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PREFACE

This report presents a method of frame analysis which is useful in solving
a variety of structural problems. The method is a new approach to frame prob-
lems, although much of it is based on previously developed finite-element con-
cepts.

This %s the third in a series of reports that describe the work in Research
Project No. 3-5-63-56, entitled ''Development of Methods for Computer Simulation
of Beam-Columns and Grid-Beam and Slab Systems.'" The reader will find it nec-
essary to review Report No. 56-1 (See List of Reports) which provides background
for this report.

Although the computer program presented here is written for the CDC 1604
computer, it is in FORTRAN language and only minor changes are required to make
it compatible with IBM 7090 systems. Duplicate copies of the program deck and
test data cards for the example problems in this report may be obtained from
the Center for Highway Research, The University of Texas.

This report is a product of the combined efforts of many people. The
assistance of the Texas Highway Department contact representative, L. G. Walker,
is greatly appreciated. The support of the U. S. Bureau of Public Roads is
gratefully acknowledged.

The excellent facilities of the Computation Center of The University of
Texas and the cooperation of its staff have contributed significantly to this
report. Thanks are due to Evangeline Emory, Sam Jones, and all others who

assisted with the manuscript.

Hudson Matlock
Berry Grubbs
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ABSTRACT

An efficient numerical method of solution to structural frame problems
is presented. The method is shown to be applicable to no-sway, plane-frame
structures that may derive part or all of their support from soils.

A finite-element model composed of bars and springs is used to represent
groups of orthogonal frame members. Finite-difference equations written for
this model are solved by a previously developed recursive method. Individual
beams are solved alternately in the two orthogonal directions and at each
joint a relaxation technique is used to adjust the two solutions and achieve
rotational compatibility.

A complete listing of the FORTRAN computer program is included, plus
two example problems illustrating the applicability of the method.
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NOMENCILATURE

Symbol Typical Units Definition
a - Coefficient in stiffness matrix
Ai - Continuity Coefficient computed in recursive

solution of equations
b - Coefficient in stiffness matrix

B - Continuity Coefficient computed in recursive
solution of equations

c - Coefficient in stiffness matrix

c - Continuity Coefficient computed in recursive
solution of equations

d - Coefficient in stiffness matrix

Di - Multiplier used in computing Continuity
Coefficients

e - "Coefficient in stiffness matrix

E 1b/in2 Modulus of elasticity

Ei - Multiplier used in computing Continuity
Coefficients

f - Coefficient in load matrix

{f} - Column load matrix

F 1b-in2 Flexural stiffness = EI

h in. Increment length

i - Station number

I in4 Moment of inertia of the cross section

k 1b/in Differential spring

m - Total number of increments in beam-column

M in-1b Bending moment

xi



xii

Symbol

Typical Units

n:%,op{o Lo 0

=
Fxi

1b/in
1b
1b
1b
in-1b/rad/in
in-1b/rad
in-1b/rad
lb/in2

1b/in

in-1b/in
in-1b

in-1b

in-1b
in-1b
1b

in.

in,

radians

Applied transverse load per unit length
Concentrated applied transverse load
Load resisted by beam in x-direction
Load resisted by beam in y-direction
Rotational restraint per unit length
Concentrated rotational restraint
Differential retational spring
Transverse spring restraint per unit length
Concentrated transverse spring restraint
Square stiffness matrix

Applied torque per unit length
Concentrated applied torque

Torque absorbed by beam intersecting one being
solved

Torque resisted by the x-beam
Torque resisted by the y-beam
Shear

Transverse deflection

Column deflection matrix

Distance along axis of beam-column

Slope



CHAPTER 1. INTRODUCTION

Analysis of structural frame problems by conventional methods usually
involves a large amount of arithmetic work. 1In most cases, a frame that has
complex loading, flexural stiffness, or boundary conditions must be reduced to
a simpler problem by making simplifying assumptions. The analysis of struc-
tural frames may also be complicated by the variable loads that soils impose
on them. Outstanding examples of soil-structure interaction problems are off-
shore structures, highway bridge bents, culverts, and some of the structural
members in buildings. Analysis of such systems, in order to be rational, must
achieve compatibility in the force-deformation behavior of all parts of the
system (Ref 9).

A finite-element technique (Refs 10, 12) has been applied to a wide
variety of beam and beam-on-foundation problems (Ref 7) that have variable
loading, flexural stiffness, and boundary conditions. Extension of this
finite-element approach has broadened its applicability to include non-
linear beams on nonlinear foundations (Refs 3, 11). However, interaction
problems involving more complex structural systems, such as frames, have not
been analyzed.

A general method of frame analysis must allow complete flexibility in
loading, flexural stiffness, and boundary conditions. It is therefore the
purpose of this presentation to extend finite-element concepts to the solu-
tion of plane-frame structures that may derive part or all of their support
from soils.

This method of analysis is accomplished by application of the following
concepts:

(1) An orthogonal plane-frame system is represented by a

finite-element model composed of bars and springs.

This is analogous to a technique used to solve grid-
beam systems (orthogonal sets of beams).

(2) Equations developed for the finite-element frame model
are based on finite-difference concepts which allow
random variation of input data at each increment point.

(3) Frame members are solved alternately in the two orthog-
onal directions as individual beams. A relaxation
technique is used at each joint to coordinate the two
solutions.



(4) A rapid and direct method is used to solve the in-

dividual beam equations.

Since much of this method is based on previous solutions of beams and

grid-beam systems, the basic finite-element equations for these two systems are
briefly discussed in Chapter 2. Chapter 3 shows the development of equations
for a finite-element model of a plane frame. Solution of individual beam
equations and specified boundary conditions are explained in Chapter 4.
Chapter 5 contains information pertinent to the best choice of closure springs,
closure tolerances, and increment lengths. The capabilities and limitations of
the computer program are explained in Chapter 6. Finally, the versatility and
generality of the method are illustrated by the solution of two example prob-

lems in Chapter 7.



CHAPTER 2. PREVIOUSLY DEVELOPED EQUATIONS
FOR BEAMS AND GRID-BEAM SYSTEMS

A considerable amount of work has been done at The University of Texas on
numerical methods of analyzing beam-element and grid-beam systems. The exten-
sion and application of these methods have progressed rapidly. Certainly, it
is not within the scope of this presentation to describe these developments in
any detail, but, since the method of frame analysis presented herein is based
on fundamental concepts of beam and grid-beam analyses, it seems appropriate

to briefly describe these systems and their corresponding finite-element models.

Beam Equations

The curvature of a deformed element of a beam, from conventional beam

mechanics, is approximately
2.1)

where dzw/dx2 , the second derivative of beam deflection w with respect to
distance x along the beam, is related to the bending moment M by the beam's
flexural stiffness EI or F . Flexural stiffness will hereafter be represented
by the symbol F .

Load q in conventional beam mechanics is equal to the second derivative

of bending moment M with respect to distance along the beam:

— = q (2.2)

The two differential equations stated above'were derived with the following

assumptions:

(1) Shearing and axial deformations are neglected.
(2) Beams are straight and of symmetrical cross-section.
(3) Lateral deflections are small compared to original dimensions.

(4) Beam material is linearly elastic.



(5) Plane sections remain plane after bending.

(6) Torsion effects are neglected.

With the foregoing equations and assumptions in mind, consider the de-
formed beam elements shown in Figs la and 1b.

Figure la shows a deformed element of a beam for which Eq 2.1, the rela-
tion between approximate beam curvature and bending moment, is applicable and
is shown as Eq 1.

Figure 1b shows a beam element which, in this case, is much more general-
ized in loading and restraint than the element in Fig la, The various terms
shown on the figure are all acting in a positive sense. The transverse loads
which act normal to the axis of the beam segment are composed of the loads ¢
and spring reactions s . Couples t and elastic rotational springs r act
in an angular sense. In addition, it is possible to have an axial load acting
on the element (Ref 12), but this term will be omitted in this presentation.
Summing moments about the right end of the beam element shown in Fig 1b which
has been deflected an amount w and rotated through an angle dw/dx , one

obtains

d 2 dx2
= de+q%-sw7+tdx+rdw (2.3)

Neglecting the higher order terms and dividing through by dx produces

aM - _ dw
o - VttHrog (2.4)

Summing forces in the vertical direction yields

- dV + qdx - swdx = O (2.5)
or

av

dax 97 5% (2.6)
Substituting for %%

d2M d dw

— T q - sw + e [t +r ax | (2.7)

dx

dw

Let q - sw = ¢ and u = t+r —



/ \ dw
/"‘dezj dXA\ w
? 3 X —pps————— dx
ﬁzM- g o+ U
dxz e ’
X ' X (@)
where q, = q ~ sw
ul =t 4+ L
F d?w = M dx
d'x2
-..(l) (C)
Wi o= 2W,_,+ W _ 2M, + M +u
Fi-i ( il |21 i ) - Ml—l 2I i+l -qn"’ -1V "ie}
h h 2h
F ( Wi_ - 2w, + w,, - ...(4)
h2 ' where q, a, - s; W,
Wy — 2W 4t Wi, : ot CEELi_!ui)
FI#!( h2’ = = Mi#l . e 2h
..(3) ,/
oW, >+ bw_ , +ecw + dw,, +e w = f
..(5)
where a, = F_,-0.25h%r_,
b, = “2(F_+F)
¢, = F_,+ 4F + F _+h%, + 0250 (r_+r,,)
di = —Z(F t 01)
e, = ,,, -0.25h%r,,
f, = - 05h3 (yi_, )
Fig 1. Development of fourth-order difference equation from

the two second-order differential equations for a beam
(after Matlock and Ingram, Ref 12, p 376).



Therefore

2
i;% - qni + %ﬁ (2.8)
shown as Eq 2 in Fig 1b, This equation is very similar to Eq 2.2 of conven-
tional beam mechanics except that the total transverse load q includes both
forces and spring reactions and an additional term du/dx 1is included to
express the rotational effects t and r .

By dividing the beam into m number of increments of equal length h
Eqs 1 and 2 of Fig 1 may be expressed in finite-difference form as Eqs 3 and 4
(Refs 5, 8, 12). The fourth-order difference expression given as Eq 5 results
from the combination of Eqs 3 and 4. The coefficients a; through e, on
the left side of Eq 5 comprise one row of a five-member diagonal stiffness
matrix centered about some Station i on the beam. On the right side, f£; 1is
one term of a column-load matrix also centered about Station i. This
fourth-order difference equation may then be written repetitively at each station
(increment point) along the beam, resulting in a set of m+ 3 simultaneous
equations where the deflections w, at each station are the unknowns.

The combination of equations in Fig 1 which resulted in Eq 5, as explained
above, has been shown (Ref 12) to permit input data for beam stiffness,
applied loads, and elastic restraints to vary in a freely discontinuous manner
from station to station. Input quantities, which are used in all subsequent
expressions, are designated by capital letters. As such they are "lumped"

quantities which may represent either concentrated effects or approximations

of distributed effects per increment length h .

Resulting Finite-Element Beam Model

If all input quantities are concentrated at the increment points, there
results a mechanical model, Fig 2, which is an aid in visualizing the rela-
tion between the finite-difference equation and the physical system. Figure
2 is an exact representation of some Station i whose behavior is described
by Eq 5. The bending stiffness Fi is represented as a spring-restrained
hinge concentrated at an increment point between two rigid bars. All re-
actions from elastic restraints and loads are represented as transverse loads
applied at the increment points. The couple Ti centered about Station i is

ultimately expressed as two equal and opposite forces Ti/2h . Similarly,



-
A
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Fig 2. Finite-element beam model corresponding exactly
to fourth-order difference equation (after
Matlock and Ingram, Ref 12, p 377).



the rotational spring Ri , which will assume a large degree of importance
in the frame analysis method, causes two equal but opposite forces.

The finite-element mechanical model as presented in the preceding para-
graph represents a powerful concept in the analysis of structural systems.
This finite-element-model approach was used by Tucker (Ref 13) to obtain
solutions to a wide variety of grid-beam problems.

Just as some of the methods used in the solution of grid-beam systems
were based on beam methods, the frame analysis method presented in this
study is similarly based on both beam and grid-~beam techniques. Therefore,

a brief discussion of grid-beam solutions will follow.

Development of Grid-Beam Equations

A grid-beam system is composed of two orthogonal sets of beams. The
following differential equation represents the behavior of an idealized grid-

beam system:

4 3%
w+_z = 4 (2.9)
dx Ay F

[e%

where w represents deflection transverse to the plane of the system, q , a
uniform load over the system, and F , constant flexural stiffness.

If the two orthogonal sets of beams are connected at their intersections
by ball and socket connections, then they transfer transverse loads but other-
wise act independently. Thus, at any intersection the total applied transverse

load Q must be reacted by the load in the beams, or

Q = Q + Q (2.10)

where QX is the load resisted by the beam in the x-direction and Qy is the
load resisted by the beam in the y-direction. The above equation indicates
that the solution of Eq 2.9 could be obtained by solving the beams individually,

i.e.,

Q. = Q@ - Q (2.11a)



Q, = Q@ - Q (2.11b)

One method of solution which has been applied to Eqs 2.1la and 2,11b is an
iterative process termed an alternating-direction method. The method consists
of alternately solving the x and y-beams of the grid-beam system. Equation
2.11a is alternately applied to the x-beams and, solving for their deflected
shapes, the loads Qx resisted by the x-beams are determined by numerical
differentiation. Substituting Qx into Eq 2.11b, it is then applied to the
y-beams and their deflected shapes are determined. For each cycle of the
iterative process the right side of the equation being solved is temporarily
held constant while the terms on the left side are treated as unknowns, How-
ever, to achieve convergence of the iterative process described above, it has
been shown (Ref 13) that the solution of the individual beams must be coordi-
nated by a method other than just the simple transfer of loads Qx and Qy .

The method of coordinating the individual beam solutions is accomplished
by employing a differential spring at each intersection. This differential
spring concept is based on a rigorous interpretation of the finite-element
grid-beam model illustrated in Fig 3.

The basic feature of this method (Ref 13) is that the loads and differen-
tial springs act alternately on the x and y-beams. A typical x-beam segment at
an intersection is shown in Fig 4. 1t has been shown (Ref 13) that the follow-

ing equations can be derived from consideration of the beam segment in Fig 4:

Q * K (w -,wy)

I
O
1
O

(2.12a)

1
O
1
O

Qy + K (wy - ) (2.12b)
Note that these expressions are the same as Eqs 2.l1la and 2.11b except for add-
ing the differential spring K , which drops out of the equation when the
solution is obtained, i.e., when w. o= wy .

Due to the success of this alternating-direction and relaxation technique
on grid-beam systems, it appeared that this method could be applied to other
types of structural systems. This study represents an extension of finite-
element-model and alternating-direction methods to the solution of two-dimen-

sional structural frames, These concepts applied to frames will be described

in the next chapter.
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Fig 3. Grid-beam system represented as two orthogonal
systems joined by springs (after Tucker, Ref 13, p 17).



Fig 4, Free-body of a general segment of an x-beam
(adapted after Tucker, p 63).
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CHAPTER 3. DEVELOPMENT OF EQUATIONS FOR A FINITE-
ELEMENT MODEL OF A STRUCTURAL FRAME

The development of iterative methods for solving a finite-element frame
model will be prefaced by a review of conventional rigid joint frames. Joints
in both systems must satisfy the same compatibility and equilibrium conditions.
However, much greater generality is achieved by the use of finite-element

frame models which are discussed later in this chapter.

Conventional Frame Systems

A typical rigid-frame joint is shown in Fig 5. Because of the rigid
connection, the joint must satisfy the following equilibrium and compati-

bility conditions:

(1) All members meeting at the joint must rotate through the same angle,

._ex = ey ‘ (3.1)
(2) and,

Mok Mg o M+ M+ M= 0 (3.2)

Conventional methods of analysis such as slope-deflection, moment distribution,
unit-load, and others (Refs 1, 4, 6) use these conditions of compatibility and
equilibrium to formulate equations to solve for moments and loads in the frame
members. These methods of analysis can become quite complicated and time con-
suming, especially when discontinuous patterns of loading, support, and flexural
stiffness are encountered. Flexibility or stiffness matrix methods (Ref 4)

are inefficient because of the time required to manipulate matrices for even
small problems, but application of finite-element concepts permits rapid

solution of very complex systems.

Finite~Element Model of a Frame

In order to apply finite-element concepts, the conventional frame
system is represented by a finite-element model. The resulting equations

derived in finite-difference form exactly describe the model's behavior and

13
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{a)

(b}

Fig 5.

Typical rigid-frame joint.
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allow discontinuity of any of the input functions. In other words, all

of the approximations lie in the substitution of the finite-element model
for the original system since the derived difference expressions are exact
for the model.

