(3»43) PLwLBsPLNUSB

NOW THE LIMITS UF THE JeSluw SPACE ARE pDETESMINED
START THE SEARCH FUR THE MINIMUM=CUST DESIGN BY.
USING THE GhED SEARCH TEULHNTIWUL

CALL FSUES

CALL GRIN1

CO=URDRINATES Cr THE MIWNIMUA=COST NDESIGN ANU CUST

WRITEC(3245) IXGLsIYCC
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GRNU = JBGHRWNU = (FLJATCOLXGC = 1))+1,

NRITE(35,50) GRNY

FORMATC20X»d4HGRNDSY F640)

GSPA = (BRA = 2,%2,5)%x12./(ukiU =1,)

CANTB = FLUATCIFIXCSPANLI/Z1UG)) =240 +(FLUAT(CIYCC=1))*1,

WeEBD = UPTHC(IXGL,»IYCC)

PLAITEw= (QPIB(LXuCs]IYCC)

WRITE(3,46) GRNUSGSPALCANTH ) WEBUSPLATEA

TO UBTAIN THE FINAL DESIGN

WRITE(3222) GSPaswbkBU>PLATEW»CANTY

CALL SLaR

CALL PReLIM

IVET = 1

CALL ODtogIr

CSLAH = Clo(BRrL*bha4*SLAGT/(12¢%274) + (URL*AWIUDIH*YHDEP I/ (1d4en
274 )*GRNU))

CREINF = (C2#+49C,*prRL*BRA/S4*RKEINF (2)

CSTLEL = C3*(nG(l)*(SPANLY * CARNTY) + Wu(2)*SPARLZ2)*GRwU*1,18

BCOSI = CI1*(BRKL*HBRW*SLABT/(12e%274) + (BRL*HAJUDIHR*HUEP N/ (144,
27T ) *GHRINU)) + C2%#49U *BRLABRW/34 ,«REINF(2)
+C3*(WG(1)*(5PANLL + CANTH) + wWG(2)*SPANL2)*GRNU*1.14d

CALL DOEtraIL

WRITE(3531) CSLAB»CKEINE

WRITE(3»33) CSTtEtkL

WRITE(3»24) BCC>T

UBCOST = BsCuUST/(BRL#*3RW)

WRITE(3»23) UnCyST

PTIME = TIME(2)/60e = PIIME

OTIME = TIME(3)/60e = 1ML

WRITE(3258) PTIHF»,OTIME

GO TU 170

STOP

END

SUBRUUTINE GRIDI

COMMON UMDLIBMLLIOMOW»UBMSWLLIBMIRKSBOCTTFT(O)»CANTASCANID»CG(624))

DELTLASODLLTLS»DELTLOCSDELTC(324)sCISTRBPEMPACTSEXIRAPEATIG(2)
FSC4)sGSPASHOEPTHsHNLDTH2 I (024)sLCADSMsNEULLIPBMASPOMBIPLLAS

FPLLBOPLATETC2)»PLATEW,POSLLPSLASPSLBsSLABWSSB(6s4)sdLABT»SPANL

sSTCO»4),STATM(O6)sSTRESASSTUDS, SWEFAS,SWLL s TUPPT(6)suillsvOLls
VLLAVLLMINS VOWS VTIOTAL s Wh ol s WEBT»WTHTG(OS) s lF iSLeX2POINASPOWE
s XLoXRoLLsFSAFTY,AVuWTsLLUELL
CUMMUN/SRUATA/HKL»BRWs SPFANLLI 2 SPANBs SPANL 22 RUNsPLoRMOUFR2C1sC2»
CIrGRNO» GCUST»GCUSTIawWG(2)»0PTAWEBCLID)»UPTSPACLU)»CKFIPLCLU)

OPTCANCLIU)»PCU) s TUTILS TSHLLPRKALI AT, REINF(2)2 iTERsFSAr [1sntoD]s

UBWEdD,TPT(1)»bBPT (1) 10E
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COMMUN/URIU/ UHuRNU» UKNULB2ivG» CANTLEs CANTUdBs nEBUUB nbBULDONU»
A PLALB,PLWUB» IXUs 1 YCoIXGUs IYCCoIXHs [YbBo IXHCsIYBCsZGL(Ds5))
8 CSLAG,CREINF»COTEELsBCUST»/ZHU(S»5)sSAFTY(5,5)sPLN(S25)>
C AMH(SS5)»0PTH(S25)2UJPTB(S25)9CPTG(S525)2UPTC(Ds5)s5AFTI(525)
COMMUN/Z/SRCH/Z0CHSTsBGRNUSBCANT »HWEBND»BPLATE»DATUMSOHL(CP
COMMUN/LBC/CANT S ZMINC

10 FORMAT(20X»17HCUTPUT G4iRIDY1 uRNds// SCHLlue222X))
11 FORMATC(Z20X»17HCUTPUT GRIND1 CANT»// 5(F104252%))
12 FORMAT(Z20x»17HCUTPUT GRIUL wkbBUs// S5(F1Ue2524))
14 FORMATCZ0X» 19HGUTPUT GRIDL PLATEWsZ/ S(P12,292%))
15 FORMAT(20X» 1 7HOUTPUT GR[DL LGST»// S(F1Ue222X))

16 FUORMAT(20x221HCHECH FUR CUNVERGUENCE»// 20X22F104224C14221))
17 FORMATCLHL»////7 20Xs1SHUUTPUT  SUMMARY»2Xs51HGRIUL)
IR = 1
Is = 3
IF TRE OSTARTING PUINT [S THE UPTIMUM POINT
IXGT = 1
IYCT = 3
DO 80 K 195
pu 75 J 1s5
2GC(Ks»J) = U,0
75 CONTINUL
80 CUNTINUL
ISPECY = |
IFCISPECY «LG@,1) GO TO 90
IR = 3
IS = 3
CO=URDINATES OF CEWTEK uUr GrRIUs»SPECIFY uNt UF THE FULLJNING
CENTER OF DESIGN SPACE Uk
SPECIFIEL BY THE DESIGHER
90 IXGC = (R
1YCC = iS5
TO DETERMINE GRID CU=URUINAIES AND CCRRESPUNDING DESIuN CUSTS
00 120 A = 1,3
D0 110 U = 1,3
IXG = [AGC + K*] = 2
IYC = 11CC + Jry = 2
TO CHECK 1F GRID POLINT IS In UESIGN SPACEL
IFCIXG oLTe 1 ouRe 1XG oGTe Nu) GU TC 110
IFCIYC oLTe 1 ostyRe IYC oGTe 5) w0 TY t1u
TQ CHECH IF GRIU PUINT AAS A PART 0OF THE PREVIUUS uRIU SEAK(CH
TO AVvOID REPEATING IrE Sart UESIGN
IFCLGCCIXGo1YC) oNEW Qo) GU TD 110
TO VETERMINE DESIGN COSI AT THE PUOINT (IXuLslY()
GRNU = uUBGRIND = (FLOATCIXG = 1))w1,
GSPA = (BRw = 2,%#2,5)%12,/(uknd =1.)
WRITE(3520) GriniJsGSPA
20 FORMATC(20X»5HGKIDYI» 2F10.2)
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CANTE = FLOUATCIFIXCSPANLI/ZIUG)) =240 #(FLUAT(CLYL =1))*1,

CALL GRIDZ
WEBD = WEBULE + (FLUATCLIXHU = 1))#*4A,C

PLATEwW = 14.0 ¢+ (FLOATCIYBC = 1))*2,C
TU STORt CGPTIMUM PLaTEw AND weBU AT PUINT (IXuslYUL)

OPTOG(IXus [YC) = GRNU
OPTC(IXu,IYL) = CANIB
OPTH(IXu,1YC) = WEBu
OPTW(IXusIYL) = PLATLEW

CALL SLASB
CALL PRelLIM
CALL UESGIK
CSLAB = Cl*(BRL*BKWNSLAHBT/(12.%274) + (BRL*HAWJUIH*HUEPIA/(144en
A 27 ¢ ) *GRNU))

CREINF = C2%490,*BRL*BRrRa/54.*REINF(2)

CSTREL C3#(WG(1)*(SPANLL + CANTB) + WL(2)*SPANL2)*GKriNU*1,18
BCOST = C1*(BRL*BRW*SLABT/(12.%274) + (bRLAHWIUTH*HOEPTH/(1444*
A 27 )*GRNU)) + C2#%490,*BRL*BRW/S5U.*KEINF(2)
B +CI*(WGCLIN(SPANLL + CANTB) + wG(2)*SPANLZ2)*uRNU*1,1d
ZGCCIXUsTYC)= BLOST/100U,

IFCCLGCCTIAGoIYC)I*100UW) oLTe £ZMINC)Y GU TQ 105

GO TO 1Ue6

IXGC = 1XG

IYCC = [YC
Go T0 170

CUNTINUE

CONTINUE

CONTINUL

WRITE(3215) ((LGCCJsK)esRK = 125)9Js 155)

TO0 LGCATE THE CENTER OF THE Grlu
SMALL1=4GCCIXGC,TYCC)

WRITE(3216) ZGCCIXGC»IYCC)»OMALLYI»TXGCoIYCULIRSILS
DO 135 n = 153

DO 130 J = 153

IXG = JTAGC + K] = 2

IYC = [IYCC + J*y = 2

TO CHECK [F THE GRID PUINT IS IN TKE UESTIUN SPACE
IFCIXGoLTel oURKse IXGeGIeNG) GU TC 130

IFCIYCelTel JURLIYCeGTeS) GO 10U 130
IFCLGCCLIXGoIYC) JLTe SMALLL) GO TO 121

W

GO TO 130

SMALLY = ZGCCIXGsLYC)

IXGT = 1Xu

IYCT = [YC

CONTINUE

CONTINUL

SET CC URDIWATES OF MInNe COUST DESIGN AS CU URUINATES ur New CENTER
IXGC = [XxGT :
IYCC = [YCT
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TU CHECA THE COwWVERGENCE IF THe MINIMUM=CUST UeSlan
IS THE CENTER UF GRIU CUNVERGENCE IS OsTAInED

WRITE(3216) ZGC(IXGCrTYCC)»SMALLYIS»IXGC»IYCCoIKAILS

IFCIXGCoEQ@e IR JANU, IYCC,EWaIS) GU TC 170

IR = IXuC

IS = 1IYCC

SMALL1=4GC(L1XGC,IYCC)

GU 10 9v

CONTINUE

WRITE(3s17)

WRITEC 3510) (CUPTG(JrR)ISK=155)rsd =195)

WRITE(3511) ((CPTC(JsKI2K=155)sd = 155)

WRITE(3512) ((CPTH(JrKI»K=105)9d=195)

WRITEC3»,14) ((CPTB(JsK)sh= 125)0d = 1,5)

WRITE(3215) ((LGC(JrK)I»K = 155)sd= 1,55)

RETURN

END

SUBRCUTINE GRILYZ

CUMMON OMULsBMLLSBMSW,SMSWLLPOMIRKIHBCTTPT(O)sCANTA»CANIDBL2LG(b6s4),
UBLTLA»DELILE DELTLUSDELTC(324)sDISTRBIEMPACTISEXTRALPFATIG(2)
FSC4)sGSPASHUEPTHoHNLOTH I (628)s LOADS My NEGLLIPEMASPOMBPLLASY
PLLB»PLATET(2)sPLATEWSPOSLLPPSLASPSLEB»SLABW2OB(6,4)s5LABT»SPANL
5STCO,4)»STATM(6) s STRESA» STUUS» SWFWS»SWLL2 TUPPT(6)sulllsviLs
VLLPVLLMINSVSW,VIUOTAL»WEBUsWEBToWTETG(S)sWTETSLo X2 POWASPOND

sXLsoXRsLLsFSAFTYsAVUWT» COUELL A

COMMON/BSRDATA/HRL»BRKA»SPANLL»SPANBsSPANL2sRUWNSF Lo RMUUPrR2C1oC2s

B CI»GRNU»GCUST»uCUSTILPHWGC2)»UPTHREBCIU)»UPTSPA(CLO)»LCPIPLCLIV),

C UPTCANCIU)»P(4)s TUTIL»TOSWLLORKALLWT,REINF(Z2)sLTERSFSAFTIswEoU])

D UBWESD, TPTC1)sHBPTCL)sINE]

CUMMON/ZURIND/Z UBGRNO» GRNULBoNGsCANTLH»CANTUUY S WEBDUBs WEBULUBAND S

A PLALY,PLAUB» IXGrIYCo i XGUs IYCC»IXHoIYHsIARC,IYBC»LGC(D29))

B CSLAG,CHREINF»COTEEL2SCOST2ZHB(S99)sSAFTY (590 )2PLW(522)»

C WHCS95) s OPTHES29) s LPTBID25)20PTG(S»5)s2UPTC(595)s8aF 11(5s5)

COMMUN/ORCH/Z/UOCCST»BURNUSBCANT »BWEBD»BPLATESDATUMSQHSLF

COMMON/LBC/CANT»ZMINC

nmMCocoo>»

FORMAT(Z20Xs12HOUTPUT GRID224FGRND22X2F9.0s5HCAN|Bs2XsF340)
FORMATC(20X»6HPLATEWS // S(F6els2X))

FORMATC20Xs4HWEBD,// 5CF66102X))

FORMATC(20X»5HSAFTY»// S(F6,222X))

FORMAT(20Xs4HCG ST »// S(t10.,25,2X))

FORMAT(20Xs»1 /HCUNVERGENCE CHECR»//20X,2(F1U0,252A)04(14s2N))
FORMATCLIHL2/7/7/7 20Xs 1SHUUTPUT  SUMMAKY»2X»d>HGRIV2)
FUORMATC20X25HSAFTLs//7 S(F6e2s2%))

WRITE(3»17)

WRITE(3,10) GRNU»CANTAH
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D0 80 K 155

00 75 J 155

LHB(K»J) = U,

WH(K,J) = 0,0

PLW(K»Jd) = 0.0

SAFTY(Ksd) = 040

CONTINUE

CONTINUE

P =1

e = 1

IF THE STARTING PUINT IS THE UPTIMUM PCINT

IXHT = 1

1YBT = 1

ISPEC2 = 1

IFCISPFEL2 +EQu1) GO TO YO

CUO=UKDIWATES OF CENTER JF NINE POINT GRID IS ASOUMED T4

CENTER Ur DESIGUN SPACE

IR &3

1@ = 3

IXHC 1P

1YBC iqQ

GIRUER UESIGN AT GRID CENTER MUST SATISHY THE REQUIKEMENTS

UF LATERAL BUCKLING

WEBU = nEBULB + (FLUATCLIXHC = 1))#6,0

PLATEW = 14,0 + (FLUATCLYBC = 1))#%2.0

CALL SLAB

CALL PRELIM

CALL DESGIK

CSLAB = C1*(BRL*BRW*SLABT/(124%274) + (BRL*HAJDITH*HUEP IH/ (144,
A 27 4)*GRNUD)

CREINF = C2#490 ,*bRL*BRn/54 . *REINF(2)

CSTEEL = C3*(AG(II*X(SPANLL + CANTHB) + WG(2)*SPANLZ2)*GRNU*1418
BCOST = CL1*(BRLABRWASLABT/(124%274) + (BRL*AW[UTH*HOLP [A/(1444%
A 27 )%GRNUD) + C2#490 *BRL*ERN/5G 4 «RELINF (2)
8 +C3I*(WGC1)*CSPANLT + CANIB) + WG(2)*SPANL2)*uRNU*1,18
ZHB(IXHC,IY8C) = BCUST/1000.