The finite-element model for a frame is composed of a system of bars
and springs such as that shown in Fig 6. The bars are infinitely rigid and
the springs located between bars represent the bending stiffness F of the
frame member. Note that frame members are essentially finite-element models
corresponding to the beam-element model shown in Fig 2.

At intersections, the beams are connected by a ball and socket connection
but with a closure spring included to enforce rotational compatibility and
equilibrium. This closure spring is in the form of a differential rotational
spring and will be discussed in greater detail in subsequent developments.

A typical intersection 1i,j 1is shown in Fig 7. The forces and restraints
that effect its behavior are shown in the figure and include a differential
rotational spring RE . , a transverse load Q,

5] i-1,3

Si+1,j , and a torque Ti,j .

Conditions and assumptions relevant to the finite-element systems

, a transverse spring

shown in Figs 6 and 7, excluding those already listed in Chapter 2, page

3, are listed below.

(1) Axial loads on frame members are not considered.
(2) Frame joints do not translate.
(3) The bars are weightless and infinitely stiff.

(4) For nonprismatic members, the neutral axis is at the same level
for all elements.

(5) The increment length h must be the same in both x and y-direc~
tions. This requirement could be eliminated by a more general
derivation.

(6) The flexural stiffness of the beams in the x and y-directions
may be different and may vary from point to point along any
frame member.

(7) Only effects of bending deformations are considered.

(8) All bending deformations occur at the spring hinges between
the infinitely stiff bars.

(9) Frame members are orthogonal.

(10) Rotational springs act to resist a change in slope which is
approximated by the central-difference form for the first
derivative of deflection

o = Vi 1,3 " ¥in,j

i) - (3.3)
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Fig 6. Frame represented as two orthogonal
systems composed of bars and springs.
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Fig 7.

General system of loading at stations pertinent to the
behavior of a typical finite-element joint
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Tteration Concepts

In the discussion that follows, iterative methods are introduced in a
non-mathematical fashion making them rather easy to visualize.

These iterative methods are based on alternating-direction concepts in
which each beam in the two orthogonal sets of beams is solved one time during
each iteration. 1In subsequent developments, this method will be shown to be
analogous to the iterative method used to solve grid-beam systems.

Consider a rigid-frame joint to which an external torque T has been
applied as shown in Fig 8. The total torque T applied in the plane of

the frame must be resisted by the torque in the beams, or,
T=T + 1 (3.4)
where T° 1is the torque resisted by the x-beam and 7 is the torque

resisted by the y-beam. From Eq 3.4, the torque applied to the x-beams

and y-beams could also be expressed as

=T -1 (3.5a)

=
|

™=1T-71° (3.5b)

In this form Eqs 3.5a and 3.5b suggest an alternating-direction iterative
method of solution where each x and y-beam is solved independently. However,
to coordinate the two alternate solutions there must be a method of trans-
ferring torque between the orthogonal sets of beams.

The method of coordinating the two alternate solutions is achieved by a
differential rotational spring such as that shown in Fig 7. Physically, this
spring may be thought of as transferring rotational effects between the two
beams. It can be seen that as the x-beam undergoes some rotation the y-beam
would be physically pulled in the same direction by the rotational spring
R? . « While it is necessary to have this spring to coordinate the
aléernate solutions, it is also necessary that it drop out of the solution
when compatibility and equilibrium conditions have been satisfied. With
these conditions in mind, the differential rotational spring may be included

in the iterative Eqs 3.5a and 3.5b as follows:

™ol @-)y=r-7 (3.6a)



Fig 8.

/4

External torque applied to rigid-frame joint.
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Y - gF

© -6 =T1-71° (3.6b)
where ©6° and 6 are the slopes of the x and y-beams, respectively. Once
the solution has been achieved, i.e., when oF = ¢ , the differential
rotational spring drops out and Eqs 3.6a and 3.6b reauce to Eq 3.4.

Although the terms in Eqs 3.6a and 3.6b express only rotational effects,
it should be kept in mind that in finite-element concepts these effects
are ultimately expressed as transverse loads. The finite-difference expres-

sions for Eqs 3.6a and 3.6b will be derived in the following paragraphs.

Equations Derived for a Finite-Element Frame Model

Consider the forces and restraints on an x-beam at an intersection i,j ,

as shown in Fig 9a. Forces T, j/2h result from an externally applied torque,

3

while T{ j/2h and RE f temporarily represent the y-beam. The magnitude

3

of T? . represents the amount of externally applied torque absorbed by

3
the y-beam and is known from the previous cycle in which the y-beam system

was solved. T{ ., 1s determined by taking the fourth derivative of y-beam
2

deflection at one station either side of the joint and subtracting all load

effects, except Ti,j/Zh , at that station. Then the resulting load term is

multiplied by the distance (2h) between the two stations. Similarly,

T? j in Fig 9b is determined by the same numerical differentiation process.
’ Finite-difference equations for the x-beam model in Fig 9a are derived

by including the additional load and restraint terms in the beam-element

equation (Eq 5, Fig 1). The resulting finite-difference equation is of the

form
i,j W>i<—2,j L W}i{-l,j AT W>i(,j td; W};+1,j
e w§+2’j = £ (3.7)
where
ay = Fi - 0.25h (Ri_l’j)
b, .= -2 (Fr . . +F: )

i,] i-1,] 1]
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X-STA: i-1, j i i+1,

Y—-STA: i,i— 1 i, i+ 1

Fig 9. 1Individual orthogonal beams at a typical finite-
element model frame joint 1i,j . Note that the
y-beam has been placed in a horizontal position.
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cig " F?_l,j +4 F:’j + F§+1,j + 0.25h (Ri_l’j +-R§+l’j)

4,57 72 <F?,j + F§+l,j)

€55 = Figq j - 0-25h (R§+l’j)

T Q?,j b - 0.sh” Ti1,5 " T,y ” Ti-l,j *‘T§+1,j
+ &Y Y F o )

. - R, . o .
i+l1,j i,] i-1,3 "i,]

Referring to the y-beam segment in Fig 9b, the resulting finite-difference

equation is of the form

-1 %, Y, T %, YL

+e, .w =f, . (3.8)

where

a; y=F] y., - 0.25h (Ri’j_l)

by 4= -2 (Fi,j_l + Fz’j)

ey = F g v4 ] FF] ) +0.25h (R_Ii,j_1 + Ri’j+l)

di,5 7 72 <F§,j + Fi,j+1>

e;. 5 = F) sy - 0-25h (Rz,j+l)

£i,5° %, b - 0.50° (T 5o 7 Tpn " Ty T e
+ RF eF . - RF o )

i,j+l i’j i,j'l i’j

Using Eqs 3.6a and 3.6b, the procedure for solving the entire system of
orthogonal frame members is summarized below.
(1) Select initial values of the closure spring RF which are cycled

after each complete x and y~beam solution. Chapter 5 is devoted
to suggestions for selecting these spring values.
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(2) Assume initial deflection values for the y-beams equal to zero.
Thus, the initial value of the absorbed torque T’ 1is equal to
zero.

(3) Solve the x-beams individually using Eq 3.7, the finite-difference
form of Eq 3.6a. The results of this solution will yield values
of deflection at each increment point from which values of T /2h
may be determined by numerical differentiation,.

(4) Solve the y-beams similarly using the finite-difference Eq 3.8.
(5) Repeat Steps 3 and &4 using the next spring value.

(6) Repeat Steps 3, 4, and 5 until values of ef )3 and 61 are in
agreement with each other within prescribed tolerances.

(7) Final deflected shapes are numerically differentiated as follows:

- +
(&) - e (3.9)
ax/ 7h ‘
2 +w - 2w, + w,
Fi (d 7 ) =, = F | —= > = (3.10)
dx i t t h
(&) . Mgt Mg 311
dx i 2h ’

where (dw/dx); , F;(d w/dx ); » and (dM/dx)i are
respectively slope, moment and dM/dx from which
conventional shear can be obtained by applying Eq 2.4,

Compatibility and Equilibrium of the Finite-Element Frame Joint

The method that has been presented in this chapter represents a new
approach to rigid joint frame problems. However, the finite-element model
joints, like the conventional rigid joints, must satisfy the conditions
expressed in Eqs 3.1 and 3.2.

In finite-difference concepts the slope at any station (Eq 3.3)
involves the deflection one station behind and one station ahead. Referring
to the finite-element model joint in Fig 7 the x and y-beam slopes must be

equal for rotational compatibility:

e X y y
+ - +
i1, 0 Yitl,) _ vi,j-1° Yi,j+l
2h B %h (3.12)

-w,

Thus, by the method presented herein, rotational compatibility is satisfied



24

for a joint that is two increments wide in each orthogonal direction. Moment
equilibrium of a finite-element frame joint is also based on a joint two
increments wide. Referring to Fig 7 joint equilibrium may be verified by
summing the moments about 1i,j of all forces and couples that act within

one increment from Station i,j in both orthogonal directions.

Due to these finite-difference approximations, increment length is a
significant factor in this method. Suggestions are made in Chapter 5 for
selecting the increment length.

The equations that have been presented in this chapter can be rapidly
solved by a recursive technique. The solution of these finite-difference

equations is explained in the following chapter.



CHAPTER 4. SOLUTION OF INDIVIDUAL BEAM EQUATIONS AND
METHODS OF ESTABLISHING SPECIFIED CONDITIONS

A rapid method of solving fourth-order difference equations has been
developed previously (Ref 10). This recursive method is used to solve the
individual beam equations derived in the preceding chapter; therefore, a
brief discussion of the method will follow. Also included in this chapter
is an explanation of the technique for establishing specified conditions

of deflection, slope, or both along any frame member.

Solution of Individual Beam Equations

Independent equations in the form of Eq 3.6 may be written at each
y-beam intersection on the x-beams. For simplicity, only a solution of
x-beam equations will be referred to, but this discussion alsoc applies to
y-beams. At stations along the x-beam that are between intersections,

Eq 3.6 reduces exactly to Eq 5 of Fig 1. The resulting system of equations
written repeatedly along a beam can be arranged into matrix form such that

the matrix expression is

[s] {=} - {s} @

where Eﬂ is a square matrix containing the stiffness coefficients a;
bi , C. , etc.; {w}' is a column matrix of unknown deflection values; and
{f} , @ column load matrix., Matrix Eﬂ is a five-diagonal banded matrix
referred to as a quidiagonal system.

The recursive method is used to solve the quidiagonal system by pro-
ceeding from left to right (increasing i ) along the beam and eliminating

unknown deflections (w, Y. This results in another diagonally

i-2 1
banded system of equations of the form

and w,
i-

w, - B, w, -C, w, = A, (4.2)
where

A, = D (B, A, +a A, -£) (4.3)



26

B, = D, (E,C, ., +d)) (4.4)
i i i i-1 i

C. = D (e.) 4.5)
i i i

and

Di = —1/(Ei Bi-l + a Ci-Z + ci) (4.6)

E. = a, B, +b, “.7)
i i i-2 i

Unknown deflections v, at each station are then computed from right to

left (decreasing i ) along the beam by applying the following version of
Eq 4.2:

W, = Ai + Bi Vil + Ci Voo 4.8)

The forward pass (Eq 4.2) and the reverse pass (Eq 4.8) must have some
known values to get started in the process. This is done by starting the
recursive process and turning it around on a fictitious station (one station
beyond each end of the real beam) for which the flexural stiffness is zero.
This entire process of generating the required system of m + 3 simultaneous
equations for a finite-element model of a frame member is illustrated in Figs
10a through 10c.

Specified Deflections

The continuity coefficients Ai s Bi , and Ci in Eq 4.8 can be
manipulated as they are calculated to enforce specified conditions. To set
deflection at any station along the beam the computation of these coefficients
is interrupted at that particular station. Coefficients B. and Ci are
set equal to zero and the coefficient Ai is set equal to the desired deflection.
This method in effect causes a reaction (transverse force) at Station i

of sufficient magnitude to create the desired deflection.

Specified Slopes

The slope at any Station i is set by manipulating the continuity

coefficients at Stations i - 1 and i + 1 . In finite-difference form
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the slope at Station i is

+ w.
i

2h

9, = i-1 +1 4.9

For this condition, manipulation of the continuity coefficients at Stations
i -1 and i+ 1 causes a transverse couple about Station i of sufficient
magnitude to rotate the beam through the desired slope.

The necessary reactions to create specified conditions of deflection
and slope act at different stations. Therefore, it is possible to specify
both conditions at the same station (Ref 10).

The solutions to the equations developed in this chapter are obtained
rather rapidly. But, the rapidity and the accuracy of the final solution is
dependent on several factors, namely: (1) choice of rotational closure
springs, (2) closure tolerance, and (3) increment length. While the
choice of values for these factors is somewhat empirical, there are certain
ranges of values which can be suggested. These suggestions are made in

the next chapter.



CHAPTER 5. CLOSURE SPRING VALUES, INCREMENT LENGTHS, AND CLOSURE
TOLERANCES FOR FINITE-ELEMENT FRAME MODELS

Selection of Closure Spring Values

Although the selection of the differential rotational spring or closure
spring values may be entirely arbitrary, some judgment should be used in
order to select springs that will produce rapid closure. Springs that are
too soft or too stiff may produce slow convergence, or possibly divergence.
A rigorous method of determining spring values would involve consideration
of the flexural properties of the system, increment length, boundary
conditions, and loading. Therefore, exact selection of springs that will
produce the most rapid convergence is very difficult. However, empirical
methods of spring selection based only on flexural stiffnesses have been
successful in most cases.

The empirical method of selecting closure springs is based on an
interpretation of the significance of the differential rotational spring
in the alternating-direction method. 1In Figs 9a and 9b each orthogonal
beam was represented on the other as a load and a differential rotational
spring. Based on this interpretation, the closure spring should represent
the rotational stiffness of the intersecting beams. This rotational stiff-
ness in structural analysis is referred to as a stiffness factor. The stiff-
ness factor is defined as the moment applied at the end of a beam that
produces a unit rotation at that end. For a prismatic member fixed at the
far end the stiffness factor is 4EI/L and with hinged end is 3EI/L. 1In
most frames these stiffness factors will vary considerably due to various
boundary conditions, member lengths, and flexural stiffnesses. However,
two or three spring values ranging from the smallest value of 4EI/L to
the largest value of 4EI/L of the frame system will in most cases produce
rapid closure. This empirical method predicts an efficient set of spring
values, but it should be emphasized that only rate of closure is affected
by these values and not the final results.

Based on mathematical literature concerning alternating-direction
implicit solutions, it appears that spring values selected by the preced-
ing suggestions should be arranged in the input data according to increas-
ing stiffness. The computer program automatically uses the springs in

repeated cyclic order (one spring per iteration).
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Using spring values based on the preceding recommendations and proce-
dures, convergence of x and y-beam slopes at an intersection is shown in
Fig 11. Figure 11 was plotted from the results of Example Problem 1,

Chapter 7, at the intersection of Beams 1 and 3.

Increment Lengths

In numerical methods of solution, errors may be expected from truncation
and loss of significant figures in arithmetic operations. Truncation errors
are to be expected when using finite-difference expressions of continuous
functions, but were shown (Ref 10) to be almost insignificant in solving
beam problems by finite-difference methods. However, the elastic curve
of framed members undergoes more reversals of curvature than beams. Therefore,
framed members must be divided into more increments in order to accurately
describe their deflected shapes.

The rigid-frame bent in Fig 12 was solved using various increment
lengths to illustrate their effects on the accuracy of the solution. The
slope values at Joints B and C are tabulated below Fig 12. This problem
is an extreme example but indicates that the effect of increment length

on the accuracy of solutions should be checked for new types of problems.

Closure Tolerances

The iterative procedure given in Eqs 3.6a and 3.6b gives only an
approximate solution to Eq 3.4. TFor example, in Eq 3.6a the term
R.F(Ox - Qy) represents the amount of torque with which the iterative
equation differs from the equation that must be satisfied (Eq 3.4). If
" were equal to o it is evident that the term R.F(Qx - Qy) would drop
out of Eq 3.6a and it would reduce to Eq 3.4. Thus, the most logical
tolerance test should be based on the allowable difference between the x
and y-beam slopes. To arrive at a specific value for the closure tolerance
the approximate magnitude of slopes for the system being solved should be
considered. 1In addition, consideration should be given to errors in
truncation and loss of significant figures.

In general, the user of this iterative method will have to exercise
engineering judgment in determining spring values, increment lengths, and

closure tolerances.
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Fig 11. Convergence of slope values at a joint using

suggested spring values and procedures.
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CHAPTER 6. PROGRAM FRAME 4

FRAME 4 is a computer program written to solve elastic frames having
rigidly connected joints that are not allowed to translate. No provision is
made for including axial loads in the frame members and only deformations due
to bending are considered. However, frames that have freely discontinuous
loadings, flexural stiffnesses, elastic supports, and rotational restraints may
be solved. It is the purpose of this chapter to explain Program FRAME 4 in

such a manner that it can be immediately applied to practical problems.