FeSe IN SAPN |

SAFTY(IXHC»IYBC) = FSAFTY

FeSe IN SPAN 2

SAFTICIAHC»IYBC) = FSAFITT

PLWCIXHU,1YEC) = PLATEW

WHCIXHC» IYBC) = WEBD
CIFCFSAFTIsGEel425¢ANDe FSAFIY,Gks1425) 6O 1O 100

IYBC = [YBC + 1

GO 10 95

TO VETERMINE GRID CU=URUINAIES AND CORRESPUNDING DESIGN CUSTS
00 120 K = 1,3

DU 110 J = 1,3

IFCCZHBOIXHC,» IYHC)*1000,) oLTe ZMINC) GU TU 170
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IXH [TAHC + Koy = 2
1vY8 IYyBC + J*r1 = 2
TO CHECA I+ GRIu POINT IS InN UESTGN SPACE
IFCIXH oLTe 1 «(Re IXH 4GTe ANO) GO TC 11V
IFCIYBeLTe | o0ne IYBJGI, S5) G0 TO 110
TO CHECK IF GrID POINT wAS A PART OF THE PREVIOUS urlu SEAKCH
10 AVOID REPEATING THE SAME DESIuUN
IFCLHBCLXH21YB) oNEs Oe) GG Tu 11U
TU VETERMINE DESIGN CUST AT Tht POINT(IxHsoLlYB)
WEBU = WEBDLB + (FLOATCEXH = 1))%6.0
PLATEW = 14.0 + (FLUATCLYB = 1))#%2.0
CALL SLAB
CALL PRELIM
CALL DEOSGIR
Fe Se IN SPAN 1
SAFTY(CIXH»I1YH)
FeSe IN SPAN 2
SAFTICIXH,IYB) = FSAFTI
PLW(IXH»IYB) = PLATEMW
WHCIXH21YB) = wEBD
CSLAB = Cl*(BRL*BKW*SLAST/(12¢%274) + (BRL*HAWIDTH-HOEPIH/(144,4%
A 27 <) *GRND))
CREINF = C2%#490 *BRL*BRrRN/54.*REINF(2)
CSTEEL = C3«(WG(1)*(SPANLY + CANTB) + WG(2)#SPANL2)#GRkNU*1 18
BCOST = C1*(BRL*BRW*SLABT/(12,%274) + (bRL*HWIUDTH*HOEPIH/ (144 ,*
A 27 ¢)*GRNU)) + C2%49U*BRL*BRW /5S4 ¢wRELINF(2)
B +CI*(WGCLI)*(SPANLL + CANIB) + wWG(2)*SPANL2)*uRNU*1.108
IHB(IXHs»IYHB) = 8COST/10UO0,
METHOU UF BUOUNDS GRIDZ
IFCSAFTY(IXH[Y3)eLToleldD CUNR+SAFTICIXHsIYH)eLTole25) w0 TU 110
TO CHECK IF GRIU POINT SATISFLES BCOST LT ZMINC
IFCCZRBCIXH IYB)*10004) oLTe ZMINC)Y) GO TO 107
GO TG 1J8
107 IXHC IXH
IYB(C 1y
GO 10 170
108 CONTINUL
110 CONTINUL \
120 CONTINOUE
TO LOCATE 1nt CENTEK OF THE 6rIU
SMALL2 = /ZHo(IXHC,IYBC)
DO 135 K = 1,3
DO 130 J = 1,3
IXH = JAHC + Ke] = 2
1IYB = IYRC ¢+ J»} = 2
TO CHECKR IF GRIOD POINT 1S IN DESTGN SPACE
IFCIXHeLTse 1 oO0Re IANHoGT. NUu) eU TO 130
IFCIYBoelLTol oUKe 1YBeGTe5) wl TUu 130
TO AVOIp THE UNSTABLE GIRDEK uESIGN FKOM CUMPAKLISON
IFCSAFTI(CIXHsIYB) oLT. 1425) GO TU 130

[T [}

FSAFTY
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TFCOARTL(IARSIYE) oble 1e22) WU TU 13v

IFCLRBCOLIXHLLYB) LT oSMALL2) uwl TU 121

GU TC 130

SMALLZ = /Ho(IXkss]lYo)

IXHT = IXH

IYBT = 1lys

CONTINUL

CUNTINUL

SET CO uURDIWATES UF MINe CUST UESIAGN AS Cu UKUDIWATES UF NbEw CENTER

ITXHC = [xHT

1YBe = 1YHT

TU CHRECA Tht CCnVERGENCE It THE MINIMUM CUST UESIGN
IS THE CeNTEKR UF GRrRIU  CunvERGENCE IS UBTAINEU

WRITE(3o16) ZHH(IXHCU» [YYC)sSMALL2,» I XHCs JYBCsIP» I W

IFCIXHCWEReIP oaANDe IYBLebEWeIs) GU TC 170

IP = [XAC

Ia = [YueC

SMALLZ2=C(HB(IXHC,TYbBC)

GO TQ 9V

CUNTINUL

WRITE(C3»11) ((PLW(JrK)su= 159)2d= 193)

ARITE(3212) ((wH(JsR)en = 129)9sd= 1Y)

WRITEC3218) ((SAFTI(JsR)»K = 155)sd = 1,5)

WNRITEC(3214) ((SAFTY(JsR)IsK=125)ru=1195)

WRITEC3215) ((ZHB(JrK)s» & =1595)92Jd=1959)

RETURN

END

SUBROUTINE SiAn

CUMMON OSMULSBMLLIbMSWySMSWLLABMTRKSBOTTFTI(6)sCANTAPCANIBICL(6s4),
A ULLTLASDELTLH»DELTLUSDELTC324)sDISTROSLMAPACTIEXTRALFATIG(2),

B FS(4)sGOSPASHOEPTHOHalOTHs [ (624 )s LOADSMsNEuLLIPBMAS PIMEIPLLAS

C PLLBPLATET(2)sPLATEws POSLL2PSLA»PSLE»SLABW2OIB(6,3d)2sSLABT»SPANL
D 2STCO,4)sSTATM(E)»STRESAPSTUDS» SHF WS, SHLLsTAPPTI(6)suTlLoVDLS
12 VLL o VLLMINSVOSW, VIUTAL yWE B o LRI o ANTFTG(O) s WTFTSLaXsFOWASPSHD
F shLos XRoLLFSAFTY,AVuWT»COUELL
COMMON/ORUATA/BRLIBRAS SPARNLI o SPANUB» SPANL2s RDWsFLsRMUU»rR2C1sC2>»

B CIrGRNU2»LCUST»GCUSTLowG(2)s0PTHWEBCIO)»UPTSPACLO)»CPIPLCLU)
C UPTCANCLU)»P(4) s TUTIL s TSWLLSRAILAWT s REINF(2)2ITLERsFSAFTIonkbDI,
L UBWESND, TPT(1)sBPT(1)sIDEI

DATA CUVERP/2.75/sCUVERN/2475/

ASSUMPT L OND
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MAIN REIwk PERPENUICULAK TU TRE TKAFFIC

—

2 TGP UNE INCH UF THE CONCrETE TS HBE CuUNSIUEREUD AS A WEARING

COurobsany mwilLL NOT o8B UdEUY FOR D DISTANCE In DESIuwe.

3 AWHEWN CHECKING SLAB THICANESS FUR NEGATIVE MUMENT» THE HAUNCH

wWILL NUT Bt uUSEDO TU CALCULATE THE EFFECTIVE U
4 SLAY CUNTINWULUUS UVER THHKEtE UR MOKE SUPPURTS.

IFCLOADeEWeLl) SLMIN =
IFCLOADCEWS2) SLMIN =
SK=21,/7Cl 4+ (rR/CRMUDF
SJ=1l.=5n/3.,
RF=0,5*FHC#Sn*Sy

/65
740
c)))

TO UETERMINE THE MUMENTS IN SLAB PJUE TO VDELAD LUAD AU LIVE LOAD

ESPAN=UOPA=PLATLW/2,

SLBT= GoPA/12,

K=0

SBMULP=(12.5%S5LusT +29,)*LOPANYESPAN/2016.

SEBMULN=(12¢5*SLdgT +25,)%ESPAN®ESPAN/1440

IF(LOADWEWS1) GU TO 4

SBMLL=C(LSPAN/12, +24)/32.%12C00.%048%1,3

GQ 10 7

SUMLLS(LSPAN/12¢ #24)/32¢%16000e%08%1,43

SBMILP=5BMOLP +58BMLL

SHMILN=OBMULN +5HBMLL

SLABDP=0QKRT(SBMILP/RF)

SLABDON=SQRT(SEMTLN/KE)

SLABTP=OLABUP+CUVLERP

SLAGTNSSLABUN+CUVERN

SLABTHSAMAXT(SLABTPSSLABTNS SLMIN)

SLBT = OSLAGBIH

K=K+

IF(K=2)1s252

S = SL8I

SLABT=zAMAXTI((FLUATCIFIA(S*244499)))/2.55LMIN)

REINFPZORBRMILP*12¢/7(200004%0 9 *(SLABT=COVEKP))

REINFN=OBMTIN®124/(20000, %09 *x(SLABT=COVERWN))

REINF(2)=AMAXI (Wt [NFPsREINFN)

SLABT= 10,

IFCGSPA,LE.144,) SLABT= 9

[FCuSPAJLE«1144) SLABT= 8
8
7

IF(GSPACLEe 99,) SLABTS=
IFCGSPAsLEe 78.) SLABTS=
IF(USPAeLE«1444) REINF(2)= Uo48

IF(USPACLEC123+) REINF(2)= Uedl
IF(GSPACLEC«108Bs) REINF(2)= Ua/b

U cCcucu
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IF(uSPALE. B74) KREINF(2)= Usro
RETUKN
END

SUBRQUTINE PRELIM
COMMUN OMDLsBMLLYBMSWIUMSWLLABMIRKsBCTTPT(O)»CANTAPCANTOLICL(624)>
UBLTLASUELTLBPUELTLUSDELIC(324)sNISTRosEMPACTSEXTRASEATIG(2)>
FPSC4) s GSPASHUFPTHIHNWINDTH» I(624)s LOADsMoanNEULLIPBMA» PSMBPPLLAY
PLLBSPLATET(2)sPLATEA,POSLLsPSLASPSLE»SLABN2>B(654)sSLABTSSPANL
2STCO,4) s STATM(6) s STRESA»STUUS ) SWHFWS,SHLL,TOPPT(6),JUTlLsVODLS
VLLA VLLMINSVSHWaVTOTAL» AEDU» AEBT o WTETG(S)owTFISLoXsFOWASPOHD
s XLoXRoLL»FSAFTY,AVunTsLOURLL
COMMUONZ/BROATA/BRLPBRA» SPANLL» SPANBs SPANLZ2sRUWSFCIRMOUSFRSCLISC2»
B C3I»GRNO»GCOST»GCUSTI»WG(2)»UPTWEBC(10)»UPTSPACLO)sCGPRIPLCL1O)
C UPTCANCLU)»P(U)» TUTILATSAHLLIRAILWT,REINF(2)2 JTERIFSAFTISWEBOI,
D UBWEOD» TPT(1)»BPT(1)s (DL
TU ULTERMINE UTILsSWLL2 ANU SWFWS IN (BSe PER FuOT UF ObLAM
UTIL = 1UTIL/GRNO
SWLL = [ISALL/GRNO
SAFAS = ( RAILW1 + 25,U*RUn)/GRNO
HOEFTH = 1.0
HWIUVDIH = PLATEN + 6,0
TU DETERMINE CANTILEVER REACTIUNS

MTMOoO OoOa »

CANTA = 0.
PRMA = U,
PSLA = v,
PSWA =0,
PLLA = U,
RETUKN

END

SUBKROUTINE UESGIR

COMMON dMUL'BMLL’UMSNodMSWLLDUMTRKoHCIfFT(b):CANTA:CAh4U'Cu(6’4))
UELTLA;ULLTL&}UEL[LL;DEL|(314))UISTHG;LMPACT:EXIRA;FATIG(Z)!
FS(“)’QSPA)HUEPanHWlUTH)I(O)ﬂ)tLCAU’M’NEGLL:PBMA’PdeJPLLA)
PLLBsPLATET(2)»PLATEN,PUOSLLSPSLASPSLEsSLABN»dB(6,4)sd3LABT»dPANL
oST(O;Q):STATM(ﬁ)’SIRLSA)SIUUS»SNFWS’SNLL’IUPPT(é)»uTlL’VULl
VLL’VLLMiN»VbW)VYUTAL;NLUUoWLHT-WTFTU(5),W|flSL:X!PDNﬂnPSWﬁ
XL XRoLLsFSAFTYsAVGWTsCOLELL

CUMMUN/ORUAfA/BHL)HHN;bPANthSPANB;SPANLZJHUH;fLoHMOU’PK)CltCZt

B L3)0NNU}(:CU§T:GCIISTI'NG(Z);UPTWEH(1\))tUI”T$PA(10)!UPH’L(1U)!

C UP7CAN(1U)19(4))IUTIL»TbWLL)HAILprRLINF(Z)DLTtH;FbAFII!NEUUI’

) UBWESD,TPTC1)»B8PTCL)»IDE

TMmMoox>»



OO

OO

OO0

90

110 PLLY = AMAXLI((72¢ = 6724/SPANL2)*(GSPA/(120s*101l)

102

TuU VESTOUN GIRDER IN SPAN 2

CLB = CANT®b

SPANL = SPANRH = CANTH
ToPPTC(Cl) = 0,
BOTTPT(1l) = 0,

WEBT = U,
IFCLOADSFQs1) CUDELL
IF(LUADCEWZ2) CuDELL
DISTLL 1ol

HOEPTH 1.V

HWNIUTH PLATEW + 6,0
STUUS = 4.U

CANTEB = 0.

PEMo Je

PsLy VI

PSwWy U

PLLE Je

CALL GIrmDER

FSAFT] = FSAFTY
IFCIDETeENCL) GU TO 90
CALL OETGIm

WG(2) = AVGAT

72,
40,

TO UKIGINAL VALUES UF CANTILEVER
CANTB = CLH

TO UESIuUN GIRDER IN SPAN 1

Ty UETERAMINE CANTILEVER REACTIONS FUR B

SPANLZ2 = SPANY = CANTS

WTFTSL = 1.UU2%(GSPA*SLABT + mwowlIDIH*HOEPTH)
IF(WG(2) EW,0,) PuoMB = U 2O*SPANL2/Z,
IFC(AG(2) Nt oOo) PBMB = AG(2)*SPANL2/2000.*1,18
PSLB = nTHETISL*SPANL2/2000,

PSWEB = OSWFWS*SPANLZ2/200U,

IFCLOAUSFEQ.1) GU 10 11V

PLLY = AMAXLC(A0e=1124/5PANL2)*(GSPA/(1204%141))>
A (264 + 0e632*SPANLL2)*(GSPA/(120e%141)))
Gy T0 111
»

)
A (264 + 0¢32+%SPANL2)I*(GSPA/(120e*1,1)))

111 SPANL = SPANLI1

WEBT = V.0
TOPPT(1) = 0.
BUTTPTC(Ll) = 0,
CaLL GInDER

TPTC1) = TUPPTC(L)
BPTC(1) = BJTTPI(CY)






(@]

115

A
A
B
c
D
2
F

A

A
B8

c

103

IFCIDETSEW.1) Gu 10 115

CALL DEIGIR

WG(Ll) = AVGAT

GCOST = (Wu(1)*(SPANLL + CANTH ) + WG(2)*SPANLZ2)*1.18%C3
RETURN

END

SUBROUTINE GLIRCER
P LATHLEL b I KU ER ve S 1 GN

MARCH 2Y» 1972,

REAL 1o iTUP»IWEB» IBOTToNsLENGIHs TUEF sNEGLLA IY»LLROLLMAXRKILLKEKMAXS

LLrRWOIsIX

COMMON oOMDL»BMLL» BMSA» OMSWLLa BMTRKsBROTTPT(O)»CANTALPCANTE2CLG(624),
UBLTLASDELTLGP UELTLCSDELTC324)sDISTRuSEMPACTIEXTKASFATIGW(Z2)
FSCU)sGSPASHDEPTHO)HAIDTH [(6s0)s LOADS Mo NEGLLSPBMASPSMBIPLIL AS
PLLB,PLATETC2)»PLATEW,POSLLsPSLASPSLBsSLABW»SB(6s4)sd>LABT»SPANL
pSTCO,4)sSTATM(6)sSTRESA»STUUS»SWFWS»SWLL2TUPPT(6)suUTlLaVOLS
VLLAVLLMINS VSWOVTIOTALSWEDOD s WEBTsWTFTGCS) s WTFTSLoXsPONASPSHY

»XLsXRoLLsFSAFTIsAVGWT»LOUELL

COMMUN/UESI/ALLUWCC4) s ALLUAECE)» MUTC12), PRUBLLC4)» TRATIUC2)
CUMMUN/JES2/ANDJ(4) 2 DLRT(2)2LLRC/) S LLRMAXC2)5PSTUD(9)»STLIFEC(Y)

ISTIFF(2),TweB(9)sLLrNUI(Z)

CUMMON/ZOIET/ZTOPPLISTUPPLZ» TUOPPLISBUTPLL»BUTPL2sBUTPLI»XUENTS
PTUPLsFSTOP»FTUPRSFBUTTLIFSBUTT»FBUTTR»BMUOLAPBMDLC» uMULB2BMLLASY
BMLLU,BMLLB s sMSWAL HMOSWCrUMOIWB s wSTIFFsSTUUSSTIFA»SPT»(ITeSTin

STIFR,STLIFBsSTIFL

DATA E/29000000,/»EMPMAA/Le3/sPLMIN/Q43/5/2PSTUUM/ 244/
XL 3 0.9

X = 1.0V

LOAU = |

IF(COULLL.tN.QU.) LOAD = 2

IF(CODELL.EW.B85,) LUAD = 3

IF(COOELLEwaB804) LUAD = 4

DISTLL=1,1

IFC(LOADWEG.L1DILL=2V

IF(LOADEQe2)LL=20

IFCLCAUWJENS3I)LL=8Y

IF(LUAJ.EU.S)LL:HU

TOTALL = CANTA+SPANL+CANTB

EMPACT AMINTCEMPMAX e 1o 0+5U0e/7(SPANL+1254))
IFCLOAD.EQs3) EMPACT = 1,0

RRIMP = 1.0+(60.,=3%*SPANLA*2/160UC,)/100,
TFCOPANL 44T e80e0Q) RRIMP = 1¢C+(36,+6004/7CSPANL=30))/10VUe
DISIRB = EMPACTAGSPA*L/(120¢*PKOBLLCLOALI*DISTLL)
IFCLOADSEGWe3IDISTRB = LL*GRSP/12./(DISTLL*PRUBLL(LUAD))






123

126

130

134

152

154

104

JF(LCAUGFEWed4) DISTRY = RRIMP*#uOSPA/(120.*05TLL)
EXTRA = 1,18

IF(NEBTobEWweUIEXTRA =14l12

AUJUST = =1,0

PLG = V.0

IFCTUPFICL)eNESsUG) LO Tu 126

IF(PLATLV‘QNtoUOU) af) TU 123

PLG = 1.0

PLATEN AMAXTC3 U0+ F IXCSPANL/Z2060)*2,0s 1k IX(wEBUD/15eutde80))

PLATEN = PLATEW + 2.0
HWIUTH = PLATEw+6,0
ADJUST = 1.

TOPPT(1l) = u.3/5

BUTTPICl) = 0,375

WTFTISL = 1eVUd2*%(GSPA*SLART+HALUITK*KUEPTH)

IF (WeBI1,G7.0.C) GO Tu 130

WEBT = AMAKL((FLOAT(IFIX(WEBL/150,216,40,99)))/1640sPLMIN)
WTFIG(CL) = 300,

CALL SHEAR (0,0)

VL = VvIiural

CALL SHEAK (8,.,0)

T = AMAAL(AWLBUD/ 15U s (WLUD*AMAXTI(VLAVTUTAL)I*LIO000/7500,%*%2)*w(,333)
TREWE = AMAXI(TFTACT*10440e99)/16.09FLMIN)

WEBT = [(REW

IFCLCADWEW 4 IMEuT= AMAALCIF IX(WEBD /1495216 e+0¢YY)/106eu2PLMIN)
IFCLOADsERs4eANDe STRESALLE «23500,IWEBT=AMAXTI(IFIX(WbBU/170.*16,
A +0e49)/16,0,PLMIN) -

PLATE I H1CKNESSEDS + LE wul HKHS

X 2 SPANL/Z2s + 1.0

IF ((PBAA+PSLA)ISCANTA.LE (FBMNB+PSLB)*CANTB) X = SPANL/ 3
X = X®o4,(

FSBUTT = =99999,

CALL PRUPTY (1)

CALL MOUMENT

CALL STRESS(1)

IFCPSC2) ,LESFSBUTTY GO T0 154

X = X + 1,0

FSBUTT = +S(2)

GO TG0 152

IFCADJUST LEsUaU) GU TU 162

CUOE = 0,0

XTOP = AMAXL(PLMINSTUPPT(1)*FSC1)/(STRESA+100,)sPLATEN?
A SURT(FS(1))/325U.5PLATEN/244)

XBOTT 3 AMAXL(PLMINSBOTIPTCLI)*#FSC2)/C(STRKESA+L1QUL)»PLATEN/24,)
IFCABSCTOPPT(1)=XI0P)euks0s007) COUE = 1.0
IFCABSCTNPP I (1) =XT0OP)eGra0Oeul/) TUPPT(1) = XTYP
IFCABS(oOTIPI(L)=XdUlT)suEevasU0/) CUCE = 14U
IFCABS(SOTTRPT(1)=XxBUTT)eGla0eUO0/) RUTIPT(L) = XoUIT
IFCCODECEQ. 1.0) GU TO 134






oo

162

164

172

176

224

228

232

234

238

A

TUPPT (1)
BOTTPI(L)

XCENT
DU 164

X

105

= IFIX(TUPPT(1)*8.0+0.99)/8.0
= IFIACBOTTIPICL1)*8e040499)/840

1212551

TOPPT(M)
BOTIPT(M)
CALL PRUPTY (M)

WTFTDL

= T0PPICL)
= BOTTPICL)

WIFTGCL)+AWTFISL+UTIL

CALL MOMAENT
CALL STRESS(1)

FSBUTT

FS$C2)

X = =04299
X = X+41.0
CALL MUMENT

CALL STRESS(1)

IF (BMOL+POSLL+¥uMSH+BMSHLLW.LT.U.0) GO Tu
XL = X/oPANL

X = SPANL+0.299

X = X=1.0

CALL MUMENT

CALL STRESS(1)

IF (BMOL+PUSLL+uUMSA+BMOALL.LT.040) GC Tu
XR = X/S5PANL

TOoPPT(2)

X = XCENT

F L AN 6B P L. ¥A- 4T 1€

172

170

€ UH R0 Ea )

S

= IFIKCAMAXTCTUPPT(1)%4,+045,8,0%(PLATEN/ (325U
SURT(STRESA))I+04124)))/640
IFCTOPPI(2)+04125.Ge«TUPPT(L)) 60O TO 266
IFCTOPPI(2)4042504Geo TUPPTCL) «ANDW TUTALLeLE. 00.0) 6U
D0 224 A=3s51
TOPPT(K)

= TUPPI(2)

CALL PRUPTY (2)
CALL MUSENT

CALL STRESS(2)
IFCFSC1) o LESSTRESA +ANUs FATIG(L) JEG, 0.0)

X = X=1.0
GO 10 2¢8

TOPPLY

X = XCEnT

K+CANTA

CALL PKUPTY (3)

CALL MOMENT

CALL STRESS(3)

IF(FSC1) LE«STRESA «ANUs FATIG(1).EQ,0.0)
X = X + 1,0

GU 10 234

TOPPL3
TOPPL2

SPANL=X+CANTH
TOTALL=TUPPL1=TOPPL3

Gy

Gy 10 23¢

1y 238

10 260






240

250

254

258

260

262

266

270
272
274

106

BUTTIPT(4) = JFIXCAMAXI(ABOTIPT(Ll)%de+eSsbe*(PLATEN/24e+s120)))/840
BUTIPTI(D) = BUTTPT(4)
IFCOCTTPT(4)+0412560EBUTTFIC
IFCBCTIPT(U)+04250eGE«BUTTPIC
X = XCEnT

CALL PRUPTY (4)

CALL MOMENT

CALL STRESSC(4)
IFCFSC2) oLt e STRESA oANUe FATIG(2) EW. 0,0) wU Tu 254
X = X®1,0

GO TO 250

BOTPLL = x+CANTA

X = XCbny

CALL PHRUPTY (5)

CALL MOMENT

CALL STRESS(H)

IFCFSC2) e LE«STRESA «ANUe FATIG(2)4Eds OsU) uU Tu 260
X = X + 1,0 .

GO 10 ¢>8

BOTPL3 = SPANL=xXx+CANTH

BOTPLZ = TUTALL=BUTPLL=BCTPL

1)) GG TU 2862
1)eAND e TOTALLWLESOOULO) GU 10 26¢

GO TQ 270
BOTPLL = (o0
BUTPL2 = TUTALL
BOTPL3 = 0.V

BOTTPT(4yY = BOTIPT(1)
BOTTPT(5) = BOTTIPTC(L)
Gu TQ 2r0

TUPPLL1 = 0wy

TOPPT(2) = [1QPPTC(CL)
TUPPLZ2 = TUTALL
TUPPL3 = VY.V

GU TG 240

C ANT T LEVER S T R S St

DO 272 A=1s451
ADJCK) = 0oV

BMULA = =(WTFTGCA)+WTHISLHUTIL)I*CANTAR*2/2000,=(PHBMA+POILA)*LANTA
BMOLE = =(WTFTG(S)+WTFTISL+UTIL)*CANTRBw*2/2000,=(PBMg+POLB)*(ANTD
BMLLA = =CANTA*PLLA*1,3
BMLLB = «CAnNTHB*PLLB*1,3

IF(LOADCEQe3) oMLLA = OMLLA/L,.3
IFCLOAU«EWC3) BMLLB = HMLLB/1,3

BMSWA = =SWFWS*CANTA*%#2/200U,=CANTA*PSHA
BMSWB = =SWEFWS*UANTB*#%2/20UUue~CANTHB*PSHD
FTOPL = =(HM)LA+BMLLA+SMSWA)*1200047/STC(usl)

FHOTTL = =(UMDLAOMLLA+BMSHA)x12000,/758(4,1)
FTOPR = =(8MDLB+BMLLB+BMSAB)*12000,/ST(H»1)
FBOTTR = =(BMOLB+BMLLB+sMSAD)*120004/538(5»1)
IFCADJUST ,LE. U,0) GU T4 376






277

278

279

280
281

284

285

286
287
288

107

ALCUMP = AMINICOSTRESA+1UQ 2 (325U *HUTTPIC(4)/PLAJENW) %)
JF (P TOPLOLESSTRKESA+100. oAnNUe FBCTTLOLELALCUMP) GU TU 27/
AuJd(l) = 1.0

IFCPFTIGPL,GECSTRLSA+IUU. o ANUe TUPPT(A)sLEedaTIPIC(4))
ATUPPT(4) = 1(OPPT(4) + U125

IFCPBUTTLeGb¢ALCOMP) BUITPI(4) = BOTTPI(4) +U.125
IF(BOTIPT(4)oLESTUPPT(4)) BUTIPT(4) = TUPPI(4)

CALL PRUPTY (4)
GO 10 274

[FCADJCL)eENe O,C) WU tu 28b

ADJCL) = V.U

IFCTOPPTI (U)o doTUPPT(L)) GU U 279

X = XCENT

IFCTOPPICG) W LELTUPPI(L)) GU TO 278

BUTTPT(Z) = BOTTPTI(4)

CALL PRUPTY (2)

X = 1,0

IFCTOPPI(4)oGELTOPPT(1)) CALL MUMENT
IFCTOPPI(4) Ut o 1UOPPT(1)) CALL SIRESS(2)
IFCTOPPI(4)eLELTUPPT(1)) CALL MUMENT

IFCTOPPICA) LELTOrPI(1)) CALL STRKESS(4)
TFCFSCl)oLE«STRKESA oANUs FATIG(L) +E&s 0s0) GO U 280
IF CTUPPT(4)4LT.TUPPTCL)) & = X=1,0

IF CTGPPTC4)WGT TUPPTLL)) X = X+1,0

GO 10 278

TOPPL1 = 0.V

GO TU0 2901

TOPPLY = X+CANTA

TOPPLZ = TOIALL=TLPPLI=TOUPPL3

IFCBOTTPT(4) EQBUTTPT(1)) ul TU 285

X = XCbnT

IF (BOT‘P](Q).GT.GUTTPI(i)) X = 1,0
IF(BOTTPT(4).GE BUTTPT(L1)) CALL MOUMENT
IFCOCTTPTIC4)oGELBUTIPT(L1)) LALL STHKESS(Z)
IFCBOTTPT(4) o LEJBUTTPIC1)) CALL NMOMENT
IFCOCTTPT(4) LEHBUTIPTCL)) CLALL STRESS(4)
IFCFS(2) o LE«STHESA «ANUe FATIGC2) JEG, ULU) GU [0 286

IF (HUTIP!(Q)-LI.bUTTPI(l)) X = X=1,0
IF (BOTIPT(4). .Gl bATTPICL)) X = X+1,.,C
GU TO 2uvy4

BOTPLL = 0OeuU

GO TU 2467

BOTPLY = x+CANTA

BOTPLZ TUTALL=BUTPLI=BCTPL3

ALCUMF AMINLICSTHRESA+1UO G2 (32504*BUTTPT(S)/PLATER)I*2Z)
IFCFTOPRGLE«STRESA+100e +ANUe FBCOTTRGLEJALCUMP) GO TL <oV
AQJ(3) = 1.U

IFCPTUPH,GE o STHRESA+100e oANUs TUPPT(S) LEBUTTPI(5))

(L T}






289

290

291
292

293

296

297

298
300
302

108

TOPPT(S) + U,125
BUITPT(S)

ATOPPT(S)
IFCFBO0TTR.GEoALCUMP)

-
-

BCTTPT(5) + 0el125

IFCBOTTPT(S) o LELTUPPT(S)) BUTTPTCS) = TLPPI(Y)
CALL PRJPTY (5)

GO TU 274

ADJC(3) = 0.0

IFCIQPPI(S) JEG, TOPPT(1)) ul TU 291

X = XCEwT

IFCTUPPI(S)«LESTUPPTICL)) GU TQ 290
BOTTPT(3)Y = BOTIPT(S)

CALL PRJPTY (3)

X 2 SPANL=~1,0

IFCTOPPT(S)«GELTOPPT(1)) CALL MUMENT
IFCTGPPI(S)«GEINPPT(L)) CALL STRESS(3)
IFCIOPPTI(S) LE.TOPPT(1)) CALL MUMENT
IFCTOPPI(S)WLELTOPPTC1)) CALL SIRESS(S)
IFCFS(Y)eLEeSTRESA «<ANUs FATIUCL) +ES, 0e0) GU TU 29Y¢
IF (TOPPT(S) LT TUPPT(1)) X = X+1,0

IF CTOPPT(S) 6T TUPPT(L1)) X = X=1,0

GO TC 290

TOUPPL3 = Q.U

GO 10 293

TUPPL3 = SPANL=Xx+CANTH

TOPPL2 = TOTALL=TUPPLLI=IOPPLI
IFCBOTTPT(5)¢Ea, BUTTPT(L1)) uC TU 297
IFCADJU(4) bw, C,0) GO Tu 302

ADJC(4) = 0.0

X = XCbnT

IF (BOTTPT(2)sGT4d0ITPIC1)) X = SPANL=1,0
IF(BOTTIPT(S) GELBUTTPT(1)) LALL MUMENT
IFCBO0TTPT(9)GELRUTTPT(1)) CALL STIRESS(3)
IFCBOTTPT(S)eLELHUTTPTCL)) CALL MUMENT
IF(BOTTPT(S) LELBUTTPT(1)) CALL STRESS(S)

IFCPFS(2) LELSTRESA JANU. FATITG(
IF (BOTIPIC(S) LT osBITPICL)) X
IF (BOGTIPT(S5)GT u801TPIC(1)) X
GO Tu 296

BOTPL3
GU 10 300
BOTPLI

Uel

SPANL=X+CANTS
BOTPLZ2 TOTALL=BUTPLI=B0TPL3
TOPPT(2) TUPPTC4)
IF (CTOPPL1,LLT,BUTPLL)
BOUTTPTC(Z) BOTIPT(L)
IF CTOPPLICLTLBOTPLL) BUTTPIC2)
CALL PRUPTY (2)

TOPP1(3) TOPPIC(S)

-
-

TUPPT(2)

2)eEd,s 0,0) GO Tu 298

X+1.0
X=1,0

10PPT(1)

-
-

BNYTIP1(4)






OO0

OO0

320
322

324

348

352

354

3sé

358

360

109

IF (TUPPL3.LTBUTFL3) TUPPI(3) = TCPPIC(1)
BOTTPT(3) = BOTTIPT(1)

IF (TOPPL3«LTBUTPL3) BUTTPIC3) = ROTTIPI(S)
CALL PRUPTY (3)

CANTILEVER Db LECT LI JUnNS
CALL OELTA (BUTPL1,»#0TPL2,B8UTPL3,TOPPLL,TUPPL2»TOPPL3)
IFCUELTLAGEALLOWECLOAD)=4eCsURe CANTALEWe 0,0) GO 1L 322
TAPPT(4) = TOPPI1(4)+0U.125
ADJ(1) = 1.V
IF CTGPPTC4)LELBUTTPTC(4)) G0 TU 320
BOTTPT(4) = BOTIPI(4)+0U4125
ADJ(2) = 1.4
CALL PRUPTY (u)
GO TU 274
IFCOELTLBsGEeALLOWE(LNAY)=4sCo0Ke CANTBebEwe 0,0) GO TU 348
TOPPT(5) = TUPPT(5)+0).125
ADJC(3) = 1.0
IF CTGPPT(S)4LELBUTIPT(3)) ul TU 324
BOTTPT(D) = BATIPI(5)+0.125
ADJ(4) = 1.0
CALL PKRUPTY (5)
GO TC 274

CENTLERLINE b eEr LECT I JNS
IF (UDELILC.UT ALLUWCCLUAD)Y) GU TR 376
IFCSTUDS JEwe Q0 0 ANDSTUPPT(1)eLEeBUTTFTI(C1)) TUPPICL)=TUPPI(1)+0.125
BOTTPTC(l) = BATTIPT(1)+0,4125
CALL PRuPTY (1)
IF (TOPPL1.GT BOUTPLL) GU TO 354
IF (BOTTPT(1) LE«BOTTPI(2)*240) GO TU 356
BUTIPT(Z2) = BOTIPT(2)+04125
CALL PRUPTY (2)
BOTTPT(4) = BUTIPT(4)+U.125
CALL PRUPTY (4)
GO TO 356
BOTIPT(Z) = BOTTPIC(1)
CALL PRUPTY (2)
IF (BOTIPT(1)eGToBOTTPI(4)*240) GO TL 352
IF (TOPPL3WGTRBYTPL3) GU TU 360
IF (BOTTPTC1)elbEBATTPT(3)*2.0) GU TC 372