The FORTRAN Program

A general flow diagram of FRAME 4 is contained in App 1. A list of nota-
tions used within the program is given in App 2 and a listing of the program
is in App 3. Comment cards are used within the program to indicate various
operations. These comments should be helpful in relating the flow diagram to
the listing.

The program is written in FORTRAN-63 language for a Control Data Corpora-
tion (CDC) 1604 digital computer having a 48-bit word length and operated with
a FORTRAN-63 monitor system. Storage capacity of the CDC 1604, without using
tape units, is approximately 32,600 words. FRAME 4 uses about 23,000 words
with the remaining storage being reserved for library functions. This storage
capacity limits the size of the frame system that presently can be solved to
nine beams, each divided into 150 increments. Minor program revisions would
probably allow solution of approximately nine additional beams.

The time required to solve a problem depends on its complexity. The solu-
tion time for each example problem is included in the next chapter. Compile
time for FRAME 4 is about 1 minute and 30 seconds.

A guide for preparing input data is given in App 4. Detailed instructions
are included. Data input for the example problems in Chapter 7 is given in

App 5.

Program Results

The computer results for all the example problems in Chapter 7 are

shown in App 6. The output listings show the deflection w , slope dw/dx ,

33
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bending moment Fdzw/dx2 , dM/dx , and an error term corresponding to dis-
tance x along the frame member.

For both moment and shear no attempt should be made to extract conven-
tional values from the output listings within the zone influenced by torques
or rotational restraints. Usually structures are idealized as line members,
and rotational effects T and R are assumed to act at a point. However,
in actual structural frames, an abrupt discontinuity does not occur in
moment or shear and, depending on the increment length, it is possible
for the finite-element frame model to provide more realistic values than
the corresponding line-member idealization.

In the finite-element beam, any concentrated torque applied as a
T-value or developed as the result of a specified slope or rotational
restraint must be ultimately felt by the beam as two equal but opposite
forces acting one increment each way from the station considered. The
change in moment at a joint in the finite-element frame model results from
the forces created by the torques T , ™ , and ¥ centered about the
joint. Therefore, as a general rule, no attempt should be made to extract
conventional values of moment closer than one increment to a joint or
shear values closer than two increments. However, it should be possible to
correct the moment and shear obtained by conventional line-member idealization
to give values more consistent with the distributed joint forces of real
frames and with the finite-element reactions. This is frequently done in
design to get values nearer the faces of supports.

The error term in the output listings refers to the error in torque
equilibrium of the finite-element frame joint. The error term represents
the amount of torque with which the iterative procedure given in Eqs 3.6a
and 3.6b differs from the equation that must be satisfied, Eq 3.4. This
difference is equal to RF(Gx - Gy) which has units of in-1b. Prior to
final stabilization, error terms based on this concept are somewhat dependent
on the selected closure spring value; however, if terms are very small, they
do serve as a good indication that the system has been solved. 1If necessary,
a precise check on a solution may be obtained by making a joint equilibrium

check as explained in Chapter 3.



CHAPTER 7. EXAMPLE PROBLEMS
Several example problems have been selected to illustrate the appli-
cability of this method and the use of the computer program. Data input for

both of the example problems are in App 5. Computer results are in App 6.

Three-Barrel Box Culvert

Figure 13a illustrates one of the box culverts analyzed for the Texas
Highway Department during the development of FRAME 4, The three-barrel box
culvert is covered by 10.5 ft of fill material. For design purposes it is
desired to determine the bending moment in the vertical walls and top and
bottom slabs.

The culvert, as modeled for the FRAME 4 solution, is shown in Fig 13b.
A one-foot-wide slice of the culvert is analyzed as a two-dimensional
frame. A support has been placed at each joint along the bottom slab and
also at one end of the top slab to prevent joint translation. Top and
bottom slabs have been divided into 78 increments, each 3 inches in length.
The culvert walls are divided into 18 increments, which must also be 3
inches in length. The flexural stiffness values for slabs and walls are
as shown in the figure. Beams are numbered according to the input data
instructions in App 4.

The resulting bending-moment diagram plotted from the computer solution
is shown in Fig 13c. Ordinates of the bending-moment diagram in this
example problem and in the remaining problems are plotted on the side of
the member that is in compression. Stresses checked at the point of
maximum moment indicated that the wall and slab sections were adequate.

For actual design problems, the wall and slab sections could be varied
with a minimum of additional input data by using options to hold data from
problem to problem., In a similar manner, other design parameters could
also be investigated in order to find the most efficient design.

The accuracy of the FRAME 4 solution of this problem was checked by
moment distribution. The difference in maximum bending moment by the two

methods differed by only 2 percent.
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Fig 13. Example Problem l: three-barrel box culvert.
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Multi-Story Framed Structure Supported by Elastic Foundation

Figure 14 illustrates a framed structure with only vertical loads. It is
assumed that no sidesway occurs at the joints. The effects of axial loads on
bending are not considered in this frame analysis method. This is consistent
with the usual methods of bending analysis. However, stresses due to axial
loads would still have to be included for final design stresses.

The frame is modeled for the FRAME 4 solution as shown in Fig 15. The
columns are fixed against rotation at ground level. Uniform loads are input
as pounds per station or increment length. Bending stiffness variation is
shown in Fig 16 for a one-foot slice. The bending stiffnesses of the straight-
line haunches are represented by linear variations from one end to the other;
however, this is not precisely correct for the intermediate stations. The
neutral axis of these non-prismatic members is assumed to lie at the same level.

This example problem is intended to represent some of the complex loading
patterns, flexural stiffnesses, and elastic foundation conditions that can be
handled by this method. The problem required very little time to code and pre-
pare for solution by FRAME 4, Actual solution time was 1 minute.

The resulting moment diagram is shown in Fig 17. Note that the moment at
joints changes across a width of two increments in accordance with the explana-
tion in Chapter 6.

The frame member deflections are also of interest in problems of this

type. These deflections are included in the computer results in App 6.
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TABLE OF FLEXURAL STIFFNESS VALUES: EXAMPLE PROBLEM 2

seam (D AT STA
Fz 192x 10% Ib -in? 0
F: 192x 10% Ib -in? 90
BEAM (2
F= 648x |0° ib-in? 0
F= 648x 0% Ib-in? 150
BEAM (@)
F =17496 x 10% 1b - in2 o
F: (536 x 10% 1b-in2 I5
F=15%36x 10° Ib-in? 30
F 217496 x 10® Ib - in? 45
F= 1,536 x 10% b ~in? 60
F= 1,536 x (0% Ib-in2 75
F=17496 x 10° b -in? 90
F: 1536 x 10% Ib - in? ("
F: 1536 x 10° Ib -in” 129
F =17496 x 10° b - in? 150
BEAMS (O (B (®)
F 5184 x 10° Ib - in? 0
F=5i84 x 10° Ib- in? 36
F=153 x 10° Ib - in? 36
F: 153 x 0% Ib -in2 66
Fz 648 x 10° Ib -in? 66
F: 648 x 10°% Ib -in2 96
BEAM (7)
F:5184 x 105 Ib-in? 0
F=5184 x 10° Ib -in? 36
F:1,536 % 10% Ib - in? 36
F=1536 % 10° Ib -in? 66

Fig 16. Example Problem 2: bending stiffness variation.
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CHAPTER 8. SUMMARY AND CONCLUSIONS

The frame analysis approach which has been described provides a rapid
method for solving a wide variety of frame problems. Principal features

of the method are summarized as follows:

(1) A conventional frame system is represented by a finite-element
model composed of bars and springs.

2) Equations derived for the frame model are based on finite-
element concepts which permit beam stiffnesses, applied loads,
and elastic restraints to vary in a freely discontinuous manner
from station to station.

(3) A rapid and direct method is used to solve the individual beam
equations.

(4) Frame members are solved alternately in the two orthogonal
directions as individual beams. A relaxation technique is used
at each joint to adjust the two solutions, thereby obtaining
rotational compatibility.

Significance of the Method

This method, subject to the previously described assumptions, is
applicable to a wide range of structural problems. Specifically, this
includes orthogonal rigid-joint frames where joints do not translate and
only deformations due to bending are considered. While restricted to
problems in this category, it should be noted that solutions to problems
which are virtually impossible by other methods are quickly and easily
solved by this approach. Frames that derive support from an elastic
foundation can be solved rapidly as well as frames with discontinuous
loading, stiffness, and restraint conditions.

This method is also a useful design tool. Design conditions may be
varied on any problem without greatly increasing the time required to code
the problem data or time required to solve the problem. Of course, solution
time is somewhat dependent on the proper choice of the closure springs.
However, with experience in solving problems by this method, one should be

able to select an efficient set of springs.

Further Refinements and Developments

There are numerous refinements of this method that could improve its

accuracy and applicability. These refinements, along with suggested future
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extensions, are listed below:

(1) Allow for different increment lengths in the x and y-directions.

(2) Derive difference equations for the finite-element model to
allow for varying increment lengths along a beam. This would
permit small increment lengths in the vicinity of a joint and
larger ones near the middle of the beams, thereby increasing
the accuracy of the final solution and removing some of the
computer storage problems.

(3) Studies should be made on the closure spring to determine if
there is a better method for selecting the most efficient set
of spring values.

(4) Allow for translation of joints and axial shortening of members.
(5) 1Include axial-load effects on bending.

(6) Equations for the frame should be extended to allow for non-
linear characteristics in both flexural stiffness and supports.

(7) Efforts should be made to apply this finite-element-model
technique to three-dimensional space frames.
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APPENDIX 1.

GENERAL FLOW DIAGRAM FOR PROGRAM FRAME 4

READ and PRINT identif of program and ru:ﬁ

o ——

N
READ problem identificatioﬂw

READ and PRINT Table 1 - Control data
including options to hold prior data

Compute constants for convenience

Table
Table

READ (or hold) and PRINT ™
Table Closure spring values
Table Num of incrs for each beam
Table

Specified deflections and slopes
Fixed stiffness and load data

2.
3.
4, Beam intersections
5.
6.

~=1D0 to 2130 for each monitor station)

CALL SUBROUTINE DCIPHER to
decipher KCODE to find beams
that intersect specified
monitor beams

2130

\C——— — — —{ CONTINUE )

PRINT Table 7 heading and monitor
beam and station numbers \1
I
NS = 0
- - - Begin main solution
ITER = 0

DO to 7600 for each iteration from 1 to ITMAXi)

NS = NS+ 1
1

49
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Al.2

KSTB = O

- ~ =~ Splve beams

DO to 3500 for each beam num NB )

DO to 2800 for each station i)

- - - Check for intersection

r 2180

CALL SUBROUTINE DCIPHER to decipher
KCODE to find intersecting beams

| Compute stiffness

~{DO to 2190 from 1 to 3)

Compute temporary

2190
N CONTINU}E)

(
I
I
? bending moment values
I

Compute torque transfer terms

Set rotational spring values
at each intersection

2210

matrix coefficients




Al
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51

Reset recursion coefficients

||

| 4

| to specified conditions
| 2800

I N—

————— CONTINUE)

} Compute vertical deflection

| 2850
- CONTINUE)

— ——] DO to 3200 for each statid;)

Compute:
(1) Slope

(2) Bending moment

(3) D(BM)/dx

- - - Count of stations
not stabilized

(ABSF (DW (NB, J)
-DWTEMP) ~CTOL

KSTB = KSTB + 1

3100
CONTINUE

3200
—_— — CONTINUE)

3500
~— — ————— —] CONTINUE )

r" DO to 2850 for each statioD
|
|
|
|
|
|
|
|
|
|
|
|
|
}
|
|
|
|
|
|
|
|
|
|
|
|

KCTOL = 0
I
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F—=—9D0 to 6000 for each beam)

DO to 6000 for each statioé)

“— to decipher KCODE to

Al.4

5900

CALL DCIPHER routine

find intersecting beam

(ABSF
(DW (INB, INS)
-DW(NB,J))
CTOL

5950
KCTOL = KCTOL + 1|

- - -~ Count of stations
not closed

6000
CONTINUE)

KCTOL = KCTOL / 2

ITER = ITER + 1

DO to 6100 from 1 to 8 )

Find slopes at
monitor stations

6100

\- — —{CONTINUE)

PRINT monitor
and control dat
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--- Control iteration process

—— CONTINUE

—
7900

CONTINUE )

Compute and print results:
Deflection, slope, bending
moments, shear at each
station and error term at
each intersection.

PRINT RESULij

Check for another

problem
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A2.1

a¥aNa¥eXaYeXaXalalaXaXaNaXalaNaaNalaNaXaNaNaTakaNataNaXaakaNalaXaaXaNa¥aXaNaXaNaNaXaXaNaXalaNalaNataNaNa N el

NOTATION FOR FRAME 4

AA

AL Ye Bl Y CU )
A{J)ys ATEMPs AREV
AN1(N)s ETC,

BB

B(J)s BTEMP,s BREV
BM

BMT (N)

cC

C(J)s CTEMP, CREV
cToL

DD

Ds DTEMPs DREV
DBM

DENOM

DIFF

DW

DWM( )

DWst )

DWTEMP

EE

E

ESM

FF

FN1s FN2s F(NBsJ)
H

HE2

HE3

HT2

INSs IS

INB, IB

Isw

ITER

I TMAX

J

JC1s JC2

JINCR

JN1sJN2

JS

JSTA

Jl, J2

KASE

KCODE

KCTOL

KEEP2 THRU KEEP&
KEY{NBsJS)s KEYJ
KK

KODE

KR1

KR2

KSwW

KSTB

L

MA{ )

COEFF IN STIFFNESS MATRIX

CONTINUITY OR RECURSION COEFFICIENTS
CONTINUITY COEFFICIENT

ALPHANUMERIC REMARKSs INFORMATION ONLY
COEFF IN STIFFNESS MATRIX

CONTINUITY COEFFICIENT

BENDING MOMENT

TEMPORARY BENDING MOMENT VALUES

COEFF IN STIFFNESS MATRIX

CONTINUITY COEFFICIENT

CLOSURE TOLERANCEs X VS Y SLOPES

COEFF IN STIFFNESS MATRIX

MULTIPLIER IN CONTINUITY COEFF EQS
SHEAR ( FIRST DERIV OF BENDING MOMENT )
DENOMINATOR

DIFFERENCE

SLOPE ( FIRST DERIV OF DEFLECTION )
SLOPE AT A SPECIFIED MONITOR STATION
SPECIFIED VALUE OF SLOPE

TEMPORARY VALUES OF SLOPE

COEFF IN STIFFNESS MATRIX

TERM IN CONTINUITY CCEFF EQS

MULTIPLIER FOR HALF VALUES AT END STAS
COEFF IN LOAD MATRIX
FLEXURAL STIFFNESS (EIl)s (
INCREMENT LENGTH

H SQUARED

H CUBED

H TIMES 2

STA ON INTERSECTING BEAM
NUM OF INTERSECTING BEAM
ROUTING SWITCH FOR TABLE 6
COUNT OF NUM OF ITERATIONS
MAXIMUM NUMBER OF ITERATIOMNS ALLOWED
INTERNAL STA NUM = EXT STA NUM + 4

INPUTs TOTAL

EXTERNAL STA NUMBER AT BEAM INTERSECTIONS

INCREMENTATION INDEX
EXTERNAL STATION NUMBER

INTERNAL STA NUM FOR SPECIFIED CONDITIONS

TEMP STA NUMBER ( EXTERNAL )

INITIAL AND FINAL STAS IN DISTRIBUTE SEQ
CASE NUM FOR SPECIFIED CONDITIONS

TEMP VALUE OF KODE

NUM OF INTERSECTIONS NOT CLOSED

IF = 15 KEEP PRIOR DATA, TABLE 2 - 6
ROUTING SWITCH FOR SPECIFIED CONDITIONS
MISC INDEX

CODE TO DETERMINE INTERSECTION LOCATION
PRIOR VALUE OF KR2

IF = 1s REFER TO NEXT CARD

ROUTING SWITCH FOR INPUTTING TABLE 6
NUM OF STAS NOT STABILIZED

MISC INDEX

NUM OF INCREMENTS

57

27MR5
27MR5
29MR5
12JE3
29MR5
27MR5
12JE3
29MR5
29MR5
27MR5
12JE3
21JA5
27TMR5
12JE3
27TMR5
07JE3
27MR5
27MR5
27TMR5
27MR5
29MR5
27TMR5
12JE3
27MR5
2TMR5
29MR5
29MR5
27TMR5
27MR5
2TMR5
29MR5
29MR5
27MR5
29MR5
29MR5
29MR5
29MR5
27TMR5
29MR5
29MR5
29MR5
29MR5
21JA5
29MR5
29MR5
27MR5
27MR5
29MR5
29MR5
27TMR5
27MR5
27MR5
29MR5
27TMR5
29MR5
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a¥aYaNalo oo Na ke NaXaNalaXalaNaa Yo N aNaNaNa o N KA KA