BOTTPT(3) = BATIPT(3)+U.125

CALL PRUPTY (3)

BOTIPT(O) = BOTTPTI(5)+v.125
CALL PRUPTY (%)

GO TO 372

BOTTIPTIC(3) = B0TI1PT(L)






o

110

CALL FRUPTY (3)
IF (BOTIPTC1)eGTBOTIPI(S)*Z40Q) GU TC 358
372 CALL DELTA (BOTPL1»uGTPL2,BUTPL3,TCPPLLI,TUPPL2sT0PPLY)
GO T0 274
376 X = xCtwt
IFCTICPPT(L) + 0.125enNEo IOPPI(4) JAND,
A TOPPT(Ll) ¢ 0.125.Nbs TUPPTI(S5)) GU TO 378
TOPPT(1) = TOPPT(1)+0.125
GQ 10 192
378 IF(BOTTIPYTCL) + Uell25eNtse BOITPI(L4) +AND.
ABOTTPTCL) + .12% onNte BUTTPI(S)) GO TU 38V
BOTIPT(CLl) = BUTIiPI(Cl)+U.125
GN TO le»2
380 CALL MUMENT
CALL STHRESSC(1)
400 FSTUP = ¥S(1)
FSBUTT = FS(2)

BMOLC = BMUL
BMLLC = POUSLL
8MSAC = BMSw

CALL DELTA (B8OTPL1susUTPL2s8UTPLI»TCPFLL,TUPPL22 IUPPL3)
412 Avaanl = (CTUPPLLI*I0OPPTC4)+TUPPLI*TOPPT(S)+asUTPLLI*BOTIPTI(4)+pu0TPLIN

A BOITPT(S)+10PPL2*TUPPTC(1)+BCTPL2+BUTIPTCL))*PLATEN/TUTALLY
B wESNwAEBT)*3,4
S HE A KR C UNNEUGCTULRYS + S T I FFENLERS
SSPAMN = 99999,
IF(EXTRAEWalala) GU TU 416
CALL SHtAR (0.0)
VL = vTuTaL
CALL SHLaR (8,0C)
T = AMAXALIAEBD/190es (WELUBO*AMAXT (VL VTOTAL)*L1O0UV/750Qe**2)*20,333)
IFCLOADeEW4) T = nWEBND/OL,
IFCLOADebEWed oANDe STRESALE235004) T = wtol/60V,
TREQD = AMAXI(IFIX(T*#160440e99)/16¢0sPLM]IN)
IFCTREWU L LE.WEBT) GU TU 416
WEBT = IREWU
GO 10 123
416 DO 420 J=1s9,1 "
VN 3 J=1

CALL SHEAR (VN)

X = VN¥OPANL/3.

CALL FInNDM (TOPPL1»TOPPL3,BUTPLLSBCTPL3)

PSTUD(J) = H,96#STUDS*L(Ms3)/(CVLL+VLLMIN)*STATM(M)+C,vU1)
IFCLOAD bW d) PSTUD(J) = PSTUUCGJ)INT432/5.90

AWEB = AEBTA(WEBD+TUPPT(M)+BCITPT(M))

THEUC(J) = WEBU*SAQRT(LIOUD«*VIGTAL/ANEB)/ /500,

IFCLUADFQed4) TwEB(J) = WEHU/SL,

IF(LUADGEWQsY JANDs STRESA,LL.23500,) TwbkB(J) = wtBO/o0U.
STIFF(J) = AMINICLIUUO«*WEBT/SWURT(1000wVTUTAL/ANEB ), ntBD)
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IFCLOAUDEWe4) STIHF(J) = AMINICLIO05004%we BT/ SWURT(L1OVU*ViuTALY/
A AnEB)»72,0)

420 SSPAMN = AMINL1(SSPAMNSSTIFF(J))
IFCLCADGEWeLl) PUTV = 4UW/72,
IF(LOAD.EWSZ2) PCTV = 84740,
PLLL = PLLA*(1.0+PCTVCCANTA/(PSLA*10CO/WIFTSL+U.001))
VL = 10U00.*(PAVMA+PSLA+PLLL*Y 1o 3+PSWADXH(WTFTU(4)+nTFTSL)YCANTA+ULU]
STIFA = AMINI(11000 *WEBT/SuRT(VL/(AEBT x(weBU+TUPPT(4)+BUTTIPT(4))

A ))sWedl)
THEBL = wbkoU*SURTOVL/(ALBT*(abBU+TOPPT(4)+adUTTPIC8))))/ /500,

PLLR = PLLB*(1e0+PCTV*#CANTB/(PSLB*1000/WIFTSL+V.001))
VR = 1000 *(PBMU+PSLB+PLLR*) +3+PSWH)+(ATFTAU(S)+WTFTSL)*CANTB+U,01
STIFB = AMINI(11000,*WEBT/SUNRT(VR/(HEBTo(WLBD+TUPPT(S)+B8UTIPT(5))
A Y)svEAdU)
TWEBR = WEOU*SURT(VR/Z(WEBT*(nwbdD+TOPPT(S)+B8UTTPI(5))))/ /500,
I (wEBT,.GTWWEBU/1504) w0 Tu 420
422 STIFL = 0,5V
STIFR = 0,5V
GO (U 446
426 DO 428 A=1s5>1
IFCINEBCK) s LELWEBT) GU 10 43V
428 CUNTINULE
GO 10 422
430 IFC(KeEWse 1) STIFL = 0.V
IFCRGGEW2)STIFLE (K=1)/8,=(WEBT=TWEB(K))/Be/(TANLB(K=1)=TnWEB(K))
D0 440 A=5,59,1
IFCTWEBC14"Kk)elbonwbBBT) GO Tu 442
440 CUNTINUL
GO [TQ 422
442 TF(RsEWeS) STIFR = 140
IF(K Gl ap)OSTIFR= (13=K)/8,+(nbHToTWEB(lu=R))/B8e/(TWLEB(LlO="K)=
A TWEU(14"K))

446 TF(STUUSEWLOL0) G TO 461
P5TUuDl = AMINLICPSTULCL)»PSTULIN(2)sPSTLDC(S) o PSTUD(E)»PSTUULY))

H1 = (CIOPPTCL)+BOTTPTICL))*PLATEN+WEBD*#nEBT )*STRESA/U,D5

H2 = 0et5*3000.*SLABT*SLABN

PSTUDZ = SPANLA(XK=AL)I*L124*%5TUNS/(2e*AMINI(HL1,H2)/(0e0D%28700.))

STUU = IFIXCAMINL(PSTUUL,PSTULZ2sPSTULM))

TP CSTIFLOEGaOeC oANDe SITFRebuolet) oANDGC(CANTA®12¢0oLEeSTIFA «AND
A WEBT oGE s TWEBL) ANDG(CANTO*12,0,LE,STIFB JANU, WEBT,uteTwtBr))
s el Tu 461

STII Je375

STIw AMAX L1 (2.0+nwWEBD/30,0sPLATENW/4.0)

IFCAMODCSTI WU eH)eb@s UsO) STIW = STIW=ULS

STIw STIW=AM0UCSTIN,ULS)

450 STImw oTIw+0,5
ST1J 2 0*WEB)**2/AMI NI (SSPAMNSSTIFASSTIFg)®*2=20,8
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STIIR = AMIWI(SSPAMNSSTIFA»STIFB)wwWbBT*##3%571J/10.92
452 STIIA = STIT#ST we=3/3,0
IFCSTITALGECSTIIR) GO TU 461
ITFCSTIWNGGTo(PLATEN=WERBT)/24U=0e29) GO Tu 454
IF(STIT*16.U.GE.STIw) GU TU 450
454 STIT = STIT+0.125
IFCSTINGGT(PLATEWN=WEBT)/24sU=0e¢25) G0N Ty 452
GO TO 420

LAl EKAL BUCKLING
461 AMINT = (TOPPT(u)+TuUPPT(5))/2,.0
PLTTOP = TOPPTC1)*AMINICAMINT/TUPPT(1)+04221.0)
AMINB = (BUTIPTI(4)+BOUTTIPT(S))/2.0
PLTBOT = BOTTPT(L1)*AMINTICAMINB/BO0TTPT(1)+0e2s10V)
HB = (PLATEW*PLTITUP*(PLTITUP/2.+AEBD*PLTBUT)+NEBUSWEBT#(WLBD/ 249
A PLIBOT)+PLATEW#PLTBOT*%2/2,)/(PLATEW*(PLTTUP+PLIBUT)+WLBD»
B WEBT)=PLTBUT/2,0
HT = PLTTQP/2.0+WeBU+PLIBQOT/2,VU"HB

IX = (PLATEW*(PLTTOP*#3+P L To0T**3)+NEBToNLBU**3)/12,+PLATLN
A PLTTOP*YHI *# %2+ WEBT*WEBU*(HT=PLTTOP/24=NEBU/ e )**24PLATEN®
H PLIBOT*HBw*«2

Iy (PLATEA** 3« (PLTTUP+PLTBUT)+nNEBORWEBT**3) /12,

TURC = (PLATEW*(PLTTOP*#3+PLTBUT*#*3)+nWEbBO*AEBT*23)/3e"Ved]l*(

A PLTTUP**44PLTBOT*%y)

WARPC = (PLTTOP+WEBO+PLTBOT)*«2«PLTTOP*PLIBUT*PLATEW**0/(144,=]1Y)
ECCEN = (HI*PLTJOP=HB*PLTBOT)*PLATEW*®3/(12.%]Y)

CONSTU = ECCEN*(HU*(PLTIBOT*PLATEW**3/12,+PLIBUT*PLATLW "HBY® 2+

A HB* % 3% yEBT/ 4, )*HT*(PLTICP*PLATEW® "3/ 12,+PLTTUP*PLATLN®

B HT* %2+ HTx* 3% WEHBT/44))/(2.%1X)

FCR = 1e13%3,14n*2%E* Y/ ([X/HI*SPANL*%#22144,)%((0el495%ELLULEN+U H2

A CUNSTU)I+SHURTCCOWUOSNECLENYUO2*CUNSTUI ##2+nARPC/ Y *(14+b/2,6*
] TURC*SPANL*##2%144,/(3¢14%%2+xE*WARPC))))

FSBEAM Jo*WTFTG(L)/EXTRA*(SPANL*%2/2 . =CANTA®*®2aCANTH**2)/5T(1s1)

FSAFTY = FCH/FSHBEAM

REACTTIONS + B E ARTINAU S T L b ¥

DU 477 K=i1srls

CANTX = CANTA

SPANLX = 2,%PSLA/wTFTSL*1000.

IP(K,tWe2) CANTX = CnhunNTn

IFCR EQe2) SPANLX= 2.*PSLB/wliFTSL*1000,

EMPA = (EMPaACT+1.,3)/2,

LLRCT) = (o64*x(SPANL+CANTX)*%2/2 ,4( b64*SPANLX/2,+420,)%(dPANL+
A CANTX))*EMPA/SPANL

IFCCANTR (BG40, 0)LLRCII=(UOU4xSPANL/2¢+ 264)*EMPACT
IFCLOADEWe2) Gu TO 465

IFCCANTX,EW.0,0) GU TO 463
LLRC2) = (72+*SPANL+72+*CANTX=6/72,)*EMPA/SPANL






LLRCY) =
A
LLRC4) =
A
LLR(S)
A
LLR(&)
463 LLR(7)

U

H N

Gu IL 470

465 IF(CANTX,
LLR(Z2) =
LLRC3)
LLR(4)

A
LLR(S)

A
467 LLRC(6)
470 LLMAXK

A
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(4U, *SPANL=112,432 2 (OPANLA+CARTX=14 ) e (SPFANLYLANTA)Y
SFPANLA)*EMPA/SKEANL

(3o *SPANL*CCSFANLAYCANTX=14,) %32+ (SPANLX+LANTX=204)*0,)
* (SPANL+CANTX)/SPANLX)*EMPA/SPANL
(S2oe*(SPANL+CANTX™144) %32, (SPANLYCANTA)*+Bo*(OPANLA=LE,)*
(SPANL4CANTX)/SPANLX)*tMPA/SPANL

((72 #5PANLA=E(2 ) x(SPANL+CANT X)/SPANLA)*]L ,3/OPANL
(72e*SPANL=6724)*L4PACT/SPANL

tweCoeC) GO TH 467

(Boe* (SPANLX®144)/SPANLA+32) % (SPANL+CANTX)I*1 43/ 0PAWL
(9e*SFANL*H o *CANTAT1 4 ) 8o *EMPL/SHEANL

(320 (SPANLX4CANTX=144)/SPANLX* (SPANL+CANTX)+0e*SFANL)*
EMPA/ZSKFANL

(Boe* (SPANLX+CANTX=144)/SPANLX*(SPANLPCANTX)*3ce*SPUNL)
EMPA/SPANL

(He*SFANL=14d e )*B8*LMFACT/SPANL
AMAXTCLLRCUD)SLLRC2)sLLRC3)oLLR(4)sLLRCD)sLLN(O)sLLK(C7))
*UISTR/EMPAC

RSWLL = SWLL/1CUU*TUTALL*CILTALL/?24=CANTX)/SPANL

LLRMAX(N)
LLRALI(n)
A
IFCCANT A,
IFCLUAD Gt
A LLrCy
IF(LCADLE
ALLRW(OIC(N)

LLRAGT ()
LLRWUI(R)
IFCLCAULF

A

IFC(LOAVGEW«3) LLRuUI(K)
IFCLOAUSE wed) LLRMAX(K)

IFCLOAVGEG«4) LLRWOTI(K)

= AMAXT(LLMAXKs (LLMAXRK+RSALL)*0.0)
= AMAXAL(LLK(CL)/EMPALLLR(2)/EMFASLLR(3)/EMPALLR(Y)/LMFPAY
LLRCYS)/ZEMPASLLR(6O)/1e3oLLRO7I/EMPACTY

FWeUolU)LLRWUI(AY= AMAALCLLR(LI)/EMPACT LLRWDL(A))

Wel ) )LLKWUI(K)= AMAXI(LLKC(1)/EMPALLLK(Z2)/143LL(3)/LMPA,
Y/EMPASLLRCS)Y/EMPALLLKCE)Y/EMPACT)

Noel o ANLUoLAN T XobyoeUa ,LLRWUI(K)Y=AMAXT(LLK(L)/EMFALT Y

)
LLEWD[(K)Y*U]LSTR/EMPACT
AMAXY (LLRWUL(R) s (LLRWUOT(K)Y$RSwWLL)I*U,8)
Wed) LLKMAX(K) = OISTHA®(C,085%«(SPaNL+LANTR)I**2/2,44(
DelCBI*SPANLX/Ze)*(SPANL+LANTA))/SPANL
LLEMAX(K)
Heln38AxLL*DISTRU(SPANL*Z1,4i42)/10QU

i u

LLEMAX(N)/KKIMP

DU 472 L=le/s

472 LLR(L) = V.U
DLAVG = (WIFTSL+AVOGWT*EXTRA+LTIL+SWERS)/1UUO,
DLRTC2) = (ULAVe *TOTALL*CTUTALL/2¢=CANTA)+(PEMu+PSLu+rd>ng )
A (SPANL+CANT:3)=(PBMA+PSLA+P>HA)*CANTA)/SPANL
DLRT(1) = DLAVG*TUTALL*FBMA+PSLA+PSWA+P LM +PSLB+PSag=LLrIi(2)
WSTIFF = (PLATEW=WEBT)/2.=AMCUC(PLATEW=WEDBT)/2420425)=JsdD
TSTIFFC(R) = wST[FE/12¢%50RT(5Ve/33,)

IFCSTREOALLE 23500 )ISTIFFCR)E WSTTHF/12e*54aRT(364/334)

TSTIFE(A)
474 TSTIFF(A)

BRGSTK =

= AMAKI(IFLX(ISTlfF(<)*d.+C.999)/d..PLMIN)'U-lz:
= TSTIFF(R)+UL12D
(LLRHAACRIENDLERT(RIIZ (2o * TSTIFF(R)*(WSTIFE=UabdV))
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1P (bRudTReuTdue) WO TU 474

IF(LRGSTRUTe29e ¢ANDe STREDALLE. 235004) wu TU 474

RGYK = (2e*aSTItF*ToTIrF(RI®CCANLBIYWNSTIFF)/2e)%%242%1311FF(K)
A *WSTIFFx*3/712,)/C2 #nASTIFF*TSTIFF(K)+1dennbolnr2)

FALLGn = 16000e=043*nEBO**2/HGYR

IF (STRESA«UTL23500¢) FPALLOW = 22000,=0,56%ALBU**2/RyY <

IF ((LUAMAXCK)$ULKT(K)Y /(2o *n3TIFFRTSTIFF(K)+18,entuleel), 01,

A FALLOW/100C,) GiJ TU 474
477 CUNTInUC
478 CUONTINUL

RETUKRN

END

BLOCK UATA

DESIGN  CUNSTANTS

COMMOUN/UESLI/ZALLUWCC4)» ALLOWECE)sMUT(12)sPRUBLLCU)» TRATLIU(Z)
DATA ALLlJWC/1UUU018\)()Q’Uo'6400/

DATA ALLOWE/35C.23UUssUap0a/

DATA MUI/U»3196099151215152218252135244,52745305»335/

DATA PRUBLL/20e¢32Ue285¢5804/

DATA TRATIU/OQes244/

END

SUBKUUTINE PROPIY (M1)
P R U PFERTIULES

REAL I»ui

DIMENSIUN w(#4)

CUMMON oML BMLL o BMSHs3MSWLLIOMTIRK»BCTITPT(O)»CANTASCANIBICG(624)
UELTLALOELTILn s UELTLUSNDELIC3o4)sDISTHESEMPACTIEXTRASPATIUV(2)
FS(8)5GSPASHEOEPTHIHANLIDTH2 [ (624 )2 LCADIMeNEGLLIPBMASPDMBPPLLAS
PLLBSPLATET(Z2)»PLATEW»PUSLLPPSLASPSLEs»SLABW2»OB(O624)25LABT»SPANL
2STCO,4)sSTATM(E) ) STRKESA» STUDS» SHFWS,SWLLTUPPT(6)»UTILP VDL
VLU VLLMIN)VOWSVIOTAL sWEBL o ALBT o WTFTOG(O)sWTFETSL2XsPOINASFSHD

sXLaXKoLLoFSAFTY,AVUWT»LCURLL

DATA N/9Y9999945999999,2999999,5999999,5999Y999 ,s842100e0 30/

M = M]

WTFTG(M) = ((TOPPT(M)+BUTIPI(M))*PLATEW+WLOU*WEDBT ) *3eu*tATHKA

SLABH = SLAUT+KULFPTH+TUPPT(L)=TUPPT(M)

SLABW = AMINI(GSPAs»SLADI*12e212e*SPANI/44)

DU 8 KZ31s4»}

J 3 KeUx[F1X(STULS/H50.%0.99)

Mmoo oa»
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(2#nCJU))+(TUPPT(M)*PLATEN)*(SLABR+TUPPT(M)/24)+(ALBT*NEDD)»
(SLABR+TUPPT(MI+AtbD/2e)+(a0TTPI(M)SPLATEN)*(SLABH+TUPPT(M)+
WEBD$BUTIPTI(M)/2e))/7CCOLABWN"HWIDTH)*SLABT/N(J)+SLABH*HNIDTH
INCI)TTOPP (M) *PLATEWtnEBT*WEBU+BOTTPTI(M)®PLATEN)

T(MsK) = (SLABWoaHAIOTH)*SLABT/N(J)*C(CCLG(MyK)=SLABT/2,)%*2+SLABT#22
/12.)*SLANH*HWIDTH/N(J)I*(CABS(CG(MyK)=SLABH/24s))xe2+4SLABH®»2
/1é¢)+T0PPTCM)*PLATEW*((ABSCCG(MsK)=SLABH=TOPPT(M)I/2es) )24
TUPPT(M)*#2/12)+mbBT*nEBD*((ABS(CG(MIK)=SLABH=TUPPT(M)=ntbD/

-))*t&+w£d0t*£/1d.)+BU¥TPl(M)iPLATLWt((SLABH*TOPPI(M)#Ntﬁu+
BOITTPT(M)/24=CG(MK))R*Z2+BUTTPT(M)*22/12,)

STCMsK) = [(HsK)/(Cu(MsK) =SLABH)

SB(MsK) = 1(Msnrn)/(SLABH+TOPPT(M)+WEBD+BUTTPT(M)I=CG(MsNR))

STATM(M) = (CGC(Ma1)=CGCM3))*WTFTGU(M)/(3.4*EXTRA)

RETURN
END

CG(MoK) = ((SLAGW=HAIDIA)*SLAT*#*2/ (2 ,*N(J))+HN[UTH®IL adHrxg/

SUBKOUTINE MUMENT

MU MENTS

DIMENSIUN FATIGC(2)sFATIGT(2)sR(6)

CUMMON BMUOL»BMLL»BMSW)BMSWLLPBMIRKsBOTTHFT(O)sCANTASCANIBLCG(6s4)>
UVELTLASDELTLBsUELILCOIDELT(324)sDISTREIEMPACTIEXTRKASPATIG(Z)»
FSCA)sGSPASHUEPTHsHAWIOTH2 T (62084)2 LOADSMINEGLLIPEMAS POMBIPLLAS"
PLLBOIPLATET(2)sPLATEW,PUSLLSPSLASFSLbs SLAbWSIOB(6,4)sSLABY,SPANL
pSTCO,4)sSTATM(6))STRESA» STUUS»SHFWS,SWLL»TUPPTC(6)suTILavODL>»
VLLAVLLMINSVOWs VIUTAL s WEBU» AEBT s ATETGCS)sWTFTSL2XsPONASPSHWD

s XLoXRoLLoFSAFTY»AVGWTsCCUELL

X1 = (CANTA+SPANL+CANTB)*(CANTA+SPANL=CANTSE)

X2 = CAnNTA+X

WTFTOL = WIPTSL+WIFTGCL)+UTIL

BMOL = (WTHTOL*X1/7C20004*SPANL)+(PRMA+PSLAI*(CANTA+SPANL)/SPANL®"

(PSMB+PSLEB)*YCANTH/SPANL ) wA=nTFTDL*X2%X2/2000¢=(FuMA+PSLA)wX2

BMSnw = (SWEwS*x1/(2000+*SPANL)+PSWA*(CANTA+SPANL)/SPANL

"POWH*CANTE/SPANL)*X=SWFkAS*X22X2/2000e"PSHA®XZ

BMSAHLL = SALL*X*(SPANL=X)/20C0,

NEGLL = =1,3%x(PLLAYCANTAX(SPANL=X)+PLLB*CANTB®X)/SPANL

IFCLOAD«EQe3) Gy T0 6

BMLL = Xw(SPANL=X)%(,32+18+/SPANL)

IFCLUADSEWel) GU 10 2

BMTRK = AMAX{CCSPANL=X)#(40e%A=1124)sX*(40e*C(SPANL=X)=1124))/5PANL

GO 10 4

XMAX ‘= AMINLI(A»S5PANL=X)

BMTRK = AMAXLCXMAXK (T2 % (SPANL=XMAX)=6724)/SPANLI XMAXR(724*%(SPANL"

XMAX)*336,)/5PANL=1124sAMAX* (64 ,#(SPANL=XMAX)=448,)/SPANL)

4 PUOSLL = AMAXT(HMTRKsBML1)*ULSTRY







A

7

A
B
C
U
£
F

A

A

116

BMTKK = BMinK+0]STRY
GU 10 ¢
6 BMTKK = (.U

Z = AMINI(X/SPANLs1o=X/SPANL)
PUSLL = 10e%LL*UIdTRHA/05,%(3.099071«SPANL+UL0730020%83PANL®%2+

308/ 10* %9 X SPUNLANS =208, 302 )%/ %(4e106=4,32%L)
IFCLUCADCEde3) PUSLL = Uo0B9*U[STRB*X/2,%(SPANL"A)
IF(LOAUCFENS3) NEGLL = NEGLL/1,3
CONTINUL
RETURN
END

SUBROUTINE STRESS(M1)

DIMENSIUN FATIGCC2)sFATLIGT(2)»R(6)

COMMON HMDLsHBMLL»SMSWoUBMSALLSBMIRRSHCTTHFT(6)sCANTA»CANTIGELCLG(624)>
DELTLALUELTL» UELTLC)DELTIC324)sDISTROSEMPACTIEXTRAPFATIG(2)
FSC4),GSPA,KUEPTH,HANLIDTH» 1 (654)sLCAD, M) NEGLL,PBMAS,PUMBSPLLAS
PLLBsPLATETC(2)»PLATEN s POSLLPPSLASPSLEs SLABWIOB(6,d4)2 SLABTI»SPANL
2STCO,4)sSTATM(6),STRESASSTUUSs SHENRS» SWLL»TOPPTC(E6)»uTlLoVODLS
VLU VLLMINSVOW,VIUTAL ) WEBU»WEBTsWTFTOG(H)sWIFTSLsXsPONASPSHB

s XLoXRoLLsFSAFTYsAVUWT»CLULLL

M = M{

N1 = 3

N2 = 4

IFCA/SPANLoLE XL oURs X/SPANL.GEAK) N1 = 1

IFCA/SPANLCLEWXL +OR. X/SPANL.GE,XR) N2 = 1

TOPPOS = (mMOL/ST(Mrel)+bMTIRA/ZST(NMaNT)4BMSW/OT(MINZ2))*12UU0,

TOPNEG (~BMDL/ST(M»1)=NEGLL/ST(MsNT)=MSA/ST(MsN2))*12V00,

R(1) = =1, Uu*TOPPUS/TUPNEG

BOTPCS (BHADL/SB(My1)+UBMTRA/SB(M,NL)+HMON/SB(M)N2))I*120U0,

BUTNEG (=oMOL/SO(M, 1 )*NEGLL/SBS(MaNT)*bMSN/SB(MaN2))=12000,

R(2) = =1.,0%pTPOS/BUTNLG

DO b J=1,251

FATIG(J) = 0,0

IF CAuSCRCUD)eGTale) ROJ). = 14U/RCU

IF (STReSAWUT2350064) FATIGU(J) = 27000./7A80C 1 e="1,432K(J))

IF (STRESAWGLE.Z235004) FATIGL(Y) 20000/ Cle=QetYeK(u))

IF (STRESA«uT 235004 ) FPATIWI(Y) 130004/ (le=0e02*K(y))

IF (STRESALLE.23500.) FATIGI(J) 172006/CLle=0Qe02*K (L))

CONITINUL

IF CTUPPOSeGTSFATIGC(1) o0Ke TUPNEGeGT&FATLGUT(L1)) FATIW(L)

IF (BUOTPOSuT,FATIGT(2) +URs BUTNEGGTSFATLIWLC(2)) FAT[u(Z)

FSCLl) = AMAXUL(TUPKNEGU» TUPPOS+(PUOSLL"BMIRR)/ST(Monl)*120V0 >

(TOPPUS+(POSLL="BMTIKR+BMOWLL)/ST(MyN1)*120004)%0.8)
FS(2) = AMAXI(BUTNEGUIBUTPOS+(POSLL=HBMTRA)/S8(MonN1)*120UV s
(BUTPUS+(PUOSLL="BMTRA+BMOWLL)/7SB(M,N1)*12000,)*0,8)

RETURN

END
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SUBKCUTINE DELTA (BOTPL1»BUIPLZsBCTIPLI»TUPPLLISIQPPLEY IUPPLY)

utF LLECTTUNS

REAL JULF,I1,12,1

DIMENSIUN 6MG(21)sI0EF(42)oP(21)sPLCU)IPR(U)V(2L1)IoNT(4)

COMMGON OSMOLs»BMLL»BMSKsBMSWLLIUBMIRK»BOTTPT(O)sCANTASCANIBICG(624))>
VELTLASDELTLU» DELTLC,DELI(324)sDISTRESEMPACTIEXTRASIHATIG(2)
FSC4)sGSPASRUEPTHANIUTHL I (624)sLEAUSMsNEGLLSPBMA» POMBIPLLAS
PLLBAPLATETCZ)»PLATEWSPUSLLSPSLASPSLEBISLABWISB(6,4)2SLABT»SPANL
2STCO6,4)sSTATM(E)»STRESAPSTUUS» SAFWS»SHLL2TUPPT(6)sullblsvDLY
VLLAVLLMINSVSWHVIUTALS WEBUSAEBT s ATETG(S)sWIF ISLoXsPONASPONHD

s XLoXRsLL o FSAPTY,AVUNT»CLURLL

SWFACT = (SwFWS=20e¥GSPA/124)/(SWFWS+0,01)

IF (SWFACT.LT,.0,0) SWHACT = C,0

DU 40 Kl=sls4,y]

00 1 K=1s21,1

P(K) = v,U

GU T0 (Zs6510s14)sK1

00 4 K31,21,1

X 3 (K=1)*SPANL/2U.

CALL FINDM (TOPPLL1»TCPPL3»BUTPLLISBOTPL3)

IVEF(K) = 1(M»1)

TOEF (K+21) = J(M»su)

P(K) = (WTPFTG(M) +UTIL)*SPANL/2U,

BMDC(Y) = =PuMA*CANTA*10UO.*nTFTUu(4)*CANTA**2/2,

BMD(21) = =PHMB*CANTB*1000"WTFTG(S)*CAnTEB**2/2,

PLC1) = PpMA
PR(1) = PBMY
WTCL) = WIFTG(1)
GO TU 1o

BMOC(L) = <PSLA*CANTA*1UVO,
BMD(21) = =PSLBE+CANTB*1000.

PL(2) = PSLA

PR(2) = PSLY

GO 10 1o

BMD(1) = =wTFTSL*CANTA*®2/2,

BMD(21) = *aTFTSL*CANTB*%2/2,

00 12 K=1,21»1

PCK) = wTFTSL*140./150e*SPANL/ 2V,
NT(3) = WIFTSL*1404/15U,

GU TC 1a

BMDC(1) = =PSwA*SWEACT*CANTA*1U0U.
BMD(21) = =PSnBaSWFACT*CANTB*1000,
DO 16 K=1,21,1

PCK) = oWFwS#*#Snk ACT*SPANL/2U
IDEFCK) = TUEF(nr+21)

IVEFCL) = 1C4s1)

IVOEFC21) = 1(591)

PL(4) = PSWA*SWEACT
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PR(4) = PSwdxSWFACT
18 V(1) = (=BMUC1)+BMD(21))/SFANL
DO 20 K=1,19,1
20 V(1) = V(1)I+P(K+1)%(20=K)/2U,
00 24 K=1,19,1
24 V(K+1) = V(K)=P(K+1)
D0 26 K=1,19,51
26 BMD(K+1) = 8MOCK)+V(K)*SPANL/20,

RL = 0.0

RR = 0.V

DO 30 K=1,20,1

RL = RL+(41=2+K )« (BMUCK)/IOEF (K)+BMOCR+1)/IDEF (K+1))*#04U9*SPANL
30 sR = RRE(K¥2=1 )% (BMO(K)/INDEF (R)+BMD(K+1)/JUEF (K+1))*0,UuY*SPANL

M 3 0.0

D0 34 K=1,10»1

34 XM = XM (21=2%«K ) (BMD(K)/ILEF(R)+BMOCK+1)/1UEF(AR+1))IX0sV9*SPANL
DELT(1sK1) = =CANTA*12:/290U0Q00 *(RKLoWI(K1)W18,*CANTA**3/IDEF (1)
A *PL(K1)*CANTA**2+48000,/10LF (1))
DELT(2sK1) = (RL/2¢=XM)XSPANL*12,/29000000
40 DELT(3»K1) = =CANTB*12e/290000004*(KR=WT(K]1)*1B,*CANTL**3/JDEF(21)
A *PR(K1)*CANTB**2+448000./[DEF(21)) '
TOPPL = (TOPPL1+TUPPLI)/Z2,
BOTPL = (BOTPLI+BUTPLI)/Z2,
It = (IC2,2)+1C352))/72,
I2 = (1C452)41(592))/2
EQVIB = 14/7C1e/1C122)+41440/SPANL**4*(TOPPL**3«(SPANL=TUPPL)/TI(1,2)
A (1 (152)/711=1)+BUTPL %23 n(SPANL=BOTIPL)/ZL11*(I1/[2"1.)))
DELTLL = +O0UOY4T6*(SPANL+USe)*SPANL**]
IF (LOAULEWG1) DELTLZ = ,0894%x(SPANL*#w3=S55,«SPANL*478V.)
1F (LOAU,EWe2) UELTL2 = L0496%(SPANL**3=200,*SPANL+161V,)
DELTLC SAMINTI(9999¢sEQVIB*SPANL*124/ (AMAXI(DELTLLI20ELTL2)*DISTRb))

WL = (WIFTGCU4)+wTFETSL+UTIL+SWFWS)/1000,

DL = SPANL+CANTA=(C(WIw(SPANL**2=CANTA#*2)e2,*(PUMA+PSLA*PSNA)*

A CANTA)/ (W1 *#SPANL) )«*3/SPANL#*#22w%(1,=1(4»1)/eQV]I8)