MONB ( )
MONS ( )
MP4s MPS5,
N
NB
NB1l, NB2
NC

MP7

NCD2s NCD3,s ETCe

NINT
NPROB

NS

NTS

NTB

NXR

NYB

PART

QN1s QN2»
RF ( )
RN1s RN2»
RR( )
SN1s SN2
TA( )

TN1s TN2»
W{NBsJ)
WS ( )

X

Z1

Q(NBsJ)
RINBsJ)

SINBsJ)

T(NBsJ)

BEAM NUMBER FOR MONITOR DATA
STATION NUMBER FOR MONITOR DATA
M+4, M+5, M+7, ETC

MISC INDEX

BEAM NUMBER

BEAM NUMBERS OF INTERSECTING BEAMS

COUNT OF NUMBER OF ITERATIONS

NUM CARDS IN TABLES 25 35 ETCes THIS PROB

NUM OF INTERSECTIONS

NUMBER OF PROBLEMs PROG STOPS IF ZERO

SPRING OR CYCLE NUM (COUNTER)
TOTAL NUMBER OF CLOSURE SPRINGS
NUM OF X AND Y-BEAMS

NUM OF X-BEAMS

NUM OF Y-BEAMS

INTERPOLATION FRACTION

TRANSVERSE FORCE ( INPUT, TOTAL }

CLOSURE SPRING VALUE AT EACH INTERSECTION

ROTATIONAL RESTRAINT ( INPUT, TOTAL )
TEMP INPUT VALUE OF CLOSURE SPRINGs RF

SPRING SUPPORT STIFFNESS ( INPUT»

TOTAL

TORQUE ABSORBED BY INTERSECTING BEAM

ON PREVIOUS HALF CYCLE
TRANSVERSE TORQUE ( INPUTs TOTAL
DEFLECTION ON BEAM NB AT STA J
SPECIFIED VALUE OF DEFLECTION
DISTANCE ALONG BEAM

DECIMAL VALUE FOR JSTA

)

)

A2.2

29MR5
29MR5
27MR5
27MR5
29MR5
29MR5
25AG4
27MR5
29MR5
29MR5
27TMR5
29AP5
29MR5
29MR5
29MR5
27MR5
29MR5
29MR5
29MR5
29MR5
29MR5
04MY5
04MY5
29MR5
27TMR5
2TMR5
29MR5
29MR5
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A3.1

PRCGRAN FRANE 4 25MRS
1 FCRMAT 52k PRCCRAM FRAME 4 - MATLCCK - DECK ¢ 18MR5
1 28k REVISICN DATE = 20 AP &5 ) =—==—-
CIMENSICN AN1(22), ANZ2(14), 18FES
1F(S,157)y GC(S4157), S(S,157), T(S,157), DBM(G,157)y EKF(157), 29MRS
ZTAL157), D¥(S4157), W(Ss157), wWS(9,157), ChS(9,157), 29MRS
AKEY(S4157), KCCE(S,157), BM(9,157), A(157), B(157), C(157), C3MRS
4M(G)y RR(2C), FMT(€), CWM(SS,8)y MCNB(B), MCNS(8)y R(9,157) 18MRS
1C FCRMAT | Sk sy ECX, ICHI----- TRIV ) 27FE4
11 FCRNAT ( 5k1 sy ECXy 10HI-—--- TRIV ) 27FE4
12 FCRMAT ( 1€88 ) 04MY3
12 FCRMAT ( S5xy, 1€A% ) 27FE4
14 FCRMAT ( AS, 55X, 14A5 ) 16FES
15 FCRMAT (///1CH PRCE 4, /5X, A%, 5X, 14AS )} 18FES
1€ FCRMAT (///17F PRCE (CCNTD), /%X, A5, 5X, 14AS5 ) 18FES
1S FCRMAT (///4€F RETLRN THIS PAGE TC TIME RECORD FILE == EM ) 12MRS
1€ FCRMAT [ SXy 5 ( 4%, I1 3, 10Xy S ( 3%y, 12 1) ) 1CMRS
101 FCRMAT ( SX, 2 ( 2x, 1z ), 10X, ZE10.Z ) 10MRS
132 FCRMAT ( //3CH TABLE 1. CCNTRCL CATA v /oy 10MRS
1 45X, 3CF TABLE NUMBER r /o 10MRS
2 45X, 2CFH 2 3 4 5 & v 1/ 1CMRS
3 gk FRICR-CATA CPTICNS ( 1=HCLC ),11X,5(4X,11)10MRS
4 /3SE NUM CARCS INPLT THIS PRORLEM ,11X,5(3X,12)10MR5
g //74CH MAX NUM ITERATICNS s 32X, I3, /1CMRS
¢ 4k MM OF X-BEAMS s 32X, I3, /10MRS
7 4CH ALV OF Y-BEANS s 32X, 13, /10MRS
€ 4CH X ANC Y-REAM INCR LENGTH 125X,E10.3,/19MRS
G 4CH CLCSURE TCLERANCE 125X,E10.3 )10MRS
112 FCRMAT ( 5X, 4 ( 2X, 12, 2X, 12 ) ) 12MRS
112 FCRVMAT ( /28F MCNITOR STAS NByJ 5 SXy 4 ( 1€, 14 )}, / }YO0S9APS
12C FCRNMAT ( //2¢F TABLE 2. CLCSURE SPRING VALUES s 1/ 9MR5
1 4CH SFRING AUV CLCSLRE SPRING 4 / 4 ) 9MRS
124 FCRMAT ( 2CX, E1Ca2 ) 19MRS
125 FCRMAT ( 12X, 12, 1GX, E1C.2 ) 9MRS
12¢ FCRNAT (///74€F TABLE 2. NUM CF INCREMENTS FCR EZCFH BEANV ,//, 9MRS
1 ¢k REAM NUM NUM CF INCRS v /4 ) 9MRS
135 FCRMAT ( 5X, 1515 ) 03APS
12¢ FCRMAT [ 12X, 12, 14X, 12} C3APS
14C FCRNMAT (/7735 TARLE 4., BREAM INTERSECTICNS T IMRS
1 5zF INT REAM STA BEAM 9MRS
z SR OSTA 5 / 4 ) 9MRS
142 FCRMAT ( 5%, 5§ [ 2X, 12 )} ) GMR5
144 FCRNAT ( 16X, I3, 4%, 12, 2 ( IX, 12 ) ) GMRS
15C FCRMAT ( //4€F TABRLE S. SPECIFIEC CEFLECTICNS ANC SLCPES,/ 12MRS
1 17+ FEAN STA,/ 2B8JAS
Z c2h LW NUNM CASE CEFLECTICN 28JAS
2 € SLCPE ./ ) 28JAS5
124 FCRMAT ( 5%, 2 ( Z2X, 13 )}, 8X, I2, 5Xy 2E10.3 ) 10MRS
155 FCRMAT ( 6Xy 12, SX, 13, 11X, I3, SX, E10.3, 66X, 4HNCNE )} 109MRS
15¢ FCRMAT ( 6X, I2, SX, I2, 11X, I3, G6X, &X, 4HNCNE, E1C.3 ) C9MRS
157 FCRVMAT ( 6X, 12, EXx, 12, 11X, I3, SX, 2E10.3 ) 12MRS
1¢2 FCRNAT (///45F TAPLE €. FIXED STIFFNESS AND LCAL CATA , // , 9MRS
! 1CF BEAN s / GMRS
2 5ZF NLWM FRCO¥ TC CCNTC F < 9MRS
3 28k < T R y /g ) 9MRS
177 FCRMAT ( 5X, 4 ( zX, 12 )}, SX, SE1C.2 )} 23MRS

61
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178
176
let
éCs

o N

2C¢
208
2(S
Z21C
1
212
211
537
SrE
SCS

11:¢C
11€cC

A3.2
FCRMAT ( 77X, 12, 11Xy, 2 ( 2X, 13), 4X, I1, 3X, SE1l.2 ) 23MRS
FCRMAT ( 7X, Iz, 4X, I3, 1CX,y Il, 3X, S5Ell.3 ) 13MRS
FCRMAT [ 16X, I3, 4X, Il, 23X, S5E1ll.3 ) 23MRS
FCRMAT (///752F TABLE 7. ITERATICN MCNITCR DATA ANLC SLCPES AT 12MRS
Z22FFCUR SELECTEC STATICNS y /o 10MRS
/735X, 47+ BEAN ST2 BEAM STA BEAM STA BEAM STA 1OMRS
/ 2E&F ITR CLCSURE NCT NQT y 40 214, 4X )1CGMRS
/ 3EF NLM SPRINC STAB CLCS y 40 214, 4X))10MRS
FCRMAT ( / EXy 13, E12.2, 2Xy 15, 15, 4E12.3, / 35X, 4E12.3 ) 12MR5
FCRMAT ( /35 TABLE €. RESLLTS -- ITERATIQON, 12 ) 12MRS
FCRNMAT ( /51F SCLUTICN NOT CLCSEC WITHIN SPECIFIEC TOLERANCE)12MRS
FCRMAT | /52t NE JSTA X DEFL SLCPE 2 9MRS
3CHENCMENT SHEAR ERRCR ,// ) 29MRS
FCRMAT ( SX, T2y 1X, 12, 2X, 6E12.3 ) 29MRS
FCRMAT ( /7 ) 12MRS
FCRMAT ( 25t NCNE ) 9MRS
FCRMAT (BX,42F USING CATA FRCM PREVICUS PRCBLENM FLLS /7 ) 09APS
FCRMAT (5X,41F USING CATA FRCM THE PREVIGCUS PRCBLEN ) 9MR5
ITEST = Ck 18FES 1D
PRINT 10 12JL3 1IC
CALL TIME 18FES
PRCGRAVM ANLC PRCBLEM ICENTIFICATICN 04MY3 IO
REALC 12, ( ANI(N), N =1, 22 ) 18FES 1ID
REAL 14, NPRCB,y [ ANZIN), N =1, 14 ) 28AG3 1D
IF ( NPRCE - ITEST ) 1C2C, SSSC, 1C20 26FES 1D
PRINT 11 26AG3 ID
PRINT 1 18FES IC
PRINT 13, ( ANL(N)y, N =1, 322 ) 18FES 1D
PRINT 15, NPRCB, ( ANZ(N)y, N =1, 14 ) 26AG3 ID
INFLT TABLE 1 - CCNTRCL CATA 28JAS5
REAC 1Ci 4, KCEPZ, KEEP2, KEEP4, KEEPS5, KEEP&, NCD2, NCLC3, NCLC4, 10MRS
NCCE, NCLCE 10MRS
REALC 1C1, ITMAX, NX&, NYE, F, CTCL 10MRS
PRINT 12, KEEP2, KEEF3, KELCP4, KEEPE, KEEP&, NCD2, NCD3, NCC4, 1 6MR5
NCCE, NCDE, ITMAX, NXB, NYB, H, CTOL 10MR5
REAL 112, ( MCNB(N), MCNS(N)y, N = 1, 4 ) 10MRS
PRINT 113, ( MCAE(N}, MCNS{N), N =1, 4 ) 10MRS
COMFLTE CONSTANTS F2R CCNVENIENCE 28JAS
HE2 = K #& 2 28JAS
HE3 = HEz = kK 28JAS
HT2 = 2. % 28JAS
NTB = NXE + AYPR 28JA5
CLEAR VALUES FRCFM FREVICLS PROBLEMS ANC SET KEYS 28JAS5
CC 116C NE = 1, NTE 22APS
CC 115¢C J = 1, 1¢7 22AP5
WINB,J) = 7.C GMRS
DWihNBysJ) = (o€ gMRS
BM(NB,J) = (.1 9MR5
DEMINE,J) = C.C 16APS
TA(J) = C.40 03APS
RF(J) = C.0 03APS
A{J) = (.G 9MRS
HIJ) = ©.C GMR5
CtJ) = 2.¢C 9MRS
CONTINUE 22APS
CCATINLE 22AP5



14€C

£C 117 N =1

SET REFLRENCE
SET KEY FOR ZtRC [E
KEY{(NEL1,JC
KEY(NPR2,JC
KCCE(NRL,J
KCCE(NB2,J
CONTINLE
INFLT TARLE £ -
FRINT 150
IF (KELCPS )
FRINT GC9
CC TC 1€3C
I[F |
PRINT G4 7
CC TO 162
rc 161¢ N =1,
124, NB, JNI1,
JS = JN1 +
CC TO ( 15€C, 1
KEY{NE,J%)
PRINT 155, NB, JN1,

SFE

121

REAL

NCCE ) 1%tz°

?
SMTIN) = €.F
CONTINLE
INFUT TARLE 2 = CLCSLRE SFRING CATA
PRINT 127
IF ( KEZPZ ) 1z2f, 122C, 1Z1C
PRINT 629
CC 1O 126¢
CC 1230 N = 1, NCL2Z
REAC 124, RR(N)
PRINT 125, N, RR(N)
CONTIMUE
NTS = NCE2
INFUT TABLE 2 - NLM CF INCREMENTS FCR EACH BEAM
PEINT 137
IF (KEEPZ ) 122C, 1227, 131C
PRINT G-'9
¢C TC 135¢
REAC 125, (M(L), L = 1, NTP )
PRINT 136, ( L, MlL), L = 1, NTE )
INFLT TARLE 4 - BEAM INTERSZCTICAS
PRINT 14%
IF (KEFP4 ) 1420, 1420, 1414
PRINT Gi G
GC TG l4v.
L 1460 NE = 1, NTE
LC 1460  J = 1, 157
KCDEINB,J) = 0.0
WSINB,J) = .0
DWSINB,J) = 0.0
KEY(NE,J) = 1
CONTINUE
CC 1470 N = 1, NCC4
REAC 143, NINT, NP1, JCl, NB2, JC2
PRINT 144, NINT, NBL, JC1, NB2, JC2

FL AT EVERY INTERSECTICN

144) = 2
2+4) = 2
Cl+4) = NBZ » 1C3C + ( JC2 + 4
Cz+4) = NB1 = 1700 + ( JC1 + 4

CIFIEC CEFLECTICNS ANC SLOPES

[ 151“1 145C

1y 152C, 152C

NCCE

KASE,

4
5G0,

= <

KASE,

kS(NB)JNl‘*‘!))
1£4CC ), KASE

WSINB,JS)

CCCE TC CEFINE ORTHCGCNAL BEAM INTERSECTIONS ANC

)
)

CWS{NR,JN1+4)

22AP5
26MR5
22APS5
GMR5
IMR5
22APS
22AP5
22AP5
22AP5
GMR5
GMRS
22APS
29APS5
GMR5S
22AP5
22APS
22APS
22AP5
22AP5
05APS
GMRS
22AP5
22AP5
22AP5
22APS
22AP5
22APS
11MR5
10MRS
1UMRS
1UMRS
22APS
22APS5
IMR5
IMRS
C1MRS
01MRS
04MRS
C4MRS
10MRS
1JMR5S
22AP5
GMR5
22APS
22AP5
22APS
22APS
22APS
22APS
22 AP5
22AP5
C9APS
28JA5
22AP5
22AP5
C9APS

63



64

1€CC

1€5¢G
1€€C

1177
171¢€

1£2C

1g¢n

1E€C€

1&5¢C
1sCh

1617
16zC

16712C

154¢

CC TO 1€1¢C
KEY(NE,JS=1) =
KEY(NE,JS+1) =

PRINT 156, NB, JUN1, KASE

CC TU 1lé1C
KEY(NB,yJS-1) =
KEY(NE,JSY = 4

<

2
£
?

CwWS(NB,JS)

“w

KEY (NB,JS+1)
PRINT 157, N8, JN1, KA
CCNTINUE
INFLT TABLE € - FIXECL STIFFNESS ANC LCAC DATA
PRINT 162
IF ( KEEPE ) 1€4C, 1€4C, 1€6€C

[
?

Ey WS{NBy»JS), CWS(NB,JS)

CC 165¢C NE = 1, NTE
CC 165¢C J =1, 1587
FINByJ) = [.C
QINELJ) = C.Q
SINByJ) = Cof
TINByJ) = {WC
RINPLJ) = CL.C
CCNTINLE
CC TO 17¢¢
PRINT S8
IF ( NCC€ ) 171¢, 1710, 172¢C
PRINT G677
cC 10 2v2C
KRZ = &
£c 2012 N = 1, NCCE
KR1 = KRZ
REAC 177y NEy, JUN1, JUNZ,y KRZ2, FNZ, QNZ, SN2, TNZ2, RANZ
JN = UN1 + ¢4
JZ2 = UN2 + 4

KSh = 1 + KRZ + z ®» KRKI]
GC TC ( 1&3C, 18¢€C, 18EC, 18E0 ), KSW
PRINT 1782, NB,y, JN1, JNZ, KR2, FN2, QNZ, SN2, TN2, RN:Z

CC TO 186y
PRINT 179, NBy, JUNI, KRZ, FNZ, €Nz, SNZ, TN2Z2, RN2
GCC TO 1leasc
PRINT 180, JNZ, KR2, FN2, CN2, SN2, TN2, RN2
GC TO 1922
Jl1 = JN
FN1 = FNZ
QN1 = GQNzZ
SN1 = Shz
TNL = TNz
RN1 = RNz
GC TO ( 1820, 271C, 161C, 2C10 ), KSh
CC TO G355
JINCR = 1
ESF = 1.C
IF ( J2 - J1) 1s4C, 1S4C, 1620
DENCM = J2 - J1
ISh =1
CC TO 19¢&¢
DEANCK = 1.0

ISk = <

A3.4

22APS
22APS5
28JA5
0S9APS
22APS
22AP5
28JA5
28JA5
039 APS
22APS
SMRS

22AP5
22AP5
22APS
22AP5
SMRS

SMR5

GMRS

SMR5

IMRS

22AP5
22APS
22APS
22AP5
22APS
22AP5
22AP5
22APS5
SMRS

23MR5
SMR5

GMRS

12MRS
22APS
22AP5
22AP5
22AP5
22AP5
22AP5
22AP5
22AP5
22AP5
SMRS

SMR5

SMR5

IMR5

22AP5
22AP5
2ZAP5
SMR5

22AP5
2Z2APS5
GMR5

22APS5
22AP5
12MR5



A3.5

165C

217¢
Z21&C

CC 1960 J =
DIFF =
PART =
FiNEyd)
QUInE,J)
SINE,J)
TINBE,J)
RINB,J)

CCNTINUE

IF ( ISw )

W

m

w

=
i
[}

ISw =
CC TO 16&5L
CC TO ( 2C1¢
J1 = J2
CC TC 18¢<
CCNTINUE
CCNTINUE
FINC PREAMS TFHAT
CC 213C N =
MB = MC
MS = MC

Tz

J1, Jzs JINCR

J - J1

CIFF / CENCM

FINE,J)
GINE,LJ)
SINE L J)
T(NE,J)
RINE,J)

']
Ty Com

16€C,
J1

« N DY
Jr

INTERSECT T+E 4

£y &
NE(N-4)
NS(N-4) +

4

CrLL CCIPHER ( KCLCE(NMRB,MS),

MCNS (N}

CCNTINUE
PRINT 205, ( NMCN
BECIN MAIN SCLLT

NS = €
ITER =
CC 7640 NC
NS = NS
IF ( NS = NT¢
NS =1
KSTR =
SCLVE BLCAMS
LC 35 NE
MPS = M
CC 2866 J =
RF(J+1)}
TA(J+1)

FINE BEAM INTERS
IF ( KCCE(NR

CC TN 2210
KCCEEe =
CaLL CCIPHER ( K
LC 219¢ N =
L = INS
BMT(N)=

CONTINUE
CCMFUTE TORGUE A
CyCLE

TA(INS)

TA(J+1)

= MS - 4

+

+ o+ o+ o+

1

FA1L
GCAN1
SA1
TN
RN1

97¢C

MCNE (N

R{N), MCNS(N)}, N =

[CN
0]
= 1y TTNAX
+ 1
S )y 21EC, 2150, 21
q
= 1, NTB
NRY 4+ S
2, NPE
= 0.0
= G,
ECTICNS
yJ+41) ) 2170, 217C
KCDE(NB,J41)
CCCS, INE,y INS )
Iy 2
+ b -2
FOINE,ZL) # ( W(IN
W(INF,L+1) ) / FEZ

BSCKRPEC EY

'_

2.
TA(INS)

#

PART
FART
FART
PART
FART

+ o+ o+ o+

}y KSW

Yy ¥S )

l, 8 )

y 218C

ByL-1)

FN2
CN2
SN2
TN2
RN2

x ox o X Xk

- FN1
- N1
- N1
- N
- RN1

SPECIFIEC MCNITCR BE#NMS

- 2.7 % WIINB,L)

- - -

+

B % & % %

INTERSECTING BEAMS CN THE PREVICLS

C ( gw

#*
CUINE,INS-1)
(I

T(1) -
+ SUINB

y INS-1)

(2) + BMT(2)
* WIINB, INS-1) )

ESM
ESM
ESHM
ESM
ESM

22APS5
9MR5

18MR5
GMR5

10MR5
10MRS5
10MRS5
10MR5
22APS5
22APS5
22APS5
1GMRS5
10MRS5
22APS5
22APS5
22APS5
22APS5
22APS
22APS5
2TMR5
22AP5
1GMRS
10MRS5
1GMRS
1CMRS
22APS
12MRS
28JA5
SMR5

28JAS5
22APS5
9GMRS5

29APS
22AP5
22APS5
28JA5
22AP5
02FES
22AP5
29MRS5
29MRS
28JA5
22APS
22APS
22AP5
28JA5
22AP5
28JA5
28JA5
28JA5
22AP5
g4MYS
04MYS

) /H28AP5

28APS
29MRS

65



66 A3.6

----- SET RCTATICNAL SPRINGC AT INTERSECTICNS 28JA5
RE(J+1) = RRINS) 29MR5

----- CCMFUTE MATRIX CCEFFICIENTS 28JA5
2z1¢€ AA = FINE,J-1) -0.25 = + = ( R(NB,J-1) + RF(J-1) ) 22AP5
BB = - 2.C & ( F(NB,J-1) + F(NB,J) ) 28JA5

CC = FINEyJ-1) + 4.0 # F(NB,J) + F(NB,J+1) + C.25 # H » 29MR5

1 ( RINB,J-1) + R(NB,J+1) + RF{J-1) + RF(J+1) ) + 29MR5

¢ SINB,J) 29MRS

DC = - 2.C = ( F(NByJ) + F(NE,J+1) ) 28JAS5

EE = F(NE,J+1) - C.25 # H = ( R{NB,J+1) + RF({J+1l) ) 29MR5

FF = CINE,J) = FE2 - C.E = HE2 # ( T(NB,J-1) - T(NB,J+1) 29MRS

- TA(J-1) + TA(J+1) - RF(J-1) = DW(INE,INS) + 29MR5

é RF(J+1) s CW(INB,INS) ) 29MR5
----- CCMPUTE RECURSICN CCEFFICIENTS 28JA5
E = Ap = B(J-2) + BB 25AG4

DENCVM = E = B(J-1) + AA = C(J-2) + CC 20JL4

IF ( DENCNM ) 224C, Z223C, 224C 22AP5

223¢C D = C.2 22AP5
GC TO 2250 22AP5

224C D =~ 1.C 7 CENCM 22APS
22EC CtJ)y = C = EE 22AP5
B(J)y = C =« ( E s C{(J-1) + OC ) 20JL4

A{J) = £ = ( E = A(J-1) + AA # A(J-2) - FF ) 20JL4

KEYJ = KEY(NB,J) 28JA5

----- RESET RECURSICN CCEFFICIENTS TC SPECIFIED CCNCITIONS 28JA5
CC 10 ( 27CH, 23CC, 24CQ, 25C0O, 26CC ), KEYJ 22AP5

230¢C CtJ) = 0.C 22AP5
B(J) = 0.C 28JA5

A(J) = WS({NB,J) 07MY5

CC To 27cCc 22AP5

2400 DTENME = L 22AP5
CTENF = C(J) 20JL4

BTEME = 2(J) 21AG4

ATENMF = A(J) 2GJL4

c(J) = 1.0 20JL4

B(J) = 0.0 28JA5

A(J) = - +TZ s [LWS(NB,J) cTMY5

CC TG 2700 22AP5

2500 Ctd) = a.C 22APS5
B(J) = 0.2 20JL4

A(J) = WS(NE,J) 07TMY5

GC TO 27Q¢C 22AP5

ZECT DREV = 1.C /7 ( 1.C - ( BTEMP & B(J=-1) + CTENP = 1.C ) = 22AP5
1 C /7 CTENMF ) 28JA5
CREV = CREV = C(J) 20JL4

BREV = CREV = ( B(J) + ( BTENMP = C(J-1) ) = C 7/ DTEMP ) 25464

AREV = CREV = ( A(J) + ( +T2 = DWS(NB,J) + 2TEMP 07MY5

1 + BTENP & A(J-1) ) = [ / DTEMP ) 28JA5
C(J)y = CREV 20JL4

B(J) = BREV 20JL4

A(J) = AREV 20JL4

271.C CONTINUE 22AP5
2ECT CONTINUE 22AP5
MBS = M(NR) + & C2FES

CC 285C KK = 2, MPE 22AP5

Jd = FMINB) + & - KK 16FES



A3.7

3L

W g {xd 3 W
AR = &Y Y
IS
Lo Bi-ov B B BN oY

56CC

..,
e R ]
L M ]

WINE,J) = A(J) + B(J) * W(NB,Jd+1) + C(J)
CONTINLE
MP4 = MINB) + 4
MP3 = MNP} + £
MPE = M{NB)} + €
MP?7 = NMINB) + 7
WINB,VFPA) = 2.0 * W(NB,MPS5) -~ W(NB,MP4)
WINB,MPT) = 2.0 # W{NB,MPE) ~ WINB,MP5)
WINByZ) = 2.0 +# W{NB,2) - W(NB,4)
WINB,1) = 2.0 ® W(NB,2) - WINB,3)
LC 320¢ 4 = 2, WMPE
DRTICVMP = CwWiNB,yJ)
DWINE,J) = ( = WINR,J=-1) + WINB,J+1) ) 7/ (
BMINEZJ) = FINByd) # (WiINBeJ~-1) - 2. *® WINEB,J) +

WINB,J41) ) 7/ HE2
DEVMINE,J) = ( - BVM(NB,J-1} + BM(NB,J+1) )
CCLANT CF BEANMS NCT STABILIZED
IF ( KCCE(NE,J) ) 21CC, 31CC, 3CCC

IF ( ABSF { CwW{NB,J) - LCWTEMP )} - CTCL )} 3100,
KSTR = KSTR + ]
CONTINUE
CONTINLE
CCMNTINUE
CCULNT CF INTERSECTICNS NCT CLOSEC
KCTCL = ¢

CC &n00 ANB = 1y NTE
MP4 = MINB) + 4
CC &noc Jd = 4, FF4
IF { KCCE(NB,J) ) €TLC, 60CC, 5SCC
KCCLE = KCCE(NB. 4}
CaLL CCIPHER ( KCCLE, INE, INS )

IF { ABSF ( EW{INB,INS}) - CwWiINB,J) )} - CTOL ) &GCO,

KCTCL = KCTICL + 1
COATINUE

KCTCL = KCTICL / 2

ITER = ITER + 1
LC 61060 N = 1, E

I8 = MCNE(N)

IS = FONS(IN) + 4

DWFINC4N) = CwhiIELIS)
CCATINUE

PRINT TABLE 7 FEALING ANC 4 NMONITCR BEAM AND STATICM NUMBERS

PRINT 2046y ITER, RR(NS), KETB,y KCTCL, ( DWM{NC,N),
CCNTRCL ITERATICN PRCCESS

IF { KCTCL } 762C, 7SCC, 7CCC

IF (ITMAX -~ TTER ) 7sCC, 7SCC, 71CQC

IF { KSTB ) 7sC0, 76C0, 76(¢C

CCNTINUE

CONTINUE
CCMFULTE ANEC PRINT RESULTS
PRINT 11
PRINT 1
FRINT 13, { ANL(N)y, N = 1,
PRINT 16, NPRCE, ( AR2([N),
PRINT 278, ITER

IF ( KCTCL ) g12C, €12C, B11C

2 )

3
'\31'14)

Za

* H

/ HTZ

310¢,

N

* piNB,J+2)

3¢50

600C,

1,

8

}

16FE5
22AP5
02FES
Q7MY5
Q7MY5
Q07TMYS
0 7MY5
0TMY5
Q7MYS5
gTMYS
07TMY5
28JA5
28JA5
284A5
28JA5
29MR5
28.JA5
22APS5
22AP5
22AP5
22AP5
22AP5
22AP5
29JA5
29JA5
22AP5
02FE5
22AP5
22AP5
22AP5
29JA5
595022AP5
22AP5
22APS
28JA5
29JAS
22AP5
10MRS
1O0MRS
10MRS
22APS5
2TMR5
12MR5
23 JA5
22AP5
22AP5
22AP5
22AP5
22AP5
29JA5
camMY3
18FES
18FE5
28AG63
12MR5
22AP5

67



68

g11¢
gled

PRINT 279
BRINT 210
£C 860¢C 1 ?
MPS = KRB} + &
BRIAT 211
£LC gsoc J

X = JSTA =
IF ( KCCE{NB,J) ) EZCC,
ERRCR = C.3
GC TO 840CC
KCCCE = KCCE(NE,J)
C2LL CCIPHER ( KCCCEy-.INB,
ERRCR = RR(ARS) = {
£4CC PRINT 212, NBEy JSTA, X,
1 ERRLCR
CONTINUE
CUNTINUE
C2LL TIME
GC TO 1CQ1¢
$6GT CONTIANUE
55596 CONTINUE
PRINT 11
PEINT 1
PRINT 13,
PRINT 19
EnC

82¢0, 83(C
INS )}
W{NB,J),

8GO
EECC

{ ANI(N), N = 1, 32 )

CWUINB, INS) = DWINB,J)} )
DHINELJ),

BMINB,J},

DEM(NB,J),

A3.8

22APS5
22AP5
22AP5
02FES
12MRS
22AP5
25JA5
29MR5
29MRS
22APS5
22AP5
22AP5
22AP5
G3APS
G3APS
22AP5
03APS
22AP5
22AP5
18FES
26AG3
12MR5
04MY3
a8mMY3
18FES
18FES
26AG3
04MY3

1D

IC
10

ID
ID
ID



APPENDIX 4

GUIDE FOR DATA INPUT FOR FRAME 4
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FRAME 4 GUIDE FOR DATA INPUT -—- Card forms

IDENTIFICATION OF PROGRAM AND RUN (2 alphanumeric cards per run)

[ 80
| 80
IDENTIFICATION OF PROBLEM (one card each problem )
PROB NUM DESCRIPTION OF PROBLEM (alphanumeric )
[ 5 1 80
TABLE 1. PROGRAM CONTROL DATA (three cords each problem )

ENTER "i" TO HOLD PRECEDING NUM OF CARDS ADDED FOR

i O | I o ]

0 15 20 25 30 45 50 55 65

MAX NUM OF ITRS

NUM OF X-BEAMS
/ INCREMENT CLOSURE
sNUM OF Y-BEAMS | FNGTH TOLERANCE

[ [ ]
10 15 20 3 40 50

MONITOR INTERSECTIONS

BEAM BEAM BEAM BEAM
NUM STA NUM  STA NUM  STA NUM STA

10 15 20 25 30 35 40 45

WY

TL
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TABLE 2. CLOSURE SPRING VALUES ( number of cards according to Table 1, none if preceding Table 2 is held)

£y

SPRING NUM SPRING VALUE

| |

10 2 30

TABLE 3. NUM OF INCREMENTS FOR EACH BEAM (number of cards according to Table 1 ; none if preceding Table 3 is held )

NUM OF INCRS FOR
BEAM 1 2 3 4 10 11 12 13 14 15

Ll Il T ] C 1
30 50

10 15 20 25 55 60 65 70 75 80

TABLE 4. BEAM INTERSECTIONS ( number of cards according to Table 1, none if preceding Table 4 is heid )

INTER BEAM BEAM
NUM NUM  STA NUM STA

TABLE 5. SPECIFIED DEFLECTIONS AND SLOPES (number of cards according to Table 1; none if preceding Toble 5 is held )

BEAM
NUM STA CASE DEFLECTION SLOPE
|_—| I_l |_| | | CASE= | for deflection only, 2 for slope only, 3 for both
10 1S 25 3l 40 50

TABLE 6. FIXED STIFFNESS AND LOAD DATA (number of cards according to Tabte 1 ). Data added to storage as
lumped quantities per increment length, linearly interpolated between values input at indicated end
stations, with I/3-values at each end station. Concentrated effects ore established as fuil values at single stations
by setting finat station = initial station.