DELTLA SAMINTIC(SY99 s CANTA®6UG e *](4s1)/C(PLLA®YL (3*CANTA® 2% +,001))
Wl = (WIFTGCO)*WTFTSL+UIIL+ONFND)/1000,
DR 3 SPANL+*CANTH=(CWI*(SPANL**#2=CANTH**2) =2 , *(PyUMB+PSLEB*PSwp)*

A CANTB)/(wi*#SPANL) ) =#3/SPANL**2*(14=1(551)/LQVI8) , _
DELILB =AMINTI (9999 CANIB*OUA*[(5s1)/(PLLE*]1,32CANTEBR*2*DR+,001))
IFCLOADCEWed) CELTLC = AMINICL2eaEUdVIB*3844229000000s/(Dex17200w

A ) SPANL##3«LL*DISTRB)»999Y)
[F(LOADJEW.3) DELILA DELTLA®L,3
IFCLUADEwWwed) DELTLS VeELTLEB*143
IFCLOADEQed)DELTLC= SPFANL*12*%LQVIB/(C107¢6"9e¢U9*SPANL*US234

A SPANL *#%#246 ,43E=S*SPANL*%44+1 ,67E=TaSFANL*oS)«LL*D][SIRDE)

RETURN
END
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SUBROUTINE SHEAR (VN)
S KE AR S

COMMON SMOLsBMLLIBMOWsBMSWLLIUMTRK»BOTTHPT(O)sCANTASCANIDPCG(6s48),
UELTLASDELTLE OELTLC»DELTC324)s0ISTRUIEMPACTSEXTRALFATIG(2)
FSC4),GSPASKUEPTHIHWIDTHII(694)sLCAD,MsNEGLLPBMASPESMDSPLLAS
PLLB2PLATET(2)»PLATEW»PUSLL2PSLASPSLE»SLABW2OB(O6,4)»5LABT»SPANL
2STCO,4)sSTATM(6)»SIRESASSTUUS»SHFNS»SWLLsTUPPTIC(0)sulllLsvDLly
VLLOVLLMINSVSW,VTOTAL, WEBU s WEBT»WTFTG(S)sWTFTSLsXsPONASPSHD
s XLoaXReLLsFSAFTY»AVuWTsLCUELL

VX = AMINLI(VYN,B8=VN)

IF (LOAULEW,2) VLL = AMAX1(9¢0*(B8,=VX=22,4/SPANL)»(Be=VX)n*2n
UeQUO*SPANL+2640=3,25%xVX)*)[>TKB

IF (LOAUEWel) VLL = AMAXI(YeO*(B8e=VX®74o//SPANL)» (Boe=VX)®u2n
OeQUD*SPANL+2640=3,25%VX)*ISTRB

IF(LOAUDGEWS3) VLL = 0,085#UISTRB*(4,2VX)*SPANL/ 8.

IF (LOAUJEGed) VLL = 6¢1538d* LADISTRBA((Be"VX)*SPANL/ O+

; 21612507100,
X{ = (CANTA+SPANL+CANTB)I*(CANTA+SPANL=CANTE)/2000,
VLOL = C(wTFTSL+WTFTGCL)+UTIL)»X1+(PBMA+POSLA)*(CANTA+SPANL )=
(PBMB+PSLB ) )*CANTB)/SPANL

VLSW = (SWEWS *X1+PSWAX(CANIA+SPANL)="PSWB*CANTB)/SPANL

vVLSwLL = SwLL«SPANL/20UU,

VOL = AdS(VLOL=PHMA=PSLA=(WIFTSL+WTFTGCL)*UTIL)I*(CANTA+*VN/B,*

SPANL)/Z100U.)

VSW = AUBS(VLSW=PSWA= SHtWS*(CANTA+VN/B8,*SPANL)/1000,)

VSWLL = ABS(VLSALL="VN/B.*#SHLL*SPANL/1000,)

VIUTAL = AMAXTC(vDL+VLL*VSWo(VUL+VLL+VSWLL+VOIN)*Y,8)

VLL = AMAXLI(VLLs(VLL+VSNLLI*0,8)

VLLMIN = AMAXT (4 xVXpSe*VX=112,/SPANL,3 25*VX+,005*VXRa2aSPANL)

IFCLOADSEN«1IVLLMINS AMAXI(VLLMINSIBo2rVX=U8484/SPANL2Fe*vAR=6/2,/

SPANL)

IFCLOADSLEZ4)VLLMINS AMAXI(VLLMIN®DISTRU»PLLB*]1,3*CANTOS/SPANL)

IFCLOAUSGE eS) VLLMIN = AMAXL(VLLMINYDISIRBsPLLA®Ll 3*CANTA/SPANL)

RETURN

END

SUBRUOUTINE FINUM (TOPPLYI,TUPPLILBOTPLL,8UTPLI)

FIND M (UROER LEFT TU RIGHT 422515395)

COMMON ©SMDL»BMLL o BMSWsBMSWLLPBMTRKSHOTTPT(O)s CANTASCANIBSCG(624))»
VELTLASDELTLEsDELTLC,UELT(3924)»DISTRBIEMPACT,EXTRASFATIG(2)
FSCY) o GOPASHUEPTHsHAIDTH2T(624)sLOAUSMINEGLLIPBMASPIMOBIPLLAS
PLLBsPLATETC(2)»PLATEAPUSLLAPSLASPSLE» SLABN2SB(624)25LABT,»SPANL
2STCO,4),5TATM(6),STRESA,STUUS)SAFWS,SWLLTUPPT(6)»JTlLsvDLY
VLLAVLLMINS VOWs VTOTALSWEBD s WEBTsWTFTG(S)sWIF[SLaXsPOINASPSHD

s XLaoXRoLL

M =1
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IFCXeCANTALLETOPPLY JAND. X4CANTALLE.ROTPLI) M = 4
IF(X+¢CANTA LE.TOPPLY ,AND, X+CANTA,GE,ROTPLI) M = 2
IF(X+CANTA,GFE,TOPPLY ,AND, X+CANTA,LE,BOTPLL) M = 2

IFC(SPANL4CANTR=X,LE.TOPPL3 +ANDs SPANL+CANTB=X.LE.BOTPL3) M
IFC(SPANL+CANTR=X,LE.TOPPL3 +AND, SPANL+CANTB=X,GE.BOTPL3) M
1F(SPANL+CANTB=X,GE TOPPL3 ,AND, SPANL+CANTB=X,LE,BOTPL3) M
RETURN

END

"N
w wun

SUBROUTINF DETATL
COMMON BMNL,BMLL,BMSW,BRMSHLL,BMTRK,BNTTPT(6),CANTA,CANTR,CG(6,4),
DELTLAL,DELTLBsDFLTLCSDELT(3sU)»DISTRBIEMPACTSEXTRAPFATIG(2)Y
FSC4)sGSPASHDEPTH,HWIDTH,T(6,4)sLOADs M, NEGLL,PBMA,PRNB,PLLA,
PLLBsPILATET(2)Y,PLATEW,POSLL,PSLA,PSLB,SLABYsSB(6,8)sSLABT»SPANL
sST(6,0)s STATU(E) s STRESASSTUDS» SHFWS»SWLLoTOPPT(6)»UTILIVNLS
VLLs VLIMINS VSHy VTOTAL o WEBND, WEBT, WTFTG(S)» WTFTSL, X, PSWA,PSKB
»XLoXRyLL,FSAFTY,AVGUWT,,CODELL
COMMON/DEST/ZALLDOWC(BY, ALLOWECYY, MNT(12)Y»PRORLL(GY,» TRATIOD(2)Y
COMMON/DES2/ADJC4),DLRT (2, LLRC7)»LLRMAX(2)»PSTUD(9),STIFF(9),
A TSYIFF(2)s THWEBCO) s LLRYWOI(?)
COMMON/BRDATA/BRL »BRW,SPANLY ,SPANB:SPANL?,RDY,FC,RMOD,FR,C1,5C2,
B C3,GRNN,GCOST,GCOSTI,WG(2)Y,0PTYHERCIOY,NOPTSPACLIO),OPTPL(10),
C OPTCANCIO)sP(U), TUYTIL, TSWLLsRAILWT,REINF(2),ITER,FSAFTI, wERDI,
D UBWEBD, TPT(1),BPT(1),INET
COMMON/DET/TOPPLISTOPPL2. TOPPL3,ROTPLISBNTPL2,BOTPL3, XCENT,
A FTOPL,FSTOP,FTOPR,FROTTL,FSROYT,FROTTR,BMDLA,BMDLC,RUDLB, BMLLA,
B BMLLC,RMLLRB»BMSHA,BHSHC,BMSWHB WSTIFF»STUDsSTIFA,PT,STIT,5TIw,
C STIFR,STIFB,STIFL

MTMTMO O >

oUTPUT
125 FORWATCLHY /777777
A 20X» 33HTHO=SPAN CANTILEVER RRIDGE DESIGN,
B 15X»5SHSQUADS 3X» BHKULKARNL» /) A
101 FORMAT(20x,1RHBRIDGE DIMENSIONS,16X,20HMATERTAL PROPERTIES, /)

- 102 FORMAT(20%,16HRRINDGE LENGTH =,F10,2,2Xs3HFT,»3Xs12HFSC(REINF,) =,

A FBs022Y, UHPST ,»/20Xs 1AHBRTIDGE WIDTH =2F10,2,2X»3HFT 453X
B  12HFC(CONC.) =,F8,0,2Xs4HPS],)

103 FORMAT(20X,16HSPAN 1 LENGTH =,F10,2,2Xs3HFY,»3X,12HFS¢STEEL)Y .=,
AFB.0,2X28HPST,»/20%s 16HSPAN 2 LENGTH =»F10¢2,2Xs3HFT .3,
‘B 12HMOD, RATIO =,F8,0) _

104 FORMAT(20x,16HROADWAY WIDTH =,F10.2,2%»3HFT,»//20X,
A 10HLOAN DATA,/)

105 FORMAT (20X, 16HLOAD(1=HS 2=H) =+17,/20xs 16HRAILING KT,  =,F10,2,
A2X»B8HLRS « /FT4s /20X, 16HSDHWALK L, LOAD =»F10,2,2X2BHLBS./FT,)

106 FORMAT(20x,»16HFUT. WEARING =55X»18H25 LBSe/SQeFT, 2/

A 20%X,16HTOTAL UTILITY =,F10,2,2X,8HLBS,/FTes//
B 20X, 10HCOST DATA, /)
107 FORMAY(20%»16HCOST UF CONCoe =sF10.222X28HE/CULYDesr/
A 20X, 16HCOST OF REINF, =2F10,252%Xs5HS/LR,s/
B 20X,16HCOST OF STFEL =sF10,2,2Xs5H%/LR2//720%>
c I7THDESTGN  VARIABLES, /)
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108 FORMAT(20xs 16HGIRDER SPACING =»F10,25,2Xs3HIN,»/
A 20Xs164KHND, OF GIRDERS =sFR,0)

109 FORMAT(20Y,16HDEPTH OF WER =oF10,252Xs3HIN,»/
A 20Xs»16KUPPER BND, WEB =»F10,25,2Xs3HIN,,/
B 20X, 16HCANT, LENGTH =sF10,25,2X»3HFT )
110 FORMAT(20X,16HFLANGE PL WIDTH=,F10,2,2Xs3HIN,»//
A 20X, 12HSLAR DESIGN, /)
115 FORMAT(¢20Y,16HSLAB THICK, =2F104252Xs3HIN,»/
A 20X 1 6HTRANS, RFEINF. =9F10,2,2%Xs10HSQ,IN,/FT,27)
120 FORMAT(20%, 1 6HGIRDFR DESTGN, /) :
121 FORMAT(?0Y,» I AHAVERT, SPAN | =,FB8,024X»RKHI.BS,/FT,)
122 FORMAT(20%5s16HAVERT, SPAN 2 =sFR,0s4Xs8H(BS,/FT,.)
123 FORMAT(20X, 16HFSAFTY SPAN 1 =,F10.,25/
A 20X 16HSAFTY SPAN 2 =5F10.257/)
WRITE(3,125)
WRITE(32101)
WRITE(3,102) BRL,FRsBRUY,FC
WRITE(C3,103) SPANL1,STRESA,SPANB,RMOD
WRITEC(3,104) RNW
WRITE(3,105) LOADSRATLWT,TSHLL

WRITE(3s106) UTIL
WRITE(3,107) C1,C2,C3
WRITE(3,108) GSPA,GRND
WRITE(3,109) VWEBNDsUBWEBD»CANTB
WRITE(3,110) PLATEW
WRITE(3,115) SLART,REINF(2)
HRITE(35120)

WRITE(3,121) WGC(Y1)
WHRITE(3,122) %a(2)
WRITE(3,123) FSAFTYsFSAFT]
RETURN

END

SUBROUTINE NETGIR

COMMON BHDL ,BHMLL ,BMSW,BMSWLL ,BMTRK,BNTTPT(6),CANTA,CANTB,CG(6,08),
DELTLA»DELTLR,DFLTLC,DELT(3.0):DISTRR,EMPACT;EXTRA»FATIG(2),
FSCu)s 6SPASHDEPTH,HWIDTH, 1 (620 Y2 LOAD, M, NEGLL.,PBMA,PRMR,PLLA,
PLLBsPLATFT(2y,PLATEW,POSIL,PSLA,PSLB,SLARWSSB(6»8)sSLART,SPANL
5 ST (6s8)s STATHCE) s STRESA»STUDS»SWFKHS»SWLLsTOPPT(6),UT L VDL
VLLs VELMIN, VSH, VTOTAL yWEBN, HERT, WTFTG(S)s WTFTSL, X, PSHA,PSHB

s XL XR,LL,FSAFTY,AVGUWT,CODELL
COMMON/DOF ST /ALLOWC(4), ALLOWECAY,MOTC(12),PROBLL(4),TRATIO(2)
COMMON/DFS2/ADJ(4),DLRT(2),LLR(7),LLRMAX(2)»PSTUD(9),STIFF(9),

MMO O V>
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A TSTIPEC2),TvEB(I)sLLRruUL(E)
COMMCON/GBRUATA/BRLI)BRA» SPANLLISSPANBsSPANLZ2»RUWLFCoKMOUSERSCL,C2s
B C3»UrNG»GCOSTH»GCUSTI»WG(CZ)»APTWEBCLIO0)»UPTSPA(CLO)»QPIPLCLIV)
C UPTCANCIU)»F(4)s TUTILTOWLLORAILAT)REINF(2)2 L TERSFSAFTIowtol1ls
L UBWEBD» TPT(1)sBPTC1)sIDET
COMMUN/UET/TUPPLLITOUPPLZ» TOPPLI»HOTPLIsBUTPL2,BUTPL3sXLENTS
A FTOPL,FSTOP st TUPKRSFBUTTL,FSBUTT,FBOTTR,UMOLA,BMOLC,SMULB,BMLLA,
B BMLLU)BMLLBs UMOWNA» BMSKHC o BN SABs WSTIFFsSTUUSSTLIFAPPI»OTLTsSTIn,
C STIFH,STLIFBsSTIFL

1 FORMAT(O6X»1485s6%£2F4,0)

2 FORMAT(O6X»7F10eu)

3 FORMAT(OXsF10elsF/olr13s5F1044)

4 FORMAT (1H4»19xs23HP L A T t Ul RUDLE RrP16X25HSGUUAD2OX>
ABHKULKAKNT»//24x99HPRUGs NUer»FS,.0)

16 FORMAT (///717Xs44HFACTUK OF SAFETY AGAINST LATERAL BLCALING =»

A FSels///7/722Xs37H1 N P U | VEKTITIFTLTCAT L UN//12ks

8 1OHAEDL THICKesF1344s12X214H5,ws LIVE LUAUSFY.0) '
1’ FURMAT (]ZXIQHV\LU 0EPTH)F1“¢2)12X)13"S|WO * FoeWeSerFlUeUlos

A /12Xs L2HKELANGE W DTHsF 1142512X, L4HCANT, LENGTH Ast9,2)

19 FORMAT (12X, 11HSLAB THICKaobt12e¢2912Xs8HP (CBLAM) b 15.1/12X%)
A TIHGIRDEK SPAGsF1242012Xs8HP (SLAB) s 15e1/712x211HSPAN LENGTHS
] F12¢2s12%x5130P (LIVE LOAD)SF1041)

23 FUORMAT (124s9HLIVE LUAU2BX2F9¢0sT3212X212HP (Sw + Fnd)osbllels
A /12X 127PUISTe FACTUORSF11e2212Xs 14HCANT, LENGIH 02F942)

25 FORMAT (12X 12FHAUNCH ULPTHSF1142512Xs8KHP (BEAM)sF 15410
A /12X V2HHAUNCH WiDTHAF1142012Xs8HP (SLAB)2F15.1)

27 FORMAT C(12Xs13k0FSTUN SIRESD2FLIUW0» 12X 13HP (LIVE LURD)2PF1041>
A 712X 9HUTILITIES»F 1440 12X012KP (SW ¢+ FNWS)sbil,el)