ENTER 1

IF CONT'D F Q S T R
BEAM TO ON NEXT BENDING TRANSVERSE SPRING TRANSVERSE ROTATIONAL
NUM  STA STA  CARD STIFFNESS FORCE SUPPORT COUPLE RESTRAINT

N O e Y

(0] 15 20 25 3l 40 50 60 70 8

74
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STOP CARD ( one blank at end of each run )

%V

GENERAL PROGRAM NOTES

A consistent system of units must be used for all input data, for example: pounds and inches.

All 5-space words are understood to be whole numbers . . . . . . . . . . . -4321

All 10-space words are floating-point decimal numbers . . . . . . . . . . . r: 4 ., 321E+0 3|

TABLE 1. PROGRAM CONTROL DATA

For each of Tables 2, 3, 4 and 5, a choice must be made between holding all of the data from the
preceding problem or entering entirely new data. If the hold-option for any of these tables
is set equal to 1, the number of cards input for that table must be zero.

For Table 6, the data are accumulated in storage by adding to previously stored data. The number

of cards input is therefore independent of the hold-option.
Card counts in Table 1 should be rechecked carefully after coding of each problem is completed.
The maximum number of iterations that may be specified is 99. Usually 20 are sufficient.

A certain beam numbering system must be followed. Number all the x-beams, starting with the top
beam as 1. Then number all the y-beams, starting with the left-most beam having the number

of x-beams plus 1. Beams are solved in numerical order.

The maximum number of x and y-beams is 9 in this program. This number may be adjusted with minor

program revisions. It is dependent on the computer's storage capacity.

Typical units for the value of the increment length are inches.

SL

Increment lengths must be the same in both the x and y-direction.
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The maximum number of increments into which a beam may be divided is 150.

Closure tolerance is equal to the gllowable difference between x and y-beam slopes at intersections.

Four sets of beam and station numbers are required to designate intersections where values of slope
are monitored after each iteration. Only one beam and station number are required to identify
an intersection, i.e., the program automatically finds the beam and station number of the in-

tersecting beam.

All four monitor stations must be specified; therefore beam and station numbers may be repeated for

problems with fewer than four intersections.

There is no hold option on this table, i.e., 3 new data cards must be entered for each problem.

TABLE 2, CLOSURE SPRING VALUES

The rotational closure springs input in this table are used in repeated cyclic order. Springs

should be input in the order they are to be cycled. Maximum number of springs is 5.

TABLE 3. NUMBER OF INCREMENTS FOR EACH BEAM

Number of increments for each beam must be entered according to numerical beam order.

TABLE 4. BEAM INTERSECTIONS

The total number of intersections input in this table should be rechecked carefully after coding

of each problem is completed.

Both pairs of beam and station numbers corresponding to an intersection must be designated.

TABLE 5. SPECIFIED DEFLECTIONS AND SLOPES

Deflections are automatically set equal to zero at each beam intersection in Table 4, so it is

not necessary to specify zero deflections at intersections.

L%V

LL
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6%V

No conditions other than zero deflections may be specified at a joint. However, conditions may

be specified along a frame member if the following rules are followed.
Specified conditions on frame members should not cause axial shortening in any frame members.

A slope may not be specified closer than 3 increments from another specified slope on two

stations within either side of a joint.

A deflection may not be specified closer than 2 increments from a specified slope, except that

both a deflection and a slope may be specified at the same station.

TABLE 6. STIFFNESS AND LOAD DATA
Typical units,

Variables: F Q S T R

Values per station: 1b x in2 1b 1b/in in x 1b in X 1b/radian

R may be specified at any station except at a station where an intersection occurs or at
stations away from an intersection.

T may be specified-at any station except two stations away from an intersection.

Data in this table which would express effects at fictitious stations beyond the ends of the real

beam should not be entered (nor held from the preceding problem).

For the interpolation and distribution process, there are four variations in the station numbering
and in referencing for continuation to succeeding cards. These variations are explained and

illustrated on the following page.

There are no restrictions on the order of cards in Table 6 except that within a distribution

sequence the stations must be in regular order.

6L
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Individual — card Input

Case a.l1l. Data concentrated at one sta......

Case a.2. Data uniformly distributed .

Multiple — card Sequence

Case b. Flrst —of — sequence . . . ... ... . ..
Case c. Interior — of — sequence
Case d. End — of — sequence . . . ., . . . . . .

Resulting Distribution of Data

STIFFNESS F I

BEAM FROM

TO
STA

CONT'D

TO NEXT
CARD ?

—}57

| 0=AO |

| 0=1O |

—]*20

[0=M0]

T
I
T
|
T
I

10 —*=20.

| 0=00O |

9] 25

| 1=¥£s |

SN
[>30

| 1= YES |

1
w35

| £=Y£s |

|
[C4o

|o=A0 |

N el

—

T

30

Sta: 10 15

LOAD Q O-O-O-O——
'_—T—T_T_T ——————
|

Sta: 5 10 15

OO0
T4V

ONZRN

\WAVAW,

18
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APPENDIX 5

LISTING OF INPUT DATA FOR EXAMPLE PROBLEMS
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A5.1

CE051118

EXAMPLE PROBLEMS

1

NELEOOCCPLVLLNEHONOOWMPOVLVUNEFHE ONEH OO

—
WOWLWOWLWNNNFE R JOOUVPLPFROOUVOJdOOUTPVLVUNRONE OO

-~ CODED BY BRG,DMP

THD 3-BARREL BOX CULVERTs 10 FT FILLs UNIFORM LOADS

2 1 8 0
2 4 340E+00 1.0E-09
0 2 26 1 52 2 78
1.6E+07
1l.0E+08
78 18 18 18 18
1 0 3 18
1 26 4 18
1 52 5 18
1 78 6 18
2 0 3 0
2 26 4 0
2 52 5 0
2 78 6 0
0 78 0 6¢48E4+08-2344,0E+00
0 78 0 6¢48E+08 244 .0E+00
0 1 1692E+08-113.0E+00
18 0 1¢92E+08 -79.0E+00
0 1 1692E+08 113 .0E+00
18 0 1692E+08 79.0E+00
0 18 0 1.92E+4+08
0 18 0 1.92E+08
MULTI-STORY FRAMED STRUCTURE - VERTICAL LOADS ONLY
2 1 11 4
3 4 40E+00 1.0E-09
96 7 66 2 45 3 90
442T7E+06
2+00E+08
150 150 96 96 96 66
1 0 4 96
1 45 5 96
1 90 6 96
2 0 4 66
2 45 5 66
2 90 6 66
2 150 7 66
3 0 4 36
3 45 5 36
3 90 6 36
3 150 7 36
0 3 0.0 0.0
0 3 0.0 0«0
0 3 0.0 0.0
0 3 0.0 0e0
0 S0 0 1.920E+08
45 90 0 -4040E+00
0 150 0 64480E+08
0 45 0 =75.0E+00
90 150 0 -75.0E+00
0 1 le7496E+10
15 1 1e5360E+09
30 1 145360E+09

-- RUN DATE

FINAL REPORT

26 0C 66

85

34



86

NOVE NNV UVLE LS FULLLLLLLWLWWLW

15
30
45
120

36
66

36
66

36
66

36

[eNeNeoNeo]

45
60
75
90
111
129
150
15
30
90
120
36
66
96
36
66
96
36
66
96
36
66
18
18
18
18

[eNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNol N N Ui U N

1e7496E+10
15360E+09
1¢5360E+09
le7496E+10
1¢5360E+09
15360E+09
le7496E+10

5¢1840E+09
15360E+09
64800E+08
51840E+09
145360E+09
6+4800E+08
51840E+09
145360E+09
64800E+08
51840E+09
15360E+09

—-2540E+03
=25+0E+403
~7540E+00
=50+0E+03

5« 40E+04
540E+04
5e40E+04
5«40E+04

A5,2



APPENDIX 6

COMPUTED RESULTS FOR EXAMPLE PROBLEMS
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A6.1

PRCCRAM FRAME 4 - MATLLCK - CECK £
CE2E111€ =-- CCDED BY BRG,CMP -~
EXANPLE FRCELE¥S =~ FINAL REPCRT

RUN CATE

REVISICN DATE = 3C AP 65
Z€6 0OC €6

PRCE
i THC 2-BARREL HCX CULVERT, 1C FT FILL, UNIFCRM LCAES
TABLE 1. COCNTRCL DATA
TABLE NUFMBER
2 3 4 5 €
PRICR-CATA OPTICAS ( I=HCLLC ) 0 0 Q 0 0
AUV CARCSE INPUT THIS FRCHLEM 2 1 8 0 8
FAX NLF ITERATICAS 20
ALM CF X-BEAMS 2
MM OF Y-BEAMS 4
X AND Y-BEAM INCR LENGTH 3.C00E COC
CLOSURE TCLERANCE 1.L00E-C9
MCRITCR STAS NB,J 1 g 2 ZE 1 52 2 18
TABLE 2. CLCSULRE SPRINCG VALUES
SPRIMNG NuM CLCSLRE SPRING
1 1.€603E 7
Z 1.C0RE €
TABLE 2. NUM OF INCRENENTS FOR E2CH BEAM
BEAM ALK NCV CF INCRS
i 18
Z Te
2 18
4 1¢
£ 18
& 18
TABLE 4. FEEAM INTERSECTICAS
INT BEamMm STA BEAN STA
M 1 C 3 18
Z 1 z€ 4 18
2 1 £2 5 18
4 i 1P € 18
£ ? ¢ 3 g
€ 2 Z€ 4 c
1 2 £2 g Y
£ Z 7€ ) G

89



90

TABLE
EEaM
NUM

TABLE

BEAM
NUM

o~ [SVELS I )

\n

TABLE

ITR
NUM

A

[
-

€.

7.

SFECIFIED CEFLECTICNS ANC SLCPES
STA
NUM CASE CEFLECTICN SLEPE

NCNE

FIXEC STIFFNESS ANC LCAC CATA

FRCWV TQ CCNTLC F Q9 S

0 18 ¢ €.4E0E CE -2.34CE C2
0 18 C €.4E80E C& 2.44CE CZ
0 1 1.620E CE -1.12CE Ce

18 0 1.620E CE€ -7.6{CE C1
0 1 1.5208 CE 1.12CE Cz

18 ¢ 1.620E CE€ 7.SCCE C1
0 18 C 1.520E CE C
0 13 € 1.520E CE C

[aNoNoNeoNoNaoNeNel

A6,2

MOOODOOOO

ITCRATION MCNITCR CATA ANC SLCPES AT FCUR SELECTECD STATICNS

BEAM STA BEAM STA
CLCSLRE NCT NCT 1 C 2 2¢
SFRING STAR CLCS 3 18 4 C
1.€CCE G 1€ € -E.E64E-C4 -2.333E-C4

-6.C11E-C4 -2.1GS8E-04

1.0CCE -8 16 E -G.CéCE-C4 -3.C0C0E-C4
-G 1C6E~-C4 —-2.B32E-C4

1.¢CLE 67 l1¢ E -G.(82E-C4 -2.735E-C4
-G.C79E~-C4 -2.6G8E-C4

1.C2CE 08 lé € -S5.C76E-C4 -2.7C6E-C4
-S.(73E-C4 -2.713E-C4

1.6CCE €7 1¢ € -C.C73E-C4 -2.717E-C4
-G.C13E-C4 -2.719E-C4

1.0CCE 8 1€ £ -S.C73E-C4 -2.718E-C4
-G.C73E-C4 -2.718E-C4

1.60C2 07 14 4 -C.C73E-C4 ~2.718E-C4
’ -G.C73E-C4 -2.718E-C4

1.CCE B 12 4 <~G.CT3E-C4 -2.718E-C4
-G.C73E-C4 -2.718E~C4

l.€LCE 27 13 C -G6.,C73E-C4 -2.718E-C4
-5.C73E-C4 -2,718E-C4

BEAM STA
1 €2
£ 18

~2.21CE~-04
-3.062E-04

-2.525E-04
~2.711E-04

—-2.6E1E-04
-2.644E-04

-2.65¢E-04
-2.€65SE-04

—2.E€ZE-04
—2.6€5E-04

—2.6E4E-04
—2.664E-04

—2.EE4E-04
~2.6C4E-04

—2.E€4E-Q4
—-2.,664E-04

~2.6€4E-04
—2.6€4E-04

BEAM STA
2 18
6 0

-9.147E~04
~9.151E-C4

-9.238E-04
-9.310E-04

~9.312€E-04
~9.306E-04

~9.303E-04
-9.300E-04

-9.300E~-04
~9.300E-04

-9.300E-04
-9.300E-04

-9.300E-04
-9.300E-04

~9.300E-04
~9.300E-0C4

-9.300E-04
-9.300E-04

DODO0OODOOO
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PRCCRANM FRAME 4
CENELllE --
EXANFLE PRCELEMS -—-

PRCE (CCATD)

1 THD

TABLE &+ RcSULTS --

NE JSTA X

-2.{LCE O¢C
0

2.0608 CC
€.0CCE OC
G.0C0L ocC
l.20ce (1
1.6C0C 01
1.6SCE 01
10CE 01
cae 01
20E (1
o1
£ 01
CE 01
Gl
01
01
01
¢l
01
¢l
o1
AD!
01
01
0l
«3CCE 01
T.ECCE 01
€.11.0E 01
£E.4CCE Gl
€.7CCz 21
C.COR0E G1
S.2GCE 01
C.ECCE G1
5.5CCt D1
1.02CE 02
1.05CE 92
1.CECE G2
1.11CE 02
l.14CE 02
l1.17CE C2
l.cCCE 02
1.220& 02

DDA DN = (T
(o]
1

N DM W™ g D= DM ANN N MWD~ D
[0 Ben B v |
al

[ ] L ]
SR Nel
[ e
/M m

v
ODOMDOAIOODDIODNDCL

¢« e o s
[ e Ren]

RIS Il

=
o
NN N Or AT AR AR BN N W) Y D RNY NN

MMM Mm MMM mm g

REe!

W o W) W W M NNYRNY N) R RN N

TSN T AR D N =N D = AN N WD R
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F N
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F
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- MATLCCK -
CCRED BY BRC,CVMFP  ~-

3-RARREL BOX CLLVERT,

CECK 5
RUN CATE
FINAL REFCRT

12 FT FILL,

ITERATICN 9

CEFL SLOPE MCMENT
Z4bZEE-(2 -E.T54E-T4
Q0 -S.073E-C4 -6.887E
-Z2.81EE-C2 =~-G.53¢€E-G4 -€.229E
-£.722E-C2  -G.66¢EE-N4 €.151E
—£.€17E-C2 =S .49¢E-04 6.757E
-l1.142E~T2z -S.C57E-C4 1.22CE
-1.4C5E-Gz -E.382E-04 1.693E
-1.645E-Cz -17.508E-04 2.G97E
-1.858E-Cz =-€.457E-0C4 2.43CE
~2.02ZE-C2  -E.27T1E-G4 2+.694E
-2.172E-C2 =2.97SE-C4 2.887E
~2.27T1E-C2 -Z.614E-014 3.0CSE
—Z2.2Z2GE-C2 <-1.20GE-C4 3.C62E
~2.3244E-02 Z.C44E-0S 3.044E
-z.21€5-02 1.592E-C4 2.956E
-Z.248E-(C2 Z.92€E-C4 2.798E
~Z.141C-C2 4,16EE-C4 2.57CE
-1.668F-C2 £.28GE-0C4 2.272E
-l.823E-C2 €.25€E-04 1.903E
-l.€23E-CZ T.035E-C4 1.464E
-1.4C1E-C2 1.595E-04 9.553E
-l.1€7£-C2 7.902E-C4 3.761E
-G.271E-C2 7.927E-0C4 -2.733E
-€.512E-C2 7.634E-04 -S.93CE
-4.,6G1E-02 €.992E-04 -1.783E
-Z.717E-C2 £.967E-C4 -2.643E
-1.11CE-C:Z 4.52EE-C4 -3,573E
0 Z2.664E-C4 -4.481E
4,8ECE-C4 €.1425-G5 -3.510¢
4,.8E5E-C4 -€.24CE-05 -2.703E
1.12¢€-C4 -1.708E-C4 -1.96¢€E
-8 .344E-C4 -2.461E-C4 -1.2GSE
~1.3¢2€-02 -2.924E-04 -7.623E
-Z2.266E-C2Z -2.,127E-C4 -1.758E
-3.,2368-C2 -2.152E-C4 2.805E
~4,15CE-C2 -Z.884E-24 €6 666E
-4,9¢SE-C2 -Z2.5C2E-C4 G.825E
-S.¢52E-C2  -1.99CE-C4 1.228E
-€.1€2E8-C2 -1.381E-"4 1.404E
—€.48CE-C2 =-7.C67E-05 1.50GE
-€.5E7E-C2 2.G5¢E-12 1.544E
-€.4ECE-C2 1.C6TE-C5 1.5CGE
-€.1¢3c-02 1.381E-24 1.434E

REVISICN DATE =
26 CC ¢e

0
03
03
n2
03
04
C4
04
04
04
04
04

a3
04
04
04
C4
04
04

UNIFORM LOACS

SREAR

-1.14EE ©3
-1.C3EE 03
1.25CE 03
2.164E 03
1.€3CE 03
1.£€9¢E 03
l.4€62E 03
1.228E 03
5.€42E 02
7.€6C2E 02
5.263E 02
2.S232E 02
5.825E 01
-1.757E 02
-4,(97FE 02
-€.437E 02
-8.7177E 02
-1.112E 03
-l.24¢€E 03
-1.58CE 03
-1.€14E 03
~2.C4EE 03
-2.282€E 03
-2.51¢€E 03
~2.75CE 03
-2.€84E 03
-3.C62E 03
1.C45E 02
2.S632E 03
2.574E 03
2.24CE 03
2.10¢E 03
1.£72E 03
1.£€3EE 03
1.404E 03
1.17CE 02
9.26CE 02
T.C2CE 02
4.,€8CE 02
2.24CE 22
€.272E-03
=2.24CE 02
~4.€8CE 02

91

30 AP 65

ERROR

4.363E-94

4.678E-0
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€1
€2
€3
€4
€5
€e
€1
ex
€S
70
71

2
s

73
14
1%
1€
11
18
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1.E20E
l1.8€0E
1.€6Q¢E
1.62CE
l1.65CE
1.58CE
Z.C10E
204G
2.CT70E
z.1CCC
Z.130E
Z.1€0E
Z.16CE
2.22CE
¢+25CE
Ze.Z28(cC
Z.21CE
Ze3240E
2.27CC

Z.1CCE
Z.4CCC
Z.1CCE
2.C0CE
3.32CCE
2.600E
2.6860F
4.2CCt
4.500F

4.8CCE

- P
€c.100¢F

€.4N0CE

(: 2
02
0z
2
02
G2
02
o2
02
02
02
n2
02
02
02
02
02
02
02
n2
02
02
0z
a2
02
a2
02
02
02
02
a2
02

£ or

C
oC
Jf
¢
J1
01

E Ol

a1
01
21
a1
0l
a1
o1
01
01
01
a1
91

1

N

.

™)

W

'3}

m

)
DY O™
WL o tu

1.126€£-C4
4.8E5E-C4
4.BECE~-C4
0
-1.11C0¢-C2
-2.717€-C2
-4.6G1E-C2
-€.91zE-0C2
-6.271e-¢C2
-1.1€7E-C2Z
-1.4ClE-CZ
-1.6232E-C2
-1.8232E-C2
~1.6S8E-C¢
-Z2+141E-Ce
-Z.248E-C2
-2.31€E-C2
-2¢344E-02
-2.3¢SE-C2
~Z2.271C~C2
-2.172E-Cze
-2.0220-Ce
-1.855E-C¢2
-1.€645E~-Cz2
-1.4C5E-C¢
-1.142E-Cz¢
-€.€17E-C2
-5.722E-C2
-Z.81€k-0C2
c
2.6¢€E-Q2

-Z2.6E7E-C2
0
Z.862E-02
5.88¢E-Q2
€.8€1E-C?
1.17€¢E-C¢
1.448E-C¢
1.66€E-C2
1.914E-Cz2
2.068E-C2
Ze242E-0CCZ
2..34€E-C2
Z2.40€E-C2
Ze.be2l-02
2.4364E-C2
24323E-C2
2.213E-C¢
¢ lEEE-CZ
1.865E-C2
1.6717E-CZ

1.59CE-C4
2.502E-04
<+.884E-04
2.122E-04
2.127E-04
2+524E-C4
Z+461E-C4
1. 705E-C4
€.24CE-25
-€.142E-C5
~Z.664E-C4
-4 .528E-04
-£.967E-04
~€.992E~04
-1.634E-C4
~1.927E-04
-T7.9C2E-C4
-7.595E-C4
-1.G35E-C4
—€.25€¢E-C4
~-£.28GE-C4
-4.168E-C4
~Z2.92¢€E~04
~1.593E-C4
~2.C44E-05
1.206E~04
2.614E-C4
2.976E-G4
£.271E-C4
€.457E-14
7.505€E-04
€.38ZE-0C4
S.057E-C4
S.49€E~C4
S.66€E-C4
G.53¢EE-N4
G.073E-04
€.754E-C4

€.958E-C4
S.30CE-C4
G.802E-C4
$.S57E-04
S.1S7E-04
G.35€E-C4
E.66GE-04
1.76SC-04
€.691E-C4
C.46TE-C4
4.132E~C4
2.722E-C4
1.267€-C4
~1.972E-05
-1.637E-G4
-2.018E-C4
-4.30€E-G4
-£.46GE-04
~€.471E-924
-1.28CE-C4

1.228E
G.825E
€.666E
2.805E
-1.758E
-7.023E
~1.269E
-1.966E
-2.703E
-3.51CE
-4.481E
-3.573E
-2.643E
-1.783E
-6.93CE
-2.733E
3.761E
S.553E
1.4€4E
1.903E
2.272E
2.570E
2.798E
2.956E
2.044E
3.062E
3.060SE
2.887E
2.694E
2.430E
2.CSTE
1.693E
1.220E
6.757E
€.151C
-€.225E
-€.887E

7.398E

€.S5CBE
~2.4T4E
-€.671E
-1.23¢E
-1.732E
~-2.155E
~-2.5C4E
-2.781E
~2.984¢
-3.114E
-3.171E
-3.154E
-3.064E
-2.902E
-2.6€¢EE
-2.356E
~1.974E
-1.518E

C4
03
03
03
03
n3
N4
04
N4
04
04
04
04
04
03
n3
63
n3
04
04
04
04
04
04
04
04
04
04
04
04
04
04
04
03
02
03
03

~7.C2CE
-G.26CE
-1.17CE
-1.404E
-1.€3EE
-1.€72E
—20106E
-2+34CE
-2.574E
—-2.%63E
-1.C45E
3.C63E
2.S84E
2.75CE
2.51€E
2.282E
2.C4EE
1.E14E
1.58CE
1.24¢E
1.112E
8.7717E
€.4317E
4.C97E
1.757E
-S.E25E
-2.S23E
-5.263E
-7.€03E
=G.S43E
-1.228E
~1.462E
-1.€9¢E
-1.€3CE
—2.1€4E
-1l.25CE
1.C3EE
1.148E

1.232E
1.151E
-l.274E
-2.263E
-2.C1SE
-1.775E
-1.£31E
-1.287E
-7.691E
-5.851F
-3.111E
-€.712E
1.76SE
4.20GE
6. €4SE
9.C8SE
1.153E
1.297E
1.€41E

A6 .4

~4.,762E-0

-2.908€-0

OPOO0ODO0ODOO0ODOO0O0OO00O0DO0000DO0O0ODO0OO0O0OWOOVLOOO0OODDD

0
=4.247E-04

[eNoNeoNoNolaRoeloNoNoNoNolsoReNo oo
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A6.5
2 16 E.70CE C1 1.44€E-Cc -7.86CE-C4 -G.893E D3 1.£85E 03
2 29 €.CCCE 01 1.2CSE-Cz =-E.175E-04 -2.872E 03 2.126LC 03
2 21 ¢€.200C C1 S.5T1E-C2 -£.202E-04 2.880E 03 2.273E 03
2 22 €.600E 01 T.12CE-C2  =-7.895E-C{4 1.037E C4 2.€17E 03
2 23 €.60CE 01 4.824E-C2 -1.225E-C4 1.858E 04 2.£61E 03
2 24 T.2CCE 01 2.7G68E-C2 =-€.157E-04 2.7153E Q4 3.105E 03
2 Z°5 T.52Ce 01 1.136C-u2  -4.65GE-14 3.721E 04 3.185E 03
zZ2 2¢ 7.8CCE D1 0 -z.718E-04 4.664E 04 ~1.18CE 02 -4.673E-0
2 21 E.1CCE 01 -4.515E-C4 -7.933E-05 3.650E 04 -3.(92E 93
2 28 €.40CE 01 ~4.7€CE-CA4 1.018E-C5 2.808E 04 -2.€84E 03
2 25 E.70C% 21 -T7.0418-CE l.824E-C4 2.040E 04 -2.44CE 03
2 3¢ S.000E 21 €.1EEE-C4 Z+.6CEE-C4 1.344E 04 ~2.1S€¢E 03
2 21 S.2C0E N1 1.464E~(2 2.08¢E-C4 7.223E 03 -1.S52E 03
2 22 S.en0E 01 Ce4ITE-T2 2.292E-04 1.733E 03 -1.708E 03
2 32 S.S5C0E 01 3.47CE-C2 2.263E-04 -3.025E 03 ~-1.464E 03
Z 24 1.£208 52 4.420E-C2 2.03CE-C4 -7.051E 02 -1.22CE 03
2 35 1.050C 22 £.2EEE-C2 Z.627E-04 -1,035E 04 -39.76C8E 02
2 3¢ l.l8Ck 02 €.0C20-C2 z.08GE-04 -1.291E 04 ~T7,22CE Q2
2 21 1.11CE D2 €.542E-C3 1.44GE-C4 -1.47T4E 04 -4.£8CE Q2
Z 28 1.140E 02 €.874E-C2 T.41€E-G5 -1.584E 04 -2.44CE 02
2 23S 1.170€E 02 €.GETE-C2 -2.95€E-12 -1.620E 04 -€.267E-03
2 47 1.2C0F 02 €.874E-C2 -T7.416E-05 -1.584E N4 2.44CE 02
2 4l 1.230E 02 €.542FE-02  -1,44GE-04 -1.474E 04 4.E8CE Q2
2 4z 1.760F 02 €., 5E-02 -Z.U08GE-04 -1.291E 04 7.22CE 22
2 47 1.26CE 02 EL2EEE-C2 -2.627E-04 -1.C35E 04 S.76CE Q2
2 44 1.22C5 92 4.428E-C2 -2,03CE-C4 -7.051E 03 l.22CE 03
< 5 1.25CE 02 2,47CE-C2  -2,262E-04 -3.025E 03 1l.464E 03
2 4¢ 1.280E 92 2.47C0E-72 -2.292E-04 1.733E 03 1.708E 03
2 41 1.410F 92 1.4G4E-C2 -2.086E-C4 7.223E 03 1.€52E 03
2 4# 1.44CE 2 €.1E5E-C4 -Z2.6CBE-C4 1.344E 04 2.19¢E 03
2 45 1.470F 02 ~7.0741E-CE  =~1.824E-C4 2.040E Q4 2.44CE 03
2 i° 1.5{0% 02 ~-4.,7¢cE-C4 -7.018E-05 2.8C8E 04 2.684E 03
2 tl 1.E20E G2 -4.515C-C4 7.932E-0C5 3.650E C4 3.CS2E 33
2 T2 1.5é0E 22 0 2.718E-C4 4.,664E C4 1.18CE 02 4.773E-0
2 532 1.560C 02 1.126:-13 4.,655E-04 3,721 04 -3.18%5E 03
2 54 l.£2CC 22 2.765E=-272 €.157E-C4 2.753E N4 =3.105E 03
2 55 1.¢5CE 12 4.824E-072 1.225E-0C4 1.858E C4 -2.£61F 03
2 5¢ 1.6EC0E T2 T.120E-C2 71.895E-04 1.037E 04 -2.€17E 03
2 =1 1.71C8 ©2 S.5715-C2 €E.202E-04 2.880E N3 -2,273E 03
¢ 58 1.740F 02 l1.205c-C2 €.175E-04 -2.872E 03 -2.12GE 923
2 59 1.7708 02 l.448E-C2 7.86CE-C4 -9,8G3E 03 -1.£85E 93
2 ¢ec 1.6008 D2 1.6775-C2 7.28CE~-G4 -1.518t 04 -1l.€41E 03
2 ¢l 1.230E 02 1.885E~Cc €.471E-C4 -1.G74E 04 -1.3GT7E 03
2 €2 l1.86CE 02 2.0€65E-02 £.46GE-C4 -~2.356E 04 -1.153E 03
2 €3 1.£6GTE &2 2.212E-1z 4.,30€E-N4 -2.666E 04 -S.(C8SE 02
2 €4 1.6202 G2 Z.3220-72 3.718E-C4 ~2.902E 04 —-6.€4GE 02
¢ &5 1.65CE 02 2.364E-C¢ 1.637E-C4 -3.064E 04 -4.z0SE Q2
2 &€ 1.68CE 22 Zehz2E-C2 1.9732E-0S -2.154E 04 -~1.76GE 92
2 &1 2.010E 02 Z.4CEE-C2 <-1.267E-04 -3.171E 04 6.712E 01
2 tE 2.04CE 02 2.3465-(C2 -2.7228-C4 -3.114E 04 3.111E 92
Z2 &S z 2108 02 Z2.242F-C2 -4.132b-0Ca -2.984E 04 .E51E 02
2 7 < .18CE 02 2.7.68F=Cz -E.467E-C4 -2,.78lE 04 7.691E 92
2 11 c.130C 02 1.614C0-72 -€.691E-C4 -2.504E 04 1.C432E 03
I Z.16CE 62 l1.£S6E-Cz -T7.76GE-04 -2.155E 04 l1.287E 93
2 12 2+ 16CLC Q2 1.4480L-Cz -E.E6GE-04 -1.,7T32E 04 .£31E 23
2 14 z2.22CL 02 1.176E-C2 -G.35€E-C4 -1.236E 24 1.775€E 92
2 1= Zea2850E N2 ELBETL-C2 -G.797E-C4 =~-€.671E €3 2.C1SE 03
2 1¢ Z.280FE NE EL.8FZE-T3  -G.957E-04  =-2.474E C2 2.263E 03
2 11 ¢ 2101 02 2.3625-42 -G .BT3E-04 €.908E 63 1.274E 93
Z 1e 22405 02 0 -S.30CE-C4 7.3688 03 -1.151€E N3 2.387E-0
2 1S €o2710E D2 -Z.EETE-72 -E.S58E-N4 0 =-1.233E 03
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4.20CE
4.5CCE
4.8CCE
. 1C0E
5.4C0E
5.7CCE

2.0CCE

.LGCE
LCCL
LLCOE
.2CCE
«E00E
.ECOE
«130E
«4C0E
« TLBE
LCCE
«3ACNE
«£E0CE
«SCOE
4.2C0E
4.500%
4.EC0E
.1CCE
«4%0E
L1043

—t et )LD

oty NY NN
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AN \nn

2.0C0E

2.09CE
€.CJCE
S.TCCE
1.2CCE
1.5C03E
1.ECOC
Z.1CCE
240K
Z2.1CCE

ocC
C

- 0C

oc
oc

2 01

01

= 01

o1

= 01
- 01
= 01
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Q1
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0
oc
G
oc
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01l
01
01
nl1
01
01
01
01
21
01
01
01
01
01

oeC

a
ocC
00
a0
01
Jl
01
1
J1
01

-2.127E-02
0
2.442E-C2
4.317E-C2
S.728E-C2
€.7€G6E-C2
7.517E-C2
E.L2€E-C3
£.372E-02
E.5€1E-C2
€.621E-C2
tE.557E-C?2
E.3€3E-C2
€.G18E~-C2
1.4E8E-012
E.T72€E-C2
E.€13E-C2
4.25GE-02
Z.3G6SE-C2
0
-2.045E-C3

E.E1EE-C4
0
-7.6G2E-04
-l.44€E-C2
-2.0322E-C?2
-2.525E-C2
—2.928E-02
-3.24CE-C2
-3.4€1E-G3
-3.56ZE-C3
-3.,622E-C2
-2.584E-(2
—-2.44€E-02
-3.21€E-02
-2.50C2E-C2
-2.4S8E-C2
-Z2.uC5E-C2
-1.424E-C2
-7.557E-C4
C
E.427E-C4

-E.61€E-C4
0
1.6G2E-C4
l.446E-7512
Z2.5322E-03
2.525E-C3
2.928E~C2
2.24QE-012
3.4€1E-C2
3.562E-C3
2.6238-C2

1.04€E-C2
S.3CCE-04
1.194E-C4
E.4T74E-04
4.08B7E-C4
Z.983E-04
2.112E-C4
1.425E-C4
£.74GE-05
4.131E-05
-€.201E-0Q7
-4 .284E-05
-8.982E-Nn5
-1.45GE-04
-2.154E-04
-2.025E-04
~4.112E-C4
-£.457E-C4
-7.098E-04
=G UT3E-C4
-1.015E-03