29 FUORMAT (36XsF5e2s1HL2FLUL0)

31 FURMAT (12Xs21hs T 1 b ¢+ S P A +24Xs5H0U.50LsF10,0)

32 FORMAT (195Ks1HC»FSe303H" Xob 4o ls2H")»7Xs5HUO62LsF10.0)

34 FURMATY ( //4d7Xs 1BHLENGITH THICKe»19%x21HL»/)

36 FURMAT (15x»18pT y P P L AT EsF19.15F1243)

38 FURMAT (42XsF1C.1sF1243)
40 FORMAT (154223ku U T T U M P L AT Esbldelsplleld)
42 FORMAT C(//52%Xs6HLT BRUGSUX F U202 1FhL2S9%X,6HKT BRG2/15Xs¥yHS 1T K E So»

A OH S E SsOXs3HTUP»FZ2Ue0s2F10eCs/35X2d4HBUITsF1YeUrdblUu.0)
49 FURMAT C(//735%xs9HNELAD LUADSFL14.002F10400/15%ks13HM U M E N T Ss/lXs»
A YHLIVE LUAU»F 1400210 e02/7354s8HSW + FAS»F1540s¢t1000)
48 FORMAT (//739%Xs9HDEAD LUADSFL1A4410F2041/15%x217HK & A C T I O N Se3dxs
A 12H4L. Lo W/IMPOF11a1sF20e1/21X95H(MAX)» 92 12HLs Lo WU/ IMP>
B F11e1sF2001/735As9H8RKG STIFF2F 10403020 Xob 5,20 134352H X0+ 5,2)

952 FURMAT (//7/750x26HLT PIiNsb6Xs2kCLsbXob6rhT PIN//32A2UHob AP 15422
A 10627/32Xs 15HSLAY ADue SPANSP P8 4292F10e2/12X%X215HU0 L ¢+ L £ C T 4>
B SXsp14HSLAB THIS SPANsFOe222F1C.2/32XsBHSIVEWNALKSIF15e¢222F1042)

S7 FURMAT (32XslURUFLTA LL/Ls7A22(2R1/91404X)s2H1/14/77)
9S8 FORMATC(I2X» LCHUELITA LLL/L2 1T R22K1/014s4X,2HL/514777)
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59 FORMATC 92X, 10HOELTA LL/Ls/7Xks2r1791808xs2H1/514/77)

60 FURMAT (32rx,10kRubLTA LL/s7Ls L/ Xs2HY/514/77)

61 FORMAT (//34X%Xs1(HC U M P 0O > | T EsBXs13HS £ L | I U N/zss36X,
A GHNZ QU2 26 X2 4HN=30/ 221 X0 2(7Xs1HIs6X,16HAY(TUP) S(uuliT)))

64 FORMAT ( 16Xs6FCENTERSFIQaU2P2FFeQ0sF12,0s2FY40))

65 FURMAT (22x5F1Ce0s2F9.0sF124C52F9,0)

66 FURMAT (12As7HS T U Us3xs13RS P A C I N Goltsgh ATslasin",
A SAPGHSTARTS ATsFbezs lHL/2S/ xs 9HENUS ATstoe221RL//7)

70 FORMAT (/21 As1U4nAVG, WI/FTs =ob7,09//7/7733As11Hua [ R U L Rs18X>»
A 16HCUMP. SECT. N=8s/28Xs lhls6x96kSCTUF)I»3IXs/7HS(UTI1)r19Xs1H])
72 FORMAT (37x»5HCAaNT«»F1U.0)
74 FORMAT  164A,6FCENTERSIF10,U22F9eCo14X,F1000)
75 FURMAT (22x5F1Ce0s2F9,0014X%X2F10.0C)
80 FORMAT (/12X521HS T 1 b b SePeAssrluXy
A Z2hNUNE wbE G0 SETWEEN BRGS)
81 FORMAT (43X 14FLEFT CANIe ARMFY 09 2K]IN)
82 FORMAT (43Xs15HKIGHT CANT, ARMst8,0922HIN)
83 FORMAT (47 Xs2H(sF5e3s3HINX2F4,122HIN)
1 S 1 0u TP uT S Hte bt |

PROuv=1.

WRITE(3»4) PrUR

WRITE(3270) AVGw]

IF(oTUUS,Lwe04) GU TU 400

IF(BOTPLL o NE oUe)WRITEC3075)1C4s1)sSTCUs1)sd0(usrl)s(4s2)
IFCTOPPLL oNE oV )WRITEC3275)1C221)sST(251)90(221)91(2s¢)
WRITE (3,74) TC191)sSTC1o1)sSBCLro1)sT1(1s2)

IFCTOPPL I GNE e DWRTITEC3275)10C351)0ST(351)»50(391)s1(3,52)
TFCBCTPLINL «UeIWRITECIS79)1(5921)sST(551)s30(521)0[(55<)
GU 106 4o?

480 TP (BULIPLYI oNE o Qe ) wRITECI»T75)[C4s1)sSTC(U21)s238(421L)
IFCTOPPLL oNEQOo )WRITEC(3279)1(221)9ST(221)030(221)
WRITEC3»74) IC1»1)05TC151)0»S88CL1»1)

IFCTUPPLIGNE s Qo )WRITEC3»75)1C(321)5ST(391)553(321)
IFCBOTPL3eNE e Qe )nkITEC3»75)1(591)92ST(S521)s55(521)
GO TG0 490

482 WKRITE(3,61)

IFCOCTPLY oNLaUe)WRITEC(3269)(CT(4sK)»sST(UsK)pB(4sK)IR=304)
IFCIUPPLYL o NE U )WRITE(3565)CI(29K)sST(2,K)sSB(2sn)snS304)
WRITEL(3264) [(lpJ))Sf(l’j))SU(l’j)l!(l)“)!ST(lf“)le(1)“)
IFCTOPPLIGNE e 0o JWRITEC3265)CL(30K)pST(35K)2B(3sn)sA=324)
IF(BCTPLIGNECOa)WRITECI»65)(I(OsK)»ST(5sK)sSB(O5sR)sK=324)

490 WRITE(3»34)

IFPCTOPPLYI eNE«Oad)WrITE(3,38) TUPPLLISTCPPI(4)
WRITE(3236) TUFPLZ» TUPPI(1)
IFCTOPPL3ivE w0 JWRITEC3»38) TUPPLISICKEPIC(S)
WRITE(3538)

IF(BCTPLY et 0O )k ITEL(3,38)CTIPLI,BUTTIPTI(4)
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WRITE(324U) b)TPLZsoQTIFT(L)
IFCBUTPL3NE WO )WKITE(I»38)0CTPLILBUTIPTI(S)
XCENT = XCEnwT/SPANL
WRITEC3242) XCENTsFTOPLaFSICP2tTUPROFBUTILSFSBUTTsbBUIIK
WRITE(3245) BMULA»oMOLC»BMULBIBMLLASBMLLCPOMLLUSP BMSRASBMSHLP BMS D
WRITE(3240) OLRT(1DsULRT(Z2)2LLRMAXCL Yo LLRKMAX(2)sLLRWULCL)
A LLRWUICZ2)» ISTIFF(L)»WSTIFF»TSTIFFC2)sWSTIHEF

2 N 0 (DR VI S N VAR | S HE E |
WRITE(3»4) PROGB
WRITE(32,52) (CUBELTCR,L)PK=1903)sL=154)
IFCCANTAGNE«Ce «ANDs CANTBeNEoOGIWRITEC(39S57/)0ELTLA»ODELTILCPDELTLD
IFCCANTAGNE«Os oANDe CANTB oNEe O )WRKITE(3259) UELTLA»UELTLC
IFCCANTAGEN O, oANUDe CANTBONELOW)IANRITE(3»508) DELTLCsUELITLSB
ITFCCANT A EWe Os oANUDe CANTHebEGe CoIWRITEL(3260) UELTLL
TFCSTUNO Wb we O )WRITE(3266) STULSeSTUDL, XL s XN
IFCSTIFLGENS 040 oANDe oTIFKRebde 140) Gu TU 498
IF (CANTA*12.06uToSTIFA JANUe WEBTWLT,TWEBL)WRITE(3s/72) STIFA
DU 492 Jd=lsds]
PT = (Jd=1)/d.+eull
IF (PTeuaT STIFLIwWRITE(3,29) F
IF (PToelEoSTIFL oeANUe STIFLeUTaU«VOSIWRITE(I22Y) PTIoSTLEF(J)
492 IF (STIPLeUGT Pl oANDe STIFLeLT«PT+0e125 «ANUse SIIFLeNEOUD)
AWNRITEC(3229) STIHL,STIFEC(Y)
IF CSTIPLWLTeUSINRITEC(SS31)
IF (STIFL bEweOeS) WRITE(C3»3IL) STIFF(S)
IF (STIPR.UT Qe )WRITE(C3932) STITHSTIW
It (STIPrRebuweOeHINRITECSI232)STIToSTIWL,STIFE(H)
DO 496 JU=6sr9s1
PT = (J=1)/4,
IF (STIFPRWULWPT JANDe JeNEeo)WRITE(3,29) P
IF C(STIFRGGTePT ANUe STIFReLTePT+e125 ,ANUSTIFKRKWLT VYY)
AWRITE(C3229) STIrRsSTLIFF(6)
496 IF (STIFPRWLTePT oANDe JeNE«OIARITEC(3529) PIsSTIFF(J)
IF (CANIB*12,060uToSTIFB oANUe WEBT LT, ThEBR)WRITE(3s/72) STIEB
GO TO 449

498 WRIITE(3,80)
IF CCANTA*1Z2e060LToeSTIFA oANUe WEHKTLToTubkolL) wWRITE(3s81) STIFA

IF CCANIB*i240euToSTIF D oJANUe WEBT LT, THWEBR) WRITE(3s82) STIFB
IF CCCANTAY[2,0.GTe0TIFA AnNU, HEBT LTS IWEUL) osuRe (CANTIU*12,0
A eal o STIFH JANDs whoTeLTeIWEBR)Y) wWRITE(3283) STITsdTIw
499 WRIIE(3,16) FSAFTYswEGS]»SHLL
WRITE(3»17) WE D s SWEF WS PLATEWSPLANTA
WRITE(3219) SLANT»PHEMA» GSPAsFSLAL,SPANL,PLLA
WRITE(3,23) CUUELLsLLPPSWASLCISTLLsCANTY
WRITEC322%) HULPIHsFBoMosHWwIUTHSPSLE
WRITE(3227) STRESAPLLU,UTLIL,PSWS
RETURN
END
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SUBKRCUTLNE FSULES

COMMUN oMULsBMLL»bMSW,,BMSWLLSBMIRRsBCTTHT(O)sCANTASCANIBILL(6s4),

UELTLAOELTLBIUELTLCSDELTC(324),DISTREPEMPACTSEXTRAPFATIG(2)
FSCU4)suoPAsFUEPTHIHWICTR2 I (62 4)s LCAUIMsNEGLLI)PBMASFOMBIPLLAY

PLLBPLATET(2)»PLATEwsPOOLLSPPSLASPFSLEBsSLABW2OIB( 64 )sdLAE]»SPANL

28TC0,4) s STATM(O) s STHRESAPDSTUUS» SHFWS, SWLLs TUPPT(6)sVTILsvVDLS
VLU VLLMIN, VSW o VTOTAL,WEUBU s WEBT o WTETOG(S)sWTF ISLsXsPOINASPSHD
s XLoXKoLLoFSAFTYsAVUNWRTsLLDELL
CUMMUN/UEST/ZALLUWCCO) s ALLUNECH)»MOT(12)sPRUBILLC4)» TRATLIUC2)
COMMON/ZUESZ2/ADC(U ) DLRT(2)2LLRCZ)SLLRMAX(Z2)sPSTULD(Y)sSTIFF(Y),
TSTIFF(Z)sTweH(9)sLLrWUI(Z)
CUMMUON/BRDATA/BKLPBRI» SPANLL» SPANBs SFANLZ2sRUNsFC s RMUUSERPCLSC2»
C3ounNU2PGCEST»GCOSTLowGL(2)»UPTWEBCLU)»UPTSPACLIU)SLPIPL(LIU)S

UPTCANCLU)sFCA)»TUTILSATSALLIRAILWT,REINF(2)2 JTERSFSHETIonwbkoU] s

UBwWEoD» TPT(1),BPT(1),»I0LI
CUMMON/UE [/ TUPPLY» TUPPLZ» TUPFLI»BOTPLLI»BsUTPL2,BUTPLI» XUENT

FTOPLsFSTUP»FTUPRSFUBUTTILFSBUT T oFBUTIRsBMULA»BMULL)OMULBBMLLAS

OMLLU)BMLLBs s MSWASBMSWCoBNSWB o WSTIFF»STUUPSTLIFASPISDTLTsSTiw,
STIFR,STIF3sSTIHL

COMMUON/ZuRIL/Z UBURNUOsGENULB2 NG CANTLBICANTUBsWEBLDUBIWEBULDSI NL S
PLwlB,PLAUBs IXGr IYCrIXGCoIYCCoIXHo [ Yo lAHC,IYBCsZLL(D95))
CSLAL,CREINFICSTREEL2uCUST2»ZRBLO 95 ) s SAFTIY(SsD)sPLw(S2D)0
WHCOs S ) GPTHES2S)»UPTB(Ss5)sNPTU(Ss5)sdPTC(9s9)sSArTI(559)

COMMON/SRCH/DCGST o GRKNUSBCANT s dWEBND»BPLATE»UATUMS GHs LK

CUMMUON/LBC/CANT»/ZMINC

FORMATC20Xs4HMA[NsUF 1002s2Xs2b1U42)

FORMAT(Z20Xx»13HA LUWER BUUNUL2Z2Xs2F10.C)

TO vBTERMINE A LOWER BUUND FCR SUPERSTRUCTURE CuysST
SLAY LESIGN AS PELR AASHO 143.2 ANU
GIRUER UESIGW = AEs PLATE SAIISFIES SHEAR ANU LOCAL SUCKLING
FLANWE PLATE SATLISFLIES BEMNUING STRESS UNLY

EXHAUSTIVE StanyH TU UEIERMINE A LOWER bUUNU

GRNU = JUBGHRWNO

DATUM = 1000U0UCO0UV.,
STUUS = 4.,
EXTHA = 1.10

PLATEW = 14,

GSPA = (BRW - 20*20‘))*120/(\)"!\0 “1.)
CaLL SLasg

CALL PRebLIM

D0 120 1G = 1,5

CALL MInwC

IF(8COSTL Lis DATUM) GU 10 Yy
Gu IC 9>

DATUM = BCUST

BURNGC = GrRNU

BCANT = CANIH

BWEBD = Whtou

BPLATE = PLATEW
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GRNU = urRwnL = 1,

GSPA = (BRa = 2.%245)%12./CuRNG =1.)
IFCuURNUSLToUuRNCLB) GU Tu 12>

CALL SLaB

CALL PREL]M

CONTINUL
WRITE(3260) BGixnO,BCANT»BWEbLsBPLATEP»DATUM2BCUDI

THE VvALUE CF EP>ILUN IS 11 PERCENT UF A LUnER BUUNU
IMINC = DATUM*1,11

WRITE(3»61) {MIWCsNATUM

RETUKN

END

SUBROUTINE MIiNbM™
CUMMUN oMOUOL»BMLL»BMOWsUMSWLLPBMTIRKSBCTTPT(O)sCANTALPCANIBCG(6s24),
DELTLA,UELTLS»UELTLCPDELTIC324) s DISTRESLEMPACTSEXTRASFATIG(2)
FSCAI)»GSPASRUEPTHIHAIODTHs I (024)s LOADS Mo NEGLLSPBMASPOMBSPLLAS
PLLB»PLATETC(Z2)sPLATEW»POSLLPPSLASFSLusSLABW2OB(6s4)2>LABT»SPANL
2STCO,4)sSTATM(6)sSTRESA» STUUS»SHFWS»SnLLoTUPPT(6)suliLsvDL>
VLLAVLLMINS VSWs VIUTALSWEDD s WEBToATFTOGC(S) s WTFISLAXsPOINRIPOSHD
sAL> XK LLsFOAFTY,AVUNT 2 LUDELL
CUMMECN/UESTI/ZALLUWCCU ) s ALLUNECA)sMOT(12)sPRUSLL(Y)» TRATLIU(Z)
COMMUN/UFS2/7A0G (U )sULRTI(2)sLLEC/ )P LLEMAX(2)sPSTUD(9)sSTLEFEC(Y) Y
A TSTIPF (20 [WEB(9)sLLRWUI(2)
COMMUN/BRUATA/HEXLo>BRWs SFANLLI» SPANSBs SPANL 22 kUNsFCoRMUUSIPRSCLsCEos
o] CI»UNU»GCUS T s GCUSTIsWG(2)s0PTWEBCLIO)»UPTSPACLO)CPIPLCLIV)
C UFTCANCIU)sF (4 )s TUTILs TSHLLARALLANT»REINE (2)21TERSFSAFTIsntbU]»
u UBWEOD» TPT(1)ssPT(1)sIDE]
CUMMON/uURIU/ UBEGRNUDS GRNULB2NGs CANTLs CANTUBs wEBUUBs wkbULBsNU S
A PLWwLo s PLAUB [XGoIYCoIXGCrlYCCr»IXHolYbBoIXHRCrIYBCsZUL(D2Y))
H CSLAU,CRETINF sCOTEEL2SCOST24ABCS25)sSAFTY(S5,5)sPLN(59D)>
C AHCO,S) s GPTH(Ss9)sUPTB(Ds5)s0PTu(S5s5)sUPTC(Y95)sSAbTI(5,5)
CUMMON/ZORCH/ZUCEST»BUGRNUSBCANT s 8WEBD s BPFLATE2»UATUMS UK CH
COMMUN/Z/LBC/CANT »ZMINC
FURMATC(Z20XsSHMLINBMe2Xs OHGRNU =92X»F4,0s6HGOPA =,
A 2XsF 0 250HNEGD) ZoF0elds2Xs8HPLATEW =9t 642)