-Z.872E-C4
-Z2.T18E-0Q4
-2.41CE-C4
~2.104E-04
-1.79GE-C4
~1.494E-04
-1.191E-04
~£.882E-C5
-S.867E-C5
~2.862E-05
1.323E-06
2.117E-C5
€ .092E-05
S.057E-C5
1.201E~-C4
1.49€E-C4
1.78GE-04
2.082E-C4
Z2.373E-04
2.664E-04
Z.809E-04

2.872E-C4
Z.718E-04
Z2.41CE-04
2.1C4E-04
1.79GE-0Q4
1.494E-04
1.191E-Q4
€.882E-05
£.867E-05
Z.863E-05
-1.323E-06

-7.398E
-1.21¢E
-9.862E
-7.890E
-6.240E
-4.906E
-3.883E
-3.165E
-2.T46E
-2.621E
-2.784E
-3.229E
-32.951E
-4 .944E
-6.202E
~7.712CE
-9.491E
-1.151E
-€.887E

9.853E
1.964E
1.958E
1.952E
1.945E
1.93GE
1.933E
1.92¢E
1.920E
1.914E
1.907E
1.901E
1.895E
1.888E
1.882E
1.875E
1.869E
1.863E
9.282E

-9.853E
~1.964E
-1.958E
-1.952E
~-1.945E
-1.93GE
-1.933E
-1.926E
-1.920E
-1.914E

03
093
03
23
03
03
03
03

-1.233E
-2.C217E
-4.108E
7.12CE
6.C37E
4.S73E
3.G628E
2.S02E
1.E95E
9.C6€EE
-6.28CE
-1.C13E
-1.S45E
-2.E58E
-3.752E
-4.€27E
-5.483E
-6.22CE
4.340E
1.€16E
1.148E

l.€42E

2.274E

1.€21E
-2.117E
-2.117E
-2.117E
-2.117E
-2.117E
-2.117E
-2.117E
-2.117E
=-2.117E
-2.117E
-2.117E
-2.117E
-2.117€
=-2.117E
-2.117E
-1.5268E
-3.105€E
-1.547E

-1.€42E
-3.274E
-1.€21E
2.11EE
2.118E
2.118E
2.118E
2.118E
2.118E
2.118E
2.118E

A6.6
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U Wyt e
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G.L00F
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4 ,8CCE
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C
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MINLTES,

2.584E-C2
1.44€E-C2
3.218E-02
2.502E-C2
2.4G8E-0C2
2.CL5E-C3
1.424E-22
1.557€E-C4
0
-8.427E-04

3.127€-02
¢
-2.443E-02
-4.317E-C2
-E.728F-02
-€.7¢GE-C2
-7.517E-C?2
-€.02¢£-C2
-€.3712€£-C2
-8.5¢1E-C2
~E.€21E-C2
-8.557E-02
-8.3€3E-C3
-E.01E8E-C2
-7.4ERE-C2
~€.72€E-C2
-S.673E-C3
~4.256E-C2
-Z2.36GE-02

1w o

3.04

n

E-C

£q

ANC

-2.117E-C5
-€.NG2E-05
-G.057E-05
-1.201€E-"4
~1.49¢E-C4
-1.78GE-C4
-Z2.U82E~-GC4
-2.373E-C4
-2.664E-04
-2.80GE-24

-1.04¢E-C2
-G.30CE-04
~7.194E-C4
-£.474E-C4
-4.087E-04
-2.983E-04
-2.112E-C4
-1.425E-04
-E.74GE-C5
-4.131E-05
€.201E-0Q7
4.284C-05
€.982E-05
1.45GE-C4
2.154E-04
2.025E-04
4.112E-04
£.457E-C4
71.098E-04
S.O07T3E-04
1.C15E-C3

-1.907E
-1.901€
-1.895E
-1.888E
-1.882E
-1.875E
-1.869E
-1.863E
-9.282E

7.398E
1.216E
5.862E
7.890¢
€.240E
4.906E
3.883E
3.165E
2.746E
2.621E
2.784E
3.229E
3.951¢E
4.944E
6.202E
7.720E
9.491E
1.151E
€.887E
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2.118E
2.118E
2.118E
2.118E
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«S6EE
3.105E
1.547E

l.232E
2.C27E
4.108E
-7.12CE
-6.037E
~4.%72E
-3.G28E
-2.502E
-1.€95E
-9.06¢E
6.28CE
1.C13E
1.C45E
2.E58E
3.752E
4.€27E
5.483E
6.22CE
-4.240E
-1.61SE
-1.148E
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96

PROCRANV FRANE 4 - MATLCCK - CECK E REVISICN DATE

Centl111e --  CCDED BY BRG,CMF -- RUN CATE <26 0OC €6
EXAVELE FRCELEMS —--  FINAL REPCRT
PRCE
Z MULTI-STORY FRAMED STRUCTURE - VERTICAL LOADS ONLY

TABLE 1. CCNTRCL DATA

30 AP 65

TABLE NUFMBER

2 3 4 5 6
PRICR-CATA GPTICNS ( 1=skCLC ) 0 0 0 0 0
NLM CARCS INPUT THIS FRCRLEN 2 111 4 34
MAX NULM ITERATICNS 20
NLM CF X-REAMS 3
NLM CF Y-REAMS 4
X ANC Y-PEAM INCR LENGTH 4.000E CO
CLCSURE TCLERANCE 1.000E-C9
MCNITCR STAS NB,J 4 96 7 €6 2 45 3 90
TABLE 2. CLCSLRE SPRING VALUES
SPRING ALV CLCSLRE SPRING
1 4.27CE CE
2 Z.CCOE 28
TABLE 2. ANLM CF INCREMENTS FCR EACHF BEAV
REAM NUM NUM OF INCRS
1 5
z 150
2 156
4 56
5 56
¢ 56
7 £6
TABLE 4. PEANM INTERSECTICAS
INT BEAN STA BEAN STA
1 1 C 4 96
Z 1 45 5 36
2 1 ¢ ¢ 96
4 2 c 4 66
G 2 45 5 66

A6.8



A46.9

TABLE £.

FEAN
NUNM

~ ™ AN .L\.

TABLE €.

BEAY
NLM

AN R ) e e

NS BN e ) R OR AN AT AR BN P L 0 L) L

[—

A Y wd O

[

[ESIR LR SR VA (S 8 28 ]

S0
120
0
48
S0
120

VIS BV N o )

SFECIFIED CEFLECTICNS ANC SLOPES

S1
AL

A
ld

0
0
0
b

CASE

W W W W

CEFLECTICN

OO

FIXEL STIFFRESS ANL LCAL CATA

FROM

[

L3O O O v D

TC

R
(N4
150
45
180

15
el
45
£3
15
Gy

CONTL

Ea e N otie Te Fe e e o el a T e Rea e Te i e Ne e WIS g TSI ET SV EE S IE 3 o B s B W]

o

F
1.52CE

£.48CE

1.75CE
1.83¢¢E
1.53¢€E
1.75CE
1.83¢E

«E3¢E
1.75CE
1.E3¢E
1.53¢E
1.75CE

£.1EB4C
1.83¢k
E.4ECE
£.184E
1.53¢E
EL4ECE
S.184E
1.53¢€E
€.48CE
S.1E4E
1.53¢€¢

CE
C
CE
Y
C
1C
cs

¢
-4.0CCE 01
¢
-7.5CCE C1
-7.5CCE C1

YOI LYY Y ™Y YYD

-2.5C0E C4
-2.5CC0E C4
~7.5CCE 01
-5.CCCE C4

a¥alalelaisieialiniaiaininlein)

66
66
36
36
36
36
SLOPE
o
o
o]
0
)
0
C
C
0
¢
¢
C
e
C
¢
¢
C
C
¢
0
0
c
¢
¢
c
C
e
G
c
0
Y]
¢
6
¥
C
5.400E 04
5.4C0E 04
5.4C0E G4
5.4CCE 04

s EsNeNelsNrNoNoNaleoNeNaNoNeoNeNaleNaoNoNeNRaeNoEnReEalsNeleNe Ne il ol el i el
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TABLE 7.

ITR
NUW

\n

1c¢

11

12

1¢

17

ITERATION MCNITCR CATS

CLCSURE

SPRINC

4.Z7CE C6

2.CCCE 08

4.27CE 06

2.CCCE C8

2.LCCE 08

2.CCCE C8

4.27CE 06

2.0CCE 08

4.27CE Q6

2.CCCE 08

4.27CE 06

2.CCCE 28

4.27CE 26

2.CCCE C8

NCT ANCT
STAB CLCS
Z2 11
22 11
22 11
22 11
22 11
22 11
2 11
22 11
22 11
22 11
22 11
22 11
22 11
¢ 1c
2L 11
1¢ 2
1¢ 1C
13 C

ANC SLCPES

BEAM STA
4 G¢
1 G

Z+.€CO0E-C4
1.116E-C4

2«1C3E-C4
Z2+2GTE-G4

4.CC9E-C4
£.3G3E-C4

~4.114E-C4
-4.018E-C4

£.530E-04
€.S33E-C4

£.E18E-C4
£.518E-C4

1
tnan
s o
wman
o
U
m
|
[«
o~

Ce€04E-C4
S.€16E-C4

£.€604E-C4
C.E04E-C4

£.€C4E-C4
£<€ClE-C4

€.EC4E~-C4
C.EC4E-C4

€.€C4E-C4
£.€603E-04

C.ECAE-C4
£.E6C4E-C4

£.€03E~-CA4
£.€C3E-C4

£.€C3E-C4
C.€03E-C4

-£.603E-C4
-£.€C3E-C4

-S£.6C3E-C4
-£.6C3E-C4

A6.10

AT FCUR SELECTED STATIONS

BEAM STA
1 66
2 15¢

3.592E-04
7.896E-03

-2.659E-04
4.641E-C4

-2.206E-03
-1.218E-Q2

=2.443E-C3
-2.361E-03

-2.676E-03
-3.860E-C3

-2.701E-03
~2.691E-03

-2.732€E-03
-2.886E-03

-2.734E-03
-2.733E-03

-2.738E-03
-2.756E-03

-2.738E-C3
-2.138E-C3

-2.738E~-C3
-2.740E-C3

~-2.738E-C3
-2.738E-C3

-2.738E-C3
~2.738E-C3

-2.738E-C3
-2.738E-03

-2.738E-C3
-2.738E-C3

-2.738E-GC3
-2.7138E-(G3

-2.738E-C3
-2.738€E-C3

-2.7138E-C3
~2.138E-G3

BEAN STA
2 45
5 €6

3.611E~-03
1.15CE-0Q4

2.132E-04
-2.11CE-04

-5.51£E-03
~8.484E-04

=-G.G14E-04
-1.C52E-03

-1.777E-03
~1.151E-03

-1.172E-03
-1.182E-03

-1.265E-03
-1.1G7E-03

-1.2C1E-03
-1.202E-03

-1.221E-03
-1.20£E-03

-1.2C¢€E-03
-1.2C€E-03

-1.2C6SE~-03
-1.207E~93

-1.20%E-03
~1.2C7E-03

-1.2CEE-03
-1.207E-03

-1.2C7E-03
-1.207E-03

-1.2C7E-03
-1.207€E-03

-1.2C7E-03
-1.2C7E-03

-1.2C7€-03
-1.2C7E-03

-1.20%E-G3
-1.207E-03

BEAM STA
3 90
6 36

-3.400E-02
-1.342E-03

-7.570E-03
-1.502E-03

-7.357E-03
-7.614E-03

-7.585E-03
-7.606E-03

~7.652E-03
~7.627E-03

-7.631E-03
=T.634E-03

-7.640E-03
~7.637E-03

~7.637E-03
-7.638E-03

-7.639E-03
-7.638E-03

-7.638E-C3
-7.639E-03

-7.639E-03
~7.639E-03

-7.639E-03
-7.639E-03

-7.639E-03
-7.639E-03

-7.639E-03
~7.639E-03

-7.639E-03
-7.639E-03

-7.639E-03
-7.639E-03

-71.639E-03
-1.639E-03

-7.639E-03
-7.639E-03



A6.11

PROGRAM FRAME 4 - MATLCCK - DECK
CEOE111¢8 CCDED BY BRG,CMF
EXAVPLE PRCELENS

.

FINAL REPCRT

RUN CATE

PRCE (CONTD)
2 MULTI-STORY FRAMED STRUCTURE -~

TABLE 8. RESLLTS ——- ITERATICN 18

NB JSTA X CEFL SLOPE
1 -1 -4.,CCO0E 00 2.375E-C2 -E5.937E-C4
1 C c C -S5.603E-C4
1 1 4,C0CE 0C -2.1C8E-02 -4.951E-04
1 2 €.CCOE 0C -2.9¢1E-C2 -4,326E~04
1 3 1.2C0E 01 -£5.56GE-C2 -2.72G6E-04
1 4 1.6CCE 01 -€.944E-C2 -2.160E-04
1 5 2.,CCO0E 01 -€.067E-02 -2.61GE-04
1 ¢é 2.400E 01 -G.G3GE-C2? =2.105E-04
1 1 2.8C0E 01 -S.7€1E-02 -1.62CE-C4
1 8 2,2CCE 01 -1.022E-CZ -1.162E-04
1 S 2,60CE 01 =-1.071E-C2 =-7.324E-05
1 1C 4,CC0E 01 -1.062E-CZ -2.304E-05
1 11 4.4C0E 01 -1.0GEE-CZ 4.377E-06
1 12 4.,8C0E 01 ~1.06GE-02 2,.901E-05
1 13 £.2CCE 01 -1.0€€E-0QZ 7.085€E-05
1 14 £.6CCE 01 -1.032E-02¢ $.991E-05
1 15 €¢.C00E 01 -G.8€4E-02 1.262E-04
1 1¢ €.400E 01 -S.3CSE-02 1.497E-04
1 17 €.6C0E 01 -B8.6€7E-C2 1.704E-04
1 18 7.2CCE 01 -7.94€E-Q2 1.883E-04
1 156 7.€C00E 01 -7.1€0E-Q2 2.034E-04
1 20 €.CCO0E 01 -€.31GE-Q2 2.158E-04
1 21 €£.400E 01 -5.424E-02 2.254E-04
1 22 €.8C0E 01 -4.51¢E-QC2 2.321E-04
1 23 S.200E 01 -2.577E-02 Z2.361E-04
1 24 S.¢CO0E 01 -2.627E-C2 2.3T4E-04
1 25 1.C00E 02 -1.678E-02 2.358E-04
1 2¢ 1.C40E 02 -7.4C4E-Q4 2.314E-04
1 27 1.C80E 02 1.728€E-04 2.243E-04
1 28 1.120E 02 1.054E-C2 2.144E-04
1 29 1.160E 02 1.8€5€E~02 2.017E-04
1 20 1.200E 02 2.6€7E-C2 1.862E-04
1 31 1.240E 02 3.378E-C2 1.679E~04
1 32 1.280E 02 4.01CE-Q2 1.468E-04
1 33 1.220E 02 4.552E-02 1.230E-04
1 34 1.3¢0E 02 4.9G4E-C2 S .634E-05
1 35 1.400E 02 5e323E~0C2 €.692E-05
1 36 1.440E 02 5.525E-02 3.472E-05
1 37 1.480E 02 S.6C1E-C2 -2.727E-07
1 38 1.520E 02 5.527E-C2 -2,805E-05
1 39 1.560E 02 5.257E-02 -7.860E-05
1 40 1.600E 02 4,8G8E-02 -1.21SE-04
1 41 1.640E 02 4,321E-C3 ~-1.681E-04

REVISION DATE =

26 0OC 66

MCMENT

1.600E
3.066E
2.932E
2.798E
2.665E
2.531E
2.397E
2.264E
2.130E
1.996E
1.863E
1.729E
1.595E
1.462E
1.328E
1.194E
1.061E
9.2T71E
T.934E
6.597E
5.261E
3.924E
2.587E
1.251E
-8.585E
-1.423E
-2.759E
-4.096E
~5.432E
-6.T69E
-8.106E
-S.442E
-l .078E
-1.212E
-1.345E
-1.479E
-1.613E
-1.746E
-1 .8 BOE
-2.014E
-2+147E
~2.281E

VERTICAL LOADS ONLY

SHEAR

2.C0CE

3.€32E

1.€65E
-3.242E
-3.242E
-3.242E
-3.242E
-3.242E
-3.3242E
-3.3242E
-3.342E
-3.242E
-3.242E
-3.242E
-3.342E
-3.242E
=-3.242E
“3.3"2E
-3.242E
-3.242E
-3.242E
-3.242E
-3.242E
-3.242E
=-3.342E
=3.3242E
-3.241E
-3.241E
-3.341E
-3.241E
-3.241E
-3.241E
‘3.3"1E
-3.3241E
-3.241E
-3.341E
-3.241E
=3.241E
-3.241E
-3.3241E
-3.3241E

99

30 AP 65

ERROR

1.738E-02
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