AN AN — BN o B ol —3

FORMATCLOX»SHM I WBMs2Xs /HCANIB =5F6,252Xs7HISUMA =
A FlUe?2s7HF T KIPS)
TO ULTERMINE CANTH SU THAT SUM UF AREA UNUER Beme UlAunAM IS MIN,
TU UETERMINE SUM (UF BeMse IN SPAN TwU
ISUMA = 1000000000
CANIo = CANTLS
CLB = CaNiH
SPANLZ2 = SPANH = (ANTH
SPANL = SPAaal?
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CanNnTeg = 0.
PBMY
PSLY
PLLb
PSwb
SUMA
X = Co
WTFTGCL
DISTLL
EMPMAX
EMPACT

" n u n o«
<
e

= 200

1e1

1.3

AMINLCEMPMAXS L 0+5U/7(SPANL+125,))

DISTRB EMPACT*GSPA/(120.,*ulSTLL)

WTFTSL 1eUl2*(GSPAXSLABT + HWIDTH*HDEPTH)

CALL MUAENT

BMT1 AMAXLT((HMDL + BMSwW + BMSwLL + POSLL)*OU.B8s(BMUL+oMOW+POSLL))

BMTZ2 “MAAI((HMUL*&MSN*HMSMLL*NEGLL)tO.S:(dMUL#aMSw+NLuLL))

SUMA SUMA + ABS(AMAX1(BMT1»8M12))

X = X + 1,

IF(XxaLEsSPAKLZ2) GU TO 50

SUMAZ = SUMA

CANTILEVER ®REACTIUNS

PBMb WTFTG(1)*SPANL/Z2000.

PSLB ATFTSL*SPANL/2000,

PSvb JUF ad>*SPaNL/200C,

PLLY AMAXL((l2e = 672¢/7SPANL)I*C(GSPA/(120e%141))>
(266 + Co32%SPANL)*(USPA/(120,%1,1)))

TQ UETERMINE SuM uF BeMs IN SPAN UNE

SPANL = SPAnL1

EMPMAX 143

EMPACT AMINICEMPMAXs 1o 0+5U/(SPANL+125.))

DISTRG EMPACTwGSPA/ (12001 01)

CANIB = CLus

SUMA = J,

X = Q.

CALL MJIAENT
BMT1 AMAXL1 ((EMDL + HMSw + BmSwLL + PUSLL)*0 82 (BMDL+OMOINW+FUSLL))

BMTZ AMAXl((HMDL+5MSN+BMS~LL+NEGLL)*O.d»(dMoL+8MSw+NLuLL))

SUMA SUMA + ABS(AMAXI(BMTL»3dMT2))

X = X + 1.

IF (X, LE.SPANLYL) GU TOQ AU

TU UETEXMINE SUM UF B 4 OVer CANTILEVER

X = CANIR

AMT2 = A*(PuMd + PSLB ¢+ PSwg + PLLB*1,3) +
WTFTu(1)*X2Xx/2000. + WIFISL*X*X/2C00,

SUMA = >SUMA + AnuS(BMTZ2)

X = X = 1,0 .

IF (XeGl,y Ue) GUY TU 65

SUMAL = SuMa

TSUMA = SUMAL + SUMA/Z

IFCTSUMA,LTLISUMA) GO TG 70

H " u n -

“ononu
L1 T [}
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GO 1L YV

70 ISUMA = TSuwrA
CANTp = CANTH + 1,
IFCCANTLU,GTSCANJUB) G0 TU 1lul
GU TL 4V

90 CANT = CLANTH = 1,
TSUMA = TSUMA
GU TC 1us

100 CANT = CLANTH =1.0
TSUMA = T[SuU“A

105 WRITE(3»11) CANT ,TSUMA
RETURN
ENU

SUBRCUTINE MINC
COMMUN OMULSBMLLABMON» UMSHLLIBMTKR»SOTTPT(O)s CANTAS(CANIBILG(624)s
VELTLASOELTLUs UELTLUSDELTC(324)sDISTRUSEMPACTHEXTRAPFATIG(2))
FSCU) s GSPASHUEPTHO HALDTHS 1 (624 )sLCAUS Mo NEGLL)PBMASPOSMBIPLLASY
PLLBsPLATETC(2)sPLATEWs PUSLLPPSLASPSLEsSLABR2DHB(6,4)s3LABT»SPANL
sSTCO,4)sSTATHM(6)»STRESASSTUUS» SAF WS, SWLLs TUPPT(6)sJTLlLsvOLly
VLL 2 VLELAINS VSHaVIUTALs WEOL»WEBTsWTETUW(S)s AT ISLsXsPOnALPSHD
s XL XroLLsFSAFTYsaVaWT»LLDELL
COMMONZUESL/ZALLUNCCA ) » ALLONLCY) 2 MUT(12)sPRUBLLC4) 2 TRATEUC(C2)
COMMUNZUESZ2/ABJCU)>ULRI(2) Ll (/7)o LLEMAX(2)sPSTUDCD)sSTLHEC(Y)

A TSTIFF(2)s ImeB(9)sLLnw0l(2) ’
COMMUN/UBRINDATA/BRLIBRASSHFANLL» SPANU S SFANLZ22RUn2P Lo RMUUSLFERICLHSCZ»

B CI»GXNU2»OGCOSTH»LCUSTIsWGC2)oUPTWEBCIO)»UPTSPACLU)sUPIPLCLY)

C UPTCANCIU) sP(U) s TUTILs TONLLORALLAT)REINF(2)2 JTERSESAr 1 IsnEoU]»

b} UBALOD» TPT(1)»aPT(L1)sI0E]

COMMCN/ZuURIU/Z UBGRNO» GRNULB2wGs CANTLBs CANTUS» wkBUUBs wksJLOD S NU»

A PLALUYsPLAUBS IXGo [YCoIXGU2IYCCo [XHsIYps IXHC» IYHBC»LZUC(D25))

H CSLAH,CREINFo»CSTEEL»BCOS T2 HB(H99)»SAFTY (9599 )sPLA(D22)

C WHCOs 9 ) s OPTHESs5)»UPTB(525) 2 CPTGIS25)»UPTC(D25)s5Ar 11(595)
COMMON/SRCH/UCUSTs»BURNUSBCANT ,BAEBDsHPLATEPUATUMPUHSCP
COUMMUN/LBC/CANT»ZMINC

10 FURMATC(Z20X24HMTINC»2Xs4HCUST22X23F10,2)
11 FORMATCZ20Xs4HMINCI23HCANT, PCR MIN WEB STREL22A»

A F1Oels2F10Ge35F1040)

12 FUORMAT(Z20X»13HFLANGE CUST =,F10.0»
A 10HWEB CUST =»F10,0)
14 FURMATCZ20X24HMINC» 2Xs 3HSTF22XsOHTPLTH2H1042)
15 FURMATC(2O0XKs U4HMTINC»2As 7THE LANUES22X0»2F1044)
16 FURMAJT(20Xs4HMINC s 2HXL 2 Xp2HXRPZX92F1042)
17 FURMATCZOX2SHTPLTH22XsF1042)

T o>

TU UETERMINE CANTILEVEK LENGTH SUCH THAT STRUCTURAL
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Steel [N weEr IS MUINIMUM

ALLUWALBLE >HEAR IN GIMUER wbkt = GRUSS SECTIUN 1S 12 nrol.
ICANT = 3

TO DETEMINE wWEo ITHICANESS IN SPAN 2
SHWEBI = 100U00LUL0OU.
CANTH = CANTLH

WTFTGCL) = 2049,

WTFTSL = 1,Ud2*«(GSPAxSLAKT + HNIDTH*SDEPTH)
DISTLL = 1.1

CLB = CanNTs

SPANLZ2 = SPAaNs = (LANTH

CANTE = 0.

PdMb = U,

PSLY = 4,

PLLY = v,

PSWg = U,

SPANL = SPANLZ

EMPMAX = 1.4

EMPACT = AMINICELMPMAXsl,0+5U«/(SPANL*125,))

DISTRb EMPACT*GSPA/ (120 *ulsTLL)
WEBU = oPANLI*12./20.

CALL SHeAwr(U.)

VL = vTJdraL

CALL SHbeAxr(A.9)

PLMIN = 04375
T = AMnkl(WLHU/lSu.p(NLUU*AMAXI(VL’VTUTAL)*IUUUo//§OUo"Z)*'00333)

TREWD = AMAALCLFIX(T*164+40e99)/16,05PLMIN)
WEBT = IRKbwi
T2 = whkorT

T ULTERMINE Wkt THICKNESS [N SPANW 1
CANTH = (CLH
SPANLe = SPANA = CANIS

PBMb = ATFTL(1)#SPANL/2000.

PSLE = #TFITSL*SPANL/200U0.

PSHO = owWFWd*SPANL/2000,

PLLE = AMAXL((72s = 672¢/SPantL)*(uSPA/(12Ue*1,41))>

(264 + 0,32%SPANL)*(USPA/(120,*1,1)))
SPANL = SPAnL1

EMPMAX = |44
EMPACT = AMINIC(EMPMAX»1a0+20s/(SPANL+125,))
DISIRE = EMPACT*GSPA/(120.*1e1) ’

NLdU = JPANLl*l/,./ZU.
CALL SHEAR{U.)

VL = vIidTAL

CALL SHEAR(A,0)

PLMIN = 04375
T = AMAXL{(AESL/150es (WEBD*AMAKL(VLPVIOTAL) #1000/ 7500 %*2)**04333)

TREWU = AMAALLI(LFIX((#16.+40e¥3)/16,0sPLMIN)
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wEBT = TREwU
T1 = wkudrT

STEELW = WEsN*(C(SPANLY + CAnTB)*T1 + SPaANL2*12)%3.4%ukKknNU

IFCLCANT JEwe 1) GU TQ o6V
TFCSTEELALLIWSwEBL) GO 10 d4Y

GO TU b5uv

45 CANIS = CAn~IR
SWEB] = STEELw

50 CANTB = CAnNTR + 1,
JIFCCANTS 6T CANTUB) GU TU 55
GO 10 4v

5SS CANIB = CANTS
ICANT = 1
GO TO v

60 WRITE(3211) CANTH»T1s12sSThELwW
USE CANITILEVER wHICH MINIMILES AREA UNDER U M U]AGRAM
CALL MIuwHM
T DETewruInE STRUCTURAL STeEL IN FLANGES SPAN ¢
CANIE = CAWwI
CLy = Chaildb
SPANLZ = SPANG <= CANTDB
CANTB = 0,

PBMU = U,

PSLL = v,

PLLEB = v,

PSWAY = U,

SPANL = SPAnNLZ

E‘MPMAX = 1-3

EMPACT = AMINI(EMPMAX»1a0+5Ue/(SPANL+1254))
DISIKE = EMPACT*GSPA/(120,*%141)
X = 1o

TO ULFInE XL AND xK

XL = Go

XK = 1oV

TPLTK = 0.

TUPPTC(L) = ,0625
BUTTPTCL) = 0,025
WeBl = (2
100 CALL PRUPTY(1)
CaLL MUMENT
CALL STKRESS(1)
IFCFS(2).GT420CuU0,) BOTIPTCL) = BOTIPT(1) + V.0025
IFCESCL) sul, 20000,) TUPPTCL) = TCPPTCL) + 0,00625
TR (ES(2)0GT4200006 «URe FSC1) «uT4200004) wU JTU 100
TPLIH = TPLIH + TUuPPTCL) + BCTTPTC(L)
IF(X, Qe $5,) Gip TU 10
GO 10 193

102 WRITE(3215) TOPPTCL)»BUTTPI(1)







131

103 X = x + 1,

TOPPT(1) = U.U625

BOTIPTI(1) = 0.,0025

IF(XQGL.SPANL) \JU T 1UY

GO 1L 1o

TO ULTEwrMINE STRUCTURAL STEelL In FLANGLES SPAN |
109 STF2 = TPLTR*14,%1¢*344xCGRNU*L 31

WRITE(3»14) STEZ2s1PLIH

CANTB = CANY

SPANLZ = SPANB = CLANTRH

PBMb = aTFTU(1)*SPANL/Z2000,

PSLb = wTFISL*SPANL/2000,

PSWB = OWFAS*SPANL/200U.,

PLLB = AMAML((72. = 6/72./5PANL)*(GSPA/(120.%1,1))>»
A (26¢ + 04e32*SPANL)*(USPA/(120e%x1,.1)))

SPANL = SPANLI

EMPMAX = 1.3

EMPACT = AMINI(EMPMAXs 1 U+5Ue/(OSPANL+1Z5.))

NDISTHB = eMPACT*#GSPA/(120,*1.1)

X = SPANL]

106 X = x = 1,
CALL MDMENT
IFCIBMUL + PUSLL + bMSw) LLbe Ue) GU TU 100
XR = X/JPANL1
X = 1,
TPLIK = 0.
TOPPT(1) = 0.0625
BOTIPTCl) = Q.,0625
wesi = 11
110 CALL PRUPTY (1)
CALL MUMENT
CALL STRESS(1)
IFCFS(L) oGT. 20000.) TUPPT(L1) = JTCPPTC1) + 0.00625
IFCFS(2)GT+20C004) 8OTTPTCL1) = BUTTPTI(1) + 0.0025
IFCES(2)e6T4200U04 oURe FSCL1) «uT420C004) wu TU 110
TPLIK = TPLTH + TOPPTI(1) 4 pCTIPT(1)
IF(XOE@':!b') 6L Tu 112
GU 10 113
112 WRITE(3215) TUPPT(1l)sBCOGTTPTC(L)
113 X = X + 1,
IF(XGESPANL) o0 Tu 120
TOPPT(Ll) = U.0625
BOTIPTC1l) = 0.0625
GO T0 110
FLANGE PLATE THRICKe UVER CANTILEVER
120 X = CANIB
WRITE(3»1/) THLIH
125 TOPPTI(1l) = V.0625
BOTTPTI(L) = G 0625

|







132

126 CALL FRAUPTY(1)
BMOLb= =(WTIFTGC1) + wlibISL +U1IL)*X%*e2/2000, = (PBMB + PSLB)#*x

BMLLD = =x*PLLH*x1,3
BMSHWE = «SWEWS*#A%22/2000, = X*PSHWY
FTYOPKR = =(uMDLE + BMSAD + BMLLB)*120004/5T7(1s1)

FECITR ==(BMULE + HBMSwB + BMLLB)*12000./568(C1»1)
FSC1) FTUPR

FSC2) FHGTIr '

IFCESCLl) oGTe 200004) TUPPTICL) = TCPPT(1) + 0.V0625
IF(FS(2)4GT420000,) BAITPTCL) = BUTIPT(1) + v,0025
IF(FS(2)¢GT.20000s +0Re FSC1)sGTe 20000,) uwd T0 126
TPLTH = TPLIH + TUPPTCY) + BCTTIPT(L)

X = XK=1.

IF(X.6Te04) GU TOD 125

"nou

STF1 = TPLTH*1d,%1.*3,4#GRNU*1,31
WRITL(Js34) SIFL1,TPLTH
TU UETERMINE bBKIDGE COS)

CSLAB = C1*(BRULABRAXSLABT/(12%274) + (BRL*MHAJUIH*HUELP 1IN/ (144,*
A 2/ )*GRNU))

CREINE = (2%4790,*BRL*BRA/S54.*KEINF(2)
CSTREEL = C3*x(STHY +STF2+S5TEELAI*1,18
BCOST = CSLAB + CKREJwnF + CSTEEL
WNRTITEC(3210) CSLABLCREINF,CSTELL

CSTE = L3*(oTF1 + STHF2)*x1,10

CWEb = C3*STEELw*1.184

WRTITE(3s12) CSTFoCHLESB

RETURN

FND
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I

TATE UNIVER:

Il

I

IBRARIE

Il

293 01756 9199




